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Diabetes mellitus is a global medical and social issue. In the developed countries of the world, from 5 to 12% of the popu-
lation are diagnosed with diabetes mellitus and, according to WHO prognosis, the level of this disease may increase to 30-
35%. Type 2 diabetes is a disease that progresses over time, but the rational and systematic use of hypoglycemic synthetic
drugs and phytopreparations can significantly delay the onset of insulin therapy. A promising source of BAS with a hypo-
glycemic effect is the raw material of plants of the Heather family, namely, bearberry leaves. However, on the Ukrainian
market there are no domestic galenic and novo-galenic preparations based on biologically active substances of this raw
material, which indicates the prospects for the development of new drugs, including those with hypoglycemic action.

The aim. The aim of the study was to study the phytochemical composition and to carry out a screening of the hypoglyce-
mic activity of dry extracts from bearberry leaves modified with various amino acids to identify promising substances with
hypoglycemic action.

Materials and methods. The objects of the study were 11 dry extracts from bearberry leaves, 10 of which were modified
with various amino acids. The study of the phenolic compounds of the extracts was carried out by TLC, HPLC, and spec-
trophotometry. To assess the hypoglycemic activity of the extracts, two experiments were carried out - primary screening
and oral glucose tolerance test.

Results. Using TLC and HPLC, in the extracts obtained arbutin, gallic acid, 5 flavonoids were identified, among which
hyperoside was dominant, 4 hydroxycinnamic acids, among which chlorogenic and caffeic acids were dominant, and their
content was established. In the extracts obtained, main groups of phenolic compounds were quantified using a spectropho-
tometric method. Dry extracts from bearberry leaves, modified with cysteine, arginine and glutamic acid, showed the
strongest hypoglycemic activity.

Conclusions. The chemical composition of phenolic compounds and the hypoglycemic activity of dry extracts from bear-
berry leaves modified with 10 different amino acids were determined. The most promising substances turned out to be
extracts modified with cysteine, arginine and glutamic acid; therefore, they are promising agents for the development of
new drugs.
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1. Introduction

Diabetes mellitus is a global medical and social
issue. In the developed countries, diabetes mellitus af-
fects 5 to 12% of the population and, according to WHO
prognosis, the level of this disease may increase to 30-
35%. Type 2 diabetes is a disease that progresses over
time, but the rational and systematic use of synthetic
hypoglycemic drugs and phytopreparations can signifi-
cantly delay the onset of insulin therapy [1-3].

To date, drug therapy has not provided ideal clini-
cal results for the effective and safe treatment of type 2
diabetes and its complications. Over the last decade, the
use of adjuvant and alternative drugs (e.g., herbs and
dietary supplements) for the treatment of chronic meta-
bolic diseases has increased significantly worldwide [4,
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5]. Proteinogenic amino acids (AA) have also been stud-
ied in recent years for the regulation of glucose metabo-
lism, in particular the stimulation of glucose uptake by
insulin-sensitive tissues and the effect on insulin secre-
tion by f-cells [6].

Promising sources of BAS with hypoglycemic ac-
tion are the raw materials of plants of the Heather family,
namely bearberry leaves. The main active ingredients of
bearberry leaves and its preparations are simple phenols,
hydroxycinnamic acids, flavonoids and tannins. Hydro-
quinone derivatives are represented by arbutin, methylar-
butin and pyroside caffeoylarbutin [7]. The leaves of
bearberry contain phenolic acids (gallic and ellagic — up
to 6%), [8] flavonoids (myricetin, hyperoside and querce-
tin), iridoid glucosides (asperuloside, monotropein and
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unedoside) [9, 10]. Galenic drugs and dry raw material of
bearberry are ingredients of many drugs and functional
supplements. The following drugs are presented on the
pharmaceutical market of Ukraine on the basis of BAS of
common bearberry: Nephrophyt, Detoxyfit, Phytoneph-
rol, Diuretic collection Nel, Prostaplex, Pankova tincture
and Cysto Fink [11, 12], but they are all complex prod-
ucts. However, there are no domestic galenic and novo-
galenic preparations on the market of Ukraine on the
basis of BAS of this raw material, which indicates the
prospects of creating new drugs, including those with
hypoglycemic action.

