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Abstract

Purpose Bidens pilosa L. is traditionally used as a flavouring agent in foods, in the treatment of diseases, in agriculture as
a biopesticide and herbicide, and in the phytoremediation of soils contaminated with heavy metals. The vast range of uses
of B. pilosa for a variety of purposes is questionable, hence motivating the objectives of this study, which are to assess the
cytotoxicity, health benefits, and/or risks of B. pilosa using chemical-based evidence.

Methods A real-time cell analysis (xCELLigence system), ultra-high-performance liquid chromatography coupled to a
quadrupole-time-of-flight mass spectrometer, high-performance liquid chromatography with a diode array detector, and
chemical-based spectrophotometric methods were adopted in the study.

Results High concentrations of the ethanol extracts exhibited cytotoxic activity on HepG2 (cancerous), and Vero (non-can-
cerous) cell lines, whereas the water extracts promoted cell proliferation at selected concentrations. The chemical profiling
enabled the separation as well as characterisation of 137 phytochemicals. These were mainly phenolic acids, flavonoids, fatty
acids, coumarins, and furanocoumarins. There was no toxic compound identified.

Conclusion The ethanol extracts are generally more potent and exhibit stronger antioxidant activity and cytotoxicity, prob-
ably due to the presence of more flavonoids and phenolic acids, validating the uses of B. pilosa and its relevance as a source
of functional phytochemicals.
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1 Introduction

Bidens pilosa is an annual weed that is widely distributed
in tropical and subtropical areas around the world due to
its high tolerance to adverse environmental conditions [1].
It belongs to the Asteraceae family, has yellow flowers,
and grows to a height of 30-100 cm. B. pilosa is used for
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a variety of purposes around the world, including food and
traditional medicine [2], plant biopesticide [3], phytoreme-
diation of heavy metal-polluted soils [4, 5] and weed control
[6].

Bidens pilosa has a rich ethnobotanical history. It has
been reported to be traditionally used in sauce recipes and
as an ingredient in tea [7]. It is used to treat hyperglycemia
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[8], malaria [9], tumours [10], microbial infections [11],
rheumatoid arthritis, and inflammation [12]. Heavy met-
als such as arsenic and cadmium have been reported to
bioaccumulate in B. pilosa, which suggests that the plant
has the potential for the phytoremediation of heavy metals
[4]. In the study of Salazar et al. (2021) [13], B. pilosa was
reported to be effective in the removal of lead from con-
taminated soils [13]. The plant has also been used to control
weeds through its allelopathic properties and to inhibit plant
pathogens [6]. It has been reported that B. pilosa extracts
improve crop yield by controlling insect pests on legume
crops and significantly reducing stored grain pests [14, 15].
The essential oil produced by B. pilosa has been found to
possess antimicrobial activities and free radical scavenging
potential [16].

According to reports, B. pilosa is an effective insecticide,
nematicide, and herbicide. This was confirmed by Ahmed
et al. (2021) [14] that the methanolic extract of the plant
has significant insecticidal activity against the grain beetle
(Oryzaephilus surinamensis L.), bean weevil (Acanthos-
celides obtectus) and rice weevil (Sitophilus oryzae L.)
[14]. The no-choice test conducted by Mersie et al. (2019)
[17] on Asteraceae weeds revealed that Parthenium beetle
(also Mexican beetle) (Zygogramma bicolorata) avoids
laying eggs on B. pilosa as much as they could and also
does not feed on it [17]. In a two-day multiple-choice test
carried out by Bajracharya et al. (2020) [18], Z. bicolorata
avoided a few Asteraceae weeds including B. pilosa except
Parthenium hysterophorus L. The extracts of B. pilosa sig-
nificantly reduced the numbers of the Japanese pine sawyer
(Monochamus alternatus) as well as the pine-wood nema-
tode (Bursaphelenchus xylophilus) [19]. Due to the allelo-
pathic characteristics of B. pilosa [6], the water extracts of
the plant integrated with water irrigation have been found to
effectively suppress weeds in a direct-seeded rice produc-
tion system, which increases rice yield [20].

In ethnoveterinary medicine, B. pilosa has been reported
to be effective in the treatment of several ailments in live-
stock. For instance, in Trinidad and British Columbia, Can-
ada, B. pilosa is used to improve nutrition in horses [21].
According to Chang et al. (2016) [22], B. pilosa benefits
chickens by improving growth through the modulation of
gut bacteria, decreasing protozoan infection, and reducing
caecal damage. The severity of liver fibrosis and injury in
rats was reported to be reduced by B. pilosa when admin-
istrated for 6 weeks [23], suggesting that it could be used
to treat liver diseases. Fructose-induced hypertension and
hypertriglyceridemia in rats were reversed by aqueous and
methylene chloride extracts of B. pilosa, indicating that the
plant extracts had hypotensive effects unrelated to insulin
level modulation [24].
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The bioactivities of B. pilosa are associated with its
diverse phytochemicals, some of which have been identi-
fied as porphyrins, tannins, aliphatics, terpenoids, alkaloids,
phenylpropanoids, cardiac glycosides, flavonoids, and aro-
matics [7]. There is a wide range of bioactive compounds
present in the genus Bidens, however, the specific phenolic
compounds present have not been fully elucidated. Gen-
erally, phytochemicals or plant secondary metabolites are
used in the manufacture of food additives, pharmaceutical
products, cosmetics, flavours, colognes, biopesticides and a
variety of other products. However, most medicinal plants,
including B. pilosa, are still not commercially grown, mak-
ing it difficult to obtain plants which are the major natural
source of secondary metabolites [25]. Although secondary
metabolites are also produced by bacteria, fungi, and sev-
eral marine organisms such as corals, sponges, and tunicates
[26], plants still remain the most reliable source.

Given the vast range of uses of B. pilosa around the world,
including food, traditional medicine, biopesticides, and her-
bicides, the health risks associated with the consumption
of the plant are questionable. This leads to the aims of this
study: to determine the cytotoxicity of B. pilosa and to use
chemical-based evidence to determine the health benefits
and/or risks as well as correlate the identified metabolites
with the biological activities. To answer these questions, the
phytochemicals in B. pilosa extracts were comprehensively
characterized using ultra-high-performance liquid chro-
matography coupled to a quadrupole-time-of-flight mass
spectrometer (UHPLC-ESI-Q-TOF-MS). The antioxidant
content and activities were evaluated using spectrophoto-
metric methods. Cytotoxicity of the extract was assessed on
cancerous and non-cancerous cell lines utilizing a real-time
cell analysis system (xCELLigence).

2 Materials and Methods
2.1 Plant Materials

The aerial parts of B. pilosa were collected from their natu-
ral habitat in Lepelle-Nkumpi Local Municipality, Limpopo
(24° 19’177 S, 29° 11’ 1” E) Province, South Africa. Per-
mission to collect the plant sample was granted by the land-
owner and Limpopo province. The samples of Bidens pilosa
were identified by Professor Stefan Siebert, a Professor of
Geobotany and the curator of the AP Goossens Herbarium,
Faculty of Natural and Agricultural Sciences, North-West
University. The voucher specimen of B. pilosa was depos-
ited at the A.P. Goossens Herbarium and assigned the acces-
sion number 15,452 and barcode PUC0015452, then stored
in the BRAHMS database. The authors abide by the Interna-
tional Union for Conservation of Nature (IUCN) policy, as
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well as national and international guidelines and legislation,
in the collection. The plant material was air-dried at room
temperature before being pulverized. The moisture content
of the pulverized samples was calculated using water mass
to dry mass ratio of the pulverized samples. The initial mass
(m) was determined before drying the samples, followed by
the final mass (m0) after drying the samples in an oven at
105°C until a constant mass was achieved. The water mass
of the samples (m-m0), and the moisture content (MC) were
calculated using the formula:

MC:m—mO

x 100%
mo0

Extraction of phytochemicals was carried out by mixing the
pulverized samples in ethanol-water solution (7:3, v/v) on a
mechanical shaker for 48 h. The plant-to-solvent ratio was
1:10 (m/v). The extracts were filtered through Whatman®
filter paper, Grade 1, (diameter 150 mm), concentrated with
a rotary evaporator and dried by lyophilisation. The yield
was calculated. Samples were then reconstituted in distilled
water before being used but were suspended in 2 mL of 50%
methanol (Sigma-Aldrich, >99.90% purity) and 0.1% for-
mic acid (Sigma-Aldrich, reagent grade, > 95%) prior to the
MS analysis.

2.2 Antioxidant Content
2.2.1 Total Polyphenol Assessment

The total polyphenol content of the extracts was determined
using the Folin-Ciocalteu reagent, with minor adjustments,
as described by Daniels et al. (2015) [27]. The samples
were prepared by serial dilution in the range of 10-100 mg/
mL, while the standard curve was prepared in the range of
10-500 mg/mL gallic acid (Sigma-Aldrich, >98.5% purity)
in 10% ethanol. An aliquot of 25 pL of the sample was pipet-
ted into the wells of a transparent 96-well microplate, then
mixed with 125 uL Folin-Ciocalteu reagent (1:10 v/v in dis-
tilled water). After 5 min., 100 pL of 7.5% m/v anhydrous
sodium carbonate (Na,CO;) was added to the wells making
the total volume to be 250 pL. The mixture was incubated
for 2 h in the dark at room temperature after which absor-
bance was recorded at 765 nm using a Multiskan™ plate
reader (Thermo Electron Corporation, USA). The assay was
done in triplicate and the result was expressed as mg gal-
lic acid-equivalents (GAE) per gram of extract’s total poly-
phenol (mg GAE/g) based on the gallic acid standard curve
[28].

2.2.2 Total Flavonol

The flavonol content was determined using the quercetin
standard, as previously described [27], also using a spectro-
photometric method. The standard linear calibration curve
was obtained by preparing quercetin in 95% ethanol at con-
centrations ranging from 0, 5, 10, 20, 40, and 80 mg/L. In a
96-well microplate, 12.5 uL of the plant extracts was pipet-
ted in a well, then mixed with 12.5 pL hydrochloric acid
(0.1% HCI, v/v in 95% ethanol), and 225 pL hydrochloric
acid (2% HCI, v/v in distilled water), making the total vol-
ume 250 pL. The mixture was then incubated for 30 min at
room temperature. Absorbance was measured using a spec-
trophotometer (Multiskan™ plate reader, Thermo Electron
Corporation, USA) in the dark at 25°C at 360 nm. This was
done in triplicate for all of the samples. The total flavonol
was expressed as mg quercetin-equivalents per g dry mass
of extracts (mg QE/g) using the linearity of the quercetin
standard.

