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THE MECHANISM OF POLYPHENOLIC COMPOUNDS
ON PROSTATE CANCER

Abstract. Prostate cancer is the most common type of cancers and the second leading cause of cancer-related
deaths among men in the US. In Kazakhstan, prostate cancer is at the 6th place. Despite the successful development
of technology treatment of other cancers, the incidence of prostate cancer and mortality from this disease has not
decreased over the years. This is due to increased resistance of prostate cancer cells to drugs and radiotherapy. This
article presents the literature data on the mechanism of action of polyphenolic compounds on prostate cancer cells, in
combination with chemotherapy alone and polyphenols themselves. Recent studies have shown that naturally
occurring polyphenols are used against many types of cancer worldwide since they possess anti-cancer properties
and are not toxic. Polyphenol compounds act as key modulators of signaling pathways and considered as ideal
chemoprevention. Of particular interest is the ability of polyphenolic compounds to selectively inhibit the growth of
tumor cells. In this connection, the polyphenols are promising for use as not only a preventive means, but also as
adjuvants for enhancing the effectiveness of chemotherapy. Polyphenols present in vegetables and beverage
products, and antioxidants are the most common in the human diet, they have antimicrobial, anti-inflammatory,
antiviral, antitumor and immunomodulatory effects. This article also examined the mechanisms of action of
polyphenolic compounds on prostate cancer cells such as stopping the cell cycle, apoptotic activity of polyphenolic
compounds and signaling pathways involved in prostate cancer. We present a systematic review of polyphenolic
compounds in prostate cancer, focusing on the types of polyphenols, which have a great impact on the prevention
and treatment of prostate cancer.

Keywords: metabolism, biology, prostate cancer, polyphenols, carcinogenic, apoptosis, cell cycle, signaling
pathway.

Introduction. Cancer is a complex disease involving multiple changes in cell physiology, which
eventually leads to malignant tumors. The invasion of tumor cells into the surrounding tissues and distant
organs is a major cause of morbidity and mortality in most patients. A biological process, which
transforms normal cells into malignant tumor cells is the subject of much researches in the field of
biological and medical sciences for many decades. Despite numerous scientific and research papers,
treatment of metastatic cancer is difficult today as they were 40 years ago [1, 2].

Prostate cancer (PC) is the main cause of male cancer deaths at the ages of 55-74 and above 75 years,
it is the second leading cause of death in North American men after lung cancer and bronchus cancer |3,
4]. All men with advanced disease, who have gone through androgen therapy, die due to the development
of metastatic androgen-independent prostate cancer [5, 6, 7]. Thus, the highest death rate from prostate
cancer is connected with the active dissemination of prostatic adenocarcinoma, which spreads to distant
organs with a preference to the bone tissue [8]. There is a large amount of data which indicates that the
progression of both primary and metastatic prostatic tumors is determined by the potential loss of
apoptotic cells [9-10]. The incidence of prostate cancer increases steadily by 3% per year; that is why it
was named by the epidemiologists as "oncologic time bomb". Annually in the world there are revealed
more than 400 thousand new cases of prostate cancer and about 200 thousand people die of cancer every
year [3].
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According to the WHO predictions, the incidence and mortality from prostate cancer in the world will
increase by 2 times by 2030. Prostate cancer is one of the leading causes of death in older men from
malignant tumors in Kazakhstan. In the structure of morbidity among all malignant tumors, PC occupies
the second place (5%).

The causes of prostate cancer are varied and not completely understood. However, nowadays, there is
a huge amount of factual material, which explains the mechanisms of the pathogenesis of the disease [11-17].

