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The study of the chemical composition and the
immunomodulatory activity of polysaccharide complexes
from Veronica teucrium L.

Aim. To determine and study the qualitative composition and the quantitative content of polysaccharide complexes
(PsC) of V. teucrium flowers, leaves and rhizomes, as well as their effect on the transformation and functional activity
of macrophages and their hematogenic precursors.

Materials and methods. The PsC of V. teucrium flowers, leaves and rhizomes were obtained by multiple extrac-
tion of the plant raw material with water when heating and with the subsequent concentration of combined extracts and
their precipitation. Monosaccharides of PsC hydrolyzates were studied by the methods of paper chromatography and
spectrophotometry. The immunomodulatory activity of PsC of V. teucrium flowers, leaves and rhizomes was studied in
vitro in the reaction of macrophage transformation of mononuclear cells of the peripheral blood.

Results and discussion. The yield of the complexes is as follows: in flowers — 8.40 %, in leaves — 5.30 %, in rhi-
zomes — 1.95 %. The qualitative composition and the quantitative content of monosaccharides in the complexes have
been determined, and the hydrolysis kinetics of the components has been studied. The results of the in vitro study of
the effect of PsC of V. teucrium flowers, leaves and rhizomes on transformation and the functional activity of immune
competent cells of the peripheral blood are presented.

Conclusions. The yield of polysaccharide complexes of V. teucrium is as follows: in flowers — 8.40 %, in leaves —
5.30 %, in rhizomes — 1.95 %. Monosaccharides of PsC in flowers are presented by galactose, glucose, fructose,
arabinose and xylose; in leaves — by glucose and arabinose, there is galactose, fructose, xylose in a minor amount; in
rhizomes there is mainly glucose. It has been found that the optimal time for hydrolysis for PsC in flowers and leaves is
60 min; in rhizomes — 150 min. It has been determined that the PsC studied in the dose of 50 ug/ml maximally stimulate
the functional activity of immune competent cells; the PsC of V. teucrium flowers in the dose range from 5 to 100 pg/ml
possesses the more expressed immunomodulatory activity.
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DocnigxeHHs XiMiYHOro cknaay Ta iMyHOMOAYyJ HOKYOI aKTUBHOCTI nonicaxapuaHux
Komnnekcis BepoHiku wmpokonuctoi (Veronica teucrium L.)

MeTa po60Tu — ogepxaHHs, JOCNIIKEHHS SKICHOrO CKrajy Ta KinbKiCHOro BMICTY nonicaxapuaHUX KOMMIEKCIiB
(MK) kBiTOK, NMMCTA Ta KOPEHEBULL, BEPOHIKM LLIMPOKONMMUCTOI | BUBYEHHS iX BNNMBY Ha TpaHcopMaLiiHy i (pyHKLioHanb-
Hy aKTMBHICTb MakpodariB Ta ix reMaToreHH1X nonepeaHukKis.

MaTtepianu Ta metogu. MK KBiTOK, NNCTA Ta KOPEeHEBULL, BEPOHIKM LUMPOKONMNCTOI, OTPMMaHIi LWnsxom 6aratopa-
30BO| €KCTPaKLii POCITMHHOT CUPOBWHW BOAOHO MPU HarpiBaHHi 3 HACTYNMHUM KOHLIEHTPYBaHHAM 06’€AHAHNX BUTSHKOK Ta
X ocagxeHHAM. MoHouykpu rigponisaty K gocnigxysanu MeTogoM nanepoBoi xpoMarorpadii Ta METOAOM CMeKTpo-
dotomeTpii. IMyHOMoayntotody akTuBHICTb K KBITOK, NMCTS Ta KOpeHeBuL, BepoHikn LUMpoKonucTol BuBYanu in vitro
3a peakuieto MakpodaranbHoi TpaHcdopmaLlil MOHOHYKIeapiB nepngeprnyHOT KpoBi.