Amino acids are able to form conjugates, com-
plexes, amides and imides with other substances, includ-
ing phenolic compounds. Such interactions lead to
changes in physicochemical properties, in particular
solubility, bioavailability of these substances, enhance-
ment and emergence of new aspects of pharmacological
action. Thus, it was shown that the addition of amino
acids to the tincture of leonurus leads to anxiolytic action
[13], arginine to blueberry extract — to enhance hypogly-

cemic and hypolipidemic action [14, 15], phenylalanine
to bearberry extract — to a significant increase in activity
[16]. Given this, it was advisable to modify the extract of
bearberry leaves with different amino acids and to screen
the hypoglycemic activity of these substances to deter-
mine the most promising agents with hypoglycemic ac-
tion.

The aim of this experiment was to study the phy-
tochemical composition and screening of the hypogly-
cemic activity of dry extracts of bearberry, modified with
various amino acids to identify promising substances

with hypoglycemic action.

2. Planning (methodology) of the research

Given the previous experience of creating extracts
from the leaves of plants of the family Ericaceae [15, 17],
it is planned to obtain an extract from bearberry, modify it
with different amino acids, investigate the phytochemical
profile and screen for hypoglycemic activity to determine
their use as hypoglycemic agents (Fig. 1).

*Obtaining extracts of bearberry leaves

*Phytochemical study of the obtained extracts

*Study of hypoglycemic activity of the obtained extracts

*Identification of the most promising substances for the development of new
hypoglycemic drugs

*Identification of promising areas for further research

€K€CE€K

Fig. 1. Scheme of research of extracts from bearberry leaves

3. Materials and methods

The objects of the study were dry extract of bearber-
ry leaves, obtained with a 50 % solution of ethanol and 10
extracts based on it, modified with 10 amino acids: cysteine
(PEC), phenylalanine (PEP), valine (PEV), glycine (PEG),
alanine ( PEA), leucine (PEL), histidine (PEH), lysine
(PEL), arginine (PEAr) and glutamic acid (PEGlu).

The leaves of Arctostaphylos uva-ursi L. (Spreng)
were harvested in the botanical garden of Danylo Halyt-
sky Lviv Medical University. Voucher specimens no
20152019 were deposited at the Department of Pharma-
cognosy (National University of Pharmacy, Kharkiv,
Ukraine). The identity of the plant was established with
the consulting assistance of T. Gontova, D.Sc. [18].

Obtaining extracts. 500 g of bearberry leaves,
crushed to a particle size of 2-3 mm, were placed in a
flask, poured into 2500 ml of a 50% solution of ethanol,
and extracted overnight at room temperature. The extrac-
tion was repeated three times with new portions of the
extractant (1.0 1). The obtained extracts were combined,

decanted during the day, filtered. To each portion of the
combined extract (200 ml) was added the corresponding
amino acid (cysteine, phenylalanine, valine, glycine,
alanine, leucine, histidine, lysine, arginine or glutamic
acid) in three times the equimolar amount relative to the
total amount of phenolic compounds in terms of gallic
acid [19, 20] and left for 24 hours, after which the solu-
tions were evaporated by rotary vacuum evaporator to
dry extracts and ground.

TLC analysis of extracts.

Simple phenols were determined by ascending
TLC in a system of solvents formic acid anhydrous - water
- ethyl acetate (6: 6: 88). To do this, 0.05 g of extracts
were dissolved in 5 ml of a mixture of equal volumes of
methanol and water. The obtained extract solutions were
used in subsequent TLC analyzes. For comparison, stand-
ard samples of gallic acid and arbutin dissolved in metha-
nol at a concentration of 0.25 % were used. Apply 10 pl of
the test solution and 10 pl of the comparison solution. The
chromatogram with the deposited substances was placed in
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a chamber with solvents. When the solvent front had
passed about 15 cm, the plate was removed from the
chamber and dried at 100-105 °C until traces of solvent
were removed. Then the chromatogram was treated with a
solution of 10 g/l of 4-aminopyrazolone P, then a solution
of 20 g/l of potassium ferricyanide P and was shown in
ammonia vapour [21, 22].

Hydroxycinnamic acids and flavonoids were detected
by TLC in an system of organic solvents ethyl acetate —
water — formic acid anhydrous — glacial acetic acid (72: 14:
7: 7) in comparison with authentic samples of hy-
droxycinnamic acids (Sigma Chemical Company, USA).
The presence of this group of compounds was detected by
blue fluorescence in UV light after chromatogram treatment
with reagents of 10 g/l of amyl ester of diphenylboronic acid
in methanol and 50 g/l of macrogol 400 in methanol [21, 23].

