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POTENTIAL USE OF SULFORAPHANE AS ANEUROPROTECTOR

Introduction. Under normal conditions, oxidative stress and proinflammatory processes are tightly controlled.
However, during neuroinflammation and overproduction of reactive oxygen species (ROS), homeostasis is disrup-
ted, which may lead to development of Alzheimer’s disease, Parkinson’s disease and other neurodegenerative
disorders. Inflammatory processes may result in neurodegenerative disorders. Sulforaphane is an isothiocyanate
compound which has potential for treatment of neurodegenerative disorders. Its therapeutic potential is based on
the ability to activate transcription of genes, that regulate protective cellular mechanisms. The importance of studying
sulforaphane as a neuroprotector is based on the fact, that dementias are the seventh leading cause of death glo-
bally and actively progress due to aging of human population. In this review, the anti-inflammatory effects of sulfo-
raphane in the brain and its use as a potential neuroprotector in the treatment of neurodegenerative diseases are
discussed.

The aim of the study — to review available literature sources on the potential use of sulforaphane to prevent
or mitigate neuroinflammation.

Conclusions. Economic and technological development of mankind and the improvement of the general qua-
lity of life leads to prolongation of human life. But, achievements of longevity give new challenges to humanity. In
young age and early adulthood, the organisms can relatively easily maintain homeostasis, then in old age intensi-
fication of oxidative stress and inflammatory processes can lead to the development of dementias and mental dis-
orders. What should we do now to save clear mind in old age? In this review, sulforaphane is considered to be a
potential neuroprotector. Biologically active supplements and drugs containing sulforaphane can weaken up inflam-
matory processes in the brain and in the body in general, and therefore they can be used for prevention and treatment

of neurodegenerative diseases.
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Sulforaphane is an isothiocyanate compound,
that occurs in broccoli (Brassica oleracea var. Ita-
lica) and in other cruciferous vegetables such as
cabbage (Brassica oleracea var. Capitata) or brus-
sels sprout (Brassica oleracea var. gemmifera) and
protects plants from insects [1]. Glucoraphanin is a
biologically inactive precursor of sulforaphane.
During disruption of plant tissues, i.e., by insect
attack, vacuoles that contain glucoraphanin are
damaged and their content is released. A cytosol
resident enzyme myrosinase hydrolyses glucora-
phanin to glucose and isothiocyanates, particularly
to sulforaphane [2]. Sulforaphane-containing pro-
ducts are used for prevention of cancer and other
diseases that are linked with inflammation. Its
therapeutic potential is based on the ability to acti-
vate transcription of genes, that regulate protecting
activities of cells against inflammation, oxidative
stress and DNA damage [3].
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Nowadays, the link between inflammation and
neurodegenerative diseases is well known [4-7].
This paper aims to highlight the potential use of
sulforaphane to prevent or mitigate neuroinflamma-
tion.

DEVELOPMENT OF NEUROINFLAMMATION.
Inflammation includes number of physiological and
pathological processes coordinated by mediators
that form complex regulatory networks. Neuroin-
flammation occurs due to overstimulation of the
adaptive immune system in the brain [8]. The ef-
fectors of a neuroinflammatory response are resi-
dent immune cells (microglia) in the brain that can
be activated by the inflammatory mediators [9].
Inflammation is accompanied by an overproduction
of reactive oxygen species (ROS) that may lead to
the failure of antioxidant systems and intensification
of oxidative stress [10]. Further, the chronic oxida-
tive stress enhances neurodegenerative processes
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in the brain [11]. Reactive oxygen species has
comprehensive impact on the organism, they are
always present there and moderate amounts of
ROS activate signalling pathways that modulate
processes such as NF-kB transcriptional activity,
autophagy, production of DNA-based neutrophil
extracellular traps, wound healing and repairing
processes [12, 13].

Blood-brain barrier (BBB) has an essential role
in protection of the brain against pathogens. This
barrier separates the central nervous system from
peripheral fluid. Disruption of BBB and dysfunction
of leukocyte migration participates in the develop-
ment of Parkinson’s and Alzheimer’s diseases [14].
With aging, BBB integrity is disturbed that increases
the risk of neurodegenerative disorders [15].

Development of inflammation involves two
groups of immune cells: brain-resident macro-
phages and blood-derived leucocytes (Fig. 1).
Microglia presents up about 10-20 % of the glial
contentin the CNS. Also, they are the brain-resident
immune cells of the CNS and form the first protect-
ing line against pathogens [16]. In steady state
microglia have large number of functions such as
secretion of insulin-like growth factor 1 at develop-
ment of neurons and regulation of neuroplasticity.
Moreover, microglia maintain neurogenesis in adult
age [17-19].

