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Standardization of Dry Extracts from Large Cranberry Leaves

Abstract

Aim. To determine the parameters of standardization of a dry extract from large cranberry (Oxycoccus macrocarpus (Ait.))
leaves and a dry extract modified with arginine and develop projects of Drug Quality Control Methods (DQCM) for these
substances.

Materials and methods. The study object was dry extracts from large cranberry leaves. Leaves were harvested in October
2021 in the Zhytomyr region (Kostivtsi village, 50.326862437345945, 29.54310845594284). The extracts were obtained with
a 50 % solution of ethyl alcohol in the ratio of 1:30 by double maceration. Half of the combined extract was dried to a dry
extract (Extract 1), and the other half was modified with arginine in the threefold equimolar amount relative to the total
amount of phenolic compounds and evaporated to a dry extract (Extract 2). Standard pharmacopoeial methods were used
to determine standardization parameters. The quantitative determination was carried out using the spectrophotometric
method by the content of flavonoids calculated with reference to hyperoside and hydroxycinnamic acids calculated with
reference to chlorogenic acid on an Evolution 60S spectrophotometer (Thermo Scientific Spectronic, USA).

Results and discussion. The parameters of standardization of dry extracts from large cranberry leaves were determined. The project
of DQCM was proposed according to the following indicators: description, solubility, identification using the thin-layer chro-
matography method (by the content of flavonoids, hydroxycinnic acids and arginine), loss on drying, the residual amount of
organic solvents (ethanol), microbiological purity, and the content of heavy metals. The assay was carried out using spec-
trophotometry by the content of flavonoids and derivatives of hydroxycinnic acids. Three batches of the extracts obtained,
which fully corresponded to the projects of DQCM developed, were analyzed.

Conclusions. The parameters of standardization of dry extracts from large cranberry leaves have been determined, and pro-
jects of DQCM for the substances obtained have been developed. It is the basis for creating new medicines for the correction
of insulin-resistant conditions in Type 2 diabetes mellitus.
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HauioHanbHul papmayesmuyHuli yHisepcumem MiHicmepcmea oxopoHu 300po8’si YKkpaiHu,

syn. MywkKiHcoKa, 53, m. Xapkis, 61002, YKpaiHa

CTaHAapTU3aLifa }KypaBIUHU BEIMKONIOA01 INCTA CYXUX €KCTPaKTIB

AHoTauin

MeTa. BU3HaUMTM NapameTpu cTaHAapTU3aLil EKCTPaAKTY CyXOro 3 IMCTA XKypaBAnHKU Benrmkonnoaoi (Oxycoccus macrocarpus
(Ait.)) i cyxoro ekcTpaKTy, MoandikoBaHOro apriHiHom, Ta po3pobuTM NPOEKTU MeToAiB KOHTPoo sKkocTi (MKA) Ha ui cyb-
cTaHu,ii.

Martepianu Ta metogu. O6’eKTOM A0CNIAKEHHA YN CyXi @KCTPaAKTU 3 IUCTA XKypPaBAUHU BennKoniogoi. /incta 6yno 3arotos-
JIeHO B *KOBTHi 2021 p. B *nutomumpcbkin obnacri (c. KocTiBui, 50.326862437345945, 29.54310845594284). EKcTpaKTn oaep-
*aHo 50% po3YMHOM CNUPTY eTUIOBOTO Yy cniBBiAHOWEHHI 1:30, MeToaOM ABOKpaTHOI Mauepalii. onosmHy 06’eaHaHoro
BUTATY 6Y/1I0 BUCYLLEHO A0 CYXOro eKCTPAKTy (eKCTpakT 1), a iHwWy nonoBuHY moandikoBaHO apriHiHOM y TPUKPATHIN eKBi-
MOJIAPHIN KiNbKOCTI WoA0 cymu GeHONBbHUX CMOAYK Ta YNapeHO A0 CYXOro eKCTPAKTy (EKCTPAKT 2). BU3Havatoumn napameTpum
CTaHAapTM3aL,il, BUKOPMCTOBYBaNW CTaHAAPTHI dapmakoneliHi meToanku. KinbkicHe BU3HAYEHHS 34iMCHI0OBaNAN cnekTpodo-
TOMETPUYHMM METOL0M 3a BMiCTOM Gp1aBOHOIAiIB Y NepepaxyHKy Ha rinepo3uns, Ta rigpOoKCUMKOPUYHUX KUCIOT Y NepepaxyHKy
Ha XJ1I0POreHoBY KUC/IOTY Ha cnekTpodoTomeTpi Evolution 60S (Thermo Scientific Spectronic, CLUA).

