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The study of the anti-inflammatory activity of a thick lingonberry
fruit extract in the carrageenan-induced rat paw edema model
and molecular docking

Aim. To assess the anti-inflammatory activity of a concentrated lingonberry fruit extract using the carrageenan-
induced rat paw edema model, complemented by the molecular docking analysis.

Materials and methods. The study object was a concentrated lingonberry fruit extract. Molecular docking analy-
ses were conducted using AutoDockTools 1.5.6, and the anti-inflammatory activity was evaluated using the carrageen-
an-induced paw edema model in rats.

Results. The theoretical assessment of the anti-inflammatory activity of the lingonberry fruit extract showed that
lingonberry anthocyanins, such as cyanidin-3-galactoside, cyanidin-3-arabinoside, blocked three of them highly se-
lectively, such as cyclooxygenase (COX-2), phospholipase A, and 5-lipoxygenase (5-LOX), and medium-selective
nuclear factor kappa B (NF-kB). No highly selective inhibitor was found among anthocyanins of NF-kB. At the same
time, cyanidin-3-glucoside blocked three out four targets, such as COX-2, phospholipase A2, 5-LOX. Although the
widely used reference compounds in medicine and research — the synthetic drug diclofenac sodium and the natural fla-
vonoid quercetin — demonstrated the inhibitory activity against pro-inflammatory enzymes, their binding affinities were
moderate to low. The molecular docking analysis showed the following binding energy values (kcal/mol) for diclofenac
sodium and quercetin: COX-2 (-5.76 and —4.59), phospholipase A, (-7.65 and —6.79), 5-LOX (-6.00 and -6.45), and
NF-kB (-3.00 and —3.61), respectively. Experimental studies have shown a thick lingonberry fruit extract in the dose of
13.0 mg/kg (calculated with reference to the total anthocyanins expressed as cyanidin-3-glycoside) reduces edema in
1, 2, 3 and 4 hours by 45 %, 35 %, 25 % and 24 %compared to the control group, respectively.

Conclusions. A comprehensive theoretical and experimental study of the anti-inflammatory properties of the ling-
onberry fruit extract has been conducted using the molecular docking analysis and the carrageenan-induced rat paw
edema model in vivo. The results in silico demonstrated that lingonberry anthocyanins exhibited a strong binding af-
finity toward key pro-inflammatory targets, including COX-2, phospholipase A,, 5-LOX, and NF-kB. The findings in vivo
showed that administration of a thick lingonberry fruit extract in the dose of 13.0 mg/kg (calculated with reference to
the total anthocyanins expressed as cyanidin-3-glycoside) significantly inhibited inflammatory responses in all phases
of the carrageenan-induced paw edema.

Keywords: lingonberry; fruit; inflammation; in silico; extract; carrageenan model.
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" HauioHanbHuin dhapmaLeBTUYHUIA YHiBepcuTeT MiHicTepcTBa 0XOpOHM 340pOB’st YKpaiHu

2 HaB4anbHO-HayKkOBWI IHCTUTYT NpuknagHoi papmadii HauioHanbHOro ghapmaLueBTUYHOIO YHIBEPCUTETY
MiHicTepcTBa OXOPOHM 300pOB’A YKpaiHu

HocnigxeHHA NpoTU3ananbHOI aKTUBHOCTI NYCTOro eKCTpakTy nnoaiB 6pycHuULi

Ha KapareHaH-iHAyKOBaHin MoAaeni HabpsKy nanu WypiB Ta MONEKYNAPHUNA AOKIHT

Merta — ouiHka npoTr3ananbHOi akTMBHOCTI KOHLEHTPOBAHOIO EKCTPakTy nrogiB 6pycHWLi 3a LONOMOro Moaeni
HabpsiKy nanu WypiB, iHOYKOBAHOro KapareHaHoOM, AOMOBHEHO| MOMEKYISAPHUM AOKIHFOBUM aHamni3oM.

Matepianu Ta metogun. O6’ekToM JocnigKeHHsS ByB rycTui eKCcTpakT nnogis 6pycHuui. MonekynspHui QOKiHT
nposoaunu 3a gonomoroto AutoDockTools 1.5.6. MNpoTusanansHuii epekT ouiHBanu Ha MmoAeni Habpsky nanw, iHay-
KOBaHOro KapareHaHoM Y LLypiB.

