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Abstract: Increasing prospective phytochemical investigations and biological activities on Pueraria
lobata and Trifolium pratense flowers exhibited their nutritional (food industry) pharmaceutical (anti-
cancer, anti-inflammatory, anti-microbial, etc.) potentials. Previous studies paid great attention to the
screening of isoflavones profile from phytochemicals. This study, in contrast, aimed at identifying
the flavonoids from Pueraria lobata flowers or kudzu flower (KF) and Trifolium pratense flowers or
red clover (RC) flowers and determining their cytotoxic activities on normal; (HEK-293) and cancer
cell lines; human glioblastoma (A-172), osteosarcoma (HOS), embryonic rhabdomyosarcoma (Rd),
lung carcinoma (A-549) and liver carcinoma (HepG2). The phytochemical screening using a high-
performance liquid chromatography-diode array detector coupled with quadrupole time-of-flight
mass spectrometry (HPLC-DAD-Q-TOF/MS) showed that 15 flavonoids, including isoflavones,
flavones, flavonols, and flavanones, were identified in KF and 8 flavonoids, including isoflavones
and flavonols, were found in RC. Nevertheless, the majority of flavonoid chemical constituents in KF
or RC were found to be isoflavones (66.6%) and (62.5%), respectively. HPLC-DAD analysis following
eco-friendly extraction of phytochemicals showed that KF contains mainly daidzein and genistein,
while RC contains primarily formononetin and biochanin A. Cytotoxic activities evaluated according
to IC50 values exhibited the most pronounced dose-dependent antiproliferative effect of KF and
RC extracts were against HOS and Rd cancer cell lines, respectively. Accordingly, the morpholog-
ical observation carried out using acridine orange/ethidium bromide and Giemsa stains revealed
apoptotic activities and cell death in HOS and Rd cell lines when subjected to KF or RC extracts.
Cytotoxic activities and apoptotic changes were pronounced among all cancer cell lines except for
the control cells (HEK-293). Additionally, various polyphenols and flavonoids were identified and
quantified in KF and RC extracts and exhibited potent radical scavenging activities. Overall, this
study suggests that KF and RC could be valuable edible sources of flavonoids. The comprehensive
flavonoid profiles for KF and RC may explain their remarkable biological activities and contribution
to inducing antioxidant and cytotoxic activities against cancer cell lines.

Keywords: kudzu flower; red clover; high-resolution mass spectrometry; liquid chromatography;
tandem mass spectrometry; flavonoids; isoflavones; cytotoxicity; cancer; tumor; antioxidant; morphology
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1. Introduction

Cancer is considered one of the major etiologies that may lead to an increment in death
worldwide Sushma, et al. [1]. In 2020, there have been recorded over 19 million cancer
cases and 10 million deaths [2]. In the United States, over 1.95 million new cancer cases and
over 609 thousand cancer deaths are expected to occur in 2023 [3]. Cancer is characterized
by unlimited cell growth, cell metastasis, and excessive cell proliferation [4]. Among the
main critical common cancers are human glioblastoma, osteosarcoma, embryonic rhab-
domyosarcoma, lung carcinoma, and liver carcinoma (GOELL cancers). These cancer types
are associated with severe consequences and may lead to death if left untreated or with no
medical or surgical interference [5]. The current multidisciplinary approach used for cancer
diagnosis and treatment ends up using surgery, chemotherapy, or radiotherapy. However,
these therapeutic interventions may attack healthy cells and generate undesirable side
effects [6,7]. Therefore, there are constant attempts to find better sustainable diagnostic and
therapeutic strategies that substitute traditional interventions and improve the treatment
of these cancers. Recently, phytoestrogens from natural sources have gained interest ac-
counting for their minor side effects, in particular, flavonoids and isoflavones derived from
medicinal botanicals [8,9].

Although there are over 3000 plants (70% of natural origin) listed, kudzu and red clover,
botanical plants, are well-known for being environment stress-resistant and their ability to in-
duce pharmaceutical and medicinal potentials due to their polyphenols and flavonoids [10].
The phytochemical and pharmacological examination of these plants is of great interest
owing to their pharmaceutical potential [11]. The availability of flavonoids and isoflavones
as promising bioactive compounds with anticancer, anti-inflammatory, antioxidant, and
microbiome modulation activities attracted the scientific community to further investigate
their ability to treat cancers [12,13]. These bioactive compounds, particularly isoflavones,
also exhibit estrogen-like properties since they show great similarity to 17β-estradiol. Hence,
isoflavones became recently commercially available as a dietary supplement in Western
countries to alleviate menopause symptoms [14]. Despite the available data in the literature,
the antiproliferative and antitumor effects of plant flavonoids are still few.

Development of novel therapeutic anticancer drugs derived from medicinal plants is
possible via phytochemical screening of their bioactive compounds. Flavonoids with their
groups (isoflavone, flavonol, flavone, flavanone, etc.) are the main bioactive compounds
that could be recovered from kudzu flowers (KF) or red clover (RC) [15,16]. Several extrac-
tion conditions have been previously employed to recover isoflavones from these plant
sources. Recently, eco-friendly extraction technologies were recommended to be utilized
to recover flavonoids since they have less toxicity and are safer for biological organisms.
The analysis and identification of flavonoids were previously reported using nuclear mag-
netic resonance (NMR) spectroscopy [17], High-performance liquid chromatography–mass
spectrometry (HPLC-MS) [18], and ultra-performance liquid chromatography–mass spec-
trometry (UPLC-MS) [19]. Notably, previous studies attempted to analyze the flavonoids
present in KF and RC using the aforementioned analytical techniques. Despite the suc-
cessful screening detection of peaks, some analytical systems could be less sensitive, and
time-consuming and may produce less satisfactory or low-resolution peaks and, hence,
result in false positive results [20,21]. Therefore, in the present study, a high-performance
liquid chromatography diode-array detector high-resolution mass spectrometry (HPLC-
HRMS and MS/MS) system coupled with quadrupole time-of-flight mass spectrometry
(Q-TOF/MS) was adopted to identify the flavonoid peaks in KF and RC fractionated ex-
tracts. Moreover, HPLC-DAD was separately adopted to compare the concentrations of
isoflavones (daidzein, genistein, puerarin, formononetin, and biochanin A) that correspond
to their reference standards. Thus, a comprehensive flavonoid profile was obtained and the
expected unknown compounds in the extracts were also determined.

Cytotoxicity of kudzu flower and red clover against GOELL cancers has been so far
limitedly reported in the literature. Moreover, the previous studies focused on studying
the cytotoxicity of these extracts on ovarian cancer cell lines [22], adenocarcinoma [23], etc.
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Another study investigated the effect of hydro-alcoholic red clover extract on glioblastoma
cell lines (U87MG), but without comparing it with other cancer cell lines [24]. Unlike
our previous published paper on kudzu roots and soy molasses on pediatric tumor cell
lines [25], this study focuses on analyzing the isoflavones constituents in KF and RC
and determining their ability to cause cytotoxicity to human cancer cells in vitro. To our
knowledge, we assume that this study, for the first time, investigates the cytotoxic effect of
KF and RC ecofriendly obtained extracts on various human cancer cell lines (GOELL).