Catechins in the extracts were determined by
TLC, in accordance with the monograph of SPhU [21], in
the solvent system, glacial acetic acid — ether — hexane —
ethyl acetate (20: 20: 20: 40). For comparison, standard
samples of catechin and epigallocatechin dissolved in
methanol at a concentration of 0.1 % were used. Applied
20 ul of test solution and reference solution. The chroma-
togram with the applied substances was placed in a
chamber with solvents. When the front of the solvents
passed about 10 cm, the plate was removed from the
chamber, dried in air to remove traces of solvents. Then
the chromatogram was treated with a freshly prepared
solution of 5 g/ of solid blue.

Sample preparation, HPLC-DAD analysis and
quantification. 50.0 mg (accurately weighed) of the Arc-
tostaphylos uva-ursi extracts were weighed in a 5.0 ml
measuring tube and brought to the mark with 90 % aque-
ous methanol. After 30 minutes in an ultrasonic bath, the
sample was insisted at room temperature for 3—4 h. Then
the test tube was again placed on an ultrasound bath for
15 minutes, then the solution was filtered through a tef-
lon filter with a pore size of 0.45 um in vial for analysis
[24, 25]. Standard substances manufactured by Sigma-
Aldrich, USA were used for analysis.

Separation, identification and quantification of
phenolic compounds were determined by HPLC using an
Agilent Technologies chromatograph (model 1100)
equipped with a vacuum degasser G1379A, four-channel
low pressure gradient pump G13111A, automatic injector
G1313A, GI3116A column thermostat and G1316A
diode-matrix detector. Columns 2.1x150 mm which was
filled with octadecylsilyl sorbent grains of 3.5 um
"ZORBAX-SB C-18". The analysis of Arctostaphylos
uva-ursi extracts was carried out under the following
conditions: thermostat temperature — 35 °C; flow rate of
the mobile phase — 0,25 ml / min; as a mobile phase,
solution A (0.1 % H3PO4, 180 ul / L triethylamine,
3 ml / L tetrahydrofuran in water) and solution B
(MeOH) in the ratio of 90:10 (first 8 min), 70:30 (from 8
for 24 minutes), and from 24 minutes only solution B
was used; Working pressure of the eluent — 240-300 kPa.
In the analysis, the following detection parameters were
set: scale of measurement — 1,0; scan time — 0.5 s; the
parameters for removing the spectrum — each peak is
190-600 nm. Identification of phenolic compounds was
performed by retention time of standards and UV spec-
tral characteristics [13, 17].

44

The quantitative content of the basic groups of
BAS in the Arctostaphylos uva-ursi extracts were de-
termined by the method of absorption spectrophotome-
try on the spectrophotometer Evolution TM 60S UV-
Visible (Thermo Fisher Scientific, USA) [13, 19]. In
all the Arctostaphylos uva-ursi extracts the sum of the
hydroxycinnamic acid derivates was determined by
direct spectrophotometry (as chlorogenic acid, A = 325
nm) [26, 27]; flavonoids were quantified by the meth-
od of dierential spectrophotometry with aluminium
chloride (as rutin, A=410 nm) [4, 19]; polyphenols
were quantified by direct spectrophotometry (as gallic
acid, A=270 nm) [13, 15]. All assays were performed
in triplicate.

Hypoglycemic activity. Primary pharmacological
screening of hypoglycemic properties of new extracts
obtained from leaves, with the addition of amino acids
was performed on intact animals Inbred male albino
rats (approximately 14 weeks old) weighing 180-200 g
obtained from the NUPh Educational and Scientific
Institute of Applied Pharmacy (ESIAP) vivarium were
used to screen for hypoglycemic activity. The animals
were kept in standard vivarium conditions and received
the diet recommended for this species and had free
access to water. 16 hours before the start of the experi-
ment, the animals were deprived of food, but kept free
access to water. To evaluate the hypoglycemic activity
of the extracts, two experiments were performed — a
primary screening and an oral glucose tolerance test
(OGTT) [28]. Animals were divided into groups (n=4)
depending on the purpose of the experiment: 1 — intact
control (IC) — healthy animals, which were injected
with saline; 2 — animals that were administered intra-
gastrically with bearberry extract at a dose of 100 mg /
kg (PE) [29]; 3 — animals that were administered intra-
gastrically with extracts of bearberry with the addition
of amino acids at a dose of 100 mg / kg. According to
the numbers of groups with the addition of: 3 — cysteine
(PEC), 4 — phenylalanine (PEP), 5 — valine (PEV),
6 — glycine (PEG), 7 — alanine (PEA), 8 — leucine
(PEL), 9 — histidine (PEH), 10 — lysine (PEL), 11 —
arginine (PEAr), 12 — glutamic acid (PEGlu); 13 - ani-
mals administered a decoction of Arphasetin (Al) in the
recommended dose, which is calculated for rats (18 ml /
kg). Blood glucose concentration was determined using
a glucometer “One Touch Select” (LifeScan, USA) at 0,
2, 4, 6 and 8 hours after administration of extracts,
blood samples were collected by incision of the gums in
rats [30, 31].

