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OCYMAYKTOPAOI'Y ®PEHOJIAYK BUPUKMEJIEPIUH 3KOJOTI'UAJIBIK
MAAHUCH ’KAHA BUOJIOTUAJBIK AKTUBAYYJYT'Y

Cynaxkoaesa /I.K.

IKOJOI'MYECKAS BA’)KHOCTb U BUOJIOI'HYECKASI AKTUBHOCTD
®EHOJIBHBIX COEJJMHEHNU B PACTEHUAX

D. Sunakbaeva

ECOLOGICAL IMPORTANCE AND BIOLOGICAL ACTIVITY
OF PHENOLIC COMPOUNDS IN PLANTS

VIK: 581.192.2:574.4:547.56

byn macenenepOun scana Kel3vblKUbLIbIKMAPObIH OopOopyHOa
yonmep dcana mabueelii azelkmap mypam. OcymMOyKmepoyH 34
MAGHUTYY 3aMmMapbl-6CyMOYKMOpoo IKUHYU MEmMaboaIum Kamapbol
OHOYpYNcoH (heHondyk Oupuxmenep. OCyMOYKMOPOYH a3blKma-
PbIHOA nonugerondop den amanzan heHondyk bupuxmenep oap.
Denondopoy sKu upu KOMRAHUAOA 9K NAUOANLYY KIACCUDUKAYUSTOO:
Gnasonouddep dcana ¢hrasonoud smec noaughenonidop. Anmuox-
CUOGHM KOWLYIMANAPbIHA OYUHO JiCy3y OOIHYA Kbi3bi2yy 6cyyoe,
anap aKvipKvl HCbLIOAPbI IPKUH PAOUKANOAPObI HEUMPALOaumsipyy
MEHeH OKUCMEHYY CImpeccun anobii anam. A3bipkel yuypoa adamoap-
ObIH OeH COOY2YH KOP200, 00PYAaAPObIH Al0bIH QLYY MHCAHA 0APbLIOO
MAKcamulHoa aibMepHamueoyy MeOUYUHAHbl U300 KeOouyyoe.
Anapovin kopeoouy axmugoyynyey anead aHMUOKCUOAHM, IPKUH
PaoUKanOapObl MA3an004y JHCAHA MEMAL XeIamopoyK Kacuemmepu-
He, aHOaH KUtiul ap Kanoati hepmenmmepou uH2UOAYUAI00 dice a3aii-
Myy HCOHOOMYHO Oauianbiuumyy 60120H. AKbIpbIHOA, 6CYyMOYK (he-
HONOYK OUPUKMENEPUHUH CIMPYKMYPATbIK-d(Dhexmmur oauaiansiul-
mapvii OULYy, a0amMObIH OEH-COONY2YHA MYMKYH OON20H Nauoanyy
Maacupaepou HCana/dlce HeasbIMCbl3 maacupaepou aHbIKIMoo Heamd
OupurMenepOut bliaubIKmyy KONOOHYIYULYH AHIKIMOO YUYH KeHeHU-
PIIK UBULOOONIOP MALAN KbLIBIHAPGIH Oecunell Kemyy Kepex.

Hezuzzu co30ep: genon bupuxmenepu, ocymoykmep, pnago-
HOuoOep, OUONOSUSIBIK AKMUBOYYAYK, 9KUHYU Memabonummep,
noauGeHon0op, AHMUOKCUOAHMMAp.