Pe3ynbkTaTy Ta ix 06roBopeHHs. Buxig KomnnekciB CTaHoBUTbL: 3 KBIiTOK — 8,40 %, 3 nucts — 5,30 %, 3 kopeHe-
By, — 1,95 %. BcTtaHOBNEHO sKiCHUIA cknag Ta BU3HAYEHO KiNlbKiCHWI BMICT MOHOLIYKPIB Yy KOMMMeKcax, A0CHIOKEHO
KIHETMKY rigponi3y KOMNOHeHTIB. HaBeaeHi pe3ynstat BUBYEHHS in Vitro BNNMBY nonicaxapuaHWX KOMMMEKCIB KBITOK,
NNCTS Ta KopeHeBuLY, BepoHikun LWMPOKONUCTOT Ha TpaHcdopMaLinHy Ta yHKLiOHaNbHY akTUBHICTb IMYHOKOMMETEHT-
HUX KMITUH NepUdepUYHOI KPoBi.

BucHoBku. Buixig nonicaxapnaHux KoMnnekcie 3 BepoHiky LUMPOKONUCTOI CTaHOBUTL: 3 KBITOK — 8,40 %, 3 nucta —
5,30 %, 3 kopeHeBuw, — 1,95 %. Monouykpm MK KBiTOK NpeacTaBneHi ranakTo3oto, roKo30t0, PPyKTO30t0, apabiHo-
3010 Ta KCMMO30t0; NUCTS — IMI0KO30t0 Ta apabiHO30t0, B MIHOPHIV KiNbKOCTi MPUCYTHI: ranakTo3a, (opykTo3a, KCunosa;
KOpEHeBMULL, — NepeBaxHOo MoKo3010. BuaHaueHo onTuManbHui TepMiH rigponidy ans MK keitok Ta nucta — 60 xB; ang
MK kopeHeBuLy — 150 xB. BcTaHoBneHo, WO AocnimKyBaHi komnnekey y Aosi 50 MKr/Mn MakcumarnbHO CTUMYIHOTh
YHKLiOHaNbHY akTUBHICTb iIMYHOKOMMETEHTHUX KMiTUH; nonicaxapugHuin KOMNNeKc KBiTOK BepoHiku LWnMpokonueToi
nposiensie 6inbLl BUpaXkeHy imyHomoayntotody Aito y fosi Big 5 ao 100 mkr/mn.

Knrovoei cnoea: BepoHika wupokonucma; nonicaxapudHi KOMIeKcU; iMyHOMOQYrIoYa akmugHicmb
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MccnegoBaHMe XMMMYeCKOro coctaBa M UMMYHOMOAYNMPYHOLWEN aKTUBHOCTH
nonucaxapugHbIX komnsekcoB BepoHuku wmpokonuctHom (Veronica teucrium L.)

LUenb pabotbl — nonyyeHve, UccneaoBaHMe Ka4eCTBEHHOIO COCTaBa M KONMMYECTBEHHOMO codepXaHusa nonvca-
xapugHbix komnnekcos (MK) LBeTKOB, MUCTLEB M KOPHEBULL, BEPOHMKN LLMPOKONUCTON N U3YyYeHWEe UX BIIMAHUS Ha
TpaHChOPMaLMOHHYH U (YHKLMOHATBHYI aKTUBHOCTb MakpodaroB 1 X reMaToreHHbIX NpeaLlecTBEHHMKOB.

MaTepuanbi u metoabl. K LBETKOB, MMCTHEB U KOPHEBWLY, BEPOHUKM LLUMPOKOMMCTON, NOMNyYEHHbIE MYyTEM MHO-
rOKpaTHOW 3KCTPaKLUMM PaCTUTENBHOIO Chipbs BOAOW NPU HAarpeBaHuM C NOCIeAYHLLMM KOHLEHTPUPOBaHMEM 00beaNHEH-
HbIX BbITSDKEK U UX ocaxaeHneM. MoHocaxapa rugponusatos K nccnegosanv metogoM GymakHow xpomarorpadum
1 MeToAoM cnekTpodoTomeTpumn. IMMyHOMOAYMpytoLLyto akTuBHOCTb MK LBETKOB, NMNCTLEB 1 KOPHEBULL, BEpoHMKn
LUIMPOKOSNCTON MU3y4anu in vitro ¢ NOMOLLbIO peakumn MakpodaransHow TpaHcopMaLum MOHOHYKeapoB nepude-
PUYECKON KPOBM.