2.3 Antioxidant Activities

2.3.1 2,2-Azino-di-3-ethylbenzthiazoline Sulfonate (ABTS)
Assay

The 2,2-Azino-di-3-ethylbenzthiazoline sulfonate (ABTS)
assay was used to quantify the radical scavenging activ-
ity of the samples adopting the method of Re et al. (1999)
[29]. The stock solution was prepared by stoichiometrically
reacting 7 mM ABTS with 2.45 mM potassium-persulfate
(K,S,0y) at a ratio of 1:0.5 in the dark at room temperature
for 24 h to produce ABTS™. Prior to the assay, the ABTS™*
solution was mixed with 96% ethanol at 30°C until an absor-
bance of 0.70 (+0.02) was obtained at 734 nm [30]. Trolox
(6-hydrox-2,5,7,8-tetramethylchroman-2-carboxylic  acid)
was used as the standard, and the standard curve was plot-
ted in the concentration range (0-500 pM). Diluted ABTS™*
solution (A;34,,=0.700+0.02) of 300 uL was added to 25
pL of the plant extracts and allowed to incubate in the dark
at 30°C for 30 min before measuring absorbance at 734 nm.
All tests were performed in triplicate at each concentration
of the standard and samples. The results were expressed as
uM trolox-equivalents per g dry mass (uM TE/g).

2.3.2 Ferric Reducing Antioxidant Power (FRAP) Assay

The ferric reducing antioxidant power (FRAP) assay was
carried out using the method previously described by Dan-
iels et al. (2015) [27]. FRAP reagent was prepared from a
solution of 10 mL of 0.3 M acetate buffer (pH 3.6), 1 mL
of 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) dissolved
in 0.1 M HCI, and 1 mL of 20 mM iron (IIT) chloride
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hexahydrate (FeCl;-6H,0) dissolved in distilled water. In a
96-well microtiter plate, an aliquot of 10 puL of varying con-
centrations of plant extracts and standard (0—1000 uM) was
pipetted and mixed with 300 pL. FRAP reagent. The mixture
was incubated at 37°C for 30 min and absorbance was read
at 593 nm. L-Ascorbic Acid was used as the standard, and
the results were expressed as uM ascorbic acid-equivalents
per g dry mass (uM AAE/g).

2.4 Quantification of Phytochemicals and Profiling

The preliminary profiling of B. pilosa extracts was car-
ried out using high-performance liquid chromatography
with diode-array detection (HPLC-DAD), an Agilent 1200
Series HPLC device (Agilent, Santa Clara, USA), and a
photodiode array detector. The phytochemicals of the plant
extracts were identified and quantified using a Waters Syn-
apt G2 qTOF mass spectrometer (Waters, Milford, MA,
USA). Before injection, all samples were filtered through
a 0.45 pm filter (Nylon Membranes, Supelco, Bellefonte,
USA).

2.4.1 Method for HPLC-DAD Analysis

An HPLC-DAD with a reverse-phase RP-18 HS C18 discov-
ery column (150 mm x 4.6 mm i.d., 5 pm, column tempera-
ture: room temperature) was used as previously described
with minor modifications for preliminary profiling by Zeb
(2015) [31]. The mobile phase consisted of water contain-
ing 0.1% trifluoroacetic acid (A), and methanol containing
0.1% trifluoroacetic acid (B), and then the flow rate was set
at 1 mL/min. The elution program was performed with a
gradient starting at 0 min, 100% of A, moving to 100% of
B after 25 min. The detected wavelengths were recorded
at three different UV channels; 280, 320, and 360 nm. The
injection volume was 20 pL. The HPLC-DAD system was
allowed to warm up before each run, and the baseline was
monitored until it was stable before sample analysis. Peak
identification was accomplished by comparing the reten-
tion duration and UV absorption spectra obtained with the
standards.

2.4.2 Method for Liquid Chromatography-mass
Spectrometry (LCMS) Analysis

A Waters Synapt G2 Quadrupole time-of-flight (QTOF)
mass spectrometer (MS) connected to a Waters Acquity
ultra-performance liquid chromatograph (UPLC) (Waters,
Milford, MA, USA) was used for high-resolution UPLC-
MS analysis. Electrospray ionization was carried out in both
negative and positive modes with a cone voltage of 15V, a
desolvation temperature of 275 °C, a desolvation gas flow

@ Springer

rate of 650 L/h, and the rest of the MS settings optimised for
best resolution and sensitivity. Data were acquired by scan-
ning from m/z 150 to 1500 in resolution mode as well as in
MSE mode. In MSE mode, two channels of MS data were
acquired, one at low collision energy (4 V) and the second
collision energy ramp at 40—-100 V to obtain fragmentation
data. Leucine enkephalin was used as a lock mass (refer-
ence mass) for accurate mass determination, and the instru-
ment was calibrated with sodium formate. A volume of 2 uLL
was injected. The mobile phase consisted of water solvent
A and acetonitrile (solvent B). Both solvent lines contained
0.1% formic acid. The gradient started at 100% solvent A
for 1 min, reaching 28% B over 22 min in a linear way, then
40% B over 50 s and a wash step of 1.5 min at 100% B, fol-
lowed by re-equilibration to initial conditions for 4 min. The
flow rate was set to 0.25 mL/min, and the column tempera-
ture was held constant at 55 °C. Separation was achieved on
a Waters BEH C18, 2.1 x 100 mm, 1.7 um column.

Based on the following three criteria, compounds were
identified and assigned tentative names of identity. (1) Accu-
rate mass match: the masses were automatically matched
using XCMS, which was linked to Metlin (http://metlin.
scripps.edu/metabo_search.php), MassBank, NIST, and
other libraries. All compounds whose accurate mass error
(AME) is > 5 ppm was considered unidentified [32]. (2) Mass
fragmentation patterns: if available, the mass fragmentation
patterns of the compounds are searched in the aforemen-
tioned databases. A few phenolic compound standards were
spiked under similar LC-MS conditions and fragmentation
patterns were compared to identify a given compound based
on the retention time, mass fragmentation, and ionisation
modes i.e. (by corresponding ions of protonated and depro-
tonated moieties). Since many compounds could be identi-
fied by UPLC-ESI-QTOF-MS, it was not possible to obtain
all standards. Therefore, other similar compounds’ MS and
MS? fragment ions in literature and databases were used for
the annotation of the compounds. (3) The number of car-
bon atoms in the peak: the carbon atoms were calculated if
isotope abundances were available. The predicted number
of carbon atoms in the putatively identified compound was
used to reduce false annotations.

2.4.3 Analytical Protocols and Validation Procedure

The developed UHPLC-MS method was validated with a
linearity curve, the limit of detection (LOD), the limit of
quantification (LOQ), precision, and recovery according to
the International Conference on Harmonization (ICH) rec-
ommendations [33]. Different concentrations of the stan-
dard mixture (3.906, 7.813, 15.63, 31.25, 62.5.0, 125.0,
and 250.0 mg/L), which were approximated as 3.9, 7.8,
15.6, 31.3, 62.5, 125.0, and 250.0 mg/L, respectively, were
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injected for quantification. The linearity of the calibration
curve was checked by plotting the peak areas against the
series of standard solution concentrations (mg/L) and deter-
mining the correlation coefficient using a linear regression
model. In all cases, the system was linear (r>0.99). LOD
and LOQ were calculated by the parameters of the analyti-
cal curves (standard deviation of the response and slope).
The standard deviation of the y-intercepts of regression
lines was used as the standard deviation of the blank. The
LODs and LOQs were estimated as 3.3 and 10 times the
standard deviation of the blank/slope ratio of the calibration
curve, respectively.

The repeatability of B. pilosa samples was assessed by
using intraday and interday variations, and the relative
standard deviation (RSD) was taken as a measure of pre-
cision. The intraday and interday variations were analysed
using six replicates during a single day and by duplicating
the experiments on three consecutive days. The percent-
age relative standard deviations (%RSD) of the peak areas
(UV detection) and retention times were determined for
each peak detected. The intraday repeatability (expressed as
%RSDs) of the retention times was in the range of 0.14 to
3.14%, whereas the interday repeatability was from 1.01 to
2.90%. The intraday repeatability (expressed as %RSDs) of
the total peak area was 0.32—-0.70%, whereas the interday
repeatability was 1.01-1.13%.

The recovery test was done by adding the known amounts
of standards at low (50% of the known amounts), medium
(same as the known amounts) and high (150% of the known
amounts) levels into samples to evaluate the accuracy of the
method. This was applied in triplicate.

2.5 Cytotoxicity Using Real-time Cell Analysis
(RTCA)

2.5.1 Maintenance of Cells

Cell lines from the human liver, HepG2 (cancerous), and
African monkey kidney, Vero (non-cancerous), were used to
measure the cytotoxic potential of B. pilosa extracts (water
and 70% ethanol). Since different cell lines originate from
different organ tissues and these organs have different sensi-
tives towards compounds, the measured cytotoxic responses
may be dependent on the cell type used [34]. The HepG2
liver cell line was chosen because one of the main functions
of the liver is detoxification. These cells are immortalised
and universally used as a model to assess toxic potency.
Although the origin of the Vero, non-cancerous cells are
different (kidney), both the liver and kidneys are involved
in the excretion of substances from the body [35]. Both
cell lines were obtained from the American Type Culture
Collection (Manassas, VA, USA) (HB-8065 and CCL-81

respectively). The cells were grown in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM) (Sigma, Darmstadt) sup-
plemented with 10% fetal bovine serum (FBS) (Thermo
Scientific, USA) in a humidified incubator with 5% CO, at
37 °C. Cells were handled in a sterile laminar flow hood,
which was cleaned with 70% ethanol [36].

2.5.2 xCELLigence Cell Proliferation Assay

The impedance technology of the xCELLigence system
(Real-Time Cell Analyser-RTCA; ACEA Biosciences Inc.,
San Diego, USA) with RTCA software (version 1.2.1) was
used to monitor the cytotoxic effects of B. pilosa on two
adherent cell lines (HepG2 and Vero) for 24 h. The sys-
tem provides proliferation profiles as cells interact with the
microelectrodes, allowing the IC5,/ECs, values to be calcu-
lated. Cell growth is measured in real-time and converted
into cell index (CI) values. Others have also documented
using this method [37-39]. The HepG2 and Vero cells were
seeded at a density of 5x 10* cells/mL in the 96-well gold-
plated E-plate and left to adhere for a period of 24 h. The
cells were exposed to a concentration range of 15.6, 31.25,
62.5, 125, 250, 500, and 1000 pg/mL of reconstituted plant
material after extraction with two solvents (See Sect. 2.1) in
triplicate. The unexposed (control) cells received DMEM
culture medium only.

2.6 Statistical Analyses

The significant differences in the data obtained in antioxidant
content and activity were evaluated by two-way analysis of
variance (ANOVA), (p<0.05), using GraphPad Prism®
8.0.1. The results were presented as means + standard devia-
tion. In the cytotoxicity, the cell index data obtained after
the exposure was normalised with RTCA data analysis soft-
ware. Normalisation was done at a specific time point (start
of the test compound treatment), which was then set as 1.0
by the software and all the other values are represented as
a proportion of this value. The dose-response curve and the
EC;, values were obtained using the xCELLigence system’s
RTCA-integrated software. The ECs, value was calculated
in the RTCA software under the analysis profile by selecting
the exposure period. The data are presented as mean [pg/
mL] =+ standard deviation (n=75).