Pacmumenvhvie u Hamypanbhvle NPOOYKMbl HAXOOSAMCA 6
yenmpe erumanus. Haubonee sadicHbimu pacmumenvHbIMU 6elye-
cmeamu A6IAMCS eHoNbHbIe COeOUHEeHUs, 00pasylowuecs 8 pac-
MeHUAX 6 6uoe 6MOPUYHLIX Memabonumos. PeronvHble coedure-
HUA, HA3blBAeMble NONUGEHONaMU, NPUCYMCMEYIOM 8 PACTUMEeNb-
Helx npooykmax. Haubonee nonesna knaccugpuxayus gheHonbHbIx
CcoeouHeHUll 8 08YX KPYNHbIX KOMRAHULL: (IaBOHOUOB U HeMemdll-
JqudecKuMu @Prasonouovl, nonugenonst. Bo ecem mupe wupumes
uHmepec Kk aHMuUOKCUOAHNHbIE COEOUHEHUSA, KOMOopble MO2ym npe-
00mepamumy OKUCIUMENbHbIIL Cmpecc, Hetumpaiusys c60000Hble
paouxanel 8 nocieonue 2oovl. B nacmoawee epema ycunusaemcs
NOUCK aNlbMePHAMUBHOU MEOUYUHDL C YETIbIO 3aUUnibl 300PO6bA Ji0-
Oetl, npogpunaxmuxu u nevenust 3a6onesanuil. Mx sauumnas akmug-
HOCIMb Oblna cHayana 06YCi081eHa ux AHMUOKCUOAHTNHBIMU CBOll-
cmeamu, cnocoOOHOCMbIO YIAGIUBAMNb C80D0OHbLE PAOUKAbL U XA
MUpPoBamb Memanisl, a 3amem cnoCOOHOCMbIO UHUOUPOBATb UNU
VMeHbUAmb  KOIUYeCmeo pasiudHelx @epmenmos. Haxomuey,
cmoum ommemumy, Ynmo HeoOxo0umbl Ooee noopobHble UCCIe)0-
6aHUS, YMOObL Y3HAMb 63AUMOCEA3U MENHCOY CIPYKMYPOU U Oetich-
sUeM (eHONbHBIX COCOUHEHUT] PACMUMENLHO20 NPOUCXONCOEHUS,
BbIABUNIL BO3MOIICHBIE NONIE3HYIE U/UNU HEXCeNamenbHble 6030eliChi-
85 HA 300pP0Bbe Ye06eKA U ONPedeTUntb COOMBENCMBYIouue Cno-
CcObbI NPUMEHEHUS] COeOUHEHUI.

Kniouesvie cnosa: gpernonvhvie coeounenus, pacmenus, gaa-
60HOUOWL, OUOTO2UYECKAS AKMUBHOCNY, BIMOPUYHbIE Memaboaumbl,

&5

noaugheHonvl, AHMUOKCUOAHMbI.

Herbal and natural products are at the centre of these issues
and interest. The most important of the herbal substances are phe-
nolic compounds produced as secondary metabolites in plants. Phe-
nolic compounds, named polyphenols, are present in plant foods.
The most useful classification of phenolics in two major companies:
flavonoids and non-flavonoid polyphenols. There is a growing
worldwide interest in antioxidant compounds that can prevent oxi-
dative stress by neutralizing free radicals in recent years. Nowa-
days, the search for alternative medicine has been increasing in
order to protect the health of individuals, prevent and treatment of
diseases. Their protective activity was firstly attributed to their
antioxidant, free radical scavenger, and metal chelator properties,
then to their ability to inhibit or reduce different enzymes. Finally, it
is worth noting that more detailed studies are needed to know the
structure-effect relationships of herbal phenolic compounds, to iden-
tify possible beneficial effects and/or undesirable effects on human
health, and to determine the appropriate uses of the compounds.

Key words: phenolic compounds, plants, flavonoids, biologi-
cal activity, secondary metabolites, polyphenols, antioxidants.

Introduction. The information on antioxidant
potential and health benefits of plant phenolic compounds
found by biotechnological applications will be presented
in this study. Phenolic compounds play an important role
in ecological processes and the functioning of plant orga-
nisms. These substances are a class of organic compounds
containing one or more hydroxyl groups associated with
an aromatic ring. They have a variety of biological and
ecological functions. The main group of the secondary
metabolites in plants are phenolic compounds with
antioxidant properties. The secondary metabolites that are
ubiquitous in plants have many practical applications. The
roles of these metabolites have lately been accepted in an
analytical context. Numbers of phenolic compounds
present in natural foods may reduce the risk of serious
health disorders because of their antioxidant activity [1].
Due to their antioxidant activities, the numbers of
phenolic compounds found in natural foods can prevent
many health disorders and reduce the risk. Biotechnology
has been getting an increasing consideration towards cure
of health problems due to their distinctive biomedical
treatments to overcome the targeted drug delivery,
designed drug solubility and drug toxicity.