Blood-derived leucocytes that penetrate the
BBB are exposed to different challenges from pe-
ripheral tissues and organs. T cells, central regula-
tors of major adaptive immune responses, and
other cells of the immune system are confronted
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with neurons and glial cells that have low expression
of Major Histocompatibility Complex (MHC) Class
I (MHCI) [20]. Lack of MHCI expression in neurons
and glial cells induces attack of killer cells from the
innate immune system, namely natural killer cells
(NK) [21].

In the review of B. Hart three stages of autoim-
mune response were established in the brain and
the role of the immune system in the development
of neurodegenerative diseases was noted: (1) de-
velopment of autoreactive lymphocytes occurs in
the tissues other than the brain, T and B cells are
activated in the lymphoid organs, then they drain
to the brain but before entering the central nervous
system autoreactive T cells undergo phenotypic
changes in the spleen; (2) lymphocytes cross BBB,
T cells and monocytes/macrophages bypass BBB
via post-capillary venules or cerebrospinal fluid; (3)
development of autoimmune response [21].

Further, the interaction of T cells from periphe-
ral organs with local antigen presenting cells, i.e.,
microglia cells, leads to a complex cascade of
pathophysiological processes, such as formation
of plasma cells, small amounts of antibodies against
myelin proteins enter the CNS, bind to the myelin
sheath and allow the macrophage to recognize it
via its high-affinity Fc receptors [22].

R. Santin-Marquez and colelagues [23] high-
lighted the process of autoimmune response de-
velopment: during autoimmune response the re-
lease of proinflammatory caspase-1 induces the
activation of proinflammatory cytokines, such as
IL-1b, IL-18, and IL-33. The released cytokines
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induce tissue swelling and disruption of the blood-
brain barrier, which leads to the long-term develop-
ment of inflammation and the myelin sheath disrup-
tion in cells of the nervous system [15]. Also, the
myelin antigens are presented to autoreactive T2
cells which induce formation of plasma cells and
antibodies against myelin sheath. Prolonged neuro-
inflammation may lead to Alzheimer's disease,
Parkinson's disease and amyotrophic lateral scle-
rosis [24, 25].

At normal aging, the brain shows signs of en-
hanced oxidative stress and inflammatory process-
es, therefore maintaining of homeostasis is among
potential treatments against excessive inflammation
and oxidative stress [26].

MECHANISM OF ACTION OF SULFORA-
PHANE. There are two main mechanisms involved
in the regulation of the antioxidant and inflamma-
tory responses in the brain: Nrf2/Keapl and NF-«kB
signalling pathways (Fig. 2).

Nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB) is a family of seven struc-
turally linked transcription factors that control gene
network expression in the stress response and in-
flammation. NF-kB is activated by proinflammatory
cytokines, ROS, pathogens and DNA damage [27,
28]. NF-kB plays an important role in the innate and
adaptive immune responses, it is necessary for the
normal differentiation of blood cells and the formation
of the secondary lymphoid organs [29]. The impor-
tance of NF-kB in the signal transmission from CD40,
toll-like receptors and the B-cell receptor was de-
monstrated in mice, in which the genes of individual
members of the NF-kB family are inactivated [30].

