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Abstract: in recent years, increasing attention has been paid to natural compounds as potential therapeutic
agents due to their broad spectrum of biological activities. Plant-derived compounds with antioxidant properties
are of particular interest, as they may suppress pathological pathways. Therefore, the search for novel natural
compounds capable of attenuating oxidative stress remains a promising area of biomedical research. The aim of
this work was to evaluate the antioxidant potential of a thick blackberry fruit extract using in vitro, in vivo, and
in silico molecular docking models. The study investigated a thick blackberry fruit extract. Docking simulations
were performed using AutoDockTools 1.5.6. The antioxidant potential was assessed in vitro by the ferric reducing
antioxidant potential (FRAP) assay, potentiometric method, and 2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) assay; in vivo, on mice via a carrageenan-induced paw edema assay. The in silico evaluation of
antioxidant properties indicated that the major blackberry anthocyanins—cyanidin-3-glucoside, cyanidin-3-(3"-
malonyl glucoside), and cyanidin-3-xyloside—blocked two out of three prooxidant targets. In contrast, cyanidin-
3,3'-diglucoside and cyanidin-3-rutinoside blocked only one out of three targets, namely xanthine oxidoreductase.
In vivo experiments revealed that administration of blackberry thick fruit extract at doses of 60.0 and 120.0 mg/kg
possessed high antioxidant potential, where the extract significantly increased catalase levels to 51.31 + 3.00 and
70.56 + 3.40 umol/min-L and decreased malondialdehyde (MDA) levels to 0.140 + 0.016 and 0.120 + 0.016 pmol/L in
serum compared with the control group, respectively. Antioxidant profiling showed that the blackberry fruit extract
exhibited the highest activity in the FRAP, potentiometric, and ABTS assays. According to the theoretical results,
it was shown that due to the high content of anthocyanins in the blackberry fruit extract, the extract possesses the
ability to inhibit crucial prooxidant enzymes. In vivo and in vitro models showed that the blackberry fruit extract
demonstrated predicted interactions with enzyme targets relevant to oxidative stress.
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Introduction

Oxidative stress has been recognized by the
scientific community as a key factor contributing
to the development of cardiovascular, metabolic,
neurodegenerative, and oncological diseases [1].
This condition arises when excessive production
of reactive oxygen species (ROS) occurs, including
superoxide anion (Oe"), hydroxyl radical (¢OH), and
nitric oxide (NOe) [2]. The human body possesses an
endogenous antioxidant defense system composed of
enzymatic components such as superoxide dismutase,
catalase, and glutathione peroxidase, which function
to neutralize reactive species and maintain redox
balance [3]. However, under the influence of various
endogenous and exogenous factors, this defense
system may become insufficient to completely
eliminate free radicals, thereby increasing the risk of
oxidative damage and associated diseases. For this
reason, regular dietary intake of natural antioxidants
derived from food sources, as well as specialized
dietary supplements, is considered an important
strategy for supporting antioxidant protection and
reducing oxidative stress-related health risks [4].

Today, medicinal plants that are a rich source of
anthocyanins have attracted high attention from the
scientific community [5]. Above all, this is related
to the fact that natural compounds have a potent
antioxidant effect, and moreover, side effects rarely
occur after the application of natural compounds
compared to synthetic drugs.

Blackberry fruits were chosen as a promising source
of anthocyanins. Blackberry is a shrub of the Rosaceae
family. Its distribution area includes Europe, North
America, and Asia [6]. The chemical composition
of blackberry fruits is represented by anthocyanins,
organic acids, and hydroxycinnamic acids [6].