3 Results
3.1 Phytochemical Yields and Moisture Content

The extract yields from the plant correlated with the sol-
vent type, with the ethanol-water (7:3, v/v) extracting

@ Springer
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Fig. 1 The antioxidant content (AC) and antioxidant activity (AA)
of Bidens pilosa. The values represent the mean + standard deviation
of the phytochemicals (polyphenols and flavonols) and antioxidant
activities (ABTS and FRAP) of the water (H,0) and 70% ethanol
(EtOH) extracts of B. pilosa. **** p<0.0001; ** p=0.0035, n.s=not
significant, p=0.3675. ABTS=2,2-Azino-di-3-ethylbenzthiazoline
sulfonate; FRAP=ferric reducing antioxidant power; GAE=gallic
acid equivalents; QE = quercetin equivalents; TE =Trolox equivalents;
AAE =ascorbic acid equivalents

significantly more than the water. The ethanol-water extract
yield was 14.55+0.86%, whereas the water yield was
8.49 +0.28%. The yields from both solvents are notably dif-
ferent, which could be attributable to the characteristics of
these solvents. The residual moisture of the pulverized plant
sample was determined after drying. The moisture content
of the pulverised samples was evaluated to be 5.14% dry
matter.

3.2 Antioxidant Content and Activity

The antioxidant content concentration (total polyphenol and
total flavonol) varies depending on the extraction (water
extract and 70% ethanol extract). Similarly, there was a
strong relationship between the phytochemicals and anti-
oxidant activity in the test samples. Figure 1 show that the
concentration of the phytochemicals in the ethanol samples
is higher compared to the water samples, and this has an
obvious ripple effect on the antioxidant activities. It indi-
cates that the ethanol extracts were more potent than the
water extracts. The concentrations of the total polyphenols
ranged from 15.66 to 20.19 mg GAE/g in the water extract
and from 30.86 to 32.52 mg GAE/g for the ethanol extract,
with mean values of 18.65 mg GAE/g and 31.56 mg GAE/g
respectively. The mean value of the flavonol content of the
water extract is 2.92 mg QE/g while the ethanol extract is
18.31 mg QE/g. The antioxidant activities of the ethanol
extracts are higher, indicating a higher potency, and they
correlate with the phytochemical concentrations. The anti-
oxidant activities of water extracts of ABTS and FRAP are
60.02 umol AAE/g and 116.29 pmol TE/g, respectively,
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Fig. 2 UHPLC-ESI-MS base peak chromatogram for water (A1) and
70% ethanol (A2) of extracts of Bidens pilosa analysed in the negative
and positive ion modes

while the ethanol activities are 146.02 umol AAE/g and
144.81 umol TE/g.

3.3 Qualitative Analysis of Phytochemicals Using
UHPLC-MS and HPLC-DAD

Due to the overlapping of numerous compounds, par-
ticularly in the phenolic fraction, HPLC-DAD produces
complex profiles of the compound fraction. Nevertheless,
UPLC-MS could exclude interferences using MS modes
and product ion scan thus verifying the structure of the com-
pound. The examination of base peak chromatograms of B.
pilosa extracts shown in Fig. 2 enabled phytochemicals to
be screened. In this study, UHPLC-ESI-MS enabled the
detection of a total of 137 peaks (Table 1).

3.3.1 Characterisation of Phenolic Acids and Their
Derivatives

3.3.1.1 Hydroxybenzoic Acids Twelve benzoic acid deriv-
atives with peaks (19, 20, 21, 22, 24, 33, 43, 73, 80, 81,
101 and 120) were identified. Peak 19 was identified in
the negative ion mode. It reveals a deprotonated molecular
ion, [M-H]™ at m/z 153 and upon collision inductive dis-
sociation (CID), fragments m/z 123 [M-H-2CH;]~ and 109
[M-H-CO,]~ were formed, enabling tentative identification
(dihydroxy benzoic acid) using the NIST database and lit-
erature [40]. Peak 22 has [M-H]™ at m/z 167 and produced a
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Table 1 Phytochemicals screened from water and 70% ethanol extracts of Bidens pilosa
Peak ty Molecular UV Amax (M-H)/(M+H)* MS/MS product ions Tentative identification Sample
no (min) formula (nm) (m/z) (m/z)
1° 090 C,,HgO, 294 158.9788 115,131, 116 Methylcoumarin A2,A1
2° 1.06  C,H;,0, 267 219.0265" 192,175 Hydro xanthotoxin A2,Al
3b 1.10  C;H},04 267 191.0567 149, 165, 179, 135 quinic acid A2,Al
4 1.10  C,4H,,05 267 266.1258" 219, 248 Dimethylhydroxy hydrogenated A2
xanthotoxin
5120 CyH,0; 267 175.1094" 163 Coumarin derivative A2,Al
6° 1.70  C;H,,04 267 191.0580 173,131 Citric acid A2,Al
7° 1.80 C,4H4,O5 266 262.1284" 175 Diacetyl methoxycoumarin A2,Al
8° 1.90  C;H,,04 261 191.0204 173, 131 Citric acid A2
9 2.10  CyH;504 465.2140" 294,232, 188, 166 5-Methoxy-8-hydroxypsoralen dimer Al
10 230 CsH;4Oq 325.1152" 289,271, 163, 180, 145,  p-coumaric acid glucoside A2
127
11* 268 CH,,0, 261 243.0652 131, 142, 147, 186, 191,  Piceatannol A2
200, 179
12° 330 CH,Oq 173.0097 155, 149 Quinide A2
13 460 CH,,0, 274 268.1042" 204 acetyl hydroxycoumarin derivative A2
14° 494 C,Hs;0,, 272 989.3256 179, 383, 819, 665, 656,  1-0-(2!-O-Coumaryl-1'!-O-diglucosyl) A2
760,282, 161,341, 145,  caffeoyl-2'"'-O-diglucoside
737, 899, 265
15 500 Cy5H4Oq 325.1125" 289, 271, 163, 253, 223,  p-Coumaric acid glucoside A2,Al
308
16* 538 CyH;;NO, 288 164.0709 153,147, 109, 151 Phenylalanine A2,Al
538 CoH;;NO, 288 166.0852" 120, 103 Phenylalanine A2
17° 560  CyHa0yp 483.1286 301, 371,277, 288, 339,  3,4-di-O-(E)-p-coumaroylquinic acid A2,Al
403,173, 191
18° 580 CysH;4Oq 259 326.1266 236,164, 173,153,278  p-Coumaric acid hexoside A2
19 59 C;H;0, 261,292 153.0196 123, 109 Dihydroxy benzoic acid Al
200 6.10  C4HyOq 313 315.0715 153,109 Dihydroxy benzoic acid -O-hexoside A2,A1
21 640 C,H,0, 282 218.0913 153 Dihydroxy benzoic acid derivative Al
22  6.59  CgHgO, 253,288  167.0345 152,123,108 Vanilic acid A2
23* 680 C;;H,,0,, 274 382.0964 329,311, 184, 149 Caftaric acid derivative Al
6.80 C;H,0,, 274 384.1151" 252,162,192 Caftaric acid derivative Al
24> 730 CyH,,0, 279 203.0862 159, 181, 116 Veratric acid derivative Al
25> 735 C,4Hy50, 288,325  353.0859 191,> 179, 203, 135 3-0O-(E) caffeoylquinic acid A2
26° 740 C,,H;gO,N 287,323  188.0696" 146, 118, 130, 163 Trans-3-indoleacrylic acid A2, Al
27°  7.60  C,sHy O 282,311  447.1125 353,315,153, 137 Dihydroxybenzoic acid hexose-pentose A2
28 810 C,H0, 277 217.0692 133, 191 164, 128 Hydrogenated bergaptol (Bergapten) Al
8.10 C,Hy,04 356.1353™ 302, 339, 340, 182, 326,  8-Geranyloxypsoralen
229
20® 820 C,H,0, 291,329  357.0812 195,177,217, 339 8-Geranyloxypsoralen hydrate A2
C,,H,,0, 341.0859" 305, 261, 179, 163 8-Geranyloxypsoralen A2
30* 840 CyHO, 274 175.0600 131, 129 Esculetin Al
31 890 C3H,0q 300,327  311.0396 179, 149 Caftaric acid A2
32 9.00 CoH,0, 281 179.0336 161, 149, 137 Caffeic acid Al
9.00 CoH,0, 281 181.0493" 165 Caffeic acid Al
33 9.10  CyH,,0, 280 181.0509 137,121, 109 Veratric acid Al
34> 930 CHy,0p; 300,326 707.1815 353,191 Caffeoylquinic acid dimer A2
35 970 Cy4H 0, 300,326  353.0870 173,>179, 191, 135 4-O-(E)-caffeoylquinic acid A2
36 9.80 CyHO; 300,326  163.0382° 145,135 Umbelliferone A2
37 994  CyH, 0, 254,327  639.1176 435,353, 385,191,259,  4-O-(E)-caffeoylquinic acid -3, 5, 7-triac- A2
473 etyl glucoside
10.00 CyH,gO,, 254,327  641.1359" 479, 355,163,261,207,  4-O-(E)-caffeoylquinic acid -3, 5, 7-triac- A2

188

etyl glucoside
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Table 1 (continued)