Pe3ynbTaty Ta iXx 06roBopeHHsA. BM3HaueHO napamMeTpu CTaHAaPTM3aLLii CyXMX eKCTPAKTIB 3 }KypaB/IMHM BEMKOMNA0A0I INCTA.
3anponoHOBAHO NMPOEKT METOAIB KOHTPOIIO AKOCTI 33 TAaKMMM NOKA3HMKAMM: ONUC, PO3UYMHHICTb, igeHTUIKaLia 3a gono-
MOTOl MeToAy TOHKOLWWapOoBOoi XxpomaTorpadii (3a BMicTom hpnaBoHOIAIB, riAPOKCUKOPUYHMX KUCOT i apriHiHy), BTpaTa B maci
nig, 4ac BUCYLWYBaHHA, 3a/IMLLIKOBA Ki/IbKiCTb OpraHiYHUX PO3YMHHUKIB (€TaHONY), MiKpOb6ioaOriYHa YNCTOTA, BMICT BaXKKUX
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MeTanis, a Ki/ibKicHe BU3HAYeHHA PEKOMEH40BaHO BUKOHYBATM 3@ OMNOMOroto cnekTpodoToMeTpii 3a BMicToM piaBoHOIAiB
Ta NOXiAHMUX TiAPOKCMKOPUYHUX KMUCAOT. NpoaHani3oBaHo Tpu cepii ogepKaHMX eKCTPaKTIB, AKi LiNKOM Bignosiganu pospo-
6n1eHum npoektam MKA.

BUCHOBKU. BM3Ha4yeHO NapameTpu CTaHAapTU3aLIT CYXMX eKCTPAKTIB XKypaBANHU BENMKOMNIOAOI 1NCTS Ta po3pobaeHo npo-
ekt MKSl Ha oTpumaHi cybcTaHLii, Wo € OCHOBOM A1 CTBOPEHHA HOBUX NiKapCbKMX 3acobiB Ana KopekLii iHcyniHopesuc-

TEHTHMX CTaHiB Yy pasi LyKpoBoro aiabety 2 tmny.
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B Introduction

Compared to 2011, the number of people suf-
fering from diabetes increased by 31% in 2021 [1].
Complications of diabetes can include kidney failu-
re, heart attacks, strokes, amputation of limbs,
and blindness. Type 2 diabetes develops as a re-
sult of inefficient use of insulin by the body, na-
mely the development of the insulin resistance
state. This type of disease affects more than 90%
of diabetic patients. Symptoms may be similar
to those of Type 1 diabetes, but less pronounced.
Because of this, the disease is often diagnosed
only a few years after its occurrence and mani-
festations of complications. Until recently,
this type of diabetes was observed only among
adults, but now it is increasingly diagnosed in
children [2].

Combating the spread and complications of
Type 2 diabetes is one of the most urgent tasks
in the world [3]. Despite the sufficient number
of synthetic drugs for the treatment of this dis-
ease, 1t is necessary to note a limited range of
herbal products although they have a number of
advantages, including effectiveness, fewer side
effects and the possibility of combined therapy
with other groups of drugs [4, 5]. Plants of the Vac-
cinium genus are a promising source for creating
hypoglycemic and hypolipidemic agents [6-9].
Earlier studies have already shown that an ex-
tract from large cranberry leaves obtained with
a 50% solution of ethyl alcohol and its modified
extract with arginine have a positive effect on the
correction of insulin-resistant conditions [10].

