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The work is devoted to determining the anti-inflammatory ability of the genus Sorbus L. plants and establishing correlations between
the biological activity of plants and the phenolic compounds content and composition. Common plant species in Ukraine, known in
traditional medicine for various curative and preventive properties, are a valuable, but insufficiently studied source of biologically
active compounds. The rationale for the relevance of research aimed at identifying natural substitutes for the currently used synthetic
anti-inflammatory drugs in order to get rid of the negative side effects of their use is provided. The anti-inflammatory ability of rowan
plants was evaluated by the degree of inhibition of heat-induced denaturation of albumin by plant leaf extracts in comparison with
the effect of the well-known synthetic drug diclofenac. A dose-dependent decrease in albumin denaturation by ethanolic extracts
of the leaves of S. domestica, S. torminalis, and S. aucuparia plants was experimentally established. At the highest concentration
of extracts, their activity in inhibiting heat-induced albumin denaturation was almost half of the maximum activity of diclofenac, which
indicates a significant anti-inflammatory potential of plant extracts. Correlation analysis revealed a strong positive relationship between
the degree of inhibition of heat-induced denaturation of albumin and the content of polyphenols, flavonoids and phenolic acids in
plant extracts. The study of the seasonal dynamics of the total content of phenolic compounds in plant leaves showed the highest level
of their accumulation in June in all species, which can serve as a criterion for selecting the best plant material. It was concluded that
the ethanolic extracts of S. domestica, S. torminalis and S. aucuparia leaves are an available source of biologically active secondary
metabolites, potentially suitable for the development of natural anti-inflammatory drugs. Key words: rowan species, plant extracts,
biologically active substances, anti-inflammatory activity, polyphenols, flavonoids, phenolic acids.

Pecypcuuii norenuian pocjaun pony Sorbus L. sk q:kepesia MeTa0oMITIB i3 mMpoTH3anajbHO0 akTHBHIicTIO. JIsmenko O.B.,
Xpomux H.O., JIuxoaar 1O.B.

Po6ota npucesiueHa BU3HAYEHHIO IPOTH3ANAIBHOT 34aTHOCTI pocinH poxy Sorbus L. Ta BCTAHOBICHHIO KOPEJISIIIHHHX 3B’ SI3KIB MiXK
010JIOTIYHOIO AKTUBHICTIO POCIIMH 1 BMICTOM Ta CKJIaIoM (peHOIbHUX crionyK. [lommpeni B YkpaiHi pocIMHHI BUIH, BiIOMI y TpaIuilili-
Hill MEAMLIUHI PI3HOMAaHITHUMH JIiKYBaIbHO-IPO(ITAKTUIHIUMHI BIACTUBOCTSAMH, € IIHHUM, IIPOTE HEJOCTATHHO BUBYCHHM KEPEIIOM
010JI0T1YHO aKTHUBHUX cHosyk. HajaHo oOrpyHTYBaHHs aKTyaJIbHOCTI JIOCHI/PKEHb, CIIPSIMOBAHUX Ha BUSIBJICHHS IIPUPOJHNX 3aMiHHU-
KiB BUKOPHCTOBYBAaHHUX Hapa3i CHHTETHYHUX IPOTHU3ANAIBHHX MTPENapaTiB 331yl 1030aBIeHHS BiJl HETaTHBHUX MOOIYHUX e(eKTiB 1X
3actocyBaHHA. [IpoTu3amnanbHy 31aTHICTH POCIHH TOPOOMHH OLIHIOBAIIM 32 CTYIICHEM 1HTOYBaHHS TEIUIOBOI ICHATYpALil albOyMiHy
EKCTPaKTaMH JIUCTS POCIHUH y TOPIBHAHHI 3 €()eKTOM BiJOMOTO CHHTETHYHOTO Npenapary AuKIopeHak. ExcrepuMeHTanbHO BCTa-
HOBJICHO J1030BO-3aJI€)KHE 3HIKEHHS JeHaTypauil abOyMiHy eTaHOIIOBUMH €KCTPaKTaMH JIUCTA pociuH S. domestica, S. torminalis
1 S. aucuparia. 3a HaBUIOT KOHIIEHTPANIT €KCTPAKTIB TX aKTHBHICTH 1010 1HT10yBaHHS TEIUIOBOI JIeHATypalii anb0yMiHy CTaHOBHIIA
MaiiKe MOJIOBHHY Bijl MAKCHMAJIbHOI aKTUBHOCTI JUKIO(EHAKY, 10 CBIIYUTH PO 3HAYHUN NPOTU3ANAIBHMI MOTEHIIAT POCIHHHAX
excTpakTiB. KopemsiuiliHuii aHasi3 BUSBUB CUIIBHUI MO3UTUBHUMN 3B’ 30K MK CTYIICHEM iHTi0yBaHHs TEIUIOBOI CHATypalii anp0yMiny
Ta BMICTOM M0i()eHOiB, (aBOHOINIB 1 (PEHONBHUX KUCIOT Y POCIMHHUX eKCTpakTax. J{oCiikeHHs Ce30HHOT ANHAMIKH 3araIbHOTO
BMICTY ()EHOJIBHHX CIIOIYK Y JIMCTI POCIIMH II0Ka3aJ0 HAMBUIIMH PIBEHb X HAKOIIMYCHHS Yy YePBHI B YCIX BHIB, III0 MOXE CIyTyBaTH
KpHUTEpieM BiOOPY Kpamoi poCIMHHOT CHPOBHHU. 3p0O0JICHO BUCHOBOK IPO MEPCIEKTUBHICTh €TAHOIOBUX CKCTPAKTIB JIHUCTS S. domes-
tica, S. torminalis 1 S. aucuparia K JOCTYyIHOTO JDKepena 010J0T1YHO aKTUBHUX BTOPUHHUX METa0O0ITIB, HOTCHIIIHO MPUAATHUX IS
PO3pOOKH HATypaldbHUX MPOTU3AMAIBHUX MpenapariB. Kiouosi cioeéa: BUAW TOPOOHHU, POCIUHHI €KCTPAKTH, O10JIOTIYHO aKTHBHI
PEUYOBHHM, IPOTU3ANAIBHA aKTUBHICTE, ONieHonH, (raBoHOI M, PEeHONIbHI KUCIOTH.