Pe3synbraThbl M nx o6cyxaeHne. Boixon komnnekcos coctaBnsieT: n3 uBeTkoB — 8,40 %, n3 nucteeB — 5,30 %, 13
kopHeBuL, — 1,95 %. YCTaHOBMEH KaYeCTBEHHbIN COCTaB W ONpeaerieHo KONMMYeCTBEHHOE coaepKaHne MOHOCaxapoB
B KOMMMEKcax, MCCNnefoBaHa KMHETUKA rmaponn3a KOMNOHEHTOB. NpuBeAeHHble pe3ynbTaTbl U3yYeHus in vitro Bnuns-
HUSA NonMcaxapuaHbIX KOMMIIEKCOB LIBETKOB, JIMCTbEB M KOPHEBMLY, BEPOHMKIN LLIMPOKONUCTOM Ha TpaHCcOopMaLnOH-
HYI0 U (PYHKLIMOHAambHYH akTUBHOCTb MMMYHOKOMMETEHTHbIX KIETOK Nepudepuyeckoin KpoBu.

BbiBoAbl. Bbixoa nonvcaxapuaHbix KOMNEKCOB U3 BepoHMKM LUMPOKONNCTON cocTaBnseT: u3 ueTkoB — 8,40 %,
13 nucteeB — 5,30 %, 13 kopHesuL, — 1,95 %. MoHocaxapa [K LBeTkoB NpeacTaBneHbl ranakTo3ou, MoKo30mn, (pykK-
TO30M, apabnHO30M 1 KCUMO30M; NIMCTLEB — ITIFOKO30M M apabUHO30M, B MMHOPHOM KONMMYECTBE NMPUCYTCTBYHOT ranak-
TO3a, PpyKTO3a, KCUI03a; KOPHEBULL, — NPENMYLLIECTBEHHO MioKo30M. OnpegeneHo onTuMmansHoe BpeMs rmaponmsa
ana MNK usetkoB n nuctbeB — 60 MuH; ansa MK kopHesu, — 150 MUH. YCTaHOBNEHO, YTO NOMyYEeHHbIE KOMMMEKChI
B f03e 50 MKr/MN MakcumanbHO CTUMYNUPYHT OYHKLMOHAmNbHY aKTUBHOCTb MMMYHOKOMMETEHTHbIX KNETOK; NOnu-
CaxapuaHbIA KOMMNIEKC LBETKOB BEpOHMKN LUMPOKONMCTOM NposiBNsieT Gonee BbipakeHHOE MMMYHOMOZYNUpyoLLee

pencteune B gosax ot 5 go 100 mkr/mn.

Knrouesnlie cnosa: BepoHuka wupokonucmasi; nonucaxapuoHbie KOMIMIEKChl;, UMMYHOMOOYTUPYHOWAast akmueHOCMb

The problem of searching and developing effective
drugs of the plant origin with the immunomodulatory ac-
tivity is important for the pharmaceutical science today.

Immunomodulatory drugs of the plant origin have
several advantages: they act physiologically and mildly,
have low toxicity or almost not toxic, do not accumulate
in the body, have a wide therapeutic range, as well as due
to biological active substances (BAS) are able to pro-
vide a multi-faceted effect — antibacterial, anti-inflam-
matory, sedative, antiviral, antitoxic, expectorant, wound
healing, etc. [1, 2].

Therefore, development of drugs of the plant origin
that affect the immune processes for prevention, treat-
ment and rehabilitation [3] is a topical issue.

At the pharmaceutical market of Ukraine there is a
limited number of herbal drugs that affect the immune
processes, including the well-known drugs from Echi-
nacea purpurea (L.) Moench and Echinacea angustifo-
lia DC., medicines containing polysaccharides with the
immunostimulating effect (Echinacea NSP, Immunal®,
Prodyhiozan; Zymosan) [4, 5].

