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The phytochemical and mineral composition of BAS of round-leaved wintergreen (Pyrola
rotundifolia) growing in the Lori Region of Armenia has been studied. It is established that the plant
extracts are rich in a wide range of pharmacologically active and antioxidant (AO) substances, in
particular, arbutin, tannins, naphthoquinones, triterpenoids, organic acids, micro- and
macroelements, etc. The plant extracts were found to contain 10 amino acids and 20 vital micro-and
macroelements.

On the basis of the research carried out, extracts and broths of round-leaved wintergreen can
be recommended as a source of amino acids, as well as a preventive and corrective agent when
insufficiency or imbalance of macro- and microelements in tissue- and cellular structures in various
pathological processes of the body. Extracts of wintergreen can be used as an environmentally
friendly source of arbutin in urinary tract infections (UTI) and antioxidants against early aging.

Fig. 1, tables 3, references 18.

Phytotherapy is one of the most ancient sciences. Its history began more than
six thousand years ago [1]. Already at the earliest stages of mankind development,
herbs were not only a source of human nutrition, but also a remedy for the treatment
of diseases. The mildness of the action of most plant preparations and the absence of
toxic manifestations with their use (which is related to their naturalness, proximity to
the human body) allow us to assume their significant importance in the prevention of
various diseases. The undoubted merit of some species of medicinal plant raw
materials is also the variety of biologically active substances that are capable of
providing the polyvalence of pharmacological effects.
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In modern life, it is impossible to avoid the development of various diseases
including urological, the share of which is 10-12% in the total structure of morbidity
of the world population [2]. Uncomplicated urinary tract infections are one of the
most frequent diseases in women of reproductive age. According to statistics,
annually 150 million cases of acute cystitis are registered in the world [3]. This high
incidence testifies to the urgency and necessity of searching for safe, effective, side-
effects free drugs to which phytotherapeutic means primarily belong.

In this regard, one of the promising plants is round-leaved wintergreen. The
traditional areas of this plant spread are forests in the temperate zones of the
Northern Hemisphere (from the Arctic to Mexico and the Himalayas). The plant
grows well in the Russian Federation (Altai Territory) and Transcaucasian republics;
specifically, as a wild plant it grows in the forest landscapes of the Lori Region. It is
a perennial herb of the Pyroleae family with a long branched creeping rhizome, from
the nodes of which additional roots and aboveground sprouts spread. Medicinal raw
materials are the leaves of the wintergreen, its flowers, stem that contain a large
amount of BAS (iridoids, tannin, phenol, naphthoquinone, triterpenoids, ericoline,
chymaphylin), organic acids, micro- and macroelements, resins, essential oils,
glycosides, etc.

It is known that the composition and properties of plant raw materials of the
same biological species can vary significantly depending on the place of their
growth, time of collection, methods of processing and other factors [4-7]. In this
regard, prior to the use of this raw material for medicinal purposes, or as a source of
AQ, it is necessary to study the properties of extracts of plant raw materials growing
in a given geographical area.

Hence, study of the qualitative and quantitative composition of biologically
active substances (BAS) of round-leaved wintergreen growing in the Lori Region of
Armenia is of great interest.

Purpose and objectives of the study. The purpose of the present study is
investigation of the phytochemical composition of BAS of round-leaved
wintergreen, which provides a wide range of pharmacological effects of the plant.

Experimental Part
Materials and methods

Collection and preparation of raw material. Raw material (leaves, stems and
flowers of wintergreen) was collected in June-August 2017 in the forest landscapes
in the vicinity of Vanadzor city, far from highways and settlements. The raw
material was dried to an air-dry state in a drying chamber at 313K, packed in paper
bags and stored at room temperature. To obtain the extract, the dried raw material
was ground in a ceramic mortar to a powdery state (particle size <1 mm) and passed
through a sieve with holes 1 mm in diameter.
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Determination of moisture, ash content, extra active substances in the analyzed
samples was carried out according to the standard procedures [8]. The results of
studies are presented in Table 1.