Pe3ynbraTy Ta ixHE 06roBopeHHs. TeopeTuyHa oLjiHKa NpoTM3ananbHOi akTUBHOCTI EKCTPaKTy nnoAis 6pycHuui
nokasana, Lo aHToLiaHn BGpycHuL, Taki K UiaHignH-3-ranakrosug, UiaHiguH-3-apabiHo3na, GriokyBanm Tpy 3 HAX BUCOKO-
CeneKkTUBHO, Taki K uukrnookcureHasa-2 (LIOrr-2), ocdoninasa A, Ta 5-ninookcureHasa (5-110T7), Ta cepegHbocenek-
TUBHO faepHoro dhaktopa kanna B (NF-kB). He 6yno BusiBneHo ogHOro BUCOKOCENEKTUBHOTO iHribiTopa cepen aH-
TouiaHiB NF-kB. Toai sk uiaHiguH-3-rnoko3ng 6nokysas Tpu 3 YOTUPLOX MilleHew, Takux sk LIOM-2, docdoninasa A,,
5-NOT. Hesaxatoum Ha Te, L0 LLUMPOKO 3aCTOCOBYBaHi peepeHTHi Cronyku B MEAULMUHI Ta HAayKOBUX JOCHIOKEHHAX —
CVYHTETMYHUI Npenapar AMKNodeHaK HaTpilo Ta NPUPOAHUIA NaBoHOIA KBEPLETUH — BUSBMSNN iHTiOyBanbHy akTuB-
HICTb LLIOAO NPOo-3ananbHuX hepMeHTIB, IXHi MOKa3HWKN 3B’A3yBaHHSA Bynu nomipHMMu abo HU3bknuMy. MonekynspHuii
[OOKIHT NOKa3aB Taki 3HaYeHHS eHeprii 3B’A3yBaHHs (Kkan/mMonb) ANg AUKNodeHaKy HaTpito Ta KBEpPLETUHY BigmnoBigHO:
COX-2 (-5,76 Ta —4,59), docdoninasza A, (-7,65 Ta —6,79), 5-LOX (-6,00 Ta —6,45) Ta NF-kB (-3,00 Ta —3,61). Ekcne-
pUMeHTarnbHi JOCNIMKEHHS noKasanw, Lo rycTuii eKCTpakT nnoAis 6pycHuui B Ao3i 13,0 Mr/kr (y nepepaxyHKy Ha cymy
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aHTouiaHiB, BUPaXeHO K LiaHianH-3-rniko3una) ameHLuye Habpsiku vepes 1, 2, 3 1a 4 rognHu Ha 45, 35, 25 1a 24 %

NOPIBHAHO 3 KOHTPOSBLHOK rPYMoko BiANOBIAHO.

BucHoBKu. Byno npoBeAeHO KOMMIIEKCHE TEOPETUYHE Ta eKCnepuMeHTarnbHe OOCMIIKEHHSA NpoTM3ananbHUX
BIaCTMBOCTEW EKCTPaKTy MnogiB OpyCHUL 3 BUKOPUCTaHHAM MOMNEKYIAPHOro AOKiHr-aHanidy Ta mogeni Habpsky nanuv
LypiB, iIHAYKOBAHOrO KapareHaHoM, in vivo. Pedynetatu in silico npogeMoHCTpyBanu, Wo aHTouiaHn 6pyCHULi AEMOH-
CTPYIOTb CUMbHY CMNOPIOHEHICTb 3B’A3yBaHHS 3 KINIOYOBMMMW Npo3ananbHUMn MilleHsiMu, BkoyHo 3 LJOMM-2, dhocdponi-
nasoto A,, 5-JIOI" Ta NF-kB. Pesyneratu in vivo nokasanu, Wo BBEAEHHS TYCTOro eKCTpakTy nrogie 6pycHuui B 403i
13,0 mr/kr (y nepepaxyHKy Ha Cymy aHToUiaHiB, BUPaXeHO K LiaHianH-3-rniko3na) 3Ha4yHo NpUrHivyBarno 3ananbHi
peakuii Ha Bcix hasax HabpsiKy nanu, iHQyKOBaHOro KapareHaHoM.

Knrovoei cnoea: 6pycHuys; nnodu; 3ananeHHs; in silico; ekcmpakm,; kapazeHaHoga MOJerb.

Introduction. Inflammation is a key biological de-
fense mechanism that enables the body to respond to ex-
ternal challenges, such as microbial infections, chemi-
cal exposures, and other injurious stimuli. The immune
system is central to this process as it detects foreign or
harmful agents and triggers a cascade of pro-inflamma-
tory signaling events. These events result in the enhan-
ced production of cytokines and the activation of immu-
ne cells, including macrophages and lymphocytes [1].
The inflammatory response is tightly regulated by mul-
tiple interconnected signaling pathways, notably mito-
gen-activated protein kinase (MAPK) pathways, activa-
tion of the nuclear factor-xB (NF-xB), and the biosyn-
thesis of prostaglandins.