Amino acids are able to form conjugants, com-
plexes, amides and imides with other substances,
including phenolic compounds. These interactions

lead to changes in the physical and chemical pro-
perties, in particular solubility, bioavailability of
these substances, potentiation and emergence of
new aspects of the pharmacological action. Taking
this into account, a dry extract of large cranber-
ry leaves was modified with arginine and
showed higher hypoglycemic and hypolipidemic
activity [10].

A dry extract of large cranberry can be both
a substance for the development of new dosage
forms, and for the production of a modified ex-
tract; therefore, it needs standardization.

With this in mind, to create new medicines
based on large cranberry leaves, it is necessary
to standardize and develop projects of Drug Quali-
ty Control Methods (DQCM) for both substances
obtained since they have proven to be promising
agents for correcting insulin resistance.

Therefore, the aim of the work was to deter-
mine the parameters of standardization of a dry
extract from large cranberry (Oxycoccus macro-
carpus (Ait.)) leaves and a dry extract modified
with arginine and develop projects of DQCM for
these substances.

B Materials and methods

The study objects were a dry extract from large
cranberry (Oxycoccus macrocarpus (Ait.)) leaves
and a dry extract modified with arginine. Leaves
were harvested in October 2021 in the Zhytomyr
region (Kostivtsi village, 50.326862437345945,
29.54310845594284).

The extracts were obtained with a 50% solu-
tion of ethyl alcohol in the ratio of 1:30 by dou-
ble maceration. Combined extracts were filtered
through a paper filter. Half of the combined extract
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was dried to a dry extract (Extract 1), and the
other half was modified with arginine in the
threefold equimolar amount relative to the total
amount of phenolic compounds and evaporated
to a dry extract (Extract 2).

Weighing was performed using the AN100
digital analytical balances (AXIS, Poland) with
d =0.0001 g. “Merck Silica gel F254” plates were
used for chromatography. Solvents for the prepa-
ration of chromatographic systems were of “pure
for analysis” or “chemically pure” grade; the sol-
vent ratios indicated by numbers were taken in
volume units. The optical density was measured
on an Evolution 60S spectrophotometer (Ther-
mo Scientific Spectronic, USA).

Various standard pharmacopoeial methods were
used as the basis for the development of quality
control methods for the extracts obtained [11].
Since large cranberry leaves are not represent-
ed in monographs of the State Pharmacopeia of
Ukraine (SPhU), the monograph “European blue-
berry leaves” was taken as the basis.

B Results and discussion

Taking into account the recommendations of
the SPhU and modern approaches to standardi-
zation the following indicators were proposed.

Description. Dry extracts of large cranber-
ry leaves are hygroscopic amorphous powders of
brown color with a reddish tint with a faint spe-
cific odor.

Solubility. Before performing various tests
it was necessary to determine the solubility of the
extracts. The tests were performed in accordance
with the requirements of the SPhU [11]. Extract 1
is easily soluble in 50% ethyl alcohol, moderately
soluble in 96% ethyl alcohol, methanol and wa-
ter, very slightly soluble in chloroform and ether.
A modified Extract 2 is moderately soluble in
50, 96% ethanol and methanol and water, readi-
ly soluble in ethyl alcohol/water (70:30), slightly
soluble in chloroform and ether.

Identification. Large cranberry leaves are
not included in the SPhU. Therefore, a modified
pharmacopoeial method of thin-layer chromato-
graphy for the flavonoid content given in the mo-
nograph “European blueberry leaves N” of the
SPhU (2.2.27) was used to identify dry extracts
from cranberry leaves.

Method A. Identification of major flavonoids
and hydroxycinnamic acid derivatives [12].