To this view, this study aims to screen the chemical constituent of the major isoflavones
in KF and RC extracts using an integrated establishment of LC–MS library and HPLC-
DAD-Q-TOF/MS analysis, which is ideal for analyzing flavonoids including isoflavones,
flavones, flavonols, and flavanones. Moreover, the antioxidant activity and total bioactive
compounds, including polyphenols and flavonoids were compared. Additionally, we
further investigated the cytotoxicity of these extracts on five different cancer cells (GOELL
cell lines) compared to the control cells (HEK-293) by determining their IC50 values.

2. Materials and Methods
2.1. Chemicals, Reagents, and Equipment

Daidzein (≥98%), genistein (≥98%), puerarin (≥98%), formononetin (≥98%), and
biochanin A (≥98%) as analytical standards were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Methanol (99.9%, HPLC grade), formic acid (98.0–100%, Puriss, meets analytical
specifications of DAC and FCC), acetic acid and acetonitrile; (99.8%, HPLC grade), (99.9%,
HPLC grade); respectively, were purchased from Sigma-Aldrich. Choline chloride (99%;
pharmaceutical grade) was purchased from Acros Organics, Geel, Belgium. Citric acid (99%,
food-grade) was purchased from Sigma-Aldrich. DPPH (2, 2-diphenyl-1-picrylhydrazyl,
gallic acid, and quercetin, were purchased from Sigma-Aldrich. Ethanol and ethyl acetate
were supplied by Himreaktiv-snab company, Ufa, Russia. All other provided reagents
and chemicals in the present experiment were analytical grade. An ultrasonic cleaner and
laboratory centrifuge Elma PE-6926 were utilized for the extraction process. A spectropho-
tometer Shimadzu-UV 1800 (Chiyoda-ku, Tokyo, Japan) was established for evaluating
polyphenols, flavonoids, and antioxidant capacity. A hot dry oven (UN55, Memmert,
Schwabach, Germany) was utilized for plant and sample dryness.

2.2. Plant Materials

Kudzu flowers (Pueraria lobata (Willd.) Ohwi) were purchased from Zhong Guan
Cun, Beijing, China. Similarly, red clover flowers (Trifolium Pratense L.) were purchased
from Parapharm company (Russian Federation). The flowers were oven dried to constant
weight at a temperature below 40 ◦C and further pulverized using an electric blender.
The homogeneous powder was sieved by passing through a sieve with 100-mesh and
the resulting fine powder was stored at room temperature until subsequent use for the
extraction process.

2.3. Preparation of Natural Deep Eutectic Solvents (NADESs)

NADES solvent was prepared as previously described by [25,26] with some mod-
ifications. Briefly, NADES was prepared by mixing choline chloride and citric acid
(1:2, mol/mol) and 20% deionized water to form a viscous non-homogenous mixture.
The mixture was left in a water bath at 80 ◦C until obtaining a transparent solution. After-
ward, NADES was kept at −4 ◦C until further utilized.

2.4. NADES-Based Ultrasound-Assisted Extraction of KR and SM

An extraction technique assisted with ultrasound was established for the recovery of
isoflavones from KF and RC, as described by Duru et al. with few modifications [18]. A
certain quantity (approximately 1 g) of plant powder was placed in a beaker and 20 mL of
NADES was immediately added. The mixtures were extracted by ultrasound at a frequency
of 37 kHz, 180 W powder, and a temperature of 80 ◦C for 2 h. The bioactive compounds
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were gradually extracted and released in the suspension. The mixture was allowed to
undergo centrifugation for 10 min at 10,000 rpm and the supernatant was separated. Then,
supernatants were fractionated three times by ethyl acetate and the resulting upper layers
were combined and concentrated. A certain quantity of the fractionated extract was diluted
with 1 mL methanol (HPLC grade) and sent for analysis using HPLC-DAD after plotting
the calibration curve. The same experimental procedure was carried out in triplicates.
Extraction yields (Ey) were calculated as follows:

Ey =
Cb × Vs

mw
(1)

where Cb refers to the concentration of bioactive compounds in plant extracts using HPLC-
DAD, Vs refers to the volume of methanol used for dilution, and mw refers to the weight of
the test sample.

2.5. Quantitative Determination of Isoflavones Using HPLC-DAD Method

HPLC-Agilent 1260 Infinity II system was established for quantifying five different
isoflavones in KF and RC extracts. The system comprises a diode array ultraviolet (UV)
detector (Model G7117C) coupled with DAD analysis software, a quaternary pump (Model
G7111B), a vacuum degasser module, and an autosampler (Model G7129A) with an in-
tegrated column compartment. Isoflavone separation was performed using a reversed
stationary phase column A Poroshell 120 EC-C18 (3.0 mm × 100 mm, 2.7 µm, Agilent
Technologies, p/n 695975-302 (Santa Clara, CA, USA) with an additional 5 mm guard
column. The mobile phase contains solvent A; acetic acid dissolved in water (0.1%, v/v),
and solvent B; acetic acid dissolved in methanol (0.1%, v/v). Linear gradient elution of
solvent B (5% up to 100%) within 20 min and established for 1.5 min and 0.7 mL/min flow
rate. The column temperature was adjusted at 30 ◦C, and the volume of injection was 5 µL.
The peaks of chromatograms for isoflavones were recognized based on the retention times
and UV spectra that correspond to the reference standards of daidzein, genistein, puerarin,
formononetin, and biochanin A. The calibration curve was plotted with a standard concen-
tration of (0.04–1.6 µg/mL) and linear dependence (R2 ≥ 0.999). A quantitative analysis of
the five peaks of isoflavone content in the extracts was performed. The isoflavone yields in
KF or RC were expressed in percentage (%).

2.6. Analysis of Isoflavones Using HPLC-ESI-HRMS Method

HPLC-HRMS and MS/MS were used for the determination and identification of
the bioactive compounds in KF and KR extracts. Agilent 1290 Infinity II HPLC sys-
tem used for the identification process was connected with a quadrupole time-of-flight
(Q-TOF) accurate mass detector (Agilent 6545 Q-TOF LC-MS, Agilent Technologies, USA).
Poroshell 120 EC-C18 (2.1 mm × 100 mm, 2.7 µm, Agilent Technologies, p/n 695775-902)
reversed stationary phase column with an additional 5 mm guard column was used for
chromatographic separation. The temperature of the column was 50 ◦C. The mobile phase
comprised solvent A; acetic acid dissolved in water (0.1%, v/v), and solvent B, acetic acid
dissolved in methanol (0.1%, v/v). Linear gradient elution of solvent B was applied from
5% up to 100 % over 20 min and kept for 1.5 min at a flow rate of 0.4 mLmin−1. The injection
volume was 1 µL. The Q-TOF instrument was operated in positive and negative ion modes
with electrospray ionization (+, − ESI) source operating the following conditions: drying
gas temperature; 350 ◦C (nitrogen, 10 L/min), capillary voltage; 3500 V, fragmented voltage;
90 V, and nebulizer pressure; 40 psi. In MS/MS mode, the quadrupole was adjusted to
isolate precursor ions with a bandwidth of ∆ m/z = 1.3. The collision-induced dissociation
(CID) spectra of the precursor ions were recorded with collision energy (CE) in the range of
20–60 eV. The collision cell was filled with nitrogen (99.999%). Ions were scanned in the
mass range of 100–1000 Da in the MS mode and 40–700 Da in the MS/MS mode. The TOF
detector was operated in EDR (2 GHz) mode, and the acquisition was 1.5 spectra/s. The
mass spectrometer was adjusted, and the accuracy of mass measurement was automati-
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cally corrected based on the instruction manual of the device and recommended standard
solutions (Agilent, part. numbers G1969-85000 and G1969-85001).