The inflammatory cascade consists of a series of coor-
dinated events. Upon exposure to external stimuli, neu-
trophils and macrophages are rapidly recruited to the site
of the tissue injury. This cellular activation initiates the
synthesis of prostaglandins through cyclooxygenase en-
zymes (COX-1 and COX-2) and stimulates the release
of key pro-inflammatory cytokines, including interleu-
kin-6 (IL-6), interleukin-1f (IL-1pB), and the tumor ne-
crosis factor-a (TNF-a) [2].

Current anti-inflammatory treatments are largely based
on steroidal and non-steroidal anti-inflammatory drugs
(NSAIDs). Although these agents are effective, their
cli-nical use is limited by significant adverse effects.
Steroidal anti-inflammatory drugs are associated with
immunosuppression and decreased bone mineral densi-
ty, while NSAIDs are commonly linked to the gastro-
intestinal ulceration and a bronchospasm [3]. As a re-
sult, the identification and development of new anti-in-
flammatory agents derived from natural products have
become a major focus in contemporary medicine and
pharmaceutical research.

Today, medicinal plants that are rich sources of an-
thocyanins have attracted considerable attention from
the scientific community [4]. This interest is primarily
due to the potent antioxidant activity of natural com-
pounds, as well as their generally favorable safety pro-
files, with adverse effects occurring less frequently com-
pared to those associated with synthetic drugs.

Lingonberry fruits were selected as a promising sour-
ce of anthocyanins, while green tea leaves were chosen
as a source of catechins. Lingonberry (Vaccinium vitis-
idaea L.) is an evergreen shrub belonging to the Eri-
caceae family and is widely distributed across the Baltic
countries, northern regions of Ukraine and Belarus, as
well as Canada [5]. The chemical composition of V. viti-
s-idaea fruits is characterized primarily by anthocyanins,

notably cyanidin-3-O-galactoside, along with organic
acids, such as citric acid [6].

Numerous studies have investigated the pharmaco-
logical activity of lingonberry fruits [7]. Anthocyanins de-
rived from lingonberry have been shown to exhibit a wide
range of biological effects, including anti-inflammatory,
antioxidant, antimicrobial, antihyperglycemic, antican-
cer, and neuroprotective activities [8, 9]. In addition,
lingonberry has been traditionally used in folk medi-
cine for the treatment of fever, infections, diabetes, and
liver disorders [10]. Taken together, these findings sug-
gest that lingonberry anthocyanins represent promising
candidates for the development of novel antimicrobial
and antioxidant pharmaceutical agents.

Numerous studies have investigated the anti-inflam-
matory activity of lingonberry fresh fruit extracts [11, 12].
However, there is currently not enough data on their ef-
fects in the carrageenan-induced inflammation model and
on the molecular interactions of lingonberry anthocya-
nins with pro-inflammatory targets.

Therefore, the aim of this study was to assess the
anti-inflammatory activity of a concentrated lingonber-
ry fruit extract using the carrageenan-induced rat paw
edema model, complemented by the molecular docking
analysis of its anthocyanins against key pro-inflamma-
tory targets.

Materials and methods. Lingonberry fruits was col-
lected in October 2022 in the Kostivtsi village, Zhuto-
myr region, Ukraine (50.329417, 29.536861).

A 100.0 g sample of lingonberry (accurate weight)
was pressed, and the resulting material was extracted
with 96 % ethanol in the ratio of three times the mass
of the raw material. After filtration, the extract ob-
tained was concentrated using a vacuum evaporator at
50-60 °C until the mass ratio of the extract to the raw
material reached 1:0.35.

The experiment used 25 male outbred white rats, each
weighing 180-220 g, received from the National Universi-
ty of Pharmacy (NUPh) vivarium. Rats were housed in
pairs in Macrolon cages with ad libitum access to food and
water, which were replenished daily. Bedding was changed
every three days. The animals were maintained under con-
trolled conditions with a temperature of 22 + 2 °C, relative
humidity of 60 + 5 %, and a 12-hour light/dark cycle.

