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THEORETICAL AND PRACTICAL DEVELOPMENT OF THE CHEMICAL COMPOSITION 
AND TECHNOLOGICAL PRODUCTION OF A RUBUS IDAEUS LEAVES EXTRACT 

WITH MEGLUMINE POSSESSED ANTI-INFLAMMATORY EFFECT

Actuality. Today, the goal of the scientific community is to obtain an effective drug with minimal side effects, as result much 
attention is paid to the development of drugs from natural products. According to the literature sources a big potential has derivatives 
of flavan-3-ols (catechins). The main source of catechins is a green tea leaf, but we found in our previous research that raspberry leaves 
is a perspective source, too.

The aim of the study was to theoretically and practically development of the chemical composition and technological production 
of a raspberry leaves extract with meglumine possessed anti-inflammatory effects.

Materials and methods. The quantification of phenolic compounds was accomplished through HPLC, the content of organic 
and phenolcarboxylic acids was determined by GC, molecular docking of the cyclooxygenase-2 (COX-2), phospholipase A2. nuclear 
factor kB (NF-kB), 5-lypoxygenase (5-LOX), nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, myeloperoxidase, 
xanthine oxydase enzymes was carried out using the AutoDockTools 1.5.6 software, the anti-inflammatory activity was studied with the 
carrageenan edema method.
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Research results. The 11 compounds were identified by the HPLC and 34 compounds were detected by GC. The epicatechin  
(417.00 mg/100 g), (+)-catechin (501.00 mg/100 g), ellagic acid and its derivatives (401.00 mg/100 g), citric acid (17.45 mg/100 g),  
benzoic acid (3.10 mg/100 g) and levulinic acid (50.25 mg/100 g) were dominated in the obtained extract of raspberry leaves.  
The free energy of (+)-catechin-anion, epicatechin-anion was higher than (+)-catechin and epicatechin for the active sites of COX-2. 
phospholipase A2. NF-kB, 5-LOX, NADPH oxidase, myeloperoxidase, xanthine oxidase enzymes. Treatment with meglumine-ionized 
raspberry leaves extract at a dose of 6.5 and 13.0 mg/kg showed a significant reduction of paw edema after 1. 2. 3 and 4 hours  
by 66.1 and 112.0, 50.1 and 76.0, 58.8 and 76.0. 60.0 and 85.0% compared with the control group, respectively. 

Conclusions. It has been established that (+)-catechin anion and epicatechin anion have a higher level of affinity than non-ionized 
(+)-catechin and epicatechin for the active centers of enzymes. The ionized extract showed a significantly higher anti-inflammatory 
effect than the non-ionized extract. In addition, there was a matching of experimental and theoretical doses in the study of anti-
inflammatory activity.

Key words: GC-MS, HPLC, Ionization by meglumine, molecular docking, Rubus idaeus L.
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ТЕОРЕТИЧНЕ ТА ПРАКТИЧНЕ РОЗРОБЛЕННЯ ХІМІЧНОГО СКЛАДУ 
ТА ТЕХНОЛОГІЇ ВИРОБНИЦТВА ЕКСТРАКТУ ЛИСТЯ RUBUS IDAEUS ІЗ МЕГЛЮМІНОМ, 

ЯКИЙ МАЄ ПРОТИЗАПАЛЬНУ ДІЮ

Актуальність. Сьогодні метою наукової спільноти є отримання ефективного препарату з мінімальними побічними 
ефектами, тому велика увага приділяється розробленню препаратів із натуральних продуктів. Згідно з літературними дже-
релами, великий потенціал мають похідні флаван-3-олів (катехіни). Основним джерелом катехінів є листя зеленого чаю, але 
в наших попередніх дослідженнях ми виявили, що перспективним джерелом є й листя малини.

Мета дослідження. Теоретичне та практичне розроблення хімічного складу та технології виробництва екстракту 
листя малини з меглюміном, який має протизапальну дію.

Матеріал і методи. Кількісне визначення фенольних сполук проводили методом ВЕРХ, уміст органічних і фенолкарбоно-
вих кислот визначали методом ГХ, молекулярним докінгом циклооксигенази-2 (ЦОГ-2), фосфоліпази А2. Ядерний фактор kB 



Фітотерапія. Часопис                 № 4, 2024 145

Біолог ія.  Фармація

(NF-kB), 5-ліпоксигеназу (5-LOX), нікотинаміаденіндинуклео-тидфосфат (NADPH) оксидазу, мієлопероксидазу, ферменти 
ксантиноксидазу проводили за допомогою програмного забезпечення AutoDockTools 1.5.6, вивчали протизапальну активність 
карагенановим набряковим методом.

Результати дослідження. 11 сполук ідентифіковано за допомогою ВЕРХ, а 34 сполуки – за допомогою ГХ. Епіка-
техін (417,00 мг/100 г), (+)-катехін (501,00 мг/100 г), еллагова кислота та її похідні (401,00 мг/100 г), лимонна кислота  
(17,45 мг/100 г), бензойна кислота (3,10 г). В отриманому екстракті листя малини переважала левулінова кислота  
(50,25 мг/100 г). Вільна енергія аніону (+)-катехіну, аніону епікатехіну була вищою, ніж (+)-катехіну та епікатехіну для 
активних центрів ЦОГ-2. Фосфоліпаза А2. Ферменти NF-kB, 5-LOX, NADPH оксидаза, мієлопероксидаза, ксантиноксидаза. 
Обробка меглюміно-іонізованим екстрактом листя малини в дозі 6,5 і 13,0 мг/кг показала значне зменшення набряку лапи 
через 1, 2, 3 і 4 години на 66,1 і 112,0, 50,1 і 76,0, 58,8 і 76,0. 60,0 і 85,0% порівняно з контрольною групою відповідно.

