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In recent years, increasing attention has been paid to natural compounds as potential agents due to their broad spectrum of biological
activities. Plant-derived antioxidants with anti-inflammatory properties are of particular interest, as they may suppress pathological pathways.
Therefore, the search for novel natural compounds capable of attenuating inflammation remains a promising area of biomedical research.

The aim of work was to evaluate the anti-inflammatory activity of a blackberry thick fruit extract using an in vivo model and molecular docking.

Materials and methods. The object of study was a blackberry thick fruit extract. Molecular docking was performed using AutoDockTools
1.5.8. Anti-inflammatory effect was assessed by the model of carrageenan-induced paw edema in rats.

Results. Theoretical assessment of the anti-inflammatory activity of the blackberry fruit extract showed that blackberry anthocyanins as
cyanidin-3-glucoside, cyanidin-3-(3"-malonyl glycoside) and cyanidin-3-xyloside blocked highly selective three out four pro-inflammatory
targets as cyclooxygenase-2 (COX-2), phospholipase A2 and 5-lipooxygenes (5-LOX), whereas, cyanidin-3,3’-diglucoside and cyani-
din-3-rutinoside highly selective blocked two out of four targets as phospholipase A2 and 5-LOX. There was not found any high selective
inhibitor among anthocyanins of nuclear factor kB (NF-kB), whereas cyanidin-3-xyloside showed a moderate selectivity. Experimental
studies have shown the blackberry fruit thick extract at a dose of 60.0 mg/kg and 30.0 mg/kg significantly reduces edema after 1, 2, 3
and 4 hours compared to the control group.

Conclusions. Theoretical and experimental research of anti-inflammatory properties of blackberry fruit extract using molecular docking
analysis and in vivo model of carrageenan-induced paw edema in rats, respectively, has been conducted. Theoretical results have shown
blackberry anthocyanins possessed ability to inhibit all crucial pro-inflammatory targets as COX-2, phospholipase A2, 5-LOX and Nf-kB.
Experimental results have demonstrated that blackberry thick fruit extract at doses of 60.0 mg/kg and 30.0 mg/kg possessed the ability
to significantly inhibit inflammation at all stages of the carrageenan-induced paw edema model.
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OuiHloBaHHA NpOTU3ananbHOi aKTUBHOCTI NYyCTOro €KCTPAKTY NNOAIB OXUHM 3 BUKOPUCTaHHAM in vivo Mogeni
Ta MONEKYNAPHOro AOKiHry

A. O. MapueHko, M. A. KomicapeHko, O. 0. Macnos, . O. JlebeauHeup, T. K. KOgkesuy, C. B. KonicHuk, A. O. Koeanb

OcTaHHiIMM pokamu Bce GinbLuy yBary npuainsTs NPUPOAHUM CrosiyKaM sk NOTEHLIMHUM areHTam 3aBaski iX LUMPOKOMY cnekTpy bio-
NOriYHOI aKTUBHOCTI. OCO6NMBUI IHTEPEC CTAHOBNSATb @aHTUOKCUAAHTW POCIMHHOMO MOXOMKEHHS 3 MPOTM3anasibHUMU BNAaCTUBOCTSAMMU,
OCKiMNbK1 BOHU MOXYTb MPUTHIYyBaTH MaToNoriyHi npouecu. ToMy NoLlyK HOBUX NPUPOAHUX CNOMYK, L0 MOXYTb nocrnabnioBaty 3ananexHs,
3anMwaeTbCs NEPCNEKTUBHO rany3sto 6iomeanyHUX OOCHioKEHD.

MeTa po6oTH — OLHATM NPOTU3aNarnbHY aKTUBHICTb EKCTPAKTY ryCTUX NIOIB OXMHU 32 0MOMOTO0 MOZEN in Vivo Ta MOMEKYNSPHOTO JOKIHTY.