2.7. Assessment of Antioxidant Activity

The antioxidant capacity was tested by DPPH radical scavenging assay [27]. DPPH
solution (3.6 mL, 0.1 mM) was dissolved in methanol and added to 0.4 mL of different
concentrations of KF and RC extracts (4–512 µg/mL) or a reference compound, ascorbic acid
(4–512 µg/mL). The mixtures were incubated in dark for 90 min, the inhibition percentage
was determined at 514 nm the absorbance using a spectrophotometer, Shimadzu-UV 1800.
The principle for determining the free radical scavenging activity was based on the decreased
optical density (OD) after the reaction. DPPH dissolved in methanol was used as a control
and methanol was used as a blank. IC50 for the extracts and the reference compound was
determined using GraphPad Prism and the values were shown as mean ± standard deviation
(S.D.). The reduction percentage was evaluated using the following formula:

DPPH Inhibition (%) =
OD (control)− OD (sample)

OD (control)
× 100 (2)

2.8. Determination of Total Polyphenols

This assay quantifies total polyphenols of KF and RC as previously described by [28]
minor modifications. Briefly, an aliquot of diluted extract (0.25 mL) or standard gallic acid
(GA) (0–500 µg/mL) solutions was mixed with 0.5 mL of Folin–Ciocalteu solution and
5.5 mL of H2O. After 5 min of incubating the mixture, 1 mL of Na2CO3 (20%, w/v) was
immediately added. The mixture was left to react, and absorbance was measured at 765 nm
against distilled water (blank) using a spectrophotometer. The total polyphenols were
calculated, and the results were recorded as mg of GA equivalents per gram of the extract
through the calibration curve of GA.

2.9. Determination of Total Flavonoids

The total flavonoid content (TF) was studied with NaNO2–Al(NO3)3–NaOH colori-
metric assay [29] with minor modifications. An aliquot of 0.5 mL of KF or RC extract was
mixed with 2 mL of ethanol (30%, v/v) and 0.15 mL of NaNO2 (5%, w/v). After 5 min of
reaction, the mixture solution was allowed to react with 0.15 mL of Al(NO3)3 (10%, w/v) at
room temperature for 6 min. Then, NaOH (2 mL, 1 M) was added, and the mixture was
adjusted up to 5 mL with 0.2 mL of ethanol (30%, v/v). The resulting mixture was incubated
for 10 min at room temperature, and the absorbance was determined at 510 nm. The blank
sample was prepared by substituting Al(NO3)3 and NaOH solutions with 2.15 mL ethanol
(30%, v/v). Quercetin was utilized as a standard and TF was recorded as mg of equivalent
quercetin per gram of the extract (mg QEe/g).

2.10. Assessment of In Vitro Biological Activity
2.10.1. Culturing of Cell Lines

Human glioblastoma cells (A-172, ATCC CRL-1620), human osteosarcoma (HOS,
ATCC CRL-1543), human embryonic rhabdomyosarcoma (Rd, ATCC CRL-136), human
lung carcinoma (A-549, ATCC CCL 185), human liver carcinoma (HepG2, ATCC HB-
8065) and human embryonic kidneys (HEK-293, ATCC CRL-1573) were supplied by the
Collection of Vertebrate Cell Cultures, Institute of Cytology, Russian Academy of Sciences
(St. Petersburg, Russia). HEK-293 was used as a free cancer cell line (control). Cells were
cultured under standard conditions at 37 ◦C, 5% CO2 atmosphere, and 98% humidity
and supplemented with DMEM/F-12 based medium (Gibco™, Thermo Fisher Scientific,
Waltham, MA, USA) and 10% fetal bovine serum (FBS). Subculturing with a solution of
trypsin 0.25% was carried out when the culture reached ≥90% confluence. Cisplatin was
used as a positive control.
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2.10.2. Cell Viability Assessment

KF and RC extract at varying concentrations (4, 8, 16, 32, 64, 128, 256, and 512 µg/mL)
dissolved in DMSO (≤1%) were grown in DMEM/F-12 culture medium with fetal bovine
serum (10%). Tumor cells were seeded in 96-well plates at a density of 4 × 103 cells per
well. After pre-cultivating plant extracts overnight in a given concentration range, the cells
were inoculated into the wells of the tablet. Then, the cells were further incubated for 72 h
and 20 µL of MTT (3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide) was
inoculated into the cultures at a concentration (5 mg/mL). Two hours later, the medium
and MTT were removed and replaced with 200 µL of absolute DMSO and isopropanol, at a
ratio of 1:1. Optical density (OD) was determined on a microplate spectrophotometer at a
wavelength of 570 nm.

Viability % =
OD (sample)− OD (blank)

OD (intact cell)− OD (blank)
× 100 (3)

2.10.3. Observation of Morphological Changes

• Dual AO/EB Fluorescent Staining

The plasma membrane of living, apoptotic and necrotic cells have varying degrees
of permeability to some fluorescent dyes. The study of the ratio of viable and dead cells
was carried out by staining with a mixture of fluorescent dyes acridine orange (AO) and
ethidium bromide (EB). Cells of the HOS and Rd lines were planted in Petri dishes the
day before the application of the test substance and were incubated under conditions of
5% CO2, t = 37 ◦C, and 95% humidity for 24 h. Then suspensions of the studied compounds
were introduced in a culture medium at a concentration of 64 µg/mL, while one of the
Petri dishes was used as a control with intact cells. The cells were incubated for 72 h,
then removed, and deposited by centrifugation at 200× g for 5 min. Cell precipitate was
resuspended in 25 µL of phosphate buffer. The study of the ratio of viable and dead cells
was carried out by staining with a mixture of fluorescent dyes vital acridine orange (AO)
and ethidium bromide (EB), at concentrations of 5 µg/mL and 15 µg/mL, respectively.
10 µL of stained cell suspension was immediately, thereafter, placed on a pre-prepared
slide, covered with a coverslip, and immediately analyzed under a fluorescence microscope
(OPTIKA, Ponteranica, Italy) at 100× magnification.

• Giemsa staining

A cytological method of staining for studying the morphological changes in cells when
exposed to extracts was carried out. Cells of the HOS and Rd cell lines were cultured in
Petri dishes with a diameter of 35 mm the day before application of the test substance and
incubated under conditions of 5% CO2, t = 37 ◦C, and 95% humidity for 24 h. Then, the
suspensions of the test compounds were introduced in a culture medium at a concentration
of 64 µg/mL, while one of the Petri dishes was used as a control with intact cells. The cells
were incubated under conditions of 5% CO2 content, t = 37 ◦C, and 95% humidity for 72 h.
The cells were then fixed with a 10% solution of formaldehyde and slides were prepared
and stained with Giemsa staining mixture. The cells were then observed for morphological
changes using a light microscope (OPTIKA, Italy) at 100× magnification.