Висновок. Установлено, що аніон (+)-катехіну та аніон епікатехіну мають вищий рівень спорідненості до активних 
центрів ферментів, аніж неіонізовані (+)-катехін та епікатехін. Іонізований екстракт продемонстрував значно більший 
протизапальний ефект, аніж неіонізований екстракт. Окрім того, відбулося зіставлення експериментальних і теоретичних 
доз під час вивчення протизапальної активності.

Ключові слова: ГХ-МС, ВЕРХ, іонізація меглюміном, молекулярний докінг, Rubus idaeus L.

Introduction. Actuality. Nowadays, the main anti-
inflammation medium is steroidal (prednisolone) and 
nonsteroidal (diclofenac, indomethacin) applied to treat 
acute and chronic inflammatory diseases as rheumatoid 
arthritis and osteoarthritis (Sunil, 2021, pp. 1139-1155). 
However, the action of anti-inflammatory drugs is 
related with a high number of side effects. For instance, 
steroidal medicine causes osteoporosis, adrenal atrophy, 
suppression of immune system. Non-steroidal drug cause 
bronchospasm, peptic ulcer that relates with inhibition 
physiological and inflammatory prostaglandins 

(Abdulkhaleq, 2018, pp. 627-635). Therefore, the search 
for new anti-inflammatory compounds from herbal 
sources is topical for today.

There is increasing interest in plant medicines rich in 
flavan-3-ols due to potential beneficial effects observed 
in clinical trials against inflammatory-related diseases 

(Maslov, 2021, pp. 291-298). The main plant source of 
flavan-3-ols is a green tea leaf. But, in the East Europe 
the green tea leaf is not cultivated. That is why, leaves 
of raspberry have been chosen as a perspective source 
of flavan-3-ols. Our previous study has been showed 
80% out of all content of phenolic compounds presented 
by flavan-3-ols, where epicatechin and (+)-catechin are 
the main constituents (Maslov, 2023, pp. 1-9). Except 
flavan-3-ols the raspberry leaf is rich with derivatives of 
ellagotannins.

Pharmacological activity of a substance is primarily 
dependent on its chemical structure and bioavailability. 
However, it has been observed that certain weak organic 
acids and bases tolerate changes in chemical structure, 
while being more influenced by the degree of ionization. 
These compounds are capable of partial ionization within 
the physiological pH range. The molecular form of the 
substance also plays a significant role, as the ionized 
member of the pair, due to its electrical charge, possesses 
physical and chemical properties that differ significantly 
from those of its uncharged conjugate form. This directly 
impacts the distribution, absorption, and binding to the 
target enzyme (Maslov, 2022, pp. 325-329).

The modern approach to selecting a pharmacological 
dose is primarily based on empirical studies. However, 
this approach is not accurate because it does not take into 
account the quantity of molecules of the investigated 
substance and its ionization properties. 

The aim of our study – to theoretically and practically 
substantiate the chemical composition and technology 
for obtaining an extract with an anti-inflammatory effect 
from raspberry leaves.

Research materials and methods
Plant material
The Rubus idaeus (R. idaeus) leaves were the object 

of the study, which were collected from places of its 
native cultivation. The material was collected in 2021 
after the fruiting period in the vicinity of the village of 
Ternova, Kharkiv region (50°19′31′′ N 36°66′93′′ E).

Reagents
Metanol (purchased from «Allchem»), trifluoroacetic 

acid (purchased from «Allchem»), chloroform 
(purchased from «Allchem»), sanguiin H-10 isomer 1. 
lambertianin C, sanguiin H-6. (+)-catechin (purchased 
from «Sigma-Aldrich»), (-)-epicatechin, ellagic acid, 
cyanidine-3-O-glucoside, quercetin-3-O-glucurunide 
from Sigma Aldrich Company.

Extraction procedure
A 250.0 (exact mass) g of R. idaeus leaves were 

grinded in the size 1-2 mm. The extraction was carried 
out one by 60% ethanol at the ratio of raw material/
solvent 1/20 (m/v) on water bath at 80º C with a reflux 
condenser for one hour, the extraction was made two 
times. Following the cooling process, the solutions 
were filtered and concentrated to a final volume of 250 
mL using a rotary evaporator at 40ºC under vacuum 
conditions than obtained extract was extracted by a 
chloroform with volume 125 mL for 15 min two times.

Experimental animals
The study involved 36 male rats of the outbred white 

strain, weighing between 180 and 220 grams. These 
rats were sourced from the vivarium of the National 
University of Pharmacy. Throughout the experiment, the 
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rats were housed in macrolon boxes with five animals in 
each box. Rats had unrestricted access to water and food, 
which were provided on a daily basis. The bedding was 
replaced on a three-day cycle. The rats were maintained 
under specific conditions, including a temperature of 
22±2°C, relative humidity of 60±5%, and a daily light 
cycle of 12 hours of light and 12 hours of darkness.»

All procedures carried out during the study adhered 
to the guidelines set by the National Institute of Health 
for the care and use of laboratory animals, as well as the 
European Council Directive on 24 November 1986 for 
the Care and Use of Laboratory Animals (86/609/EEC). 
The study protocol was approved by the Local Ethics 
Committee.

HPLC method of analysis
The chromatographic separation was carried out by 

Agilent Technology model 1100 chromatograph with 
150 mm × 2.1 mm ZORBAX-SB C-18 column with 
granularity at a pore size 3.5 μm. Elution flow rate was 
0.25 mL/min. All determinations were undertaken at 45 
ºC. The mobile phase binary solvent system consisted 
of solvent A (0.6% trifluoroacetic acid) and solvent B 
(70% methanol) . All solvents utilized in the experiment 
underwent ultrasonic degassing and were subjected 
to 0.22 μm pore size membrane filtering. The sample 
injection volume was set at 2 μL, and detection occurred 
at wavelengths of 254. 280. The mobile phase gradient 
used was linear and followed the following profile: 
0 min – 92% of 0.6% trifluoroacetic acid and 8% of 
70% methаnol; 8 min – 62% of 0.6% trifluoroacetic 
acid and 38% of methanol; 24-29 min – 0 of of 0.6% 
trifluoroacetic acid and 100% of methanol (table 1). 
The concentrations of phenolic compounds in extract 
were calculated from standard curves using standard of 
individual compounds. 