Gl owth
f'lctors

There are two ways for activation of NF-kB
signaling pathways: classical (canonical) and alter-
native (noncanonical) pathways that lead to activa-
tion of the individual subunits and downstream
genetic responses. Classical signaling pathway
begins with B-cell and T-cell antigen receptors as
well as cytokine receptors. Also, it controls nuclear
levels of the prototypical NF-kB complex. Under
normal conditions, NF-kB/Rel proteins are bound
and inactivated in the cytoplasm primarily by IkB
proteins, that inhibit NF-kB nuclear translocation
ability [31]. Limited proteolysis of the IkB proteins
is the canonical pathway for NF-kB activation [32].
Proinflammatory cytokines, tumor necrosis factor
(TNF), growth factors activate the IKK complex
(IKKB, IKKa and NEMO) through downstream ac-
tivation of Mitogen-activated protein kinase kinase
kinase 7 (TAK1) and RAC-alpha serine/threo-
nine-protein kinase (Aktl) that phosphorylate IkB
proteins [31, 33]. This signal is transmitted to the
IKK complex, which phosphorylates IkB proteins.
The IKK( subunit performs the catalytic function.
Phosphorylated IkB proteins are cleaved by the
proteasome, which allows p50/p52/p65 allocate into
the nucleus. In the alternative NF-kB pathway,
NF-kB2 p100/RelB is inactive in the cytoplasm.
Signalling begins with activation of the NIK kinase
by LTBR, CD40 and BR3 receptors which, in turn,
activates IKKa complexes, that phosphorylate
NF-kB2 p100. This leads to ubiquitination of NF-kB2
p100, proteasomal processing of NF-kB2 p52 and
translocation of p52 into the nucleus [34]. In both
pathways, activated NF-kB rapidly enters the nuc-
leus to initiate expression of target genes by induc-
ing assembly of active promoters and recruiting
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CBP/p300 coactivator family to target gene promo-
ters [35]. This up-regulates expression of TNFaq,
IL-1, IL-1b, IL-2, IL-6, IL-8 and IL-12 [31, 34, 36].
Operation of both, canonical and non-canonical
pathways, in the cell is interconnected [33, 37].
Thus, the classical and non-classical activation
pathways are related and the classical pathway
disruption leads to violation of the non-classical
regulatory pathway.

Sulforaphane inhibits the NF-kB signaling path-
way at various stages of its absorption but molecu-
lar mechanisms are currently unknown. Itis unclear
whether sulforaphane activates expressionn of all
NF-KkB target genes or selected ones. Inhibition of
NF-kB leads to decrease in the expression of pro-in-
flammatory cytokines TNFa, IL-1, IL-1b, IL-2, IL-6,
IL-8 and IL-12 and, therefore, diminished proinflam-
matory processes [23, 38, 39].

Nuclear factor E2-related factor 2 (Nrf2) is a
transcription factor localized in the cytosol and that
regulates stress-inducible activation of the cells [40].
Nrf2 modulates gene transcription of the glutathione
and thioredoxin antioxidant system components as
well as enzymes involved in the response to
oxidative stress [41]. Additionally, Nrf2 is largely
responsible for other processes in the cells, such as
autophagy, drug metabolism and unfolded protein
response [42]. Nrf2/Keapl is a pathway that protects
neuronal cells against ROS and other reactive
species. Thus, enhancing of Nrf2/Keapl activity is
an indicator of oxidative stress in the brain [43].

Kelch-like ECH-associated protein 1 (Keapl)
is responsible for regulation of Nrf2 [44]. Keapl
forms a homodimer that is involved in sequestering
of Nrf2 in the cytosol and inactivates the latter.
Keapl is a protein that contains thiol groups in
reactive cysteine residues. Although it shuttles
between cytoplasm and nucleus, itis mostly located
in the cytoplasm [44]. Without oxidation Nrf2 is
unable enter the nucleus, thus, transcription of
antioxidant system components is limited [45].

The mechanism of Nrf2 restriction was disco-
vered by A. Kobayashi and colleagues [46]. In the
normal state, Nrf2 is inactivated by proteolysis to
preventits harmful action. Nrf2 is sequestered in the
cytosol by the Keapl homodimer, which acts as a
substrate adaptor for the ubiquitination of Nrf2 in a
cullin-3 (Cul3) dependent manner. The association
with Keapl facilitates the proteasomal degradation
of Nrf2. Bound to Keapl Nrf2 undergoes poly-ubig-
uitination via the Cul3 E3 ligase and is subjected to
degradation by the 26S proteasome. This results in
low content of Nrf2 in the cell. These degradative
processes are energy-dependent but under stress-

philes are capable of separating Keapl from the
Neh2 region of Nrf2. They deduced that the sensor
must be Keapl, as the Neh2 region does not con-
tain cysteine residues. Nrf2 is active after the Keap/
Nrf2 complex dissociation, which can be promoted
by electrophilic or oxidative factor [48, 49]. Thiols
are targets for electrophiles that can modify the
structure of Keapl and disrupt its normal function-
ing as a ubiquitinating element for Nrf2. Therefore,
Keapl may be an oxidative stress marker [50].

After entering the nucleus, Nrf2 forms a he-
terodimer with MAFF, MAFG or MAFK and binds
to the antioxidant response element (ARE) in the
upstream promoter region of the target genes and
initiates their transcription [51].

