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Abstract

This study presents a comparative phytochemical and cytotoxic evaluation of ethanol extracts from Ranunculus polyanthemus
L. and Ranunculus oxyspermus M.B., two medicinally relevant species native to Central Asia. UPLC—Q-TOF-MS/MS analysis
identified more than 80 metabolites representing major classes such as flavonoids, alkaloids, phenolic acids, coumarins, and
fatty acid derivatives. Cytotoxic activity was assessed using the CCK-8 assay against HepG2 hepatocellular carcinoma cells
and L6 myoblasts across the concentration range of 10-160 ug/mL. The selection of this range was based on preliminary
solubility tests and previous reports of Ranunculus ethanol extracts showing moderate cytotoxic effects within comparable
concentrations. Results demonstrated a dose-dependent but non-selective decrease in cell viability, with selectivity index (SlI)
values below 1 for both extracts. The low Sl suggests that the cytotoxicity is not tumor-specific and may be associated with
the presence of protoanemonin-like lactones typical of the Ranunculaceae family. These findings highlight that ethanol
extracts may not capture the full spectrum of anticancer constituents, and future studies should employ less polar or mixed
solvents to improve extraction efficiency.
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1. Introduction

Ranunculus L. is a genus of flowering in the Ranunculaceae

family.l" The genus Ranunculus comprises around 600 species.

These plants are widely distributed throughout the northern
hemisphere, as well as in southern temperate regions and the
tropics, where they are generally found at higher altitudes.>#
In addition, scientific studies have demonstrated that extracts
of Ranunculus plants have antioxidant, anti-inflammatory,
antimutagenic, antimalarial, antibacterial, antitumour,
cardioprotective and wound-healing properties.’) Over the
past ten years, the pharmacological activity and chemical
composition of Ranunculus have been the subject of extensive
scientific research. Furthermore, studies have shown that
Ranunculus extracts possess a variety of beneficial properties,
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including antioxidant, anti-inflammatory, antimutagenic,
antimalarial, antibacterial, antitumour, cardioprotective and
wound-healing effects. Over the past decade, the
pharmacological activity and chemical composition of
Ranunculus have been the focus of extensive scientific
research. [

Over the centuries, natural compounds have served as a
foundation for the development of drugs and biologically
active substances. Many of these compounds exhibit
significant potential as chemopreventive agents and anticancer
therapeutics. In traditional medicine, medicinal plants have
long been employed for the treatment of infectious diseases,
inflammation, rheumatism, and various dermatological
conditions.”” Contemporary research increasingly focuses on
bioactive substances of natural origin to identify novel
pharmacological strategies for managing malignant, viral, and
bacterial diseases. In this context, particular attention is
directed towards flora traditionally used in medicine as a
promising source of new therapeutic agents.®!

Plants of the genus Ranunculus, particularly R.
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polyanthemus and R. oxyspermus, are of considerable interest
due to their rich content of secondary metabolites, including
flavonoids, saponins, and phenolic compounds, which may
confer diverse biological activities.”) Despite their widespread
ethnomedicinal use, the pharmacological profiles of many
species remain insufficiently characterized, especially with
regard to cytotoxic and antimicrobial activities. Given the
increasing adverse effects associated with conventional
chemotherapeutic agents, the identification of novel bioactive
compounds from plant sources is of growing importance.
Scientific validation of the traditional applications of species
such as R. polyanthemus and R. oxyspermus underscores the
relevance of screening studies aimed at isolating and
characterizing their chemical constituents.!!!1]

The search for new anticancer agents derived from natural
products has emerged as a critical area of research. In this
context, plants occupy a central role in the development of
complex traditional medicinal systems, particularly those with
a long history of use in cancer treatment. Historical references
indicate that bioactive plant-derived substances possess
substantial therapeutic efficacy.l?!

Several species of the genus Ranunculus have been
traditionally used to treat a range of conditions, including
jaundice, edema, malaria, asthma, pain syndromes, gout,
rheumatism, inflammatory skin disorders, cancer, and
hypertension. Experimental studies suggest that extracts from
this genus exhibit antioxidant, anti-inflammatory,
antimutagenic, antimalarial, antibacterial, antitumour,
cardioprotective, and wound-healing properties.['] Various
pharmacological activities, including anti-inflammatory,
analgesic, antimicrobial, antiparasitic, and antitumour effects,
have been reported across members of the buttercup family.
Moreover, derivatives of compounds isolated from this family,
such as cimifugazide, hellebirhigenin, hydrastine, and
thymoquinone, have been applied in the treatment of cancer,
cardiovascular diseases, and inflammatory disorders.['4]

Ranunculus polyanthemus L. - perennial herbaceous plant
30-80 cm tall. The species is characterised by a thin, cord-like,
fringed rhizome and a shortened, underdeveloped root system.
The stem is erect, branching, with a scalloped surface, bearing
numerous flowers. Flowers are golden-yellow, 2-3 cm in
diameter. Inhabits dry meadow areas, steppe depressions, river
and lake banks, areas with close groundwater, as well as pine
forests, at the edges of thickets, along roads and in foothills.
The distribution area covers Ustyurt, Tobol-Esil Plain,
Caspian Sea, Betpakdala, Ulytau, Teriskei Alatau, Eastern
Melkogorye, Karkara, Altai, Tarbagatai, Dzungarian Alatau,
Kungei-Ile Alatau and Western Tien Shan. This plant is toxic
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(Fig. 1).

Ranunculus oxyspermus M.B. - perennial herbaceous plant,
20-36 cm tall, with thickened tuberous roots. The upper part
of the stem is strongly branched, bearing numerous flowers.
The root leaves are petiolate, oval-shaped, with a cuneate or
rounded base, less often almost heart-shaped; leaf lobes are
emarginate-tuposubdentate. Flowers are golden-yellow, 2-3
cm in diameter. The species is found in dry meadows, old
fallow lands, sometimes in arable land and along roadsides,
and often appears as a weed. It is widespread in the regions of
Ustyurt, Tobol-Esil Plain, Karatau and Western Tien-Shan. It
has medicinal properties (Fig. 1).0%

i o DN SRR TR
Fig. 1: (a) Ranunculus polyanthemus L. (b) Ranunculus
oxyspermus M.B.

Members of the genus Ranunculus (e.g., R. oxyspermus, R.
polyanthemus) are known to produce a diverse array of
secondary metabolites, including flavonoids, saponins, and
phenolic compounds, which exhibit considerable biological
potential.l'” The chemical diversity of these taxa suggests a
broad but largely unexplored pharmacological capacity.
Despite their long-standing ethnomedicinal use, the
pharmacological profiles of many Ranunculus species remain
insufficiently characterized, particularly concerning their
cytotoxic and antimicrobial properties, mechanisms of action,
and the specific active constituents responsible for biological
effects.

The increasing need for alternative therapeutic strategies
with fewer adverse effects than conventional chemotherapy, as
well as the growing problem of resistance among pathogenic
microorganisms, underscores the importance of exploring new
biologically active phytoconstituents. Comprehensive
investigation of such plants aligns with current trends in
natural product-based drug discovery. Therefore, systematic
screening and detailed chemical analyses of underexplored
species such as R. oxyspermus and R. polyanthemus are
essential to scientifically substantiate their traditional
applications!'”"1 and to identify bioactive compounds with
therapeutic relevance.
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Medicinal plants that have been used for centuries in
traditional healing systems for the treatment of cancer,
infections, and inflammatory disorders represent an invaluable
source for the identification of novel pharmacologically active
agents of natural origin. Consequently, an integrated
assessment of the bioproductivity and pharmacological
potential of Ranunculus species constitutes an important and
timely research objective with significant applied value."

Cell viability, defined as the proportion of living,
metabolically active cells within a population, serves as a
fundamental indicator of cellular health. Quantitative
assessment of cell viability plays a pivotal role in in vitro
research, particularly in toxicological and pharmacological
studies. Such assays are crucial for evaluating the effects of
chemical or biological agents on cultured cells, enabling the
determination of cytotoxic thresholds and dose-response
relationships. The pharmaceutical industry extensively
employs cell viability assays to assess the safety and efficacy
of novel compounds. Similarly, biomedical researchers rely on
these techniques to screen and characterize new therapeutic
candidates, especially in the development of anticancer
drugs.?"

2. Materials and methods

2.1 Plant material and identification. Aerial parts of
Ranunculus polyanthemus L. and R. oxyspermus M.B. were
collected during the flowering stage from natural populations
in the Almaty region (Kazakhstan) in June 2023. Voucher
specimens (No. 2546-O — R. oxyspermus, No. 2546-P — R.
polyanthemus) are deposited in the Main Botanical Garden.
Plant identification was verified by a senior botanist of the
institute.