Table 1
Linear mobile phase gradient

Time, min 0.6% trifluoroacetic acid 70% 
methаnol

0 92 8
8 62 38

24-29 0 100

GC method of analysis
The chromatographic separation of acids was 

carried out on gas chromatography-mass spectrometer 
5973N/6890N MSD/DS «Agilent Technologies» (USA). 
The mass spectrometer detector is a quadrupole, the 
ionization method is electron impact (EI), the ionization 
energy is 70 eV. The full ion current recording mode 
was used for the analysis. A capillary column was used 
for distribution HP–INNOWAX (30 m × 250 μm). 

Stationary phase – INNOWAX; mobile phase – helium, 
gas flow rate – 1 ml/min; the temperature of the sample 
introduction heater is 250 °C; the temperature of the 
thermostat is programmable from 50 to 250 °C. The 
introduction of a sample of 2 μL into the chromatographic 
column was performed in the splitless mode (without 
flow distribution), which allows you to do this without 
loss of separation and significantly (up to 20 times) 
increase the sensitivity of the chromatography method. 
Sample injection speed – 1 mL/min, time – 0.2 min.

Molecular docking
A molecular docking study was conducted using 

the tool known as AutoDockTools 1.5.6 (Morris, 2008, 
pp. 1-9). The preparation of the protein involved an 
optimization process, which included the removal of 
water and other atoms, followed by the addition of a 
polar hydrogen group. Autogrid was used to configure 
the grid coordinates (X, Y, and Z) on the binding site. 
Genetic algorithm parameters were applied for ligand 
interaction, with 10 runs of this criterion. COX-2 (PDB 
ID: 1ddx), phospholipase A2 (PDB ID: 3hsw), 5-LOX 
(PDB: 2q7m), NF-kB (1svc), myeloperoxidase (PDB: 
3f9p), xanthine oxidase (PDB: 1fiq), NADPH oxidase 
(PDB ID: 5o0X) structures were obtained from PDB 
database (RCSB PDB). The resolution of 1ddx was 3.00 
Å whereas 5o0X – 2.20 Å, 2q7m – 4.25 Å, 1svc – 2.60 
Å, 3f9p – 2.93 Å, 1fiq – 2.50 Å. For docking experiment 
protein structure is selected if resolution above 2 Å. So, 
all proteins can be used for the experiment. The ligand 
structures of (+)-catechin (CID_9064), (-)-epicatechin 
(CID_72276), were obtained from PubChem database 

(PubChem). The ligand structures of (+)-catechin-anion, 
and (-)-epicatechin-anion were drawn by computer 
program ACD/ChemSketch. The active site of the 
docking protein was identified utilizing the Computed 
Atlas for Surface Topography of Proteins (CASTp 3.0).

Anti-inflammatory activity
The anti-exudative activity of extract was studied 

on 36 white outbred male rats weighing 180-220 g, 
in which a model of acute inflammation induced by 
subplantar injection of 0.1 mL of 1% carrageenan 
(Fluka, Switzerland) into the right hind paw of rats, 
measurement of paw edema in rats was carried out after 
1, 2, 3, 4 hours. (Stefanova, 2001, p.100)

All animals were divided into 6 groups. The first 
group was control pathology (animals that were 
subplantarly administered solution of carrageenan and 
intragastrically administered with 0.5 ml/kg of distilled 
water). The second, third and fourth group – animals that 
were administered carrageenan solution subplantarly and 
the studied extract was administered intragastrically at a 
dose of 26.4 mg/kg, 6.5 mg/kg, 13.0 mg/kg, respectively. 
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Animals of group 5 were administered intragastrically 
drugs of comparison against the background of the 
introduction of carrageenan: diclofenac sodium at a dose 
of 8 mg/kg; The 6 group was consisted of intact animals, 
which were administered 0.1 ml of saline subplantarly.

Research results and their discussion. To develop 
optimal technologies for obtaining an extract with a 
high level of anti-inflammatory activity, first of all, it 
is necessary to conduct a qualitative and quantitative 
analysis of the chemical composition of the native extract 
of R. idaeus leaves. HPLC and GC methods were used for 
analysis of obtained extract. As a result of our research, 
we found that the extract of R. idaeus leaves contains the 
following groups of compounds: catechins, ellagitannins, 
organic (derivatives of mono-, di-, tricarboxylic and fatty 
acids) and phenolcarboxylic acids.

The HPLC method was used to carry out a qualitative and 

quantitative analysis of phenolic compounds in the obtained 
extract of R. idaeus leaves. According to the results of the 
study, 15 compounds were identified (fig. 1, 2, 3). 

The total content of phenolic compounds in the 
obtained extract was 1680.00 mg/100 g of which flavan-
3-ols (catechins) – 918.00 mg/100 g (54.64% out of 
the total polyphenols), ellagitannins – 401.00 mg/100 
g (23.87% out of the total polyphenols), ellagic acid 
derivatives – 113.00 mg/100 g (6.73% out of the total 
polyphenols) (table 2).