Marepianu i metogu. O6’eKT LOCTIIKEHHS — IYCTUIA €KCTPAKT NIoAB 0X1HU. MonekynsipHUi SOKIHT BUKkOHanw 3a gonomoroto AutoDockTools
1.5.6. MNMpotusanansHuii edbekT oLiHoBanu Ha Mogeni HabpsKy nanu, iHayKOBaHOMO KapareHaHoM, Y LLypiB.

Pesynbratu. TeopeTuyHe OLiHIOBAHHS MPOTM3ananbHOi akTUBHOCTI €KCTPAKTY MIOAIB OXMHW [ano 3MOry BCTAHOBWTU, LLO aHTOLiaHu
OXWHU, SK-OT LjiaHignH-3-rnoko3ug, LiaignH-3-(3"-MmanoHinmmikosug) i wiaHignH-3-keunosuz, BUCOKOCENEKTUBHO GroKyBanu Tpu 3 4OTK-
pbOX Npo3ananbHKX MilleHen (umknookeureHasa-2 (LIOr-2), cocconinasa A2 ta 5-ninookcurenn (5-1T0IN)), a uiaHignH-3,3’-gurnoko3ng,
i LiaHiguH-3-pyTUHO3MA BUCOKOCENEKTUMBHO BrokyBanu Agi 3 YOTMPLOX MilleHel (pocdoninasa A2 ta 5-NIOIN). He BUsIBNEHo xonHOro
BICOKOCENEKTMBHOTO iHribiTopa cepen aHTouiaHiB saepHoro daktopa kB (NF-kB), a uiaHignH-3-rnioko3una xapakTeprayBaBcsi TOMIPHO0
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CeNeKTUBHICTIO. Y pesynbTaTi ekcrnepuMeHTanbHUX AOCNIfKEHb BCTAHOBIEHO, WO NYCTUIM €KCTPaKT Nnogis oxuHW B A03i 60,0 mr/kr Ta
30,0 mr/kr 3Ha4HO 3MeHLLYE Habpsik Yepes 1, 2, 3 Ta 4 roguHW NOPIBHSHO 3 KOHTPOMBHOI FPYMOK.

BucHoBku. 3a4iNcHUNN TEOPETUYHE 1 eKCepUMeHTanbHe AOCNIMKEeHHS NpoTU3ananbHUX BIacTUBOCTEN eKCTPAKTY NMO4iB OXUHYU 3 BUKO-
PUCTaHHAM MOIEKYNAPHOro AOKIHr-aHanisy Ta in vivo Moaeni Habpsiky nanu, iHayKoBaHOro KapareHaHoM, y LypiB BiANOBIAHO. TeOpeTHYHi
pe3ynbTaTi MoKasanw, Lo aHTOLliaHW OXKMHW MatoTb 3AATHICTb MPUTHIYYBaTV BCi KIMKOYOBI Npo3ananbHi MiLueri, Taki sk LIOr-2, hocdoninasa
A2, 5-110T" Ta Nf-kB. EkcnepumMeHTanbHi pesynstatyt NigTBEPAUIN, WO eKCTPaKT rycTuX NnoAiB oxuHu B gosax 60,0 mr/kr ta 30,0 Mr/kr
MOXXe 3Ha4YHO MPUrHiYyBaTUN 3ananeHHs Ha BCiX CTafisx Moaeni HabpsKy nanw, iHayKoBaHOrO KapareHaHoM.

KntoyoBi cnosa: oxuHa, nnoaw, 3ananexHs, in silico, EKCTpakT, kapareHaHoBa MOAESb.
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Inflammation is one of the main reactions of the body to
foreign invasion such as microorganisms, chemical substanc-
es and etc. The crucial role of the immune system during
inflammation indicates foreign compounds, eventually acti-
vate several pro-inflammation pathways, which lead to the
significant increasing of cytokines, activate immune cells as
lymphocytes and macrophages [1]. The inflammation process
is controlled with the variety of pathways as mitogen-activat-
ed protein kinase, NF-kB and prostaglandins synthesis. The
main cascade of inflammation consists of several steps: above
all, foreign substances attract neutrophils and macrophages,
which activate prostaglandins synthesis using COX 1 and
2 enzymes, cytokines as interleukin-6, interleukin-13, and
tumor necrosis factor o [2].