Blackberry fruits were selected as a promising natural
source of anthocyanins. Blackberry (family Rosaceae) is
a widely distributed shrub found across Europe, North
America, and Asia [6]. The phytochemical profile
of blackberry fruits includes significant amounts of
anthocyanins, organic acids, and hydroxycinnamic acid
derivatives [7]. Numerous studies have investigated
the pharmacological properties of blackberry fruits,
demonstrating that their anthocyanins exhibit anti-
inflammatory, antioxidant, antimicrobial, anti-
hyperglycemic, immunomodulatory, and anticancer
activities [8, 9]. In traditional medicine, blackberry
preparations have been used for the management
of fever, infectious conditions, diabetes, and
liver disorders [10]. Considering these biological
properties, blackberry anthocyanins may represent
promising candidates for the development of novel
antioxidant and antimicrobial agents.
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Several investigations have examined the anti-
inflammatory potential of fresh blackberry fruit
extracts [11,12]. However, to date, limited information
is available regarding the evaluation of blackberry
anthocyanins using a carrageenan-induced model
or their molecular docking interactions with key
prooxidant targets.

The aim of the work was to evaluate antioxidant
potential of a blackberry thick fruit extract using in
vitro, in vivo models and in silico molecular docking.

Materials and Methods

Blackberry fruits (Rubus plicatus Weihe & Nees)
were harvested in July 2021 in the vicinity of Ternova
village (50°19'31" N, 36°66'93" E).

Exactly 100.0 g of blackberry fruit was pressed and
extracted 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.

During the experimental period, mice were
housed in pairs in Macrolon cages under standard
laboratory conditions. Animals had unrestricted
access to food and water, which were refreshed
daily, and bedding material was replaced every three
days. Environmental parameters were maintained at
22 £ 2°C with a relative humidity of 60 + 5% and a
12 h light/12 h dark cycle.

All animal procedures were carried out following
the principles for the humane care and use of
experimental animals, 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 Bioethics
Committee of the National University of Pharmacy
reviewed the study materials and confirmed that no
ethical violations were observed (Meeting Minutes
No. 17, March 5, 2025).

The antioxidant activity in vitro was assessed
by FRAP [13], ABTS [14] and potentiometric [15]
assays.

The in vivo antioxidant activity of the blackberry
fruit extract was evaluated using a carrageenan-
induced paw edema model in outbred white male
mice (18-25 g) [16]. A total of 30 animals were
used in the study. All experimental procedures were
conducted in accordance with established guidelines
for the care and use of laboratory animals.

The animals were randomly divided into six groups
(n =5 per group). All treatments were administered
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once daily for three consecutive days. Group I (Intact
control): animals received distilled water. Group II
(Control pathology): animals received distilled water
and were subjected to inflammation induction.
Group III (Reference drug): animals were treated
with the reference drug “Quertin” (Public Joint
Stock Company "Research and Production Center
"Borshchagov Chemical and Pharmaceutical Plant").
Group IV: animals received blackberry fruit extract
at a dose of 20 mg/kg. Group V: animals received
blackberry fruit extract at a dose of 60 mg/kg.
Group VI: animals received blackberry fruit extract
at a dose of 120 mg/kg. (Table 1)

On the third day, acute inflammation was induced
in Groups II-VI by subplantar injection of 0.1 mL
of 1% (w/v) carrageenan solution in 0.9% sodium
chloride into the right hind paw.

At the end of the experiment (4 hours after car-
rageenan administration, corresponding to the peak
of edema), the animals were humanely euthanized
under appropriate anesthesia. Blood samples were
collected immediately via decapitation. The collected
blood was centrifuged to obtain serum. The serum
samples were further applied for a biochemical
analysis of antioxidant parameters as catalase activity
[17] and MDA [18].

Table 1. Scheme of in vivo experiment

=3
© | Sample Dose, mg/kg
o =2

=

1. | Intact -

2. | Control _

Pathology
3. | "Quertin” 100,0 mg/kg expressed as quercetin

7.0 mg/kg

20,0 mg/kg, expressed as the total
content of polyphenolic compounds
expressed as gallic acid

4. | Blackberry
extract

5. | Blackberry
extract

60,0 mg/kg , expressed as the total
content of polyphenolic compounds
expressed as gallic acid

6. | Blackberry
extract

120,0 mg/kg , expressed as the total
content of polyphenolic compounds
expressed as gallic acid

Molecular docking simulations were carried out
with AutoDockTools v1.5.6 [14,15]. In Table 2 was
showed a scheme of proteins applied for research.