The amino acid, macro-, microelement composition of the plant was studied,
the amount of BAS of the phenolic origin (flavonoids, tannins arbutin, vitamin P,
vitamin C) displaying the highest physiological and therapeutic activities was
determined.

For quantitative determination of arbutin, 5 g (exact weight) of the crushed
leaves of wintergreen was placed in a 100 ml flask, 50 ml of water was poured and
the whole was boiled for 5 min. The extract was filtered into a 100 ml volumetric
flask [9]. 25 ml of water was poured into the flask with raw material and boiled for
20 min, after which the extract was filtered into the same flask; the raw material was
transferred to a filter and washed twice with 10 ml hot water, connecting the rinsing
water to the filtrate. Then 3 ml of a solution of basic lead acetate was added to the
extract, mixed and after cooling, was adjusted with water to a mark. The flask was
placed in a boiling water bath until the precipitate was completely coagulated. The
hot liquid was filtered into a dry flask. To remove the excess of the basic lead
acetate, 0.8 g of sodium sulfate was added. The solution was filtered (solution A).
0.08 g of sodium sulfacyl was dissolved in 10 ml of water, 10 ml of 0.1N
hydrochloric acid was added and the volume was adjusted to 100 ml (solution B).
2 ml of solution B, 2 ml of a 0.02% water solution of sodium nitrite were introduced
into a test tube, left for 3 min. Then 0.5 ml of solution A, 0.04 ml of a 10% water
solution of sodium hydroxide were added, the volume was adjusted to 6 ml with
water and kept in a warm water bath for 1 min. After 20 min, the optical density was
measured on a UV1800PC spectrophotometer at 490 nm wavelength.

The quantitative content of arbutin is calculated by the formula: X% = D x
0.938 x 6 x100/E x a x b, where D is the optical density of the test solution (D =
1.0501); 0.938 - conversion factor for anhydrous arbutin; 6 — total volume of the test
solution, ml; 100 — volume of a volumetric flask, ml; E — specific absorption index
of arbutin at a wavelength of 490 nm, equal to 221.5; a — weight of raw material (a =
0.5 g); b — extraction volume taken for analysis (b = 0.5 g).

The results are inserted in the formula:

X%=1.0501x0.938x6x100/22.5x0.5x0.5=10.67%

For the quantitative analysis of flavonoids, anthocyanins, carotenoids, rutin,
sugars, spectrophotometry methods were used [10-12]. The amount of vitamin C,
carboxylic acids and tannins was determined by a titrimetric method [8]. The results
are shown in Table 1.

627



Table 1
The quantitative content of biologically

active substances in the extract of round-leaved wintergreen

-carotene, mg %

Moisture,% 7.2
Extractive substances, % 28.59
Arbutin, mg% 10.67
Flavonoids, % 1.23
Anthocyanins, % 0.085
Rutin, mg% 22.59
Vitamin C, mg% 235.72

Carboxylic acids, % 2.35
Tannins, in terms of tannin, % 19.55
Water-soluble polysaccharides 11.25
Carotenoids, in terms of 24.128

Determination of the elemental composition was carried out by atomic emission
spectrometry with inductively coupled plasma, using the IRISIntrepid spectrometer
(ThermoElectron, USA). The sample weights were preliminary held in a muffle
furnace at 450-500°C for 4 h. After cooling, the ash residue was treated twice with
5 ml of 6N HCL with slow evaporation in a water bath. The residue was dissolved
by heating in 0.1N HCI and filtered off [13]. The content of chemical elements in the
leaves of round-leaved wintergreen is shown in Table 2.

