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®OI'bOY BO Pszanckuii rocy1apcTBEHHbIA METUIIMHCKUN YHUBEPCUTET
uM. akaz. W.I1. [TaBnoBa Mun3apasa Poccun, Pa3anb, Poccust

WNurubupoanue Oenka-Tpancnoprepa riukonporenHa-P (ABCB1-6enok, Pgp) mpen-
CTaBJISICTCS MEPCIICKTUBHOM 3aaueii 11 moBbiieHus 3G dexkTnBHOCTH (hapMakoTepanuu psaa
NATOJIOTH: OIyXOJIEBBIX 3a00J€BaHUMN, SUIICTICHH, HAPYIICHUSI MO3TOBOTO KPOBOOOpAIIEHUSI.
Pgp mpexncraBnser co0oi KpymHBIM TpaHCMEMOpPaHHBIM O€I0K, OCYHIECTBISIOMUN 3 PIIOKC
HMIMPOKOTO CIEKTPa SHJO0- U KCEHOOMOTHUKOB U3 KJIETKH, OH UTPAECT BAXKHYIO pOJIb B (hapMako-
KMHETHKE MHOTHX JICKAPCTBEHHBIX BellecTB. Ha JaHHBII MOMEHT HM OJUH CHHTETUYECKUU
UHTHOUTOpP TpaHCIOpTEpa HE MPUMEHSETCS B KIMHUYECKON IMPAaKTUKE BCIEICTBUE HenzOupa-
TEJIbHOCTH JICUCTBHS, TOKCHYHOCTA U BBICOKOH CTOMMOCTH. JIEKApCTBEHHBIC PAaCTUTEIbHBIC
CpPEeACTBAa OKa3bIBAIOT Pa3sHOCTOPOHHHE (hapMakoyiorudeckue 3P(GeKTrl, 00anaT OOIbIION
HIMPOTONW TEPANEBTUYECKOTO JEHCTBHUS, PEJKO BBI3BIBAIOT HEXKEJIATEIbHBIC JIEKAPCTBEHHBIC
peakuuu, YJKOHOMHYECKH TOCTYIMHBI. B HacTosmem 0030pe mpencTaBieHbl pe3yIbTaThl dKCIe-
PUMEHTOB, aHAIM3UPYIOUIUX MPUHAIICKHOCTh OJIUTO- M MOJIMCAXapUI0B K cyOcTparaM U MH-
rudutropam Pgp, 4To sBIsSETCS MPEANnOChTIKONH K MPOBEICHNUI0 COOTBETCTBYIONIUX HCCIEI0Ba-
HUW NI IPYTUX TOJKMCAaXapuJI0B PACTUTENBHOTO MpOoUCXOoxAeHusa. OnucaHbl BO3MOKHOCTH
NPUMEHEHHUS] HEKPaXMaJbHBIX PAaCTUTEIBHBIX MOJMCAXAPHUI0B B KOMIUIEKCHON TEparmuu OIy-
XOJIeH, TaKk Kak Hapsay C MOTEHUIHAIbHBIM HHTMOMPOBAHUEM TPAHCIOPTEpPA, OHU OKA3bIBAIOT
IPOTUBOOINYXO0JIEBOE JEHCTBUE, @ TAKXKE MOTYT CIIOCOOCTBOBAaTH KOPPEKLHU MOOOYHBIX 3(-
dbexToB uTOoCcTaTUKOB. [IpeacTaBneHbl MepCneKTUBBI UCTIOIb30BAHUS HEKPaXMalbHBIX MOJHU-
caxapuJ0B PACTUTEIBHOTO MPOUCXOXKIEHUS ISl MOBBIIICHHUS d()(PEKTUBHOCTH HEHPOTPOTEK-
TOPHOH TEparuu, MOCKOJIbKY OHU HE TOJIBKO MOTYT YBEIHMYHTHh IPOHUKHOBEHHE HEHPOTIPOTEK-
TOPOB 4epe3 reMarodHiedannueckuii 6apbep, UHTHOUpys Pgp, HO U 0051a1at0T COOCTBEHHOU
HEHPONPOTEKTOPHOM aKTUBHOCTBIO, a TAKXKe pAAOM (papMaKkoJIoTHUIEeCKUX 3PPEKTOB, KOTOpPbIE
MOTYT JaTh MOJOXXKUTENbHBIN PE3YyIbTAT B KOMIUIEKCHOM JICYEHUH MATOJOTHI TOJIOBHOTO MO 3-
ra. Takum oOpa3om, Mcciae0BaHUE HEKPAXMaJIbHBIX PACTUTEIBHBIX MOJHCAXAPHUI0B, UX BHI-
JIeJIeHHe U CO3[JaHUe JIEKapCTBEHHBIX CPEJICTB HAa MX OCHOBE SIBIISIETCS MEPCIEKTHUBHBIM Ha-
IPaBJICHHEM COBPEMEHHON MEIUIUHBI.

