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OBTAINING PHYTOSUBSTANCES FROM ZINNIA ELEGANS JACQ.
HERB AND DETERMINATION OF THEIR FLAVONOID CONTENT

Actuality. The growing interest in phytopharmaceuticals is driven by their safety profile, biological activity, and synergistic effects
of biologically active substances. Zinnia elegans Jacq., a representative of the Asteraceae family, is a promising source of flavonoids
with potential antioxidant, hepatoprotective, and anti-inflammatory properties. Therefore, optimizing extraction conditions to obtain
flavonoid-enriched phytosubstances is of practical and scientific relevance.
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The purpose of the study was to obtain phytosubstances from the herb of Zinnia elegans Jacq. using different ethanol concentrations
and to determine the qualitative composition and quantitative content of flavonoids.

Material and methods. Eight series of phytosubstances were obtained by maceration with stirring using ethanol concentrations
ranging from 10% to 80% at a raw material-to-extractant ratio of 1:10. The totalflavonoid content was determined spectrophotometrically
at 408 nm (as rutin equivalent), while the qualitative and quantitative composition of individual flavonoids in the extract with the
highest yield was analyzed using high performance liquid chromatography (HPLC).

Research results. The study confirmed that ethanol concentration significantly affects the extraction efficiency of flavonoids from
Zinnia elegans Jacq. herb. The highest total flavonoid content (9,16%) was obtained using 70% ethanol, while higher concentrations
reduced extraction efficiency. HPLC analysis of the 70% ethanol extract identified five individual flavonoids: rutin, isoquercitrin,
astragalin, silybin, and rhamnetin, with a total content of 7,87 mg/g. Rhamnetin predominated (4,57 mg/g), confirming its
pharmacological significance.

Conclusion. The findings demonstrate that 70% ethanol provides optimal conditions for extracting flavonoids from Zinnia elegans
Jacqg. herb. The presence of rhamnetin as a dominant compound highlights the potential of this species as a promising source of
biologically active flavonoids for further phytopharmaceutical development.

Key words: Zinnia elegans Jacq., herb, maceration with stirring, flavonoids, spectrophotometric method, HPLC.
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OTPUMAHHS ®ITOCYBCTAHIIIN I3 TPABH ZINNIA ELEGANS JACQ.
TA BUBHAYEHHS B HUX BMICTY ®JIABOHOI/IIB

Axkmyansnicmo. 3pocmanns inmepecy 00 (himonpenapamis 3ymMosieHe ixHb0i0 Oe3neunicmio, OLON0IUHON AKMUSHICIIO MA CUHep-
2iunoio Oi€lo bionoeiuno akmuenux pevosun. Zinnia elegans Jacq., npedocmashux poounu Asteraceae, € nepcnexmugnum odicepenom gna-
60HO0I0I6 3 BUPAICEHUMU AHMUOKCUOAHMHUMU, 2eNamMONPOMEeKMOPHUMU Ma NPoMu3anaieHumu eiacmugocmamu. Tomy onmumizayis
VMO8 eKCpazy8ants Ol Ompumania imocyocmanyiil, 36azauenux guasonoioamu, Mac K npakmuine, max i HaAykoge 3HaAUeHHs.

Mema docnioscennsn — ompumamu gpimocyocmanyii i3 mpasu Zinnia elegans Jacq. 3 6ukopucmannam pisnux Konyenmpayiii ema-
HONY, BUSHAYUMU AKICHULL CKAAO 1 KITbKICHULL 6MICT (P1aA80HO0I0IS.

Mamepian i memoou. Bicim cepiti pimocybecmanyiti Ompumano mMemooom mayepayii 3 nepemiuty8aHtsIm, 3 GUKOPUCAHHIM ema-
nony 6 konyenmpayisx 6io 10 0o 80% y cnisgionowenni cuposunu oo excmpazenma 1:10. Buicm cymu ghnasonoioie susnavanu cnex-
MmpogomomempuHUM Memooom 3a 008xcunu xeuni 408 um (v nepepaxyHky Ha pymur), AKiCHUt CKAa0 I KITbKICHULL 6MiCI OKpeMux
CHOJYK 6 eKCMPAKmi 3 HAUGUWUM BUXO0OM OOCTIONCYBANU MEMOOOM GUCOKOepekmusHoi piountoi xpomamoepagii (BEPX).