He and colleagues [52] listed next Nrf2 regula-
tory abilities in metabolic processes: (1) induction
of expression of genes encoding enzymes of pen-
tose phosphate pathway which produces NADPH,;
(2) promotion of amino acid metabolism, especial-
ly de novo serine biosynthesis; (3) regulation of
degradation and biosynthesis of triacylglycerides
and phospholipids, lipid transport and fatty acid
oxidation; (4) regulation of heme and iron metabo-
lism; (5) regulation of unfolded protein response,
proteostasis and autophagy; (6) induction of ex-
pression of NAD(P)Quinone oxidoreductase 1,
glutathione-S-transferases and glutamate cysteine
ligase [52].

Sulforaphane is able to interact with cysteine
residues of Keapl (Cys151, Cys273, Cys288),
which causes a "simulation" of ROS attack under
oxidative stress conditions. When Nrf2 is not de-
graded, MAPK, PKC, GSK-3b (protein kinase en-
zymes) activate Nrf2 via phosphorylation, then Nrf2
is transferred into the nucleus and interacts with the
Maf protein [53]. Phosphorylated Nrf2 binds to Maf
and activates ARE which results in the expression
of antioxidant and anti-inflammatory enzymes. In
this manner, sulforaphane activates Nrf2 and re-
presses development of neuroinflammation and
neurodegeneration [23].

The biological activity of sulforaphane at the
cellular level is well studied. Sulforaphane is able
to reduce inflammation and oxidative stress inten-
sity through intracellular regulatory mechanisms.
Decreased concentration of pro-inflammatory cy-
tokines along with enhanced antioxidant response
leads to the inhibition of inflammatory processes
and the restoration of homeostasis in the brain.
However, there are difficulties in transportation
sulforaphane to the site of its therapeutic action and
its practical using.

g ful conditions, the cell can quickly handle it [46]. POTENTIAL USE. Due to the broad spectrum
= The studies of A. Dinkova-Kostova with col-  of action of sulforaphane, consumption of products
=~ . . . .

e leagues [47] gave the first evidence that electro- that contain glucoraphanin and sulforaphane can
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be beneficial for the organism. Cruciferous vegeta-
bles are known to prevent colorectal adenoma
development due to high content of isothiocyanates
[54]. Also, diets rich in broccoli, are associated with
lower risk of bladder cancer [55]. Broccoli (Brassica
oleracea var. Italica) is one of the most common
plants containing glucoraphanin and sulforaphane
[56]. The amount of glucoraphanin and sulfora-
phane in broccoli is in the range of 1.4-32.9 pg/g of
raw weight, the highest content was found in flowers
and seeds [57].

The process of isolation and purification of
sulforaphane is important for work with it and
high-performance liquid chromatography seems is
the best one in this context [58]. A solid-phase ex-
traction with nanostructured silicon dioxide SBA-15
can be used for pre-concentration of sulforaphane
which was tested with broccoli [59].

Mice treated with a glucoraphanin-enriched diet
at a young age had less cognitive dysfunction and
oxidative stress signatures in adulthood [60]. Ad-
ministration of sulforaphane to the abdominal cav-
ity of rats led to the activation of Nrf2, reduced in-
tensity oxidative stress and neuroinflammation. In
addition, sulforaphane application restored memo-
ry function in rats with memory dysfunction due to
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MPUKAPMATChK HALJIOHAIbH YHIBEPCUTET IMEHI BACU/IS CTEGAHVIKAL IBAHO-®PAHKIBCbK
TEPHOMI/IbCKUV HALIOHA/TbHWA MEAQNYHWY YHIBEPCUTET IMEHI I. 5. TOPEAYEBCHKOIMO

