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ABSTRACT

Studies on the immunostimulating properties of saponins and
methoxyflavonoids obtained from plants provides a theoretical basis for
development of new immunopotentiators, thereby increasing effectiveness of
immunotherapy and prophylaxis of viral infections. Expression of major
genes of the immune response were significantly up-regulated upon
introduction of plant-based immunostimulators into the body. These
compounds were a mixture of purified saponin betulin isolated from plants
of Betula sp. (Betula pendula) and purified methoxyflavonoids of plants of
Polygonum sp. (Polygonum persicaria) and Cytrus sp. (Cytrus sinensis). The
strength and specificity of the body's immune response can be adjusted by
changing the structure of the methoxyflavonoid in the complex
immunostimulator, which makes it possible to stimulate targeted
Immunostimulators that act on certain parts of the immune system.

Keywords: saponin, methoxyflavonoid, immunostimulator, influenza,
gene expression.

INTRODUCTION

Plants and preparations of plant origin have long been used to increase the activity
of the immune system and restore the immunity. However, there is still no clear
understanding of the mechanisms of the immunotropic action of phytopreparations.
Most often plant origin immunostimulators are used in the treatment of infectious
diseases (influenza, ARVI) and as preventive measures especially during seasonal
outbreaks. Modulating the work of immunity they have a beneficial effect on the course
of the disease speeding up the healing process and minimizing the possible
consequences.

The development of the infectious process occurs against the weakened state of the
immune system. Therefore, by stimulating of some branches of the immune system it is
possible to increase the overall resistance to viral infections. The study of factors
affecting the various stages of the immune response formation and activation of various
parts of the immune system is the basis for the development of theories of the immune
response during the infectious process. Moreover, studies in this area create theoretical
prerequisites for the development of new, more effective immunotherapeutic medicines.
The study on the mechanisms of stimulation of specific and general antiviral immunity
by biologically active compounds of plant origin aimed at the development of new



medicines that can increase the resistance of the organism to viral infections is an
important problem of fundamental research in virology and immunology, which
ultimately increase the effectiveness of not only immunotherapy of viral infections but
their vaccination as well. Currently, an intensive study on the mechanisms of activation
of innate and specific antiviral immunity and the search for new immunostimulators
capable of increasing the activity of the immune response are carried out [1, 2].

The aim of the research was to evaluate the effect of complex plant
immunostimulators obtained on the basis of various combinations of purified saponin
and glycosylated methoxyflavonoids on the expression of the immune response genes.

Materials and methods

Purified preparations of saponin and methoxyflavonoids (figure 1) were obtained
from the aerial parts of the plant Polygonum sp. (isorhamnetin glycoside), bark of the
plant Betula sp. (betulin) and the rind of the fruit of the plant Cytrus sp. (hesperetin
glycoside) using the method of alcohol extraction, followed by fractionation by high-
performance liquid chromatography (HPLC), as described previously [3, 4]. Reference
compounds ensured accuracy of isolation.
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Fig. 1. Purified compounds used in the study

White outbred mice of both sexes weighing 15-25 grams were used in experiments.

Immunization of animals for the proliferation of macrophages. 1-month-old white
mice were intraperitoneally injected once with the test preparations at a dose of 100
pug/mouse in the case of methoxyflavonoids and 30 pg/mouse in the case of saponin.
The amount of injected material was consistent with the recommendations of
international organizations and did not exceed 0.2 mL per animal [5]. The control group
of animals was administered phosphate buffered saline (placebo).

Peritoneal macrophages were collected 3 days after administration of test
preparations by abdominal cavity lavage with a cooled medium 199. Cells were washed
twice and resuspended at a concentration of 2x10° cell/mL in a culture medium
(medium 199).

The total RNA was isolated using Rneasy Mini Kit (QIAGEN, GmbH, Germany)
according to the guidelines.

Reverse transcription was performed using M-MLV (Promega, USA) in 5 uL of
the reaction mixture (2.7 uL of sample, 0.725 pL of water, 1 puL of 5x reverse
transcriptase buffer (Promega, USA), 0.2 uL of 2 mM dNTP Mix, 0.25 uL of 20 OU
random primer (9 or 18 nucleotides), and 0.125 uL of M-MLV). The reaction was
carried out at 37°C for 60 minutes.