Pezynomamu docnioxycenns. Bemanosneno, wo konyenmpayis emanony icmomHo 8nausae Ha eghpekmusnicms excmpaxyii gaa-
60H0i0i6 i3 mpasu Zinnia elegans Jacq. Haiisuwuii emicm cymu ¢nasonoioie (9,16%) ompumano 3 euxopucmannam 70% emanony,
mooi K nOOAnbLe NIOBUWEHHS KOHYEeHMPayii 3HUNCY8AN0 epekmusHicmb excmpazyeants. Memooom eucoxoepekmusHoi piouHHoi
xpomamoepaii' y gpimocybcmanyii (70% emanon) ioenmughixosano n’samo iHOUBIOYANbHUX PIABOHOIOIE: pymun, (30Keepyumpu,
acmpaeanin, cuniOinin i pamHemuH, i3 3aeanvhum emicmom 7,87 me/e. Ilepesascas pamnemun (4,57 me/e), wo c8iouums npo iio2o

Gapmaronoeciuny 3uavyugicme.

Bucnoeok. Onmumansvroro xonyenmpayieio 015 unyyenus guagsonoiois iz mpasu Zinnia elegans Jacq. € 70% emanon. Ilepesa-
JHCAHHA PAMHEMUNY NIOMBEPOHCYE NEPCNEKMUBHICIb 8UOY AK 0dcepena 0ioN02iUHO aKMUBHUX (Pa8oH0I0I8 05l NOOANbUIO20 PO3PO-

brenns himonpenapamis.

Kntouogi cnosa: Zinnia elegans Jacq., mpasa, mayepayis 3 nepemiuty8antam, (nagonoiou, cnekmpogomomempuyHull Memoo,

BEPX.

Introduction. Actuality. Ensuring effective and
high-quality prevention, as well as comprehensive treat-
ment of various diseases, remains closely associated with
the development and implementation of phytopharma-
ceuticals containing plant-derived raw materials. Medici-
nal plants have long attracted human interest due to their
therapeutic potential (Budniak, 2023; Storozhuk, 2024).

The use of medicinal plants in healthcare has a cen-
turies-old tradition (Stoiko & Kurylo, 2018). It is widely
recognized that biologically active compounds in plants
occur in naturally balanced proportions. Plant-based med-
icines influence the human body through a synergistic
combination of bioactive substances and essential micro-
elements.

One of the principal advantages of phytotherapy is
its low incidence of adverse effects, even with prolonged
administration of herbal preparations (Slobodianiuk,
2022; Storozhuk, 2024).

In this regard, particular attention has been focused
on the extraction and investigation of phytosubstances
derived from Zinnia elegans Jacq., a promising repre-
sentative of the Asteraceae family.

Zinnia elegans Jacq. is an annual herbaceous species
with a bushy growth habit and well-developed foliage,
typically attaining a height of 30-90 c¢m, although indi-
vidual specimens may reach up to 120 cm. The plant
exhibits a prolonged flowering period, extending from
early summer to autumn in temperate regions. Growth
may, however, decelerate under conditions of excessive
heat, particularly when the plant is affected by fungal
infections.

®ditotepanis. Yaconuc

The species demonstrates considerable morpholog-
ical variability in its floral structures, producing single,
semi-double, and double flower forms with a broad color
spectrum, including shades of red, orange, yellow, pink,
lavender, crimson, green and white.

Leaves are arranged oppositely, ovate to lanceolate
in shape, closely clasping the stems, and may reach up
to approximately 12,5 cm in length. Due to its wide
range of flower colors, prolonged blooming period, and
adaptability to temperate climates, Zinnia elegans Jacq.
possesses significant ornamental value and remains one
of the most cultivated representatives of the Asteraceae
family (Zinnia elegans, https://www.missouribotanical-
garden.org/PlantFinder/PlantFinderDetails.aspx?kem-
percode=a618&utm_source=chatgpt.com#Alllmages).

Zinnia elegans Jacq. is among the most widely dis-
tributed species in the southern and eastern regions of the
United States, including Texas, Florida, Georgia, South
Carolina, Alabama, and Louisiana, as well as along the
western coast, particularly in California (Zinnia elegans,
https://bonap.net/MapGallery/County/  Zinnia%?20ele-
gans.png).

The species thrives in fertile, evenly moist, and well-
drained soils under conditions of adequate sunlight.