2.2 Preparation of ethanol extracts. Air-dried and powdered
plant material (10 g) was extracted with 70 % ethanol (100 mL)
by maceration at room temperature for 48 h, followed by
filtration and concentration under reduced pressure at 40 °C.
The extracts were lyophilized to dryness and stored at —20 °C
until use. Extract yields were expressed as % w/w relative to
dry material.[*?

The obtained samples were designated as follows:

RPF-EE — R. polyanthemus flower ethanolic extract,
RPSL-EE — R. polyanthemus stem and leaf ethanolic extract,
RPR-EE — R. polyanthemus root ethanolic extract,

ROF-EE - R. oxyspermus flower ethanolic extract,

ROSL-EE — R. oxyspermus stem and leaf ethanolic extract,

ROR-EE — R. oxyspermus root ethanolic extract.

2.3 UPLC-Q-TOF-MS/MS Analyses. The compounds in
RPF, RPSL, RPR, ROF, ROSL and ROR were analyzed by
ultra performance liquid chromatography-quadrupole-time of
flight-mass spectrometry (UPLC-Q-TOF-MS) technique, and
the detailed analysis was performed as follows.
Chromatographic separation was carried out on an ACQUITY
UPLC HSS T3 column (100 mmx2.1 mm, 1.8um, Waters).
The column temperature and flow rate applied for the column
were 40 °C, 0.4 mL/min respectively. The mobile phase
utilized for the column consisted of solvent A (0.1 % formic
acid, distilled water) and solvent B (0.1% formic acid,
acetonitrile). The gradient elution program was set as follows:
0-1 min, 2%-5% B; 1-7 min, 5%-20% B; 7-9 min, 20% B; 9-
12.5 min, 20%-28% B; 12.5-18 min, 28%-40% B; 18-22
min, 40%-98% B; 22-25 min, 98% B; 25-30 min, 98%-2% B.
The injection volume was 2 pL. the mass spectrometry was
completed out on aquadrupole orthogonal acceleration time-
of-flight tandem mass spectrometer (Waters Q-TOF

Premier™ ), with the nebulizer gas set to high-purity
nitrogen at 500 °C and a flow rate of 1000 L/h. the flow rate
of the cone gas was adjusted to 150 L/h, the source
temperature to 150 °C, the capillary voltage to 205 kV, and the
cone TOF data was taken between m/z 50 and 1200. Positive
ion ([M+H]"=556.2771) and negative ion ([M-H]=554.2615)
modes were monitored using leucine enkephalin at a flow rate
of 10 L/min as the locking mass through a locking spray
interface to acquire precise masses. Waters Masslynx 1.4.1
software was utilized to handle data collection and
processing.*!

Metabolites were tentatively identified by comparison with
available databases (Metlin, HMDB, and MassBank) and
literature data. Compounds were classified into major
phytochemical groups for comparative analysis (Table 1). The
complete list of identified compounds is presented in
Supporting Information file Table S1.

2.4 Cell culture and cytotoxicity assay. HepG2 (human
hepatocellular carcinoma) and L6 (rat skeletal myoblast) cell
lines were obtained from the Cell Bank of the Institute of
Cytology (Russia). Cells were cultured in DMEM
supplemented with 10 % FBS, 1 % penicillin—streptomycin, at
37 °C in 5 % COs.. Cell viability was determined using the
CCK-8 assay. Cells (1 x 10* cells/well) were seeded in 96-well

Table 1: Summary of major classes of compounds identified in ethanol extracts of R. polyanthemus and R. oxyspermus.

Compound class Representative compounds

R. polyanthemus R. oxyspermus

Flavonoids Quercetin, Kaempferol, Rutin, Isoquercitrin +++ ++
Phenolic acids Caffeic acid, Ferulic acid, p-Coumaric acid ++ +
Alkaloids Berberine, Columbamine, Palmatine + +++
Coumarins Umbelliferone, Scopoletin + ++
Terpenoids B-Sitosterol, Lupeol ++ +
Fatty acids Linoleic acid, Palmitic acid ++ ++

Note: +: detected in trace amounts; ++: moderate; +++: abundant.
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plates and treated with ethanol extracts at concentrations of 10,
20, 40, 80, and 160 pg/mL for 24 h. Absorbance was measured
at 450 nm using a microplate reader (BioTek Synergy HTX).
The control group received vehicle (0.1 % ethanol).l?*!

The selection of the concentration range (10-160 pg/mL)
was based on solubility limits and previously reported
bioactivity levels for Ranunculus extracts. Each experiment
was performed in triplicate and repeated independently three
times.

2.5 Statistical analysis. Data were analyzed using GraphPad
Prism 9.0. Results are presented as mean = SD (n = 3).
Statistical significance was determined using one-way
ANOVA followed by Tukey’s post hoc test, with p < 0.05
considered significant. The selectivity index (SI) was
calculated as ICso (L6)/ICso (HepG2).1*]

3. Results and discussion

The genus Ranunculus (buttercups) comprises many species
of herbaceous plant found throughout the temperate zones of
Europe, Asia and North America. Buttercups are characterised
by the diversity of their chemical composition, which includes
flavonoids, glycosides, alkaloids, coumarins and fatty acids.[>)
These compounds determine the plants' pharmacological
activity, which is manifested in antioxidant, anti-inflammatory,
antibacterial, hepatoprotective, neuroprotective and other
biological effects. Due to their diverse biochemical
composition, plants in the genus Ranunculus are a promising
source of new biologically active substances for use in
phytopreparations and the development of modern drugs.?”

UPLC-Q-TOF-MS/MS analysis of the ethanol extracts
from R. polyanthemus and R. oxyspermus revealed a diverse
metabolite profile. A total of 84 compounds were tentatively
identified, including flavonoids, alkaloids, phenolic acids,
coumarins, terpenoids, and fatty acid derivatives. These
findings indicate that both species possess a complex
secondary metabolite composition typical of the
Ranunculaceae family.

While the two extracts shared several core metabolites (e.g.,
quercetin, kaempferol, caffeic acid, ferulic acid), differences
in compound abundance were notable. R. polyanthemus was
particularly rich in flavonoid glycosides such as rutin and
isoquercitrin, which are known antioxidants and
cytoprotective agents. In contrast, R. oxyspermus contained a
higher proportion of alkaloid-type constituents (e.g., berberine,
columbamine) and coumarin derivatives (e.g., scopoletin),
compounds often associated with stronger cytotoxic or
antimicrobial activity.

These chemical differences suggest potential variations in
biological behavior between the species. The major compound
classes and representative examples are summarized in Table
1, while detailed chromatographic data are available in
Supporting Information file Table S1.[28-101]

UPLC—Q-TOF-MS/MS profiling of ethanol extracts from
Ranunculus polyanthemus and R. oxyspermus revealed a
complex chemical composition comprising 87 individual
metabolites distributed across different anatomical parts of the
plants. Marked interspecific and organ-specific variations
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were observed in the accumulation of bioactive constituents.

In R. polyanthemus, the flowers contained the highest
diversity of metabolites (58 compounds, 66.7% of the total),
highlighting their role as the primary site of biosynthesis and
accumulation of bioactive substances. The roots contained 33
compounds (37.9%), and the stems contained 42 compounds
(48.3%), reflecting moderate metabolic activity in vegetative
tissues. In contrast, R. oxyspermus displayed a more balanced
distribution, with 50 compounds (57.7%) in flowers, 47
(54.0%) in roots, and 47 (54.0%) in stems. This even
allocation of metabolites across plant organs suggests a more
uniform biosynthetic potential. The predominance of
compounds in the aerial parts may be linked to protective
mechanisms in reproductive organs, which are frequently
exposed to environmental stressors such as UV radiation and
pathogens.

A detailed examination of the 87 identified compounds
demonstrated a wide spectrum of biological activities
characteristic of each structural class (Table S1). The most
prevalent pharmacological properties were antioxidant, anti-
inflammatory, neuroprotective, and antitumor effects. Among
the detected metabolites, 57 compounds (65%) exhibited
antioxidant activity, mainly flavonoids and phenolic acids
such as quercetin 3-O-rutinoside-7-O-glucoside, rutin,
orientin, isoquercitrin, vitexin, isovitexin, luteolin, tricin,
kayaflavone, ferulic and wvanillic acids, scopolin, and
scoparone.

Thirty-one compounds (41%) were associated with anti-
inflammatory activity, including rutin, scopoletin, orientin,
vitexin, tricin, luteolin, and coumaric acid, many of which
overlap with antioxidant compounds, suggesting synergistic
effects.