Among flavan-3-ols, epicatechin 
dominates – 417.00±2.00 mg/100 g (44.82% out of 
the total polyphenols), and (+)-catechin – 501.00±5.00 
mg/100 g (25.19% out of the total polyphenols). Among 
ellagitannins, 6 compounds were identified: sanguine 
H-10 isomer 1 – 26.00±0.10 mg/100 g (1.55% out of 
the total polyphenols), lambertianin C without ellagic 

 
Fig 1. HPLC fingerprint (254 nm) of the Rubus idaeus leaves extract 

 
 

Fig. 2. HPLC fingerprint (280 nm) of the Rubus idaeus leaves extract 

 

 
Fig. 3. HPLC fingerprint (350 nm) of the Rubus idaeus leaves extract 
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Fig 1. HPLC fingerprint (254 nm) of the Rubus idaeus leaves extract 
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Fig 1. HPLC fingerprint (254 nm) of the Rubus idaeus leaves extract

Fig. 2. HPLC fingerprint (280 nm) of the Rubus idaeus leaves extract
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acid fragment – 7.00±0.10 mg/100 g (0.42% out of the 
total polyphenols), sanguiin H-10 isomer 2 – 24.0±1.00 
mg/100 g (1.43% out of the total polyphenols), 
lambertianin C – 141.00±1.00 mg/100 g (8.39% out 
of the total polyphenols), sanguiin H-6 – 192.00±2.00 
mg/100 g (11.43% out of the total polyphenols), 
lambertianin C isomer – 11.00±1.00 mg/100 g (0.65% 
out of the total polyphenols) (table 2).

As shown in table 2, sanguiin H-6 dominates among 
all ellagitannins, lambertianin C is in second place, 
and sanguiin H-10 isomer 1 is in third place, and the 
lowest content was lambertianin C without ellagic acid 
fragment. The content of ellagic acid was 68.00±4.00 
mg/100 g (4.50% of the total phenolic compounds). 

As can be seen from the above results, the content of 
ellagic acid and its derivatives is 72% lower than that of 
ellagitannins (table 2).

In the Rubus idaeus leaves was identified only one 
flavonol – quercetin-3-O-glucuronide. The content of 
quercetin-3-O-glucuronide was 245.00±2.00 mg/100 
g (14.58% out of the total polyphenols). Moreover, 
the one anthocyanin was identified – cyanidine-3-O-
glucoside 3.00±0.10 mg/100 g (0.18% out of the total 
polyphenols), and its content is minor comparing with 
other compounds (table 2).

Qualitative and quantitative analysis of organic, fatty 
and phenolcarboxylic acids was carried out using the GC 
method. Based on the results of the study, 34 compounds 

Fig. 3. HPLC fingerprint (350 nm) of the Rubus idaeus leaves extract
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Table 2
Qualitative composition and quantitative content of polyphenols in Rubus idaeus leaves extract

Compound Rt, min Quantitative content, 
mg/100 g±SD

% out of sum
Polyphenols

1 Sanguiin H-10 isomer 1 10.08 26.00±0.10 1.55
2 Lambertianin C without ellagic fragment 10.51 7.00±0.10 0.42
3 (+)-Catechin 11.89 501.00±5.00 29.82
4 Sanguiin H-10 isomer 2 11.91 24.00±1.00 1.43
5 Lambertianin C isomer 12.48 11.00±0.10 0.65
6 Lambertianin C 12.91 141.00±1.00 8.39
7 Sanguiin H-6 13.38 192.00±2.00 11.43
8 (-)-Epicatechin 14.96 417.00±4.00 24.82
9 Cyanidin-3-O-glucoside 18.43 3.00±0.10 0.18

10 Ellagic acid derivatives 1 19.96 6.00±0.10 0.36
11 Ellagic acid derivatives 2 20.26 16.00±0.10 0.95
12 Quercetin-3-O-glucuronide 20.44 245.00±2.00 14.58
13 Ellagic acid 21.20 68.00±1.00 4.05
14 Ellagic acid derivatives 3 22.48 10.0±0.10 0.60
15 Ellagic acid derivatives 4 22.75 13.0±0.10 0.77

TOTAL CONTENT OF IDENTIFIED COMPOUNDS 1680.00 100
n:4, SD: Standard Deviation, p<0.05
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were identified (fig. 4). The total content of all acids was 
146.23 mg/100 g, of which organic acids – 61.48 mg/100 
g (38.34% of the total acids), phenolcarboxylic acids – 
10.83 mg/100 g (10.07% of total acids), and fatty acids – 
73.92 mg/100 g (56.78% of the total acids) (table 3).

A total of 8 organic acids were identified, including 
2 tricarboxylic acids (citric and iso-citric acid), 5 

dicarboxylic acids (oxalic, malic, succinic, fumaric, 
glutaric acid) and 1 monocarboxylic acid (caproic acid) 
(fig. 4). 

Among organic acids, citric acid dominates – 17.45 
mg/100 g (13.40% of the total acids), and the lowest 
content was in glutaric acid (0.28 mg/100 g (0.22% of 
the total acids)) (table 3).
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Fig. 4. GC fingerprint of Rubus idaeus leaves extract

Table 3
Qualitative composition and quantitative content of organic (mono-, di-, tricarboxylic and fatty acids)  

and phenolcarboxylic acids in R. idaeus leaves extract
Compound Rt, min Quantitative content in extract, 

mg/100 g ± SD
part out of sum

acids
1 Citric acid 28.797 17.45±1.00 13.40
2 Malic acid 11.214 0.64±0.08 0.49
3 Succinic acid 13.856 11.31±0.08 4.93
4 Oxalic acid 9.078 6.41±0.13 1.72
5 Iso-citric acid 31.078 0.54±0.01 0,41
6 Glutaric acid 20.201 0.28±0.01 0,22
7 Fumaric acid 11.566 0.43±0.01 0,33
8 Caproic acid 5.155 0.38±0.01 0,29

Total mono-, di-, tricarboxylic acids 61.48 38.34
9 Vanillic acid 31.884 2.18±0.04 1.67
10 Benzoic acid 15.833 3.10±0.06 2.38
11 Ferulic acid 39.859 1.80±0.04 1.38
12 p-hydroxybenzoic acid 32.571 0.81±0.02 2.38
13 Syringic acid 37.270 0.72±0.01 0.56
14 Gentisic acid 37.772 1.07±0.02 0.82
15 Salicylic acid 17.704 0.86±0.02 0.66
16 Phenylacetic acid 16.929 0.29±0.01 0.22