2.11. Statistical Analysis

All extractions were carried out three times, and all measurements were evaluated
in triplicates. Values are expressed as mean ± standard deviation. All the results were
analyzed at a 95% significance level (p < 0.05) using GraphPad Prism 9.4.1 software (San
Diego, CA, USA. Correlation analysis between values was performed using Pearson’s corre-
lation at a significance level (p ≤ 0.01). Analysis of in vitro biological activities was carried
out by RStudio program (11 July 2022 © 2009–2022 RStudio, PBC) using the R package
(version 4.2.1). The data in the diagrams are represented as sample averages ± confidence
interval, 95% (CI95). Cytotoxicity index (IC50) is calculated with the creation of dose-
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response curves using the “drc” package to obtain the equation for the resulting sigmoidal
curve of the model [30].

3. Results and Discussion
3.1. Identification and Quantification Isoflavones Present in KF and RC Using HPLC-DAD

An eco-friendly extraction technique was selected to recover the isoflavones from
both kudzu and red clover flowers. Figure 1 elucidates the individual chromatograms and
chemical structure of the identified isoflavones in the flowers using HPLC-DAD analytical
method. Previous literature stated that the use of green solvents is more efficient than
traditional solvents for extracting bioactive compounds from plants [31]. Thus, conven-
tional techniques have been gradually substituted by deep eutectic solvents, ultrasound,
microwave-assisted extraction, supercritical fluid extraction, etc., accounting for their ex-
traction efficiency, shorter time, less waste and energy, and minor side effects [32]. In
the present study, choline chloride-bases-NADES exhibited efficient extraction yield of
isoflavones without the utilization of other organic solvents such as methanol, ethanol,
hexane, etc. [33]. According to HPLC-DAD analysis, three compounds (daidzein, genistein,
biochanin A) were identified in the extract of KF, while four individual isoflavones were
identified in RC extracts. All compounds were identified and quantified by comparing
their retention time and UV with commercially standard compounds. Puerarin was sur-
prisingly not detected in both extracts, whereas formononetin was detected only in the RC
extract. This was the reason why RC has slightly higher concentrations of total isoflavones
(0.74 ± 0.007%) than KF (0.59 ± 0.091%) as shown in Table 1. Daidzein (0.31 ± 0.007%)
and formononetin (0.29 ± 0.007%) exhibited the highest concentrations among the other
isoflavones in KF and RC, respectively. These results are in agreement with the previ-
ous literature where daidzein and puerarin were found to be predominant in KF and
formononetin and biochanin A were predominant in RC flowers [34,35]. Nevertheless,
the absence of puerarin in the extracts may have resulted from the minor modifications
in the extraction conditions or the smaller size of samples. Therefore, it is still warranted
to optimize the eco-friendly extraction conditions of isoflavones using a design of the
experiment (DOE) such as response surface methodology (RSM). It is noteworthy that
our values for the accuracy and precision of the HPLC-DAD method were acceptable
for the analytical measurements of the major isoflavones identifies (data not shown) [18].
Despite the quantification of isoflavones based on their retention times and peak areas
using HPLC-DAD, the chromatograms showed evidence of the presence of some other
unidentified bioactive compounds in the extracts. Herein lie the benefits of HPLC-HRMS
analytical characterization since the mass spectra could represent the identity of each other
unknown peaks.

Table 1. Results of quantification of the isoflavones of kudzu flowers and red clover flower extracts.

Parameters KF (%) RC (%)

Puerarin nd nd
Daidzein 0.31 ± 0.007 a 0.07 ± 0.006 a

Genistein 0.19 ± 0.015 a 0.19 ± 0.008 b

Formononetin nd 0.29 ± 0.007 b

Biochanin A 0.09 ± 0.01 b 0.19 ± 0.015 b

Sum 0.59 ± 0.091 0.74 ± 0.007

KF; kudzu flower, RC; red clover, nd: not detected. Data are shown as mean ± SD. a,b Means that do not share the
same letter in each column are significantly different.
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Figure 1. Representative HPLC-UV (254 nm) chromatographic profiles for kudzu flowers (a) and red
clover (b) extracts and chemical structures of isoflavones; puerarin, daidzein, genistein, formononetin,
and biochanin A (c).

3.2. Identification and Quantification of Bioactive Compounds Using HPLC-HRMS
and MS/MS Analysis

The combination of HPLC with high-resolution tandem mass spectrometry (HRMS)
was used for the detection and preliminary identification of more flavonoids in the pre-
pared extracts than was possible with the available standard samples (daidzein, genistein,
puerarin, formononetin, and biochanin A). HPLC-HRMS is often used in the chemical
research of herbal drugs due to its rapid separation capability with higher peak resolu-
tion and low limit of detection. Fragment ions in MS/MS spectra can provide useful
information for the structural identification of herbal components [36–39]. In our anal-
ysis, we used the approach implemented in the previous report [25]. Identification of
individual flavonoids in extracts was based on accurate mass measurement values, in-
cluding MS/MS experiments, comparison of obtained MS/MS (CID) spectra with data
from spectral databases [40–43] and literary sources [44–50], as well as on the detailed
interpretation of the spectra. For MS/MS experiments and subsequent identification using
the instrument software, major compounds with fairly intense chromatogram signals (peak
response greater than 5 × 103 counts) and their calculated gross formula corresponding to
the elemental composition of CxHyOz with an error of no more than 5 ppm were selected.

3.2.1. Identification and Quantification of Bioactive Compounds in KF

Fifteen major compounds were detected in kudzu flower extracts by HPLC-HRMS, for
which retention times, gross formulas, and tentative identification results are summarized
in Table 2. The chromatographic peak area of genistein was conventionally taken as 100%
in Table 2 to approximate the content of the detected flavonoids. The isoflavones genistein,
biochanin A, and daidzein (compounds 1i–3i, Table 2) were identified using standard
samples based on CID spectra and retention times.
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Table 2. Major flavonoids identified in the extract of kudzu flower using HPLC-HRMS.