Knrouesvie cnosa: cnuxonpomeun-P, ABCBl-6enok, uneubumopsi, nonucaxapuowvt pacmu-
MeNbHO20 NPOUCXONHCOEHUs, NPOMUBOONYXOJIE8ble CPedCmEd, HetPOnPOMeKmopbl.
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POSSIBILITIES OF USE OF PLANT DERIVED NON-STARCH
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Inhibition of P-glycoprotein transporter protein (ABCB1-protein, Pgp) is a promising meth-
od to increase the effectiveness of pharmacotherapy in different pathologies: neoplastic diseases,
epilepsy, cerebral circulation disorders. Pgp is a large transmembrane protein that provides efflux
of a wide range of endo- and xenobiotics from cells, and plays a significant role in pharmacoki-
netics of many medical drugs. Nowadays not a single synthetic inhibitor of the transporter is used
in clinical practice due to non-selectivity of action, toxicity and high cost. Medicinal herbal reme-
dies possess different pharmacological and therapeutic effects, rarely cause side effects and are
economically accessible. This review presents the results of experiments in which affiliation of
the oligo- and polysaccharides to substrates and inhibitors of Pgp was analyzed, and which pre-
condition further studies of other plant derived polysaccharides. Possibilities of using plant de-
rived non-starch polysaccharides in complex therapy of tumors are described, since along with
potential inhibition of the transporter, they possess an antitumor effect and can also assist in cor-
rection of side effects of cytostatics. The prospects of using plant derived non-starch polysaccha-
rides for improvement of the effectiveness of neuroprotective therapy are presented, because they
not only can increase the penetration of neuroprotective drugs across the blood-brain barrier
through Pgp inhibition, but also possess their own neuroprotective activity, as well as a number of
pharmacological effects that can give a positive result in the complex treatment of brain patholo-
gies. Thus investigations of plant non-starch polysaccharides, their isolation and development of
medical drugs on their basis is a promising direction of modern medicine.

Keywords: P-glycoprotein, ABCBL1-protein, inhibitors, plant derived polysaccharides,
antineoplastic agents, neuroprotective drugs.

AKTyanbHOW TIpoONIeMOii  COBpEMEHHOM bility of cell membranes to antitumor drugs
An important problem of modern medicine is leading to the phenomenon of multidrug re-
resistance of diseases to pharmacotherapy. sistance [2]. In further studies Pgp was found
One of causes of ineffectiveness of medical in many organs and tissues of humans and
drugs is considered to be enhanced activity of animals (gastrointestinal tract, liver, kidneys,
glycoprotein-P transporter protein (ABCB1- tissues barriers), thus it is believed to play a
protein, Pgp), which removes medical sub- key role in pharmacokinetics of medial drugs.
stances that are its substrates, out of target Being localized in enterocytes, the
cells, or reduces their concentration in blood transporter decreases absorption of substrates
and tissues [1]. in the intestine; in histohematic barriers

Pgp is a large transmembrane protein (hematoencephalic, hematoovarian, hemato-
with a wide substrate specificity that provides testicular and hematoplacental) it prevents
efflux of numerous endo- and xenobiotics in- entry of substrates to the sequestered organs;
cluding medical drugs, out of cell [1]. It was besides, it mediates release of substrates from
first found in tumor tissue where its intense hepatocytes and renal epithelium into the lu-
functioning causes reduction in the permea- men of bile ducts and of renal tubules [1,3].
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Of special attention is the function of the
transporter in hematoencephalic barrier, since
increase in its activity in the barrier may re-
duce the effectiveness of antiepileptic and
neuroprotective therapy [1,3]. Taking the
above into account, inhibition of Pgp trans-

porter protein is a prospective way to increase
effectiveness of pharmacotherapy of some
pathologies.