Statistical processing of the data was conducted
using Statistica 10 software. Group comparisons
were performed with the Mann-Whitney U test, and
results were considered statistically significant when
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Table 2. Scheme of proteins applied for research

N¢ Protein Name PDB ID | Resolutions, A

1. | Nicotinamide adenine
dinucleotide phosphate

oxyreductase (NADPH 500x 2.20
oxidoreductase)
2. | Myeloperoxidase 3f9%p 2.93
3. | Xanthine oxidoreductase 1fiq 2.50

p-values were below 0.05. When studying in vitro
antioxidant activity, the results were analyzed using
one-way analysis of variance with Tukey's test, where
differences were considered significant at p < 0.05.

Results

In the first stage of this research, a molecular
docking study was conducted to evaluate the anti-
oxidant potential of blackberry fruit extract. Various
prooxidant pathways exist, including mitochondrial
dysfunction, NADPH oxidase activation, and
transition metal-mediated reactions. However, we
consider NADPH oxidoreductase, myeloperoxidase,
and xanthine oxidoreductase to be the key pro-
oxidant enzymes. To benchmark the potential of the
blackberry extract, it was compared to quercetin (a
natural compound), as the quercetin-based drug
"Quertin"” is currently used in the treatment of car-
diological, neurological, and renal diseases

The carrageenan-induced inflammation model
is a well-established and classic model for studying
acute inflammatory response, which is accompanied
by the generation of reactive oxygen species and the
development of oxidative stress [19]. It is known
that induction of inflammation with carrageenan
activates neutrophils and macrophages, leading to
excessive formation of free radicals and activation of
lipid peroxidation processes [20]. Thus, this model
allows assessing the ability of the studied extract not
only to indirectly influence the inflammatory process
but also, which is key to our work, to counteract
oxidative stress, which is an integral component
of inflammation. Therefore, the main focus of our
study was concentrated on biochemical markers of
antioxidant defense, such as catalase activity, and
oxidative damage, namely malondialdehyde, rather
than on classical indicators of inflammation.

In our previous research [8], the anthocyanin
composition of blackberry fruit extract was estimated
by high performance liquid chromatography.
According to this study, the following anthocyanins
were identified: cyanidin-3-glucoside (84.10% of total
anthocyanins), cyanidin-3,3'-diglucoside (7.38% of
total anthocyanins), cyanidin-3-(3"-malonyl gluco-
side) (6.30% of total anthocyanins), cyanidin-3-xy-
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loside (1.50% of total anthocyanins), and cyanidin-
3-rutinoside (0.60% of total anthocyanins). These
identified compounds were evaluated using a
molecular docking study to realize the realize an-
tioxidant potential of blackberry fruit extract. In
addition, compound selectivity was categorized
based on ICso values using predefined criteria:
ICso < 0.001 mM indicated high selectivity; values
within 0.001-0.05 mM were considered moderate
selectivity; and ICso > 0.05 mM corresponded to low
selectivity [21]. It should be emphasized that this
classification is arbitrary and used for approximate
comparison only and does not represent a precise or
rigorous pharmacological assessment of selectivity.

According to the results shown in Table 3, highly
selective inhibitors of the NADPH oxidoreductase
enzyme were not identified. Only cyanidin-3-glu-
coside exhibited medium selectivity, whereas
quercetin was a low-selective inhibitor. The other
anthocyanin compounds of blackberry fruit had
positive values, which are associated with unfavorable
binding and low ligand-receptor affinity to NADPH
oxidoreductase (Table 3).

OAPMALLIA, MPOMUCI0BA GDAPMALLIA I

OpwuriHanbHi BocnigKeHHs

Further, the ability of blackberry fruit extract
compounds to inhibit myeloperoxidase was assessed.
According to the results, it was found that cyanidin-
3-xyloside, cyanidin-3-glucoside, and cyanidin-
3-(3"-malonyl glucoside) were medium-selective
inhibitors, while quercetin, cyanidin-3-rutinoside,
and cyanidin-3,3'-diglucoside were low-selective
inhibitors (Table 4).