No.
Retention

Time
(tr, min)

Chemical
Formula

Accurate Mass
[M–H]−

Exact Mass
[M–H]−

Error,
ppm MS/MS Fragment Ions

Peak Area
(-EIC),

% of Genistein
Compound Name

Isoflavones

1i 11.47 C15H10O5 269.0460 269.0455 −1.77 239.0343, 223.0401, 180.0581, 159.0452, 135.0452, 133.0295,
117.0346, 107.0139, 91.0189, 63.0240 100.0 Genistein *

2i 14.05 C16H12O5 283.0618 283.0612 −2.03 267.0299, 239.0350, 223.0401, 211.0401, 195.0452,
167.0502, 132.0217 30.0 Biochanin A *

3i 10.40 C15H10O4 253.0506 253.0506 −0.03 223.0401, 208.0530, 195.0452, 180.0581, 133.0295,
132.0217, 91.0189 7.4 Daidzein *

4i 7.91 C21H20O10 431.0985 431.0984 −0.39 311.0561, 269.0455, 268.0377, 267.0299, 239.0350, 223.0401,
211.0401, 133.0295, 132.0217 2.4 Genistein-7-O-glucoside

(genistin) **

5i 9.87 C15H10O6 285.0413 285.0405 −2.78 151.0037, 133.0295, 123.0088, 117.0346 240.3 6- or 8-hydroxygenistein **

6i 7.19 C21H20O11 447.0940 447.0933 −1.68 285.0405, 241.0506, 213.0557, 185.0608, 133.0295, 123.0088 12.3 6- or 8-hydroxygenistein-
glucoside **

7i 11.50 C16H12O6 299.0566 299.0561 −1.66 284.0326, 283.0248, 255.0299, 240.0428, 227.0350, 211.0401,
200.0479, 183.0452, 133.0295, 132.0217 344.6 Tectorigenin **

8i 8.22 C16H12O6 299.0564 299.0561 −1.02 283.0248, 255.0299, 240.0428, 227.0350, 211.0401, 200.0479,
183.0452, 133.0295, 59.0139 6.4 Tectorigenin isomer 1 **

9i 12.56 C16H12O6 299.0570 299.0561 −2.97 283.0248, 267.0299, 255.0299, 239.0350, 227.0350, 211.0401,
190.9986, 163.0037, 132.0217, 59.0139 53.0 Tectorigenin isomer 2 **

10i 8.22 C22H22O11 461.1102 461.1089 −2.73 299.0561, 284.0326, 283.0248, 255.0299, 240.0428, 227.0350,
211.0401, 200.0479, 183.0452, 136.9880 47.9 Tectoridine

Flavones

1f 12.28 C15H10O5 269.0460 269.0455 −1.56 225.0557, 151.0037, 149.0244, 117.0346, 107.0139 9.7 Apigenin **

2f 11.36 C15H10O6 285.0410 285.0405 −1.80 241.0506, 217.0506, 199.0401, 175.0401, 151.0037,
133.0295, 107.0139 18.6 Luteolin **

Flavonoles

1fl 12.08 C15H10O6 285.0411 285.0405 −2.28 255.0299, 239.0350, 227.0350, 211.0401, 159.0452, 143.0502,
117.0346, 93.0346 24.4 Kaempferol **

2fl 6.45 C15H12O6 287.0563 287.0561 −0.72 259.0612, 243.0663, 177.0557, 151.0037, 125.0244 8.7 Dihydrokaempferol **

Flavanones

1fn 11.01 C15H12O5 271.0615 271.0612 −1.3 177.0193, 151.0037, 119.0502, 107.0139 10.1 Naringenin **

* Identity determined based on MS (MS/MS) spectral and retention data using authentic standards. ** Tentative identification. Details are provided in the text. -EIC: Extracted Ion
Chromatogram in negative ion mode.



AppliedChem 2023, 3 128

The presence of the glycoside form of genistein (compound 4i) in the extract was
established using CID spectra, as previously described [25]. The glycoside form of genis-
tein is also present in the extract. The CID spectrum (Figure S1) of the compound 4i
([M–H]− = 431.0984) obtained at low collision energy (20 eV) demonstrated an intense
signal of the Yo− ion (m/z 269.0455), corresponding to the loss of glycan residues C6H10O5
(162 Da). These findings confirmed the attachment of hexose to aglycone in the hydroxyl
group [49]. The [Yo–H]−• ion (m/z 268.0377) formed as a result of the homolytic C–O
bond cleavage showed a high-intensity signal in the spectrum, which allowed us to hy-
pothesize the structure of 7-O-glycoside [48,51]. In addition, the spectrum showed signals
of ions formed as a result of bond breaking in the glycosidic part of the molecule: 0.2X−

(m/z 311.0561, [M–H–C4H8O4]−) and 0.1X− + 2H (m/z 283.0612, ([M–H–C5H8O5]−) [51].
When the collision energy increased, the relative abundance of the radical anion
signal [Yo–H]−• increased, and simultaneously, [Yo–2H]− ion (m/z 267.0299) signals ap-
peared in the spectrum (Figure S2). Fragment ions with m/z values such as 240.0428,
239.0350, 224.0479, 223.0401, and 211.0401 formed as a result of the sequential elimination
of CO and CO2 from the corresponding aglycon ions Yo

− and [Yo–H]−• were also observed
in the spectrum. The spectrum demonstrated diagnostic ions for genistein s[0.3B–H]−•

(m/z 132.0217) and 0.3B- (m/z 133.0295), formed as a result of the RDA reaction [51]. A
library search also showed a high similarity of the spectrum with that of genistin [40,43].

The genistein isomer with a longer retention time (compound 1f, Table 2) was tenta-
tively identified as apigenin using spectral bases [40,42,43] and literature data [44,52–54].
The key difference between the CID spectra of isomer 1f and genistein in the nega-
tive ion mode is the nature of retro-Diels–Alder (RDA) fragmentation. The 1f spectra
(Figures S13 and S14) contain typical peaks of flavones (Figures S13 and S14) of ions [1.3A]−

(m/z 151.0037), [0.2A]− (m/z 149.0244) and [1.3B]− (m/z 117.0346), whose signal dominates in
the spectra when the collision energy increases, which is characteristic of apigenin [44].

Another flavone, luteolin (2f), was similarly identified, and its spectra are available
in the databases [40,42,43] and are discussed in detail in the literature [44,48]. Similarly, to
apigenin, the spectra of compound 2f show characteristic neutral losses CO2, C3O2, CO,
and C2H2O, and RDA fragmentation lead to the formation of ions [1.3A]− (m/z 151.0037),
[1.3A–CO2]− (m/z 107.0139) and [1.3B]− (m/z 133.0295), whose abundance was maximal at
high values of collision energy.

With the help of spectral bases [40–43] an isomer of luteolin, kaempferol (1fl), was
also identified; RDA ion signals were observed in the CID spectra (Figures S17 and S18) as
well as signal ions [M–H–CO]− (m/z 257.0455), [M–H–CO2]− (m/z 241.0506), [M–H–2CO]−

(m/z 229.0506) and [M–H–CO–CO2]− (m/z 213.0557), whose formation was associated with
sequential neutral losses from the C ring of the flavonol molecule, which are characteristic
of flavonols [44,48]. When the collision energy rose to 40 eV, each of these four ions lose two
protons, which lead to the appearance of the corresponding intense signals in the spectrum,
and the ion [C6H5O]− (m/z 93.0346), formed as a result of breaking the bond between the C
and B rings of the molecule, has the maximal signal in the spectrum [53].

Another isomer with the gross formula C15H10O6 (5i), is probably a derivative of genis-
tein containing an additional hydroxyl group in the A ring. This assumption is supported
by the presence of ion signals [0.3B]− (m/z 133.0295), [1.3B]− (m/z 117.0346), [1.3A–CO2]−

(m/z 123.0088) and [0.3A]− (m/z 151.0037) in spectra (Figures S3 and S4) obtained in the
negative ion mode [53]. In the spectra recorded in the positive ion mode, there are signals
of ions corresponding to the double loss of the CO (m/z 259.0601 and m/z 231.0652) and
RDA fragmentation product signals [1.3A]+ (m/z 169.0131), [1.3A–4]+ (m/z 165.0182) и [1.3B]+

(m/z 119.0491), which confirms the proposed structure of isoflavone [15]. Compound 5i is
also present in the form of a glycoside (6i), which is confirmed by the presence in spectra
(Figures S5 and S6) of the Yo

− (m/z 285.0405) ion, corresponding to the loss of glycan
residue C6H10O5 (162 Da) [48,49].