Formulation of the problem. One of the modern anti-inflammatory drugs can manifest in the form of

trends in the human health protection is the elimination
of synthetic compounds from food and the use of natu-
ral plant extracts as the raw materials for the medicines
production [1]. The most valuable are the extracts of
traditional medicinal plants, which contain biologically
active substances in perfect synergy, which can promise
to obtain a therapeutic effect without undesirable
consequences. The use of bioactivity of plants is becom-
ing common because of the harmfulness and toxicity
of some synthetic drugs. In particular, the unwanted
side effects of some effective synthetic non-steroidal

heartburn, rash, and gastrointestinal bleeding [2]. The
above determines the expediency of research aimed
at identifying the anti-inflammatory activity of plant
extracts with the potential for practical application of
the results for the development of medicinal products.

The aim of the work was to estimate the anti-inflam-
matory ability and its correlation with the polyphenols
content in leaf extracts of the genus Sorbus L. plants,
widespread in the flora of Ukraine.

The relevance of research. Plants are the import-
ant source of health-protective substances for humans,

113



Exoutoriuni Hayku N2 6(51)

HAYKOBO-TTPAKTUYHUI XKYPHAA

including the Sorbus species, which are known in eth-
nopharmacology, but remain an underestimated and lit-
tle-studied in terms of their different therapeutic effects’
confirmation [3]. The anti-inflammatory activity was
shown today in a few Sorbus species by the in vitro
assays [4; 5], which indicates the promising direction of
such researches.

Connection of the article with important scien-
tific and practical tasks. Achievement of the research
objective will improve the understanding the relation-
ship between the health-promoting effects of plants and
the phytochemical compounds that may be responsible
for the biological activity, and will also expand the plant
resource for the creation of therapeutic agents.

Analysis of recent research and publications.
Plants are a traditional source of biologically active
compounds that have served humans for a long time.
So, it is quite expected that even today about 30%
of pharmaceuticals worldwide are made from plant
sources [1]. More than 250 species of the genus Sorbus
L. grow in different climatic zones and are well known
for their ethnomedicinal importance, but are underesti-
mated today [3]. In Ukraine, the most common autoch-
thonous species are S. domestica, S. torminalis and
S. aucuparia. Recent studies confirmed several
beneficial medical effects of the extracts derived from
different parts of Sorbus plants. Anti-inflammatory abil-
ity was exhibited by the water extracts of S. commixta
stem bark [4] and the methanol-water leaf extracts of
S. domestica [5].

Inflammation is believed to be a normal protec-
tive response of living cells of the body to damage or
injury, which is necessary as a way to limit and local-
ize irritation, infection, and pathogens [6]. In turn, the
body’s response to inflammation causes a pathological
condition accompanied by redness, heat, swelling and
pain and can reduce physiological capabilities [2]. It has
been established that inflammation is mainly caused by
the formation of free radicals, so the effect of antioxi-
dants may have a protective role in inflammatory pro-
cesses [7]. In particular, the numerous health-promoting
properties of phenolic compounds were associated [8]
precisely with their high antioxidant potential, since the
presence and distribution of numerous hydroxyl groups
in the chemical structure of polyphenols makes them
excellent antioxidants. According to the known data [2],
inflammation accompanies the course of many diseases,
during which the denaturation of intracellular proteins
can lead to tissue damage. Therefore, the ability of a sub-
stance to inhibit protein denaturation means the potential
for anti-inflammatory activity.

