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Abstract. Biologically active compounds that have great pharmacological potential
are largely obtained through medicinal plants. Verbascum thapsus L. has received
scientific attention among them because of its varied phytochemical structure and
extensive biological activity. The current research was conducted to examine the
phytochemical composition of V. thapsus roots collected in the Almaty region of
Kazakhstan. Spectrophotometric, permanganatometric, and colorimetric determination
ofbiologically active classes of compounds were performed to quantitative determination.
The atomic emission spectroscopy, gas chromatography and high-performance liquid
chromatography techniques was also applied. Phytochemical analysis revealed that
the content of moisture was 6.26%, total ash was 5.31% and extractive substances
was 38.83%, which were in confirmation of the quality of the plant material. The
quantitative analysis demonstrated the existence of significant content of the secondary
metabolites (polysaccharides — 6.35%, tannins — 4.52%, flavonoids — 2.35%, saponins
—2.19%, alkaloids — 1.39%). The mineral analysis showed high level of such essential
macroelements as potassium (1189.98 ug/mL), calcium (796.69 ng/mL) and magnesium
(220.12 pg/mL) and trace elements, including the following: iron (15.4503 pg/mL),
zinc (2.9316 pg/mL), and manganese (2.2882 pg/mL). Fatty acid analysis revealed the
existence of saturated (42.288%), monounsaturated (22.190%), and polyunsaturated
(34.397%) fatty acids with palmitic, oleic, and linoleic acids being the dominant ones.
The HPLC result showed that the vitamin C content was 33.483 mg/100 g, and the
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vitamin E was 0.665 mg/100 g. The obtained results indicate that V. thapsus growing in
the Almaty region contains biologically active compounds, essential mineral elements,
fatty acids, and antioxidant vitamins. These findings expand the existing knowledge
on the phytochemical composition of this species in Kazakhstan. However, further
biological and pharmacological studies are required to confirm its practical application
in pharmaceutical and nutraceutical products.

Keywords: phytochemistry, biological active compounds, mineral composition,
vitamins, fatty acids, GC, HPLC

For citations: Kipchakbayeva A.K., Tagabay A.K., Targyn A.B. Phytochemical
analysis of extractive substances and biologically active compounds of Verbascum
thapsus L.. Academic Scientific Journal of Chemistry, 2026. — No.2. — P.224-237.
DOI: https://doi.org/10.32014/2026.2518-1491.374

© Kunuako6aeBa A.K., Tara6aii 9.K.", Taproin A.B. , 2026.
On-Ddapadm areraaarsl Kazak ¥ ITTeIK yHHBEpcHuTeTI, AnMarel, KazakcTan.
E-mail: adem.tagabay@mail.ru

VERBASCUM THAPSUS L. OCIMAIT'THIH 9KCTPAKTUBTI 3ATTAPbI
MEH BUOJIOT'UAJIBIK BEJICEH/II KOCBIJIBICTAPBIHBIH
OUTOXUMUSAJIBIK TAJIIAYbI

Kumuak6aeBa Anus — PhD, nouenr On-®apabu arbinnarbl Kazak VITTBIK YHUBEPCHUTETi, AJIMAThI,
Kazakcran,

E-mail: aliya k85@mail.ru, https://orcid.org/0000-0002-0235-9661;

Tara6aiit Onemi — On-Dapabu arsinnarsl Kazak yiaTThIK yHUBepcHTETi, Anmarsl, KasakcraH,

E-mail: adem.tagabay@mail.ru, https://orcid.org/0009-0005-6432-4295;

Taprein Aiizkan — On-Dapabu ateiHgarel Kazak yiITThIK yHUBEpcHTETI, Anmathl, KasakcraH,

E-mail: : aizhan.targyn2011@gmail.com, https://orcid.org/0009-0006-7897-4050.