Dihydrokaempferol (2fl) was tentatively identified based on the spectral database [40,42]
and the presence in spectrum (Figure S19) of RDA ion signals [1.3A]− (m/z 151.0037) and
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[1.4A]− (m/z 125.0244) [45]. The presence of the flavanone naringenin (1fn) in the extract
was established using spectral bases [40,42,43]. It can also be identified by complementary
RDA ion signals (Figure S20) [1.3A]− (m/z 151.0037) and [1.3B]− (m/z 119.0502) [48,53].

The KF extract contained three compounds with the gross formula C16H12O6. Among
them, the isoflavone tectorigenin (7i), identified using spectral bases, had the largest
chromatographic peak area [42,43]. In the spectrum of 7i (Figure S7), is observed the methyl
radical release, characteristic of methoxylated isoflavones, with the formation of a radical
anion [M–H–CH3]−•, which further fragmented with the subsequent loss of H•, CO, and
CO2 [46,50]. Along with this, intense RDA ion signals [0.3B]− (m/z 133.0295) and [0.3B–H]−•

(m/z 132.0217) are present. The other two compounds (8i and 9i) appear to be isomers of
tectorigenin by the position of the methoxy group in the A ring since they have similar
fragmentation directions (Figures S8 and S9).

Along with this, tectoridine (10i), which is a 7-O-glycoside form of tectorigenin, was
detected. The spectra (Figures S10–S12) contain signals of ions Yo

− (m/z 299.0561), cor-
responding to the loss of glycan residues C6H10O5 (162 Da), [Yo–CH3]−• (m/z 284.0326),
[Yo–H–CH3]− (m/z 283.0248) and [Yo–H–CH3–CO]− (m/z 255.0299) and are in good agree-
ment with the data in the literature [47,49] and NIST spectral database [40].

There is some previous literature that discussed the analytical screening of phenolic
compounds present in KF. The phenolic compounds in KF were shown to be mainly
recovered using conventional solvents (ethanol, methanol, etc.) and analyzed by different
analytical methods (HPLC-MS [55], HPLC-HSCCC [56], UPLC-QTOF/MS [19], NMR [57],
PLC-FT-ICR MS [50], etc.). Anyway, the results from this literature showed great variance
in the number and types of bioactive compounds identified according to the source of plant,
method of analysis, and extraction conditions. However, none of the previous reports
investigated the eco-friendly extracted flavonoids using HPLC-HRMS/MS. We assume that
our methodology efficiently recovered flavonoids compared to the conventional methods
of extraction [58]. Notably, the identification of isoflavones, flavones, flavonols, and
flavanones is in agreement with the previous literature [59]. Nevertheless, unlike previously
published, [19] saponins were not identified in our KF extract. This could be due to the small
sample size used for extraction or could be misidentified while filtering the unrecognized
spectral peaks. Therefore, future studies are still warranted to isolate the fractioned mixture
compounds recovered from kudzu flowers using these methodologies.

3.2.2. Identification and Quantification of Bioactive Compounds in RC

Eight major compounds were detected in the RC extract by HPLC-HRMS for which
the retention times, gross formulas, and tentative identification results are summarized
in Table 3. The chromatographic peak area of formononetin was conventionally taken as
100% in Table 3, to approximate the content of the detected flavonoids. The isoflavones
formononetin, genistein, biochanin A, daidzein, and puerarin (compounds 1ir–5ir, Table 3)
were also identified using standard samples based on CID spectra and retention times.

The flavones kaempferol and dihydrokaempferol were identified using CID spectra
similar to those described above. Quercetin (3fl) was previously identified using spectral
bases [40,42]. CID spectra (Figures S21 and S22) contain signals of ions [M–H–CO]− (m/z
273.0405), [M–H–CO2]− (m/z 257.0455), [M–H–2CO]− (m/z 245.0455) and [M–H–CO–CO2]−

(m/z 229.0506), as well as quercetin-specific RDA ion signals [1.2A]− (m/z 178.9986), [1.2B]−

(m/z 121.0295), [1.2A–CO]− (m/z 151.0037) and [1.2A–CO–CO2]− (m/z 107.0139) [44,48].
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Table 3. Major flavonoids identified in the extract of red clover using HPLC-HRMS.

No.
Retention

Time
(tr, min)

Chemical
Formula

Accurate
Mass

[M–H]−

Exact Mass
[M–H]−

Error,
ppm MS/MS Fragment Ions

Peak Area
(-EIC),

% of Formononetin
Compound Name

Isoflavones

1ir 13.14 C16H12O4 267.0670 267.0663 −2.57 251.0350, 223.0401, 195.0452, 167.0502, 135.0088,
132.0217, 91.0189 100.0 Formononetin *

2ir 11.47 C15H10O5 269.0466 269.0455 −3.75 239.0343, 223.0401, 180.0581, 159.0452, 135.0452, 133.0295,
117.0346, 107.0139, 91.0189, 63.0240 12.7 Genistein *

3ir 14.05 C16H12O5 283.0616 283.0612 −1.42 267.0299, 239.0350, 223.0401, 211.0401, 195.0452,
167.0502, 132.0217 80.9 Biochanin A *

4ir 10.40 C15H10O4 253.0513 253.0506 −2.53 223.0401, 208.0530, 195.0452, 180.0581, 133.0295,
132.0217, 91.0189 14.0 Daidzein *

5ir 6.35 C21H20O9 415.1039 415.1035 −1.03 295.0612, 277.0506, 267.0663 0.4 Puerarin *

Flavonoles

1fl 12.08 C15H10O6 285.0411 285.0405 −2.22 255.0299, 239.0350, 227.0350, 211.0401, 159.0452, 143.0502,
117.0346, 93.0346 83.3 Kaempferol **

2fl 6.45 C15H12O6 287.0569 287.0561 −2.84 259.0612, 243.0663, 177.0557, 151.0037, 125.0244 11.1 Dihydrokaempferol **

3fl 11.17 C15H10O7 301.0360 301.0354 −2.2 273.0405, 257.0455, 245.0455, 229.0506, 178.9986, 151.0037,
121.0295, 107.0139 95.5 Quercetin **

* Identity determined based on MS (MS/MS) spectral and retention data using authentic standards. ** Tentative identification. Details are provided in the text. -EIC: Extracted Ion
Chromatogram in negative ion mode.
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Similar to KF, RC has been extensively studied in literature and its chemical profile
was analyzed using different screening methodologies such as RPLC [60], LC-MS and
HPLC-UV [60], and recently by qHNMR, and UHPLC-UV [61]. Unlike KF, only isoflavones
and flavonoids were identified in RC fractionated extract. Importantly, there have been over
30 compounds qualitatively fragmented by HPLC-HRMS (data not shown), but some of
them were not recognized by the library. Therefore, our data is highly comparable with the
previously published literature where lignans, coumarins, and clovamides were identified.
Although only eight compounds were identified in RC by HPLC-HRMS, our data, to
some extent, agrees with previously reported screenings where isoflavones (daidzein,
genistein) and flavonoids (kaempferol, quercetin) were recognized [62]. Similar to KF, the
variations of analytical methodology, extraction conditions, and seasons when the plant was
harvested may result in a highly comparable analytical screening of the available bioactive
compounds. Nevertheless, the analysis of flavonoids recovered using our green extraction
technology have not been previously reported. The isolation of individual compounds
from red clover extracts and setting a standardized protocol for screening their bioactive
constituent could assist in the full screening of the chemical profile of red clover compounds
and is highly recommended to be put on the research agenda.