Neuroprotective potential was identified in 13 compounds
(15%), notably vitexin, isovitexin, orientin, scopoletin,
scopolin, daucosterol, B-amyrin, and isoquercitrin. These
metabolites have been reported to modulate oxidative stress
and neurotransmission, indicating their potential in managing
neurodegenerative conditions.

Antitumor activity was attributed to 12 compounds (14%),
including columbamine, stigmast-4-ene-3,6-dione,
kayaflavone, B-amyrin, ranunculoside B, ternatin A, tricin, and
7,3'-dihydroxy-5'-methoxyisoflavone, which are known to
inhibit tumor cell proliferation and induce apoptosis.

In addition, antimicrobial activity was observed in 23
compounds (27%), particularly among phenolic and coumarin
derivatives (scopoletin, scoparone, vanillic acid, coumaric
acid, esculin, ranunculoside B, and 1,4,6-trihydroxy-9,10-
anthraquinone).

Hepatoprotective activity was reported for five compounds
(6%, including scopoletin, scoparone, and stigmasterol, while
antituberculosis potential (3.2%) was identified in ternatoside
B and D.

Hypolipidemic effects were associated with columbamine
and stigmast-4-ene-3,6-dione, and cardioprotective activity
was found in 10 compounds (11%), mainly glycosides and
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flavonoids such as luteolin and vitexin.

Overall, the majority of identified compounds
demonstrated multitarget biological activities, reflecting the
integrative pharmacological potential of these plants. The
combination of antioxidant, anti-inflammatory, and
neuroprotective effects highlights the relevance of R.
polyanthemus and R. oxyspermus as valuable sources of
multifunctional phytochemicals for further pharmacological
and biotechnological exploration.

With the rapid progress and technological advancement of
the pharmaceutical and biotechnological industries, there is an
increasing need to evaluate the toxicity and safety of medicinal
plants. Although traditional toxicity testing often relies on in
vivo animal experiments, modern research increasingly
emphasizes in vitro cellular assays as reliable, ethical, and
cost-effective alternatives for preliminary screening.

Cytotoxicity assay. Among these, the WST-8 assay has
become one of the most widely used methods for assessing
cytotoxicity due to its high sensitivity, reproducibility, and
operational simplicity compared to other tetrazolium-based
tests. The WST-8 method employs a water-soluble tetrazolium
salt, chemically known as 2-(2-methoxy-4-nitrophenyl)-3-(4-
nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium  sodium
salt, which is reduced by cellular dehydrogenases in
metabolically active cells.

This reduction leads to the formation of a water-soluble
formazan dye, whose intensity of color directly correlates with
the number of viable cells. The amount of formazan produced
is quantified by measuring optical density (OD) at 450 nm

150+ 150

using a microplate reader. Thus, the WST-8 assay provides a
sensitive and quantitative measure of cell viability and
metabolic activity, making it a robust tool for evaluating the
cytotoxic potential of plant extracts and natural compounds.

The cytotoxic activity of ethanolic extracts obtained from
different anatomical parts of R. polyanthemus and R.
oxyspermus was evaluated using the CCK-8 assay on the L6
cell line. Extracts from flowers (F), stems (S), and roots (R)
were tested within the concentration range of 10-160 pg/mL,
which was chosen based on preliminary solubility screening
and literature data on similar phytochemical extracts.
Concentrations below 10 pg/mL did not produce measurable
biological responses, whereas higher concentrations (>160
ug/mL) caused solubility instability and interference with
optical readings. Therefore, this range ensured reliable dose—
response evaluation without non-specific cytotoxic effects.

The results of cell viability (%) after treatment with
extracts of R. polyanthemus (RPF-EE, RPSL-EE, RPR-EE)
and R. oxyspermus (ROF-EE, ROSL-EE, ROR-EE) are
presented in Fig. 2a-2f. The two species demonstrated
differences in their effect on L6 cell viability compared to the
negative control (NC). The most pronounced decrease in
viability was observed with root extracts (RPR-EE and ROR-
EE), where the values were significantly lower than in the
control group (**** p < 0.0001, Fig. 2). This indicates that
the roots contain compounds with the strongest cytotoxic
activity. In contrast, extracts from flowers and stems of both
species did not cause a substantial reduction in viability, and
their values remained close to the control.
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Fig. 2: Proliferation of RPF-EE (a), RPSL-EE (b), RPR-EE (c), ROF-EE (d), ROSL-EE (e) and ROR-EE (f) treated L6 cells was

tested by the CCK-8 assay (n=3). *P < 0.1, ****P < (.0001, compared with NC group.
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The cytotoxic activity of ethanolic extracts obtained from
different anatomical parts of R. polyanthemus and R.
oxyspermus was evaluated using the CCK-8 assay on the L6
cell line. Extracts from flowers (F), stems (S), and roots (R)
were tested within the concentration range of 10—160 pg/mL,
which was chosen based on preliminary solubility screening
and literature data on similar phytochemical extracts.
Concentrations below 10 pg/mL did not produce measurable
biological responses, whereas higher concentrations (>160
pg/mL) caused solubility instability and interference with
optical readings. Therefore, this range ensured reliable dose—
response evaluation without non-specific cytotoxic effects.

The results of cell viability (%) after treatment with
extracts of R. polyanthemus (RPF-EE, RPSL-EE, RPR-EE)
and R. oxyspermus (ROF-EE, ROSL-EE, ROR-EE) are
presented in Fig. 2. The two species demonstrated differences
in their effect on L6 cell viability compared to the negative
control (NC). The most pronounced decrease in viability was
observed with root extracts (RPR-EE and ROR-EE), where the

values were significantly lower than in the control group (*¥***,

p < 0.0001, Fig. 2). This indicates that the roots contain
compounds with the strongest cytotoxic activity. In contrast,
extracts from flowers and stems of both species did not cause
a substantial reduction in viability, and their values remained
close to the control.

These findings suggest that the root extracts of R.
polyanthemus and R. oxyspermus possess the highest
cytotoxic potential against L6 cells, likely due to a greater

accumulation of biologically active alkaloids, lactones, and
coumarin-type metabolites in underground tissues.

The cytotoxic potential of ethanolic extracts of R.
polyanthemus (RPF-EE, RPSL-EE, RPR-EE) and R
oxyspermus (ROF-EE, ROSL-EE, ROR-EE) was further
evaluated against the human hepatocellular carcinoma cell line
HepG2 wusing the CCK-8 assay. Across the tested
concentration range (10-160 pg/mL), all extracts
demonstrated minimal or no cytotoxic effects (Fig. 3a-3f).

Cell viability remained above 90% in nearly all treatments,
indicating the absence of significant toxic influence. The most
stable results were observed for RPF-EE, RPSL-EE, and ROF-
EE, where viability values were statistically indistinguishable
from the negative control (NC). A slight, non-significant
reduction in viability (to approximately 90%) was recorded for
RPR-EE and ROR-EE at higher concentrations (80 and 160
pg/mL); however, this decrease did not reach statistical
significance (p > 0.05).

The limited cytotoxicity observed against HepG2 cells
may be attributed to several factors. First, ethanol, as a
relatively polar solvent, predominantly extracts hydrophilic
metabolites such as flavonoids and phenolic acids, which
generally exhibit antioxidant rather than cytotoxic behavior.
Second, HepG2 cells are known for their intrinsic resistance
to xenobiotics due to elevated expression of detoxifying
enzymes and efflux transporters. Consequently, compounds
extracted under these conditions are less likely to exert
pronounced cytotoxic effects on this cell line.
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Fig. 3: Proliferation of RPF-EE (a), RPSL-EE (b), RPR-EE (c), ROF-EE (d), ROSL-EE (¢) and ROR-EE (f) treated HepG2 cells

was tested by the CCK-8 assay (n=3), compared with NC group.
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Table 2: I1Cs

and SI values of the R. polyanthemus, R. oxyspermus extract in different cell lines.

Extract ICso (L6) [ug/mL] 1Cs0 (HepG2) [pg/mL] SI (L6/HepG2)
RPF-EE >160 >160 >1
RPSL-EE >160 >160 >1
RPR-EE >160 >160 >1
ROF-EE >160 >160 >1
ROSL-EE >160 >160 >1
ROR-EE 152 >160 <0.9

Overall, these findings indicate that ethanolic extracts of R.
polyanthemus and R. oxyspermus show low toxicity and lack
of selective anticancer activity under the tested conditions,
suggesting the need for further fractionation using less polar
solvents to identify potential cytotoxic constituents.