Highlighting previously unsolved parts of the
general problem to which this article is devoted.
This work is caused by the limited knowledge about the
anti-inflammatory ability of plant extracts of various
species of the genus Sorbus L.

The novelty of the study. The comparative study-
ing the anti-inflammatory potential of leaf extracts of

the most common Sorbus species in the steppe zone of
Ukraine was carried out for the first time.

Methodological and general scientific signifi-
cance. Analysis of correlation between anti-inflamma-
tory activity and polyphenols, flavonoids and phenolic
acids content of leaf extracts of Sorbus species reflect a
relationship between plant biological activities and phy-
toconstituents which can be responsible for these effects.

Description of the study. Plant material was col-
lected during 2023 growing season from trees of
S. domestica, S. torminalis and S. aucuparia in the botan-
ical garden of Oles Honchar Dnipro National University.
Washed, dried and crushed leaves were used for the
crude extracts preparing. All measurements of polyphe-
nols content and biological activity were carried out in
threefold repetition. The results were expressed as mean
+ standard deviation (x + SD). Correlations between
biological activities and polyphenols were considered
significant at P < 0.05.

Research methods. Method of cold maceration in
96% ethanol (1:10, w/v) was used to prepare leaf extracts
followed by extractant removing at 45 °C with a rotary
evaporator IKA® RV 10 (Germany), and dry mass was
stored at 4°C.

The anti-inflammatory activity was estimated by
the ability to inhibit heat-induced albumin denaturation
according to [9] with a slight modification. Tested leaf
extracts at concentrations of 800 pg/ml, 400 pg/ml, and
200 pg/ml were prepared by dissolving evaporated dry
mass in ethanol. Fresh chicken egg albumin (5% aque-
ous solution) served as a protein source. The reaction
mixture (1 ml of extract, 1.5 ml of phosphate buffer,
and 0.2 ml of albumin) was incubated for 15 min at
37°C, then kept at 70°C for 15 min. After cooling, the
optical density of the mixture was measured at 660 nm.
Negative control contained distilled water instead of
extract; reagent-control did not contain albumin. As a
positive standard, anti-inflammatory drug diclofenac
sodium was used. The degree of inhibition of albumin
denaturation (as a percentage of complete denatur-
ation in the negative control) was calculated using the
formula:

Percentage inhibition (%)
reagent-conlrol) /A negative contml] x100.

Total polyphenols content was determined according
to [10], measuring at 726 nm the optical density of
the reaction mixture (plant extract, Folin-Chiocalteu
reagent and sodium carbonate), cooled after standing
for 40 minutes at 45°C. Results were expressed in gallic
acid (GA) equivalents. The total content of flavonoids
was determined using the aluminum chloride method
[11] by the optical density of the mixture (extract,
acetate buffer and AICI3 solution) at 425 nm, and the
results were expressed in rutin (Ru) equivalents. The
content of phenolic acids was determined according to
[8] with Arnov’s reagent, measuring the optical density
of the mixture at 490 nm and expressing the results in
caffeic acid (CA) equivalents.

extract

100 — [(A
A
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Study results of crude leaf extracts of Sorbus plants
showed variability of polyphenols accumulation in plant
leaves during the vegetative period (Table 1).

The capacity of tested ethanol leaf extracts of Sorbus
species to inhibit heat-induced denaturation of albumin
varied from 12.56 = 0.02% (S. torminalis extracts at
200 pg/ml) to 47.73 + 0.11% (S. domestica extracts at
800 pg/ml). The highest albumin denaturation decrease
was shown by S. domestica extracts, which in concentra-
tion of 800 pg/ml exceeded the appropriative activities
of S. torminalis and S. aucuparia by 2.50% and 12.13%.
The inhibiting ability of plant extracts was comparable
with anti-inflammatory activity of the reference drug
diclofenac sodium, which inhibited albumin denatur-
ation by 89.14%, 78.64%, and 42.46%, respectively
in the concentrations of 800 pg/ml, 400 pg/ml, and
200 pg/ml. The maximal albumin denaturation inhibit-
ing achieved by tested leaf extracts at 800 pug/ml, were
close to diclofenac activity at 200 pg/ml, which indicate
the prominent anti-inflammatory potential of S. domes-
tica, S. torminalis and S. aucuparia leaf extracts.