AHHoTamus. DapMakoJOTHSIIBIK JIeyeTi KOFaphl OHOJOTHMSUIBIK — OEICEH/II
KOCBUIBICTAPABIH HETI3r K631 PpeTiHme IOpUTiK OCIMIIKTEp KapacTHIPBIIaIb.
Omnapnpiy iminae Verbascum thapsus L. ecimairi ©3iHIH (QUTOXUMHSITBIK KYpaMbIMEH
JKOHE KEH ayKbIMJIbl OWOJOTHSUIBIK OEJCeHIITITIMEH FBUIBIMH  KBI3BIFYIIBLIBIK
Tyabipaael. by 3eprrey KazakcranHbiH AjMartbel OONBICBIHAA ©ceTiH V. thapsus
OCIMAIriHIH (UTOXMMHUSUIBIK KYpaMblH 3epTTeyre OarbITTanfaH. bBHOJOTHSIIBIK
OeJiceHi KOCBhUIBICTAP KJIACTapbhlH CAHJBIK AHBIKTAY YIIIH CIEKTPO(OTOMETPHSIIBIK,
MepPMaHTaHATOMETPHUSIIBIK JKOHE KOJOPUMETPHUSIIBIK 9IiCTep KOMAaHbUIAB. COHBIMEH
Karap aTOMIBIK-OMHUCCHSIIBIK CIIEKTPOCKOHS, Ta3/lbl XpoMarorpadus jKoHE KOFaphl
THIMII CYMBIKTBIKTBIK XpomaTtorpadus omicrepi maiganaHbuiabl. OUTOXUMUSIIBIK
Tajay HOTHXKeNepi OOMbIHINA bUTFal Memepi 6.26%, xanmsl Kya Memnmiepi 5.31%, an
9KCTPAKTHUBTI 3arTap/biH yiieci 38.83% ekeHi aHbIKTasIbl, OYJI 6CIMJIIK HIMKI3aThIHBIH
camacelH pactaiiipl. CaHIBIK Talfay HOTMDKECIHAE CKIiHIM PeTTIK MeTabOoMHTTepHiH
afiTappIKTal MeJIIIepi aHBIKTaJIbL: TTorcaxapuarep—6.35%, myounbizarrap—4.52%,
(maBononaTap — 2.35%, camonmumep — 2.19%, ankamounrap — 1.39%. Munepanasik
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KYpaMm/Ibl 3epTTey MaHBI3bl MAKPOIIEMEHTTEPAIH )KOFaphl MOJILEPIH KOPCETTI: KAl
(1189.98 mxr/mi), kanbiuii (796.69 Mxr/mi) sxone marauit (220.12 mkr/min). CoHbIMEH
KaTap MUKPOAJIEMEHTTEP € aHbIKTaJAbI, oJapablH imiHzae temip (15.4503 mkr/mi),
MBIpBII (2.9316 MKr/mi) skoHe MapraHen (2.2882 Mkr/mi). Mail KbIIIKbIIAAPbIHBIH
Tangaybl HOTWKECiHIe KaHbIKKaH (42.288%), monokaHbiknmaraH (22.190%) >xone
nonukanblknarat (34.397%) maii KplIIKBUIIAPBIHBIH Oap €KeHi aHBIKTAIIbI, OJapAbIH
1IIiHAE TaJIbMHUTHH, OJICHH YKOHE JIMHOJ KhIKbUIAaphl 0ackiM O0onabl. XKTCX tannayst
ooiibiHma C gopymeniniy Memnmepi 33.483 mr/100 1, an E nopymeninin memmepi 0.665
Mr/100 T exeHi aHBIKTaJJIbl. AJIBIHFaH HOTIOKENep AJIMaThl OHipiHae ecetiH V. thapsus
OCIMJIITIHIH OHMOJIOTUSIIBIK OCJCEH/I KOCBUIbICTApFa, MaHBI3Ibl MHUHEpaygapra, mai
KBIILIKbIIAapbIHA JKOHE aHTHOKCHIAHTTHIK IopyMeHzaepre Oail exeHiH kepceremdi. by
HOTHXKEJIep aTaJiFaH TYPAIH (GUTOXUMUSIIBIK KYpaMbl Typajibl OYPBIHFBI MOIIMETTEpAl
TOJNBIKTBIPBIN, OHBI ()apMalEBTHKAIBIK KOHE HYTPULEBTHUKAIBIK MakKcarTtapia
KOJIZIaHyFa MePCIeKTHBAIIBI ©CIMAIK IIUKi3aThl pETiH/e KapacTbIpyFa MyMKIHIIK Oepei.
ArtanraH 3epTTey HoTHXKenepi V. thapsus HeriziHAe eciMIIK TeKTi ASPIIIK mpenaparrap
YKOHE TaOUFU aHTHOKCHIAHTTBIK OHIMIEP 931pJieyie KOIJaHbUTybl MYMKIH.
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TopyMeHJep, Mail Kpiksliaapsl, I'X, XKTCX
