ISSN 2414-9810 (Print). ISSN 2616-6720 (Online). bionozia ma ekonozis. 2018. Tom 4. No 2

PI3IOJIOI'TH POCJINH

VIIK 582.684.1: 575.16 http://doi.org/10.5281/zenodo.2368085
M.V. Semenko, S.V. Pospelov, V.V. Onipko

Poltava National Pedagogical University named after V.G. Korolenko

2 Ostrogradskogo St., 36000, Poltava, Ukraine

Poltava State Agrarian Academy

1/3 Skvorody St., 36003, Poltava, Ukraine

max_semenko@ukr.net

ORCID 0000-0002-9168-4238

ORCID 0000-0002-2260-971X

ACTIVITY OF LECTINS OF ST. JOHN’S WORT

(HYPERICUM PERFORATUM L.)IN THE ONTOGENESIS

The purpose of the proposed article is to evaluate the St. John's Wort
as a raw material base of phytolectins; to study the content of proteinaceous
compounds in different parts and organs, the terms of procurement of raw
materials with a maximum accumulation of compounds.

The author of the article used the aboveground part of St.John's wort
(Hypericum perforatum L.) of Topaz variety of the generative period of on-
togenesis grown on experimental sites of the botanical garden of the Poltava
National Pedagogical University named after V.G. Korolenkoin 2016-2018
years. The material for the study was collected in the stages of sprout for-
mation, budding, flowering and fruiting.

To accomplish the tasks, a method of evaluation of lectin activity by
setting the hemagglutination reaction in immunological plates was used.
The assessment was carried out visually on a five-point scale.

The article presents the results of the research of hematagglutinating
activity of lectins of St.JJohn's wort (Hypericum perforatum L.) in the on-
togenesis. It was established that their maximum activity was determined
during the period of budding and flowering. High activity was observed in
leaf lectins throughout the vegetation period (11.8 — 19.7 points). In the
stems, the level of agglutinins increased from the period of sprout formation
(5.5 points ) to flowering (16.3 points ). In generative organs, the activity of
lectins was maximal (19.7 — 23.3 points ).

It is concluded that the above-ground part, collected during the period
of full flowering, is a source of agglutinins of high biological activity.

Key words: St. John's wort, lectins, hemagglutinating activity, onto-
genesis, Hypericum perforatum L.

Introduction. St. John's wort (Hypericum perforatum L.) is one of the leading medicinal
plants in the pharmaceutical industry (Solohub, 2011). This, first of all, is due to its chemical
composition and the fact that many medicines that are used to treat the gastrointestinal tract,
liver (Mahmoud, 2018), kidneys, respiratory tract (Valvassori, 2018) are produced from the raw
material of St. John's Wort. It is a part of many antibacterial, astringent, antiseptic remedies
(Marrelli, 2016). The unique herbal properties of the St. John's wort are due to the complex
action of phenolic compounds present in it, but this question has not been fully studied yet. In
this regard, noteworthy are lectins — biologically active compounds of protein nature, capable
of specific and reverse binding to carbohydrates and carbohydrate-containing compounds (Ma-
menko, 2014). Various properties of lectins promote their widespread use in biochemistry, his-
tochemistry and in the creation of medicinal preparations (Pavlovskaia, 2017; Shakyrova, 2007).

At the same time, the evaluation of the St. John's wort as a raw material base of phytolectins
was not sufficiently carried out. The content of proteinaceous compounds in different parts and
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organs, the terms of procurement of raw materials with a maximum accumulation of compounds
need to be studied further. If many plants have a sufficient level of scientific research on these
aspects, then for the St. John's wort they need detailed processing.

That is precisely why the relevance of the work is determined and the scope of our research is outlined.

Materials and methods. As a plant raw material, the aboveground part of St. John's wort
(Hypericum perforatum L.) of Topaz variety of the generative period of ontogenesis grown on
experimental sites of the botanical garden of the Poltava National Pedagogical University named
after V.G. Korolenko in 2016-2018 years was used. The collection was carried out in the stages
of sprout formation, budding, flowering and fruiting.

Laboratory research was conducted on the basis of the Department of Agriculture and Agro-
chemistry of the Poltava State Agrarian Academy.

The aerated dry raw material was ground, sieved on sieves with a diameter of holes of 1 mm
and used for further extraction of lectins. To do this, one part of the raw material was poured into ten
parts of the physiological solution (0.9% NaCl), infused for 2 hours at room temperature and filtered.