The main aims of targeted anticancer drugs selectively affecting the transformed cells are key protein
molecules. This area of medicine, which underwent rapid development over the past 10-15 vyears, thanks
to the achievements of modern science can treat malignant tumors by therapeutic method with a
sufficiently large capacity of relevant drugs. Some of them are already widely used in the clinic, and the
majority undergoes II-III stage of clinical trials, including prostate cancer. On the other hand, it is clear
that therapy of directed action is effective only when it "hits" simultaneously several, at least three or four,
molecular targets. Because not only one, but a whole group of regulatory molecular mechanisms breaks
down in the transformed cell; this mechanisms allow getting out from intracellular reparative and
protective immune systems and give rise to a nascent tumor. This means that the doctor chemotherapist
should appoint to cancer patients at least three or four of these drugs. It is better if they act on different
links of carcinogenesis and block various biological targets, such as to inhibit proliferation, enhance the
apoptosis of tumor cells and block tumor angiogenesis. However, each of them will have its limitations in
application and range of undesirable side effects. Another possibility is to appoint a targeted therapy
(drugs) in combination with standard anti-tumor hormonal drugs or chemotherapy efficiency with
polyphenol compounds. Nevertheless, the literature described many examples of more or less successful
use of this approach (though still only in the experiment), especially when trying to reduce the metastatic
potential of tumors, including prostate cancer and breast cancer, leukemia [18-23].

Thus, the study of prostate cancer is a topical problem of modern oncology and biomedicine. In the
case of discase progression, development of metastasis in tumor cells, all the work becomes ineffective or
toxic. In this connection, further study of treatment for prostate cancer is the search for new drug targets —
polyphenolic compounds.

Naturally occurring polyphenols in prostate cancer. Naturally occurring polyphenolic compounds
become interesting as a chemoprevention because of low toxicity and high tolerability.

Polyphenols present in food and beverage products of plant origin (fruit, vegetables, cereals, herbs,
spices, beans, nuts, olives, chocolate, tea, coffee and wine) and are the most abundant antioxidants in the
human diet [24]. Epidemiological studies have shown that a diet rich for polyphenols can prevent a wide
range of human diseases. Polyphenol compounds effects human health, including antimicrobial, anti-
inflammatory, antiviral, anticancer and immunomodulatory effects [25-30].

Despite significant progress in the development of anti-cancer treatments, the incidence of cancer
continues to grow worldwide. Recently, chemoprevention using natural nutrients became as a practical
approach to reduce the increasing incidence of cancer. It was estimated that by making changes in the
diet, more than two-thirds of human cancers can be prevented [31].

A defect in the mechanism of apoptosis is recognized as an important cause of carcinogenesis.
Disregulation of proliferation is not sufficient for the development of cancer; the suppression of apoptotic
signals is also required. Cancer cells acquire resistance to apoptosis by overexpression of anti-apoptotic
proteins and/or suppression or mutations of proapoptotic proteins. A better understanding of the main
events involved in carcinogenesis will facilitate the use of food components as one of the key strategies to
prevent the development of cancer. Various studies indicate that nutritional components such as
phytochemicals, may modulate the complex multistep process of carcinogenesis [32].

Cell-cycle block. Many plant polyphenols inhibit the growth of tumor cells, causing cell cycle delay.
In this case, the mechanisms of action of polyphenol compounds in various tumor cell lines may vary [33-
35], and in A431 epidermoid carcinoma cells it caused cycle delay in G1 phase [33]. Thus, resveratrol
suspended transition from S phase into G2 phase in HL60 leukemia promyelocytic, in U937 lymphoma
cells, in CaCo-2 colorectal cancer cells, in adenocarcinoma glandula mammaria, intestinal tract, prostate
[37-40] and in A431 epidermoid carcinoma cells it caused the arrest of the cycle in the G1 phase [41].

Epigallocatechin-3-gallate (EGCG) causes cell cycle arrest in many human tumor cells [40-42]. In the
cells of pancreas carcinoma, EGCG stops the cell cycle in G1 phase, adjusting the level of D1 cyclin,
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CDK4 kinase, CDK6, p21 and p27 CDK inhibitors [45]. p21 protein levels increase under the influence of
EGCG in prostate cancer cells, regardless of their sensitivity to androgens and availability of functionally
active p53 gene [43]. It is known that the p53 protein, which is called as the "the main conservator of
genome", in normal cells at DNA damage activates and provides the cell cycle suspension, and the p21
gene is its transcription target. p533 gene is inactivated in many tumors, so the ability of EGCG to the p21
protein induction and cell cycle arrest, regardless of the p53 gene is particularly important.