3.3. Antioxidant Activity and Total Bioactive Compounds

In the present study, the antioxidant activity, total polyphenols, and total flavonoids of
KF and RC were determined. The assessment of the scavenging activity of each sample
was performed using DPPH assay. As shown in Table 4, Kudzu flower fractionated
extract was found to have significantly higher radical scavenging activity with an IC50 of
28.17 µg/mL than RC extract with an IC50 of 42.86 µg/mL. Nevertheless, both extracts
exhibited moderate DPPH scavenging activity with an IC50 approximately 10 times higher
than the IC50 of the reference compound, ascorbic acid (Table 4). The higher values for
antioxidant capacity of both samples represent the accumulation of bioactive compounds
in the extracts and, hence, possess potential cytotoxicity that is discussed further. Previous
literature also has reported similar findings. For instance, numerous studies have recently
revealed that fractions of KF exhibited strong DPPH scavenging activities [63]. Similarly,
RC clover extract obtained using conventional extraction technology was shown to reveal
radical scavenging capacity and reduce DPPH• radicals [64,65]. Free radicals may cause
tissue damage and delay the recovery of inflamed cells. Thus, the antioxidant activities of
KF and RC extracts and their bioactive compounds would be beneficial for reducing the
risk of diseases such as cancer.

Table 4. Evaluation of antioxidant activity (IC50; µg/mL), total polyphenols, and total flavonoids of
kudzu flower and red clover extracts.

Parameters KF RC

DPPH radical (IC50, µg/mL) 28.17 ± 1.19 a 42.86 ± 1.14 b

AAE (IC50; µg/mL) 2.83 ± 0.004 a 4.19 ± 0.002 b

TP (mg GAEe/g) 18.4 ± 2.207 a 13 ± 0.46 b

TF (mg QEe/g) 11.5 ± 1.60 a 6.5 ± 0.58 b

KF; kudzu flower, RC; red clover, AAE; Ascorbic acid equivalence, GAEe; Gallic acid equivalent of extract, QEe;
Quercetin equivalent of extracts, Data are shown as mean ± SD. a,b Means that do not share the same letter in
each column are significantly different.

Additionally, both KF and RC comprise a variety of phenolics and flavonoids [62,66].
Phenolic compounds and, among them, flavonoids are known for their efficient radical
scavenging capacity resulting from the hydroxyl groups (OH) at different positions and
the ortho-dihydroxy structure in their B ring [67]. A plethora of investigations has shown
that phenolic compounds contribute significantly to antioxidant activities [68]. Despite
the low number of values, it seems the higher antioxidant activity of KF extract could be
attributed to the TP and TF (p ≤ 0.01) according to Pearson’s correlation analysis. The
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values here could be having some limitations since a low number of values was used for the
comparison and a single experimental methodology for antioxidant activity was employed.
Nonetheless, the replicates of our samples and further investigations of the cytotoxicity of
extracts may improve and support these outcomes.

3.4. Cytotoxicity Activity of KF and RC Extracts on Different Cancer Cell Lines

In the current study, the effects of fractionated KF and RC extracts were investigated
in different human cell lines. MTT assay was used to predetermine the antiproliferative
properties of the fractionated extracts. The reduction of tetrazolium salt into a colored
formazan product under the action of mitochondrial dehydrogenase of viable cancer cells
allowed us to evaluate IC50 using a spectrophotometric method after dissolution. The IC50
value was referred to as cytotoxicity.

Thus, the present study revealed the cytotoxicity of KF and RC extracts on human
cancer cells (GOELL). As shown in Table 5, the values of IC50 of both extracts fell within
the range of 40 to 124 µg/mL. Meanwhile, cisplatin, which is considered a first-line therapy
against many types of cancers, demonstrated pronounced toxic properties even at the
minimum studied concentration of 4 µg/mL. Holm multiple comparisons following one-
way ANOVA showed that both extracts were significantly different from cisplatin (p < 0.001)
in all cell lines (Table 5). The most pronounced cytotoxic action of the extract was detected
in HOS and Rd cell lines. Additionally, IC50 values of HOS and Rd cancer cell lines were
found to lie within the extract concentration of 40–60 µg/mL. These values are comparable
to that of the remaining cell lines including HEK-293 cells where IC50 values were recorded
higher than 60 µg/mL. Compared to RC extract, KF exerted a greater non-significant
antiproliferative effect in decreasing the proliferation of HOS cell lines. This was not the
case in the case of Rd cancer cell lines where RC induced a non-significant antiproliferative
effect against Rd than KF. Interestingly, both cell lines belong to the sarcoma group. In
general, the results of IC50 for both extracts between different cell lines are comparable.

Table 5. Cytotoxicity index (IC50 ± SE) of plant extracts and cisplatin against human cancer cell lines,
µg/mL.

HOS A-172 Rd A-549 HepG2 HEK-293

KF 40.3 ± 1.4 a 50.7 ± 3.0 a 60.1 ± 4.2 a 93.9 ± 8.1 a 123.9 ± 11.2 a 110.3 ± 7.2 a

RC 54.9 ± 3.5 b 82.5 ± 3.7 b 42.4 ± 2.9 b 92.9 ± 4.2 a 126.4 ± 5.8 a 107.8 ± 10.5 a

Cis <4 c <4 c <4 c <4 c <4 c <4 c

KF; kudzu flower, RC; red clover, CIS; cisplatin, HOS; human osteosarcoma cells, A-172; glioblastoma cells, Rd;
human embryonic rhabdomyosarcoma cells, A-549; human lung carcinoma cells, HepG2; human liver carcinoma
cells, HEK-293; human embryonic kidney cells. a,b,c Means that do not share the same letter in each column are
significantly different (p < 0.05).

Surprisingly, IC50 values of HepG2 cell lines were found greater than that of the
counterpart control cell lines (HEK-293), which reflects the resistance of HepG2 cell lines to
the flavonoid-rich extracts even after exposure to the extracts for 72 h. Nevertheless, there
was a remarkably sharp decline in the viability of HepG2 cell lines at approximately extract
concentrations of 100 µg/mL (Figure 2e). This characteristic feature in HepG2 cell lines
was not observed in the other cell lines, despite having lower IC50. In general, cytotoxicity
curves are elucidated in Figure 2a–f where it was found that both KF and RC extracts were
able to exert antiproliferative effects in most cancer cell lines in a dose-dependent manner.
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coma Rd cells (c), human lung carcinoma A-549 cells (d), human liver carcinoma HepG2 cells (e) and
human embryonic kidney cells HEK-293 (f), (mean ± CI95).