The next important prooxidant enzyme is xanthine
oxidoreductase. According to the results of the study,
cyanidin-3-xyloside was found to be a highly selective
inhibitor, while cyanidin-3-(3"-malonyl glucoside),,
cyanidin-3,3'-diglucoside, and cyanidin-3-rutinoside
demonstrated moderate selectivity as inhibitors.
Quercetin had low selectivity toward the prooxidant
enzyme xanthine oxidoreductase (Table 5).

Furthermore, all obtained data were summarized,
and the compounds were conditionally classified
into four categories. The first category comprised
compounds with high predicted selectivity for the
active site, the second included compounds with
moderate predicted selectivity, the third consisted of
compounds with low predicted selectivity and fourth

Table 3. Results of molecular docking analysis of anthocyanins compared with reference antioxidant agent

(quercetin) against NADPH oxidoreductase

Ne Ligand Binding energy AGbind Ki Predicted interaction
(kcal/mol) mmol strength

1. | Cyanidin-3-glucoside -7.08 0,00644 Medium

2. | Quercetin 0,09072 Low

3. | Cyanidin-3-(3"-malonyl glucoside) - Inactive

4. | Cyanidin-3-xyloside - Inactive

5. | Cyanidin-3-rutinoside - Inactive

6. | Cyanidin-3,3'-diglucoside - Inactive

Notes. AGbind: free-binding energy, Ki: 50 % enzyme inhibition concentration, green/yellow/red: high/moderate/low predicted
interaction strength, blue color - positive docking values indicate unfavorable binding and low ligand-receptor affinity.

Table 4. Results of molecular docking analysis of anthocyanins compared with reference antioxidant agent

(quercetin) against myeloperoxidase enzyme

. . Binding energy Ki Predicted interaction

A LU : strength
AGbinda (kcal/mol) mmol 9

1 Cyanidin-3-xyloside -7.01 0.00731 Medium

2 Cyanidin-3-glucoside -6.51 0.01694 Medium

3. | Cyanidin-3-(3"-malonyl glucoside) -6.08 0.03495 Medium

4 Cyanidin-3-rutinoside 0.0517 Low

5 Cyanidin-3,3'-diglucoside 0.12258 Low

6. | Quercetin 3.79 Low

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

interaction strength.
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Table 5. Results of molecular docking analysis of anthocyanins compared with reference antioxidant agent
(quercetin) against xanthine oxidoreductase enzyme

N Ligand Binding energy Ki Predicted interaction
AGbinda (kcal/mol) mmol strength

1. | Cyanidin-3-xyloside 0T 0.00004602 High

2. | Cyanidin-3-(3"-malonyl glucoside) -8.05 0.00126 Medium

3. | Cyanidin-3,3'-diglucoside -7.96 0.00146 Medium

4. | Cyanidin-3-rutinoside -7.95 0.00149 Medium

5. | Cyanidin-3-glucoside 0.01871 Low

6. | Quercetin 0.05629 Low

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

interaction strength.

one included compounds with unfavorable binding.
This classification approach was applied to clearly
identify compounds that interact most effectively
with prooxidant targets, as well as those exhibiting
lower levels of interaction.

Table 6 shows the summarized results of molecular
docking of prooxidant enzyme inhibition by
anthocyanins from blackberry fruit extract. The results
demonstrate that none of the compounds, including
both anthocyanins and drug standards, exhibited high
selective inhibition of all the mentioned prooxidant
targets. However, cyanidin-3-glucoside, cyanidin-3-
(3"-malonyl glucoside) and, and cyanidin-3-xyloside
blocked two out of three prooxidant targets. Whereas
cyanidin-3,3'-diglucoside and cyanidin-3-rutinoside
blocked only one out of three targets, namely xanthine
oxidoreductase. Quercetin did not theoretically
effectively inhibit the key oxidative targets in this
study.