Total phenolcarboxylic acids 10.83 10.07
17 Levulinic acid 12.742 50.25±1.00 38.60
18 Linoleic acid 30.360 3.54±0.07 2.72
19 Linolenic acid 31.417 3.75±0.08 2.88
20 Palmitic acid 26.036 5.26±0.11 4.04
21 Oleic acid 29.621 1.55±0.03 1.19
22 Stearic acid 29.361 1.58±0.03 1.21
23 Arachidic acid 32.677 1.12±0.02 0.86
24 Heneicosanoic acid 37.772 1.07±0.02 0.82
25 Behenic acid 35.548 1.57±0.03 1.20
26 Tetracosanoic acid 38.379 0.47±0.01 0.36
27 Heptadecanoic acid 27.820 0.26±0.01 0.20
28 2-hydroxypalmitic acid 32.571 0.26±0.01 0.20
29 Azelaic acid 24.354 0.38±0.01 0.30
30 Palmitoleic acid 26.926 0.71±0.01 0.55
31 Myristic acid 22.315 1.65±0.03 1.27
32 Lauric acid 18.013 0.15±0.01 0.11
33 Tricosanoic acid 37.204 0.23±0.01 0.18
34 Pentadecanoic acid 24.024 0.12±0.01 0.09

Total Fatty acids 73.92 56.78
TOTAL ACIDS 146.23

n:4, SD: Standard Deviation, p<0.05
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Among phenolcarboxylic acids, 8 compounds 
were identified, namely: vanillic, benzoic, ferulic, 
p-hydroxybenzoic, gentisic, lilac, salicylic and 
phenylacetic acid (fig. 4). Benzoic acid prevails among 
all phenolcarboxylic acids (3.10 mg/100 g (2.38% of 
the total acids)), in turn, phenylacetic acid is found in 
raspberry leaves in the smallest amount (0.29 mg/100 g 
(0.22% of the amount of acids) (table 3).

Ellagotannins and catechins are considered to be 
involved in plant defense mechanisms against insects 
like moths, viruses, bacteria, and herbivores. This has 
been achieved by making the plant tissues unpalatable 
and non-nutritious, rendering them unsuitable as 
food sources (Salminen, 2014, pp.83-113). A recent 
study of Kashchenko N. et. al. (2023), it has been 
studied the aqueous extract of Rubus idaeus leaves 
from Siberia (Republic Buryatia). It was found that 
sum of polyphenols content was 2.60%, sanguiin 
H6 – 0.20%, ellagic acid – 0.17%, epicatechin – 0.05%, 
gallocatechin – 0.03%, quercetin-3-O-glucuronide – 
0.03% in R. idaeus leaves extract. Compared to obtained 
results, in our research, the sum of polyphenols was 35% 
higher, the content of sanguiin H6 was 5% higher, ellagic 
acid was 60% higher. But, the content of epicatechin 
were 7,4 times lower. It can be observed that the content 
of catechin derivatives was dominant in our examined 
extract, while in the case of the compared extract, the 
content of ellagitannins and ellagic acid was found to be 
higher. The difference in chemical composition may be 
attributed to different cultivars and the vegetative phase 
of the plant. A significant role in the accumulation of 
bioactive substances is played by the growing season. A 
study by Salminen et al. (2014) examined the seasonal 
variation of ellagitannins and catechins in oak leaves 
from April to October. It was demonstrated that the 
accumulation of ellagitannins exceeded that of catechins 
in young leaves, whereas in mature leaves, catechin 
content dominated. Therefore, it is possible that the 
compared extract was prepared from R. idaeus leaves 
collected in April or May, while obtained extract was 
prepared from R. idaeus leaves collected in July.

In recent research, it was carried molecular 
docking study of antioxidant and anti-inflammatory 
activity of identified phenolic compounds, organic and 
phenolcarboxylic acids. As a result, it was shown that 
biologically active compounds as organic acids (mono-, 
di-, tricarboxylic and fatty acids) and phenolcarboxylic 
acids are have not potential to suppress inflammatory 
and oxidative process. Therefore, these groups of 
compounds must be removed from the native extract. 
To do this, we used an organic solvent – chloroform, 
followed by acidification with sulfate acid to pH = 3 to 

destroy possible salts, extraction was carried out twice 
within 15 minutes. Thus, the new raspberry leaves 
extract contains catechin derivatives. «

When studying the relationship between “structure 
and action,” it is especially important and relevant to 
study the dependence of pharmacological activity on the 
structure of the compound. However, today, according 
to the available articles indexed in Scopus and Web of 
Science, there is a negligible amount of work on the 
study of the relationship between “structure and action” 
on the degree of ionization of a substance. Consequently, 
we decided to conduct theoretical and practical studies 
of the anti-inflammatory activity of the ionizing and 
non-ionizing forms of (+)-catechin and epicatechin.

The (+)-catechin, epicatechin, (+)-catechin-anion, 
epicatechin-anion were chosen for molecular modeling 
of the theoretical anti-inflammatory and antioxidant 
activity (fig. 5) Flavanol-3-ols were selected because 
their content was 71.46% out all phenolic compounds in 
the obtained extract.

 

 
 

Fig. 5. Structure of (+)-catechin, epicatechin, 
(+)-catechin-anion, epicatechin-anion

All studied compounds have a high level of affinity 
for the structure of the COX-2 enzyme. (+)-catechin-
anion had the highest free energy value (-10.83 kcal/
mol), followed by epicatechin-anion (-10.80 kcal/mol). 
When comparing the obtained results with the diclofenac 
sodium standard, the affinity of (+)-catechin-anion 
with the COX-2 active site was 88%, and in the case 
of epicatechin-anion, 87% more than that of diclofenac 
sodium, respectively. Comparing compounds with non-
ionized form it was observed that the level of free energy 
of ionized form was higher 29 and 50% for (+)-catechin 
and epicatechin, respectively (table 4).

