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Abstract

Erythrina crista-galli L., a member of the Erythrina genus, is recognized for its high flavonoid content and
promising pharmacological potential. This study investigated the impact of different ultrasound-assisted extraction (UAE)
condition on the total flavonoid content (TFC) of E. crista-galli twig extract, and evaluated its antioxidant, cytotoxic, and
metabolite profiles. Antioxidant activity was determined using the DPPH free radical scavenging assay, while cytotoxicity
was assessed against MCF-7, HeLa, and A549 cancer cell lines using the MTT assay. Extraction using UAE with ethanol
as a solvent at 40° for 35 min and a mass-to-solvent ratio of 1:25 yielded the highest TFC at 37.69 mg QE/g extract. The
extract demonstrated strong antioxidant activity with an ICso of 54.80 + 0.26 pg/mL, and moderate cytotoxicity against
MCF-7 breast cancer cells (ICso = 194.6 pg/mL), but showed weak cytotoxicity against HeLa (ICso = 235.0 pg/mL) and
A549 cells (ICso = 410.3 pg/mL). Comprehensive metabolite profiling using LC-MS/MS identified 34 flavonoid
compounds in both positive and negative ion modes, representing the first comprehensive metabolite profile of E. crista-
galli twigs. These findings highlight the potential of E. crista-galli as a valuable natural source of bioactive flavonoids
for further therapeutic development, including in vivo testing and molecular target identification to validate the efficacy

and mechanism of action of these compounds.
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Introduction

Flavonoids are one of the plant-derived secondary
metabolites that have long been recognized for their
diverse = pharmacological  properties, including
antioxidant, antiviral, anti-inflammatory and anticancer
activities [1,2]. Flavonoids are a large group of naturally
occurring compounds found in plants with varying
structures. They are synthesized through the
phenylpropanoid metabolic pathway and accumulate in
the vacuoles of specific plant organs such as leaves and
fruits. Their main sources are fruits, vegetables, cocoa
and other sources [3,4]. Evidence has shown that these

secondary metabolites are able to neutralize free
radicals, which provides a preventive effect against
oxidative stress-related diseases such as cancer,
cardiovascular  disorders and neurodegenerative
conditions [5]. To date, flavonoids remain an attractive
subject for extensive research in drug discovery and
development due to their vast structural diversity and
biological activities [6].

Plants of genus Erythrina are widely known for
their ethnopharmacological use and wide range of
phytochemicals, including flavonoids [7]. Erythrina
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crista-galli, a plant species from genus Erythrina, is
widely distributed in South America and is known for
its traditional medicinal uses [8]. A number of
flavonoids have been isolated from parts of the plant,
including woods, leaves, stem bark, heartwood and
twigs. These flavonoids have been reported to exhibit
various biological activities, such as antimicrobial, anti-
inflammatory and antifungal properties [9], suggesting
the potential role of E. crista-galli as a source of
bioactive flavonoids for further investigation.

In natural product research, the extraction method
can influence the extraction yield, which consequently,
affect the bioactivity of the plant extract [10]. In terms
of extraction efficiency, ultrasound-assisted extraction
(UAE) has been proven to enhance the extraction yield
within a short period of time with less solvent required
[11]. The UAE disrupts cell walls through cavitation
effects, thereby facilitating the release of intracellular
compounds such as flavonoids [12]. This method is
particularly appealing due to its eco-friendly approach
compared to conventional techniques [13]. UAE has
been shown to significantly enhance the extraction
efficiency of bioactive compounds. For example, the use
of UAE increased the total flavonoid yield from Cassia
alata leaves by 24% compared to maceration, while
drastically reducing the extraction time to 5 min
compared to 2 h for maceration [14]. Similarly, another
study found that the ICsy value of methanol extract of
Passiflora seeds obtained using UAE (ICso 71.67
pg/mL) was stronger than that of methanol extract
obtained from maceration (ICso 144.90 ug/mL) [15].
These findings also highlight the effectiveness of UAE
in efficiently increasing the quantity and quality of
phytochemical recovery.

This study aims to investigate the effect of UAE
parameters, include solvent type (distilled water,
methanol, ethanol, acetone), extraction temperature (30
- 60 °C), extraction time (15 - 35 min), and mass-to-
solvent ratio (1:10 - 1:50), on the flavonoid content of
E. crista-galli twigs and to evaluate the antioxidant,
cytotoxic activity and metabolite profiling of the extract.
This comprehensive approach highlights the future
potential of E. crista-galli twigs as a valuable source of
bioactive flavonoids.

Materials and methods

Plant materials and reagents

The plant materials used in this study, consisting
of twigs of E. crista-galli L., was collected from Jalan
Sersan Bajuri, West Java, Indonesia. The species was
taxonomically identified by a botanist from the
Department of Agronomy, Faculty of Agriculture,
Universitas Padjadjaran, and a voucher specimen has
been deposited at the university herbarium under the
number 1020. The collected twigs were air-dried,
ground into a fine powder and 500 g of the powdered
material were used as the stock sample for extraction
using UAE.