Seed sowing is typically carried out directly in open
soil after the last spring frosts (Zinnia elegans, https://
www.missouribotanicalgarden.org/  PlantFinder/Plant-
FinderDetails.aspx?kempercode=a618&utm_source=-
chatgpt.com#Alllmages).

In Ukraine, Zinnia elegans Jacq. has been introduced
as an ornamental plant (Tulub, 2022).
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Due to its prolonged flowering period, bright inflo-
rescence colors, and low maintenance requirements,
this species is widely used for ornamental landscaping
and decorative planting (Zinnia elegans, https://www.
missouribotanicalgarden.org/ PlantFinder/PlantFinder-
Details.aspx?kempercode=a618&utm_source=chatgpt.
com#Alllmages).

In the inflorescences of Zinnia elegans Jacq.,
acetylated diglucosides of cyanidin and pelargonidin
have been identified (Gomaa, 2018; Burlec, 2019).

Another important class of secondary metabolites
in this species is terpenoids, which are present in the
essential oil. It has been established that the essential
oil extracted from the inflorescences of Zinnia elegans
Jacq. contains germacrene D and p-cymene as major
constituents (Burlec, 2019).

Several sesquiterpenes, including cyniolide, germac-
rene D, and cynaflorin 11, have been identified in the aerial
parts and roots of the plant (Gomaa, 2018; Burlec, 2019).

The seeds of Zinnia elegans Jacq. are characterized
by a relatively high oil content (approximately 28%). It
has been determined that saturated fatty acids account
for about 29%, while the amount of monounsaturated
fatty acids is 1.6 times higher, reaching up to 48% (Azi-
mova, 2012; Burlec, 2019).

Moreover, acetylene compounds and alkaloids
derived from nicotine have also been detected in Zinnia
elegans Jacq. (Burlec, 2019). Among the fatty acid pro-
file of this species, unsaturated fatty acids predominate.
The highest concentrations were observed in the flow-
ers, while the lowest were found in the leaves.

Ethnopharmacological data indicate that infusions
prepared from various parts of Zinnia elegans Jacq.
have traditionally been used for analgesic purposes
(Bieski, 2012). In traditional medicine, this species is
employed for its hepatoprotective, antiviral, antibacte-
rial, antiparasitic, antifungal, and analgesic properties.
In Latin American countries, the leaves and roots of Zinnia
elegans Jacq. are used in the treatment of stomach pain,
malaria, hepatitis, cough, helminthiasis, and convulsions.
Extracts from this plant are also applied externally as poul-
tices for burns, furunculosis, and ulcers (Tulub, 2022).

Scientific studies have reported antioxidant, hepato-
protective, antifungal, and antimalarial activities of this
species (Hafiza, 2002; Mohamed, 2015; Gomaa, 2018).
Burlec et al. demonstrated that the methanolic extract
of Zinnia elegans Jacq. contains a substantial amount of
flavonoids and exhibits higher antioxidant activity than
extracts obtained using more lipophilic solvents such as
chloroform or hexane. These findings suggest that the
antioxidant potential is primarily associated with the
presence of polyphenolic compounds (Burlec, 2018).
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Given the diverse chemical composition and wide
range of biological activities demonstrated by Zinnia ele-
gans Jacq., further research on the extraction and quan-
titative evaluation of its bioactive constituents remains
highly relevant. Among the numerous groups of secondary
metabolites, flavonoids attract particular scientific interest
due to their pronounced antioxidant potential and key role
in the pharmacological activity of plant-derived prepara-
tions. Previous studies have established the presence of
various flavonoid glycosides in the aerial parts of Zinnia
elegans Jacq., suggesting that these compounds may serve
as markers of its biological activity. Therefore, optimizing
the extraction process to obtain flavonoid-enriched phyto-
substances from the herb of Zinnia elegans Jacq. and eval-
uating their content under varying solvent concentrations
are essential steps toward developing standardized phyto-
substances of potential therapeutic value.

The aim of the study was to obtain phytosubstances
from the herb of Zinnia elegans Jacq. by maceration
using different concentrations of ethanol and to deter-
mine the flavonoid content in them.

Materials and methods of the study. The objects of
the study were phytosubstances obtained from the herb
of Zinnia elegans Jacq. by the maceration method with
stirring, using ethanol of various concentrations as the
extractant at a raw material-to-extractant ratio of 1:10.

The aerial part of the plant was collected during the
early flowering stage in 2024 in the Lviv region. The
voucher specimen Ne 371 is deposited at the Department
of Pharmacognosy and Medical Botany, TNMU.