All tested ethanolic extracts of R. polyanthemus (RPF-EE,
RPSL-EE, RPR-EE) and R. oxyspermus (ROF-EE, ROSL-EE,
ROR-EE) exhibited no significant cytotoxicity against either
normal L6 myoblasts or HepG2 hepatocellular carcinoma cells
at concentrations up to 160 pg/mL (ICso > 160 pg/mL). The R.
oxyspermus root extract (ROR-EE) demonstrated moderate
toxicity toward L6 cells (ICso =152 pg/mL), yet failed to reach
50% inhibition of HepG2 growth even at the maximum tested
concentration (ICso > 160 pg/mL), resulting in a selectivity
index (SI) < 0.95 (Table 2).

These findings indicate the absence of pronounced
selective cytotoxicity of Ranunculus extracts toward HepG2
cells. The limited activity of ROR-EE against normal
myoblasts suggests the presence of non-specific cytotoxic
constituents, necessitating caution when evaluating its
therapeutic potential. Several factors may explain this
observation: (i) the relatively low abundance of cytotoxic
compounds in the plant tissues tested; (ii) intrinsic resistance
of the HepG2 cell line to phytochemicals; and (iii)
methodological constraints, as the tested concentration range
(up to 160 pg/mL) might not fully reflect the dose—response
potential of the extracts.

The observed toxicity of root extracts toward L6 cells is
consistent with the accumulation of protoanemonin-type
metabolites in the roots of Ranunculaceae species.
Protoanemonin is a wvolatile, irritant compound whose
concentration varies with species and developmental stage,
typically peaking during flowering. Although it rapidly
polymerizes to the non-toxic anemonin, protoanemonin is
known to cause mucosal irritation, gastrointestinal discomfort,
and dermal blistering at high or repeated doses. These
properties explain the traditional yet risky use of buttercup
preparations in folk medicine for the treatment of abscesses,
skin inflammations, and muscular pain.[12-104

The lack of cytotoxic effect on HepG2 cells contrasts with
some earlier reports describing anticancer potential in
Ranunculus species. This discrepancy may be due to (i)
extraction limitations, since ethanol primarily extracts polar
compounds and may not solubilize non-polar cytotoxic
constituents such as diterpenoid alkaloids or lactones; (ii) a
sub-therapeutic concentration ceiling of 160 pg/mL for
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HepG2; and (iii) metabolic inactivation of extract components
by the HepG2 cell line.

Importantly, the inverse selectivity (SI < 1 for ROR-EE)
raises safety concerns, as normal cells appear more sensitive
than cancer cells. In contrast, effective chemotherapeutic
agents typically demonstrate SI > 2, indicating preferential
toxicity toward tumor cells.

In summary, while ethanolic extracts of R. polyanthemus
and R. oxyspermus display measurable cytotoxic effects only
at high concentrations, their activity is non-selective and likely
attributable to general phytochemical constituents such as
protoanemonin derivatives. These findings highlight a key
methodological consideration: ethanol may not extract the full
spectrum of potential anticancer compounds. Future studies
should therefore employ non-polar or mixed solvent systems
(e.g., ethyl acetate, chloroform, or hydroalcoholic mixtures)
and fractionation-based approaches to isolate and identify the
truly active cytotoxic components.

4. Conclusion and perspectives

This study provides a comparative analysis of the
phytochemical profiles and cytotoxic activities of Ranunculus
polyanthemus and R. oxyspermus from Central Asia. UPLC—
Q-TOF-MS/MS  profiling revealed 87 metabolites
representing flavonoids, alkaloids, phenolic acids, coumarins,
triterpenoids, and fatty acid derivatives, confirming the
chemical diversity and pharmacological promise of these
species. Despite this richness, ethanolic extracts showed low
and non-selective cytotoxicity against both L6 myoblasts and
HepG2 hepatocellular carcinoma cells, with ICso values
exceeding 160 pg/mL. The R. oxyspermus root extract
exhibited only moderate toxicity to L6 cells but had no
significant effect on HepG2 viability (SI < 1), suggesting
general rather than tumor-selective toxicity. The weak
cytotoxic response likely reflects the polarity of ethanol,
which limits extraction of non-polar cytotoxic constituents
such as diterpenoid alkaloids and lactones.

Overall, the results emphasize the chemical richness but
limited tumor selectivity of ethanol extracts of Ranunculus
species. Future work should employ fractionation and
extraction with less polar or mixed solvents to recover a
broader range of active metabolites. Integrating bioassay-
guided isolation with molecular docking and omics-based
analyses could elucidate mechanisms and molecular targets.
Expanding studies to other bioactivities—anti-inflammatory,
antioxidant, or antimicrobial—will help define the broader

ES Food Agrofor., 2025, 22, 1897 | 7


https://www.espublisher.com/

Research article

ES Food & Agroforestry

therapeutic potential of these Central Asian Ranunculus
species.

Acknowledgments

This scientific research work was carried out with the funding
of the grant project “AP23484931” financed by the Scientific
Committee of the Ministry of Science and Higher Education
of the Republic of Kazakhstan. The community of authors
would like to thank this institution and the Biomedical
Research Centre, Al-Farabi Kazakh National University.

Conflict of Interest
There is no conflict of interest.

Supporting Information
Applicable.

CRediT Statement

Gulnaz Askerbay: Data curation, Data validation,
Visualization, Supervision, Writing - Review and editing.
Ashirali Smanov: Methodology, Visualization, Software,
Review and editing. Alibek Ydyrys: Methodology,
Conceptualization and Funding acquisition. Xinzhou Yang:
Methodology, Formal analysis and resources.

References

[1] E. Horandl, K. Emadzade, Evolutionary classification: a case
study on the diverse plant genus Ranunculus L. (Ranunculaceae),
Perspectives in Plant Ecology, Evolution and Systematics, 2012,
14, 310-324, doi: 10.1016/j.ppees.2012.04.001.

[2] Y.-L. Dai, Q.-Z. Liu, J. Wang, M. Sun, F.-J. Niu, H.-C. Wei,
C.-Z. Zhou, L. Zhang, The genus Ranunculus L. (ranunculus) in
Asia: a review of its botany, traditional uses, phytochemistry,
pharmacology, toxicity, and pharmaceutical preparations,
Journal of Pharmacy and Pharmacology, 2024, 76, 579-591, doi:
10.1093/jpp/rgad085.

[3] M. Beruto, M. Rabaglio, S. Viglione, M.-C. Van Labeke, E.
Dhooghe, Ranunculus, Ornamental Crops Cham: Springer
International Publishing, 2018, 649-671, doi: 10.1007/978-3-
319-90698-0_25.

[4] D.-C. Hao, P.-G. Xiao, H.-Y. Ma, Y. Peng, C.-N. He, Mining
chemodiversity from biodiversity: pharmacophylogeny of
medicinal plants of Ranunculaceae, Chinese Journal of Natural
Medicines, 2015, 13, 507-520, doi: 10.1016/S1875-
5364(15)30045-5.

[5] E. Kiipeli Akkol, I. Siintar, T. Fafal Erdogan, H. Keles, T. Mert
Goneng, B. Kivgak, Wound healing and anti-inflammatory

properties of Ranunculus pedatus and Ranunculus
constantinapolitanus: a comparative study, Journal of
Ethnopharmacology, 2012, 139, 478-484, doi:

10.1016/.jep.2011.11.037.

[6] S. Almerekova, N. Shchegoleva, S. Abugalieva, Y.
Turuspekov, The molecular taxonomy of three endemic Central
Asian species of Ranunculus(Ranunculaceae), PLoS One, 2020,
15, 0240121, doi: 10.1371/journal.pone.0240121.

8 | ES Food Agrofor., 2025, 22, 1897

[7] M. H. Hoffmann, K. Bernhard von Hagen,
Elvira Horandl, Martin Roser, and Natalia V. Tkach, Sources of
the Arctic flora: origins of Arctic species in ranunculus and
related Genera, International Journal of Plant Sciences, 1992,
171, 90-106, doi: 10.1086/647918.

[8] B. Sirak, L. Mann, A. Richter, K. Asres, P. Imming, In vivo
antimalarial activity of leaf extracts and a major compound
isolated from Ranunculus multifidus forsk, Molecules, 2021, 26,
6179, doi: 10.3390/molecules26206179.

[9] C. S. Kong, J. I. Lee, F. Karadeniz, H.Kim, and Y. Seo, Effect
of the Arctic terrestrial plant Ranunculus hyperboreus on LPS-
induced inflammatory response via MAPK pathways, Zeitschrift

fiir Naturforschung C, 2018, 73, 273-279, doi: 10.1515/znc-

2017-0173.

[10] A. Jirgens, S. Détterl, Chemical composition of anther
volatiles in Ranunculaceae: Genera-specific profiles in Anemone,
Agquilegia, Caltha, Pulsatilla, Ranunculus, and Trollius species,
American Journal of Botany, 2004, 91, 1969-1980, doi:
10.3732/ajb.91.12.1969.