Oral glucose tolerance test (OGTT) in healthy
rats. Inbreeding male albino rats (approximately 16
weeks old) weighing 200-240 g were used to study
hypoglycemic activity using OGTT. PE, PEC, PEAr
and PEGlu extracts, which showed the highest activity
in the previous test, were used for analysis. Animals
were divided into groups (n = 6) depending on the pur-
pose of the experiment: 1 — intact control (IC) — healthy
animals, which were injected with saline; 2 — animals
administered glucose solution at a dose of 3 g / kg body
weight per os (glucose load, for another group of ani-
mals 30 minutes after medicine administration);
3 — animals after glucose loading and PE administra-
tion;
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4 — animals after glucose loading and PEC administra-
tion; 5 — animals after glucose loading and PEAr ad-
ministration; 6 — animals after glucose loading and
PEGIu administration; 7 — animals after glucose load Al
(18 ml/kg); 8 — animals after glucose load metformin
(15 mg/kg). Test extracts were administered orally to
live animals at night using a gastric catheter with a
syringe sleeve at a dose of 100 mg/kg. Blood glucose
concentration was determined using a “One Touch
Select” meter (LifeScan, USA) at 0, 15, 30, 60, 90 and
120 minutes after glucose loading, and samples were
collected by incision of the gums in rats [30].

The study was conducted according to the
guidelines of the Declaration of Helsinki, and ap-
proved by the Ethics Committee of the National Uni-
versity of Pharmacy (approval #3/10092020). The
experiment was carried out in accordance with the
International Principles of the European Convention
for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes.

Statistical analysis. Statistical properties of random
variables with n-dimensional normal distribution are given
by their correlation matrices, which can be calculated from
the original matrices. Pharmacological research material
was processed by the method of variational statistics with
the calculation of the arithmetic mean and its standard error;
the reliability of the compared values was estimated using
the Student, Wilcoxon, Mann-Whitney criteria with the
probability level of < 0.05 on a computer using Statistica 6.0
and Word Exel programs [21, 32, 33].

4. Results of the research

Eleven extracts were obtained from the leaves of
bearberry, which are light brown powders with a specific
odour.

TLC analysis of simple phenols on the chromato-
gram in daylight revealed brown areas at the level of gallic
acid zones and red spots at the level of the arbutin zone.
Thus, gallic acid and arbutin were found in all extracts of
bearberry.

TLC analysis of hydroxycinnamic acids and fla-
vonoids in extracts of bearberry revealed at least 3 com-
pounds of hydroxycinnamic nature, of which compared
to standard samples were identified caffeic and chloro-
genic acids, and at least 5 substances of flavonoid nature,
from which identified rutin and hyperoside.

On TLC chromatograms of extracts of bearberry
leaves, when viewed in daylight, identified red areas at
the level of the catechin zone, at the level of the epigallo-
catechin zone — no zones were detected. Thus, catechin
was detected in all extracts of bearberry.

The content of the main BAS of phenolic nature
was determined by HPLC in the obtained extracts of
bearberry leaves (Table 1).

In the obtained extracts, the content of the main
groups of BAS was determined by spectrophotometry
(Table 2).

The results of the first stage of the experiment to
study the hypoglycemic activity of dry extracts from the
leaves of bearberry with the addition of amino acids, in
which healthy rats were used are shown in Table 3.