All analyzed compounds have a high level of affinity 
for the structure of the Nf-kB enzyme. The first place was 
taken by (+)-catechin-anion (-5.92 kcal/mol), the second 
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place epicatechin-anion (-5.99 kcal/mol) and the third 
one – epicatechin (-5.39 kcal/mol). When comparing the 
obtained results with the diclofenac sodium standard, 
the affinity of (+)-catechin-anion with the Nf-kB active 
site was 52%, and in the case of epicatechin-anion, 
54% more than that of diclofenac sodium, respectively. 
Comparing compounds with non-ionized form it was 
observed that the level of free energy of ionized form 
was higher 19 and 10% for (+)-catechin and epicatechin, 
respectively (table 4).

The compounds have a high level of affinity for the 
structure of the 5-LOX enzyme. (+)-catechin-anion 
had the highest free energy value (-9.65 kcal/mol), 
followed by epicatechin-anion (-9.62 kcal/mol). When 
comparing the obtained results with the diclofenac 
sodium standard, the affinity of (+)-catechin-anion 
with the 5-LOX active site was 61%, and epicatechin-
anion, 60% more than that of diclofenac sodium, 
respectively. Comparing compounds with non-ionized 
form it was observed that the level of free energy of 
ionized form was higher 53 and 17% for (+)-catechin 
and epicatechin, respectively (table 4).

The compounds have a high level of affinity for the 
structure of the phospholipase A2 enzyme. Epicatechin-
anion (-9.86 kcal/mol) had the highest free energy value 
(-9.34 kcal/mol), followed by (+)-catechin-anion (-9.43 
kcal/mol). When comparing the obtained results with the 
diclofenac sodium standard, the affinity of (+)-catechin-
anion with the phospholipase A2 active site was 23%, 
and epicatechin-anion, 29% more than that of diclofenac 
sodium, respectively. Comparing compounds with non-
ionized form it was observed that the level of free energy 
of ionized form was higher 1 and 9% for (+)-catechin 
and epicatechin, respectively (table 4).

All analyzed compounds have a high level of affinity 
for the structure of the NADPH oxidase enzyme. The 
first place was taken by (+)-epicatechin-anion (-10.72 

kcal/mol), the second place (+)-catechin-anion (-7.26 
kcal/mol) and the third one – epicatechin (-7.11 kcal/
mol). When comparing the obtained results with the 
epigallocatechin-3-O-gallate standard, the affinity of 
(+)-catechin-anion with the NADPH oxidase site was 
22%, and in the case of epicatechin-anion, 72% more 
than that of epigallocatechin-3-O-gallate, respectively. 
Comparing compounds with non-ionized form it was 
observed that the level of free energy of ionized form 
was higher 10 and 44% for (+)-catechin and epicatechin, 
respectively (table 5).

The compounds have a high level of affinity for the 
structure of the myeloperoxidase enzyme. (+)-catechin-
anion (-5.57 kcal/mol) had the highest free energy value, 
followed by epicatechin-anion (-6.36 kcal/mol). When 
comparing the obtained results with the epigallocatechin-3-
O-gallate standard, the affinity of (+)-catechin-anion with 
the myeloperoxidase active site was 43%, and epicatechin-
anion, 41% more than that of epigallocatechin-3-O-gallate, 
respectively. Comparing compounds with non-ionized 
form it was observed that the level of free energy of ionized 
form was higher 1 and 9% for (+)-catechin and epicatechin, 
respectively (table 5).

All analyzed compounds have a high level of affinity 
for the structure of the xantine oxidase enzyme. The 
first place was taken by (+)-catechin-anion (-7.88 kcal/
mol), the second place (+)-epicatechin-anion (-7.83 
kcal/mol) and the third one – (+)-catechin (-7.43 kcal/
mol). When comparing the obtained results with the 
epigallocatechin-3-O-gallate standard, the affinity of 
(+)-catechin-anion with the xantine oxidase site was 
8%, and in the case of epicatechin-anion, 7% more 
than that of epigallocatechin-3-O-gallate, respectively. 
Comparing compounds with non-ionized form it was 
observed that the level of free energy of ionized form 
was higher 6 and 9% for (+)-catechin and epicatechin, 
respectively (table 5).

Table 4
Results of molecular docking of the compounds identified by the HPLC in the Rubus idaeus leaves extract 

with the COX-2. NF-kB, 5-LOX, phospholipase A2 structures

Ligand

COX-2 NF-kB 5-LOX Phospholipase A2 

ΔGbinda 
(kcal/mol)

Kib 
(mmol)

Kc

(mg/kg)

ΔGbinda 
(kcal/
mol)

Kib 
(mmol)

Kc

(mg/kg)

ΔGbinda 
(kcal/
mol)

Kib 
(mmol)

Kc

(mg/kg)

ΔGbinda 
(kcal/
mol)

Kib 
(mmol)

Kc

(mg/kg)

Epicatechin -7.20 0.00526 0.55 -5.39 0.44131 42.64 -8.23 0.00092898 0.09 -9.01 0.0002495 0.02
Epicatechin-

anion -10.80 0.0000122 0.0011 -5.99 0.04054 3.82 -9.62 0.00008936 0.008 -9.86 0.0000596 0.0056

(+)-Catechin -8.40 0.00070 0.10 -4.82 0.29324 28.0 -4.55 0.46333 44.0 -9.34 0.0001420 0.01
(+)-Catechin-

anion -10.83 0.0000116 0.0011 -5.92 0.04593 4.33 -9.65 0.00008506 0.008 -9.43 0.0001223 0.0054

Diclofenac 
sodium -5.76 0.05977 5.85 -3.90 1.38 135.00 -6.00 0.03982 3.90 -7.65 0.00248 0.24

a – free-binding energy; b – inhibition constant, IC50; c – dose per kg rat weight, for 50% inhibition of the enzyme structure
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Table 6 shows theoretical doses of ionized and non-
ionized forms of (+)-catechin and epicatechin, that will 
be inhibit inflammation process 50 and 100%. According 
to obtain results it can be seen that a dose of ionized 
forms of catechin lower in 12 times, whereas epicatechin 
in 11 times than non-ionized forms.