[11] B. Sirak, G. K. Bizuneh, P. Imming, K. Asres, In vitro and in
vivo antitrypanosomal activity of the fresh leaves of Ranunculus
Multifidus Forsk and its major compound anemonin against
Trypanosoma congolense field isolate, BMC Veterinary Research,
2024, 20, 32, doi: 10.1186/s12917-023-03856-1.

[12] T. Neag, C.-C. Toma, N.-K. Olah, A. Ardelean, Polyphenols
profile and antioxidant activity of some Romanian ranunculus
species, Studia Universitatis Babes-Bolyai Chemia, 2017, 75-88,
doi: 10.24193/subbchem.2017.3.06.

[13] C. D. Heller, F. Zahedifard, I. Doskocil, D. Pamfil, M.
Zoltner, L. Kokoska, J. Rondevaldova, Traditional medicinal
Ranunculaceae species from Romania and their in vitro
antioxidant, antiproliferative, and antiparasitic potential,
International Journal of Molecular Sciences, 2024, 25, 10987,
doi: 10.3390/ijms252010987.

[14] T. W. Swerczek, Abortions in Thoroughbred mares
associated with consumption of bulbosus buttercups (Ranunculus
bulbosus L), Journal of the American Veterinary Medical
Association, 2016, 248, 669-672, doi: 10.2460/javma.248.6.669.
[15] A. Ydyrys, N. Mukhitdinov, A. Ivashchenko, Z. Ashirova, M.
Massimzhan, E. Imanova, M. Parmanbekova, M. Toktar, B.
Yeszhanov, M. Ilesbek, G. Askerbay, R. Kaparbay,
Methodological guide for geobotanical research on rare, endemic,
and medicinal plants: a case study of the Ranunculaceae family,
ES Food & Agroforestry, 2024, 18, 1340, doi:
10.30919/esfaf1340.

[16] N. Raziq, M. Saeed, M. S. Ali, S. Zafar, M. Shahid, M. Lateef,
A new glycosidic antioxidant from Ranunculus muricatus L.
(Ranunculaceae) exhibited lipoxygenasae and xanthine oxidase
inhibition properties, Natural Product Research, 2017, 31, 1251-
1257, doi: 10.1080/14786419.2016.1236098.

[17] F. Azam, B. Ahmad Chaudhry, H. [jaz, M. 1. Qadir, Caffeoyl-
B-d-glucopyranoside and 1, 3-dihydroxy-2-tetracosanoylamino-
4-(E)-nonadecene isolated from Ranunculus muricatus exhibit
antioxidant activity, Scientific Reports, 2019, 9, 15613, doi:
10.1038/s41598-019-52166-w.

[18] B. Rawat, R. Mahar, S. Puri, U. Bhatt, S. K. Kothiyal, M. S.

Engineered Science Publisher


https://www.espublisher.com/

ES Food & Agroforestry

Research article

M. Rawat, Phytochemical and pharmacological investigations of
genus ranunculus (Ranunculaceae), Mini-Reviews in Organic
Chemistry, 2025, 17, 83, doi:
10.2174/0118756298367541250630171855.

[19] D. Liu, L. Li, Z. Li, Anemonin inhibits sepsis-induced acute
kidney injury via mitigating inflammation and oxidative stress,
Biotechnology and Applied Biochemistry, 2023, 70, 1983-2001,
doi: 10.1002/bab.2504.

[20] S. Shahid, T. Riaz, M. N. Asghar, Screening of Ranunculus
sceleratus for enzyme inhibition, antibacterial and antioxidant
activities, Bangladesh Journal of Pharmacology, 2015, 10, 436,
doi: 10.3329/bjp.v10i2.22805.

[21] A. Deghima, N. Righi, N. Rosales-Conrado, M. E. Le6n-
Gonzalez, E. Gémez-Mejia, Y. Madrid, F. Baali, F. Bedjou,
Bioactive polyphenols from ranunculus macrophyllus desf. roots:
quantification, identification and antioxidant activity, South
African  Journal of Botany, 2020, 132, 204-214, doi:
10.1016/j.5ajb.2020.03.036.

[22] P. Zhao, S. Zhong, J. Liao, J. Tao, Y. Yao, P. Song, X. Yang,
Caragana jubata ethanol extract ameliorates the symptoms of
STZ-HFD-induced T2DM mice by PKC/GLUT4 pathway,
Journal of Ethnopharmacology, 2025, 339, 119171, doi:
10.1016/j.jep.2024.119171.

[23] L. Zhang, X. Zhou, H. Chen, L. You, T. Zhang, M. Cheng, Y.
Yao, X. Pan, X. Yang, Mulberry extract ameliorates T2DM-
related symptoms via AMPK pathway in STZ-HFD-induced
C57BL/6] mice, Journal of Ethnopharmacology, 2023, 313,
116475, doi: 10.1016/j.jep.2023.116475.

[24]1Y. Yao, Y. Chen, H. Chen, X. Pan, X. Li, W. Liu, Y. Bahetjan,
B. Lu, K. Pang, X. Yang, Z. Pang, Black mulberry extract inhibits
hepatic adipogenesis through AMPK/mTOR signaling pathway
in T2DM mice, Journal of Ethnopharmacology, 2024, 319,
117216, doi: 10.1016/j.jep.2023.117216.

[25] P. Prasher, M. Sharma, S. K. Singh, M. Gulati, D. K.
Chellappan, R. Rajput, G. Gupta, A. Ydyrys, M. Kulbayeva, A. F.
Abdull Razis, B. Modu, J. Sharifi-Rad, K. Dua, Spermidine as a
promising anticancer agent: Recent advances and newer insights
on its molecular mechanisms, Frontiers in Chemistry, 2023, 11,
1164477, doi: 10.3389/fchem.2023.1164477.

[26] I. N. Menevse, 1. Icen Taskin, P. Yilmaz Sancar, M. Kiirsat,
Investigation the cytotoxic and antimicrobial effect of ranunculus
poluninii, Bitlis Eren Universitesi Fen Bilimleri Dergisi, 2024, 13,
393-399, doi: 10.17798/bitlisfen.1403830.

[27] A. Ydyrys, G. Askerbay, Z. Ashirova, J. Jielile, M. Ilesbek,
Green synthesis of silver nanoparticles using plant leaf extraction
andphytochemical profile and biological potential of Artemisia
schrenkiana, International Journal of Biology and Chemistry,
2024, 17, 167-178, doi: 10.26577/ijbch2024v17.i2.14.

[28] N. Raziq, M. Saeed, M. S. Ali, M. Lateef, M. Shahid, S.
Akbar, S. Zafar, Muriolide, a novel antioxidant lactone from
Ranunculus muricatus, Natural Product Research, 2021, 35,
4994-5000, doi: 10.1080/14786419.2020.1758091.

[29] N. Zahra, J. Igbal, M. Arif, B. A. Abbasi, H. Sher, A. F.
Nawaz, T. Yaseen, A. Ydyrys, J. Sharifi-Rad, D. Calina, A
comprehensive review on traditional uses, phytochemistry and
pharmacological properties of Paeonia emodi Wall. ex Royle:

Engineered Science Publisher

current landscape and future perspectives, Chinese Medicine,
2023, 18, 23, doi: 10.1186/s13020-023-00727-7.

[30] R. Aitbekov, G. Zhamanbayeva, A. Aralbaeva, G.
Zhunussova, A. Zhumina, A. Dodonova, A. Zhusupova, L.
Umbetyarova, B. Yeszhanov, N. Zhaparkulova, M.
Murzakhmetova, A. Ydyrys, Pharmacological composition of
thymus serpyllum and its components, ES Food & Agroforestry,
2024, 17, 1244, doi: 10.30919/esfaf1244.

[3171Y. Xiong, K. Z. Deng, W. Y. Gao, Y. Q. Guo, T. J. Zhang, A
novel alkenoic acid ester and a new benzophenone from
Ranunculus ternatus, Chinese Chemical Letters, 2007, 18, 1364-
1366, doi: 10.1016/j.cclet.2007.09.017.

[32] A. Ydyrys, G. Zhamanbayeva, N. Zhaparkulova, A.
Aralbaeva, G. Askerbay, Z. Kenzheyeva, G. Tussupbekova, S.
Syraiyl, R. Kaparbay, M. Murzakhmetova, The systematic
assessment of the membrane-stabilizing and antioxidant activities
of several kazakhstani plants in the Asteraceae family, Plants,
2023, 13, 96, doi: 10.3390/plants13010096.