At present three generations of Pgp in-
hibitors has been developed. Their brief char-
acteristics are given in Table 1.

Table 1

Characteristics of Pgp Inhibitors [4-6]

Gene-

. Examples
ration P

Properties

Disadvantages

Verapamil, yohimbine, quini-
dine, cyclosporin, reserping,
1 tamoxifen, toremifene,
triflyoroperazine

Non-selective, low af-
finity to Pgp

They are substrates of Pgp, of other
transporters and enzymatic systems of
metabolism; possess pharmacological
activity; to achieve transporter inhibition
high doses are required

Dexniguldipine, dexverapamil,
2 dofequidar fumarate [MS-209],
valspodar [PSC 833]

Possess higher specifici-
ty as compared to the
first generation inhibitors

They are substrates of Pgp and of other
transporters and enzymatic systems

Biricodar [VX-710], cyclopro-
pyldibenzosuberanezosuquidar
[LY335979], elacridar

3 [GF120918/GG918], laniquidar
[R101933], mitotane [NSC-
38721], tariquidar [XR9576],
ONT-093, HM30181

High specificity; selec-
tive and effective inhibi-
tion of Pgp

Absent

The optimal synthetic transporter inhibi-
tors are those of the third generation, possessing
low toxicity and selectivity of action. However,
their application may lead to enhancement of
side effects of the prescribed medical drugs.
Thus, use of tariquidar is associated with in-
crease in the concentration of cytostatic and an-
tiepileptic drugs not only in the target cells, but
also in blood plasma with the result of devel-
opment of unwanted drug-related reactions [7].
It is worth noting that Pgp inhibitors of the third
generation are costly. Thus, at the moment syn-
thetic inhibitors of transporter protein are not
used in clinical practice.

An important direction in the develop-
ment of modern pharmacology is search and
investigation of new medical drugs of plant
origin [8]. Plant derived medical drugs pos-
sess certain advantages: they are capable of
various pharmacological effects, possess a
wide range of therapeutic actions, seldom in-
duce side effects including allergic reactions,
and are affordable [9].

Polysaccharides of plant origin possess
these advantages, they are actively used in
medicine in the form of galenical preparations
containing a complex of active substances.
Thus, roots of sweatweed (4lthaea officinalis
L.) are used as an expectorating drug in the
form of a syrup; thallus of luminaria (Lami-
naria japonica Aresch) are used as a laxative;
mucus of flax seeds (Linum usitatissimum L.) is
used as a softening and coating agent, etc. [10].

Recently, research works have been
conducted concerning pharmacological activi-
ty of non-starch polysaccharides (non-hydro-
lysable with amylase) of higher plants and
algae, and development of medical drugs on
their basis containing individual substances.

Application of non-starch plant poly-
saccharides as Pgp inhibitors is possible due
to their chemical structure, since molecules of
polysaccharides often contain functional
groups characteristic of blockers of the trans-
porter protein. [11]. Such chemical structure
is inherent to the so called inlay polysaccha-
rides and water-soluble pectins (structural
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heteropolysaccharides) which contain amino
sugars, polypeptide chains and uronic acids
that can form ester groups. Besides, structure
of polysaccharides permits to introduce addi-
tional functional groups into their molecules
by chemical synthesis. It should be noted that
polysaccharides contain high-electronegative
atoms of oxygen which make electron pairs
for formation of intramolecular hydrogen
bonds and bonds with Pgp molecule.

In some works affiliation of poly- and ol-
igosaccharides to substrates of the transporter is
shown. One of mechanisms of changing the
functional activity of Pgp consists in the inter-
action of a substance with parts of its molecule
(substrate-binding and other sites) with proba-
ble alteration of its spatial structure, therefore
substrates of the transporter are considered its
potential inhibitors [12].