Evaluation of lectin activity was carried out by setting the hemagglutination reaction in immunological
plates (Lutsyk, 1981). For this, 0.05 ml of physiological solution were added to each well of the plate, then
0.05 ml of extract was added and the series of successive two-fold dilutions was prepared. After that, 0.05
ml of a 2% suspension of washed red blood cells was added to each well and the plate was left at 25 ° C
for 2 hours. The evaluation was carried out visually on a five-point scale (Holynskaia, 1982):

3 points — sharply expressed agglutination. Erythrocytes in the form of a thin film more or
less evenly distributed at the bottom of the well;

2 points — moderate agglutination. Erythrocytes diverge on the bottom of the well at a distance
of more than 2 mm in diameter, forming a ring with sharply expressed granularity at the edges;

1 point — weak agglutination. Erythrocytes diverge on the bottom of the hole at a distance
of less than 2 mm, forming a ringl or disk;

0,5 points — minimal agglutination. A small clearance appears in the center of the aggregate
of erythrocytes, which have settled on the bottom of the well;

0 points — no agglutination. Erythrocytes accumulate in the center of the well.

After a visual assessment of the agglutination in each well of the dilution series, the sum
was counted in all wells where the reaction was determined. Thus, the maximum activity in
eight wells can be: 8 x 3.0 = 24 points (Pospelov, 2012).

Results and its discussion. Analysis of the available literature showed that, despite the fact that the
presence of lectins in St. John's wort is determined, many aspects remain poorly studied. The lack of sys-
tematic data on the dynamics of accumulation of lectins at different stages of ontogenesis of St. John's
wort in conditions of Ukraine prompted us to research this issue. The article presents data on the evaluation
of the activity of lectins in extracts of different parts and organs of St. John's wort of Topaz variety.

There is a general trend of high level of hemagglutinating activity of extracts of buds and
inflorescences, as well as leaves. The lower numbers were characteristic of stems and fruits. At
the end of the vegetation there is a gradual decrease in the activity of phytolectins.

Figure 1 shows the change in the activity of lectins in the leaves of St. John's wort. In the period of
sprout formation, the agglutinating activity of leaf extracts amounted to an average of 19.7 points. During
the budding, it dropped to 11.8 points, and further numbers rose again to 18.0 — 19.3 points. In our opinion,
this indicates that during the sprout formation lectins are actively synthesized in the leaves, and during
the budding period they are transported to the generative parts of the plant. Further (the period of flowering
and fruiting), their number increases and remains relatively stable until the end of the vegetation.

The agglutinating activity of extracts of stems at the beginning of the vegetation was minimal (5.5—6.5
points), but with the development of plants increased and at the end of the vegetation reached its maximum
(14.8—16.3 points). This fact suggests that lectins have an important transport function due to their ability to
reversibly bind to oligo- and polysaccharides, which are also found in St. John's wort [6]. The benefit of this
is evidenced by the fact that in the dry stems, the activity was found to be the same as during vegetation.

Generative organs were found to accumulate a large amount of lectins. Their activity was
highest in the forming buds, and was 23.3 — 24.0 points (Fig. 2). During flowering, it decreased
(21.8 points), and during the formation of fruits — up to 19.7 points.
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It should be noted that the agglutinating activity of fruit extracts was high and amounted
to 12.8 points.

Based on the data obtained, it can be assumed that leaves should be considered as the main
place of synthesis, and then localization, of lectins in St. John's wort. With the formation and
growth of the shoots, phytolectins can be transported to stems and buds. It is possible that a sig-
nificant role in this is played by polysaccharides of St. John's wort, which facilitate both the ef-
fective transport of proteins, and the accumulation of them in different parts and organs.

Conclusions. As a result of the research, certain patterns of changes in the activity of lectins in the on-
togenesis of St. John's wort of Topaz variety have been established. In plants of the second year of vegetation,
starting with the flowering phase, high activity of lectins is characteristic for leaves (18,0 — 19,3 points) and
stems (14,8 — 16,3 points). The maximal hemagglutinating activity is established in inflorescences extracts,
especially during the budding period (23.3 points). Capsules of St. John's wort have an average of 12.8 points.

The above-ground part of the St. John's wort of Topaz variety, collected during the period
of mass flowering, contains a significant amount of lectins and can be a raw material source of
these unique protein compounds.

REFERENCES

Holynskaia E L, Pospelov S V, Samorodov V N. Method for evaluation of physiological activity of lectins to su-
gars. A.s. Ne 1732276 (SSSR). 1992.

Lutsyk M D, Panasiuk E N, Lutsyk A D. Lectins. Lvov, 1981; 156.

Mamenko P N. Functions of plant lectins under abiotic and biotic stresses. Fyzyolohyia rastenyi y henetyka. 2014;
46 (2): 95-107.

Pavlovskaia N E, Haharyna Y N. The physiological properties of plant lectins as a prerequisite for their application
in biotechnology. Khymyia rastytelnoho syria. 2017; 1: 21-35.

Pospelov S V. Lectins of representatives of the Echinacea genus (Echinacea Moench). 1. Some methodological as-
pects of activity evaluation. Khymyia rastytelnoho syria. 2012; 3: 143—148.

Solohub V A, Hrytsyk A R. Prospects for the use of species of St. John's wort in medicine and pharmacy. Ukrainskyi
medychnyi almanakh. 2011; 14(5): 183-186.

