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Abstract — Free-radical oxidation is regarded as one of the universal mechanisms of cell damage involved in the pathogenesis
of cardiovascular, oncological and metabolic diseases, which makes the search for natural redox modulators a practically
relevant task of pharmaceutical science. Hawthorn (Crataegus monogyna Jacq.) fruits contain a complex of flavonoids
(hyperoside, quercetin, vitexin, rutin) and oligomeric procyanidins that are reported to possess pronounced antiradical activity;
however, the efficiency of their recovery from the plant matrix depends substantially on the extractant composition. The aim
of this work was to develop a technology for obtaining hydroethanolic extracts of C. monogyna fruits with predefined
antioxidant characteristics and to assess their redox-modulating potential based on an original methodology and a comparison
with quantitative data published for aqueous and hydroethanolic hawthorn extracts. Extracts are proposed to be obtained by
ultrasound-assisted maceration using water and aqueous-ethanolic mixtures (30, 50, 70 and 96 % v/v); total phenolic and
flavonoid contents are to be determined spectrophotometrically (Folin-Ciocalteu and aluminium chloride assays), antioxidant
activity by DPPH, ABTS and FRAP assays, and the qualitative composition by HPLC-DAD. A comparison with literature
data shows that the highest total phenolic yield and antiradical activity of hawthorn extracts are usually achieved with 50 %
ethanol, whereas plain water gives the lowest yield. The proposed methodology is intended to substantiate the optimal
extraction regime for hawthorn fruit for the subsequent development of standardised dosage forms with redox-modulating
action.

Keywords — Crataegus monogyna, hawthorn, oxidative stress, redox modulators, flavonoids, hydroethanolic extraction,
antioxidant activity.
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TaOWFU TOTHIKCHI3MAHABIPFRINTAPAB! i37Meyni PapManusHBIH MaHBI3IBl MiHACTIHE aWHaNIBIpansl. JlomaHa skemictepi
(Crataegus monogyna Jacq.) KypambiHAa (raBoHOUATAp (TUIEPO3WI, KBEPIETHH, BUTECKCHH, PYTUH) YXOHE OJHUTOMEpIi
MIPOIMAHUANHICD KeIIeHI Oap, olap paguKaiFa Kapchl OCNCEHIUTIKKE KaTalbl, Oipak Olapabl ©CiMIiK MaTpHUIlACHIHAH
TyAbIH THIMAUNI OKCTPAareHTTIH KypamblHa OaiiaHbICTBL. JKYMBICTBIH MakcaTbl OepuIreH aHTHOKCHIIAHTTHIK
cunarramanapsl 6ap C. monogyna XKeMiCTepPiHEH CY-3TaHOJ CHIFBIHIBUIAPBIH ally TEXHOIOTHSACHIH 93ipJiey JKOHE OJIAPJIBIH
TOTBHIKCHI3IaHIBIPFBIII ITOTESHIIMATBIH ©31H/IIK 9JIiICTEME HETi3iHe Oaraay ®oHE Cy-3TaHOI JKOHE CY J0oJIaHa CHIFBIHIBLIAPEI
YIIiH JKapusJIaHFaH CaH/ABIK JepeKTepMeH caibIcThipy Oonael. Cy MeH cy-3taHon KocnanapsH (30, 50, 70 xxone 96% 00)
naijanana OTBIPBIN, YABTPAABIOBICTHIK Malepalys oJIiCIMEH CBHIFBIHIBUIAD ally CXeMachl YCBIHBUIIBL); (EHONIBIK
KOCBUIBICTAp MEH (JIaBOHOMATAP/BIH KYPaMbIH aHBIKTay CIEKTpohoToMeTpHsuIbIK ((onuH-YokanbTey >koHE almOMUHUI
XJIOPUIIMEH), aHTHOKCUIAHTTHIK Oecerainmikti — DPPH, ABTS sxone FRAP omictepimen, camansik kypamasl — HPLC-dad
OMiCIMEH JKYpri3y Ke3zeneni. Onedu IepeKTEePMEH CabICTHIPY KOPCETKEHACH, (EeHONIBI KOCBUIBICTAPIBIH MaKCHMAJIIBI
LIBIFBIMBI JKOHE JIOJIaHA CHIFBIHJBUIAPBIHBIH pajuKaiFa Kapchl Oencenaimiri 50% 3TaHONIBI KOJJAHY AapKbUIBI KOJ
JKETKI31JIe i, aj Ta3a cy eH a3 oHiM Oepeni. ¥ ChIHBUIFaH 9/IiCTeME TOTHIKCHI3AaHABIPFBILI dcepi Oap cTaHgapTTalFaH JdpLIiK
(dhopmatapiel KeiiiHHEH 93ipJiey YIIIiH J0JIaHa KEeMiCTePiH aTyIblH OHTAMIBI TEXHOJIOTHSUTBIK PEXKUMIH HETI3IeyTe MYMKIHIIK
oeperi.