Table 2

The content of chemical elements in the samples of round-leaved wintergreen
growing in the Lori Region (in mg/kg of absolutely dry raw material)

Macro- Certain indicators Macro- Certain
microelements mg / kg microelements indicators
mg / kg
Fe 124.26 Mn 1.594
Cu 4.75 Co <0.0047
Zn 8.05 Se 1.389
Ca 8857.4 Cd 0.052
Mg 8324.74 \% 0.795
K 13158.3 Cr 0.596
Na 603.12 Ni 0.0413
Al 162.38 Pb <0.0046
P 398.25 As 0.723
S 352.38 Si 211.02

Qualitative and quantitative analysis of free amino acids (Table 3 and Figure)
was carried out using the amino acid analyzer Nexera X2 (Shimadzu, Japan).
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Table 3
The content of free amino acids in hydrolysate of round-leaved wintergreen

Amino acids |L-Asp|L-Glu| L-Ser | L-His | Gly |L-Thr|L-Arg|L-Ala|L-Leu|L-Lys

Content of
amino acids | 4.47 |4.768|2.384|1.788|7.505| 2.09 | 2.98 | 2.95 | 2.98 | 2.98
in terms of
dry raw
material mg/g

~Fluorescence Ex:350nm,Em:450nm

Gly

300

200

8
<
100, §

L-Arg
“Ala

1T\ |
: \ o \u N | [ - Nt
O—Ai!lL_—-m_\:x.L[i\,x\JI ,\{\’»f.b_cxi\rw.—-—mf\—--d . jﬁ\*‘j’/ﬁm |
0 ' 10 ' 210 30 AIO 50 60
min

Fig. Chromatogram of free amino acids in the aboveground part of wintergreen.

The device sensitivity is 0.1 wmol. The calculation was carried out by
comparing the peak areas of the samples under study with the peak areas of a
standard amino acid mixture (Sigma, USA). Preparation of the test samples for
amino acid analysis was performed as follows: a sample (5 g) of the herb dried at
60°C was placed in a 50 ml round-bottomed flask made of heat-resistant glass, 20 ml
of 6N HCI was added, the flask was closed with a stopper and fixed with a steel
clamp. Hydrolysis of the dry sample was carried out in a vacuum drying chamber at
110°C for 22 h. After hydrolysis, the contents of the ampoule were cooled, filtered,
evaporated and recrystallized from a solution of C,HsOH/H,O = 1/1. After repeated
filtration and drying, the amino acid mixture was dissolved in a citrate buffer pH 2.2
[14]. The content of free amino acids in the aboveground part of wintergreen is
given in Table 3 and Figure.

To determine the antioxidant activity of wintergreen, to 1 g (exact weight) of
the raw material 50 ml of 30% ethyl alcohol is poured and extracted with a reflux
condenser for 30 min. Then, the contents of the flask are filtered through a paper
filter, cooled and the volume of extraction is adjusted to 50 ml with 30% alcohol.
8 ml of freshly boiled and cooled distilled water, 1 ml of a 20% solution of sulfuric
acid, 1 ml of 0.05 N solution of potassium permanganate are introduced into a 50 ml
beaker. The whole is mixed and titrated with a 30% alcohol infusion of wintergreen

629



from a microburette (volume 1 ml with a fission rate of 0.01 ml) until the pink color
disappears. For the control experiment, about 0.0500 g (exact weight) of quercetin
(FS 42-1290-79) is dissolved in 40 ml of ethanol, transferred to a 100 ml volumetric
flask, made up to the mark with alcohol and stirred. 8 ml of freshly boiled and
cooled distilled water, 1 ml of a 20% solution of sulfuric acid, 1 ml of a 0.05 N
solution of potassium permanganate are mixed into a 50 ml titration beaker. The
whole is mixed and titrated from a microburette (volume 1 ml with a division value
of 0.01 ml) with a quercetin solution until the disappearance of the pink color. 1 ml
of a 0.05 N solution of potassium permanganate corresponds to 0.25 mg of
quercetin.