All study procedures were consistent with the Na-
tional Institute of Health guidelines for the care and use
of laboratory animals and the European Council for the
Care and Use of Laboratory Animals (86/609/EEC) of
November 24, 1986 [13]. The study protocol was sanc-
tioned by the Local Ethics Committee.
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The anti-inflammatory activity of the extract was
evaluated in 25 male outbred rats weighing 180-220 g.
The acute inflammation was induced by a subplantar in-
jection of 0.1 mL of 1 % carrageenan (Fluka, Switzer-
land) into the right hind paw. The edema formation was
measured 1, 2, 3, and 4 hours after injection [14].

All animals were randomly divided into five groups.
The first group served as the control pathology (posi-
tive control animals received no treatment). The second
group was administered sodium diclofenac in the dose
of 8 mg/kg. The third group received Quertin (Public
Joint-Stock Company “Scientific and Production Center
Borshchagov Chemical and Pharmaceutical Plant”) in
the dose of 50 mg/kg. The fourth group was treated with
the lingonberry extract in the dose of 6.5 mg/kg calcu-
lated with reference to the total anthocyanins expressed
as cyanidin-3-glycoside, and the fifth group received
the lingonberry extract in the dose of 13.0 mg/kg calcu-
lated with reference to the total anthocyanins expressed
as cyaniding-3-glycoside.

Molecular docking studies were performed using
AutoDockTools version 1.5.6 [15]. 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-«kB (PDB ID: 1SVC)
were retrieved from the Protein Data Bank (PDB) [16].
The resolutions of the protein structures were 3.00 A
for 1DDX, 2.50 A for 3HSW, 4.25 A for 2Q7M, and
2.60 A for 1SVC. The ligand structures of cyanidin-
3-galactoside (CID: 176457), cyanidin-3-arabinoside
(CID: 91810602), cyanidin-3-glycoside (CID: 197081),
cyanidin-3,5-diglucoside (CID: 5158757), cyanidin-3-
(6"-acetylglucoside) (CID: 15714477), quercetin (CID:
5280343), and diclofenac sodium (CID: 5018304) were
obtained from the PubChem database [17]. The active
binding sites of the target proteins were identified using
the Computed Atlas of Surface Topography of Proteins
(CASTp) server [18].

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

Results and discussion. At the initial stage of the
study, the molecular docking analysis was conducted to
assess the anti-inflammatory potential of the lingonberry
fruit extract. Inflammatory responses are regulated by
multiple signaling pathways that trigger the activation
and release of pro-inflammatory cytokines, including
TNF-a, IL-6, and IL-1p. For the evaluation in silico,
COX-2, 5-LOX, phospholipase A2, and NF-kB were se-
lected as key pro-inflammatory targets.

To benchmark the anti-inflammatory potential of
the lingonberry fruit extract, sodium diclofenac was
included as a reference “gold-standard” drug as it is
widely recommended in official clinical protocols for
the management of both acute and chronic inflamma-
tory conditions. In addition, quercetin was selected as
a representative natural anti-inflammatory compound,
taking into account its pharmacological profile and its
clinical use in the form of the marketed drug Quertin

for the treatment of cardiovascular, neurological, and
renal disorders.

In recent research of Vilkickyte et al. [19], the com-
position of anthocyanins was estimated in the lingon-
berry fruit extract using high performance liquid chroma-
tography. According to this study, the following antho-
cyanins was identified: cyanidin-3-galactoside (80.51 % out
of total anthocyanins), cyanidin-3-arabinoside (13.20 %
out of total anthocyanins), cyanidin-3-glucoside (5.69 % out
of total anthocyanins), cyanidin-3,5-diglucoside (1.22 %
out of total anthocyanins) and cyanidin 3-(6"-acetylglu-
coside) (0.10 % out of total anthocyanins). These com-
pounds were evaluated using the molecular docking study
to realize the anti-inflammatory potential of the lingon-
berry fruit extract. Furthermore, the selectivity of the
compound inhibition was classified as follows: high se-
lectivity for ICso < 0.001 mM, medium selectivity for
ICso between 0.01 and 0.05 mM, and low selectivity for
ICso > 0.05 mM [20].

According to the results presented in Table 1, cyanidin-
3-arabinoside, cyanidin-3-galactoside, and cyanidin-3-
glucoside were identified as highly selective inhibitors
of the COX-2 enzyme. Cyanidin-3-(6"-acetylglucoside)
exhibited moderate selectivity, whereas sodium diclofe-
nac, while quercetin demonstrated low selectivity toward
COX-2. In contrast, cyanidin-3,5-diglucoside showed no
inhibitory activity against the COX-2 enzyme. The ac-
tive site of the COX-2 enzyme comprises the following
amino acid residues: ALA199, ALA202, GLU203,
THR206, TYR385, TRP387, HIS388, LEU390, and
LEU391 (Table 1).