In the mentioned above molecular docking results, 
we obtained theoretical doses for ionized and non-
ionized (+)-catechin and epicatechin for complete 
or partial suppression of inflammation. To compare 
theoretical and practical results of the anti-inflammatory 
effect of ionized and non-ionized forms of flavan-3-ols, 
we conducted in vivo studies at three dose levels: 6.5 
mg/kg (dose of ionized (+)-catechin and epicatechin 
for inflammation suppression at 50% levels), 13.0 mg/
kg (dose of ionized (+)-catechin and epicatechin for 
inflammation suppression at 100% levels), and 26.4 mg/
kg (dose of non-ionized catechin and epicatechin from 
the native R. idaeus leaves extract). Complete ionization 
of (+)-catechin and epicatechin was achieved by adding 
meglumine until the pH=9.

«The ionized R. idaeus leaves extract at a dose 13.0 
mg/kg in rats significantly reduces paw edema by 112.0% 

at the first hour, then after edema decreased by 76.0%, 
76.0%, and 85.0% at second, third and fourth hours, 
respectively. Treatment with R. idaeus leaves extract 
at a dose 6.5 mg/kg showed lower results compared to 
the treatment at a dose 13.0 mg/kg. In the first hour, the 
paw edema of rat decreased by 66.1%, 50.1%, 58.8%, 
and 60.0% at the first, second, third and fourth hours, 
respectively. If compare obtained results with a standard 
diclofenac sodium at a dose 8 mg/kg we see that the 
treatment with diclofenac sodium significantly inferior 
to ionized R. idaeus leaves extracts. At a dose 6.5 mg/kg 
ionized extract suppresses paw edema better at 12.1%, 
24.0%, 40.0%, and 38.1% than diclofenac sodium at the 
first, second, third and fourth hours, respectively. In the 
case of ionized extract at a dose 13.0 mg/kg reduced paw 
edema better at 48.1%, 50.1%, 54.2%, and 56.3% than 
diclofenac sodium treatment at the first, second, third, 
and fourth hours, respectively.

«The obtained R. idaeus leaves extract at a dose 
26.4 mg/kg inhibited inflammation process much lower 
than ionized R. idaeus extracts. At a dose 6.5 mg/kg 
ionized extract reduced paw edema better at 65.1%, 
11.0%, 23.1%, and 22.2% than non-ionized R. idaeus 

Table 5
Results of molecular docking of the compounds identified by the HPLC in the Rubus idaeus leaves extract 

with the NADPH oxidase, myeloperoxidase, xanthine oxidase structures

Ligand

NADPH oxidase Myeloperoxidase Xanthine oxidase

ΔGbinda 
(kcal/mol)

Kib 
(mmol)

Kc

(mg/
kg)

ΔGbinda 
(kcal/
mol)

Kib 
(mmol)

Kc

(mg/kg)

ΔGbinda 
(kcal/
mol)

Kib 
(mmol)

Kc

(mg/kg)

Epicatechin -7.11 0.00616 0.59 -5.04 0.20243 19.42 -7.21 0.00523 0.50
Epicatechin-anion -10.27 0.00280 0.003 -6.36 0.02171 1.40 -7.83 0.00182 0.17

(+)-Catechin -6.60 0.01455 1.40 -5.57 0.08306 7.97 -7.43 0.0036 0.35
(+)-Catechin-anion -7.26 0.00478 0.45 -6.47 0.01797 1.69 -7.88 0.00169 0.16

Epigallocatechin-3-O-
gallate -5.97 0.04237 6.42 -4.52 0.48679 73.75 -7.30 0.00445 0.67

a – free-binding energy; b – inhibition constant, IC50; c – dose per kg rat weight, for 50% inhibition of the enzyme structure

Table 6
Results of calculation the total theoretical dose for inhibition inflammation process for epicatechin, 

epicatechin-anion, (+)-catechin, (+)-catechin-anion

Ligand
Epicatechin Epicatechin-anion (+)-Catechin (+)-Catechin-anion

IC50
(mg/kg)

IC100
(mg/kg)

IC50
(mg/kg)

IC100
(mg/kg)

IC50
(mg/kg)

IC100
(mg/kg)

IC50
(mg/kg)

IC100
(mg/kg)

COX-2 0.50 1.00 0.0011 0.0022 0.10 0.20 0.0011 0.0022
NF-kB 42.64 85.24 3.82 7.64 28.0 56.00 4.33 8.66
5-LOX 0.09 0.18 0.008 0.016 44.0 88.0 0.008 0.016

Phospholipase A2 0.02 0.04 0.0056 0.0112 0.01 0.02 0.0054 0.0108
NADPH oxidase 0.59 1.18 0.003 0.006 1.40 2.80 0.45 0.90
Myeloperoxidase 19.42 38.84 2.05 4.10 7.97 15.94 1.69 3.38
Xanthine oxidase 0.50 1.00 0.17 0.34 0.35 0.70 0.16 0.32

TOTAL 63.76 127.52 6.06 12.12 82.00 164.00 6.64 13.28
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leaves extract at the first, second, third, and fourth hours, 
respectively. In the treatment of paw edema in rats by 
ionized R. idaeus leaves extract at a dose 13.0 mg/kg 
suppressed edema significantly better than non-ionized 
extract at 79.0%, 41.3%, 41.1%, and 45.2% at first, 
second, third and fourth hours, respectively. (table 7).