Peak ty Molecular UV Amax (M-H)/(M+H)" MS/MS product ions Tentative identification Sample
no (min) formula (nm) (m/z) (m/z)
38 1070 CyHy0p 300,324 623.1575 311, 149, 179, 371,295,  Adduct of 2 individual caftaric acids A2
163
39° 1070 C,yH,gOs 300,324 433.1339" 163, 295, 355,313,408  Caftaric acid derivative A2
11.00  C,;H,505 281,317  431.1921 349, 305, 172,311,216,  Caftaric acid derivative A2
395,179
40° 1090 C,5H,,0s 284 401.1454 311, 149, 267 Caftaric acid derivative A2
41° 1132 CypH,,0, 300,326  387.1648 311, 149 Caftaric acid derivative A2
42° 1140 CyHyOp 300,326 623.1621 311, 353, 179, 149 Adduct of 2 caftaric acids A2
43> 1150 CoH,,0, 276, 325 165.0559 149, 121, 135 2-(4-hydroxyphenyl) propanoic acid Al
44°  11.50 CyHO, 276,325  163.0384" 145, 135 Umbelliferone A2
45° 1180 C,Hy 0y 282,325  449.1075 287,179, 149, 135, 89 (S)-eriodictyol-6-C-b-D-glucopyranoside A2
46°  11.80 CpH,0p; 268,326  593.1499 515,191, 353, 145 3,7-diacetyl-3-O-p-coumaroyl-4-O-caf- A2,A1
feoylquinic acid
11.90 CyH,0p4 268,326  595.1661" 516,451, 163, 339, 521,  3,7-diacetyl-3-O-p-coumaroyl-4-O-caf- A2,Al
309, 499 feoylquinic acid
47°  12.00 C,H;0, 310 433.2072 193,325,131, 163,149 Ferulic acid derivative A2
48° 1220 CyH,,0, 280 165.0550 147 Cinnamic acid monohydrate Al
49° 1230 C,,H,40, 279 225.1150 165, 147 Dimethoxycinnamic acid monohydrate Al
12.30 C,H,304 279 227.1271° 209, 191, 167 Dimethoxycinnamic acid monohydrate Al
50° 1230 CpH 05 282,322sh 371.0968 249,225,173, 149,311  Hydroxydihydrocaffeoylquinic acid A2
51 1250 C,H,,0, 282 206.0817 164, 147, 189 Dimethoxycinnamic acid A2
52 12,60 C,H,0, 283 449.1162 329,215, 135 (R)-eriodictyol-6-C-b-D-glucopyranoside ~ Al
53 12,70 C;3H,0, 280, 300sh 226.0339 135, 195, 164 Dimethoxycinnamic acid monohydrate Al
54* 1290 C,H,0, 280 207.1373° 189, 190 Dimethoxycinnamic acid Al
55 13.00 C,;H,,0,, 280 385.1134 267,226, 135 Dimethoxycinnamic acid derivative A2,Al
56° 13.10 C;;H,,0q 252,267, 415.1599 367, 385, 247,311,269,  Feruloylquinic acid derivative A2
282 173, 149
57° 1320 C,H,,0 265 173.0816 149, 135 Quinide Al
58 13.30 CoHgO4 288 163.0399 149 p-Coumaric acid A2
59¢  14.00 C,,H;,04 273,327  245.0944 161,203 Piceatannol A2
60* 1420 C,H,s0, 279 209.1365" 191, 167 Dimethoxycinnamic acid monohydrate Al
61" 1440 C,;H;0,6 254,289,  609.1458 300, 431, 341,293,179,  Quercetin-3-O-(6-O-rhamnosylglucoside) A2
331 161, 149 (rutin)
1440 C,H; 0,6 254289, 611.1636" 303, 295, 179, 163 Quercetin-3-0-(6-O-rhamnosylglucoside) A2
331 (rutin)
62°  14.60 C,HyOp6 254,344 609.1457 193,309, 463, 134, 121,  Eriodictyol-7-O-glucuronylrhamnoside A2
237,491
63" 14.60 C;H,O, 275,300  193.0527 193,134,178 Ferulic acid Al
64°  14.60 CoH;,0, 275,300  197.1167" 177 Dihydro ferulic acid Al
65° 1470 C,H,0,, 254,348  463.0881 309, 193,237,449, 287  Eriodictyol-7-O-glucuronide A2
66° 1470 C;sH,(0;, 254,348  303.0488" 153 Quercetin A2
67° 14.83 CsH, 0, 254,348  303.0500" 153 Quercetin A2
68° 1490 C,H;;0,; 255287, 477.0670 301, 463, 193, 429 Quercetin-3-O-glucuronide A2
352
1490 C,H,0,; 255,287, 479.0826 303, 465 Quercetin-3-O-glucuronide A2
352
69° 1500 C,HyOp, 254, 463.0881 285, 447 Kaempferol-7-O-glucuronide A2
351,414  (461)
70° 1500 C;sH,,0; 254, 303.0500" 287,229,153 Quercetin A2
351,414
71° 1520 C,H, Oy 267,363 449.1090 287,137,179, 439, 131,  (S)-eriodictyol-8-C-b-D-glucopyranoside A2
193, 161
72° 1530 C,HiOp; 344 477.1071 201, 345, 439,399,179 Quercetin-3-O-hexuronide A2
73°  15.60 300 271.1570 137,197 Sinapic acid derivative Al
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Table 1 (continued)
Peak ty Molecular UV Amax (M-H)/(M+H)" MS/MS product ions Tentative identification Sample
no (min) formula (nm) (m/z) (m/z)
74 15.80 C,H,,0 201,311, 191.0557 179, 173, 131 Quinic acid A2
332
75 1590 C,3Hp0,; 291,340 505.0981 353,191, 463, 301,447,  Quercetin-3-O-acetyl-hexoside A2
417,491, 179, 159
76" 1590 C,HpO,s 291,340 551.1047° 303, 465, 449, 287,163 Quercetin-3-O-(6'"-O-malonyl)-glucoside ~ A2
77° 1610 C,H,0,, 300,324 515.1204 173, > 179, 353,191, 135 1,5-di-O-(E) caffeoylquinic acid A2
78°  16.16 CpH,,0,, 300,324  515.1216 353,191, 173,179, 149,  1,5-di-O-(E) caffeoylquinic acid A2
335
1630 C,sH,,Op, 300,324  499.1239"H20 245,327, 163, 449 1,5-di-O-(E)-caffeoylquinicacid A2
517.1334"
79 1640 C,sH,0,, 300,327  515.1189 353, >179, 191, 285, 145  3,5-di-O-(E)-caffeoylquinic acid A2
1650 C,sH,,0p, 300,327  499.1078"H20 337,319, 163, 449, 145,  3,5-di-O-(E)-caffeoylquinicacid A2
517.1357" 135
80°  16.70 C,H,,0, 274,300  453.1975 197,171, 241,263,231,  Galloyl salidroside Al
179
81°  16.90 C,H0, 266 187.0978 169, 125 Gallic acid monohydrate A2, Al
82°  17.00 C,;H, (O, 268,329,  285.0403 179, 243, 183, 221 Kaempferol A2
403
83°  17.20 CsH;,04 274 287.1483 229 Dihydrokaempferol Al
84 1730 C;H,,0, 330,403  311.0404 293,179, 165, 149 Caftaric acid A2
85° 1730 C,Hy045 519.1121° 295,303, 163,401, 447,  Isorhamnetin-7-O-(6'"-O-acetyl)-glucoside A2
287
86° 17.50 C,H,,Oq 274 173.1184 127 Quinide Al
87° 17.60 C,H,,0,, 300,327  515.1189 173, > 179, 353, 191, 3,4-di-O-(E)-caffeoylquinicacid A2
203, 135,299
17.60 CosH,,0,, 300,327 499.1237°H20 337,211, 163, 193 3,4-di-O-(E)-caffeoylquinicacid A2
517.1237"
88 1770 C,H,0, 290,310, 243.1243 225,169, 125,181,183  Piceatannol Al
332
89  17.80 C,H,,0,, 300,327  515.1176 489, 353,243, 173,225 4,5-di-O-(E)-caffeoylquinicacid A2
90® 18.00 C,H,0, 274,290, 243.1231 183,225, 139 Piceatannol A2, Al
310, 331
91°  18.80 CyH,;,0,, 255,269, 637.1743 471,329, 307,299, 163,  Tricin-7-O-rutinoside A2
295,350 145,119, 314
18.80 C,H;0,s 255,269, 639.1943" 316,301, 331,493,147  Tricin-7-O-rutinoside A2
295, 350
92 19.00 C,H,0, 280 243.1233 171,225, 159 Piceatannol Al
93  19.10 C,Hp,O0;, 288,323  491.1187" 343,285,161, 471, 243 Kaempferol-3-O-acetylglucoside A2
1930 C,3Hy»0,, 273,332,  489.1011 285,179, 221, 343 Kaempferol-3-O-acetylglucoside A2
413
94 1930 C;sH,(0s 273,332, 287.0544" 153,227 Kaempferol A2
413
95® 1940 C;Hy O, 300, 677.1490 533,285 489, 179, 135,  Kaempferol-3-O-malonylhexoside-7-O- A2
322,404 299, 515, 353,225,161,  caffeoyl
269
96" 19.50 C;H;0, 272,290, 3432144 329,269, 225, 157 Tricin-4-O-methyl Al
310
97°  19.60 C,H,,0,, 328sh 463.1232 301,329,149, 285,173,  Quercetin-7-O-hexoside A2
225
19.66 C,H,,0,, 328sh 465.1385" 303,229 Quercetin-7-O-hexoside A2
98®  19.80 Cy,H,,0,  285,327sh 533.1261 285,173,135, 151,301,  Kaempferol-3-O-malonylhexoside A2
353, 475, 463
99°  19.80 C,sH,,0,  285,327sh 287.0547 229, 153 Kaempferol A2
100° 20.00 CyH,Op, 275,291,  609.1254 475,435, 343,221,301,  Quercetin-7-O-p-coumaroyl glucoside A2
309,332 149, 353, 161, 179, 463
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Table 1 (continued)

Peak ty Molecular UV Amax (M-H)/(M+H)" MS/MS product ions Tentative identification Sample
no (min) formula (nm) (m/z) (m/z)
20.00 CsyH,Op4 275,291,  611.1409° 221,303, 147,353, 163,  Quercetin-7-O-p-coumaroyl glucoside A2
309,332 179, 463
101° 2030 CyH,,0, 291,310  181.1210 161, 149, 119, 113 Veratric acid A2
102° 2030 C,H,0, 291,310 209.1172° 163,179 Dimethoxy cinnamic acid A2
21.00 C,H,,0, 291,323 207.0661 163,179 Dimethoxy cinnamic acid A2
103* 19.90 C,H,0,s 257,368  551.1391" 303, 465,287,449, 163 Quercetin-3-0-(6''-O-malonyl)-glucoside ~ A2
104° 2135 C3,H,O4 276,327, 531.1143 285, 349, 442, 161 Kaempferol-3-O-malonylglucoside A2
414
105* 2135 CH,,0y 276,327, 287.0554 229, 153 Kaempferol A2
414
106° 21.60 C;,H,,O5 274,327, 531.1156 471,285, 327,227,135  Kaempferol-3-C-malonylhexoside A2
413
107° 21.60 C,sH,,0 274,327, 287.0544" 229,153 Kaempferol A2
413
108° 21.70 C3,H, 04 270,345  533.1284 285,179 Kaempferol-3-O-malonylhexoside A2
109° 22.00 Cs3,H;0,5 300,328  677.1480 589, 515,353,301, 179,  3,4,5-Tri-O-caffeoylquinic acid A2
173, 161, 135, 191
110° 2230 C3,H, 04 275,328,  531.1135 285,187, 445,255,227  Kaempferol — 3-O-malonylhexoside A2
416
2230 C5,H,,04 275328,  533.1299" 287, 447 Kaempferol —3-O-malonylhexoside A2
416
111°  22.50 CsH300p9 295 513.1383 349, 163, 145, 119, 135,  p-Coumaroyl-feruloylquinic quinide A2
453,
112° 2270 CpH»,Op; 290,341 505.1340 301, 486,271, 179 Quercetin-3-O-acetylhexoside A2
2270 CyHypOp3 290,341 507.1498° 303, 488,273 Quercetin-3-O-acetylhexoside A2
113° 2290 CyH,,0,, 283,329  575.1409 135,489, 531,287, 151  Procyanidin A-type dimer A2
114> 2330 CyH,0p, 282,329  575.1381 287,135,151,213,179  Procyanidin A-type dimer A2
115 23.40 CyH,,0, 270, 375.2023 331,161,179 Phenylpropenoic acid derivative A2
290,309
116> 23.80 Cy3H60,; 273,289, 519.2427 327,417,179, 161,423,  Dihydrocoumarylquinic acid glucoside A2, Al
308,330 461
117° 23.80 C,gH;,05 273 327.2173 171, 183,229,211,291  oxo-dihydroxyoctadecenoic acid Al
118> 23.80 CyH,O0ps 273 549.1610 303,275, 199, 379, 521,  Quercetin-3-0-(6'1-O-malonyl)-glucoside ~ A2
351
119° 23.80 C,4H;5NO, 275.1994" 195 Amino hexadecanediol Al
120°  23.90 C,;H,504 238,289, 329.2310 179,221, 161, 119 Dihydroxyphenylacetic acid -hexoside A2
308, 348,
376, 395
121° 2390 C,4H;,0; 295.2263" 195,277,213, 242 Hydroxylinolenic acid Al
122° 24.00 C,gH;,0;4 272,289, 329.2325 327,171,229, 325 Trihydroxy-octadecadienoic acid Al
308, 330
123° 24.00 C;¢Hy;04 591.1699" 563, 520, 298, 380, 254,  Hydroxyoctadecadienoic acid dimer A2
192
124°  24.10 CgH;,05 274 327.0862" 291, 316 oxo-dihydroxyoctadecenoic acid A2
125> 24.10 C,sH,,0; 304.2993™ 177, 245 Oxypeucedanin Al
126° 24.10 C,4H;,0; 329.2325 311,213 Trihydroxyoctadecadienoic acid Al
127° 2420 CgH;,0, 311.2224 171, 236, 309, 293 Dihydroxyoctadecadienoic acid Al
128> 24.40 C,gH;004 293.2090 275,171, 183, 235,265, Hydroxylinolenic acid A2, Al
285,135
129° 2440 CyHs00, 553.4255" 353,277,293,515,497  Linolenic acid dimer A2
130° 24.40 Cyp,H,0, 359.2397" 354,288, 209 Diacetyl linolenic acid Al
131°  24.50 C,sH3,04 295.2269 275,171, 116,97, 263 Hydroxyoctadecadienoic acid A2
132° 2450 CygH;,0, 278.1743" 233,203 Linolenic acid A2,A1
133 2470 C3H,N,0, 301.2155 201, 283 unknown Al
134 2480 C,,H,,N;0, 398.2325" 321,203 unknown A2
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Table 1 (continued)