Treatment of inflammation consists of the application of
steroidal anti-inflammatory drugs and non-steroidal drugs.
Both groups of anti-inflammatory drugs possessed the fol-
lowing side effects: steroidal drugs induce inhibition of the
immune cells, downregulation of the production of calcium
in bones, whereas non-steroidal caused an ulcer disease, and
bronchospasm [3]. Therefore, the search and creation new
anti-inflammation drugs based on natural products is the task
number for medicine and pharmacy.

Today, medical plants that are a rich source of anthocyanins
have a high level of attention from the scientific community
[4]. Above all, it relates with fact that natural compounds
have a potent antioxidant effect and moreover, the side effects
rarely happened after the application of natural compounds
than after synthetic drugs.

The perspective source of anthocyanins was chosen black-
berry fruits. Blackberry is a shrub of the Rosacea family. The
distribution area is Europe, North America, Asia [5]. The
chemical composition of blackberry fruits is represented by
anthocyanins, organic acids and hydroxycinnamic acids [6].

There is a lot of research about the investigation of the
pharmacological activity of blackberry fruit. It is known
that anthocyanins from blackberry fruit, possess: anti-in-
flammatory, antioxidant, antimicrobial, anti-hyperglycemic,
immune-modulation, and anticancer effects [6,7,8]. Besides,
in folk medicine blackberry are traditionally applied to treat
fever, infections, diabetes, and liver diseases [9]. In our view,
the anthocyanins are perspective for the development of new
antimicrobial, and antioxidant pharmaceuticals.

There is a lot of scientific research about determination an
anti-inflammatory activity of blackberry fresh fruit extracts
[10,11]. However, there is no date about assessing anti-in-
flammatory activity on carrageenan model and conducting

molecular docking blackberry anthocyanins against pro-in-
flammatory targets.

Aim
The aim of the work was to evaluate anti-inflammatory ac-

tivity of a blackberry thick fruit extract using in vivo model
and molecular docking.

Materials and methods

Blackberry fruits (Rubus plicatus Weihe & Nees) were
collected in 2021 in July, near the village of Ternova in the
Kharkiv region (50°19’31”N, 36°66°93”E).

Exactly 100.0 g of blackberry fruit was pressed and extract-
ed with 96 % ethanol using a threefold solvent-to-material
ratio. After filtration, the resulting filtrate was concentrated
under reduced pressure using a vacuum evaporator at 50—
60 °C to obtain an extract with a final extract-to-raw material
mass ratio of 1:0.35.

Thirty male outbred white strain rats, each weighing about
180-220 grams, were used in the experiment. The rats used
in the experiment were obtained from the National University
of Pharmacy (NUPh) vivarium. The rats were kept in pairs in
Macrolon boxes throughout the experiment. Food and water
were available ad libitum, and were replenished daily. Bed-
ding was changed every three days. The animals were kept in
an environment that was monitored and maintained to have
a temperature of 22 + 2 °C, relative humidity of 60 + 5 %,
and a light / dark cycle of 12 hours.

All study procedures were aligned in accordance with the
Order of the Ministry of Education and Science of Ukraine
“On approval of the Procedure for conducting experiments on
animals by scientific institutions” (01 March 2012, No. 2012)
and the Ukrainian Law “On Protection of Animals from Cruel
Treatment” (21 February 2006, No. 344). The study protocol
was sanctioned by the Local Ethics Committee (Protocol
No. 17, March 5, 2025).

The anti-exudative activity of the extract was studied on 25
white male outbred rats, aged 180-220 g. The model of acute
inflammation was created by subplantar injection of 0.1 mL
of 1 % carrageenan (Fluka, Switzerland) into the right hind
paw of the rats. Edema was measured at 1, 2, 3, and 4 hours
post-injection [12].