Test solution. Dissolve 50 mg of Extract 1 in
10 mL of 96% ethanol or methanol, filter through

a paper filter, distill the solvent and dissolve in
1 mL of methanol; dissolve 50 mg of a modified
Extract 2 in 10 mL of 96% ethanol or methanol
and water (70:30), then filter through a paper
filter, distill the solvent and dissolve in 1 mL of
methanol.

Reference solution. Dissolve 1.0 mg of hyper-
oside R, 1.0 mg of chlorogenic acid R in 10 mL of
methanol R.

Plate: TLC plate with silica gel R layer.

Mobile phase: ethyl acetate R — water R — an-
hydrous formic acid R — anhydrous acetic acid R
(72:14:7:7).

Injection volume: 10 pL, in bands.

Distance that the mobile phase must move:
10 cm from the start.

Drying: at a temperature of 100 °C to 105 °C.

Detection: spray with the solution of 10 g L!
aminoethyl ether of diphenylboric acid R in me-
thanol R. Then spray the plate with the solution
of 50 g L' macrogol 400 R in methanol R, dry
in the air for 30 min and view in the ultraviolet
light at a wavelength of 366 nm.

Results: below is the sequence of zones on the
chromatograms of Test solutions and Reference
solution (Figure 1). Other fluorescent zones may
also be detected on the chromatograms of Test
solutions.

Figure 1. The chromatogram of dry extracts from large
cranberry leaves: 1 — Extract 1; 2 —a modified Extract 2;
3 — Reference solution: hyperoside and chlorogenic acid
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In the middle part of the chromatogram of
Reference solution, an orange fluorescent zone
corresponding to hyperoside is detected. A blue
fluorescent zone corresponds to chlorogenic acid,
which is lower than hyperoside. On the chroma-
togram of Test solution, an orange fluorescent
zone is detected at the level of Reference solution
of hyperoside, and a blue fluorescent zone is de-
tected at the level of Reference solution of chloro-
genic acid. Other fluorescent zones may also be
detected on the chromatogram of Test solution.

Method B. Identification of arginine.

Test solution. Dissolve 50 mg of the extract in
10 mL of 96% ethanol or methanol, filter through
a paper filter, distill the solvent and dissolve in
1 mL of methanol.

Reference solution. Dissolve 10 mg of the ref-
erence standard (RS) of arginine hydrochloride
in water R and dilute the volume to 50 mL with
the same solvent.

Mobile phase: concentrated concentrated am-
monia solution R — 2-propanol R (30:70).

Plate: TLC plate with silica gel R layer.

Injection volume: 10 pL of each solution, in
bands.

Drying: dry at a temperature of 100 °C to 105 °C
until the smell of ammonia disappears and spray
with ninhydrin solution R. Heat the plate at a
temperature of 100 °C to 105 °C for 15 min.

Apply 10 pL of each solution to the start line
of the chromatographic plate. Dry the plate in
the air and place in a chamber with a mixture
of solvents, including the concentrated solution
of ammonia R — 2-propanol R (30:70). When the
solvent front passes 15 cm from the start line,
remove the plate from the chamber, dry at a tem-
perature of 100 °C to 105 °C until the smell of
ammonia disappears and spray with ninhydrin
solution R. Heat the plate at a temperature of
100 °C to 105 °C for 15 min. On the chromato-
gram of Test solution a spot at the level with ar-
ginine RS of Reference solution is identified.

Tests

Heavy metals. For the purpose of toxicologi-
cal safety, it is necessary to control the content
of heavy metals in extracts according to the re-
quirements of the SPhU (2.4.8). Their content
should not exceed 100 ppm [11].

Microbiological purity. It is necessary to con-
trol the total aerobic bacteria and fungi count
in the extract since phytochemicals are charac-
terized by microbial contamination. Tests were
carried out in accordance with the requirements
of the SPhU, 2.6.12, 2.6.15.