It was found that processing of culture
of cells overexpressing Pgp with modified
cyclodextrin  (heptakis  (2,6-di-O-methyl)-
beta-cyclodextrin) increases permeability of
membranes to the transporter substrates in
both directions, that is, it decreases activity of
the transporter, probably due to derangement
of microenvironment in the membrane [13].

In in vitro experiment on the culture of
tumor cells it was found that heparin which is
a negatively charged high-sulfated polysac-
charide, increases penetration of chemopre-
parations — Pgp substrates — into cells through
suppression of the functional activity of the
transporter. This phenomenon may be associ-
ated with the ability of heparin to interact
with the extracellular proteins (growth fac-
tors, matrix components) and to modulate
their activity by its charge [14]. In a study on
the culture of human breast tumor cells
MDA-MB231, intracellular penetration of the
transporter substrate — calcein-AM — was ana-
lyzed, and it was shown that unfractionated
heparin inhibits functioning of Pgp [15].

It is found that some resin glycosides
(glycolipids, or lipo-oligosaccharides) obtained
from seeds of Ipomoea alba increase suscepti-
bility of the culture of chemoresistant cells of
human breast carcinoma to vinblastine [16].

It was identified in in vitro experiment
that oligomers of hyaluronic acid promote
penetration of doxorubicin into tumor cells of
peripheral nerve sheaths and also increase
cytotoxicity of the drug in vivo [17].

It was shown that incubation of the cul-
ture of Pgp-expressing tumor cells within 4
hours with solid lipid nanoparticles (stearic
acid and surfactant: lecithin and poloxamer)
with paclitaxel subject to modification by ul-
trasound with use of 2-hydroxypropyl-p-
cyclodextrin system resulted in accumulation
of the chemical drug inside the cell to a high-
er extent than in incubation with classic
transporter inhibitor — verapamil [18].

Dextran-based  nanoparticles  were
found to be promising for delivery of doxoru-
bicin to multidrug-resistant tumor cells [19].

The results of the mentioned experiments
suggest further study of use of other available
plant polysaccharides as Pgp inhibitors.

Of special attention is a propable use of
non-starch plant polysaccharides for complex
treatment of tumors, since besides potential
inhibiton of transporter and increase in pene-
tration of chemical drugs into tumor cells,
some polysaccharides can produce antitumor
effect of their own. Thus, it was found that
plant polysaccharides reduce growth and
metastasizing of blastomas due to induction
of apoptosis in tissues [20]. It was also shown
that butyric acid synthesized in the intestine
in fermentation of polysaccharides, promotes
differentiation and apoptosis of cells of colon
carcinoma and suppresses their proliferation,
possessing antineoplastic effect [21].

In experiments on mice with Lewis car-
cinoma increase in the activity of chemother-
apy was found in combined use of cyclo-
phosphan and polysaccharide complex of
sweet calamus rhizome and its fractions. The
most expressed antitumor and antimetastatic
activity was characteristic of the acidic frac-
tion of the complex [22].

It was shown that the mechanism of an-
titumor effect of pectin polysaccharides con-
taining D-galacturonic acid is based on their
ability to interact with specific receptors on
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the membrane of macrophages which results
in formation of cytokines and tumor necrosis
factor [20]. Polysaccharides containing gala-
cturonan enhance expression of MHC com-
plex on the surface of tumor cells thus acti-
vating immune cells that participate in anti-
tumor protection [23].

It was found that introduction of poly-
saccharides of sweet calamus rhizome in case
of cyclophosphan-induced immune depres-
sion, stimulates specific T-type immune re-
sponse increasing the activity of cells of
lymph nodes toward tumor cells [24].

Plant derived polysaccharides may cor-
rect side effects of cytostatics. It was shown
in experiments on mice with Lewis carcinoma
that water-soluble polysaccharides of foalfoot
(Tussilago farfara L.) and sweet calamus rhi-
zome reduce hepatotoxicity of paclitaxel [25].
Plant polysaccharides can effectively reduce
gastrotoxicity of antitumor drugs: antiulcer
effect was found in fucoidans, chitosan, col-
loid bismuth-pectin complex, low-esterified
pectins [26-28]. Pectin polysaccharides may
also be considered as prebiotics for correction
of intestinal dysbiosis associated with intake
of cytostatics [29].