All animals were divided into 6 groups. The first group
was control pathology (animals of the positive control groups
were not treated.), the second group — sodium diclofenac at a
dose 8 mg/kg, the third group — “Quertin” (Public Joint-Stock
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Table 1. Molecular docking of the anthocyanins and anti-inflammatory drug standard diclofenac sodium and quercetin with the COX-2

Ligand Binding energy, Ki°, mmol Binding site Level of
AGbind? (kcal/mol) selectivity

Cyanidin-3-xyloside -13.15 0.00000023042 A: ALA199, ALA202, TYR385, TRP387, HIS388, High selectivity
LEU390, LEU391

Cyanidin-3-(3"-malonyl glycoside) |-11.89 0.00000192 A:ALA199, LEU391, TRP387, TYR385, GLU203 High selectivity

Cyanidin-3-glycoside -10.85 0.0000112 A:TYR385, HIS386, TRP387, HIS388, TRP387, High selectivity
LEU390, LEU391, VAL447

Diclofenac sodium -5.76 0.05977 A:ALA199, ALA202, GLN203, TRP387, LEU390, Low selectivity
LEU390, TYR385, HIS388

Quercetin -4.59 0.42855 A: CYS36, ASN39, CYS41, PRO154, ALA156 Low selectivity

Cyanidin-3-rutinoside -1.32 107.87 A: CYS36, ASN39, CYS41, PRO154, ALA156 Low selectivity

Cyanidin-3,3"-diglucoside 78.0° - A: CYS36, ASN39, CYS41, PRO154, ALA156 Inactive

AGbind: free-binding energy; Ki: 50 % enzyme inhibition concentration.

Company “Scientific and Production Center “Borshchagov
Chemical and Pharmaceutical Plant”) at a dose of 50 mg/kg
in terms of quercetin 3.5 mg/kg, the fourth group — blackberry
extract at a dose 60 mg/kg in terms of polyphenolic compounds,
the fifth group — blackberry extract at a dose 30 mg/kg in terms
of polyphenolic compounds, and the six group — blackberry
extractata dose 10 mg/kg in terms of polyphenolic compounds.

Molecular docking studies were performed using Auto-
DockTools version 1.5.6 [13]. The structures of the inves-
tigated ligands were obtained from the PubChem database
[14]. The three-dimensional structures of cyclooxygenase-2
(COX-2; PDB ID: 1DDX), phospholipase A2 (PLA2; PDB
ID: 3HSW), 5-lipoxygenase (5-LOX; PDB ID: 2Q7M), and
NF-xB (PDB ID: 1SVC) were retrieved from the Protein
Data Bank (PDB) [15]. The active sites of the target proteins
were identified using CASTp 3.0 [16]. The resolutions of the
selected protein structures were 3.00 A for 1DDX, 2.50 A for
3HSW, 4.25 A for 2Q7M, and 2.60 A for 1SVC.

To obtain statistical results, the Statistica 10 program was
used, and the results were analyzed using Mann—Whitney test.
Differences were considered significant at p < 0.05.

Results

At the first stage of your research a molecular docking study
was provided to understand the anti-inflammatory potential
of blackberry fruit extract. There are a variety of pro-inflam-
matory pathways responsible to activate cytokines as TNF-a,
IL-6, IL-1 and others. In our view, the most important key
pro-inflammatory enzymes belong COX-2, 5-LOG, phos-
pholipase A2, and NF-kB. In order to compere potential of
blackberry fruit extract it was taken gold standards’ such as
sodium diclofenac. Since this drug is indicated in official
protocols of treatment of acute and chronic diseases as well as
among anti-inflammatory drugs based on natural compounds
quercetin was chosen as on the market present drug “Quertin”
applied in the treatment of cardiological, neurological and
renal diseases.