Peak ty Molecular UV Amax (M-H)/(M+H)" MS/MS product ions Tentative identification Sample
no (min) formula (nm) (m/z) (m/z)

135° 2520 CyHg 04 593.2771° 513, 469 Hydroxyoctadecadienoic acid dimer A2

136" 25.60 CygHgoOp 621.3065" 561, 460, 533, 505, 102  Methylhydroxyoctadecadienoic acid dimer A2

137  26.00 C,H;,N,O, 601.2636" 520,227, 345,159,135  unknown A2

Al: distilled water extracts of Biden Pilosa and A2: 70% ethanol extracts of B. Pilosa. No asteric=M/z in [M-H]™ in the negative ion mode.
*=M/z in [M+H]*, *12° =[M + H-H,0]" and **= [M +NH4]" in the positive ion mode. *Identified using reference standard, ®Determined with
the aid of literature using the accurate mass match, reference compound and the number of carbon atoms, “Novel compound. Major fragments

of the MS/MS product ions are underlined.

base peak ion at m/z 123 [M-H-CO,]™, as well as fragments
at m/z 152 [M-H-CH;]™ and m/z 108 [M-H-CO,-CH;]".
This fragmentation agreed with vanillic acid when com-
pared with the NIST database. Its derivative was identified
at peak 73. The compound with peaks of 33 and 104 at Rt
9.10 and 20.30 min, respectively, has [M-H]™ at m/z 181.
The MS? product-ion analysis of the parent ion provided
a fragmentation pattern of the 4-methylated derivative of
vanillic acid (veratic acid) in agreement with the literature
[41]. Its derivative was identified at peak 24. Peak 21 was
identified as a dihydroxy benzoic acid-hexoside, with the
[M-H]™ ion at m/z 315 and resulting in a fragment at m/z
153 after the loss of 162 and [M-H-hexose-H,0]™ at m/z
135 upon CID [40]. The aglycone ion appeared at Rt 6.10
in peak 20 with a similar product ion as the one in peak 21
and thus was identified as dihydroxy benzoic acid derivative
[42]. Peak 81 showed [M-H]™; m/z 187, which corresponded
to gallic acid monohydrate because MS? fragmentation pro-
duces high-intensity peak ions at 169 [M-H]-H,O]~; and
m/z 125 [M-H]-H,0-CO,]. Its derivative at peak 80 was
identified as galloyl salidroside. Peak 120 was identified
as dihydroxyphenylacetic acid-hexoside. Compound 43
was identified as 2-(4-hydroxyphenyl) propanoic acid with
[M-H]~; m/z 165 and MS? fragments m/z 149 [M-H]-OH]",
121 [M-H]-CHO,]™ and 135 [M-H]-OH-CH;]".

3.3.1.2 Hydroxycinnamic Acids In this study, 46 cinnamic
acids were identified with the peaks (10, 14, 15, 17, 18, 21,
22,23,24,25,31, 32, 33, 34, 35, 37, 38, 39, 40, 41, 42, 46,
47, 48, 49, 50, 51, 53, 54, 55, 56, 58, 60, 63, 64, 73, 77, 78,
79, 84, 87, 89, 102, 103, 111 and 116). Cinnamic acids in
their free form were detected, as well as p-coumaric acid
(peak 58), caffeic acid (peak 32), ferulic acid or dihydro
ferulic acid (peaks 63 or 64), and sinapic acid, which are
derivatives of cinnamic acids. In addition, cinnamic acid
[cinnamic acid -H]-, m/z 147 (peak 48) and its dimethoxy
derivative [cinnamic acid -H+ 607", identified at peaks 49,
51, 53, 54, 55, 60, and 103, with UV maxima at 291, 310,
and 323 nm as in previous work [41]. Sixteen quinic acid
(QA) derivatives were identified, including caffeoyl quinic
acid (CQA) (6 mono-CQAs; two new ones (37, 46), dimeric

form (34) and other peaks (25, 35, 50), di-CQAs (77, 78, 80,
89, 92), and tri-CQA (112), coumaryl quinic acid (CoQA)
at peaks 17, coumaroyl caffeoyl quinic acid (CoCQA) at
peaks 46, feruloylquinic acid (FQA) (56), p-coumaroyl-fer-
uloylquinic acid (CoFQA) (111), and acyl chlorogenic acid
(CGA) glycosides (116). Their spectra showed a deproton-
ated molecular ion at m/z 353 of mono-CQAs and m/z 515
of di-CQA. Fragmentation in the MS/MS produced m/z 191
(QA), which gave a dehydrated quinic acid moiety (m/z
173) and caffeic acid (m/z 179) as a prominent fragment.
In addition, their dimeric form shows m/z 707 [2 M-H] ion
with a maximal absorption wavelength of 326 nm. The 4-O-
CQA and 3-0-CQA (UV maxima at 300 and 326 nm) were
differentiated by the intensity of the characteristic ions of
chlorogenic acids. In the former, m/z 173 is the base peak
and in the latter, m/z 191 is the base peak [43].

In general, those chlorogenic acids (CGAs) with a greater
number of free equatorial hydroxyl groups in quinic acid are
more hydrophilic than those with a greater number of free
axial hydroxyl groups. On the other hand, the ease of removal
of the caffeoyl residue during fragmentation is 1>5>3>4
[44] since hydroxyl groups in the quinic acid are axial in
positions 1 and 3, and equatorial in positions 4 and 5 [44].
For di-O-CQAs, the more the additional caffeoyl groups are
attached to free equatorial hydroxyl groups (owing to ste-
ric interactions), the stronger the retention [45]. That is, the
loss of the caffeoyl group (C) is likely to be in the order of
1-C>5-C>4-C>3-C [44, 45]. This enabled peaks 77 and
78, 79, 87, and 89 to be identified as 1,5 di-O-CQA, 3,5
di-O-CQA, 3,4 di-O-CQA, and 4,5 di-O-CQA respectively
sincethe elutionorderis 1,3-diCQA<<< 1,4-diCQA < < 3 ,4-
diCQA < 1,5-diCQA < 3,5-diCQA < <4,5-diCQA[44].Some
of the di-O-CQAs identified above showed the dehydrated
protonated molecular ion m/z 499 [M + H-H,O]" as the most
prominent ion in MS? spectra, along with m/z 181 [caffeic
acid+H]™. It was also observed that their dimeric ion m/z
1033 was present in the MS/MS spectra. This indicates that
the original MS ion was m/z 517 [M+H]", in the positive
ion mode. The prominent ions for di-CQAs are 4,5-di-CQA
has the base peaks, m/z 353, 191, 179, and m/z 173 while
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Fig. 3 Proposed frag-

mentation pattern of m/z 383

HO

HO

oH

II]I/Z 341

m/z 161

OH

OH

m/z 827

Table 2 The amount of phenolic compounds quantitated from water and 70% ethanol extracts of Bidens pilosa

Extracts Phenolic acids and  Flavonols Flavanone Flavan-3-ols  Flavone mg/L Polyphenols  Flavo-
derivatives mg/L mg/L (RE) mg/L (HE) mg/L (CE) (RE) (mg GAE/g) nols (mg
(CAE/ FAE/ CAE) QE/g)

Water 384.2+3.2 8.5+0.0 N.D. N.D. N.D. 18.7+1.5 29+02

70% ethanol 1855.4+4.8 647.9+3.4 106.4+5.0 21.1+1.5 125.0+£32.5 31.6+0.5 18.3+0.1

GAE = Gallic acid equivalents, QE = Quercetin equivalents, CE = Catechin equivalents, CAE = caffeic acid equivalent, FAE = ferulic acid equiv-
alent, RE =rutin equivalent, HE =hesperidin equivalent, CE = catechin equivalent, N.D. = none detected.

3,5-di-CQA has m/z 353 and 179 as base peaks [43, 46].
Peak 50 gave a compound whose fragmentation pattern is
similar to that identified byJaiswal et al. (2014) [47] and
thus identified as hydroxydihydrocaffeoylquinic acid. Pre-
vious work on chlorogenic profiling of B. pilosa has indi-
cated the presence of 4-O-CQA, 3-0-CQA, 4,5-di-CQA,
3,5-di-CQA and tri-CQA [1, 48]. Peak 46 displayed MS
m/z 593 giving m/z 515 [CoCQA-H]", 191 [quinate-H], 353
[CoQA-HT, 145 [Coumaroyl-H-H,O]", upon CID and thus
tentatively identified as 3,7-diacetyl-3-O-p-coumaroyl-4-O-
caffeoylquinic acid.