Table 1
The results of HPLC analysis of dry extracts of bearberry leaves
Substance Content of the substance, mg / 100g

PE PEC PEP PEV PEG PEA PEL PEH PEL PEAr | PEGlu

Arbutin 2956.72 | 2689.89 [ 2819.81 | 2661.12 | 2778.65 | 2720.17 | 2837.70 | 2542.78 | 2546.62 | 2572.35 | 2551.12
+57.9 +65.6 | +49.8 +62.3 +58.1 +64.1 +659 | +65.0 | +61.5 +60.9 | +63.1

Phenolic acids

Gallic acid 14731 | 13552 | 140.49 | 131.11 | 12325 | 135.51 | 13991 | 127.01 | 125.31 | 128.16 | 126.68

+4.2 +3.6 +3.9 +3.3 +3.6 +5.1 +3.7 +4.8 +3.9 1£5.2 +4.4
Hydroxycinnamic acids

Caffeic 87.12 79.26 81.03 78.44 | 81.89 80.15 83.63 7492 | 75.14 | 75.79 74.62
acid +3.6 +2.9 +2.9 +3.2 +4.1 +3.0 +3.1 +5.6 +4.4 +4.6 +5.1
couﬁ;aric 4236 | 38.13 3942 | 38.54 | 39.83 39.83 40.66 3642 | 36.02 37.02 | 36.16
acid +2.8 +2.6 +3.1 +2.4 +2.5 +2.5 +2.5 +3.2 +2.5 +3.2 +2.7

Chloro- 214.23 | 194.84 | 194.92 | 19291 | 201.35 | 197.23 | 205.54 | 184.24 | 182.09 | 186.38 | 184.24
genic acid +3.8 +4.3 +8.6 +3.5 +3.0 +3.8 +4.0 +3.0 +3.5 +4.1 +5.3
Protocate- | 14.01 12.88 13.32 12.64 13.17 12.88 13.44 12.05 11.90 12.19 12.05
chuic acid +1.2 +1.8 +1.9 +1.5 +1.1 +1.0 +1.8 +1.5 +0.7 +1.6 +1.9

Flavonoids

Rutin 11.82 10.99 11.23 10.65 11.11 10.87 11.34 10.16 10.05 10.29 10.16
+0.03 | +£0.05 | £0.02 | £0.06 | £0.06 | +0.05 | +0.04 | +0.03 | £0.06 | +0.08 | +0.06

Hyper- 446.23 | 412.21 | 425.57 | 405.36 | 419.46 | 410.53 | 428.38 | 384.03 | 379.23 | 388.30 | 383.76
oside +13.2 +10.9 +12.7 +16.5 +13.8 +14.1 +10.5 +10.9 +13.2 +22.7 +18.7
Quercitrin 14.55 13.41 13.87 13.12 13.67 13.38 13.97 12.51 12.37 12.65 12.35
+0.5 +0.6 +0.02 +0.4 +0.4 +0.3 +0.4 +0.8 +0.5 +0.7 +0.6
Quercetin 3.58 3.28 3.44 3.23 3.36 3.29 3.44 3.08 3.05 3.11 3.00
+0.01 +0.03 +0.02 +0.04 | +0.02 +0.03 +0.05 +0.03 +0.01 +0.05 +0.06

Catechin 277.57 | 25825 | 264.72 | 249.97 | 260.91 | 255.37 | 266.47 | 240.07 | 235.93 | 241.50 | 238.77
+5.5 +6.3 +6.3 +5.8 +5.1 +5.3 +6.1 +5.2 +5.0 +5.1 +3.5
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Table 2
The content of the main groups of BAS in dry extracts of bearberry leaves
Content of the substance, %

BAS group PE | PEC | PEP | PEV | PEG | PEA | PEL | PEH | PEL | ¥ F;A PG‘?u
g:gv?igfnhyoiﬁs“gﬁ:;ms of | 698 [ 635|506 | 629 | 657 | 642 | 670 | 6.04 | 595 | 6.07 | 6.01
arbutin) P +0.05 |+0.07 |+0.04 |+0.06 |+0.07 |+0.05 |+0.04 |+0.06 |+0.07 |+0.06 |+0.09
Hydroxycinnamic acids 2.88 | 267 | 3.15 | 2.59 | 243 |2.65 | 276 | 248 | 245 | 2.50 | 2.46
(in terms of chlorogenic acid) +0.02 [+0.05 |+0.02 |+0.04 |+0.05 |+0.03 |£0.05 |£0.03 |£0.07 |£0.05 |+0.03
Flavonoids 430 | 391 | 3.05 | 3.87 | 404 | 396 | 4.13 | 3.71 | 3.66 | 3.74 | 3.70
(in terms of rutin) +0.06 |+£0.04 |+£0.03 |£0.05 [£0.04 |+0.05 |+0.05 |+£0.06 |+£0.03 |£0.09 [£0.05
The sum of phenolic compounds | 17.68 |[15.92 |19.80 | 15.90 | 16.62 | 16.26 |16.98 |15.22 | 15.03 | 16.08 | 15.23
(in terms of gallic acid) +0.09 |£0.13 |£0.06 |£0.08 [£1.10 |+0.77 |+£1.06 |£0.75 |£1.11 |£1.05 [£0.75