Today, many herbal products that are claimed to
have antioxidant, anticancer, antimutagen, anti-inflamma-
tory and antimicrobial properties are used in the treatment
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of various diseases. Their consumption has been linked
with reduced threat of a couple of chronic diseases such
as cardiovascular and neurodegenerative illnesses, parti-
cular cancers, type II diabetes and osteoporosis, deve-
loped with theirs antioxidation, anti-inflammation,
modulation of signal transduction, anti-microbial activity,
and anti-proliferation activities. Phenolic compounds in
our food regimen may just provide extra wellbeing
advantages related to diminished chance of setting up
illnesses. Most studies have shown the preventive and
therapeutic effect of phenolic compounds in chronic
diseases. Many studies on livings assume that the intake
of phenolic compound rich vegetable food can reduce the
risk of various acute and chronic diseases such as
cardiovascular diseases, neurodegenerative diseases, type
2 diabetes. The epidemiological studies and related meta-
analyzes in recent years have strongly suggested that
long-term consumption of plant foods provides protection
against diseases associated with oxidative stress, such as
cancers, cardiovascular diseases, diabetes, osteoporosis
and neurodegenerative diseases. The studies suggests that
these mechanisms of action of phenolics are not only
related to oxidative stress modulation, but also can be
ascribed to their capacity of interact with cellular func-
tions at different levels, such as affecting gene expression,
protein synthesis and enzyme activities, binding to
membrane or nuclear receptors as either an elective ligand
or a ligand mimic. It has been also proclaimed the anti-
bacterial activity of some phenolic compounds against
multidrug-resistant bacteria lately [2-4].

This work offers plenty of substantial information on
the origin, mode of action and health benefits of dietary
plant secondary metabolites owing to their antioxidant
properties. A great deal of fascinating knowledge about
their biochemistry and metabolism are still waiting to be
discovered.

Dietary Plant Phenolic Compounds. Ecologically,
pharmacologically and biologically important secondary
metabolites, synthesized in biochemical pathways, are not
necessary for plant growth, although valuable [5].
Phenolics (such as phenolic acids, lignans, stilbenes,
tannins, coumarins, flavonoids and lignin), terpenes (such
as cardiac glycosides, carotenoids, sterols and plant
volatiles) and nitrogen containing compounds (such as
alkaloids and glucosinolates) are the three main groups of
plant secondary metabolites in broad terms [3]. Plant
secondary metabolites are important organic compounds
that, despite their importance, are not involved in primary
metabolic processes and are essential for the survival of
plants against herbivores, pests and pathogens [4]. The
main group of secondary metabolites are phenolic
compounds with antioxidant properties. The roles of
secondary metabolites in plants have recently come to be
acknowledged in an analytical context. The primary func-
tion of natural products refers to support plant defense
against predators and pathogens [6]. Besides, these phyto-