A previous study reported that Pueraria lobata extracts reduced ethanol-induced cyto-
toxicity in HepG2 Cell (57% cell viability), and exhibited cytotoxicity against breast cancer
(MCF7) and A549 cancer cell lines [69]. Another research on another Pueraria species
(Pueraria tuberosa) revealed significant cytotoxic of its extract against HepG2 cell lines with
IC50 (69µM) [70] and human ovarian cancer cell line A2780 [22]. Similarly, RC extract was
documented to show cytotoxicity against glioblastoma multiforme cell line (U87MG) [24],
and human breast cancer cell lines (MCF-7 and MDA-MB-231) [71,72]. To our knowledge,
no previous reports on the cytotoxicity of RC on GOELL cancer cell lines.
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The present study has some limitations since cytotoxicity was assessed on a mixture of
bioactive compounds, not purified compounds, which in turn may interact with each other
or/and exhibit different mechanisms of action. Irrespectively, cells of malignant neoplasms
of mesenchymal origin may have a greater sensitivity to the extracts under study, but
this hypothesis requires additional experimental verification. Overall, it is suggested that
further study on the isolation of the individual compound of KF and RC extracts and
analyze their cytotoxic effect on various cell lines. Based on the cytotoxicity results, Rd and
HOS cancer cell lines exhibited the lowest IC50 among other cell lines owing to the effect of
KF and RC flavonoid-rich extract. Therefore, Rd and HOS cancer cell lines were selected
for further experiments for morphological observation.

3.5. Morphological Observation
3.5.1. Acridine Orange and Ethidium Bromide

The cancer cell lines were stained with AO/EB fluorescent stain combination to
distinguish between the living, early apoptotic, and late apoptotic or necrotic cells upon
treatment with KF or RC-rich flavonoid extracts. It is well-known that acridine orange
stains both live and dead cells, whereas ethidium bromide stains cells with lost integrity of
their cytoplasmic membrane [73]. A single concentration was selected based on the values
of IC50 previously evaluated by MTT assay.

Treatment with KF or RC extracts and the control outcomes did not exhibit the same
phenomenon. Figure 3 elucidates that the living untreated or control cells showed uniform
normal structures and their nuclear chromatin stained green. The apoptotic bodies were
also stained green. The necrotic cells and late apoptotic cells emitted red fluorescence color
nuclear chromatin. It was found that KF extracts had a substantial cytotoxic effect on the
HOS that appeared in emitted a higher fluorescence intensity in a homogenous manner,
compared to RC. While Rd cells treated with RC exhibited an intense fluorescence color
higher than that of KF. The data obtained confirm the pronounced cytotoxic effect of KF
and RC extracts on malignant neoplastic cells using the example of Rd and HOS cell lines
(Figure 3a,b).
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Figure 3. Staining of Rd (a) and HOS (b) line cells with a mixture of fluorescent dyes (AO and
EB) after 72 h of incubation with kudzu flower (KF) and clover (RC) extracts at a concentration of
64 µg/mL compared to intact cells (Control). Healthy or control cells and apoptotic bodies were
visualized with green fluorescence, whereas necrotic cells and late apoptotic cells appear with red
fluorescence. Images were captured at original magnification, ×100.
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The cell death assay in Figure 4 elucidated that our extracts caused 64 µg/mL of KF
extract caused necrosis in >60% and >75% of HOS and Rb tumor cells, respectively, while
RC extracts caused cell death in >35% and >80% of tumor cells extract. This was not the
case in control or intact cells where cell death was found to be approximately 5%. The
degree of cell death in HOS and Rd cell lines upon treatments with KF and RC extracts
increased, respectively (Figure 4). In other words, compared to the control or untreated cell
lines, KR and RC extracts showed a significant percentage of cell death in HOS and Rd lines
after a 72-h incubation period. Previous research confirmed that flavonoid-rich extracts
caused apoptosis in different cancer cell lines in a dose-dependent manner [74]. Based on
the results of cell staining with a mixture of AO and EB, the number of living and dead Rd
and HOS cells was determined (Table S1). These results highlight the selective cytotoxicity
of both extracts against cancer cell lines which was previously confirmed by MTT assay.
However, further studies are suggested to confirm the results by flow cytometry.
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Figure 4. Percent cell death of HOS and Rd lines after 72-h incubation with kudzu flower (KF) and
clover (RC) extracts (p < 0.001). The representative figure shows that KF and RC extracts significantly
inhibited the proliferation of HOS and Rd cells compared to the control cell lines. *** corresponds to
p < 0.001.

3.5.2. Giemsa Stain

The Giemsa staining of cells allowed us to assess the morphological changes that occur
in the cells when exposed to extracts. As shown in Figure 5, the morphology of the control
or untreated cell that was not exposed to any material exhibited no changes and appeared
typically with monolayer cells. In contrast, the cells subjected to treatments with KF, or
RC extracts exhibited morphological changes and displayed cell detachment with elliptic
cell spindles, reduced cell adhesions, and cell shrinkage. The treated cells also showed
pigmented cell nuclei, condensed chromatin, and decreased cell size after 72 h of incubation
with 64 µg/mL extracts.
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Figure 5. Morphological changes appeared under an ordinary inverted light microscope after staining
the cells of the Rd and HOS lines with Giemsa and after exposure to 72 h of incubation with red
clover and kudzu flower extracts in a concentration of 64 µg/mL. Images were captured at original
magnification, ×100.

In Figure 5, Rd cells exhibited more shrinkage and a sharp decrease in number after
exposure to RC extract than KF. It was also observed that the cell adhesions upon exposure
to RC extract were remarkably lowered. Nevertheless, Rd cells subjected to KF appeared
with darker nuclei. On the other side, HOS cells were visualized with a severe reduction in
the number of cells and pyknotic nuclei upon treatment with KF than RC extract. These
findings are also in an agreement with the previous outcomes from MTT assay or AO/EB
fluorescent stained cells. The morphological changes after exposure to extracts showed
patterns of cell death and nuclear changes which correlate with AO/EB staining. Anyway,
studying the morphological changes of different concentrations of flavonoid-rich extracts
on various human tumor cell lines is warranted.

4. Conclusions

A total of 23 flavonoids were comprehensively identified in KF and RC fractionated
extracts using HPLC-DAD-HRMS where isoflavones revealed abundant chemical con-
stituents. UV spectra of HPLC-HRMS were useful to identify the bioactive compounds
present in KF and RC extracts which were not detected using HPLC-DAD. For the first
time, a comparative analysis of the anticancer activity of eco-friendly extracted flavonoids
from KF and RC on different human cancer cell lines in vitro was performed. The presence
of various polyphenols and flavonoids in both plant extracts makes them promising candi-
dates for further research in cancer cell therapy. Our findings provide scientific validation
of the abundant bioactive compounds in KF and RC, suggesting that they could potentially
exert an anticancer effect. Further studies on isolating the pure individual compounds of
KF and RC, evaluating their anticancer activities, and studying their mechanisms of action
are warranted.
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