Table 3

The effect of the administration of dry extracts of bearberry leaves on blood glucose levels in healthy rats

Groups of animals Blo(;)d glucose concer;tration, mmol /| aiter a corresponding6period of time (ho;rs)

1 Intact 3.8740.17 3.8840.24 3.93+0.23 3.86+0.13 3.8540.11
2 | PE 4.04+0.14 3.81+0.21 3.5440.19 3.6610.17 3.91+0.24
3 | PE+lysine 4.02+0.21 4.04+0.19 3.0840.15 4.01+0.19 3.9840.24
4 | PE+phenylalanine 3.8740.15 3.9540.11 3.8840.21 3.7440.13 3.7940.21
5 | PE+valine 3.960.17 3.9140.13 3.9540.14 3.93+0.24 3.9240.19
6 | PE+glycine 3.9440.18 3.89+0.17 3.6940.18 3.514£0.21= 3.74£0.15
7 | PE+alanine 4.01+0.20 3.97+0.18 4.04+0.19 4.01£0.24 3.8740.24
8 | PE+leucine 3.8740.15 3.9140.14 3.8340.15 3.85+0.11 3.734£0.17
9 | PE+histidine 3.9340.17 3.81+0.24 3.67+0.23% 3.79+0.15 3.8540.16
10 | PE+cysteine 3.9540.15 3.71+0.19 3.4240.15% 3.5140.19% 3.8840.13
11 | PE+arginine 4.01+0.17 3.73+0.13 3.47+0.19% 3.614+0.18% 3.87+0.19
12 | PE+glutamic acid 4.03+0.11 3.87+0.19 3.5540.17% 3.7440.19 3.94+0.21
13 | Arphasetin 3.9740.17 3.61+0.18 3.3540.14* 3.4240.14% 3.7940.18

Note: * — p<0.05 compared to intact

As a comparison drug used the official collection
“Arphasetin” in the form of a decoction. Given that the
animals were healthy, fasting and not exposed to glucose,
changes in blood glucose levels were largely insignifi-
cant, but tended to decrease. Only 4 hours and 6 hours
after the administration of PE with the addition of cyste-
ine, arginine and aspartic acid, as well as “Arphasetin”, a
significant decrease in glucose concentration was record-
ed compared to intact animals.

However, it is clear that more pronounced chang-
es were detected during the OGTT. The oral glucose
tolerance test is sensitive and specific for detecting tissue
sensitivity to glucose, as it can demonstrate the rate of
glucose utilization after absorption. It is believed that
fluctuations in glucose levels after exercise well reflect
glucose tolerance, and the area of glucose under the
curve (AUC) may be an indicator of such fluctuations in
glucose [34]. The results of the glucose tolerance test are
presented in Fig. 1 as a graph, which shows the results of
OGTT in animals of intact and control groups, with the
administration of comparison drugs and, of course, PE
and PE with the addition of glutamic acid, arginine and
cysteine. The fasting glucose content of both intact rats
and other healthy animals before the experiment was
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within the physiological norm for this species of labora-
tory animals.

As we can clearly see, the glucose level at each
control point was significantly higher than the period
after glucose loading in the control group compared to
intact animals, 30 minutes after exercise the glucose level
increased by 32.9 %, and after 60 minutes by 46.6 %
(7.25+0.24 mmol/l). The administration of PE reduced
the concentration of glucose in the blood after 60 minutes
by 14.3 % compared with the control group and was
6.21 mmol/l. At the same time, the addition of amino
acids enhances this effect. Thus, in the group of animals
PE + arginine glucose level decreased after an hour by
16 %, in the group of animals PE + cysteine by 15.2 %
and in the group PE + glutamic acid by 15.7 %.

Glucose concentrations at control points in the
groups of animals administered with “Arphasetin”, PE
and PE + glutamic acid did not differ significantly (Fig.
2), but after 60 and 90 minutes the decrease in glucose
levels was significant compared to the control group. In
groups of rats treated with PE + arginine and PE + cyste-
ine, blood glucose levels were reduced more than in
these groups, but this effect was not as effective as with
metformin.
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Fig. 2. The results of OGTT with the administration of dry extract of bearberry leaves and dry extract with the addition
of amino acids: *— p<0.05 compared to intact; ** — p<0.05 compared to control

The suppressive effect of dry extract of bearberry lation of AUC. Using the chart (Fig. 3), we displayed the
leaves and extracts with the addition of AA on blood AUC calculation data for all groups of animals injected
glucose levels during OGTT was confirmed by the calcu- with PE with the addition of AA.