Furthermore, the inhibitory activity of compounds
from the lingonberry fruit extract against phospholipa-
se A2 was evaluated. The results indicated that cyanidin-
3,5-diglucoside, cyanidin-3-arabinoside, cyanidin-3-
glucoside, cyanidin-3-(6"-acetylglucoside), and cyanidin-
3-galactoside acted as highly selective inhibitors, whereas
sodium diclofenac and quercetin exhibited moderate se-
lectivity. The active site involved in the phospholipase A
inhibition includes the amino acid residues LYS147,
VAL145, HIS144, THR 146, TYR60, PHE22, and TYR28
(Table 2).

Another key pro-inflammatory enzyme studied was
S-lipoxygenase (5-LOX). The results demonstrated that
cyanidin-3-arabinoside, cyanidin-3-galactoside, cyanidin-
3,5-diglucoside, cyanidin-3-glucoside, and cyanidin-3-
(6"-acetylglucoside) exhibited high selectivity as 5-LOX
inhibitors. In contrast, quercetin and sodium diclofenac
showed moderate selectivity toward 5-LOX. The active
site of the 5-LOX enzyme involved in ligand binding
consists of the amino acid residues VALS81, ALA84,
LEUI11, ILE14, VAL34, and LEUS8S (Table 3).

Another significant enzyme involved in the chronic
inflammatory process is nuclear factor kappa B (NF-«B).
No highly selective inhibitors were identified; however,
cyanidin-3-galactoside and cyanidin-3-arabinoside de-
monstrated moderate selectivity toward NF-«B. In con-
trast, the remaining compounds exhibited low selectivi-
ty for inhibition of the NF-xB active site, which may
reflect the structural complexity and critical regulatory
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Table 1

The molecular docking of anthocyanins and the anti-inflammatory drug standards -
diclofenac sodium and quercetin with the COX-2

— -
Ligand AGBEE:LZQ(QZT;::;U m}:mI Binding site Level of selectivity
Cyanidin-3-arabinoside -12.12 0.0000011 .I'A.‘\'(é;g;ggi_bg%gm’mp?’sz High selectivity
A: ALA199, ALA202, TYR385,
Cyanidin-3-galactoside -11.11 0.00000714 | TRP387, HIS388, LEU390, High selectivity
LEU391
A:TYR385, HIS386, TRP387,
Cyanidin-3-glycoside -10.85 0.0000112 HIS388, TRP387, LEU390, High selectivity
LEU391, VAL447
Cyanidin A: CYS36, ASN39, CYS41, . .
3Y(6”—acetylglucoside) -7.50 0.00318 PRO154, ALA156 Middle selectivity
A: ALA199, ALA202, GLN203,
Diclofenac sodium -5.76 0.05977 TRP387, LEU390, LEU390, Low selectivity
TYR385, HIS388
Quercetin -4.59 0.42855 'Ig\RgrSSi?’AAI\_?A’ﬁ% CYS41, Low selectivity
Cyanidin-3,5-diglucoside 64.58 Inactive

Notes: AGbind: free-binding energy, Ki: 50 % enzyme inhibition concentration, green/yellow/red: high/moderate/low selectivity.

Table 2

The molecular docking of anthocyanins and the anti-inflammatory drug standards -
diclofenac sodium and quercetin with phospholipase A2

) Binding energy Ki® o -
Ligand AGbind® (keal/mol) mol Binding site Level of selectivity
A: PHES5, ILE9, ASN23, TYR69,
Cyanidin-3,5-diglucoside -14.55 0.00000002158 |PRO18,TYR28, GLY30, High selectivity
GLY32, HIS48, ASP49, TYR69
A: PHE5, ILE9, ASN23, TYR69,
Cyanidin-3-arabinoside -12.54 0.0000006414 |PRO18,TYR28, GLY30, High selectivity
GLY32, HIS48, ASP49, TYR69
A: PHE5, ILE9, ASN23, TYR69,
Cyanidin-3-glucoside -11.52 0.0000036 PRO18, TYR28, GLY30, High selectivity
GLY32, HIS48, ASP49, TYR69
Cyanidin A:PHE22, PHE106, GLY30, . .
3(6"acetylglucoside) 136 0.00000473 | cys45 Hisas, TYR69 High selectivity
A: PRO18, PHE22, LEU31,
Cyanidin-3-galactoside -10.45 0.00002177 | CYS45, HIS48, ASP49, TYR69, | High selectivity
HIS48, PHE22, ASN23
Diclofenac sodium -7.65 0.00248 /SI-T;E)%,EI"HYERE%B HIS48, Middle selectivity
. A: PHE5, ILE9, PHE22, GLY30, |, ,. .
Quercetin -6.79 0.01062 CYS45, HIS48, ASP49 Middle selectivity