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AHHoTanus: Bronornyecky ak THBHBIE COSAMHEHUS C BBICOKMM (DapMaKOIOTHIeCKUM
MOTCHIINAJIOM B 3HAYUTEIbHOM CTEIICHH MOTYYaloT U3 JEKapCTBEHHBIX pacTeHuid. Cpeau
Hux Verbascum thapsus L. nmpuBliekaeT BHUMaHUE UCCIIEIOBATENCH Oaronapst ooraromy
(PUTOXMMUYECKOMY COCTABY U IIIMPOKOMY CIIEKTPY OMOIOTHUYECKON akTUBHOCTH. L{enbro
HACTOSIIIETO HCCIIECIOBAHNS SIBIISTIOCH U3yUueHHE (PUTOXUMUYECKOTO cocTaBa Verbascum
thapsus L., npouspactaromiero B AnmaruHckod obOnactu PecmyOmuku Kazaxcrah.
JlJis KOJMYECTBEHHOTO OIPE/IEICHUs] OCHOBHBIX KJIACCOB OWMOJIOTMYECKH aKTUBHBIX
COCIMHCHHUN KCIIOJIb30BAIH CHEKTPOPOTOMETPUUYCCKUHN, MMEPMaHTAHATOMETPUICCKUI
U KOJIOPUMETPUUECKUN METObI. JJOMOTHUTENBHO MPUMEHSIIU aTOMHO-3MUCCUOHHYIO
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CIEKTPOCKOITUIO, Ta30BYI0 XpoMaTorpaduio u BhICOKOI(D(EKTUBHYIO >KHUAKOCTHYIO
xpoMmarorpaduio. YCTaHOBIEHO, YTO COAEP)KAaHHE BIAru B HCCIEIYEMOM CBIPbE
cocrasisieT 6,26 %, 0011ast 30IbHOCTH - 5,31 %, a cofiepaHue SKCTPAKTUBHBIX BEIIECTB
- 38,83 %, 4TO CBUAETEIBCTBYET O BHICOKOM Kade€CTBE PACTUTEIBHOIO Marepuana.
KonnyecTBeHHBIN aHamM3 BBIBWI HalW4ue monucaxapunos (6,35 %), myOMIBHBIX
BemiecTB (4,52 %), pnaBonoumos (2,35 %), canonuHos (2,19 %) u ankanounos (1,39
%). AHanu3 MUHEpPaJbHOIO COCTaBa IOKa3ajl BbICOKoe cozepxkaHue kamus (1189,98
MKT/MIT), Kaabiust (796,69 mxr/mi) u maraust (220,12 mxr/min). Cpeau MEKPO3JIEMEHTOB
BBISIBJICHBI kene30 (15,4503 mkr/mn), nuuHK (2,9316 mkr/min) u maprasen (2,2882 mkr/
mi). HccnenoBaHue >KUPHOKHCIOTHOTO COCTaBa IOKA3ajlo0 HAJIM4YHE HACBIIICHHBIX
(42,288 %), mononeHacwimeHHbIX (22,190 %) u nmonunenaceimeHusix (34,397 %)
YKHPHBIX KHCJIOT, CPEIH KOTOPBIX IIPE00IaiatoT MajJbMUTHHOBASL, OJICHHOBAS U IMHOJIEBAs
kucnotel. Ilo pesynmsraram BDOXKX copepxanune Butammna C cocraBuino 33,483
mr/100 r, a Butamuna E - 0,665 mr/100 r. [ToxydeHHble pe3ynbTaThl HOATBEPKAAIOT,
yro Verbascum thapsus L., mpouspacraiominii B AITMaTHHCKOW 00J7acTH, SBISETCS
MEPCIEKTUBHBIM HCTOYHUKOM OHMOJIOTHYECKH AaKTUBHBIX COCAMHEHHH, MHUHEpANOB,
KUPHBIX KUCJIOT U aHTUOKCHIAHTHBIX BUTAMHHOB. [lonyueHHbIe JaHHBIE PACLIUPSIOT
CYIIECTBYIOIIME TPEACTaBICHUS O (PUTOXMMHUYECKOM COCTaBe MOaHHOTO BUAA U
MOATBEPKAAIOT MEPCHEKTUBHOCTh €r0 HMCIIOJIB30BAHUS B KadeCTBE PACTUTEIBHOTO
CBIpbs A7 (papMalieBTUUECKON M HYTPULEBTHYECKON MPOMBIIIJICHHOCTH. Pe3ynbrarsl
HCCIIEIOBAaHUSI MOTYT OBITh HCIOJNB30BaHbl NpU  pa3padOTKe PacTUTENBHBIX
JIEKapCTBEHHBIX MPENaparoB U HATYPaJbHBIX aHTHOKCHAAHTHBIX POAYKTOB Ha OCHOBE
Verbascum thapsus L.