Control I *
Metformin I *
Arphasetin Ik *
PE + glutamic acid I« ke
PE + arginine I . ok *
PE + cysteine I o %
PE + histidine I o
PE + leucine I e
PE + alanine e
PE + glycine I | ok
PE + valine I,
PE + phenylalanine IE—
PE + lysine .
PE .
Intact BN

* Rk

* Kk

450 500 550 600 650 700 750
AUC, mmol /1 * min

Fig. 3. Calculation of the area under the curve (AUC) when conducting OGTT with the administration of dry extracts of
bearberry ordinary leaves: * — p<0.05 compared to intact; ** — p<0.05 compared to control

The results of the study showed that the calculated intact group (467.55+13.14 mmol / 1 *min). However,
AUC values for the glucose response during OGTT compared with the control group, the introduction of both
showed a significant increase in the control group of comparison drugs and extracts with the addition of AA,
animals (710.9+17.56 mmol / 1 * min) compared with the showed a significant decrease in AUC relative to the
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control group. In particular, it is possible to note a signif-
icant and most relative to other groups of rats, a decrease
in the area under the curve for 120 minutes of observa-
tion, compared with the control group with glucose load
for groups PE (652.8+21.32 mmol / | * min), PE + argi-
nine (617.4+18.34 mmol / 1 * min) and PE + cysteine
(621.3£19.61 mmol / 1 * min). In addition, the admin-
istration of metformin led to the largest decrease in the
area under the curve, with the AUC of another reference
medicine — “Arphasetin” was higher than with the ad-
ministration of PE and PE + arginine and PE + cysteine.

5. Discussion of the results

Methods for obtaining dry extracts modified with
10 different amino acids have been developed from bear-
berry. The yield of dry modified extracts ranged from 28.6
to 36.2 % depending on the amino acid, the dry extract
obtained with a 50 % solution of ethanol — 12.7 %. The
basic scheme of obtaining a dry modified extract was
proposed for the first time, in contrast to previous studies
[7, 15, 16] for extraction was used 50 % ethanol, which
is the optimal extractant from an economic point of view
and provides sufficient extraction of BAS.

Phenologlycoside (arbutin), phenolic carboxylic
acid (gallic acid), 5 flavonoids and 4 hydroxycinnamic
acids were identified in the obtained extracts by HPLC
and their quantitative content was determined. Hyper-
oside and catechin were dominant among flavonoids, and
caffeic and chlorogenic acids were dominant among
hydroxycinnamic acids. The content of all identified
phenolic compounds in the modified extracts was lower
compared to the native extract obtained with a 50 %
ethanol solution [35, 36]. As for the identified phenolic
compounds, they have previously been found in extracts
from this raw material [9, 10, 37], but their presence and
quantity will be crucial in the future in the development
of quality control methods.

When dissolving the dry modified extract of bear-
berry in water, a clear dark brown solution is formed, in
contrast to the original extract obtained with 50 % etha-
nol, in which there is both opalescence and a small
amount of sediment. This indicates that the solubility of
phenolic compounds increases with the addition of amino
acids due to the formation of more hydrophilic conju-
gates and complexes. In addition, from the general UV
spectra of the extracts (Fig. 5 and 6) it can be seen that
within the spectrum of aromatic groups there are hypo-
and hyperchromic shifts, which also indicates the for-
mation of conjugates and complexes. But these complex-
es are not stable, because by HPLC chromatographed in
an acidic environment, they are not detected.