Apigenin (4 ', 5, 7-trihydroxyflavone) found in celery, parsley and other vegetables, stops the
proliferation of cancer cells and enhances the expression of p21 protein and p53 by independent way [46].
In prostate cancer cells, its target is also inhibitory proteins as p27, INK4a/p16 and INK4c¢/pl8, D1, D2, E
cyclins and cyclin-dependent kinases (CDK?2,4,6) [47, 48].

At the heart of the action of curcumin, which inhibits the proliferation of many cancer cells in vitro
and has antitumor effects in vivo, lies its ability to exercise negative control of cyclins activity and cyclin-
dependent kinases, and to enhance the expression of CDKI inhibitory proteins [49-51].

Apoptotic activity of polyphenols. Many plant polyphenols, along with a cytostatic action (cell
cycle arrest) have cytotoxic effects (by inducing apoptosis) on precancerous and cancerous cells. Two
basic ways of apoptosis is well known. In the first case the apoptosis is activated at the interaction of
specific ligands with receptor proteins containing 'death domains' [52]. In particular, after connection with
ligand, the receptor Fas/APO1/CD95 undergoes trimerization and recruits FADD protein; this leads to the
formation of supramolecular complex with pro-caspase-8, which leads to its activation; caspase-8
activates caspase-3, the central "executor" caspase cells [52].

The role of mitochondria in apoptosis is complex and widely considered process. Since activation of
mitochondria is considered as a "return point" in the process of apoptosis, manipulation of mitochondrial
activation with proapoptotic intention was envisaged as a potential therapeutic approach. The
mitochondrial way of apoptosis begins with the collapse of mitochondrial membrane potential and
accompanied by the release of cytochrome C from the mitochondrial intermembrane space to the
cytoplasm of the cell. Furthermore, other mitochondrial apoptosis-inducing factors also release, ¢.g. Apaf-
1. Cytochrome ¢, Apaf-1, ATP, and procaspase-9 form a supramolecular complex (apoptosome) in which
caspase-9 is activated by autocatalysis. Caspase-9, as well as caspase-8 activates central caspase-3, which
starts the process of DNA destruction and DNA cytoskeleton and other caspases [51]. In the process of
apoptosis, the inhibitory effects of IAPs are neutralized by the second mitochondria of caspase (Smac)
activator, a direct IAP-binding protein with low isoelectric point (DIABLO) and/or the requirement to
high temperature of protein-A2, which are released from the mitochondria [53].

Cancer cells tend to develop the resistance to apoptosis due to the overproduction of antiapoptogenic
proteins and reducing apoptogenic proteins. Plant polyphenols start apoptosis of tumor cells by affecting
various stages of the process. Importantly, causing the death of cancer cells, polyphenols (e.g., curcumin,
EGCG, apigenin) show no cytotoxicity to normal cells, i.e. act selectively [54-56].

A huge experimental data summarized in several reviews [57-58] shows that some polyphenols have
apoptogenic action, using a variety of cellular targets. Due to such pleiotropic effects of cancer cell lines,
which apoptosis induces polyphenols, is very wide. Curcumin inhibits the delay in protein cytoplasm of
cells BRCA1, which does not directly involve in apoptosis, but is responsible for DNA repair. The
inability to repair serves as a signal for apoptosis. The ability of apoptosis to induce is found in apigenin
on the model of on prostate cancer xenografts using enzyme immunoassay and Western blot analysis [33].
There are differences in the action of polyphenols in vitro and in vivo. Thus, resveratrol, inducing
apoptosis of androgen-sensitive cells of LNCaP in vitro, inhibited the xenografts in the model and
enhanced the tumor angiogenesis [58]. In both cases, resveratrol modulated the signaling pathways
dependent on androgen receptor, and decreased expression of activated genes by androgens. Presumably,
the activation of this signaling cascade occurs at low concentrations of resveratrol, while the activation of
p53-dependent signaling pathway that induces apoptosis, requires a much higher concentration, which is
not achievable in vivo [58].