The calculation of the indicator of the antioxidant activity (AOA, which
corresponds to concentration of BAS of a reducing nature in terms of quercetin (in
mg/qg), is carried out according to the formula: B=C,xV\xV/Vyxm, where B is the
concentation of BAS of the reducing nature of the object under study, used for
titration of 1 ml of 0.05 N potassium permanganate solution, mg/g; Cy — the
concentration of quercetin in the solution used for the titration of 1 ml of 0.05 N
potassium permanganate solution, mg/g (0.5 mg/ml); V\ — the volume of quercetin
solution, spent on titration of 1 ml of 0.05 N solution of potassium permanganate, ml
(1.4 ml); V, — the volume of the investigated solution, ml (50 ml); V- the volume
of the solution of the object under study, spent on the titration of 1 ml of 0.05 N
solution of potassium permanganate, ml (0.4 ml); m is the mass of the sample of the
object under study, g (19).

B = 0.5x1.4x50/0.4x1 = 87.5 mg/g

Thus, the total amount of BAS of a reducing nature in terms of quercetin in 1 ml
or 1 g of the drug was determined.

According to the results obtained, during the titration in the case of quercetin,
the consumption was more (1.4 ml) than with the extract of wintergreen (0.4 ml),
which indicates that the wintergreen extract can be treated as an effective preventive
means against antioxidant aging of the body [15].

Results and discussion

The research results of the elemental composition of the leaves of round-leaved
wintergreen show the availability of 20 elements. Round-leaved wintergreen
contains vital macroelements (Na, K, Ca, Mg), essential (Fe, Cu, Zn, Mn, Cr, Se,
Co) and conditionally essential microelements (As, Ni, Cd) that ensure proper
operation of the main systems of the body (muscle — participate in the process of
muscle contraction, digestive and cardio-vascular).

According to [16], the content of cadmium in plants collected in
environmentally friendly growing areas is 0.05-0.3, arsenic 1.0-5/0 mg/kg. The
excess content of mercury is considered to start from 1.0 mg/kg. On the whole, the
level of concentrations of the investigated elements in the researched extracts of
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round-leaved wintergreen is within the range of background values, which makes it
possible to classify this plant as ecologically pure [17,18].

As a result of the performed study, 10 free amino acids were found in the
hydrolysate (Table 2). The presence of such an amount of amino acids provides a
wide range of pharmacological effect of this phytopreparation.

From Table 2 it follows that the content of glycin, which has a positive effect
on the CNS, prevails in round-leaved wintergreen. The plant is also rich in glutamic
and aspartic acids. Among the numerous functions of these acids, the most
significant are the regenerating and immunomodulating with a simultaneous
beneficial effect on the hormonal status of the body. As follows from Table 3, the
leaves of wintergreen contain a lot of tannins, vitamin C, rutin that have a
bactericidal, anti-inflammatory, antioxidant effect. From a medical point of view,
arbutin is valuable. Arbutin has an antiseptic property; it is used in chronic kidney
diseases and purulent inflammation of the bladder and urinary tract, in inflammation
of the prostate gland, chronic pyelonephritis, cystitis, urolithiasis.

High antioxidant activity of wintergreen extracts can be explained by the fact
that the investigated extracts contain multifunctional BAS with the presence of
easily oxidizable functional groups (for example, -SH, (CH3),CH-), which bind free
radicals formed in living organisms relatively faster.

Thus, preliminary studies of round-leaved wintergreen (Pyrola rotundifolia)
growing in forest landscapes of the Lori Region have shown that it contains various
classes of biologically active substances ensuring a wide range of pharmacological
effect of the plant: immunomodulating, anti-inflammatory, wound healing,
antioxidant, etc.
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I'PYIIAHKA KPYTJIOJIMCTHAS B KAYECTBE IIEPCITIEKTUBHOT O
JEKAPCTBEHHOI'O CbhIPbA

C. A. JAJASIH™, JI. A. CTEIAHSIH?, A. C. JAJIASIH*®, M. B. TACOSTH?,
A.P.TIETPOCSIH®, A. C. IOTOCSIH® 1 A. O. IATYPSIH™®

W3ydens! GpUTOXMMHYCCKUA W MUHEPAIBHBIN cocTaBhbl SkcTpakToB (BAB, cBoOOI-
HBIC aMUHOKHCIIOTBI, MHHEPAJIbHBIE JIEMEHTHI U JIp.) TPYIIAaHKH KPYTJIOIHCTHOM, CO0-
panHoii B Jloputickom Map3e Peciyomukun ApMeHHS.