The content of hydroquinone-derived compounds
(in terms of arbutin), hydroxycinnamic acids (in terms of
chlorogenic acid), flavonoids (in terms of rutin) and the
amount of phenolic compounds (in terms of gallic acid)
was determined in the obtained extracts by spectropho-
tometry. As can be seen from the obtained results, in the
modified extract the content of all these groups of BAS is
lower than the extract from the broth, while their hypo-
glycemic effect exceeds the extract obtained with 50 %
ethanol solution. This suggests that the addition of amino
acids potentiates the action of phenolic compounds of
bearberry leaves.
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Experimental and clinical evidence has emerged
since the early 2000s that plasma AA levels increase in
insulin-resistant conditions, as well as the fact that a pro-
tein-enriched diet can correct impaired glucose metabo-
lism [38]. Both the effect of the administration of a mix-
ture of AA and the effects caused by the administration of
individual amino acids were studied. Thus, the results
obtained in the experiment showed that the beneficial
effect of a mixture of AA on glucose uptake by skeletal
muscle under the postprandial glycemia and increased
insulin levels, due to increased phosphorylation of AS160
and isoforms of glucose transporter (GLUT4) associated
with plasma membrane [39]. Studies of the effects of indi-
vidual amino acids have shown interesting data on the use
of a number of amino acids. Thus, arginine supplements
have an effective effect that helps to improve insulin sensi-
tivity and endothelial function, presumably through NO
production, which is likely to increase insulin secretion.
NO stimulates glucose transport in skeletal muscle with an
increase in GLUT4 levels on its surface, which leads to
improved insulin resistance [40]. It has also been shown
that cysteine supplements can reduce hyperglycemia and
markers of vascular inflammation under diabetes mellitus,
apparently by preventing activation of the nuclear factor
kappa-light-chain-enhancer of activated p-cells (NF-
kappaB) in diabetic animal models and positively regulat-
ing the effect of and glucose in adipocytes. This suggests
that such supplements may increase insulin sensitivity and
can be used as adjunctive therapy for diabetes [41].

However, in the data available for analysis, there
are no published studies on the combination of plant
polyphenols for the treatment or correction of insulin
resistance, diabetes mellitus, metabolic syndrome, in
combination with AA. Therefore, to achieve the purpose
of this experiment, screenings of extracts of bearberry
leaves were performed and identified those amino acid
additives to PE that are most effective in stimulating
glucose uptake by tissues.

Although fasting plasma glucose is generally ac-
cepted as a diagnostic indicator of diabetes and glucose
tolerance, however, this is not sufficient to clearly detect
glucose tolerance at an early stage unless an oral glucose
tolerance test is performed. Moreover, in this experiment,
when healthy animals are used according to generally
accepted recommendations, OGTT should be performed
to assess the rate of glucose uptake after exercise. How-
ever, even in the case of OGTT, the OGTT glucose up-
take criterion may not provide complete information on
glucose tolerance, so an AUC was calculated, which is an
indicator of changes in glucose levels over time after
glucose loading and is widely used to assess the efficacy
of potential substances. hyperglycemic action.

In the experiments, it was found that the developed
extracts, under carbohydrate load, reduce postprandial blood
glucose levels in rats compared to control animals. Given
that the glycemic curve after oral loading (OGTT) and the
calculation of the area under the curve (AUC) can to some
extent reflect the processes of glucose utilization in experi-
mental animals, we can assume that under carbohydrate
loading under the action of dry extract of bearberry leaves
conventional and extracts with the addition of AA, with the
intensity of glucose uptake by tissues increases. It was found
experimentally that the addition of certain AAs, in particular
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arginine, cysteine and glutamic acid to the extract, increased
carbohydrate tolerance in animals.

For more objective detection of hypoglycemic ac-
tivity in extracts, in addition to the use of glucose toler-
ance test, it is necessary to conduct a study of their effect
on a model of experimental insulin resistance.

Study limitations. When studying the extracts by
HPLC, the number of standard substances was limited,
so not all substances in the extracts could be identified.
In pharmacological studies, healthy animals were used,
while it would be interesting to test hypoglycemic activi-
ty in animals with diabetes.

The prospects for the further research. To cre-
ate new drugs, based on phytochemical studies, it is neces-
sary to develop and validate quality control methods for
promising modified extracts of bearberry.

It is necessary to study the hypoglycemic effect of
the obtained extracts on the corresponding pathological
models in animals with type 2 diabetes mellitus and met-
abolic syndrome.

The obtained modified extracts are promising sub-
stances for the creation of new drugs in various dosage
forms, so the development of solid dosage forms with
extracts is a promising area of development of this topic.

6. Conclusions

The chemical composition of phenolic compounds
and hypoglycemic activity of 11 dry extracts of bearberry
were determined, 10 of which were modified with differ-
ent amino acids. Arbutin, gallic acid, 5 flavonoids,
among which hyperoside was dominant, 4 hy-
droxycinnamic acids, among which chlorogenic and
caffeic acids were dominant, were identified in the ob-
tained extracts by TLC and HPLC, and their quantitative
content was determined.

The most promising substances were extracts mod-
ified with cysteine, arginine and glutamic acid, so they are
promising agents for the development of new drugs.
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