Action of polyphenols on signaling cell ways. The factors responsible for cell cycle arrest, involving
in apoptosis or promoting angiogenesis and metastasis of tumors, are controlled by signaling ways which
are included in the existing network in the cell. One of the factord that activate the expression of genes
encoding COX-2, iNOS, antiapoptotic proteins and proteins responsible for proliferation, is the nuclear
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factor of transcription activation NF-kappaB (NF-kB). Under normal conditions, it presents in the cell
cytoplasm as inactive trimeric complexes consisting of p50 and p65 subunits, and the inhibitory protein I-
kB [58]. In normal cells, the activation of NF-kB factor occurs in response to mitogenic and other stimuli,
but in many tumor cell types, its expression, and hence the expression of tumor growth factor for various
reasons become the basis. In this connection, the NF-kB factor is considered as a possible target when
searching anticancer therapeutic and prophylactic methods [59]. It has been found that many of the
polyphenolic compounds have modulating action. Resveratrol, for example, inhibits phosphorylation of
IkBa subunits and NF-kB of factor p65, and reduces its activity in myeloma cells in which NF-kB factor
is constitutively active [60]. Curcumin acts similarly [59-60]. EGCG inhibits the degradation of IkBa
subunit and thereby inhibit TNFa-induced activation of NF-kB factor [61] and silymarin flavonoids
reduce both TNFa induced, and constitutive activation of NF-kB [63]. Consequently, the effect of
polyphenols as modulators of cell proliferation, apoptosis, inflammation, angiogenesis and metastasis
could be mediated by their effects on the NF-kB factor. Polyphenols can affect the signaling way
components, especially on receptor tyrosine kinase (RTK) [63]. These include, in particular, receptors of
vascular endothelial growth factor VEGFR, which include signaling cascade leading to proliferation of
endothelial cells, their migration and differentiation with formation of capillary tubes. It is shown that tea
catechins inhibit VEGFR receptors [64]. Another RTK class includes epidermal growth factor receptor
(EGFR), which ligands are transforming growth factor a (TGF-a) and EGF, HER2 receptor (ligand is not
identified), and receptor HER3 and HER4. RTK associated with the membrane cell. In normal cells after
interaction of RTK with specific ligands, autophosphorylation occurs resulting in a corresponding
activation of protein kinase of signaling ways (Ras/MAPK and PI3K/Akt). By sequential phosphorylation
of other protein kinase cascade, the signal of activation is transmitted to transcription factors (c-jun, c-fos,
ELK, AP-1, NF-kB). The cancer cells are often observed overexpression of different RTK and activating
transcription signal becomes constant. RTK are targets of plant polyphenols. EGCG, for example, inhibits
the autophosphorylation of EGFR, HER2 and HER3 receptors [52]. As the result, there is the inhibition of
ERK, c-fos, transcription of D1 cyclin and anti-apoptotic proteins Bcl-X, which becomes the cause,
respectively, of the cell cycle arrest and induction of G1 stage of apoptosis. EGFR receptor activation
inhibitor is curcumin [37]. Modulating effect of plant polyphenols on gene expression in cancer cells is
mediated by their effect on the protein kinase of signaling ways. Thus, resveratrol causes decrease of
metalloproteinase-9 levels through inhibition of protein JNK and PKC kinases [65]. Anthocyanins reduce
the expression of VEGF factor by inhibiting of PI3K/Akt cascade [66]. Tea catechins action on
angiogenesis is also associated with inhibition of Akt protein kinase [67]. EGCG, moreover, negatively
regulates NIK, PI3K, PKC, IKK, ERKI1/2, p38, JNK protein kinase [30]. Inhibition of one of the
components of signaling ways, definitely affects the other ways because they are interconnected, and the
variety of targets of polyphenols are not inferior to the existing diversity of phenotypes of tumors. Thus,
in tumor cells with abnormally activated Stat3 transcriptional factor, the resveratrol inhibits signaling
cascade, which involves Stat3 and Src protein kinase [68].