In our previous research [7] it was estimated an antho-
cyanins composition of blackberry fruit extract by high

performance liquid chromatography. According to this
study the following anthocyanins were identified: cyani-
din-3-glucoside (84.10 % out of total anthocyanins), cya-
nidin-3,3’-diglucoside (7.38 % out of total anthocyanins),
cyanidin-3-(3”-malonyl glycoside) (6.30 % out of total
anthocyanins), cyanidin-3-xyloside (1.50 % out of total an-
thocyanins) and cyanidin-3-rutinoside (0.60 % out of total
anthocyanins). These identified compounds were evaluated
with a molecular docking study to realize anti-inflammatory
potential of blackberry fruit extract. Moreover, the level
of selectivity of inhibition of compounds was classified
according to the following requirements: IC,, < 0.001 mM
(high selective); 0.05 > IC, > 0.01 (medium selective); IC,
>0.05 mM (low selective) [17].

According to the presented results in Table 1, it was shown
that highly selective inhibitors of the COX-2 enzyme include
cyanidin-3-xyloside, cyanidin-3-(3”-malonyl glycoside),
cyanidin-3-glycoside, while sodium diclofenac, quercetin,
cyanidin-3-rutinoside were low-selective inhibitors and
cyanidin-3,3’-diglucoside was inactive respectively to the
COX-2 enzyme. The active center of the COX-2 enzyme
structure is the following series of amino acids: ALA199,
ALA202, THR206, TYR385, GLU203, HIS388, LEU391,
LEU390, TRP387 (Table 1).

Further, the compounds’ ability of blackberry fruit extract to
inhibit phospholipase A2 was assessed. According to the re-
sults it was found that cyanidin-3-xyloside, cyanidin-3,3’-di-
glucoside, cyanidin-3-glucoside, cyanidin-3-(3”-malonyl
glycoside) and cyanidin-rutinoside were highly selective in-
hibitors, while sodium diclofenac, quercetin were moderately
selective inhibitors. The active center for inhibiting phospho-
lipase A2 are amino acids: LYS147, VAL145, HIS144, TYR
60, THR146, PHE22, TYR28 (Table 2).

The following important pro-inflammatory enzyme is
5-LOX. According to the results of the study, it was shown
that cyanidin-3-xyloside, cyanidin-3-(3”-malonyl glycoside),
cyanidin-3-rutinoside, cyanidin-3,3’-diglucoside and cyani-
din-3-glucoside were highly selective inhibitors. Quercetin
and diclofenac sodium had medium selectivity to the pro-in-
flammatory enzyme is 5-LOX. Amino acids VAL81, ALA84,
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Table 2. Molecular docking of the anthocyanins and anti-inflammatory drug standard diclofenac sodium and quercetin with the phospholipase A2

Ligand Binding energy, Kit, mmol Binding site Level of selectivity
AGbind? (kcal/mol)

Cyanidin-3-xyloside -13.63 0.00000010272 A: PRO18, PHE22, LEU31, CYS45, HIS48, High selectivity
ASP49, TYR69, HIS48, PHE22, ASN23

Cyanidin-3,3"-diglucoside -11.52 0.0000036 A: PHES, ILE9, ASN23, TYR69, PRO18, TYR28, | High selectivity
GLY30, GLY32, HIS48, ASP49, TYR69

Cyanidin-3-glucoside -11.52 0.0000036 A: PHES5, ILE9, ASN23, TYR69, PRO18, TYR28, | High selectivity
GLY30, GLY32, HIS48, ASP49, TYR69

Cyanidin-3-(3"-malonyl glycoside) |-11.35 0.00000478 A: PHES5, ILE9, ASN23, TYR69, PRO18, TYR28, | High selectivity
GLY30, GLY32, HIS48, ASP49, TYR69

Cyanidin-rutinoside -9.73 0.00007347 A:PHE22, PHE106, GLY30, CYS45, HIS48, High selectivity
TYR69

Diclofenac sodium -7.65 0.00248 A:PHES5, PHE22, HIS48, PHE106, TYR69 Moderate selectivity

Quercetin -6.79 0.01062 A: PHES, ILE9, PHE22, GLY30, CYS45, HIS48, Moderate selectivity
ASP49

AGbind: free-binding energy; Ki: 50 % enzyme inhibition concentration.