Veronica broadleaf (Veronica teucrium L.) is a peren-
nial plant of the family Plantaginaceae Juss. with a wide
area of distribution on the Ukrainian territory and is grown
as an ornamental plant. Species is unofficial, and widely
used in folk medicine of many countries as an expecto-
rant, anti-inflammatory, antiseptic, hemostatic, choleretic,
analgesic drug. The herb of V. teucrium is used com-
monly in such dosage forms as alcoholic tinctures and
infusions, much more rarely a decoction of its rhizomes,
which presumably contains polysaccharides, is used [6].

The aim of this research was to study the qualita-
tive composition and the quantitative content of poly-

saccharide complexes (PsC) of V. teucrium flowers, lea-
ves and rhizomes, as well as their effect on transforma-
tion and the functional activity of macrophages and their
hematogenic precursors.

Materials and methods

The PsC of V. teucrium flowers, leaves and rhizomes
were obtained by multiple extraction of the air-dry plant
raw material with water [8] when heating (60 °C), in
the raw material : extractant ratio (1 : 18-1 : 27) with
the subsequent concentration of combined extracts and
treatment with 96 % ethanol.

To conduct the acid hydrolysis 6 ml of purified wa-
ter and 10 ml of sulfuric acid were added to 4.0 ml of
1 % of solution of the raw material PsC in a 25 ml volu-
metric flask, samples were taken in every 30 min for de-
termining the time of hydrolysis. After cooling the so-
lutions were quantitatively transferred in a volumetric
flask, diluted to 25 ml with water; 5 ml of the solution
obtained was neutralized with 20 % solution of sodium
hydroxide by the universal indicator (Solution A).

Monosaccharides of the hydrolyzate were studied by
the method of paper chromatography. The chromatogra-
phic conditions were as follows: a chromatographic pa-
per “Filtrak” (FN-12); the system of solvents — n-buta-
nol —acetic acid —water (4 : 1 : 2); UV-light (A=354 nm);
a developer reagent — aniline ftalate; the heating tempe-
rature of the chromatogram processed — 100-105 °C. As
standards 0.1 % solutions of such authentic substances
as xylose, mannose, arabinose, fructose, glucose, galac-
tose and maltose were used. Sugars were identified by
coloration after development, by fluorescence in UV-
light, by R, value compared to the samples of authentic
substances (Tab. 1).
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Table 1

Determination of the monomeric composition
of PsC from V. teucrium L.

R, | Standard R; Identified . Part of the plant
monosaccharide
0.21 0.21 Galactose Flowers, leaves*
0.23 0.23 Glucose Leaves, flowers,
rhizomes
0.27 0.27 Fructose Flowers, leaves*
0.30 0.30 Arabinose Flowers, leaves
0.34 0.34 Xylose Flowers, leaves*

Note. * — a minor amount of the substance.

Determination the quantitative content of monosac-
charides in the polysaccharide complexes obtained cal-
culated with reference to glucose was performed by
spectrophotometry. An Evolution 60S spectrophotometer
(USA) was used at the analytical wavelength A =463 nm.

For the spectrophotometric study Solution A was trans-
ferred in a 25 ml volumetric flask, diluted with water
to the volume (Solution B). In a 25 ml volumetric flask
1 ml of 1 % picric acid, 3 ml of 20 % solution of sodium
carbonate, 1 ml of Solution B, 10 ml of purified water
were added, then heated at 100 °C for 20 min, and after
cooling diluted with water to the volume. In parallel,
under the same conditions, the study was performed with
2 ml of the standard solution of glucose and the refe-
rence solution.