Thus, polyphenols act as generators of active oxygen species that act as second messengers in cellular
signal transduction. In prostate cancer cells, there are many targets, which may be affected by the
polyphenolic compounds. NF-kB factor, however, can be considered as central target because it controls
the expression of genes responsible for the proliferation, apoptosis, metastasis of tumors.

Conclusion. On the basis of literature data on the mechanisms of action of polyphenolic compounds
on cancer cells it can be concluded that naturally occurring polyphenols have great potential to prevent the
risk of prostate cancer, as well as the use of a combination with chemotherapy. Suitable polyphenols
combination with existing chemotherapeutic agents will reduce side effects without reducing effects of
chemotherapy. Further, polyphenol compounds are promising molecules for the chemoprevention of
prostate cancer because they are safe and inexpensive.

The development of prostate cancer generally occurs due to signaling ways; therefore, there should
be used multi-targeted approaches to avoid and prevent the development of drug resistance. In addition,
numerous studies are necessary to find the specific purpose of cach polyphenol in order to develop a
combination therapy. Thus, the association of dietary polyphenols of natural origin and their influence on
the risk of prostate cancer and treatment in combination with chemotherapy are very promising agents for
the prevention and treatment of prostate cancer.
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'On-Dapabu areiagarsr Kasak YITTHIK yHEBEpCHTETI, KazakcTaH, AIMAaThL;
* Iipexcen yrupepeuteri, AKILL, ®Ounaxemsdus

KATEPJI KYBIK ACTHI ICI'THE TABUTH NOJIU®EHOJIJAP KOCBLIBICTAPBIHBIH
9CEP ETY MEXAHU3M/IEPI

Annoranua. Kybik actel 6¢3i - o1eM OOHBIHING €p agaMIapaa JKui KE3ICCCTiH CRIPKATTHIH KCH TapalFaH TYpL.
AKIII-Ta atamraH CBIPKAT KaTEpi iCik ceOCNTCpiHCH CKiHIH OipiH emiMre OKCICTiH >Kargaimap OOHWBIHINA CKIHIII
opbIHZA 00JICa, 63 eNiMi3Ae KybIK acThl Oe3i OOMBIHINA eMipAeH 6Ty Kayimi 6-1mel opbiHAa. KaTtepr iCikTiH Kai Typi
60 TMaCHIH aJIBH Ay KOHE EM/CY >KOIIAPHI >KaFbIHAH FHUIBIMHI TEXHOJIOTHSIAPABIH KCHIHEH JAMYbIHA KApaMacTaH
aTanFaH CHIPKATTAH KAaHTHIC OOy cammapbl a3aiiMal oThIp. Bysr KaTepi iCik KIETKaNapbhIHBIH EMIIK IperaparTap
MEH COyJICN Tepammsra Te3IMIUNTII epeKmelmikrepine Ac OaimawbicTel. Makamaga monu(eHOIIapAbH Oeliek,
COHBIMEH KaTap XMMHOTCPAIMSIMEH VIJIECKEH KOCBLUIBICTAPIBIH KyBIK aCThI Oe3iHE acep eTyiHe 91e0u AepeKTepi
ycbHbLTFaH. COHFBI JKBIIIAPAAFHI 3CPTTCY KYMBICTAPBIHBIH KOPCETKIIITEP] TAOMFH TEKTEC MOJU(PESHOIIAP TOKCHHAL
€MEC YKOHC ICIKTIH aJIbIH aNaThlH KACHETi OOJFAHIBIKTAH AHTHKAHLEPOTCHIIK acep Kepcerexi. [lommperommbix
KOCBUIBICTAD CHUTHAJNABIK KOJAAPBIHBIH HETI3rT MOJYJLATOPBI PETIHAE OPEKET CTCTiH OOJFAHIBIKTAH >KAKCHI
XUMHONPO(PHIAKTHKA OOIBIN CAaHANAABL. OCIpece KbI3BFYIIBUIBIK TYABIPHIT OTHIPFAHJAPABIH Oipi MOM(EHOIIBIK
KOCBLIBICTAP KATCPIT KYBIK ACTHI OC3iHIH 6CYiHIH Oasy 1aybIHa apHAHBL 9CEp CTYi.