KiroueBsie ciioBa: Verbascum thapsus L., putoxumuueckuii cocras, Onoinorniecku
AKTHBHBIE COEIUHEHUS, SKCTPAKTUBHBIC BEILECTBA, MUHEPAIbHBI COCTaB, >KUPHBIC
KHCJIOTBI, BUTaMUHBI, ra3oBasi Xpomartorpadus, BBHICOKOI(P(EKTUBHAS KHUIKOCTHAS
xpomarorpadust

Introduction. The flora and plant resources of the Kazakhstan are rich in the variety
of medicinal plants which can find the usage in medicine. The capacity of medicinal
plants to produce a broad range of secondary metabolite under natural conditions
has seen medicinal plants being identified as one of the promising sources of new
therapeutic agents (Bhat et al., 2022; Gani et al., 2024). These natural products are
in several bioactive classes, including phenolic compounds, flavonoids, terpenoids,
alkaloids, glycosides and saponins, and many of them are highly biologically active.
Considerable pharmacological research studies have proved the existence of a wide
spectrum of bioactivities of plant-derived compounds with anti-inflammatory,
antioxidant, antibacterial, anticancer and antifungal effects (Li et al., 2022; Mir et al.,
2022; Wang et al., 2024). Medicinal plant materials have traditionally played a critical
role in discovering and developing new drugs, as either direct source of therapeutic
compounds or as structural models of the synthetic modification.

Verbascum thapsus L. (V. thapsus) is one of such medicinal species, which is of high
scientific interest due to its rich phytochemical profile and long tradition of being used
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in traditional medicine. It belongs to the Scrophulariaceae family which has over 400
species that are found in Asia, North America and Europe (Dong et al., 2022). V. thapsus
L. may be defined as a perennial herb with a short life cycle which was able to adapt to
a variety of ecological habitats. The phytochemical studies have been able to identify a
set of bioactive compounds within this medicinal plant that assists in explaining why it
has a wide variety of pharmacological effects that include wound-healing, antioxidant,
antibacterial, antifungal, anti-inflammatory, diuretic and detoxifying effects (Keaveney
et al., 2020). V. thapsus represents a promising source of phytochemicals and therefore
deserves further investigation for potential pharmaceutical applications.

Literature review. Verbascum thapsus L. is a plant also referred to as mullein. The
herb is known as a medicine plant since time immemorial and has a significant medicinal
potential in the prevention of some health disorder. The studies on phytochemicals have
shown that mullein contains several biologically active compounds such as triterpenes,
tetraglycosides, saponins, terpenes, flavonoids, carotenoids, tannins, carbohydrates,
phenolic acids, sugars, proteins, and essential minerals. This fact of a wide range of such
phytochemicals adds to the pharmacological potential of the plant. Therefore, mullein
has been widely used in traditional and folk medicine by the local communities in most
parts of the world to treat and prevent numerous diseases (Jan et al., 2022).

The extraordinary biological activity of V. thapsus is mostly linked to the existence of
vast array of phytochemical constituents. The research into phytochemicals has proved
that V. thapsus L. contains a high concentration of some groups of secondary metabolites,
such as flavonoids, lignans, triterpenoid saponins, iridoid glycosides, steroids, and
polysaccharides (Amin et al., 2020). Moreover, the plant also holds a major collection
of phenylethanoid glycosides, such as verbascoside, isoverbascoside, leucosceptoside
A, martynoside, alyssonoside, and leucosceptoside B. These compounds have been
regarded as total key from the chemotaxonomic standpoint in V. thapsus L. since it made
its chemical characterization and classification (Frezza et al., 2019).