[33] A. Firmansyah, W. Winingsih, J. D. Y. Manobi, Review of
scopoletin: Isolation, analysis process, and pharmacological
activity, Biointerface Research in Applied Chemistry, 2021, 11,
12006-19, doi:10.33263/briac114.1200612019.

[34] C.-Y. Shaw, C.-H. Chen, C.-C. Hsu, C.-C. Chen, Y.-C. Tsai,
Antioxidant properties of scopoletin isolated from Sinomonium
acutum, Phytotherapy Research, 2003, 17, 823-825, doi:
10.1002/ptr.1170.

[35] J. Yang, J. Guo, J. Yuan, In vitro antioxidant properties of
rutin, LWT - Food Science and Technology, 2008, 41, 1060-1066,
doi: 10.1016/j.1wt.2007.06.010.

[36] A. Ydyrys, An Overview of Medical uses and Chemical
Composition of Arctium tomentosum mill, Engineered Science,
2023, 26, 984, doi: 10.30919/es984.

[37] A. Raza Ishaq, H. A. S. El-Nashar, A. M. Al-Qaanech,
Asfandyar, A. Bashir, T. Younis, Orientin: a natural glycoside
with versatile pharmacological activities, Natural Product
Research, 2025, 1-23, doi: 10.1080/14786419.2024.2436119.
[38] N. Li, F. Yang, D.-Y. Liu, J.-T. Guo, N. Ge, S.-Y. Sun,
Scoparone inhibits pancreatic cancer through PI3K/Akt signaling
pathway, World Journal of Gastrointestinal Oncology, 2021, 13,
1164-1183, doi: 10.4251/wjgo.v13.i19.1164.

[39]J.-M. Zhou, R. K. Ibrahim, Tricin: a potential multifunctional
nutraceutical, Phytochemistry Reviews, 2010, 9, 413-424, doi:
10.1007/s11101-009-9161-5.

[40] L. Zhang, Z. Yang, J.-K. Tian, Two new
indolopyridoquinazoline alkaloidal glycosides from ranunculus
ternatus, Chemical and Pharmaceutical Bulletin, 2007, 55, 1267-
1269, doi: 10.1248/cpb.55.1267.

[41] C. Zhao, T. She, L. Wang, Y. Su, L. Qu, Y. Gao, S. Xu, S.
Cai, C. Shou, Daucosterol inhibits cancer cell proliferation by
inducing autophagy through reactive oxygen species-dependent
manner, Life  Sciences, 2015, 137, 37-43, doi:
10.1016/.1fs.2015.07.019.

[42] N. El Omari, 1. Jaouadi, M. Lahyaoui, T. Benali, D. Taha, S.
Bakrim, A. Bouyahya, Natural sources, pharmacological
properties, and health benefits of daucosterol: versatility of
actions, Applied Sciences, 2022, 12, 5779, doi:

ES Food Agrofor., 2025, 22, 1897 | 9


https://www.espublisher.com/

Research article

ES Food & Agroforestry

10.3390/app12125779.

[43] N. P. Dube, V. J. Tembu, G. R. Nyemba, C. Davison, G. H.
Rakodi, D. Kemboi, J.-A. de la Mare, X. Siwe-Noundou, A. E.
Manicum, In vitro cytotoxic effect of stigmasterol derivatives
against breast cancer cells, BMC Complementary Medicine and
Therapies, 2023, 23, 316, doi: 10.1186/s12906-023-04137-y.
[44] T. V. A. Nguyen, T. M. H. Nguyen, H. L. Le, D. H. Bui,
Antithrombotic Activity of the Steroids and ent-Kaurane
Diterpenoids from Canna indica Rhizomes, Revista Brasileira de
Farmacognosia, 2024, 34, 206-211, doi:10.1007/s43450-023-
00472-w.

[45] E. Cuny, J. Fohrer, F.-D. Klingler, Biomimetic total synthesis
of (+)-ranuncoside, a unique tricyclic spiroacetal glycoside of
Christmas rose (Helleborus niger L.), Natural Product
Communications, 2023, 18, 1934578X221145919, doi:
10.1177/1934578x221145919.

[46] A. Arif, R. Quds, S. Salam, R. Mahmood, Esculin protects
human blood cells from bioallethrin-induced toxicity: an ex vivo
study, Pesticide Biochemistry and Physiology,2023,191, 105375,
doi: 10.1016/j.pestbp.2023.105375.

[47] G. Han, D. G. Lee, Antibacterial mode of action of B-amyrin
promotes apoptosis-like death in Escherichia coli by producing

reactive oxygen species, Journal of Microbiology and
Biotechnology, 2022, 32, 1547-1552, doi:
10.4014/jmb.2209.09040.

[48] P. B. Yeram, Y. A. Kulkarni, Glycosides and vascular
complications of diabetes, Chemistry & Biodiversity, 2022, 19,
€202200067, doi: 10.1002/cbdv.202200067.

[49] M. Takahashi, Y. Sugiyama, K. Kawabata, Y. Takahashi, K.
Irie, A. Murakami, Y. Kubo, K. Kobayashi, H. Ohigashi, 1, 2-Di-
O-a-linolenoyl-3-O-B-galactosyl-sn-glycerol as a superoxide
generation inhibitor from Perilla frutescens var. crispa,
Bioscience, Biotechnology and Biochemistry, 2011, 75, 2240-
2242, doi: 10.1271/bbb.110414.

[50] A. Tai, T. Sawano, H. Ito, Antioxidative properties of vanillic
acid esters in multiple antioxidant assays, Bioscience,
Biotechnology and Biochemistry, 2012, 76, 314-318, doi:
10.1271/bbb.110700.

[51] D. K. Cakir, O. Zannou, 1. Koca, Scopoletin contents and
antioxidant properties of some edible plants of Black Sea regions,
Discover Food, 2022, 2,7, doi: 10.1007/s44187-022-00010-y.
[52] M. Sugiyama, T. Katsube, A. Koyama, H. Itamura, Varietal
differences in the flavonol content of mulberry (Morus spp.)
leaves and genetic analysis of quercetin 3-(6-malonylglucoside)
for component breeding, Journal of Agricultural and Food
Chemistry, 2013, 61, 9140-9147, doi: 10.1021/jf403136w.

[53] M. Srinivasan, A. R. Sudheer, V. P. Menon, Ferulic acid:
therapeutic potential through its antioxidant property, Journal of
Clinical Biochemistry and Nutrition, 2007, 40, 92-100, doi:
10.3164/jcbn.40.92.

[54]1Y. Gao, C. Wang, T. Wu, Z. Ma, W. Chen, H. Chang, Y. Jing,
H. Tao, W. Yu, H. Jiang, M. A. Farag, Z. Zhang, J. Wu, L. Song,
Multiplex approach of metabolite and transcript profiling identify
a biosynthetic mechanism for kayaflavone biosynthesis in
Torreya grandis, Industrial Crops and Products, 2024, 214,
118482, doi: 10.1016/j.indcrop.2024.118482.

10 | ES Food Agrofor., 2025, 22, 1897

[55] R. Hossain, S. Mahmud, A. B. R. Khalipha, A. S. M. Saikat,
D. Dey, R. A. Khan, H. Khan, Amentoflavone derivatives against
SARS-CoV-2 main protease (MPRO): An in silico study, Main
Group Chemistry, 2023, 22, 313-327, doi: 10.3233/mgc-220077.
[56] Y. Zou, C. Tan, B. Wang, S. Jiang, D. Zhu, Phenolic
compounds from ranunculus chinensis, Chemistry of Natural
Compounds, 2010, 46, 19-21, doi: 10.1007/s10600-010-9515-7.
[57] F. Urrego-Pava, E. Coy-Barrera, Isoflavone content and
nutritional-related properties of debittered seeds from two
Andean lupin (lupinus mutabilis sweet) ecotypes propagated in
two soils, Foods, 2023, 12, 1841, doi: 10.3390/foods12091841.
[58] Y. Luo, H. Y. Shen, Q. X. Shen, Z. H. Cao, M. Zhang, S. Y.
Long, J. W. Tan, A new anthraquinone and a new naphthoquinone
from the whole plant of Spermacoce latifolia, Journal of asian
natural  Products  research,2017, 19, 869-876, doi:
10.1080/10286020.2017.1279609.

[59] M. Jayachandran, Z. Wu, K. Ganesan, S. Khalid, S. M.
Chung, B. Xu, Isoquercetin upregulates antioxidant genes,
suppresses inflammatory cytokines and regulates AMPK
pathway in streptozotocin-induced diabetic rats, Chemico-
Biological  Interactions, 2019, 303, 62-69, doi:
10.1016/j.¢bi.2019.02.017.