Table 3. Molecular docking of the anthocyanins and anti-inflammatory drug standard diclofenac sodium and quercetin with the 5-LOX

Ligand Binding energy, Ki®, mmol Binding site Level of selectivity
AGbind? (kcal/mol)

Cyanidin-3-xyloside -11.36* 0.00000412 A:VAL70, ILE119, PHE123 High selectivity
Cyanidin-3-(3"-malonyl glycoside) | -9.57* 0.000009607 A:PHE123, VAL70, ILE119, THR66 High selectivity
Cyanidin-3-rutinoside -9.45* 0.0001193 A:PHE123, ILE110, THR66 High selectivity
Cyanidin-3,3'-diglucoside -8.97* 0.00026528 A:VAL70, ILE119, THR66 High selectivity
Cyanidin-3-glucoside -8.65* 0.000458 A:VAL70, ILE119, THR66 High selectivity
Quercetin -6.45% 0.01857 A:ILE119, THR66 Moderate selectivity
Diclofenac sodium -6.00% 0.03982 A:VAL81, ALA84, LEU11, ILE14, VAL15, LEU8S Moderate selectivity

AGbind: free-binding energy, Ki: 50 % enzyme inhibition concentration.

LEU11,ILE14, VAL34, and LEUSS acted as an active center
for binding the enzyme structure of 5-LOX (Table 3).

The following significant enzyme, which has a high activity
in chronic inflammation process is NF-kB. There was not
indicated any of a high selective inhibitor, except one medium
selective inhibitor, cyanidin-3-xyloside, was established. In
turn, the remaining compounds showed low selectivity for
inhibition of the active center of NF-kB, which may indicate
the complexity, and particularly the importance of inhibition
of this enzyme. The active center of NF-kB was represented
by the following amino acids: LYS147, LYS148, THR146,
TYR60, LEU210, HIS144 (Table 4).

Furthermore, all obtained data were summarized, and the
compounds were conditionally classified into three categories.
The first category comprised compounds with high selectivity
for the active site, the second included compounds with moderate
selectivity, and the third consisted of compounds with low selec-
tivity. This classification approach was applied to clearly identify
compounds that interact most effectively with pro-inflammatory
targets, as well as those exhibiting lower levels of interaction.

Table 5 shows the summarized results of molecular dock-
ing of pro-inflammatory enzyme inhibition of anthocyanins

of blackberry fruit extract. Results demonstrate, that no
compound among both anthocyanins and drug standards
inhibit high selective all mentioned pro-inflammatory targets.
However, cyanidin-3-glucoside, cyanidin-3-(3”-malony! gly-
coside) and cyanidin-3-xyloside blocked three out four pro-in-
flammatory targets as COX-2, phospholipase A2 and 5-LOX.
Whereas cyanidin-3,3’-diglucoside and cyanidin-3-rutinoside
blocked two out of four targets as phospholipase A2 and
5-LOX. Although, it was determined that widespread appli-
cable “gold standards” in medicine and science as sodium
diclofenac and quercetin do not so effectively inhibit crucial
targets of inflammation.

In an in vivo experimental study on a rat paw carra-
geenan edema model, blackberry fruit extract at a dose of
60.0 mg/kg significantly reduced paw edema by 100 %
compared to the control group at the first and second hour.
Subsequently, paw edema decreased by 82.0 % and 69.0 %
after 3 and 4 hours, respectively, compared to the control
group. The level of antiexudative activity of blackberry fruit
extract at a dose of 30.0 mg/kg and 10.0 mg/kg was signif-
icantly (p > 0.05) lower compared to the administration of
a dose of blackberry fruit extract of 50.0 mg/kg. The use
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Table 4. Molecular docking of the anthocyanins and anti-inflammatory drug standard diclofenac sodium and quercetin with the Nf-kB