Shakyrova F M, Bezrukova M V. Modern ideas about the expected functions of plant lectins. Zhurnal obshchei
byolohyy. 2007; 68(2): 109-125.

Mahmoud Bahmani et al., Overview of the Therapeutic Effects of Origanum vulgare and Hypericum perforatum.
Journal of Clinical and Diagnostic Research. 2018 Jul, Vol-12(7): FEO1-FE04

Marrelli M, Statti G, Conforti F, Menichini F. New potential pharmaceutical applications of hypericum species.
Mini Rev Med Chem. 2016;16:710-20.

Valvassori, Samira S., Borges, Cenita, Bavaresco, Daniela V, Varela, Roger B, Resende, Wilson R, Peterle, Bruna
R, Arent, Camila O, Budni, Josiane, Quevedo, Jodo. Hypericum perforatum chronic treatment affects cognitive
parameters and brain neurotrophic factor levels. RevistaBrasileira de Psiquiatria. 2018; 40(4), 367-375.

Pexomennye no apyky JI.JI.Opnosa

Otpumano 20.11.2018 p.

M.B. Cemenko, C.B.Ilocnenos, B.B. Oninko
[onTaBchkuii HaITIOHABEHUH ITeparoriuyAmid yHiBepcuteT iMeHi B.T. Koponenka
[NonTaBchka Hep>kaBHA arpapHa aKaJaeMis
AKTUBHICTb JIEKTUHIB 3BIPOBOIO 3BUYAMHOI'O (HYPERICUM PERFORATUM L.) B
OHTOT'EHE3I
Mertoro pOroHOBaHOT CTATTI € OLIHKA 3BIpO0OIO SIK CHPOBHHHOI 0231 (DiTONEKTHHIB, BUBYEHHS BMICTY OLITKOBHX CIIO-

JIyK y PI3HHX YaCTHHAX i OpraHax, TepMiHH 3aroTiBJIi CHDOBHHH 3 MAKCUMAaJIbHUM HaKOIIMYEHHSIM CIIOJIYK.ABTOPOM CTarTi

0OyJ10 BUKOPHCTAHO HaJI3eMHY YacTHHY 3Bipo0oto 3BuuaitHoro Hypericum perforatum L. copry Tonas reHepatnBHOTO Iie-

piomy OHTOTeHe3y, BUPOLICHOTO Ha JOCTIAHIX IUTTHKaX O0TaHiqHOTrO camy I1oaTaBchKoro HarioHaJIBHOTO MIEAArOTiYHOTO
yHiBepcurety imei B. I. Koponernka B 2016-2018 poxax. Marepian st JoCTimKeHHs 0yJ10 3i0paHo y ha3u aroHoyTBO-

PpeHHsI, Oy TOHI3aIlil, KBITyBaHHS 1 IUIOIOHOMICHHSL, /11 peati3artii moCTaBIeHHX 3aBIaHb OyJI0 3aCTOCOBAHO METOIUKY OLIIHKH

AKTHBHOCTI JIEKTHHIB IIJIIXOM [TOCTAHOBKH PeaKIlii reMarTIOTHHALLT B IMYHOJIOTTYHUX IU1aHIIeTax. OiHKy MPOBOJIMIIN Bi-

3yaJIbHO 3a IT'SITHOAIBHOKO IKAJIO0. ABTOPOM CTATTI OIIMCAHO PE3YJIBTaT! IOCIiKEHb TeMalIFOTHHYIOYO0I aKTUBHOCTI JIEK-

THHIB 3BipoOoro 3Brdatinoro (Hypericum perforatum L.) B orTOreHe3i. Bymmo BcTaHOBIIEHO, TIT0 iX MaKCHMaJlbHA aKTHBHICTh

BU3HAYAJIACH Y TIepiof OyTOHi3amii Ta KBITYBaHHS. BHCOKOIO aKTHBHICTIO XapaKTePHU3yBaINCS JIEKTHHH JINCTKIB IPOTSATOM

ycboro BererartiiHoro niepioay (11,8 — 19,7 6amiB). Y crebnax piBeHb aTIOTHHIHIB 3pOCTAaB BiJl IEPiOy TTarOHOYTBOPEHHS

(5,5 6aiB) no kBityBanus (16,3 6aiu). B renepariBHUX opraHax akTUBHICTB JIEKTHHIB Oyia MakcuMaibHoo (19,7 — 23,3

Oanm).1Y cTarTi CTBEPIPKYETHCS 110 HA/I3¢MHA YacTHHA 3Bipo0Or0 3BHYaiiHOro copry Tomas, 3i0paHa y mepion MacoBOro

LBITIHHS, MICTUTb 3HAYHY KUIBKICTb JIEKTHHIB 1 MOYKe OyTH CHPOBHHHHM JDKEPEJIOM IMX YHIKAJIBHUX OUTKOBHX CITONYK.
Knrouoei cnosa: 36ipobiti 36unatinutl, IeKMUHY, 2eMamiiomuHyoua akmueHicns, onmoceres, Hypericum perforatum L.
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