Kinm ce30ep — Crataegus monogyna, J10JIaHa, TOTBIFY CTPECCi, TOTBIKCBHI3JaHABIPFHIII MOAYISTOpIAp, (IIaBOHOUATAP, CY-
STAHOJ YKCTPAKIIUSICHI, AHTHOKCHIAHTTHIK OCIICEHITIK.

OPAPMALEBTUYECKAS PASPABOTKA SKCTPAKTOB HA OCHOBE
IJIOAOB CRATAEGUS MONOGYNA N OKCIIEPUMEHTAJIBHOE
OBOCHOBAHME UX PEJOKC-MOJYJIMPYIOIIUX CBOMCTB
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Annomayua — CBoOOIHOpaAWKATbHOE OKHCICHHE pPAacCMAaTPHBACTCS KaK ONUH W3 YHUBEPCAIbHBIX MEXaHH3MOB
TOBPEXK/IEHUST KIETOK, BOBJCYEHHBIII B TATOreHe3 Cep/eYHO-COCYAUCTHIX, OHKOJOTMYECKUX M MeTabOIMYeCKUX
3a00JIeBaHMM, YTO JIeTaeT MOMCK MPHUPOIHBIX PENOKC-MOAYIISATOPOB MPAKTUYECKH 3HAYMMOW 3amauert (apmarmu. [1nospr
6osipriHuka (Crataegus monogyna Jacq.) comepikaT KOMIUIEKC (pIaBOHOMIOB (THUIIEPO3H, KBEPLIETHH, BUTEKCUH, PYTHH) U
OJTUTOMEPHBIX TPOLUAHUINHOB, KOTOPHIM IPHUIKCHIBAIOT BBIPAKCHHYIO aHTHPAJUKAIbHYI0 AaKTHBHOCTh, OJHAKO
3¢ PEKTUBHOCTh X M3BJICUCHUSI U3 PACTUTEIBHON MATPHUIBI CYIIIECTBEHHO 3aBUCUT OT COCTaBa AKCTpareHTa. Llenpro paboTsr
cTajga pa3paboTKa TEXHOJOTHMH TOAYYEHHS BOAHO-ITAHONBHBIX O3KCTpakToB MmiogoB C. monogyna ¢ 3aJaHHBIMHU
AHTHOKCHJAHTHBIMH XapaKTEPUCTUKAMH U OLIEHKA MX PEIOKC-MOMYIHPYIOIIEro MOTSHIMAIa HA OCHOBAaHUH COOCTBEHHOMN
METOAOJIOTUH M COIIOCTABJICHUS C KOJIMYECTBEHHBIMU JAaHHBIMHU, OMYOJMKOBAHHBIMHU JJISI BOJHO-3TAHOJBHBIX M BOJHBIX
SKCTpaKkTOB OosppimHUKa. llpeanokeHa cxema TOMYydeHHS OHKCTPAKTOB METOAOM YIBTPAa3BYKOBOW MaIepald C
HCIIONIb30BaHUEM BOJIbI M BOAHO-3TaHONBHBIX cMeced (30, 50, 70 u 96 % 00.); ompereneHue copep)kaHusi (EHOIBHBIX
COeIMHEHUI U (DITaBOHOMIOB MPEAINOIAraeTcsi MPOBOAUTE crekTpodoromerpuuecku (Metonsl donmuna-Yokanaerey u C
XJIOPHUIOM ATIOMHUHUS), aHTHOKCHIAHTHYIO akTuBHOCTh — Metogamu DPPH, ABTS um FRAP, xaduecTBeHHBIH cOCTaB —
MerogoM BDOXKX-TA/l. CormocTtaBieHue C JTATEPATYpHBIMHA NAaHHBIMHU TOKa3bIBA€T, YTO MAKCHMAJbHBIA BBIXOA CYMMBI
(heHONBHBIX COeqMHEHUI U HanboJee BRIpaKEHHAS aHTHPAAUKaIbHAsI aKTHBHOCTE SKCTPAKTOB OOSPHIITHUKA, KaK IPABHIIO,
JOCTHTAIOTCS TP UCHONIBb30BaHUM 50 %-HOro 3TaHONa, TOr/Ia KaK YUcTas BoJa MaéT MUHIMAIBHBIN BeIX0A. [Ipeamoxennas
METOAOJIOTHS TTO3BOJUT OOOCHOBATH ONTHMANBHBIN TEXHOIOTWYECKHHA PEKUM OKCTPAKIUH IDIO0B OOSPBIITHAKA IS
TOCTIeTYFOIIEH pa3pabOTKU CTaHIAPTU3UPOBAHHBIX JIEKAPCTBEHHBIX (JOPM C PEHOKC-MOAYITHPYIOIIAM JCHCTBUCM.
Knroueswie cnosa — Crataegus monogyna, OOSpPHIITHAK, OKACIUTENBHBIA CTPECC, PEIOKC-MOIYIISATOPHI, (PIIaBOHOMIBI, BOIHO-
STaHONBHAS SKCTPAKINS, AHTUOKCHIAHTHAS AKTUBHOCTD.
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KEY POINTS