The dried aerial part of Zinnia elegans Jacq. was
ground into particles of 3—5 mm using a manual mill.
The crushed raw material was placed in glass containers
and poured with ethanol “to the mirror level”. Macera-
tion was carried out with periodic stirring at a tempera-
ture of 15-20 °C for 7 days. After infusion, the extract
was filtered and concentrated at a temperature of 40 °C.

The quantitative content of flavonoids in the phy-
tosubstances obtained from Zinnia elegans Jacq. was
determined by a spectrophotometric method, expressed
in terms of rutin equivalent.

A sample of 0,1 g of the Zinnia elegans Jacq. phyto-
substance was placed into a 25 mL volumetric flask and
brought to the mark with 70% ethanol (solution A). Then,
2 mL of the previously prepared solution were transferred
into another 25 mL volumetric flask, followed by the addi-
tion of 1 mL of a 2% ethanolic solution of aluminum chlo-
ride. The volume of the mixture was adjusted to the mark
with 70% ethanol.

The optical density of the solution was measured
after 45 minutes using a Lambda 25 Perkin Elmer spec-
trophotometer at a wavelength of 408 nm.
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The reference solution consisted of 2 mL of solution A,
1-2 drops of diluted acetic acid, and was brought to vol-
ume with 70% ethanol.

The optical density of the standard rutin solution,
prepared in the same manner as the test solution, was
measured in parallel (Ohar, 2025).

The total flavonoid content, recalculated as rutin,
was calculated on an absolutely dry basis of the Zinnia
elegans Jacq. phytosubstance.

The qualitative composition and quantitative content of
individual flavonoids in the extract with the highest total
flavonoid amount were determined using high performance
liquid chromatography (HPLC) (Budniak, 2022).

A 0,05 g (accurately weighed) portion of the obtained
phytosubstance from the herb of Zinnia elegans Jacq.,
which had the highest total flavonoid content, was
extracted in sealed glass vials with Teflon caps using
an ultrasonic bath in 10 mL of 80% ethanol at 80 °C
for 5 hours. The resulting solution was centrifuged at
3000 rpm, and the supernatant was filtered through dis-
posable membrane filters with a pore size of 0,22 um.

Chromatographic analysis was carried out using an
Agilent Technologies 1 200 liquid chromatograph (Bud-
niak, 2021; Feshchenko, 2021).

The mobile phase consisted of acetonitrile (A) and
0,1% formic acid solution in water (B). Elution was per-
formed in a gradient mode (table 1).

Separation was performed on a Zorbax SB-C18 chro-
matographic column (3,5 pm, 150 mm x 4,6 mm) (Agi-
lent Technologies, USA) (Khvorost, 2023). The flow rate
through the column was 0,25 mL/min, the thermostat
temperature — 30 °C, and the injection volume — 4 pL.

Detection was carried out at the wavelengths of 280
nm and 365 nm using a diode-array detector, with sig-
nal recording and absorption spectra registration in the
range of 210—700 nm (Pyrzynska & Sentkowska, 2019).

Identification and quantification of individual fla-
vonoid compounds were performed using standard
flavonoid solutions (kaempferol, rutin, quercetin, iso-
quercitrin, luteolin, naringin, apigenin, neohesperidin,
naringenin, astragalin, fisetin, rhamnetin, silybin, bai-
calein, and casticin). Calibration was performed using
the external standard method. The content of individual
flavonoid compounds was expressed in mg/g.

Table 1
Gradient elution parameters

Time, min Eluent A, % Eluent B, %
0 5 95
20 30 70
50 100 0
60 100 0

®ditotepanis. Yaconuc

The study results were analyzed using mathematical
statistics methods in Microsoft Excel. Statistical evalu-
ation of the obtained data was carried out following the
guidelines of the State Pharmacopeia of Ukraine (SPhU).

Research results and their discussion. Eight series
of phytosubstances were obtained from the herb of Zinnia
elegans Jacq. using the maceration method with stirring
and ethanol (10, 20, 30, 40, 50, 60, 70, and 80%) as the
extractant at a raw material to extractant ratio of 1:10.

The total flavonoid content in these phytosubstances
was determined spectrophotometrically at a wavelength
of 408 nm and expressed in terms of rutin equivalent.

The results of the total flavonoid content determina-
tion in the obtained phytosubstances are shown in fig. 1.