MO3 YKPAIHWP

YHIBEPCUTET AOC/IAXKEHb TA PO3POBOK?, IBAHO-®PAHKIBCBK

MOTEHIIVHE BUKOPVICTAHHS CY/Ib®OPA®AHY AK HEIPOITPOTEKTOPA

Pe3stome

Bcmyn. 3a 38udaliHux yMOB IHMEeHCUBHICMb SIK OKcuOamuBHO20 CMPECY, mak i npo3arnasibHuUx rnpoyecis rne-
pebysae y nesHUx Mmexxax. OOHaK Mio Yac po3sUMKy Helipo3ana/ieHHs1 i Had/IUWKOBO20 YMBOPEHHST aKMUBHUX (hOpM
KUCHIO 20Meocmas ropywyemsCsi, WO CrPUHUHSIE PO3BUMOK XBOPObU Asbyzelivepa, XBopobu llapkiHCoHa ma
IHWUx Helipodez2eHepamusHUX po3/aadis. 3anasibHi MPOYECU, BUK/IUKaHI akmusayjero iMyHHOI cucmemu, MOXymb
rpussecmu 0o HelipodezeHepamuBHUX MopyuweHs. Cy/ibghopaghaH — ye criosiyka 3 2pynu isomioyiaHamis, sika Mae
rnomeHuyiasn 075 nikysaHHs HelipodeaeHepamusHUX po3nadis. Mlo2o mepanesmuyHuil 8raus 6azyemscs Ha 30am-
HOCMI 0aHOI peqoBUHU akmusyBamu MpPaHCKPUYit0 2EHIB, SIKi pe2y/1tormb 3aXUCHY akmuBHICMb KIMUH. Bak/iu-
Bicmb po6im y UbOMy KepyHKy 3yMOB/IeHa muM, Wo xBopoba A/byzeliMepa ma iHwi deMeHyii 3aliMaromb CboMe
Micye ceped MposioHUX MPUYUH cmepmi y caimi. Y yil oe/15008ili cmammi 062080p0HOMbLCST Npomu3anasibHa o0ist
cy/ibghopaghaHy 8 20/10BHOMY MO3KYy ma 020 BUKOPUCMAHHS 5K MOMeHYiliHo20 Heliporipomekmopa y /liKyBaHHI
HelipodezeHepamuBHUX 3aXBOPHOBAHb.

Mema 00c1idXeHHs — npoaHasizysamu Cy4acHi oxepesa siimepamypu Wodo BUKOPUCMAaHHS Cy/ibghopacha-
Hy 8 MEOUYHIU npakmuyi 3ad/is1 io20 MOMeHYiiHO20 3aCmMOoCyBaHHS1 3 MEMOIO NPOhiIakKmMuUKU abo MOM’sIKWEHHS
Helpo3ana/ibHuUX npPoyecis.

BucHoBKU. EKOHOMIYHUU | mexHO/102iYHUl fpoegpec npusis 00 MO/IMWEHHST 3a2a/lbHOI IKOCMI XUmmsi ma
M000BXeHHS1 (1020 mpuBasiocmi. A/le 00CsIi2HEHHST y 00B20/1immi cmas/iimb neped Hamu HOBI BUK/TUKU. STKWO 8
MOs1000MYy ma 3pIi/IoMy Biyi Op2aHi3mM 006pe miompumye 20Meocmas, mo 8 cmapuux /itooell iHmeHcudbikayist oKcu-
damusHUX i 3anasibHUX Mpoyecis MoXe Mpu3secmu 00 Po3BUMKY O0eMeHUili ma McuxidyHux possadis. OOHUM i3
KaHOudamig 0719 60pombbu 3a sicHUl po3yM y cmapocmi € cysibhopaghaH. Y ybomy 02/1510i [io20 po32/1siHymo siK
rnomeHryjitiHuli Heliporipomekmop. bio/102i4HO akmusHi 00basKu i npenapamu Ha OCHOBI Cy/ibghopachaHy 30amHi
3MeHWyBamu 3anasibHi PoYecu y 20/108HOMY MO3KY ma 8 OpaaHi3Mi 3a2a/10M, @ moMy iX MOXHa 3acmocosysamu
07151 MpoYisIakmMuKuU i /liKyBaHHS Helipooe2eHepamuBHUX 3aXBOPHBAHb.

KMKOYOBI C/TOBA: HeliponpoTeKTop; cynbcopachaH; HeliposanasieHHs; HelipogereHepaTuBHi 3axBoO-
ploBaHHA.

C. A. Lliomnana?, E. M. CtapuyeBckas®, B. . Nywak®?3

MPUKAPIATCKWIA HALUMOHASIbHBIA YHUBEPCUTET UMEHW BACW/INA CTEDPAHMKAL,
VBAHO-®PAHKOBCK

TEPHOIO/IbCKUA HALIMIOHA/IbHBI MEAVNLMHCKNIA YHUBEPCUTET UMEHW U. 1. TOPEAYEBCKOIO
MO3 YKPAVIHbI?