The real-time polymerase chain reaction (RT-PCR) was carried out in 20 uL of the
reaction mixture (4 uL of DNA matrix, 8 uL of SybrGreen MasterMix, 1 uL of each of
20 OU forward and reverse primers, water). 35 cycles of PCR on the PicoReal thermal
cycler were carried out with the following modes: 94°C - 1 min, 48°C - 1 min, 72°C - 3
min. The primer pairs were selected according to the sequence of examined interleukin
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(IL-6, Forward: 5°-cag aat tgc cat cgt aca act ctt ttc tca-3’; Reverse: 5’-aag tgc atc atc gtt
gtt cat aca -3°), cytokine (TNF, Forward: 5’-cat ctt ctc aaa att cga gtg aca a-3’; Reverse:
5’-tgg gag tag aca agg tac aac cc -3’) and immunoglobulin (IgA: Forward 5’-cca ctc tgt
ctt tct ctt cac a-3°, Reverse 5°-cac cca gtg cat gta gta gtc-3’; IgG: Forward 5°-cct tga gtg
gat tgg aga gat tta-3’, Reverse 5’-aga ctg cag agt cct cag at-3’). Normalization of gene
expression was performed with the actin gene (Forward: 5'-aga ggg aaa tcg tgc gtg ac-
3’; Reverse: 5’-caa tag tga tga cct ggc cgt-3°).

Statistical processing of the results was carried out using the Microsoft Excel 2010
software package.

RESULTS AND DISCUSSION

The effect of different combinations of purified saponin (Betulin) obtained from
the plant Betula sp. and purified methoxyflavonoids (isorhamnetin glycoside, hesperetin
glycoside) obtained from the plants Polygonum sp. and Cytrus sp. on the immune
response genes expression was examined.

On the IL-6 and TNF gene models the evaluation of the stimulation of the immune
response genes expression was performed at a single intraperitoneal immunization of
experimental animals with the combinations of immunostimulator preparations
mentioned above. The genes expression level of these cytokines was determined at
macrophages collected on the third day after introduction of preparations (figure 2).

It was shown that the expression level of the pro-inflammatory cytokine IL-6 gene
increased by 13.7 Log, compared with the control group after administration of the
mixture of betulin with isorhamnetin glycoside as an immunostimulator, and by 5.8
Log, when betulin was administered to animals in combination with hesperidin; i.e. the
combination of betulin with the isorhamnetin glycoside had a much more pronounced
activating effect.

The study of changes in the expression level of the TNF gene at the introduction of
various combinations of purified saponin and methoxyflavonoids showed (figure 2) that
the expression level of this gene increased by 2.8 Log, compared with the control after
administration of the experimental animals betulin combined with hesperidin.
Apparently, the introduction of the complex preparation of betulin with the
isorhamnetin glycoside caused such a strong secretion of IL-6 that TNF secretion was
suppressed.
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The multiplicity of changes in gene copies is plotted along the y-axis. Combinations of
methoxyflavonoids with betulin are shown along the x-axis. Gene expression is shown as the multiplicity
of changes in gene copies. The results are presented as the average value from four individual mice.
Statistically significant results are shown above the bands as *p < 0.05.

Fig. 2. Modulation of IL-6 and TNF gene expression with combinations of immunostimulator
preparations containing betulin and methoxyflavonoids

The first phase of interaction of the immunostimulator preparation with the
immune system is the initiation of the synthesis of pro-inflammatory cytokines
responsible for activation of the mechanisms of restriction and elimination of the lesion
focus and pathogenic factors that caused it, as well as the repair of damaged tissues.
Pro-inflammatory cytokines cause inflammation mediated by a cascade of gene
products (IL-6, TNF, IL-1), which as a rule are not produced in a healthy body. At a
significant inflammatory process IL-6 begins to suppress the secretion of TNF and IL-1,
and activate the production of the inflammatory acute-phase proteins, which contributes
to the regulation of the inflammatory process [6, 7]. In this sense IL-6 can be considered
as a pro-inflammatory cytokine. It is produced not only by cells of the immune system
and auxiliary cells possessing an immune function, but also by the numerous cells that
do not have a direct relationship to the immune system [6, 8-10].