The study found that the ethanol concentration
during extraction significantly affects the total fla-
vonoid content in the obtained phytosubstances.
As the ethanol concentration increased from 10 to 30%,
a gradual rise in flavonoid content was observed — from
1% in the first series to 1,8% in the third. The use of
40% ethanol resulted in a sharp increase to 4,9%, and at
50% — to 6,3%. Further elevation to 60% yielded 8,1%,
while the maximum value of 9,2% was achieved with
70% ethanol, indicating that this concentration is opti-
mal for flavonoid extraction.

In contrast, the use of 80% ethanol led to a decrease
in the amount of extracted compounds, likely due to
reduced solubility of polar components in such a concen-
trated solvent. Thus, the most efficient extraction of total
flavonoids from Zinnia elegans Jacq. herb is achieved
using 70% ethanol as the extractant, while higher con-
centrations reduce the extraction efficiency.

In Series 7, the qualitative composition and quanti-
tative content of individual flavonoid compounds were
determined using the HPLC method.

The results of the conducted study are presented in
fig. 2 and table 2.

In the phytosubstance (Series 7) obtained from
Zinnia elegans Jacq. herb, the qualitative composition
and quantitative content of individual flavonoid com-
pounds — rutin, isoquercetin, astragalin, silybin, and
rhamnetin — were determined using HPLC. The total fla-
vonoid content was found to be 7,87 mg/g, with rhamne-
tin showing the highest concentration (4,57 mg/g).

Rhamnetin is an aglycone distinguished from querce-
tin by the presence of a methyl group at the 7th position.
Owing to its structural features, this compound demon-
strates pronounced antioxidant, anti-inflammatory, anti-
bacterial, hepatoprotective, and anticancer properties.

As an antioxidant, rhamnetin efficiently neutralizes free
radicals and suppresses the formation of reactive oxygen
species, thereby protecting cells from oxidative stress. Its
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Total flavonoid content
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Fig. 1. Diagram of the total flavonoid content in phytosubstances
from the herb of Zinnia elegans Jacq.
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Fig. 2. HPLC chromatogram of individual flavonoid compounds
in the phytosubstance (Series 7) from Zinnia elegans Jacq. herb: 1 — rutin,
2 —isoquercitrin, 3 — astragalin, 4 — silybin, 5 — rhamnetin

Table 2 anti-inflammatory potential is linked to the inhibition of
Qualitative composition and quantitative content pro-inflammatory cytokines, including TNF-a, IL-6, IL-1j3,

of individual flavonoid compounds and IL-18, through modulation of caspase-1 activity, which

in the phytosubstance (Series 7) leads to a reduction in the inflammatory response.
from Zinnia elegans Jacq. herb Rhamnetin also exhibits antibacterial activity, par-
Compound name Quantitative content, mg/g | ticularly against carbapenem-resistant Acinetobacter
Rutin 0,18 baumannii, by reducing bacterial colonization in organs
Isoquercetin 0,13 and improving survival outcomes in sepsis models.
Astragalin 2,40 Additionally, the compound demonstrates hepatopro-
Silybin 0,59 tective effects by lowering hepatic enzyme levels and
?hallnnetin ‘7";; restoring normal liver histology in cases of toxic injury.

ota >
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Recent studies emphasize the potential of rhamne-
tin as an anticancer agent, particularly in hepatocellular
carcinoma, namely through its dual mechanism of inhib-
iting tumor cell proliferation and inducing apoptosis,
which effectively suppresses cancer cell growth and sur-
vival (Lee, 2022; Kim, 2023; Abdel-Rasol, 2025).

Conclusions. 1. The study confirmed that ethanol
concentration significantly influences the extraction
efficiency of flavonoids from Zinnia elegans Jacq.
herb. The highest total flavonoid yield (9,16%) was
obtained using 70% ethanol, while higher concentra-
tions reduced extraction efficiency.

2. HPLC analysis of the phytosubstance obtained
with 70% ethanol revealed five individual flavonoids,
including rutin, isoquercitrin, astragalin, silybin,
and rhamnetin, with a total content of 7,87 mg/g.
Rhamnetin predominated (4,57 mg/g), indicating its
potential pharmacological importance.

3. The findings highlight Zinnia elegans Jacq. as
a promising source of biologically active flavonoids
with antioxidant and hepatoprotective potential.
Further research should focus on evaluating their
biological activity and standardizing extraction pro-
cesses for phytopharmaceutical development.
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