Notes: AGbind: free-binding energy, Ki: 50 % enzyme inhibition concentration, green/yellow/red: high/moderate/low selectivity.

role of this enzyme in inflammatory signaling pathways.
The active site of NF-kB comprises the amino acid res-
idues LYS147, LYS148, THR146, TYR60, LEU210,
and HIS144 (Table 4).

Furthermore, all data obtained were summarized,
and the compounds were conditionally classified into
three categories. The first category comprised com-
pounds with high selectivity for the active site, the se-
cond one included compounds with moderate selectivity,

while the third category consisted of compounds with
low selectivity. This classification approach was applied
to clearly identify compounds interacting most effectively
with pro-inflammatory targets, as well as those exhibit-
ing lower levels of interaction.

Table 5 shows the summarized results of the mo-
lecular docking of the pro-inflammatory enzyme inhi-
bition of anthocyanins of the lingonberry fruit extract.
The results demonstrate that none of the compounds,



84

ISSN 2415-8844 (Online)

BICHWMK ®APMALLIT 1 (111) 2026

Table 3

The molecular docking of anthocyanins and the anti-inflammatory drug standards —
diclofenac sodium and quercetin with 5-LOX

, Binding energy KiP e -
L Level of sel

igand AGbind® (kcal/mol) ol Binding site evel of selectivity
Cyanidin-3-arabinoside -11.03 0.00000818 ?HPRZE 23, VAL70, ILE119, High selectivity
Cyanidin-3-galactoside -9.34 0.0001427 |A:VAL70, ILE119, PHE123 High selectivity
Cyanidin-3,5-diglucoside -8.99 0.00025536 | A:PHE123,ILE110, THR66 High selectivity
Cyanidin-3-glucoside -8.65 0.000458 A:VAL70, ILE119, THR66 High selectivity
Cyanidin . . .
3-(6"-acetylglucoside) -7.99 0.0014 A:VAL70, ILE119, THR66 High selectivity
Quercetin -6.45 0.01857 A:1LE119, THR66 Middle selectivity

. : A:VAL81, ALA84, LEU11, ILE14, . -

Diclofenac sodium -6.00 0.03982 VAL15, LEUSS Middle selectivity

Notes: AGbind: free-binding energy, Ki: 50 % enzyme inhibition concentration, green/yellow/red: high/moderate/low selectivity.

Table 4

The molecular docking of anthocyanins and anti-inflammatory drug standards —
diclofenac sodium and quercetin with Nf-kB

, Binding energy KiP o -
L Level of sel
igand AGbind® (kcal/mol) ol Binding site evel of selectivity
- . A: LYS244, TYR60, HIS144, . -
Cyanidin-3-galactoside -6.41 0.02013 THR146, LYS147 Middle selectivity
- S A: LYS244,TYR60, HIS144, . .
Cyanidin-3-arabinoside -6.04 0.03708 THR146, LYS147 Middle selectivity
A: LYS244, PRO246, ALA245,
Cyanidin-3-glucoside -5.38 0.1148 TYR60, HIS144, SER211, LEU210, |Low selectivity
LYS147, ASP209, MET208
Cyanidin A:LEU210, TYR60, HIS144, .
3-(6"-acetylglucoside) 4.20 0.82741 LYS147 Low selectivity
. . A:TYR50, HIS144, LEU210, .
Diclofenac sodium -3.90 1.38 VAL145, THR146, LYS147 Low selectivity
- . . A:LYS147,LEU210, THR146, L
Cyanidin-3,5-diglucoside -3.89 1.40 HIS144, TYR60 Low selectivity
. A:LYS145,LYS147, LEU210, -
Quercetin -3.61 2.28 THR146, THR60, HIS 144 Low selectivity

Notes: AGbind: free-binding energy, Ki: 50 % enzyme inhibition concentration, green/yellow/red: high/moderate/low selectivity.

both anthocyanins and drug standards, were found to
inhibit all the mentioned pro-inflammatory targets with
high selectivity. However, cyanidin-3-galactoside, cya-
nidin-3-arabinoside blocked three of them, such as high
selective COX-2, phospholipase A2 and 5-LOX, and
middle selective NF-kB. Cyanidin-3-glucoside blocked
three out four targets, such as COX-2, phospholipase A2,
5-LOX. It has been found that widespread “gold stand-
ards” in medicine and science, such as diclofenac so-
dium and quercetin, are not as effective at suppressing
the crucial targets of inflammation.