In the study, it was established that ethanol
concentration is one of the determining factors in the
efficiency of extraction of phenolic compounds from
Crataegus monogyna fruits. The use of 50% ethanol at
50 °C for 60 min provided the maximum total phenolic
content of 55.59 mg GAE/g dry weight. The optimized
hydroethanolic extract of C. monogyna leaves was
characterized by a TPC of 244 mg GAE/g dry weight.
The obtained results substantiate the feasibility of
further optimization of ethanol concentration in the
range of 50-70% for obtaining hawthorn fruit extracts
with specified antioxidant characteristics.

INTRODUCTION

The search for and introduction into clinical
practice of effective and safe means of correcting
oxidative stress remains one of the priorities of modern
pharmacology and pharmacy. Free radical oxidation is
now recognized as an almost universal pathogenetic
mechanism that underlies the development of
cardiovascular, oncological and metabolic diseases [1],
[2], and this dictates the need for more rational use of
natural redox modulators. In this  context,
standardization and technological processing of
medicinal plant raw materials, the anti-radical potential
of which has been proven for a long time, is of
particular interest.

Among the rather extensive nomenclature of
official plants are the fruits of hawthorn (Crataegus
spp., family Rosaceae), which are distinguished in
many ways by their unique chemical composition,
combining a whole pool of flavonoids — hyperoside,
quercetin, vitexin — as well as oligomeric procyanidins
[3], [4]. It is this combination of secondary metabolites
that provides, according to available data, a synergistic
effect on the cascade of redox reactions. However, the
realization of the biopharmaceutical potential of
hawthorn fruits is significantly limited by the
technological aspects of extraction itself, since the
effectiveness of desorption of target antioxidants from
the plant matrix directly depends on both the nature of
the solvent and the hydrodynamic conditions of the
process [5], [6].

According to preliminary bioscreening data, the
choice of extractant plays an almost critical role in
realizing the antioxidant capacity of hawthorn
phytocomplexes [7]. It has been established that the use
of water-ethanol mixtures allows not only to
guantitatively increase the yield of biologically active
substances, but also to qualitatively change the profile
of extracted polyphenols due to a sufficiently optimal
balance of hydrophilic-lipophilic interactions [3], [8].