[60] M. Samarinas, M. Gacci, A. de la Taille, S. Gravas, Prostatic
inflammation: a potential treatment target for male LUTS due to
benign prostatic obstruction, Prostate Cancer and Prostatic
Diseases, 2018, 21, 161-167, doi: 10.1038/s41391-018-0039-8.
[61]J. Sharifi-Rad, N. EI Menyiy, A. Ydyrys, N. El Hachlafi, N.
El Omari, A. A. Aldahish, F. Sharopov, A. Bouyahya, J. Zivkovié,
C. O. Adetunji, O. T. Olaniyan, M. Martorell, E. Sénmez Giirer,
C. Hano, D. Calina, Bioactive compounds from Prosopis species
as potential oxidative stress and inflammation modulators: an
update on mechanisms, Minerva Biotechnology and
Biomolecular Research, 2023, 35, 127-144, doi: 10.23736/s2724-
542x.23.02977-2.

[62]S.1. G. Rosa, F. Rios-Santos, S. O. Balogun, D. T. de Oliveira
Martins, Vitexin reduces neutrophil migration to inflammatory
focus by down-regulating pro-inflammatory mediators via
inhibition of p38, ERK1/2 and JNK pathway, Phytomedicine,
2016, 23, 9-17, doi: 10.1016/j.phymed.2015.11.003.

[63]S. Li, T. Liang, Y. Zhang, K. Huang, S. Yang, H. Lv, Y. Chen,
C. Zhang, X. Guan, Vitexin alleviates high-fat diet induced brain
oxidative stress and inflammation via anti-oxidant, anti-
inflammatory and gut microbiota modulating properties, Free
Radical Biology and Medicine, 2021, 171, 332-344, doi:
10.1016/j.freeradbiomed.2021.05.028.

[64] Y. Lee, J.-C. Jung, Z. Ali, I. A. Khan, S. Oh, Anti-
inflammatory effect of triterpene saponins isolated from blue
cohosh  (Caulophyllum  thalictroides),  Evidence-Based
Complementary and Alternative Medicine, 2012, 2012, 798192,
doi: 10.1155/2012/798192.

[65] J. M. Duarte-Almeida, G. Negri, A. Salatino, J. E. de
Carvalho, F. M. Lajolo, Antiproliferative and antioxidant
activities of a tricin acylated glycoside from sugarcane
(Saccharum officinarum) juice, Phytochemistry, 2007, 68, 1165-
1171, doi: 10.1016/j.phytochem.2007.01.015.

[66] H. Liu, S. Ma, H. Xia, H. Lou, F. Zhu, L. Sun, Anti-

Engineered Science Publisher


https://www.espublisher.com/

ES Food & Agroforestry

Research article

inflammatory activities and potential mechanisms of phenolic
acids isolated from Salvia miltiorrhiza f. alba roots in THP-1
macrophages, Journal of Ethnopharmacology, 2018, 222, 201-
207, doi: 10.1016/j.jep.2018.05.008.

[67] O. Shomirzoeva, J. Li, S. Numonov, S. Atolikshoeva, H. A.
Aisa, Chemical components of Hyssopus cuspidatus boriss.
isolation and identification, characterization by HPLC-DAD-
ESI-HRMS/MS, antioxidant activity and antimicrobial activity,
Natural Product Research, 2020, 34, 534-540, doi:
10.1080/14786419.2018.1488710.

[68] H. Boz, p-coumaric acid in cereals: presence, antioxidant and
antimicrobial effects, International Journal of Food Science &
Technology, 2015, 50, 2323-2328, doi: 10.1111/ijfs.12898.

[69] Q. Qin, F. Tatsuzawa, T. Nakane, T. Kaidzuka, T. Iwashina,
T. Mizuno, Anthocyanins and flavonols from the flowers of
Ranunculus cultivars (Ranunculaceae) and their color expression,
The Horticulture Journal, 2024, 93, 114-125, doi:
10.2503/hortj.qh-098.

[70] E. J. Jeyaraj, Y. Y. Lim, W. S. Choo, Antioxidant, cytotoxic,
and antibacterial activities of Clitoria ternatea flower extracts and
anthocyanin-rich fraction, Scientific Reports, 2022, 12, 14890,
doi: 10.1038/s41598-022-19146-z.

[71] G. Garcia-Morales, M. Huerta-Reyes, M. Gonzalez-Cortazar,
A. Zamilpa, E. Jiménez-Ferrer, R. Silva-Garcia, R. Roman-
Ramos, A. Aguilar-Rojas, Anti-inflammatory, antioxidant and
anti-acetylcholinesterase activities of Bouvardia ternifolia:
potential implications in Alzheimer’s disease, Archives of
Pharmacal Research, 2015, 38, 1369-1379, doi: 10.1007/s12272-
015-0587-6.

[72] T. Iwashina, Contribution to flower colors of flavonoids
including anthocyanins: a review, Natural  Product
Communications, 2015, 10, 1934578X1501000335, doi:
10.1177/1934578x1501000335.

[73] R. Tschesche, K. Welmar, G. Wulff, G. Snatzke, Uber
Glykoside mit lacton-bildendem Aglykon, VI. Uber
Folgeprodukte einer unbekannten genuinen Vorstufe des
Ranunculins in Ranunculaceen, Chemische Berichte, 1972, 105,
290-300, doi: 10.1002/cber.19721050131.

[74] Y.-K. Goo, Therapeutic potential of Ranunculus species
(Ranunculaceae): a literature review on traditional medicinal
herbs, Plants, 2022, 11, 1599, doi: 10.3390/plants11121599.

[75] C. Wang, J. Wang, M. Gao, P. Gao, D. Gao, H. Zhang, X.
Mu, M. Qiao, Radix Ranunculi ternati: review of its chemical
constituents, pharmacology, quality control and clinical
applications, Journal of Pharmacy and Pharmacology, 2022, 74,
930-952, doi: 10.1093/jpp/rgac018.

[76] Y. Wang, M. A. Berhow, M. Black, E. H. Jeffery, A
comparison of the absorption and metabolism of the major
quercetin in brassica, quercetin-3-O-sophoroside, to that of
quercetin aglycone, in rats, Food Chemistry, 2020, 311, 125880,
doi: 10.1016/j.foodchem.2019.125880.

[77] D. Tanriseven, P. Kadiroglu, S. Selli, H. Kelebek, LC-DAD-
ESI-MS/MS-assisted elucidation of the phenolic compounds in
shalgams: Comparison of traditional and direct methods, Food
Chemistry, 2020, 305, 125505, doi:
10.1016/j.foodchem.2019.125505.

Engineered Science Publisher

[78] Y. H. Hong, J. H. Kim, J. Y. Cho, Photoaging protective
effects of Ranunculus bulumei methanol extract, Evidence-Based
Complementary and Alternative Medicine, 2020, 2020, 1761785,
doi: 10.1155/2020/1761785.

[79] K.-Z. Deng, Y. Xiong, B. Zhou, Y.-M. Guan, Y.-M. Luo,
Chemical constituents from the roots of ranunculus ternatus and
their inhibitory effects on mycobacterium tuberculosis,
Molecules, 2013, 18, 11859-11865, doi:
10.3390/molecules181011859.

[80] A. Kumar, Ekavali, K. Chopra, M. Mukherjee, R.
Pottabathini, D. K. Dhull, Current knowledge and
pharmacological profile of berberine: an update, European
Journal of Pharmacology, 2015, 761, 288-297, doi:
10.1016/j.ejphar.2015.05.068.

[81] K. Zhakipbekov, A. Turgumbayeva, S. Akhelova, K.
Bekmuratova, O. Blinova, G. Utegenova, K. Shertaecva, N.
Sadykov, K. Tastambek, A. Saginbazarova, K. Urazgaliyev, G.
Tulegenova, Z. Zhalimova, Z. Karasova, Antimicrobial and other
pharmacological properties of ocimum basilicum, Lamiaceae,
Molecules, 2024, 29, 388, doi: 10.3390/molecules29020388.
[82] A. Abilkassymova, A. Turgumbayeva, L. Sarsenova, K.
Tastambek, N. Altynbay, G. Ziyaeva, R. Blatov, G. Altynbayeva,
K. Bekesheva, G. Abdieva, P. Ualieva, Z. Shynykul, A. Kalykova,
Exploring four atraphaxis species: traditional medicinal uses,
phytochemistry, and pharmacological activities, Molecules, 2024,
29, 910, doi: 10.3390/molecules29040910.