Caftaric acid (CFA) (31, 84) was identified by its parent
ion, [M-H]", m/z 311, which fragmented to produce ions at
m/z 179 [CA-H] due to the loss of tartaric acid (TA) resi-
due, m/z 149 [TA-H] and m/z 135 [FA-CO,]". This resulted
in the decarboxylation of the caffeic acid residue [49]. CFA
was initially detected in B. pilosa [48]. Derivatives of CFAs
were shown at 23, 39, 40, and 41 and individual adducts of
2 CFAs were shown at m/z 623 (peak 38, 42) in agreement
with previous work [49]. Chlorogenic acids (CGAs) glyco-
sides showed a typical fragmentation pattern and UV absor-
bance. All CGAs glycosides were more hydrophilic than
their isobaric chlorogenic acids. For instance, mono and di-
acyl CGAs glycosides were eluted before di- and tri-acyl
CGAs, respectively. These glycosides showed fragments
that originated from the cinnamoyl glycoside part, e.g., m/z
341 and 323 for caffeoyl glucoside; m/z 355 and 337 for
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feruloyl glucoside; m/z 325 and 307 for p-coumaroyl gluco-
side (peaks 10, 15, and 18 [47, 48].

Peak 37 from the ethanol extract showed 639
with 435  [M-H-acetylglucose]-, 353 [CQA-H]-,
385 [2quinate-H+2 HJ-, 191 [quinate-H]-, and 259
[M-H-triacetylglucose-CA-CO,]-, thus, indicating that it is
4-0-(E)-caffeoylquinic acid-3,5,7-triacetyl glucoside. This
is a novel compound. Due to the presence of coumaric acid,
p-coumaroyl glucoside derivatives could show m/z 163
([coumaric acid-H]") and MS? fragment m/z 119 ([coumaric
acid —CO,]") [50] and m/z 162 from the glucose conjuga-
tion. This led to the identification of novel coumaric acid
glucoside derivative peaks (14 and 37). Peak 14 was tenta-
tively described as 1-O-(2'-O-Coumaryl-1'-O-diglucosyl)
caffeoyl-2!""-O-diglucoside from MS ion m/z 989.3 which,
upon MS? fragmentation, ions m/z 179 [CFA-H], 383, 819,
665, 656, 760, 282, 161 (glucose), 341 [caffeoyl glucoside
-HJ, 145, 737, 899, 265 were formed. The proposed frag-
mentation pattern is shown in Fig. 3 below. The other cin-
namic acid derivative was observed at peak 47, consisting
of a feruloyl (193 Da) moiety with MS? fragments m/z 193
[feruloyl-HJ, 325 [feruloyl-H-132]", 163 [feruloyl-H-30]-,
and 149 [feruloyl-H-CO,]’, and thus considered a ferulic
acid derivative.
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3.3.2 Characterisation of Flavonoids

3.3.2.1 Dihydroflavonols and Flavonols Flavonols showed
strong UV absorption at 258 and 348 nm. Peak 83 was
identified to be a dihydroflavonol; dihydrokaempferol asso-
ciated with initial dehydration of [M+H]* (NIST) and the
other twenty-seven peaks were identified to belong to those
of the flavonol compounds (peaks: 61, 66, 67, 69, 70, 72,
75,76, 82, 83, 85, 93, 94, 95, 97, 98, 99, 100, 103, 104, 105,
106, 107, 108, 110, 112, and 118) in the B. pilosa extracts.

Peaks 66, 67, 70, were identified to be those of quercetin;
[quercetin+H]*; m/z 303 with common MS? fragments 287
[quercetin+H-OH]*, 229 [quercetin+H-CHO-OH-CO]*
and 153 [ A*], formed through retrocyclization cleav-
ages of the C-ring of the aglycone involving 1 and 3 bonds
(bonds 1 and 3 refer to the O—C-2 and C-3—C-4 bonds
of the C-ring) [51]. Quercetin aglycone underwent sugar
conjugation or esterification to yield rutin (peak 61), con-
sistent with the fragmentation pattern of the standard,
quercetin-3-O-hexuronide (peak 72) in negative ion mode,
or quercetin-3-O-glycuronide in both negative ion modes;
[M-H]™ ion at m/z 477.1 and in the positive ion mode
[M+H]" ion at m/z 479.1. Furthermore, quercetin-3-O-hex-
oside at peak 97 was formed by the addition of a hexoside
(162 Da). Conjugation with malonyl hexoside/glucoside
(248 Da) (peaks 76, 103 and 118) and acetyl hexoside (204
Da) (peaks 75 and 112) formed quercetin-3-O-malonyl
hexoside, quercetin-3-O-acetyl hexoside, respectively. In
addition, simultaneous glucose conjugation and acylation
occurred at peak 100 and were identified as quercetin-7-O-
p-coumaroyl glucoside from the ethanol extract. These
kinds of reactions happened with the kaempferol as the
aglycone at peaks 69, 93, 95, 98, 104, 106, 108 and 110,
which upon collision inductive dissociation (CID), after los-
ing hexose/glucose or acetyl/ malonyl moieties, the main
ions at m/z 285 or 287 were observed, originating from het-
erolytic cleavage of the O-glycosidic bond. In the peaks;
82, 83, 94, 99, 105 and 107, the CID spectrum of the m/z
285 ion, ([M-H]™ ion) or m/z 287 ([M+H]*ion) was con-
sistent with kaempferol [42]. In the positive ion mode, the
CID with carrier gas could yield MS? fragments; m/z 229
[kaempferol+H -CH,OH-CO]* and m/z 153 due to C-ring
degradation by fission of the 1,3 bond to produce the RDA
fragment [ A*] of the protonated molecule [51]. Peak 85
was identified as isorhamnetin-7-O-(611-O-acetyl) gluco-
side after acetyl and glucoside residues (206) were added
to isorhamnetin aglycone (315Da) with isotopic element
combinations.

3.3.2.2Flavanones Five chromatographic peaks (45, 52, 62,
65, and 71) from B. pilosa ethanol and water extracts were
considered with flavanone skeletons. Flavanones usually

occur as O-mono- or O-diglycosides derivatives having
glucose or rutinose sugars bound to the aglycone hydroxyl
group, mostly at C-7. However, peaks 45 and 71, eluting at
11.80 and 15.20 min in the ethanol extract, were identified
to be (S) eriodictyol-6-C-b-D-glucopyranoside. Addition-
ally, peak 52 was identified to be (R) eriodictyol-6-C-b-
D-glucopyranoside in the water extract of B. pilosa. They
exhibited a C-linked glucose conjugation at m/z 329 [M-H-
120]. The aglycone ion at m/z 287 [eriodictoyl-H]-, corre-
sponds to eriodictyol associated with characteristic ions m/z
179 [“B7], 149 [0,2 A- H,0]-, 161 [**B-] and 135 [eriodic-
tyol -H- 151("* A7)]™, due to retrocyclization fission of the
C-ring [51]. The loss of m/z 287 Da from m/z 449.1 yields
m/z 162 Da of glucose. Peak 62 of the [M-H]™ ion at m/z
609.1 was identified as eriodictyol-7-O-glucuronylrhamno-
side. The ion at m/z 463 was formed after the loss of the
rhamnosyl moiety (146Da). The ion at m/z 463 represents
eriodictyol-7-O-glucuronide, which is represented at peak
65 [52].

3.3.2.3 Flavones Two flavone peaks were detected and
characterised (peaks 91 and 96). In the UV spectrum, max-
ima at 269, 344, and 258 nm are characteristic of flavones
with two hydroxyl groups in ring B. Peak 91 was identi-
fied as tricin-7-O-rutinoside in both positive and nega-
tive ion mode. The MS? fragments 471 [M-H- 166]~, 329
[M-H-rutinoside]~, 307 [M-H- tricin]~, (rutinoside) and m/z
299, 163, 145, 119, and 314 (fragment ions of tricin) were
formed. Peak 96 corresponded to that of tricin-4-O-methyl;
329 [M-H-CH;]™ as major fragment ions compared with
database search (Metlin).

3.3.2.4 Flavan-3-ol Peaks 113 and 114 were identified as
procyanidin A-type dimer having a sequence of two ste-
reoisomers: catechin and epicatechin flavan-3-ols, respec-
tively. Thus, peak 113 was identified to be catechin-catechin
while peak 114 was identified as (epi)catechin-(epi)catechin
because the order of hydrophobicity was (-/+)-epicatechin
and (-/+)-catechin in the reversed-phase UHPLC. The
collision-induced dissociation (CID) of the precursor ions
generated fragments like 135 [epicatechin-152]", 489 [epi-
catechin+203]", 531 [epicatechin+245], 287 [M-H-epicat-
echin], and 151 [epicatechin-135]", which were consistent
with that of the standard’s mass spectra. The fragments m/z
151 and 135 are from RDA fragmentation showing (+)-cate-
chin or (-)-epicatechin). The ion m/z 245 ([catechin -H-44]-,
loss of CO,), m/z 205 ([catechin -H-84]", loss of flavonoid
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Aring), and m/z 179 (IM-H-110]", loss of flavonoid B ring)
[52].

3.3.3 Stilbenes

Stilbene monomer; piceatannol (m/z 243/245), peaks 11, 59,
88, 90, and 92, was identified with MS? major fragments
m/z 225 [M —H — 18], arising from the loss of a water mol-
ecule, and at m/z 201 or 203 [M—H —42] and 159 or 161
[M—H—-42—-42]" due to successive losses of C,H,0O (two
ketene molecules) [52].

3.3.4 Coumarins and Furanocoumarins

Coumarins and furanocoumarins were detected at peaks 1,2,
4,5,7,9,13,28,30,36,44, and 125. Most of which exhibited
UV A at 274 nm, characteristic of coumarin UV absorp-
tions. The [M-H]~ ion at m/z 175.1 (peak 30) with MS? of
characteristic ion m/z 131 [M-H-CO,]™ was identified to be
that of the simple coumarin, esculetin. Its derivatives were
identified at peaks 1 (its methyl derivative), 5, 7, 13, and that
of umbelliferone (hydroxyl coumarin) (peaks 36 and 44).
Two hydrogenated furanocoumarin isomers were detected
in both extracts (peaks 2 and 28). Peak 2 was tentatively
identified as hydrogenated xanthotoxin (hydro psoralen)
with an MS? of characteristic ion m/z 192 [M+H-CO]" and
175 [M +H-CO,]". It is the derivative of dimethyl hydroxyl
that was identified at peak 4 and peak 29 for that of 8-gera-
nyloxypsoralen. Furthermore, Peak 9 was proposed to be a
5-methoxy-8-hydroxypsoralen dimer with a protonated ion,
m/z 465 [53]. The [M+H]" ion was shown at m/z 232. The
fragment at m/z 188 was formed from the RDA cleavage of
the furano ring, losing the C,H,O~ fragment ion. Further
loss of the acetylene (C,H, ™) in the lactone ring generated
the m/z 166 fragment [53]. Hydrogenated furanocoumarins
bergapten, was identified with the MS/MS fragments m/z
133 [M+H- C;H,0°+]*, 191 (formed from RDA cleavage
of the furano ring, which lost C,H,07). Further loss of the
acetylene (C,H,™") in the lactone ring generated the m/z 164
fragment [53].