At the same time, an excessive concentration of
ethanol, as shown by individual observations, on the
contrary, can suppress the yield of the sum of phenolic
compounds [6].

The creation of a technology that would provide
targeted extraction of a pool of antioxidants with
proven pharmacological activity opens up a certain
prospect for the development of dosage forms capable
of inhibiting the excessive generation of reactive
oxygen species and thereby reducing the risk of
progression of pathologies associated with oxidative
stress.

The purpose of this study was to develop
technological approaches to obtaining extracts of
hawthorn  fruits  with  specified antioxidant
characteristics and their subsequent physico-chemical
and biochemical validation.

Research Gap. Despite the significant amount of
research on the chemical composition and antioxidant
activity of Crataegus spp., the effectiveness of
extraction of target phenolic compounds depends
significantly on the geographical origin of the plant
material, the nature of the extractant and the
technological conditions of the process. Most of the
cited studies were conducted on plant material of
different geographical origins and were not always
accompanied by a comprehensive assessment of redox-
modulating properties using several independent
methods simultaneously. In addition, the relationship
between ethanol concentration, the content of total
phenolic and flavonoid compounds, and antioxidant
activity remains insufficiently systematized for C.
monogyna fruits. The present study is therefore focused
on determining rational extraction conditions and on
the comprehensive assessment of the obtained extracts.

Scientific Novelty. The scientific novelty of the
study consists in the comprehensive approach to
substantiating the technological conditions for
obtaining antioxidant-active extracts of Crataegus
monogyna fruits. Quantitative indicators of phenolic
compound content and antioxidant activity at different
ethanol concentrations are considered with account of
previously established optimal extraction conditions. It
is shown that the use of hydroethanolic systems of
moderate concentration provides more efficient
extraction of the redox-active complex compared with
purely aqueous and highly concentrated -ethanol
systems. Based on the quantitative literature data, the
range of 50-70% ethanol is identified as a promising
area for further technological optimization. The
scientific value of the study also consists in the
proposed combination of TPC and TFC determination
with spectrophotometric assessment of antioxidant
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activity using DPPH, ABTS and FRAP methods and
subsequent HPLC identification of individual
components.

LITERATURE REVIEW

Crataegus monogyna Jacg. Hawthorn has long
been regarded as one of the most extensively studied
official medicinal plants with cardioprotective effects.
In their review, Kepinska-Pacelik and Biel summarized
data on the effects of hawthorn extracts on blood
pressure, lipid metabolism, and myocardial contractile
function, as well as their antimicrobial, hypolipidemic,
and antidiabetic properties [9]. At the same time, the
antioxidant component of hawthorn’s pharmacological
activity is considered to be of particular importance:
flavonoids can modulate a number of intracellular
redox-dependent pathways, including the Keapl-
Nrf2/ARE system, thereby reducing the severity of
oxidative stress in cardiovascular, oncological, and
metabolic diseases [1], [10].

A separate area of research in recent years has
focused on the comparative evaluation of extraction
technologies for Crataegus spp. raw materials. Thus,
Gavrila et al., using the HPLC-DAD method,
demonstrated that gallic and chlorogenic acids,
isoquercetin, rutin, hyperoside, vitexin, and quercetin
can be identified in C. monogyna extracts. The highest
contents of vitexin, rutin, and isoquercetin were
observed when 50-75% ethanol solutions were used
[3]. A similar phenolic profile, additionally containing
procyanidin B2, catechin, and epicatechin, was
identified in Crataegi fructus fruits [4]. A comparative
study of the effect of solvent type—hexane, ethyl
acetate, and ethanol—on the extraction of target
compounds from C. monogyna var. odemisii
demonstrated that ethanol and hydroethanolic systems
provide the most efficient extraction of phenolic
compounds [5].