The loss on drying should not exceed 20.0 %.
It is determined according to the SPhU 2.0 (2.8.17).
Place 0.50 g of the extract in a weighing bottle
and dry in a drying cabinet at a temperature of
100 °C to 105 °C for 3 h. Cool in a desiccator and
weigh [11].

Residual amount of organic solvents (ethanol).
The content of ethyl alcohol in extracts of large
cranberry leaves should not exceed 1.0 %. Place
approximately 1.0 g (accurate weight) of the ex-
tract to a 10 mL measuring flask, dissolve in 7 mL
of water, add 1 mL of acetone and 1,2-dichloro-
ethane (internal standards), dilute the solution
to the volume with water and mix.

Chromatograph 1 uL of the resulting solution
and Reference solution of ethyl alcohol RS on a
gas chromatograph with a flame-ionization de-
tector, obtaining at least 5 chromatograms.

The results of the analysis are considered re-
liable if the requirements of the Chromatogra-
phic System Suitability Test are met.

Quantification. The flavonoid content in
extracts of large cranberry calculated with re-
ference to hyperoside was determined in accord-
ance with the monograph “European blueberry
leaves N” of the SPhU by the spectrophotomet-
ric method [11-13].

Place 200 mg (accurate weight) of large cran-
berry leaf extracts in a 100 mL round-bottomed
flask, add 1 mL of a 5 g 't hexamethylenetetrami-
ne solution R, 20 mL of acetone R, 2 mL of hy-
drochloric acid R, boil at reflux for 30 min, and
filter through a cotton swab into a 100 mL flask.
Add a cotton swab to the residue in a round-botto-
med flask, and extract in 2 portions of acetone R,
20 mL each; each time boil at reflux for 10 min, cool
to room temperature, filter each extract through
a cotton swab into the flask. Filter the resulting
cooled combined acetone extracts through a pa-
per filter into a measuring flask, dilute the volu-
me of the solution to 100 mL with acetone R, rins-
ing the flask and the paper filter. Place 20.0 mL
of the solution obtained into a separation fun-
nel, add 20 mL of water R, extract the mixture
with 15 mL, and then with 3 portions of ethyl
acetate R, 10 mL each. Combine the resulting
ethyl acetate extracts in a separation funnel,
wash with 2 portions of water R, 50 mL each, fil-
ter over 10 g of anhydrous sodium sulfate R into
a 50 mL measuring flask, and dilute the volume
of the solution to 50.0 mL with ethyl acetate R
(Solution A and B, respectively).

Test solution. Add 1 mL of aluminum chlo-
ride reagent R to 10.0 mL of Solution A (B) and
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dilute the volume to 25.0 mL with the solution
of 5 % (v/v) glacial acetic acid R in methanol R.

Compensation solution. Dilute 10.0 mL of the
initial solution to 25.0 mL with the solution of 5 %
(v/v) glacial acetic acid R in methanol R. Measure
the optical density (2.2.25) of Test solution in
30 min compared to Compensation solution at a
wavelength of 425 nm.

The content of flavonoids calculated with re-
ference to hyperoside was calculated as a percen-
tage by the formula:

A X 1.25
m

X:

where: A — is the optical density of Test solution
at a wavelength of 425 nm;
m — is the weighed sample of the extract, g.

The specific index of hyperoside absorption
equal to 500 was used.

The total amount of hydroxycinnamic acid de-
rivatives was determined using the spectropho-
tometric method calculated with reference to
chlorogenic acid [14, 15].

Dissolve approximately 100 mg (accurate
weight) of dry extracts of large cranberry leaves,
constantly stirring, in 5 mL of a 50% solution of
ethyl alcohol. Repeat the procedure three times
with a new portion of the solvent. After that, com-
bine the solutions, filter through a paper filter,
and place quantitatively into a 25.0 mL measur-
ing flask, dilute the solution in the flask to the
volume with the same solvent, and mix (Solu-
tion C and D).