Table7 presentstheantioxidantactivityofblackberry
fruit extract evaluated in the carrageenan-induced

edema model in mice (n = 5, M + m). Antioxidant
status was assessed by measuring catalase activity
and MDA concentration, which reflect endogenous
antioxidant defense and lipid peroxidation intensity,
respectively.

Induction of inflammatory pathology caused
pronounced oxidative stress compared with intact
animals. In the control pathology group, catalase
activitysignificantlydecreased from 57.75umol/min-L
in intact animals to 26.22 pmol/min-L, while MDA
levels increased from 0.221 umol/L to 0.267 pumol/L,
indicating activation of lipid peroxidation processes.
The reference preparation Quertin (7.0 mg/kg) also
reduced lipid peroxidation; however, catalase activity
remained lower than in intact animals.

Administration of blackberry fruit extract
produced a dose-dependent antioxidant effect. At
a dose of 20 mg/kg, moderate improvement was
observed, characterized by increased catalase acti-
vity (35.12 pmol/min-L) and reduced MDA levels
(0.200 pmol/L). Increasing the dose to 60 mg/kg

Table 6. Summary diagram illustrating the categorization of reference antioxidant agents and the major

constituents detected in blackberry fruit extract

NADPH

o
N Compound oxidoreductase

Number of key
oxidant enzymes
affected

xanthine

myeloperoxidase | ;4oreductase

Reference drug

1. | Quercetin

7 ] o

Compounds blackberry fruit extract

Cyanidin-3-glucoside

Cyanidin-3,3'-diglucoside

Cyanidin-3-xyloside

1
2
3. | Cyanidin-3-(3"-malonyl glucoside)
4
5

Cyanidin-3-rutinoside

=N —=DN

Notes. green - high level of predicted selectivity; yellow - medium level of predicted selectivity; red - lower of predicted

selectivity; blue - unfavorable binding
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resulted in a more pronounced normalization of
oxidative parameters, with catalase activity rea-
ching 51.31 pmol/min-L and MDA decreasing
to 0.140 umol/L. The highest dose (120 mg/kg)
demonstrated the strongest antioxidant activity,
significantly ~ elevating  catalase  activity to
70.56 umol/min-L and reducing MDA concentration
to 0.120 umol/L, exceeding the effects observed
with reference treatments. Overall, the data indicate
that blackberry fruit extract effectively attenuates
oxidative stress under inflammatory conditions
by enhancing antioxidant enzyme activity and
suppressing lipid peroxidation in a dose-dependent
manner.

The next stage of our study was the assessment of
the antioxidant activity of blackberry fruit extract by
the potentiometric method in comparison with the
preparation "Quertin” at an equimolar concentration
of 0.1 mol/L. For this purpose, we dissolved the
calculated amount of the dosage form of the studied
preparations ("Quertin") in equal volumes of distilled
water at a temperature of 90°C, then filtered the
prepared solutions and brought them to the mark
with the same solvent. According to the study results
shown in Table 8, it was found that the blackberry
fruit extract has an 86%, 86%, and 89% higher level of
antioxidant activity than the comparison preparation
"Quertin".

Next, we evaluated the antioxidant effect of
blackberry fruit extract by the FRAP method in
comparison with the drug "Quertin” at an equimolar
concentration of 0.1 mol/L. For this purpose, we
dissolved the calculated amount of the dosage form
of the studied drug "Quertin" in equal volumes of
distilled water at a temperature of 90°C, then filtered
the prepared solutions and brought them to the mark
with the same solvent. According to the study results
shown in Table 9, the blackberry fruit extract was
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Table 8. Antioxidant activity of the blackberry fruit
extract determined by potentiometric
method in vitro

Experimental mmol-
- Dose
conditions eqv./Myry, res
"Quertin” 5.40+0.05
_ 0.10 mol/L
Blackberry fruit extract 220.70£1.03*

Notes. Values are presented as mean * standard deviation.
One-way ANOVA with Tukey's post-hoc test was used.
* indicates p < 0.05 compared to Quertin

Table 9. Antioxidant activity of the blackberry fruit
extract determined by FRAP assay in vitro

Experimental nmol/mL-eq.
conditions Dose EGCG
“Quertin” 10.00£0.05
0.10 mol/L
Blackberry fruit extract 54.70+0.33*

Notes. Values are presented as mean + standard deviation.
One-way ANOVA with Tukey's post-hoc test was used.