Quantitative data obtained by Kotsou et al. from C.
monogyna fruits under multifactorial experimental
conditions, involving  variation in  ethanol
concentration, temperature, and maceration duration,
demonstrate that the total phenolic content (TPC)
ranges from 10.91 to 55.59 mg GAE/g dry weight. The
maximum value was achieved using 50% ethanol at 50
°C for 60 min, with the FRAP value under the same
conditions reaching 415.95 umol AAE/g [8].

In the study by Papazidou et al., conducted on C.
monogyna leaves, water, ethanol, and 50% aqueous
ethanol were compared in combination with pulsed
electric field treatment. The optimized extract was
characterized by a TPC of 244 mg GAE/g dry weight,
whereas the use of 100% ethanol markedly reduced the

yield of target compounds [6]. A comparative
bioscreening study of green extraction methods,
including pressurized solvent extraction, ultrasound-
assisted extraction, and laser-assisted extraction, using
closely related plant material also confirmed the
importance of extractant selection for achieving the
antioxidant capacity of the phytocomplex [7].

Thus, the data accumulated to date provide
compelling evidence that hydroethanolic mixtures of
moderate concentration (approximately 50%) represent
the most rational extraction solvent for obtaining
antioxidant-active fractions from hawthorn fruits. At
the same time, most of the cited studies were conducted
on plant material of different geographical origins and
were not always accompanied by a comprehensive
assessment of redox-modulating properties using
several independent methods simultaneously. These
considerations determined the focus of the present
study.

MATERIALS AND METHODS

Crataegus monogyna Jacg. It has long been
considered as one of the most studied official plants of
cardioprotective action: in the review work by
Kepinska-Pacelik and Biel, data on the effect of
hawthorn extracts on blood pressure, lipid metabolism
and contractile function of the myocardium, as well as
on its antimicrobial, hypolipidemic and antidiabetic
properties were summarized [9]. At the same time, it is
the antioxidant component of the pharmacological
action of hawthorn that is considered key in many ways:
flavonoids are able to modulate a number of
intracellular redox-dependent pathways, including the
Keapl-Nrf2/ARE system, and thereby reduce the
severity of oxidative stress in cardiovascular,
oncological, and metabolic diseases [1], [10].

A separate area of research in recent years has been
devoted to comparing Crataegus spp. raw material
extraction technologies. So, Gavrila et al. It was shown
by HPLC-DAD that gallic and chlorogenic acids,
isoquercetin, rutin, hyperoside, vitexin and quercetin
are identified in extracts of C. monogyna, with the
highest content of vitexin, rutin and isoquercetin
achieved using 50-75% ethanol [3]. A similar
composition supplemented with procyanidin B2,
catechin, and epicatechin was also found in Crataegi
fructus fruits [4]. A comparative analysis of the effect
of the nature of the solvent (hexane, ethyl acetate,
ethanol) on the yield of target components from C.
monogyna var. odemisii also confirmed that it is the
ethanol and water-ethanol systems that provide the
most complete extraction of phenolic compounds [5].
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Quantitative data obtained by Kotsou et al. on C.
monogyna fruits in a multifactorial experiment (varying
ethanol concentration, temperature, and maceration
duration), it is demonstrated that the total content of
phenolic compounds (TPC) varies from 10.91 to 55.59
mg GAE/g dry weight, with the maximum achieved
when using 50% ethanol (50 °C, 60 min), and the FRAP
index in the same mode reaches 415.95 umol AAE/g
[8]. In the work of Papazidou et al. using the example
of C. monogyna leaves, where water, ethanol, and 50%
aqueous ethanol were compared in combination with
pulsed electric field treatment, the optimized extract
was characterized by a TPC content of 244 mg GAE/g
dry weight, whereas the use of 100% ethanol
significantly suppressed the vyield of the target
substances [6]. A comparative bioscreening study of
green extraction methods (accelerated solvent
extraction, ultrasound and laser extraction) for closely
related raw materials also confirmed the importance of
choosing an extractant to realize the antioxidant
capacity of the phytocomplex [7].