Study results are consistent with data [9] about the
B. racemosa methanol leaf extract inhibition of heat
albumin denaturation by 65.29%, whereas diclofenac
activity was 94.9% of inhibition. Similar result was
exhibited by Cycas pectinata methanol leaf extract
[2] in different concentrations (62.5, 125, 250, and
500 pg/mL), which caused 20.96-38.12% decreas-
ing protein denaturation compared to diclofenac

sodium (65.40-83.50%). Crude root extracts of
Berberis orthobotrys produced 93.30% inhibition of
protein denaturation at 800 pg/ml, while diclofenac
sodium at the same concentration brought about
99.19% suppression of protein denaturation [13].

Correlation analysis established the relationship
between the polyphenols, flavonoids, and phenolic acids
content and bioactivity of the extracts (Table 2).

The strong positive correlation was revealed between
phenolic compounds content in the tested extracts and their
ability to decrease heat-inducing albumin denaturation,
which confirm the known [12; 14] polyphenols significance
for bioactivity of the genus Sorbus plants. At the same
time, the obtained correlation coefficients also indicate the
contribution of non-phenolic compounds in decrease of
albumin denaturation, which require further studying.

The results obtained indicate promising leaf extracts
of S. domestica, S. torminalis and S. aucuparia as the
natural source of anti-inflammatory activity. Taking
into account the ethnomedical data [15] about the use
of preparations made from leaves S. domestica and S.
aucuparia plants as a natural remedy for gastrointesti-
nal problems, one can expect the absence of undesirable
side effects of the use of extracts.

Conclusion

1. Ability of leaf ethanol extracts of S. domestica,
S. torminalis and S. aucuparia to inhibit the heat-induced
albumin denaturation had a dose-dependent character,
and at the highest concentration might be comparable

Table 1
Seasonal changes of phenolic compounds content in leaves of Sorbus plants
. Total polyphenols content, mg GA/g DW
Pl
ant species May June July August September
S. domestica 31,4+£0,4 40,7+0,2 37,7+ 0,9 29,6 £1,0 27,6 0,2
S. torminalis 12,6 £0,4 16,5+0,2 94+0,4 15,9+0,9 13,5+ 0,4
S. aucuparia 23,1+£0,3 269+04 21,7+0,3 18,4+0,8 16,9 +£0,2
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Fig. 1. Inhibition (%) of egg albumin denaturation by leaf extracts of
S. domestica, S. torminalis and S. aucuparia as compared to diclofenac sodium
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Table 2

Correlation between phenolic compounds content and denaturation inhibition ability
of the ethanol leaf extracts of Sorbus plants

Indicator Concentration S. domestica S. torminalis S. aucuparia
Polyphenols 800 pg/ml 198.4+0.5 79.1£0.3 125.1+£0.5
content 400 pg/ml 119.6 £0.3 39.4+0.3 61.6+0.2
in extract 200 pg/ml 79.8+0.3 28.5+0.1 324+0.1
Correlation y=0,2145-x + 11,539; R2=0,7617
Flavonoids 800 pg/ml 374+03 26.6+0,2 453+0.4
content 400 pg/ml 12.6£0.2 10.7+£0.1 18.7+£0.2
in extract 200 pg/ml 8.5+0.1 9.3+0.1 9.2+0.1
Correlation y=0,8642-x + 11,756; R*=0,7125
Phenolic acids 800 pg/ml 0.69 +0.02 0.27 £0.02 0.25+0.01
content 400 pg/ml 0.21+£0.02 0.14+£0.01 0.13+£0.01
in extract 200 pg/ml 0.17+0.01 0.09 +0.01 0.06+ 0.01
Correlation y = 58,745-x + 14,524; R?=0,7127

with the inhibiting capacity of the known anti-inflam-
matory drug diclofenac sodium. Considering ethnomed-
ical data about the health-protective properties of Sorbus
plants, one can expect the absence of undesirable side
effects of leaf extracts which are promising source for
natural anti-inflammatory remedy.

2. Correlation analysis confirmed high contribution
of polyphenols, flavonoids, and soluble phenolic acids
content into the anti-inflammatory ability of leaf extracts
of Sorbus species, and indicated the contribution of
non-phenolic compounds as well.

3. Studying seasonal dynamics showed the highest
polyphenols content in leaves of S. domestica, S. torm-
inalis and S. aucuparia collected in June, which indi-
cated the best plant material to extract the phytoconstit-
uents having anti-inflammatory ability.

Prospects for the use of research results. The dis-
covery of significant ability of S. domestica, S. tormi-
nalis and S. aucuparia ethanol leaf extracts to inhibit
the heat-induced albumin denaturation opens up pros-
pects for obtaining an available and inexpensive natural
source of anti-inflammatory agents.
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