In the study in vivo using the carrageenan-induced
rat paw edema model, the lingonberry fruit extract ad-
ministration in the dose of 13.0 mg/kg (calculated with
reference to the total anthocyanins expressed as cyan-
idin-3-glycoside) resulted in a significant reduction of
the paw edema by 45 % compared to the control group

during the first hour of inflammation. A sustained anti-
inflammatory effect was observed at subsequent time
points with the edema inhibition of 35.0 %, 25.0 %, and
24.0 % in 2, 3, and 4 hours, respectively, relative to the
control group (Table 6).

In contrast, the anti-inflammatory activity of lingon-
berry fruit extract in the lower dose of 6.5 mg/kg (calcu-
lated with reference to the total anthocyanins expressed as
cyanidin-3-glycoside) was significantly lower (p < 0.05)
than that observed in the dose of 13.0 mg/kg (calculated
with reference to the total anthocyanins expressed as
cyanidin-3-glycoside). When compared to the reference
drug diclofenac sodium, the lingonberry fruit extract in
the dose of 13.0 mg/kg (calculated with reference to the
total anthocyanins expressed as cyanidin-3-glycoside)
exhibited a non-significant difference (p > 0.05) in the
edema reduction at the 2-hour time point. However,
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Table 5

A schematic overview of the classification of anti-inflammatory drug standards
and principal compounds identified in the lingonberry fruit extract

Number of closed
Compound COX-2 lphospho 5-LOX Nf-kB key enzyme
ipase A2 . .
of inflammation
Drug standard
Diclofenac sodium # & & # 2
Quercetin # & & # 2
Compounds in the lingonberry fruit extract

Cyanidin-3-galactoside v 4 v & 4
Cyanidin-3-arabinoside v v v & 4
Cyanidin-3-glucoside v v v # 3
Cyanidin-3,5-diglucoside # v v # 2
Cyanidin 3-(6"-acetylglucoside) & v v # 2

Notes: v — high level of selectivity; & — medium level of selectivity; #

— lower of selectivity.

Table 6

The anti-inflammatory activity of the lingonberry extract in the carrageenan edema model n = 5, (M + m)

Experimental Dose, Dynamics of the inflammation development, hours
conditions mg/kg Parameter 1 2 3 4

g:{‘;g‘l’(')gy P - AV, mL 0.47 0.84 1.10 1.16
Diclofenac 8.0 AV, mL 0.20* £ 0.01 0.52* £ 0.04 0.71* £ 0.04 0.73* £ 0.04
Sodium ) AA, % 58.0 38.0 35.0 37.0
Quertin 50.0 AV, mL 0.27* £ 0.01 0.51* £ 0.04 0.84* £ 0.04 0.81* £ 0.04

AA, % 43.0 39.0 24.0 30.0
Lingonberry 6.5 AV, mL 0.33*/**/# +£ 0.03 | 0.69*/**/# + 0.05 | 0.95%*/**/# + 0.07 | 0.12*/**/# + 0.01
fruit extract ’ AA, % 30.0 18.0 14.0 10.0
Lingonberry 13.0 AV, mL | 0.26%/**/$ £0.02 | 0.55*/$ +0.04 |0.83*/**/$ +0.06 | 0.88*/**/$ + 0.06
fruit extract ) AA, % 45.0 35.0 25.0 24.0

Notes: 1) * p < 0.05 - The level of statistical significance of the CP group; 2) ** p < 0.05 - reliable values for the drug diclofenac sodium;

3) # p < 0.05 - reliable values of Quertin; 4) $ p < 0.05 - reliable values of the lingonberry fruit extract in the of dose 6.5 mg/kg, calculated
with reference to the total anthocyanins expressed as cyanidin-3-glycoside; 5) The dose of the lingonberry fruit extract was calculated
with reference to the total anthocyanins expressed as cyaniding-3-glycoside; 6) AA — the anti-inflammatory activity; 7) AV - the size of the

edema; 8) n — the number of animals in the group.

diclofenac sodium demonstrated a significantly higher
anti-inflammatory effect in 1, 3, and 4 hours (Table 6).