One of the earlier studies outlined chemical composition of aerial parts of two
species of Verbascum, that is, V. thapsus and V. marschallianum that was gathered in
Altai region of Kazakhstan (Nykmukanova et al., 2017). The quantitative content of
certain bioactive classes of alkaloids, saponins, organic acids, tannins, flavonoids and
coumarins, as well as the content of macro and microelements, amino and fatty acids of
the two species were the targets of the authors.

Unlike the study that was published before, this study will seek to do a systematic
phytochemical characterization of V. thapsus. In this paper, a particular focus is
made on a determination of the phytochemical profile of V. thapsus specimens in the
Almaty region of Kazakhstan. Besides the biochemical characterization of bioactive
components, the amounts of the noteworthy antioxidant vitamins like vitamin C and
E, were also revealed. With this, the purpose of the current research is to enlarge the
current knowledge on the phytochemical composition of V. thapsus with the new data
on the plant material grown in another geographical area and the quantitative analysis
of the main vitamins that could have biological implications.

Materials and methods.
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Materials.

Root samples of Verbascum thapsus L. were collected in the Almaty region of
Kazakhstan during the vegetation period. The collected plant material was cleaned, air-
dried under shade conditions, ground to a fine powder, and stored in airtight containers
until analysis. All reagents used in the study were of analytical grade.

Statistical analysis.

All analyses were performed in triplicate (n = 3), and the results are presented as
mean =+ standard deviation (SD). Statistical calculations were performed using Microsoft
Excel 2021.

Methods.

The general procedures for the analysis of medicinal plant raw materials were carried
out according to the State Pharmacopoeia of the Republic of Kazakhstan. Atomic
emission spectroscopy was used as the total content of macro- and microelements.
The amounts of flavonoids, coumarins, saponins, and alkaloids were determined into
spectrophotometric analysis. The tannins and organic acid levels were determined
through the permanganatometric method, and coumarins were also determined using
a colorimetric procedure. The fatty acid samples were identified and measured through
the gas chromatography (GC) (Muzychkina et al., 2008). Vitamin C and E content were
also determined quantitatively using the high-pressure liquid chromatography (HPLC).

Identification of mineral composition.

About 3 grams of finely ground medicinal plant substance was put into a pre-weighed
porcelain crucible and uniformly spread evenly at the bottom. The fire was slowly fried
to enable the material to burn or evaporate at the minimum possible temperature. The
rest of the carbon particles were also burnt at low temperature, when the majority of the
carbon was burnt, the temperature rose. Calcination was done at dull red heat (around
500°C) until a constant mass was reached, without melting the ash or sintering with
the walls of the crucible. The ash was dried in a desiccator after which it was heated
again at a temperature of approximately 600°C until it had a uniform gray appearance.
With heating, 5 mL of HNO, (1:1) was used to dissolve the residue. The solution was
dried into moist salts and then was dissolved in 10-15 mL of 1 N HNO,, moved into a
25 mL volumetric flask, and diluted to the mark. An identical solution, of the same acid
and concentration, in blank solution was prepared under the same conditions. Atomic
absorption spectroscopy IPS-28 (LLC «Mors», Russia) was applied to the prepared
samples.

Fatty acid analysis.

A fine and dry powdered plant material was then subsequently placed in a mixture
of chloroform and methanol (2:1) and allowed to run for 5 minutes. The extracts
obtained were filtered using a paper filter after which the solvent was evaporated to
dryness. After this, 10 mL of methanol and 2-3 drops of acetyl chloride was added to
the extracts obtained and the process of methylation done at 60-70°C in a special system
and lasted 30 minutes. Methanol was eliminated with the help of a rotary evaporator
after the reaction, and the samples were dissolved with hexane (5 mL). The fatty acid
composition was analyzed using a Carlo Erba-420 gas chromatograph (Italy) equipped
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with a flame ionization detector (FID). Fatty acid methyl esters were separated on a
capillary column using nitrogen as carrier gas. Injector and detector temperatures were
maintained at 250°C and 280°C, respectively. Identification of fatty acids was performed
by comparison with standard fatty acid methyl ester mixtures.

Quantitative determination of vitamin content.

Vitamin C and vitamin E were determined using high-performance liquid
chromatography (HPLC). Prior to analysis, samples were filtered through a 0.45 um
membrane filter. Chromatographic separation was performed on a C18 reversed-phase
column (250 x 4.6 mm, 5 um). The mobile phase consisted of methanol and water.
The flow rate was maintained at 1.0 mL/min, the column temperature was 25°C, and
detection was carried out using a UV detector at 254 nm. Identification of vitamins was
performed by comparing the retention times of sample peaks with those of authentic
vitamin C and vitamin E standards. Quantification was based on calibration curves
prepared from standard solutions.