B kucnoTHOM THAponm3aTe 3KCTPAaKTOB OOHapyxeHbl 10 cBOOOXHBIX OENKOBBIX
aMHHOKHCIOT. C ITOMOIIBIO aTOMHO-3MHCCHOHHOH CIIEKTPO(OTOMETPHUHN YCTaHOBIICHO,
YTO B OPTaHaX HA/JA3EMHOI YacTH pacTeHUS MPUCYTCTBYIOT 20 MUHEPaIbHBIX 3JIEMCHTOB,
B TOM umcie Tsokenbie Metamisl (Co, Cd, Cr, V, Ni, Pb, As u 1p.), comepxaHie KOTOPbIX
COOTBETCTBYET TPEOOBAHUSIM, NMPEABABIAEMBIM K 3KOJOTHYECKH YUCTHIM PAacTCHHUSM,
WJIN HAaXOJUTCS B IIpeaeax (POHOBBIX 3HAYCHHH.

Wzyuena Takxke aHTHOKCHIAHTHAs aKTHBHOCTh HACTOEB M 3KCTPAKTOB T'PYIIaHKH
KPYTJIONUCTHON 1O CPAaBHEHHUIO C AHAJOTMYHBIMU 3HAYEHUSIMH HM3BECTHOTO aHTHOKCH-
JlaHTa — KBEPLETHHA. Y CTAHOBJIEHO, YTO AaHTHOKCHJIAaHTHAsI aKTHBHOCTH 00pa3nos ['PY-
IIaHKK KPYTJIOJIMCTHOH, OTOOpaHHBIX M3 JAHAMA(PTOB T'YCTOJHCTBEHHBIX JIECOB B
OKpecTHOCTAX T. Bananzop Jlopuiickoro mMap3a, MOYTH B TPU pa3a MPEBBILIAET TAKOBYIO
KBEpLETHHA.

Ha ocHoBaHMM TONY4YEHHBIX PpE3yJbTAaTOB HCCIEIOBAHWH Omomaccy TIpyIIaHKH
KPYTJIONINCTHOW MOXKHO PEKOMEH/IOBATh B KadeCTBE 3(PPEKTUBHOTO aHTHOKCHAAHTHOTO
CpeACTBa, NMpeIyNpeXIAIONIero MpexIeBpeMEeHHOe cTapeHre. Hactom M 3KCTpakThl
pacTeHus! TaK)Ke€ MOXKHO IPUMEHSTH JUI1 NPO(MIAKTUKY ¥ KOPPEKLINH HEeJOCTaTKa WIN
JaucOanaHca Makpo- M MHKDOIEMEHTOB B TKAaHEBBIX M KIICTOUHBIX CTPYKTypax IpH
Pa3IMYHBIX TaTOJIOTHYECKUX MIPOIECCAaX B OPraHU3ME UENIOBEKa.

B TOXe BpeMs MpHUCYTCTBHE B TpYIIAHKE KPYTJIOJMCTHOH OOJIBIIOrO KOJIWYECTBa
apOyTHHa TO3BOJISIET MCIIOJB30BaTh TAJICHOBBIC Ipenaparbl pacTeHUss B KauecTBe
IIPOTUBOBOCIIAJIUTEIEHOTO CPEJICTBA MTPH 3a00I€BaHHUIX MOYETIONIOBBIX OPTraHOB.
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