* indicates p < 0.05 compared to Quertin, EGCG - epigalloca-
techin-3-0-gallate

found to have a higher level of antioxidant effect than
the reference drug "Quertin".

The antioxidant potential of "Quertin" and
blackberry fruit extract was evaluated using the
ABTS radical scavenging assay. ICs, values (umol/L)
represent the concentration required to inhibit 50%
of ABTS radicals. Lower ICs, values indicate stronger
antioxidant activity. The blackberry fruit extract
exhibited the highest antioxidant activity among the
tested compounds, with an ICs value markedly lower
than those of the standard antioxidant. "Quertin"

showed moderate radical scavenging activity
(Table 10).

Table 7. Antioxidant activity of the blackberry extract on the carrageenan edema model n =5, (M + m)

Experimental conditions Dose, mg/kg Catalase, pmol/min-L MDA, pmol/L
Intact 57.75 £ 2.89 0.221 +0.013
Control pathology 26.22*% +1.31 0.267* £+ 0.011
"Quertin” 7.0 26.04* £1.30 0.159*/** + 0.008
Blackberry fruit extract 20.0? 35.12%/**[***[#] a £ 2.10 0.200%/**/***/#/ a £ 0.016
Blackberry fruit extract 60.0? 51.31**/#/a/& + 3.00 0.140%/**[***[#/ a + 0.014
Blackberry fruit extract 120.02 70.56%/**[***[#[a/&/$ + 3.40 0.120%/**/***/#/a/&/$ + 0.016

Notes. *: p < 0.05 denotes statistically significant differences with the intact group; **: p < 0.05 denotes statistically significant
differences with the CP (control pathology) group; a: p < 0.05 denotes statistically significant differences with the Quertin; &:
p < 0.05 denotes statistically significant differences with the blackberry fruit extract at a dose 20 mg/kg; $: p < 0.05 denotes
statistically significant differences with the blackberry fruit extract at a dose 60 mg/kg; 1 - Dose of Quertin expressed in term
of quercetin, dose of dosage form - 100 mg/kg; 2 - The dose is equivalent to the sum of phenolic compounds expressed as
gallic acid.
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Table 10. Antioxidant activity of the blackberry
fruit extract determined by ABTS assay

in vitro
Experimental conditions IC50, pmol/L
"Quertin " 15.0£0.75
Blackberry fruit extract 0.50 + 0.03*

Notes. Values are presented as mean * standard deviation.
One-way ANOVA with Tukey's post-hoc test was used.
* indicates p < 0.05 compared to Quertin

Discussion

Oxidative stress reflects an imbalance between
free radicals and the antioxidant defense system.
The main products of oxidative stress are the
superoxide anion (O;e”), hydroxyl radical («OH),
and oxidized forms of unsaturated fatty acids. Free
radicals disrupt normal cell signaling mechanisms
and contribute to the subsequent development of
chronic diseases. Catalase is a protective antioxidant
enzyme responsible for reducing hydrogen peroxide
levels and, consequently, oxidative stress in the body.
According to the results presented in Table 7, it can
be concluded that blackberry fruit extract at doses of
120.0 and 60.0 mg/kg possesses sufficient antioxidant
activity to actively suppress oxidative stress during
the inflammatory process and inactivate free
radicals.

These results are consistent with the findings of
Cho BO, who reported a significant (p < 0.05) increase
in antioxidant enzyme activity and a reduction in
oxidative stress markers following administration
of blackberry extracts [22]. Their data support the
observed statistically significant modulation of
catalase and MDA in our study.

Similarly, Tony S. K. and co-authors demonstrated
that anthocyanin-rich blackberry extract significantly
reduces oxidative stress and lipid peroxidation while
improving antioxidant status in experimental animals
[23]. In their study, treatment with blackberry extract
led to a decrease in oxidative stress markers and
restoration of antioxidant balance, which is consistent
with our findings showing reduced MDA levels and
increased catalase activity.