ConpiMeH Katap nonmeHOmmap ocepi MpO(HIAKTHKAIBIK KAHA €MEC XHMHATCPANMSIBIK IPEHapaTTapIblH
THIMILUTITIH apTTHIPATHIH ambIOBAaHTTap Ooubin TaObUTambl. [lomm(eHomaap TaramMablK 3aTTApIbIH, 6CIMIIKTEKTEC
CYCBIHAAPJBIH KypaMbIHIAa OOJATHIH AHTHOKCHIAHTTAP PETiHAe KeH TapamraH. CoHbIMEH Oipre aaaMHBIH ar3achIHA
MHKPOOKA, KAOBIHYFA, BUPYCKA, KATEPITl iCIKKE KAPCHI )KOHS HMMYHOMOIY JIATOPIIBIK dcepi 0ap.

IMompeHonmapasl Kocma TYPIHAC KOHEC KATCPI iCIKKEe KapChl MPEmapaTTapMCEH Oipre KOMmaHy, KapTepii
ICIKTEepIi TOKTATY, KO0 OapbICBIHAA THIMII dcep Oepei.

Temenneri Makamaza mnomU(EHOTTAP KOCHIHABUIAPBIHBIH HEMece moMu(eHONTap MEH ICIKKe Kapchl
MPenapaTTapablH KYBIK acThl Oe€3i iCiriHe: KICTKAJIapIblH OCYIHIH TEXEIyl, CHTHAIABIK JKOJAApFa dCepi JKOHE
amomnTo3 MECXAHH3MICPI Typambl aUThLIFAH. KyBIK aCTHI iCITiHIH AJIBIH AJATHIH KOHC CMICHTIH MONH()CHOIBIH
Kocmanap TYpJCpiHe Ha3ap ayJapa OTHIPHIN, KyBIK aCThl KaTepii iciri OOHBIHIA MO (EHOT KOCKUTBICTAPEIHA IOy
JKaCaJbIHIBL.

Tyiiin ce3mep: KybIK actel 0e3l, TaOmru momu(eHOTTap, TEHKENIY, IHCPIETHKAIBIK METAa0OM3M, aromTo3,
KJIICTKAIBIK IUKJI, KICTKAJIBIK CHTHAJIBIK KOJIIap.




Joxnaovr Hayuonanvroti axademuu Hayk Pecnyonuxu Kasaxcman

C.0.0cuk6aesa'”, 3.C. Opbmoaesa 2, C.T. Tyaeyxanos '
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MEXAHHU3MBI JEV CTBUSA MOJTAPEHOJIbHBIX COEANHEHUA
HA PAKOBBIE KJIETKH ITIPOCTATbBI