3.3.5 Characterisation of Fatty Acids

Next to flavonoids and phenolic acids, fatty acids are the
third most abundant class of compounds in B. pilosa etha-
nol and water extracts. There are fourteen known fatty acid
peaks (117, 119, 121, 122, 124, 126, 127, 128, 129, 130,
131, 132, 135, and 136) and three unknown fatty acid peaks
(133, 134, and 137). Polyunsaturated and hydroxylated fatty
acids were the predominant forms. Peak 132 was identified
as linoleic acid. This was confirmed by its dimeric form at
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peak 129 and its fragmentation pattern, which is similar to
previous work [54]. Its hydroxylated form was represented
at peaks 121 and 128, while the acetylated derivative con-
jugate was formed at peak 130. Linoleic acid was found
in both extracts of B. pilosa analysed in this study. It is an
essential fatty acid that possesses anti-inflammatory prop-
erties by providing the building blocks for prostaglandins.
Several other hydroxylated fatty acids were also detected as
major peaks, and they showed extra loss of water molecules
[54]. They are known to possess antimicrobial and cytotoxic
activities [55]. The polyunsaturated fatty acids included
oxo-dihydroxydecanoic acid at peaks of 117 and 124, tri-
hydroxy-fatty acid, and trihydroxyoctadecadienoic acid
(peaks of 122 and 126), all found in the water extract. Tri-
hydroxyoctadecanoic acid showed main MS/MS fragments
at m/z 311 and 293 due to the subsequent loss of two water
molecules and the main fragment at m/z 211 due to the C15\
C16 bond cleavage [54]. Additionally, dihydroxy deriva-
tives of octadecanoic acid and dihydroxyoctadecanoic acid
were shown at peak 127. Besides, LC-MS revealed several
monohydroxy-fatty acid peaks, including hydroxyoctadeca-
noic acid (peak 131) and its dimeric form, at peaks 123 and
135. Tt also reveals its methyl dimer derivative, detected at
peak 136. Lastly, the saturated fatty acid, amino hexadec-
anediol, was identified at peak 119, in agreement with previ-
ous work [54].

3.3.6 Other Compounds (Carboxylic Acids, Amino Acids or
Alkaloids)

The fragmentation of the carboxylic acids occurred through
the release of one or two water (18 Da) and carbon diox-
ide (44 Da) molecules or both (62 Da), and is characterized
by the ion fragments [M — H-18]" and CO,, [M — H-44]",
or [M — H-62]". Six peaks were identified as quinic acid
or its derivatives (peaks 3, 12, 57, 59, 74, and 86). At m/z
191, quinic acid showed a deprotonated ion; [quinic-H]-.
According to Alakolanga et al. (2014) [56], the major char-
acteristic MS? fragment ion at m/z 127 corresponds to the
quinic acid residue; [quinic acid-CO-2H,0]. Compounds
in peaks 6 and 8, were identified as citric acid with major
MS? characteristic fragment m/z 173[citric-H-18]~. Com-
pound 26 was identified as an alkaloid of carboxylic acid.
Compound 26 showed a [M +H]* ion at m/z 188.0696. The
MS? fragment at m/z 146 was due to [M +H-CO,]* and m/z
118 [M+H-C,H,COOH]* and was tentatively identified as
trans-3-indoleacrylic acid which is consistent with the liter-
ature [54]. Amino acids were analysed from abundant frag-
ments of the protonated ions and their respective derivatives
resulting from either loss of H,O (—18 Da) yielding their
residue mass or loss of (H,O + CO) to give their immonium



Chemistry Africa (2023) 6:1767-1788 1781
Table 3 LOD and LOQ values calculated for standard phenolic compounds
No Name tr UV, ax m/z m/z MS/MS Regression equation  Linear R? LOD LOQ
(min)  (nm) (M-H)~ range mg/L  mg/L
mg/L
1 Catechin 8.7 278 289 289, 245,205,137, y=1163.4x 3.9-31.3 0999 1.7 5.8
109
Caffeic acid 9.4 300,322 179 179, 135 y=703.7x+20.9 3.9-31.3  1.000 2.9 9.5
3 Epicatechin 10.8 278 289 289, 245,205,137, y=1553.3x+938.1 39-313 0998 13 43
109
4 p-Coumaric 11.8 300,309 163 163, 119 y=625.1x —516.0 3.9-31.3  1.000 3.2 10.7
acid
5 Ferulic acid 134 300,322 193 193,179, 149, 134  y=487.8x —57.7 3.9-31.3 0997 4.1 13.7
6 Rutin 14.5 254,255, 609 609, 301 y=1155.5x+205.9 3.9-313 0998 1.7 5.8
354
7 Hesperidin 17.4 284,330 609 608, 301 y=610.4x+7.9 3.9-31.3 0994 33 11.0
8 Phloridzin 17.9 284 435 435,273, 167 y=1308.6x+1603.3 3.9-156 1.000 1.5 5.1

NB: Limit of detection (LOD), Limit of quantification (LOQ).

ions (—46 Da) [54]. Compound 16 was identified as phenyl-
alanine consistent with previous studies [54].

3.3.7 HPLC DAD and UPLC-QTOF-MS Quantitation of
Phenolic Compounds

The UV/vis absorptions, capable of distinguishing phenolic
subclasses, were considered a starting point for compound
quantification. Many aglycone standards have been used in
the process, even for the glycosylated forms, especially for
O-linked compounds, because their absorption coefficients
and the wavelengths of maximum absorption do not change
significantly with glycosylation, owing to the fact that gly-
cosidic and alkyl residues are poor chromophores [57]. For
C-linked glycosides, however, a new series of conjugated
bonds significantly alters the absorption spectra, making the
compound’s absorption different from the aglycone’s [57].
In this study, however, C-linked glycosides were not very
prevalent. Based on the qualitative analysis, five chemi-
cal markers, namely phenolic acids (caffeic acid (peak 2),
ferulic acid (peak 5), and coumaric acid (peak 4)), flavo-
nol (peak 6), dihydrochalcone (peak 8), flavanone (peak 7),
and flavano-3-ols (peak 1/3) were selected for simultaneous
quantitative determination. They were the most abundant
in the extracts. Based on the UV spectrum of the markers,
UV detection wavelengths were chosen. The phenolic acids
had the strongest UV absorption at 300, 309, and 322 nm,
whereas flavanones had UV absorption at 284, 330 nm,
flavonols at 254, 255, and 354 nm, dihydrochalcones at
284 nm, and finally flavan-3-ol at 278 nm.

Phenolic compounds were detectable and quantifiable in
the aqueous and ethanol extracts of B. pilosa (Table 2) and
sampled with a high degree of sensitivity, as indicated by
their limits of quantification and detection (Table 3). The lim-
its of detection and quantification observed, along with the
calculated recoveries, indicate this method’s suitability for

Other hydroxyl
compounds (Quinic
acid)

72

Fatty acids
18%

Coumarins &
furanocoumarins
17%

Flavonoids
6%

Fig. 4 Mean relative percentile of compound classes identified in the
water extract of Bidens pilosa. A total of 54 compounds were identified

profiling phenolic compounds from the samples analyzed.
The amount has been expressed as caffeic acid, ferulic acid,
coumaric acid, rutin catechin, epicatechin, and hesperidin
equivalents, and the names of other phenolic compounds are
used alternatively and reported in many papers.

3.3.8 Groups of Phytochemicals Identified in the Extracts
of B. pilosa

A total of 137 metabolites were annotated in the positive
and negative ESI modes of both solvent extracts (Figs. 4 and
5). The predominating classes were phenolic acids, flavo-
noids, fatty acids, coumarins and furanocoumarins, as well
as other hydroxyl compounds (Figs. 4 and 5). Among the
polyphenolic compounds, phenolic acids and their deriva-
tives were found to be the most abundant compounds in both
the water and 70% ethanoic extracts. However, far more
phenolic acids, both in bond and free forms, were detected
in the ethanol extracts than in the water extract. The phe-
nolic acids determined in the study were 1855.4+4.8 and
384.2+3.2 mg/L CAE/FAE/CoAE in the ethanol extract
and water extract, respectively. Flavonoids were the second
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Other hydroxyl
compounds (Quinic
acid)

7%

Fatty acids
9%

Coumarins &
furanocoumarins
9%

Fig. 5 Mean relative percentile of identified compound classes in the
70% ethanol extract of Bidens pilosa. A total of 101 compounds were
identified

most abundant compounds detected in the 70% ethanol
extract. Given the wide range of uses of B. pilosa around
the world, the abundance of flavonoids and phenolic acids
in the plant might be the basis of the health benefits, biologi-
cal activities, and other uses of B. pilosa.

Phenolic acids, including ester forms of hydroxybenzoic
and hydroxycinnamic acids, are major classes identified
and are estimated at 52% and 42% in water and 70%-etha-
nol extracts respectively. However, this percentile was
estimated with a total of 54 compounds identified in the
water and 101 identified in the ethanol extract. Hydroxy-
benzoic acids account for 28.57%, while hydroxycinnamic
acids make up 71.42% of the phenolic acids in the water
extract. The ethanol extract, on the other hand, has 11.62%
of hydroxybenzoic acids and 88.37% of hydroxycinnamic
acids. Phenolic acids have been reported to have quite a
number of beneficiary biological activities, such as anti-
diabetic, antiulcer, antioxidant, anticancer, antimicrobial,
antiaging, neuroprotection, hepatoprotection, and cardio-
protection [58]. The high content of phenolic acids in the
extracts of B. pilosa could be attributed to its medicinal
usage in traditional medicine.

Flavonoids are a class of polyphenolic compounds found
primarily in plants and provide health benefits through cell
signalling pathways. It could be used as an antioxidant
agent, phytoalexin, allopathic compound, and antimicro-
bial agent [59]. In this study, a total of 3 peaks (6%) of
flavonoids in the water extract and 33 peaks (33%) of fla-
vonoids in the 70% ethanol extract, belonging to the main
subclasses dihydroflavonol, flavonols, flavanones, flavones,
and flavan-3-ol, were tentatively characterized through their
characteristic UV spectra.

3.4 Cytotoxicity Using RTCA

The HepG2 (cancerous) and Vero (non-cancerous) cell lines
were used to measure the cytotoxic potential of the plant
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extracts using two different extraction solvents. The water
extract had no significant cytotoxic effect on the HepG2
and Vero cells when compared to the control cells (Figs.
6A and 7A). Interestingly, the lowest and highest concen-
trations of the water extract stimulated cell growth of the
Vero (non-cancerous cells). However, the ethanol extract
caused statistically significant toxicity to both cell lines
(Figs. 6B and 7B). The two highest concentrations (500 pg/
mL and 1000 pg/mL) were toxic to the HepG2 cells (Fig.
6B), whereas only the highest concentration (1000 pg/mL)
of the ethanol extract was cytotoxic to the Vero cells. How-
ever, at concentrations ranging from 31.25 pg/mL-500 pg/
mL, the Vero cell lines did not show progressive prolifera-
tion (Fig. 7B) compared to the control and 15.6 pg/mL. The
lowest concentration (15.6 pg/mL) of the water and ethanol
extracts thus stimulated cell growth of the Vero (non-can-
cerous) cells. An ECs, was calculated based on the cytotox-
icity caused by the ethanol extract to both cell lines (Table
4, Figs. 6 and 7).