Of interest is a possibility of using plant
derived polysaccharides to improve the effec-
tiveness of neuroprotective therapy, since
they can not only increase penetration of
neuroprotectors across the hematoencephalic
barrier by potential inhibition of Pgp, but pos-
sess neuroprotective activity of their own, as
well as some pharmacological effects, that
may add to the positive result of complex
treatment of pathologies of the brain.

Nitric oxide (NO) in high concentration
is known to cause damage and death of neu-
rons [30]. Sulfated polysaccharides produce a
neuroprotective effect through inhibition of
NO-synthase [31]. Fucoidan isolated from
Laminaria japonica alga in the concentration
125 pg/ml decreases release of nitric oxide in
microglial cells by inhibition of phosphoryla-
tion of mitogen-activated protein kinase and
of intracellular signal-regulated kinase [32].
In the dose 62.5 ng/ml the polysaccharide de-
creases expression of CD11b receptors on the

surface of granulocytes, natural killers and
macrophages. Fucoidan produces a protective
effect for proliferation of astrocytes through
regulation of inducible NO synthase [33].

Inhibitory effect of fucoidan isolated
from kelp Fucus vesiculosis on synthesis of
nitric oxide was shown in cultures of BV2
glial cells and C6 glioma cells induced by
proinflammatory cytokines (tumor necrosis
factor a, y-interferon and interleukin 1) [34].

Oxidative stress is an important
pathogenetic factor of many neurologic dis-
eases. In in vitro and in vivo experiments the
antioxidant effect of fucoidan isolated from
kelp Laminaria japonica was demonstrated
[35]. This effect of polysaccharide results
from block of production of oxygen radicals
and from increase in the levels of glutathione
peroxidase, superoxide dismutase and malon-
dialdehyde [35]. Antioxidant activity is also
found in polysaccharides of some higher
plants — mountain ash, St. John’s wort, and
carregeenans [36].

Hypolipidemic, anticoagulation and
antiischemic effects of non-starch polysac-
charides may assist in complex therapy of
acute disorder in brain circulation.

Hypolipidemic effect of polysaccha-
rides (chitosan, fucoidans and others) consist
in prevention of absorption of cholesterol in
the intestine, increase in relative concentra-
tion of hydrophobic bile acids which more
powerfully than hydrophilic ones inhibit ac-
tivity of cholesterol-7a-hydroxylase, and in
suppression of synthesis of cholesterol in the
liver under influence of short-chain fatty ac-
ids (propionic, acetic and butyric acid) pro-
duced in fermentation of polysaccharides
[37]. Besides, chitosan can form ionic com-
plexes with fats including cholesterol, and
inhibit their absorption and recirculation from
the intestine into the liver [37].

Anticoagulation effect is found in
pectins. They change the characteristic of fi-
brin meshwork so that it becomes more per-
meable, loses strength and readily lyses [38].

Fucoidans can activate formation of
vessels and produce an antiischemic effect.
Binding with fibroblast growth factors, they
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protect them against proteolysis and promote
angiogenesis [39]. Besides, high-molecular
fucoidans induce liberation of glucosamino-
glycan-bound stromal factor-1 which mobi-
lizes progenitors of stem cells of the bone
marrow participating in angiogenesis [40].
Thus, it seems reasonable to evaluate
affiliation of non-starch polysaccharides of
some plants (alecost, foalfoot, calamus root,
kelp) possessing gastroprotective, hepatopro-
tective, antioxidant, membranoprotective [26-
41], and also antitumor and neuroprotective

[34] effects, to glycoprotein-P inhibitors. Iso-
lation, modification and development of med-
ical drugs on the basis of plant derived poly-
saccharides is a promising direction of mod-
ern pharmacology. A study of specific activi-
ty of non-starch plant derived polysaccharides
including their ability to inhibit glycoprotein-
P transporter protein, permits to clarify pecu-
liarities of their pharmacokinetics and phar-
macodynamics and to optimize pharma-
cotherapy of some diseases.
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