Comparison of the lingonberry fiuit extract (13.0 mg/kg,
calculated with reference to the total anthocyanins ex-
pressed as cyanidin-3-glycoside) with the reference drug
Quertin revealed no statistically significant differences
(p > 0.05) in the anti-inflammatory activity at any of
the evaluated time points. Conversely, the lower dose
of the lingonberry fruit extract (6.5 mg/kg, calculated
with reference to the total anthocyanins expressed as
cyanidin-3-glycoside) showed a significantly weaker anti-
inflammatory effect compared to both diclofenac sodi-
um and Quertin at all time points assessed (1-4 hours),
with the reference drugs exhibiting significantly greater
activity (p < 0.05) (Table 6).

The inflammation represents a complex biological re-
sponse to external or internal stimuli and is closely associ-
ated with the development of oxidative stress. To evaluate

the anti-inflammatory activity, the carrageenan-induced
rat paw edema model is employed as it reliably reflects the
key mechanisms underlying the inflammatory process.
According to the canonical progression of inflammation
in this model, histamine and serotonin predominate dur-
ing 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 ob-
tained, the lingonberry fruit extract demonstrated the
inhibitory activity across all phases of inflammation.

The molecular docking results obtained in the present
study demonstrated a binding energy of —5.76 kcal/mol
for diclofenac sodium against COX-2 (PDB ID: 1DDX)),
with the calculated ICso value of 0.05977 mmol. Notably,
this binding affinity appears less favorable compared to
the previously published data. For example, Ibrahim et al.
(2018) [21] reported a docking score of —9.549 kcal/mol
for the diclofenac interaction with COX-2.



86 ISSN 2415-8844 (Online)

BICHWMK ®APMALLIT 1 (111) 2026

Such discrepancies may be attributed to differences in
docking protocols, including the selected protein structure,
grid box parameters, ligand preparation procedures, sco-
ring functions, and validation strategies. Even when the
same enzyme COX-2 is studied, variations in crystallo-
graphic conformations, resolution, or active site confi-
guration can substantially influence calculated binding
energies. Therefore, docking scores should be interpre-
ted as relative rather than absolute indicators of the bio-
logical activity.

Importantly, despite the moderate binding energy ob-
served in silico, diclofenac exhibited a pronounced anti-
inflammatory activity in the carrageenan-induced paw
edema model. This apparent inconsistency may reflect
the multifactorial nature of pharmacological responses
in vivo. The anti-inflammatory efficacy of diclofenac
is not exclusively mediated through the COX-2 inhibi-
tion, but also involves additional mechanisms, includ-
ing the modulation of NF-«xB signaling, suppression of
the phospholipase A: activity, interference with the leu-
kocyte migration, and reduction of the reactive oxygen
species generation.

It should be noted, however, that the pharmacologi-
cal response observed in vivo is influenced by multiple
physiological factors, including the degree of gastroin-
testinal absorption, bioavailability, distribution within
tissues, metabolic transformation, and the elimination
rate of the administered compounds. Variability in these
parameters may significantly affect the overall efficacy
of both the extract under research and the reference
drug. In addition, plant-derived polyphenols may un-
dergo an extensive biotransformation, leading to the

formation of active or inactive metabolites that can
modulate the final biological response.

Furthermore, while diclofenac is primarily recogni-
zed as a cyclooxygenase inhibitor, its anti-inflammatory
activity may also involve additional mechanisms be-
yond COX-2 inhibition, including modulation of NF-xB
signaling, inhibition of phospholipase A: activity, and
effects on reactive oxygen species generation. Therefore,
the anti-inflammatory effects of both the lingonberry ex-
tract and diclofenac in vivo may reflect a multifactorial
interaction with several molecular targets rather than the
selective action on a single pathway.

Thus, the efficacy in vivo represents the integrated
outcome of both pharmacodynamic and pharmacokine-
tic determinants.

Conclusions and prospects of further research.
A comprehensive theoretical and experimental study
of the anti-inflammatory properties of the lingonberry
fruit extract has been conducted using the molecular
docking analysis and the carrageenan-induced rat paw
edema model in vivo. The results in silico demonstrated
that lingonberry anthocyanins exhibited a strong bind-
ing affinity toward key pro-inflammatory targets, in-
cluding COX-2, phospholipase Az, 5-LOX, and NF-«B.
The findings in vivo showed that administration of a
thick lingonberry fruit extract in the dose of 13.0 mg/kg
(calculated with reference to the total anthocyanins ex-
pressed as cyanidin-3-glycoside) significantly inhibited
inflammatory responses in all phases of the carrageen-
an-induced paw edema.
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