Ligand Binding energy - Binding site Level of selectivity

AGbind? (kcallmol) mmol

Cyanidin-3-xyloside -6.34 0.0198 ALYS244, TYR60, HIS144, THR146, LYS147 Moderate selectivity
Cyanidin-3-(3"-malonyl glycoside) |-5.74 0.06224 A:LYS244, TYR60, HIS144, THR146, LYS147 Low selectivity
Cyanidin-3-glucoside -5.38 0.1148 A:LYS244, PRO246, ALA245, TYR60, HIS144, SER211, | Low selectivity
LEU210, LYS147, ASP209, MET208
Cyanidin-3-rutinoside -4.44 0.55329 A:LYS147, LEU210, THR146, HIS144, TYR60 Low selectivity
Cyanidin-3,3'-diglucoside -4.44 0.56509 ALEU210, TYR60, HIS144, LYS147 Low selectivity
Diclofenac sodium -3.90 1.38 ATYR50, HIS144, LEU210, VAL145, THR146, LYS147 | Low selectivity
Quercetin -3.61 2.28 A:LYS145, LYS147, LEU210, THR146, THR60, HIS144 | Low selectivity

AGbind: free-binding energy, Ki: 50 % enzyme inhibition concentration.

Table 5. Schematic overview of the classification of anti-inflammatory drug standards and principal compounds identified in blackberry fruit extract

Compound COX-2 phospholi- 5-LOX Number of closed key
pase A2 enzyme of inflammation

Drug standard

Diclofenac sodium # & & # 2

H*
R0
H
N

Quercetin

Compounds blackberry fruit extract

Cyanidin-3-glucoside

Cyanidin-3,3"-diglucoside

Cyanidin-3-(3"-malony! glycoside)

Cyanidin-3-xyloside

S RN IRNEE RN
RNEIRNEIRENE RN RN
RNEIRNEIRENE RN RN
H e | ¥ | ® | ®
N [ W N W

Cyanidin-3-rutinoside

v': high level of selectivity; &: medium level of selectivity; #: lower of selectivity.

Table 6. Anti-inflammatory activity of the blackberry extract on the carrageenan edema model, n =5 (M £ m)

Experimental conditions : Parameter mics of inflammation development, hours
____
Control pathology - AV, mL 0.47+0.03 0.84 +0.06 1.10 £ 0.09 1.16 £0.09
Diclofenac Sodium 8.0 AV, mL 0.20£0.01* 0.52 £0.04* 0.71 £ 0.04* 0.73 £0.04*
AA, % 58.0 38.0 35.0 37.0
Quertin 3.5° AV, mL 0.27 £0.01* 0.51+0.04* 0.84 +0.04* 0.81+0.04*
AA, % 43.0 39.0 240 30.0
Blackberry fruit extract 10.0 AV, mL 0.26 + 0.02*** 0.62 + 0.04***# 0.94 + 0.06***# 1.00 £ 0.08***#
AA, % 45.0 26.0 15.0 14.0
Blackberry fruit extract 30.0 AV, mL 0.0 0.46 £ 0.04** 0.73 £ 0.04*#& 0.81 £0.06**%
AA, % 100.0 45.0 34.0 30.0
Blackberry fruit extract 60.0 AV, mL 0.0 0.01 0.20 + 0.04***#&3$ 0.36 + 0.04***#&$
AA, % 100.0 99.0 82.0 69.0

* p < 0.05 - the level of statistical significance of the control pathology group; **: p < 0.05 - reliable values for the drug diclofenac sodium; #: p < 0.05 — reli-
able values of the Quertin; &: p < 0.05 — reliable values of the blackberry fruit extract at a dose 10 mg/kg; $: p < 0.05 — reliable values of the blackberry fruit
extract at a dose 30 mg/kg; Dose of Quertin expressed in term of quercetin, dose of dosage form — 50 mg/kg; AA: anti-inflammatory activity; AV: size of the
edema; n: number of animals in group.
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of blackberry fruit extract at a dose of 60.0 mg/kg showed
a significant reduction in edema after 1, 2, 3 and 4 hours
compared to the reference drug diclofenac sodium. When
comparing the experimental groups of the drug “Quertin”
and blackberry fruit extract at a dose of 60.0 mg/kg, it was
found that the level of antiexudative activity of “Quertin”
was significantly (p > 0.05) lower at all hours.