Thus, it can be assumed that the activity of the immune response can be
significantly increased by introducing into the body the nonspecific plant origin
immunostimulator containing saponin in combination with a glycosylated
methoxyflavonoid.

In accordance with the task of the study the ability of the combination of
immunostimulator preparations to stimulate the expression of immunoglobulin (IgA and
IgG) synthesis genes was modeled. The previously selected combinations of
immunostimulator plant preparations were administered intraperitoneally once to the
animals. Macrophages were collected from the animals 3 days after the preparations
administration and the level of immunoglobulin (IgA and IgG) genes expression was
determined (figure 3).
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Fig. 3. Modulation of IgA and 1gG gene expression with combinations of immunostimulator
preparations containing betulin and methoxyflavonoids
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It was shown that the level of IgA gene expression increased by 1.7 Log, compared
with the control group by the administration to experimental animals the composition
betulin-hesperidin. In the case of using the combination of betulin with isorhamnetin
glycoside as an immunostimulator the expression level of the studied gene increased
only by 0.7 Log, in comparison with the control group.

It was found that the expression level of the IgG gene increased compared with the
control by 2.6 Log, by the introduction the composition of betulin-hesperidin as an
immunostimulator and by 1.0 Log, in comparison with the control group at the
introduction of betulin in combination with isorhamnetin glycoside.

The results show that the stimulation of the immunoglobulin (IgA and IgG) genes
expression related to specific antiviral immunity genes is more pronounced after
administration to animals the betulin in combination with methoxyflavonoid hesperidin.

Thus, as a result of the experiments it was found that the activity of genes
expression responsible for the development of specific and nonspecific antiviral
immunity may change with a change in the amount of glycosidic residues in the
methoxyflavonoid molecule administered in combination with immunostimulating
saponin.

CONCLUSION

According to the results from the studies it was shown that the expression of the
main genes of the immune response can be significantly increased by introducing plant
origin immunostimulators into the body based on a mixture of purified saponin betulin
isolated from the plant Betula sp. and purified methoxyflavonoids of plants Polygonum
sp. and Cytrus sp. It is shown that at an unchanged saponin component the amount of
glycosidic residues in the composition of methoxyflavonoid molecule affects its
biological activity. So the methoxyflavonoid isorhamnetin glycoside which contains
three glycosidic residues in the molecule in combination with saponin showed the
ability to stimulate the expression of the pro-inflammatory cytokine IL-6 gene so
actively that the suppression of the expression of the TNF gene occurred. In model
experiments were shown that the stimulation of the IgA and the IgG genes expression
related to the genes of specific antiviral immunity to a greater degree occurs at
administration to animals the plant origin immunostimulator based on a mixture of the
purified saponin from the plant Betula sp. and the purified methoxyflavonoid containing
2 glycosidic residues from the plant Cytrus sp.

Thus, it has been shown that by changing the methoxyflavonoid component of a
complex immunostimulator it is possible to regulate the expression of the main genes of
the immune response which makes it possible to rely on the creation of targeted
immunostimulators that affect certain parts of the immune system.
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TYUIH