86

compounds provide reproductive advantage in plants as
attractants of pollinators and seed dispersers. There are
also those that serve other important functions in plants
such as acting as pigments, as for anthocyanins or pro-
viding structural support, as in the case of lignin. The
secondary metabolites used in various medicines and food
products due to their potential health benefits since
ancient times are ubiquitous in plants and have many
practical applications [1]. Additionally, they are still rele-
vant and popular today. Due to their antioxidant activity,
numbers of phenolic compounds present in natural foods
may lessen the risk of serious health disorders [7-8].
Flavonoids that present ubiquitously in plants as a
member of polyphenolic molecules have been used in
various medicines and food products since ancient times
[9]. Recently, the numbers of the studies administered for
the use of flavonoids in various fields of industry are
expanding. The family members of flavonoids contain
flavones, flavonol, isoflavones, flavanones, flavanonol,
flavanol and anthocyanidin. Quercetin, kaempferol, and
myricetin are the main representatives of flavonels, and
quercetin is most ubiquitous of all. Cyclized diphenylpro-
pane is the form commonly occurring in plants and espe-
cially in plant foods [10]. The use of these compounds is
becoming common in the area of food, medicine and
agriculture because of their antioxidant properties [11].
Phenolic antioxidants with many biological and pharma-
cological activities are widely distributed in nature. These
compounds, characterized by having at least one aromatic
ring linked by one or more hydroxyl groups, can range
from a structurally simple phenolic molecule to high mo-
lecular weight polymers with complex structures. Simple
phenols (C6) contain catechols and hydroxybenzoic acid
derivatives. Stilbens (C6-C2-C6) and flavonoids (C6-C3-
C6) are in phenolic compounds with intermediate molecu-
lar weight. The compounds such as catechol melanins
(C6)6, lignins (C6-C3)n and condensed tannins (C6-C3-
C6)n come in the category of long chain polymers with
high molecular weight [12-15]. These phenolic com-
pounds have become an indispensable group of food addi-
tives added to foods to control rancidity, to extend shelf
life, and to maintain nutritional quality by delaying the
formation of toxic oxidation products. Concerns over the
use of synthetic antioxidants raise interest in obtaining
these antioxidants from natural sources such as plants and
edible by-products [16]. In phytotherapy, the plants rich
in phenolic compounds, terpenoids and polysaccharides
are generally us. These biologically active compounds are
specific to the specific regions in cells they target. The
cells that function as receptors, enzymes, transcriptional
factors, ion channels, transporters, or cytoskeletal ele-
ments such as tubulin or microtubules target proteins as
the major target molecules. They modify the binding or
catalytic sites of enzymes, hence they no longer can bind
their required substrate. Proteins are modified by secon-
dary metabolites with reactive functional groups, phenols
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and polyphenols. Phenolic compounds carry one or more
hydroxyl groups and these groups can be bonded to
electronegative atoms (O, N) in peptides and proteins by
hydrogen bonding. [17]. These OH groups can partially
dissociate into negatively charged phenolate ions under
suitable physiological conditions. These negatively
charged groups form ionic bonds with ease with positively
charged amino groups of amino acid residues. When the
polyphenols form several hydrogen and ionic bonds with
the binding or catalytic site of a protein, the structural and
functional flexibility of that protein get reduced, just as
the situation with secondary metabolites with reactive
functional groups that form covalent bonds with protein.

Isoflavones, called "phytoestrogens", exhibit estro-
genic, antitumor and antioxidant activity. Tannins, highly
effective antioxidants used in traditional medicine, have
known as anti-diarrhea, cytotoxic and antiparasitic
properties, today. Tannins, highly effective antioxidants
used in traditional medicine, are now known for their anti-
diarrhea, cytotoxic and antiparasitic properties. The plant
extracts show synergistic effect as they contain more than
one secondary metabolite, and the properties of these
components may not be distinguished when evaluated
separately. Such plant extracts are generally used for the
treatment of broad spectrum health disorders [18]. Flavo-
noids, a broad and diverse group of phenolic compounds
obtained from higher plants, are powerful bioactive
compounds with anticarcinogenic effects. These effects
are due to their ability to interfere with the initiation, deve-
lopment and progression of cancer through modulation of
cellular proliferation, apoptosis, and metastasis. In natural
products containing compounds such as flavonoids, phe-
nolic acids and their esters, such as plants and their ex-
tracts; can be used as a mild antioxidant and preservative
after the positive physiological effects of the these pro-
ducts and the non-toxicity are proven. Epidemiological
studies have implied the ability of bioactive natural
compounds such as flavonoids in plant products to reduce
oxidative damage and have protective effects against a
wide variety of cancers [19].

Recently, oncologists and other specialist physicians
have turned their attention to the use of dietary
supplements in patients undergoing chemotherapy in that
they fear that antioxidant agents may reduce or increase
the therapeutic effectiveness of chemotherapeutic
treatment. In vitro and in vivo tests have shown that
flavonoids are effective for the prevention and treatment
of many health problems. Flavonoid-rich foods have been
shown to reduce the risk of developing cancer due to their
protective activities. The nvestigations have been
concerned on how various natural products, used in folk
medicine due to their some biotechnological and
pharmacological activities, prevent or treat human and
animal diseases due to their antioxidant potential. By the
reason of the presence of different effective compounds
such as flavonoids, phenolic acids and their esters in
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natural dietary products can be used as a mild antioxidant
and preservative if their positive physiological effects and
non-toxicity are proven [20].