The high antioxidant capacity of the extract in the
FRAP (54.70 nmol/mL EGCG equivalents) and ABTS
(0.50 + 0.03 umol/L) assays further supports these
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findings. The relatively low standard deviation in
the ABTS assay indicates good reproducibility of the
results. Similar results have been reported by Vazquez
Medina et al, who demonstrated that blackberry
fruit extracts exhibit high ferric reducing and radical
scavenging capacities in vitro, as measured by FRAP
and ABTS/TEAC assays, due to their rich phenolic
and terpenoid content (p < 0.05). [24]

Importantly, the dose-dependent nature of the
antioxidant effect observed in this study is sup-
ported by Skrovankova S., who noted that optimal
antioxidant effects are typically achieved within
a specific concentration range, with statistically
significant improvements observed at moderate-
to-high doses (p < 0.05) [25]. In our study, the 120
mg/kg dose demonstrated the most pronounced and
statistically significant antioxidant effect, suggesting
that this dose falls within the optimal therapeutic
window.

The high antioxidant activity of the blackberry fruit
extract observed in vivo, in vitro assays, in our view
can be primarily attributed to the synergistic effects
of multiple anthocyanins present in the extract.
Key compounds contributing to this effect include
cyanidin-3-glucoside, cyanidin-3,3'-diglucoside,
cyanidin-3-(3"-malonyl glucoside), cyanidin-3-xy-
loside, and cyanidin-3-rutinoside. Acting together,
we believe these anthocyanins enhance free radical
scavenging and reducing capacity, producing a
stronger overall antioxidant effect than any single
component alone. This synergistic activity likely
underlies the correlation observed between the high
in vitro antioxidant capacity and the in vivo effects,
including increased catalase activity and decreased
MDA levels, indicating that the combined action of
these anthocyanins plays a central role in mitigating
oxidative stress.

Conclusions

A theoretical and experimental study of the
antioxidant activity of blackberry fruit extract was
conducted. According to the theoretical results, it was
shown that due to the high content of anthocyanins in
blackberry fruit extract, the extract possesses inhibit
crucial prooxidant enzymes. In vivo and in vitro
models showed that blackberry fruit extract showed
predicted interactions with enzyme targets relevant
to oxidative stress.
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AHTUOKCUMAAHTHUNA NOTEHLiaN eKCTPAKTY O)XKUHMU:
\ IHTerpoBaHuu aHanis in vitro, in vivo
k Ta in silico 3 MoneKynapHUM [OKIHFOM

Mukona KoMicapeHko, Aptem MapueHko, Onekcanap Macnos, IpuHa JlebeaunHeub,
Tetana OpkeBuy, Ceprin KonicHuk, Anna KoBanb

HauioHanbHni dapmaueBTUYHMIA YHIBEPCUTET, XapKiB, YkpalHa
Corresponding author:

Artem Marchenko
E-mail: chemistry29@meta.ua

AHoTalifl: B OCTaHHI POKM 3pOCTae iHTepec JO MPUPOAHMX CHOMYK SAK MOTEHLIMHMX TepPalleBTUYHUX areHTiB
3aBISKY IXHBOMY LIMPOKOMY CIEKTPY Oionoriunoi akTuBHOCTi. OCOONMMBY yBary IpUBEpTAIOTh POCAVHHI CIIO-
JAYKM 3 aHTUOKCUAHTHMMU BJIACTUBOCTAMM, OCKIIbKM BOHM MOXYTb IPUTHIYYBaTM IIaTOJIOTiYHI IPOLIECH.
ToMy IOIIYK HOBMX IPUPOJHUX CIIONYK, 3TATHUX ITOCTAOMIOBATH OKCUAATUBHUI CTPeC, 3a/IMIIAEThCS ePCIIeK-
TUBHUM HalpsAMOM OiOMegVYHUX JOCIimKeHb. MeTol po6oTy Oy/lI0 OLIHMUTY aHTMOKCUJAHTHMII ITOTeHIiasn
TYCTOTO €KCTPAaKTY IUIOZIiB OXXMHM 3 BUKOPUCTAHHAM MOJENEN in vitro, in vivo Ta MONEKYIAPHOTO JNOKIiHTY in
silico. Y mocmipkeHHI BUBYaMM TyCTUIT €KCTPAKT IUIOAIB OXKMHU. [JOKIHIOBi ZOCT/)KEHHA IPOBOAVIIN 3 BUKO-
puctanuaMm mporpamu AutoDockTools 1.5.6. AHTMOKCHMIQHTHMII HOTeHIial OLjiHIOBaaM in vitro 3a gomomo-
rOI0 MeTOAy BU3HA4YeHHs BiTHOBMIOBaNbHOI 3xaTHOCTI 3amiza (FRAP), moTeHIioMeTpMYHOrO METOAY Ta TECTY
3 2,2'-a3uH0-6ic(3-eTun6eHs0Tia30miH-6-cynbdoHoBOIO K1cnoTow) (ABTS); in vivo — Ha MmIax Ha Mozei Ha-
6psAKy namy, iHgyKoBaHOro KapareHiHoM. Ominka in silico mokasasa, 1110 OCHOBHI aHTOLIiaHV OXVHYM — IjiaHi-
IVH-3-ITII0KO3U[, LiaHigWH-3-(3"-MaToHINITIKO3MA) Ta LiaHiAMH-3-KCWI03KUA — ONOKYyBalu ABa 3 TPbOX IpO-
OKCUMAAHTHUX QepMeHTiB-MimeHert. HaroMicTp niaHifuH-3,3"-Aurmokosuy i niaHignH-3-pyTuHO3MA iHriOyBamu
JMIIE OHY 3 TPHOX MillleHel, a caMeé KCAaHTVMHOKCUIOPERYKTa3y. Y JOC/iaxX in Vivo BCTAaHOBJIEHO, 1[0 BBEJNECHHSA
TyCTOTO eKCTPaKTY IUIOfiB O>KMHY B fo3ax 60,0 Ta 120,0 MI/KT IPOSIBIIAIO BUPAXXeHUI aHTMOKCUIAHTHUI eeKT:
€KCTPaKT JOCTOBIPHO MifBMIyBaB piBeHb KaTanasu Ao 51,31+3,00 ta 70,56+3,40 MKMO/Ib/XB 1 BijIOBifHO Ta
3HIDKYBaB piBeHb MaJIOHOBOTO mianbaeriny (MJA) mo 0,140+0,016 ta 0,120+0,016 MKMO/IB/N y cupOBaTLii Kpo-
Bi IOPIBHAHO 3 KOHTPOJIBHOK Ipynow. IIpodinoBaHHa aHTMOKCHIAHTHOI aKTYBHOCTI II0Ka3aJlo, [0 eKCTPaKT
IVIOfiB OXKMHU NIPOSIB/IAB HalBUINY aKTUBHICTD y TecTax FRAP, notenniomerpnunomy ta ABTS. 3rigso 3 Teo-
PeTUYHMMM pe3ynbTaTaMU BCTAHOBIIEHO, 1JO 3aBAAKM BMICOKOMY BMICTY aHTOIIiaHiB €KCTPAKT IJIOAiB OXXMHU
3[aTHUI iHriOyBaTy KIIIOYOBI MPOOKCHUIAHTHI ¢epMeHTH. Moperni in vivo Ta in vitro mpogeMoHcTpyBany, 1o
€KCTPAaKT aKTMBHO IIPUTHIYy€ YTBOPEHHA BiIIbHUX PaIMKaJIiB i/l 9ac IMepeKMCHOrO OKMCHEHH JIiMiJiB i reHepa-
1ii aKTMBHMX HOPM KIUCHIO.

KntouoBi cnioBa: 0x1Ha, IJIOY, aHTMOKCUAAHTHUI e(eKT, aHTOL[{aHM, eH3UMIL.
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