OPTYpJ TYP OciMIiK KOChLIBICTAPHI (CAamOHUHIEP, METOKCH()IABOHOUITAPHI)
HeriziHae  aJbIHFAH  KOMIIO3MUUSUVIAPABIH  HWMMYHAbI  BIHTAJAHABIPYUIbI
KOCBLIBICTAPABIH KACHETTEPiH 3epTTey, BUPYCThI JKYKNATAPAbIH HMMYH/BI AJIbIH
alyblH K9He HMMYH/blI TepPaNMsHbIH OeJCeHATIrH KoFapjaaryFa MYMKIHIIK
TYABIPATBIH KaHA JcepJii MMMYH/Jbl NOTEHIUATOPJIAPABI KACAayFa TEOPHSIBIK
aarpimaprrap Oepeai. JKyprisiiren 3eprrey HITHIKeJepi MMMYHIbI sKayan
reHjiepinin OeiceHaipiayi, ociMIIK TeKTi ar3ara TOH eMeC KeIIeHAi WMMYH/bI
BIHTAJTAH/IBIPYIIBLIAP/AbI aF3aFa eHri3y apKblIbl Ke0elTyre 00/1aTbIHbIH KOPCETTI.
AF3a MMMYHAbI ’KayaObIHbIH ApHAWIBIFBIH KOHE KYIIIH, KypaMa HMMYHIbI
BIHTATAH/IBIPYIIBIIA METOKCH()IABOHOU KYPJbIMBIH 63TepTy apKbLibl peTrTeyre
0oJ1aabl, 0J1 03 Ke3eringe Oenrijli MMMYHABI KylHeHiH OeJikTepiHe acep OeperiH
TAPreHTTi UMMYH/Ibl BIHTATAHABIPYIIBLIAPALI KYPYFa MYMKIHIIK TYAbIP aJbl.

Herisri ce3xep: CAIlOHUH, MeTOoKcH Q1aBOHOU], HMMYH/bI
BIHTAJIAH/ABIP YIIBLIAP, TYMAY, F'eH IKCIPECCHSACHI.

BJIMAHUE KOMIVIEKCHOT'O PACTUTEJIBHOI'O IIPEITAPATA HA
OCHOBE OYMHIEHHOI'O CAITOHUHA U METOKCU®JIABOHOUJA HA
IKCIIPECCHUIO TEHOB UMMYHHOI'O OTBETA

TypmaramOeroBa A.C., borosiBaenckuii A.Il., Anekcok ILI., Axekciok M.C.,
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ABCTPAKT

HN3yyeHne MMMYHOCTUMYJIMPYIOIIUX CBOWCTB KOMIIO3MLMHA, MOJTY4€HHBIX HA
OCHOBE  PACTHUTEJbHBIX  COeJMHEeHHH Pa3sHBIX  KJIACcCOB (CanoHHHBI,
METOKCH(IABOHOU/IbI), 1aeT TeopeTH4YecKHe MNPeANnoChbUIKN VISl Pa3spadoTKu
HOBBIX 0oJs1ee 3()(peKTHBHBIX HMMYHONIOTEHIIHATOPOB, MO3BOJSIIOIMX NMOBLIIIATH
3¢(PeKTUBHOCT HMMMYHOTEPAIMM W HUMMYHOIPOQUIAKTHKH  BHPYCHBIX
HHpexuuii. B pe3yabrare NpoBeIeHHBIX HCCJIEI0BAHMH IOKa3aHO, 4YTO
AKTHBALMI0O T€HOB MMMYHHOI0 OTBeTa MOKHO 3HAYMTEJIbHO NMOBBICUTH IyTeM
BBeJeHHSI B OPraHu3M HecnenupuuecKMX KOMILUIEKCHBIX HMMYHOCTHMYJISITOPOB
pacTUTeJbHOro mnpoucxoxkaeHus. Ilokazano, 4yro cmay m cnenudpuyHOCTH
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HMMYHHOT'O OTBeTa OPraHNu3Ma MO’KHO PeryJHpoBaTh NPH U3MEHEHUHU CTPYKTYPHI
METOKCH(IIABOHOMIA B KOMIUIEKCHOM HMMYHOCTHMYJATOPE, YTO MO3BOJSIET
PacCYMTHIBATH HA CO3/1aHHE TAPreTHBIX HMMYHOCTUMYJIATOPOB, BO3/1€HCTBYIOLINX
Ha onpe/eJieHHbIC 3BeHbsl HMMYHHOM CHCTEMBbI.

KiaroueBble cji0Ba: CanoHMH, MeTOKCH()IABOHOMI, HMMYHOCTHMY.JISATOP,
TPHIII, IKCIIPecCHsi TeHOB.