Results. Based on the described methodology, the authenticity and the content of
classes of biologically active compounds of V. thapsus were identified and presented in
tables 1 and 2.

Table 1 — The authenticity of V. thapsus plant material

uthenticity parameters
Moisture Ash content Extractive substances
Plant material
P
Content (%) in 6.26 +0.07 5.31+0.05 38.83 + 0.41
V. thapsus

Data are presented as mean + SD (n = 3).

Quantitative analysis demonstrated the presence of several groups of biologically
active compounds in the roots of V. thapsus L. The obtained results are presented in
Table 2.

Table 2 — The biological active constituents of V. thapsus L.

Biological active classes Quantitative determination (%)
Tannins 4.52 +0.06
Organic acids 0.39 +0.01
Saponins 2.19 £0.04
Flavonoids 2.35+0.05
Coumarins 0.42 +0.01
Alkaloids 1.39+0.03
Polysaccharides 6.35+0.09

Data are presented as mean = SD (n = 3).

The received results proved that polysaccharides were the most common class
(Figure 1) which amounted to 6.35% of the dry plant material. The predominance of
polysaccharides suggests that V. thapsus roots contain compounds of potential biological
significance, as polysaccharides are frequently associated with immunomodulatory
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and protective properties. Tannins were also found in large quantities of 4.52%. The
flavonoids content was established at 2.35% that also may be a large concentration of
the biologically active compounds.

The content of saponins was determined as 2.19% which showed a moderate
level of saponins in V. thapsus roots. The alkaloid concentration was 1.39% which
proved the appearance of nitrogen-containing secondary metabolites. In addition, the
coumarins and organic acids were also found in lower concentrations of 0.42 and 0.39%
respectively. Although these classes are relatively low, they are very crucial in the
biological activity of plants. Coumarins are known to possess anticoagulant, antioxidant,
anti-inflammatory, and antimicrobial properties, whereas organic acids contribute to
metabolic regulation and may enhance the antioxidant potential of extracts. Therefore,
even minor concentrations of these bioactive groups can influence the overall biological
activity and therapeutic potential of the investigated plant material.
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Figure 1 — The content of biologically active constituents of V. thapsus L.

Error bars represent SD (n = 3).

The mineral composition of the root was detected to quantify the concentrations
of essential macro and microelements. The results are shown in Table 3. As a major
component of plant metabolism, minerals have the potential to play a major role in
the pharmacological and nutritional quality of medicinal plant raw materials hence the
checking out (Wang et al., 2023).

Table 3 — Mineral composition of Verbascum thapsus L. roots

Content of microelements (pg/mL)
Cadmium (Cd) 0.0207 + 0.0004
Lead (Pb) 0.0735+0.0015
Copper (Cu) 0.0997 = 0.0020
Nickel (Ni) 0.1504 + 0.0030
Manganese (Mn) 2.2882 +0.04
Zinc (Zn) 2.9316 +0.05
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Iron (Fe) | 15.4503 £ 0.21
Content of macroelements (pug/mL)
Sodium (Na) 21.090 £ 0.32
Magnesium (Mg) 220.12 +3.15
Calcium (Ca) 796.69 £ 11.24
Potassium (K) 1189.98 + 16.42

Data are presented as mean = SD (n = 3).

The largest micro-element that was found is iron (Fe), with a maximum concentration
of 15.4503 pg/mL (Figure 2A). The second one was zinc (Zn) and manganese (Mn)
with 2.9316 and 2.2882 pg/mL respectively. Nickel (Ni) (0.1504 pg/mL) and copper
(Cu) (0.0997 pg/mL) were moderate. The amount of lead (Pb) and cadmium (Cd)
was relatively low, 0.0735 ug/mL and 0.0207 ug/mL, respectively. Lastly, the high
concentration among macro-elements was potassium (K) (1189.98 pg/mL) as shown
in Figure 2B, then calcium (Ca) (796.69 pg/mL), magnesium (Mg) (220.12 pg/mL),
then sodium (Na) (21.090 pg/mL). Each element plays own role in plant nutritional and
pharmacological importance. The macroelements may support physiological processes,
including electrolyte balance, bone metabolism, enzymatic activity, oxygen transport,
and antioxidant defense mechanisms. The identified microelements contribute to
immune regulation, antioxidant enzyme activity, and metabolic functions. Furthermore,
the concentrations of lead and cadmium were found to be low, suggesting a low level of
heavy-metal contamination in the investigated plant material.