At a dose of 10.0 mg/kg, blackberry fruit extract was sig-
nificantly inferior to the antiexudative effect of diclofenac so-
dium, and when compared with the reference drug “Quertin”
at 1 hour the difference was not significant (p > 0.05), and
at 2, 3 and 4 hours the effect of “Quertin” was significantly
higher (p > 0.05).

The use of blackberry fruit extract at a dose of 30.0 mg/kg
showed a significant reduction in edema at 1 hour, when
compared with the drug diclofenac sodium, it was found that
the level of antiexudative activity of diclofenac sodium was
significantly (p > 0.05) lower at 1 and 2 hours, and at 3, 4
hours the difference was not significant (p > 0.05). In case of
comparing the drug “Quertin” and blackberry fruit extract ata
dose of 30 mg/kg, it was found that the level of antiexudative
activity of “Quertin” was significantly (p > 0.05) lower at 1, 2
and 3 hours, and at 4 hours the difference was not significant
(p>0.05) (Table 6).

Discussion

Inflammation represents a complex biological response to
external or internal stimuli and is closely associated with
the development of oxidative stress. To evaluate anti-in-
flammatory activity, the carrageenan-induced rat paw edema
model was employed, as it reliably reflects the key mech-
anisms underlying the inflammatory process. According to
the canonical progression of inflammation in this model,
histamine and serotonin predominate during the first hour,
pro-inflammatory cytokines during the second hour, and
prostaglandins, particularly COX-2, from the third to the
fifth hour. Based on the results obtained, the blackberry fruit
extract demonstrated inhibitory activity across all phases
of inflammation.

In a previous study, A. Rossi et al. [18] evaluated the
protective effects of anthocyanins from blackberry at doses
10 mg/kg and 30 mg/kg in a rat model of acute lung inflam-
mation. The blackberry fruit extract at a dose of 30 mg/kg
showed a significant decreasing production of lipid peroxi-
dation, prostaglandin E2 and nitrite/nitrate (NOx) as well as
ameliorated the histopathological alteration compared to the
control pathology group. Consistent with these findings, our
study confirms the anti-inflammatory potential of blackber-
ry-derived bioactive compounds; however, in contrast to the
isolated anthocyanins used by A. Rossi et al., whether in our
research we investigated a blackberry fruit extract at three
doses 10 mg/kg, 30 mg/kg and 60 mg/kg. In our in vivo model
of carrageenan-induced inflammation, the extract at doses
30 mg/kg and 60 mg/kg exhibited completely inflammation
at all phases that are comparable with A. Rossi et al. research.

Conclusions

1. Theoretical and experimental research of anti-inflamma-
tory properties of blackberry fruit extract has been conducted
using molecular docking analysis and an in vivo model of
carrageenan-induced paw edema in rats, respectively.

2. Theoretical results have shown that blackberry anthocy-
anins possessed ability to inhibit all crucial pro-inflammatory
targets as COX-2, phospholipase A2, 5-LOX and Nf-kB.

3. Experimental results have demonstrated that blackberry
thick fruit extract at doses of 60.0 mg/kg and 30.0 mg/kg
possessed ability significantly inhibited inflammation at all
stages of the carrageenan-induced paw edema model.

Prospects for further research. Creating dosage form with
blackberry fruit extract with pronounced antioxidant, anti-in-
flammatory and antimicrobial activity. Moreover, conduct
research of dosage form with blackberry extract for adjuvant
therapy with antimicrobial drugs against resistant strains.
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