YHUBEPCUTET UCC/IEAOBAHW 11 PASPAEOTOK?, UBAHO-®PAHKOBCK

INIOTEHIITUAJ/IBHOE NUCIIO/Ib3OBAHUE CY/Ib®OPA®AHA
KAK HEVIPOITPOTEKTOPA

Pestome
BcmynneHue. B 06bI4HbIX YC/I0BUSIX UHMEHCUBHOCMb Kak OKCudamusHO20 cmpecca, mak U nposocnasiu-
me/ibHbIX NPOYECcCco8 HaxXoo0umcs 8 onpedesieHHbIX npedesax. OOHaKo BO BPEMSs pasgumusi HeliposocrasieHus u
u36bIMOYHO20 06pa30BaHUSI akmUuBHbIX (hOPM KUC/I0poda 20Meocmas Hapywaemcs, 4mo SI8/Siemcsi npuyuHol
passumus 6onesHu Anbyzelimepa, 601e3HU lNapKuHCOHa u 0pyaux Helipode2eHepamusHbIX paccmpoticms. Bocrna-
J7iumesibHble Mpoyecchl, Bbi3saHHbIE akmusayueli UMMYHHOU cucmeMbl, Mo2ym rpusecmu K HelipodezeHepamus-

HbIM HapyweHusiM. Cy/ibghopaghaH — 3mo coeduHeHuUe U3 2pyribl U3omuoyuaHamos, Komopoe umMeem nomeHyuasn N
07151 1IedeHUs Helpodez2eHepamusHbIX paccmpolicms. E2o mepanesmuyeckoe s/1usiHue 6asupyemcs Ha Crioco6- g
Hocmu 0aHHO20 Beujecmsa aKkmusuposamb MPaHCKPUMYUID 2eHO8, pPe2y/upyoujux 3aujumHyo akmusHOCMb —
o
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K/1lemok. BaxxHocmb pabom 8 amoM Harpas/ieHuU 0bycsios/ieHa meM, Ymo 60/1e3Hb Asbyzelivepa u opyaue oe-
MeHyuU 3aHuMarom cedbMoe Mecmo cpedu Bedyujux npuYuH cMepmu 8 Mupe. B amol 0630pHol cmambe 06Cyx-
daromcsi npomusoBsocianumesibHoe delicmasue cy/ibghopaghaHa 8 20/108HOM MO32e U €20 UCM0/1b308aHUe B KA4eCmBse
rnomeHyuasibHo20 HeliporpPomMeKmMopa 8 /ie4eHUU Helipode2eHepamuBsHbIX 3abo1esaHull.

Lenb uccnedosaHus — rpoaHau3uposams CospeMeHHbIe UCMOYHUKU iumepamypbl OMHOCUME/IbHO UCTO/Ib-
30BaHUs cynbghopaghaHa 8 MeOUYUHCKOU rnpakmuke 07151 €20 MomeHyuasibHo20 MPUMEHEHUS C Yeslbio Mpoghusiax-
MUKU U/l cMsi24yeHus1 HelpoBocCna/iume ibHbIX MPOYEeccos.

Bb1800bI. SKOHOMUYECKUU U MEXHOI02U4eCKUll MPOo2pecc NpuUBe/ K y/lyHleHUo 06weao kayecmsa XU3HU U
YyBe/iuyeHuUro e2o npodo/mkume/ibHocmu. Ho docmuxxeHus 8 00/120/1lemuu cmassim rnepeo Hamu HOBbIEe Bbi308bI.
Ec/niu 8 MO/1000M U 3pesioM Bo3pacme op2aHu3M Xopowo noddepxusaem 20Meocmas, mo 8 cmapuwux sooel
UHMeHcUghuKkayusi oKcudamuBHbIX U BOCMa/IUMeE/IbHbIX MPOYECCo8 MOXem pusecmu K passumuro oemeHyuli u
rcuxuyeckux paccmpoticms. OOHUM U3 kKaHOuOGamos 07151 60pb0ObI 3a SICHLIU yM 8 cMapocmu s18/1iemcsi cy/1bgho-
paghaH. B amom 0630pe e20 paccMOmMpeHoO Kak nomeHyuasbHbIU Helpornpomekmop. buo/iocudyecku akmusHbie
dobasku U npenapamsl Ha OCHOBE Cy/ibghopaghaHa criocobHbl yMeHbWamb B0CNa/Iume/ibHbIe MPoyecchl 8 20/108-
HOM MO32e U B op2aHu3Me 8 Ye/loM, a Mo3amoMy UX MOXHO NPpUMeHSIMb 07151 IPOGYU/IaKMUKU U f1edeHusi Helipode-
2eHepamusHbIX 3abosiesaHull.

KNMOYEBBLIE C/IOBA: HeliponpoTekTop; cynbcopachaH; HelipoBocnasieHue; HelipoaereHepaTuBHbIe
3abonesaHusl.
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