A B
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Figure 2 — The content of (A) micro- and (B) macroelements of V. thapsus L.

Error bars represent SD (n = 3).

The fatty acid content of the roots of Verbascum thapsus was analyzed to determine
the distribution of saturated and unsaturated fatty acids and to further get their possible
biological implications (Table 4). Analytical findings demonstrated a variety of fatty
acids, both in terms of chain lengths and levels of unsaturation.
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Table 4 — The fatty acids content of V. thapsus L.

Fatty Acid (Notation) Fatty Acid Name Group Content (%)
Ca Palmitic acid saturated 21.127+0.32
Cln Stearic acid saturated 6.093 +0.09
C oo Oleic acid monounsaturated 12.031 £0.18
(S Linoleic acid polyunsaturated 15313 +£0.23
Clon Linolenic acid polyunsaturated 0.978 £0.02
C,q Arachidic acid saturated 14.035+0.21
Cootiins Eicosenoic acid monounsaturated 10.159 £ 0.15
C e Eicosatrienoic acid polyunsaturated 18.106 £ 0.27
C,, Docosadienoic acid polyunsaturated 1.125+0.02
C,., Tricosanoic acid saturated 0.651 £0.01
C,., Lignoceric acid saturated 0.382+0.01

Data are presented as mean + SD (n = 3).

Palmitic acid became the major saturated fatty acid and its proportion in the total
fatty acid pool was 21.127% as can be seen in Figure 3. Other saturated fatty acids were
arachidic acid (14.035%), and stearic acid (6.093%). Ligoceric acid and tricosanoic acid
were also identified as minor long-chain saturates. The saturated fatty acids were found
to make up 42.288 % of the total composition of fatty acids. Oleic acid and eicisenoic
acid were the main monounsaturated fatty acids, and their concentrations were 12.031%
and 10.159%, respectively. The total percentage of monounsaturated material was
22.190%, which is a moderate percentage of the investigated plant material.

There were also large quantities of polyunsaturated fatty acids. Eicosatrienoic acid
and the linoleic acid were the main compounds. Reduced levels of linolenic acid and
docosadienoic acid were detected. Polyunsaturated fatty acids are associated with
anti-inflammatory mechanisms, cell signalling and membrane activities. Their total
percentage composition was 34.397% of the total fatty acids.
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Docosadienoic acid )

FEicosatrienoic acid ’

Eicosenoic acid ’
Arachidic acid )
Linolenic acid

Linoleic acid )
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Figure 3 — The fatty acids content of V. thapsus L.
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Error bars represent SD (n = 3).

High-Performance Liquid Chromatography (HPLC) was adopted to establish the
concentrations of vitamins in the sample under analysis. The outcome revealed that
vitamin C content was 33.483 mg/100 g and vitamin E concentration was 0.665 mg/100
g. These discoveries show that the plant material under study contains antioxidant
vitamins that can be attributed to its possible pharmaceutical applications. The level of
vitamin C is relatively high, suggesting the plant has potential as a natural source of water-
soluble antioxidants. The role of ascorbic acid in reducing the level of ROS, preventing
the damage of cellular components and supporting the physiological functions such
as collagen synthesis and immune function are of paramount importance (Boo, 2022).
Therefore, the detected level of vitamin C suggests a significant antioxidant potential
of the sample studied. Vitamin E had lower concentration as compared to vitamin C but
has a pharmacologic significance. Vitamin E is an antioxidant which is lipid soluble
and protects the biological membrane from lipid peroxidation and contributes to the
stabilization of cell structure (Abdelqader et al., 2023). Tocopherols can be synergistic
with vitamin C and may have an even more protective effect when they are present in
plants at relatively low levels.

Discussion. The authenticity parameters confirmed the good quality of the
investigated plant material. The moisture content (6.26%) was within acceptable limits
for medicinal plant raw materials, indicating adequate drying and suitability for storage
and further phytochemical analysis. The ash content (5.31%) reflected the presence of
inorganic constituents, whereas the relatively high extractive value (38.83%) suggested
a considerable amount of soluble phytochemicals in the plant material.