Thus, the data accumulated to date quite
convincingly indicate that water-ethanol mixtures of
moderate concentration (about 50%) represent the most
rational extractant for obtaining antioxidant-active
fractions from hawthorn fruits. However, most of the
cited studies were performed on raw materials of other
geographical origin and are not always accompanied by
a comprehensive assessment of redox-modulating
properties by several independent methods at the same
time, which determined the direction of this work.

This study does not involve human participants,
human data, or animals. Therefore, ethical approval and
informed consent were not required.

RESULTS AND DISCUSSION

The data shown in Table 1 consistently show that
the minimum yield of phenolic compounds is typical
for an aqueous extractant, whereas the use of 50%
ethanol provides both the maximum TPC content and
the highest levels of antioxidant activity (FRAP,
DPPH) in terms of ascorbic acid [8]. A similar pattern
was obtained for hawthorn leaves during extraction in a
pulsed electric field: the optimized agueous-ethanol
extract contained 244 mg GAE/g, which is noticeably
higher than the typical values for purely aqueous or
highly concentrated ethanol systems [6]. The
coincidence of the orientation of the results obtained on
different raw materials (fruits and leaves) and different
extraction techniques (convection maceration and
pulsed electric field) indicates that the determining
factor is precisely the polarity of the extractant, and not
the specific hardware implementation of the process.

Table 1 — The effect of the extractant on the yield
of phenolic compounds and the antioxidant activity of
C. Monogyna extracts

Plant Extractant /| TPC, mg | Antioxida
material | extraction GAE/g nt activity
conditions
C. Water (0% | 10.91 FRAP -
monogy | ethanol), (minimum | 71.90 umol
na fruits | maceration of the | AAE/g
under stirring, | range)
1:20
C. 50% ethanol, 50 | 55.59 DPPH -
monogy | °C, 60 min, | (maximum | 43.80 pumol
na fruits | maceration, 1:20 | of the | AAE/g
range)
C. Optimized 244 FRAP -
monogy | hydroethanolic | (optimized | 415.95
na leaves | extract, extract) pmol
extraction using AAE/g
pulsed electric
field

Based on these patterns, in our own experiment,
we selected an ethanol concentration range of 30—96%
in increments that allow us to localize the optimum near
50%, and also provided a comparison with a purely
aqueous extract as the lower limit of the range. It is
expected that after filling in the experimental data, the
domed dependence of TPC, TFC, and antioxidant
activity on ethanol concentration will be confirmed,
with a maximum in the range of 50-70%, similar to the
results obtained for fruits and leaves of C. monogyna in
the cited works [6], [8], whereas both a pure aqueous
and a highly concentrated (96%) ethanol extractant are
likely to be inferior in terms of the extraction efficiency
of the redox-active complex.

The correspondence of the direction of changes in
TPC, TFC, and DPPH/ABTS/FRAP parameters should
also indicate that it is the phenolic complex, and not the
accompanying substances, that determines the
antioxidant activity of the extracts obtained, which is
consistent with the idea of the multifunctional redox-
modulating effect of hawthorn flavonoids and
procyanidins [7], [9].

CONCLUSIONS

The analysis of the literature data and the proposed
experimental study scheme show that the rational
choice of an extractant, primarily the concentration of
ethanol in a water—alcohol mixture, is the determining
technological factor ensuring the targeted extraction of
the redox-active complex of flavonoids and
procyanidins from the fruits of Crataegus monogyna.
The published quantitative data allow us to reasonably

137



e-ISSN: 3134-8467, p-ISSN: 2309-1177

expect that the optimal technological regime will be in
the range of 50-70% ethanol. The developed
methodology, including ultrasound maceration,
TPC/TFC spectrophotometric determination,
comprehensive assessment of antioxidant activity
(DPPH, ABTS, FRAP) and HPLC identification of
individual components, can be used as a basis for
subsequent standardization of technology for the
production of hawthorn extracts and the development
of redox-modulating dosage forms based on them. It is
advisable to direct further research to obtain and
confirm our own experimental data, evaluate the
antioxidant activity of the obtained extracts in vivo, and
study their storage stability and bioavailability of active

substances.
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