Add 1.0 mL of Solution C (D) to a 25 mL
measuring flask, then dilute to the volume with
50% alcohol, and mix. As Reference solution, a
50% ethanol solution is used. Measure the opti-
cal density of the resulting solution on an Evo-
lution 60S spectrophotometer (USA) at a wave-
length of 327 nm.

As Reference solution, the solution of chloro-
genic acid is used. To prepare it, weigh 0.05 g
(accurate weight) of chlorogenic acid RS, place
it into a 100 mL measuring flask, dissolve in a
50% ethyl alcohol solution, dilute the solution
to the volume with the same solvent, and mix.

Table 1. The results of the analysis of large cranberry leaf extracts according to the projects of DQCM

Quality indicator Requirements Extract 1 (batch) Extract 2 (batch)
¥ q 1101 1701 1902 1309 2001 2102
Descrintion according to the requirements of +lal + . + + .
P the project of DQCM
according to the project of DQCM . + . . + +
I (Method A)
Identification (TLC) - -
according to the project of DQCM _ B _ + + +
(Method B)
Tests
Loss on drying Not more than 5% 4.8 4.3 4.1 4.2 4.6 4.3
Residual amount of organic
Not more than 1.0% 0.6 0.4 0.7 0.5 0.6 0.8
solvents (ethanol)
Heavy metals Not more than 100 ppm + + + + + +
In 1 g of the drug there are no
more than 100 CFU (bacteria
and fungi in total). The presence
Microbiological purit of enterobacteria and some + + + + + +
gical purity other gram-negative bacteria;
Pseudomonas aeruginosa,
Staphylococcus aureus in 1 g is
not allowed
Assay
The content of the total not less than 4 % (for Extract 1); 517+ | 462+ | 5.04¢
amount of flavonoids 0.06 0.04 0.05
calculated with reference to not less than 2% (for Extract 2) 2.60 + 222+ | 2.05%
hyperoside 0.05 0.03 0.04
The content of the total not less than 10% (for Extract 1); | 11.47+ | 11.60+ | 11.56 +
amount of hydroxycinnamic 0.07 0.05 0.03
acid derivatives calculated with | not less than 3% (for Extract 2) 3.07+ | 3.09+ | 3.15%
reference to chlorogenic acid 0.04 0.05 0.03

Note: [a] «+» — the extract meets the requirements of the projects of DQCM
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After that add 1.0 mL of chlorogenic acid RS to
a 50.0 mL measuring flask, dilute to the volume
with 50% ethyl alcohol, mix, and measure the
optical density under the same conditions as Test
solution. As Reference solution, a 50% ethanol so-
lution is used.

The content of the total amount of hydroxy-
cinnamic acid derivatives calculated with refer-
ence to chlorogenic acid in the samples studied
was calculated as a percentage by the formula:

A, X a,x25x1x25x 100 x 100
A, X @, x 100 X 1 x 50 X (100 — w)

where: A, —is the optical density of Test solution
of the extract;

A, — is the optical density of Reference solution
of chlorogenic acid RS;

a, —is the weighed sample of the extract, g;

Journal of Organic and Pharmaceutical Chemistry 2022, 20 (3)

a, — 1s the weighed sample of chlorogenic acid
RS (SPhU), g;
w — 18 the loss on drying, %.

Three batches of each dry extract from large cran-
berry leaves, which fully corresponded to the pro-
jects of DQCM proposed, were analyzed (Table 1).

Based on the results of the analysis, it can be
concluded that all dry extracts of large cranber-
ry leaves meet the requirements of the projects
of DQCM developed.

B Conclusions

The parameters of standardization of dry ex-
tracts of large cranberry leaves have been deter-
mined, and projects of DQCM for the substances
obtained have been developed. It is the basis for
creating new medicines for the correction of insulin-
resistant conditions in Type 2 diabetes mellitus.
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