The immunomodulatory activity of PsC of V. teu-
crium flowers, leaves and rhizomes was studied in vitro
in the reaction of macrophage transformation of mono-
nuclear cells of the peripheral blood [7, 9, 10, 11, 12].
The primary cultures of immune competent cells from
blood donors were treated with heparin and obtained by
sedimentation at 4-8 °C. Blood mononuclear cells were
cultured in the nutrient medium 199 with 10 % fetal se-
rum. Sodium salt of benzyl penicillin and streptomycin
in the concentration of 100 IU/cm, and amphotericin B
were added to the nutrient medium. PsC were placed to
the primary cultures of immune competent cells in the
doses of 5 pg/ml, 50 pg/ml and 100 pg/ml, and incubated
at 37 °C for 23 hours. To assess the phagocytic activity
of macrophages and their precursors after finishing the
cultivation the inactivated reference strain of Staphylo-
coccus aureus-209 P was introduced into the culture.

The immunomodulatory activity of PsC on immune
competent cells was assessed according to the index of
macrophage transformation of mononuclear cells IMTM),
the phagocytic index (FI) and the phagocytic number (FN).

The control included the setting of the reaction of
macrophage transformation of the peripheral blood mono-
nuclear cells without addition of the substances studied.
The experiments were carried out five times. The data
obtained were processed statistically [13].

Results and discussion

The chromatographic analysis of the hydrolyzate has
determined that monosaccharides of PsC in flowers con-

tain galactose, glucose, fructose, arabinose and xylose;
in leaves — glucose and arabinose, in a minor amount
there is galactose, fructose, xylose; in rhizomes there is
mainly glucose (Tab. 1); mannose and maltose have not
been found.

The yield of the targeted complexes is as follows: in
flowers — 8.40 %, in leaves — 5.30 %, in rhizomes — 1.95 %.

When studying the hydrolysis kinetics it has been
experimentally found that the time of hydrolysis of PsC
in flowers and leaves can be considered to be 60 min,
and the content of monosaccharides of PsC calculated
with reference to glucose is in flowers — 36.51 %, in
leaves — 12.54 %, in rhizomes — 8.76 % (Fig.). The time
of hydrolysis for PsC in rhizomes is 150 min since the
content of monosaccharides is 12.35 % (m =5, P = 0.95).

The decrease was observed at 90 and 120 min, while
at 150 min there was a slight increase of the content of
hydrolysis products — monosaccharides, except for PsC
in leaves. This is due to different qualitative composi-
tion of polysaccharides in generative and vegetative plant
organs; the presence of heteropolysaccharides in rhizo-
mes requires more stringent conditions of hydrolysis.
In PsC of flowers the sharp increase of monosacchari-
des at 150 min of the hydrolysis indicates the presence of
heteropolysaccharides with the similar structure in flo-
wers and in rhizomes.

Based on the fact that free monosaccharides predo-
minate in complexes of flowers and leaves it can be as-
sumed that the increase of the hydrolysis time as the re-
sult of the intramolecular dehydration of monosaccha-
ride molecules leads to formation of such degradation
products as hydroxyacetyl furan, furfural and hydroxy-
methylfurfural, which further produce levulinic, formic,
lactic, acetic, etc., acids. This process is possible with
high or prolonged temperature processing and the low
concentration of monosaccharides.

At higher concentrations of monosaccharides the mo-
dification of PsC components is possible (approximate-
ly 5 % of products), namely the reversible reactions of
monosaccharide reversion with formation of disaccha-
rides and more rarely oligosaccharides; it is observed in
the hydrolysis of f PsC in flowers.

Therefore, it is appropriate to determine the content
of monosaccharides in PsC after the acid hydrolysis for
60 min.

Introduction of the PsC of V. teucrium flowers to the
primary cultures of immune competent cells in the dose
of 5 pg/ml caused the increase in IMTM by 20.01 %, FI
by —22.13 %, and FN by — 50.05 % compared to the in-
tact control (Tab. 2). PsC in leaves increased IMTM by
6.37 %, FI by — 21.01 %, but decreased FN by 0.42 %.
PsC in rhizomes increased IMTM by 28.21 %, FI by —
9.15 %, and FN by — 13.21 %.

When using the substances in the dose of 50 pg/ml
the maximal stimulation of the functional activity of im-
mune competent cells was observed, except the phago-
cytic number of PsC in rhizomes.