[83] A. O. Whaley, D. Y. Ivkin, K. A. Zhaparkulova, 1. N.
Olusheva, E. B. Serebryakov, S. N. Smirnov, E. D.
Semivelichenko, A. Y. Grishina, A. A. Karpov, E. I. Eletckaya, K.
K. Kozhanova, L. N. Ibragimova, K. T. Tastambek, A. M.
Seitaliyeva, 1. I. Terninko, Z. B. Sakipova, A. N. Shikov, M. N.
Povydysh, A. K. Whaley, Chemical composition and cardiotropic
activity of Ziziphora clinopodioides subsp. bungeana (Juz.)
Rech.f, Journal of Ethnopharmacology, 2023, 315, 116660, doi:
10.1016/j.jep.2023.116660.

[84] N. Abdolla, G. Narmuratova, Y. Abdusattarova, A. Kali, Y.
Perfilyeva, Y. Ostapchuk, R. Tleulieva, A. Ydyrys, The impact of
high-fat diet and circadian disruptions on obesity and immune
system dysfunction, ES Food & Agroforestry, 2025, 20, 1591, doi:
10.30919/faf1591.

[85] K. Ioku, T. Tsushida, Y. Takei, N. Nakatani, J. Terao,
Antioxidative activity of quercetin and quercetin monoglucosides
in solution and phospholipid bilayers, Biochimica et Biophysica
Acta (BBA) - Biomembranes, 1995, 1234, 99-104, doi:
10.1016/0005-2736(94)00262-N.

[86] B. Mussabayeva, K. Akimzhanova, A. Sabitova, A. Ydyrys,
D. Kruszka, J. Cerazy-Waliszewska, B. Leska, L. Tabisz,
Extraction of lipids from natural saline mud and their
interpretation from point of biological activity in the context of
salt lakes of north-east Kazakhstan, Engineered Science, 2025, 36,
1628, doi: 10.30919/es1628.

[87] P. Asgharian, A. P. Tazehkand, S. R. Soofiyani, K. Hosseini,
M. Martorell, V. Tarhriz, H. Ahangari, N. Cruz-Martins, J.
Sharifi-Rad, Z. M. Almarhoon, A. Ydyrys, A. Nurzhanyat, A.
Yessenbekova, W. C. Cho, Quercetin impact in pancreatic cancer:
an overview on its therapeutic effects, Oxidative Medicine and

ES Food Agrofor., 2025, 22, 1897 | 11


https://www.espublisher.com/

Research article

ES Food & Agroforestry

Cellular  Longevity, 2021, 2021, 4393266, doi:
10.1155/2021/4393266.

[88] J.-H. Moon, T. Tsushida, K. Nakahara, J. Terao,
Identification of quercetin 3-O-B-D-glucuronide as an

antioxidative metabolite in rat plasma after oral administration of
quercetin, Free Radical Biology and Medicine, 2001, 30, 1274-
1285, doi: 10.1016/S0891-5849(01)00522-6.

[89] L. Costantino, G. Rastelli, M. C. Gamberini, J. A. Vinson, P.
Bose, A. Iannone, M. Staffieri, L. Antolini, A. Del Corso, U. Mura,
A. Albasini, 1-benzopyran-4-one antioxidants as aldose reductase
inhibitors, Journal of Medicinal Chemistry, 1999, 42, 1881-1893,
doi: 10.1021/jm980441h.

[90] Z. Shi, S.-J. Zhou, Q.-L. Zhang, F.-C. Ren, S.-S. Cao, L.-K.
Cao, Y.-Z. Zhang, W.-M. Cheng, Two undescribed benzopyran
derivatives from Ranunculus sceleratus L. with their in vitro anti-
inflammatory activity in lipopolysaccharide-activated RAW
264.7 cells, Natural Product Research, 2024, 38, 933-940, doi:
10.1080/14786419.2023.2208257.

[91] E. Cuny, F.-D. Klingler, Efficient isolation and structure
analysis of (+)-ranuncoside, a unique tricyclic spiroacetal
glycoside, from Christmas rose (Helleborus niger L.), Natural
Product Communications, 2022, 17, 1934578X211069456, doi:
10.1177/1934578x211069456.

[92] H. S. Salahuddin, S. Attaullah, S. A. Shah, S. Khan, M. Zahid,
M. Ullah, M. H. Alsugoor, Ranuncoside’s attenuation of
scopolamine-induced memory impairment in mice via Nrf2 and
NF-xB signaling, Saudi Pharmaceutical Journal, 2023, 31,
101702, doi:10.1016/].jsps.2023.101702.

[93] B. Odonbayar, T. Murata, J. Batkhuu, K. Yasunaga, R. Goto,
K. Sasaki, Antioxidant flavonols and phenolic compounds from
Atraphaxis frutescens and their inhibitory activities against insect
phenoloxidase and mushroom tyrosinase, Journal of Natural
Products, 2016, 79, 3065-3071, doi:
10.1021/acs.jnatprod.6b00720.

[94] Z. Diaconeasa, 1. Stirbu, J. Xiao, N. Leopold, Z. Ayvaz, C.
Danciu, H. Ayvaz, A. Stanild, M. Nistor, C. Socaciu,
Anthocyanins, vibrant color pigments, and their role in skin
cancer prevention, Biomedicines, 2020, 8, 336, doi:
10.3390/biomedicines8090336.

[95] M. Z. Bhatti, A. Ali, A. Ahmad, A. Saeed, S. A. Malik,
Antioxidant and phytochemical analysis of Ranunculus arvensis
L. extracts, BMC Research Notes, 2015, 8, 279, doi:
10.1186/s13104-015-1228-3.

[96] R. Buchecker, S. Liaaen-Jensen, C. H. Eugster,
Reinvestigation of original taraxanthin samples, Helvetica
Chimica Acta, 1976, 59, 1360-1364, doi:
10.1002/hlca.19760590440.

[97] S. Kishimoto, T. Maoka, M. Nakayama, A. Ohmiya,
Carotenoid composition in petals of chrysanthemum
(Dendranthema grandiflorum (Ramat.) Kitamura),
Phytochemistry, 2004, 65, 2781-2787, doi:
10.1016/j.phytochem.2004.08.038.

[98] J. Rajkovic, R. Novakovic, J. Grujic-Milanovic, A. Ydyrys,
N. Ablaikhanova, D. Calina, J. Sharifi-Rad, B. Al-Omari, An
updated pharmacological insight into calotropin as a potential
therapeutic agent in cancer, Frontiers in Pharmacology, 2023, 14,

12 | ES Food Agrofor., 2025, 22, 1897

1160616, doi: 10.3389/fphar.2023.1160616.

[99] W. Rui, H. Chen, Y. Tan, Y. Zhong, Y. Feng, Rapid analysis
of the main components of the total glycosides of Ranunculus
japonicus by  UPLC/Q-TOF-MS,  Natural  Product
Communications, 2010, 5, 783-788.

[100] S. Igbal, T. Omara, I. Kahwa, U. M. Khan, Anticancer
potential of delphinidin and its derivatives: therapeutic and
mechanistic insights, Medicinal Chemistry Research, 2024, 33,
1769-1786, doi: 10.1007/s00044-024-03296-y.

[101] X. Chen, P. Yi, H. Lv, M. Zhang, J. Yang, Z. Zhang, Z. Zhao,
Y. Mu, L. Han, X. Huang, Phenolics and phenolic glycosides
from Wrightia pubescens and their hepatoprotective activities,
Journal of Natural Products, 2025, 88, 631-643, doi:
10.1021/acs.jnatprod.4c01040.

[102] A. O. Kocak, M. Saritemur, K. Atac, S. Guclu, 1. Ozlu, A
rare chemical burn due to Ranunculus arvensis: Three case
reports, Annals of Saudi medicine, 2016,36, 89-91, doi:
10.5144/0256-4947.2016.89.

[103] Y.-H. Huang, T.-H. Lee, K.-J. Chan, F.-L. Hsu, Y.-C. Wu,
M.-H. Lee, Anemonin is a natural bioactive compound that can
regulate tyrosinase-related proteins and mMRNA in human
melanocytes, Journal of Dermatological Science, 2008, 49, 115-
123, doi: 10.1016/j.jdermsci.2007.07.008.

[104] A. Bonora, B. Botta, E. Menziani-Andreoli, A. Bruni,
Organ-specific distribution and accumulation of protoanemonin
in ranunculus ficaria L, Biochemie und Physiologie der Pflanzen,
1988, 183, 443-447, doi: 10.1016/S0015-3796(88)80059-3.

Publisher’s Note: Engineered Science Publisher remains
neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

Open Access

This  article is  licensed under a  Creative
CommonsAttribution4.0International License, which permits
use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to
the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made.
The images or other third-party material in this article are
included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

©The Author(s) 2025.

Engineered Science Publisher


https://www.espublisher.com/