For obtaining the total theoretical dose of ionized and 
non-ionized (+)-catechin and epicatechin for inhibition 
the inflammation process at 50 and 100%, we calculated 
the sum of theoretical doses of each mentioned above 
enzymes. According to results, the theoretical dose of 
ionized (+)-catechin and epicatechin significantly lower 
than for non-ionized forms. As result, it is showed 
importance of choosing the pH level in the case of 
calculation the dose for assessing the pharmacological 
activity of the investigated drug.

In the planning and conduct of the study, we 
conducted a preliminary literature search for available 
scientific papers on the study of the anti-inflammatory 
activity of ionized and non-ionized forms of flavonoid 
derivatives. The search results did not yield any relevant 
studies on this topic, indicating that this is an initial 
exploration in the field of pharmacy and medicine.

The hypothesis of our study is as follows: by ionizing 
individual compounds through changes in pH using the 
addition of a weak base, the pharmacological activity 
of the individual compound increases. We believe this 
is associated, firstly, with an increase in the affinity for 
the enzyme’s active center, secondly, with improved 
bioavailability of individual compounds. Additionally, 
we hypothesize that the theoretical dose of individual 
compounds obtained through molecular docking is 
comparable to the experimental dose. 

In order to obtain pH=9 of medium we chose as 
a weak base – N-methylglucosamin or meglumine. 
Meglumine is a sugar alcohol derived from glucose 
that contains an amino group modification. It is often 
used as an excipient in drugs, and meglumine apply in 
medicine as detoxifying drug (Bai, 2020, pp. 236-242) 
(fig. 6). To examine the anti-inflammatory activity, we 

utilized the carrageenan-induced mouse paw edema 
model. This model comprises two distinct stages: The 
initial stage, occurring one hour after administration, 
involves the formation of edema due to the release of 
vasoactive amines (histamine and serotonin) and kinins. 
The subsequent stage begins three hours after edema 
formation, characterized by increased COX-2 activity 
leading to the production of a substantial amount of 
prostaglandins and the release of NO15.

 

Fig. 6. Structure of meglumine

According to the results of our study, it was found 
that the anti-inflammatory activity of the ionized extract 
is significantly higher than that of the non-ionized 
extract and the standard comparison, sodium diclofenac. 
Additionally, we demonstrated that at a dose of 6.5 mg/
kg, the ionized extract, corresponding to the theoretical 
dose for 50% inflammation suppression, inhibited 
inflammation by 66.1%, 50.1%, 58.8%, and 60.0% at the 
first, second, third, and fourth hours, respectively. These 
results indicate a correlation between experimental and 
theoretical research outcomes. Furthermore, the ionized 
extract at a dose of 13.0 mg/kg, corresponding to 100% 
inflammation suppression, reduced paw edema by 112.0%, 
76.0%, 76.0%, and 85.0% at the first, second, third, and 
fourth hours, respectively. Based on these results, it can 
be established that at a dose of 13.0 mg/kg, the ionized 
extract inhibited inflammation in the first hour by more 
than 100%, but in subsequent hours, it was 20% less than 
100% suppression. At first glance, our hypothesis in this 
case is partially correct; however, it is important to note 
that the bioavailability of flavan-3-ols and the physiology 
of the experimental animals could have influenced 

Table 7
Results of determination of anti-inflammatory activity of the obtained R. idaeus leaves extracts ionized  

and non-ionized

Sample Dose, mg/kg % of edema inhibition compared to control ± SD
1 hour 2 hours 3 hours 4 hours

60% raspberry extract non-ionized 26.4 23.0±1.5 44.5±2.6 45.0±2.6 47.0±2.7
60% raspberry extract ionized by 

meglumine 6.5 66.1±3.0 50.1±2.8 58.8±3.2 60.0±3.6

60% raspberry extract ionized by 
meglumine 13.0 112.0±5.2 76.0±4.0 76.0±4.1 85.0±3.0

Diclofenac sodium 8.0 58.0±2.9 38.0±1.9 35.0±1.9 37.0±1.9
n:4, SD: Standard Deviation, p<0.05
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the results of the anti-inflammatory action. Therefore, 
previously hypothesis put forward completely approved 
by the obtained results of our investigation.

Examples of direct effects of ionization on 
pharmacological activity in higher animals have also been 
reported. In a recent study of the action of procaine on the 
turtle heart in vitro, Baird & Hardman (1961) deduced that 
the stimulation threshold and prolongation of conduction 
time are directly related to the concentration of the cationic 
form of the drug; negative inotropic activity appeared to 
be closely correlated with the concentration of unionized 
procaine. Consistent with these findings, a quaternary 
derivative of procaine, procaine ethochloride, where lacked 
the negative inotropic effects entirely. 

Conclusion 
Rubus idaeus leaves extract was dominated 

by (+)-catechin, epicatechin, levulinic acid, citric 

acid and vanillic acid. During the study, it was 
established that (+)-catechin anion and epicatechin 
anion have a higher level of affinity than non-ionized 
(+)-catechin and epicatechin for the active centers of 
phospholipase A2. COX-2. LOX-5. NF-kB, NADPH 
oxidase, myeloperoxidase and xanthine oxidase. The 
optimal technology for obtaining an extract with the 
maximum level of anti-inflammatory effect is the 
removal of organic and phenolcarboxylic acids, and 
ionization of the extract to pH>9. The ionized extract 
showed a significantly higher anti-inflammatory 
effect than the non-ionized extract. In addition, there 
was a comparison of experimental and theoretical 
doses in the study of anti-inflammatory activity. 
So, the degree of ionization is an important factor 
influencing the pharmacological activity of individual 
substances.
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