AnHoTanusa: Pak mpeacTaTenbHOR JKEJIE3bl — PAcHpPOCTPAHECHHAA 37I0KAYECTBEHHAS OMyXOdb y MYKYHMH B
mupe. B CIIIA pak mpeacraTenbHOH Kene3bl SBISIETCS BTOPOH MPUMHUHOM CMEPTH OT 3TOKAYECTBECHHBIX OITYXOJCH.
B Kasaxcrane omyxosb MPOCTATHI 3aHHUMACT 6-¢ MecTo. HeCMOTpA Ha yCHEIMHOE Pa3BUTHE TEXHOIOTHH JICUCHHA
psga apyrux GopmM paxa, pacHpoCTPaHEHHOCTb paka MPOCTAaThl U CMEPTHOCTDb OT 3TOH OO0JIC3HU HE YMCHBIIAIOTCA B
TEUCHUE MHOTHX JIET. JTO CBSI3aHO C IOBBIICHHON YCTOHYMBOCTHIO PAKOBBIX KIETOK ITPOCTATHI K JEKAPCTBEHHBIM
IpenmapataM H JIY4eBOH Tepamumu. B cTaThe MPEACTABICHBI IUTEPATYPHBIC JAHHBIE O MEXAHH3MAX JACHCTBHA
MOTM(CHOTPHBIX COCAMHCHUH HA PAKOBBIC KICTKH IPOCTAThl, KAk B KOMOWHAIMH C XHMHOTCPAHCH W B
OTACIBPHOCTH caMuX NOJNU()EHONOB. MccienoBaHud HOCACAHUX JET NMOKA3AIH, YTO MOIM()EHOIBI IPUPOTHOTO
TIPOMCXOKACHHUS AKTYyaJIbHO HCIIOJNB3YIOTCSI MPOTHB MHOTHX BHIOB PaKka BO BCeM MHpe. Tak kak OoHH 00IamaroT
MIPOTHBOPAKOBBIMH CBOHCTBAMH M HE TOKCHYHBL [ToMM()eHOIBHBIE COCTMHEHHS ICHCTBYIOT B KAUECTBE KIIFOUEBBIX
MOy JIATOPOB CHTHAIBHBIX IYTEH M MO3TOMY CUHTAIOTCA HACANbHBIMH XuMuonpouiakrukamu. OcoOblii HHTEpPEC
BBI3BIBACT CHOCOOHOCTh MONMH()CHOJBHBIX COCAMHCHHH K H30HMpPATCIHHOMY WHTHOMPOBAHHMIO POCTA OIYXOJEBBIX
KICTOK. B CB3M C 3TMM MOJM(EHONBI MEPCHEKTUBHBI UL MCHONb30BAHMSA HE TOJBKO B KAUECTBE MPO(HIAKTH-
YECKHX CPEACTB, HO M B KAYECTBE AIBIOBAHTOB I YCHIICHIS 3(D(DEKTHBHOCTH XUMHOTEPANICBTHICCKUX IIPETIapPaTOB.
[MomudeHonb! NPUCYTCTBYIOT B MPOAYKTAX NMUTAHHA M HANKUTKOB PACTUTEIBHOTO NPOUCXOXKIACHUS W SBILTIOTCS
HamboJIee PACHpPOCTPAHCHHBIMHE AHTHOKCHIAHTAMH B PpAIMOHE UCIOBCKA, OONANAIOT IPOTHBOMHKPOOHBIMH,
MIPOTHBOBOCTIAUTEIGHBIMHY, IPOTHBOBHUPY CHBIMH, TIPOTHBOOILY XOJICBBIMH W HMMY HOMOAY JIMPYOImuME 3(dexramu.
Taxke B cTarbe PacCMaTPUBAIMCH ACHCTBHA MOTH(EHONMBHBIX COCTUHCHHH HA PAKOBBIC KICTKH MPOCTATHI TAKHC
KaK: OCTAaHOBKA KJICTOYHOTO IMKJIA, AMONITOTCHHAS AKTUBHOCTD MO ()CHOIBHBIX COCTMHCHUH M CHTHAIBHBIX IyTEH
VYACTBYIOIIMX B Pake MPOCTarsl. [IpHBOIUTCS CHCTEMATHUECKUHA 0030p MONMH()CHOIBHBIX COCIMHCHHUH IPH PaKe
MPOCTATHI, OPUCHTUPYSICh HA BHUIBI MONH(ECHOIOB, KOTOPHIC OKA3BIBAIOT OOJIBHIOC BIMAHHE HA MPO(UIAKTHKY H
JCYCHUE PAKA MPOCTATHL

KimoueBnbie ¢10Ba: pak mpocTaThl, HOTM()EHOIBI IPHPOIHOTO MPOUCXOKICHHS, HHTHOMPOBAHUE, YJHEPIETHYCC-
KM METa00IM3M, aIlloNTO3, KICTOYHBIH UK, KJICTOYHbIC CHTHATbHBIC Iy TH
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