4 Discussion

The use of medicinal plants in various capacities, includ-
ing disease treatment, pest and weed control in agricul-
ture, and consumption for nutritional benefit, is a common
practice among indigenous peoples and those living below
the poverty line. The shelf life of the plant product, how-
ever, is crucial to its effectiveness because it correlates to
the bioactivity of the phytochemicals [60]. Moisture, tem-
perature, and other environmental conditions influence the
shelf life of medicinal herbs. According to the study of Miil-
ler and Heindl (2006) [61], medicinal plant specimens are
best stored at a final moisture content (MC) not higher than
13%, relative humidity of less than 70%, and at 25 °C to
reduce the development of microorganisms such as bacteria,
fungi, and yeasts, as well as pest infestation. In this study,
the moisture content of B. pilosa was found to be 5.14%
when air-dried at room temperature. This indicates that the
plant could be air-dried until a constant mass to attain a safe
condition, especially if intended for consumption as a herbal
remedy or diet purposes. The potency of the phytochemicals
will also be at its optimal under the conditions stated above.

Plants are known to contain different metabolites, includ-
ing natural antioxidants, that help to protect and preserve
their metabolism as well as their physical integrity. A num-
ber of plant phytochemicals with antioxidant characteristics
have been identified, with examples including hydrosoluble
antioxidants such as phenolics, flavonoids, anthocyanins,
stilbene, and lignan, as well as liposoluble antioxidants such
as P-carotene, a-carotene, lycopene, lutein, zeaxanthin,
minerals, and vitamins [62]. Recent studies suggest that the
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Fig. 6 Growth curves (cell index) of HepG2 cells after exposure to a concentration range of Bidens pilosa extracts (A) water and (B) ethanol
extracts. The normalisation time point was 23 h. Error bars represent standard deviation

overproduction of reactive nitrogen species (RNS) and reac-
tive oxygen species (ROS), as well as hydroxyl radicals,
nitrosonium, hydrogen peroxide, nitroxyl anion, peroxyni-
trite, and superoxide, could be the leading causes of oxida-
tive stress. This could result in other pathogenic processes,
such as DNA damage and inflammatory diseases [63]. From
this point of view, compounds with molecules capable of
scavenging or reducing high ROS/RNS and free radicals
would be of health benefit in managing illnesses such as can-
cer, diabetes, heart disease, neurodegenerative diseases, and
ageing [58]. Bidens pilosa could offer these benefits because
of its high polyphenols (an antioxidant) ranging from 15.66
to 20.19 mg GAE/g in the water extract and from 30.86 to
32.52 mg GAE/g for the ethanol extract, with a subclass of
54% and 42% phenolic acid, respectively. The total amount
of total polyphenol estimated in this study is similar to the
study of Cortés-Rojas et al. (2013) [64] who estimated the
total polyphenol content of B. pilosa to be about 20 mg

GAE/g (leaves/flower samples), 18 mg GAE/g (stems sam-
ples) and less than 10 mg GAE/g (root samples) for ethanol
using water extraction solvent (62.7%, v/v) and ethanol:
water (70%, v/v) for samples collected at multiple locations
in Brazil [64]. Wu et al. (2013) [65], however, reported a
lesser amount of total phenolic (26.84 to 272.35 ng GAEs/
mg) and flavonoid content (5.65 to 524.51 pg PEs/mg) in
a 75% ethanol solvent extract of B. pilosa using a spectro-
photometry method. Singh et al. (2017) [66], also reported
the phenolic content of B. pilosa to be 72 pg GAE/mg dry
mass and total flavonoids of 123.3 pug QE/mg dry mass.
This might be a result of the differences in the geographical
locations, weather exposures of the plants, and analytical
equipment.

Spectrophotometric methods revealed the flavonol con-
tent, a subclass of flavonoids is 2.92 mg QE/g in the water
extract and 18.31 mg QE/g in the ethanol extract in the pres-
ent study. According to the developed UPLC-ESI-QTOF-MS
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Fig. 7 Growth curves (cell index) of Vero cells after exposure to a concentration range of Bidens pilosa (A) water and (B) ethanol extracts. The

normalisation time point was 26 h. Error bars represent standard deviation

Table 4 Effective concentrations (ECs,) of the plant extracts using 2
different solvents: water and ethanol using the HepG2 and Vero cells

HepG2 cells

ECs, (ng/mL) Cellular response  R®
Bidens pilosa  No value Non-cytotoxic
(water)
Bidens pilosa  1.7x107° Cytotoxic* 0.973
(70% ethanol)

Vero cells

ECs, (ng/mL) Cellular response  R®
Bidens pilosa  No value Non-cytotoxic
(water)
Bidens pilosa  1.7x107° Cytotoxic* 0.8370
(70% ethanol)

EC: effective concentration, R?: coefficient of determination

@ Springer

methods, flavonols were not detected in the water extracts,
but other subgroups of flavonoids such as dihydroflavonol,
flavanones, and flavones were found at 33% each. How-
ever, the flavonol in the ethanol extract was 78.78% of the
flavonoid content. Flavonoids and phenols are important
components of diets and medications due to their inherent
health-promoting properties, which include anti-oxidative,
anti-inflammatory, anti-mutagenic, anti-carcinogenic, anti-
microbial, and larvicidal properties [59]. Bidens pilosa has
been reported to be used in the treatment of various dis-
eases, including hyperglycemia [8], malaria [9], tumours
[10], and inflammation [12], which could be linked to the
high possession of flavonoids and phenols. The antioxidant
activities of the ethanol extracts are higher compared to
the water extract. According to this study, the peaks in the
ethanol extract are higher than in the water extract, with a
total of 101 peaks belonging to four main classes: phenolic
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acids, flavonoids, fatty acids, coumarins and furanocouma-
rins, as well as other hydroxyl compounds. The number of
flavonoids was relatively high, about six-fold more than that
which is present in the water extract. The antioxidant activ-
ity is both the individual and joint effect of the metabolites
in the plant sample. Our study reveals the antioxidant activi-
ties of the ethanol extracts are higher, indicating a higher
potency, and this correlates with the number of peaks or
phytochemicals. The antioxidant capabilities of different
solvent extractions of Severinia buxifolia were studied by
Truong et al. (2019) [67], and water extract was shown to
have the least activity, while ethanol was found to be the
second most active, after methanol.

Other classes of compounds with health benefits such as
coumarins and related compounds were also annotated in
the extract of B. pilosa. These compounds have become rel-
evant in recent years due to their various biological activi-
ties. Coumarins and related compounds in their natural or
synthetic forms have been reported to be used as antibiotics
[68], anti-inflammatory and antinociceptive [69], photoche-
motherapy and anti-HIV therapy [70], cancer and antioxi-
dant agents [71]. Aside from their medical use, coumarins
are also utilized in various industries, such as the cosmetic,
and agrochemical industries, as optical brightening agents,
laser dyes and dispersed fluorescent [70]. This study sug-
gests that B. pilosa could serve as a natural source of cou-
marins and furanocoumarins, with water solvent being a
more effective extractant than ethanol.

The cytotoxicity of the extract followed a similar trend
to the results of other assays in this study. Cytotoxicity is
a non-specific endpoint of toxicity and can be applied as
an early warning sign since it is a reflection of the toxic
response elicited by chemicals present in mixtures as in the
case of plant extracts [72] Cell death is reflected by a slow-
down in metabolic activity [34] and can be measured using
various viability assays. In this study, the cytotoxic poten-
tial of B. pilosa water and ethanol extracts were assessed
using different cell lines: HepG2 and Vero. Concentration-
dependent cytotoxicity was observed after exposure to the
ethanol extracts. The high concentrations of the ethanol
extracts were cytotoxic to both cell lines compared to the
water extracts rather than promoted cell proliferation — spe-
cifically of the Vero (non-cancerous) cells. The cytotoxicity
caused by the ethanol extract could be attributed to more
phytochemicals present in the ethanol extract, particularly
flavonoids when compared to the water extract. An extensive
investigation has been carried out with flavonoids against
various cancer cell lines such as breast, prostate, liver, lung,
melanoma, pancreas, and stomach., which proved effec-
tive against cancer cells, making flavonoids an anticancer
agent It has, however, been used as a chemoprevention
agent as well as a cancer treatment agent [73]. The same

observation was noted in the current study, where the fla-
vonoid-rich (ethanol) extract was responsible for killing the
HepG2 cancerous cells—but the Vero non-cancerous cells
were also killed after exposure to the ethanol extract. This
highlights the need to include different types of cell lines
for cytotoxicity assessment, especially in the application
to test chemicals for their anticancer abilities to ensure that
non-cancerous cells are not negatively affected. Phenolic
acids, for both solvents of extraction, are the highest anno-
tated class of compound. According toSaibabu et al. (2015)
[58], phenolic acids help in disease prevention and therapy
through cell growth promotion using their antioxidants and
anti-inflammatory properties [58] which is contrary to the
activity of flavonoids, particularly against cancerous cells.
This implies that flavonoids do not promote cell prolifera-
tion, unlike phenolic acids. The simulated growth observed
in the Vero cells after exposure to both types of extracts
(water and ethanol), could be ascribed to the presence of
phenolic compounds in the extracts. Although this might be
the case for the Vero cells, in contrast, the HepG2 cells did
not show simulated growth patterns. This observation in dif-
ferences in vulnerabilities between the types of cells is due
to genetic differences between the two cell lines [74].

The ECs, values determined in this study using the
xCELLigence technology are substantially lower compared
to previous studies where cytotoxicity of B. pilosa metha-
nolic extracts was determined using the MTT assay with
HepG?2 cell lines [66]. This difference could be attributed
to the increased sensitivity of the xCELLigence compared
to the MTT assay or the use of different solvents, i.e., we
used ethanol instead of methanol. In contrast to the absence
of ECy, values (no cytotoxicity observed) for the water
extracts in the current study, Abdel-Ghany et al. (2016) [75]
published ECs, of 1000 pg/ml after exposure of aqueous
extracts of B. pilosa to primary cell cultures (rat hepato-
cytes). These authors used primary cell cultures (short life
span) in contrast to the immortal cell lines used in the cur-
rent study. One should, however, keep in mind that the cells
are cultured in tissue culture dishes without the benefit of an
immune system and are merely indicative of toxicity poten-
tial. The results indicate the potential toxicity exhibited by
the ethanol extracts. These effects might be different when
whole organisms are used or exposed due to their defence
mechanisms.

5 Conclusion

This study is a comprehensive secondary metabolite
profiling and cytotoxicity that aims to provide chemi-
cal-based evidence for the health benefits of B. Pilosa.
The analytical methods used were HPLC-DAD and
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UHPLC-ESI-Q-TOF-MS, which enabled the separation as
well as annotation of 137 secondary metabolites, mainly
predominated by phenolic acids, flavonoids, and fatty acids.
The plant (ethanol extract) is cytotoxic but not poisonous,
as no potentially poisonous compound was identified. These
findings provide further evidence for the value of the plant
as a source of functional phytoconstituents and also explain
the impact of solvents of extraction (ethanol and water) on
the bioactivity of the plant.
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