Plant Phenolic Compounds in The Human
Health. Phenolic compounds, called polyphenols, are
present in plant foods. Phenolics are possess outlined as
compounds that possess an aromatic ring with at the least
one hydroxyl workforce, and their structure can vary from
easy molecule to elaborate polymer with excessive
molecular weight. Their consumption has been linked
with reduced threat of most of chronic diseases such as
cardiovascular and neurodegenerative illnesses, particular
cancers, type 11 diabetes and osteoporosis, developed with
theirs antioxidation, anti-inflammation, modulation of
signal transduction, anti-microbial activity, and anti-
proliferation activitie. There is discordance involving the
best way wherein to classify them. Regularly probably the
most adopted classification implies the subdivision of
phenolics in two major companies: flavonoids and non-
flavonoid polyphenols, and this classification have been
ordinarily used inside the literature. Phenolic compounds
play a main position as antioxidants with a high potential
to scavenge free radicals, which is stylish on their
structure [16].

Secondary metabolites are more diverse structurally
and chemically than primary metabolites. These
metabolites are compounds that aren't directly required
for photosynthesis or respiratory metabolism. However,
these compounds are thought to be essential for plants to
survive from environment and they are found in special
cells. For this reason, secondary metabolite levels in
plants are both induced by the influence of the environ-
ment and genetically controlled. Secondary metabolites
provide defence against herbivores, microorganisms, vi-
ruses, or rival plants. These compounds act as signal com-
pounds to attract pollination or seed dispersing animals. It
also provides protection of the plant from oxidants and
ultraviolet radiation. Thousands of high plant species in
the world synthesize many compounds in various struc-
tures and classes. These compounds are primary and se-
condary metabolites. The compounds such as sugars, fatty
acids, amino acids and nucleic acids are primary metabo-
lites. Also, primary metabolites include chemicals synthe-
sized by all plants for growth and development. These
compounds can vary in a tissue and organ-specific
manner, and may differ between different developmental
stages, among individuals, or among populations.
Secondary metabolites are divided into several groups
based on their structural features and biosynthetic
pathways.

In recent years, interest in plant phenolics and their
positive effects on human health has been increasing. This
interest ranges from academics to healthcare professio-
nals, from food producers to food processing and
dieticians. The benefits of plant phenolics, which include
diets rich in fruits and vegetables, are supported by in vitro
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research. There is evidence that diets rich in phenolics
reduce the risk of developing diseases such as cancer,
cardiovascular diseases, osteoporosis, cataracts, brain and
immune dysfunction. In addition, phenolic compounds
that make up the active substances in commonly used
medicinal plant extracts modulate the activity of a wide
variety of enzymes and cell receptors. The peculiarity of
this protection against diseases is due to the strong anti-
oxidant and free radical scavenging properties of phenolic
compounds. As studies have been conducted, more spe-
cific benefits of phenolics have also been identified.
Phenolics have a protective effect by inhibiting the oxida-
tion of molecules of low-density lipoproteins and DNA
bases by free radicals. Isoflavones, stilbens and lignans
are phenolics that occur naturally and are structurally
similar to mammalian estrogen estradiol-178. They
interact with the estrogen receptor, causing growth of
hormone-dependent cancers to deteriorate. In addition,
phenolics can inhibit xanthine oxidase and other enzymes
associated with the production of harmful reactive oxygen
species. Flavonoids have positive effects on controlling
type 2 diabetes through glucose absorption and inhibition
of haemoglobin glycosylation. It also shows benefits to
stimulate insulin secretion and / or effect and to improve
insulin binding.

Conclusion. This review study presented a current
understanding on the bioactivities of natural polyphenols
and the benefits to human health. Their protective activity
was firstly attributed to their antioxidant, free radical
scavenger, and metal chelator properties, then to their
ability to inhibit or reduce different enzymes.
Bioactivities of natural polyphenols and their benefits to
human health are discussed.

Currently, chronic diseases are becoming more
common due to environmental pollution, stressful living
conditions, nutrition, etc. The prevention of these diseases
and inadequate treatment methods or causing unwanted
side effects increase the importance of treatment with
herbal active substances rather than synthetic substances.
Due to the benefits mentioned in this work, the use of
phenolic vegetable origin compounds is becoming wide-
spread. However, more detailed investigation is needed to
know the structure-effect relationships of plant phenolic
compounds, to present possible beneficial effects or
undesirable effects on human health, and to ontain the
appropriate uses of these compounds.
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