Thus, PsC in flowers increased IMTM by 70.26 %,
FI — by 48.34 % and FN — by 66.17 % compared to the
intact control. PsC in leaves increased IMTM of cells
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by 57.19 %, FI — by 18.22 %, and FN — by 39.04 %.
In turn, PsC in rhizomes increased IMTM of cells by
69.02 %, F1—Dby 39.04 %, and FN — by 22.09 %.

The increase of the dose of the substances studied
to 100 pg/ml resulted in the decrease of indexes of trans-
formation and the phagocytic activity of macrophages
and their precursors compared to the indexes of the sub-

Table 2

The effect of PsC of V. teucrium flowers, leaves
and rhizomes on the indexes of macrophage
transformation and the phagocytic activity of
macrophages and their hematogenic
precursors, n =5

c
kel
CE
PsC €5 | IMTM, % Fl, % FN, %
v 35
g
o
O
5 390+3.2 | 564+40 | 114+1.3
Flowers 50 |[553+3.1%|68.6+3.1%|12.6 £1.5*
100 | 52.7+4.1 | 628+24 | 9.3+0.5
5 347+40 | 462+22 | 92+0.3
Leaves 50 |[51.3+4.3%|547+22%|10.6+1.3%
100 | 349+38 | 46.8+25 | 9.3+0.5
5 41.7+23 | 505+4.2 | 86+06
Rhizomes 50 |[552+23%|644+37%| 93+0.5
100 | 46.8+2.6 | 623+3.7 |11.7+£1.3*
Control - 326+34 | 464+28 | 76+0.6

Note: * - P < 0.05 compared to the intact control.

Fig. The hydrolysis kinetics of PsC of Veronica teucrium L.

stances in the dose of 50 pg/ml, except the phagocytic
number of PsC in rhizomes, for which maximum stimu-
lation was observed. Thus, PsC in flowers increased IMTM
of cells by 62.03 %, FI—by 35.41 %, and FN —by 22.11 %
compared to the intact control. PsC in leaves increased
IMTM of cells by 7.03 %, FI —by 1.07 %, and FN — by
22.03 %. In turn, PsC in rhizomes increased IMTM of
cells by 44.35 %, F1—by 34.17 %, and FN — by 54.28 %.

On the average the maximal stimulation of the func-
tional activity of immune competent cells was observed
when using the substances studied in the dose of 50 pg/ml.

Therefore, PsC of V. teucrium flowers, leaves and rhi-
zomes have shown a dose-dependent stimulatory effect
on the transformation and phagocytic activity of macro-
phages and their mononuclear precursors. The compa-
rative evaluation of the activity of the PsC of V. teuc-
rium studied has shown that PsC in flowers possess a
more expressed immunomodulatory activity in the dose
range from 5 to 100 pg/ml.

The data obtained confirm the advisability of fur-
ther in-depth studies of these substances in finding new
ways and principles of correction of immunodeficiency.

CONCLUSIONS

Polysaccharide complexes of V. teucrium have been
obtained; the yield of PsC is as follows: in flowers —
8.40 %, in leaves — 5.30 %, in rhizomes — 1.95 %. It has
been determined that monosaccharides of PsC in flowers
are presented by galactose, glucose, fructose, arabinose
and xylose; in leaves — by glucose and arabinose, there
is galactose, fructose, xylose in a minor amount; in rhi-
zomes there is mainly glucose. According to the results
of the study of the hydrolysis kinetics has been found
that the optimal time for hydrolysis for PsC in flowers
and leaves is 60 min; in rhizomes — 150 min.
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The results of the study have shown that PsC of V teu-  functional activity of immune competent cells; the PsC of

crium flowers, leaves and rhizomes have a pronounced V. teucrium flowers in the dose range from 5 to 100 pg/ml
stimulatory effect on the transformation activity of immune  possesses the more expressed immunomodulatory activity.
competent blood cells. It has been determined that the PsC Conflict of Interests: authors have no conflict of
studied in the dose of 50 pg/ml maximally stimulate the interests to declare.
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