Quantitative phytochemical analysis revealed that polysaccharides (6.35%) and
tannins (4.52%) were the predominant groups of biologically active compounds in V.
thapsus roots. The high content of polysaccharides may contribute to the biological
significance of the species, as these compounds are frequently associated with
immunomodulatory and protective effects (Mizuno and Minato, 2024). Tannins and
flavonoids were also detected in appreciable amounts (4.52% and 2.35%, respectively),
indicating that the investigated plant material contains measurable amounts of phenolic
constituents. Compared with previous studies on Verbascum species from Kazakhstan
(Nykmukanova et al., 2017), the present results demonstrate a generally comparable
phytochemical profile. Nevertheless, variations in the concentrations of individual
compounds may reflect differences in geographical and environmental conditions.
Furthermore, this study provides a more comprehensive characterization of V. thapsus
roots by combining the quantitative determination of major groups of secondary
metabolites, mineral elements, fatty acids, and antioxidant vitamins C and E, thereby
expanding the currently available data on this species in Kazakhstan.

Mineral analysis demonstrated that potassium, calcium, and magnesium were the
predominant macroelements, whereas iron was the major microelement. The relatively
high concentrations of these essential elements may contribute to the nutritional value
of the plant material. At the same time, the concentrations of lead and cadmium were
low, suggesting minimal heavy-metal contamination of the investigated samples. The
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detected concentrations of lead and cadmium were within the limits recommended by
the WHO guidelines for medicinal plant materials, indicating the absence of significant
heavy-metal contamination. These findings indicate favorable environmental conditions
in the collection area and support the suitability of the plant material for further
phytochemical investigation (World Health Organization, 2011).

Fatty acid profiling revealed a balanced composition of saturated (42.288%),
monounsaturated (22.190%), and polyunsaturated fatty acids (34.397%). Palmitic acid,
linoleic acid, and eicosatrienoic acid were identified as the dominant constituents. The
presence of substantial amounts of unsaturated fatty acids may enhance the biological
relevance of the plant material because these compounds are known to participate in
membrane structure and various physiological processes (Henschel et al., 2024).

The determination of vitamins C (33.483 mg/100 g) and E (0.665 mg/100 g)
represents an additional contribution of the present study. These antioxidant vitamins
may contribute to the overall biological activity of the plant material. However, it
should be emphasized that the current investigation was limited to phytochemical
characterization and did not include biological assays. Therefore, the obtained results
indicate the presence of potentially bioactive constituents but do not directly confirm
pharmacological efficacy. Further biological and pharmacological studies are required
to evaluate the therapeutic significance of the identified compounds.

Conclusion. The currentresearch offered detailed phytochemical and physicochemical
description of Verbascum thapsus that grows in Almaty region, Kazakhstan. The
received results proved the idea that the investigated plant material is of good quality
as indicated by the acceptable values of moisture, total ash, and extractive substances.
Quantitative analysis indicated the presence of diverse groups of biologically active
compounds, including polysaccharides, tannins, flavonoids, saponins and alkaloids with
potential biological significance.

The mineral composition of V. thapsus revealed that the plant is a significant source
of such macroelements as potassium, calcium, and magnesium, and such microelements
as iron, zinc, and manganese. Moreover, fatty acid profiling indicated that saturated fatty
acids, monounsaturated and polyunsaturated fatty acids were present with palmitic, oleic
and linoleic acids being dominant. Existence of antioxidant vitamins especially vitamin
C and vitamin E further points out the nutritional and therapeutic potential of this species.

On the whole, the data show that Verbascum thapsus growing in Almaty area is a
source of biologically active substances and important nutrients. The results expand the
current understanding of the phytochemical composition of this species and highlight
its potential as a promising source of plant raw material for future pharmaceutical,
nutraceutical, and functional food applications. Future research can concentrate on
the isolation of individual bioactive compounds and analyzing their pharmacological
activities in more detail. The novelty of the present study lies in the comprehensive
phytochemical characterization of V. thapsus collected in the Almaty region, including
quantitative determination of antioxidant vitamins C and E together with mineral and
fatty acid profiling. Nevertheless, further biological and pharmacological investigations
are necessary to confirm the biological activity and therapeutic relevance of the identified
compounds.
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