All of the analytical-grade chemicals and reagents
utilized in this investigation came from reputable
vendors. As extraction solvents, distilled water,
methanol, ethanol and acetone were employed. The total
flavonoid content (TFC) assay used aluminum chloride
(AICl3), which was acquired from Sigma-Aldrich (St.
Louis, MO, USA). The standard for the calibration
curve in the TFC and antioxidant (DPPH) test was
quercetin (= 98%, Sigma-Aldrich, USA). We purchased
the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical from
Shanghai, China. The cytotoxicity examination was
conducted using the PrestoBlueTM Cell Viability
Reagent (Thermo Fisher Scientific, Waltham, MA,
USA). Merck (Germany) provided all of the solvents
needed for the LC-MS/MS analysis.

Total flavonoids content (TFC) determination

To prepare the extract for TFC analysis, UAE was
carried out using ultrasonic processor (Model LC 30 H),
frequency of 20 kHz and an ultrasonic input power of
500 W. For single-factor optimization, 4 solvents
(distilled water, methanol, ethanol and acetone) were
tested. The mass-to-solvent ratio was varied from 1:10
to 1:50, extraction temperatures from 30 to 50 °C, and
extraction times from 15 to 35 min. In each condition,
dried twig powder was mixed with solvent and subjected
to ultrasonic extraction. The extract was filtered and
evaporated using a rotary evaporator under reduced
pressure [13].

The TFC of each extract obtained using distilled
water, methanol, ethanol and acetone was quantified
using the aluminum chloride colorimetric method.
Briefly, the sample was mixed with 2% AICl; and the

mixture was allowed to stand for 30 min. The
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absorbance of the solution was then measured at a
wavelength of 435 nm using a UV spectrophotometer.
The calibration curve of quercetin was used as an
external standard, with the calibration curve showing
linearity within the concentration range of 2 to 6 ppm
(R?=10.9754). The TFC was expressed as milligrams of
quercetin equivalents per gram of extract (mg QE/g).
Each measurement was performed in triplicate [16].

Free radical scavenging assay

The DPPH assay was performed with some
modification, using quercetin as the standard. A solution
of 0.5 mg DPPH was prepared in 5 mL methanol and
stored in a dark bottle for 30 min. After incubation, the
solution was scanned at a wavelength of 515 nm using a
UV-Visible spectrophotometer. The quercetin standard
curve was generated using 5 distinct concentrations (2,
3,4, 5 and 6 ppm). Meanwhile, the ethanol extract of E.
crista-galli twigs was prepared using UAE. Dried E.
crista-galli twigs were extracted with ethanol at a mass-
to-solvent ratio of 1:25 at 40 °C for 35 min. Then,
extracts were prepared at 5 concentrations (25, 50, 75,
100 and 150 ppm) in methanol. For each extract
solution, 1.2 mL was added to a dark bottle along with
400 pL of DPPH solution. The mixtures were incubated
in the dark for 30 min, and their absorbance was
measured at 515 nm. All experiments were conducted in
triplicate. The scavenging potential of the extracts and
standard was calculated using the following formula
[17].

Inhibition of DPPH (%) = Abs”“‘:’;; AbSsample 100,
blank

where Abspiank is the absorbance of the DPPH solution
without sample and AbSsampie 1s the absorbance of the
DPPH solution mixed with the sample extract. The
percentage inhibition data obtained were then plotted in
a graph (x-axis = concentration and y-axis = percentage
inhibition) and analyzed using linear regression in
Microsoft Excel. The ICsy value represents the
concentration required to inhibit 50% of DPPH radicals,
this ICsp was obtained from the intersection of the
regression curve with the horizontal line at 50%
inhibition [18].

Cell culture and cytotoxicity MTT assay

The MCF-7 breast cancer cell (ATCC HTB-22),
A-549 lung cancer (CCL-185), and Hela cervical cancer
(ATCC CCL-2) were sourced from Sigma-Aldrich
(Merck). The MCF-7, A-549 and HeLa cells (3x10*
cells/em®) were treated with 1 mL Trypsin-EDTA,
incubated for 5 min, and transferred to media-filled
tubes. After centrifugation at 3,000 rpm for 5 min, the
pellet was resuspended in media and cultured in 96-well
plates, incubated at 37 °C with 5% CO: for 24 h. Extract
samples were dissolved in DMSO (dimethyl sulfoxide)
to obtain a 10 mg/mL stock solution, which was further
diluted in RPMI (Roswell Park Memorial Institute)
liquid culture medium. The final DMSO concentration
in all wells did not exceed 0.5% (v/v) to avoid solvent-
induced cytotoxicity. Each well received 100 pL of
sample or cisplatin (positive control) and was incubated
for another 24 h. Media was removed, and 100 pL of
10% PrestoBlue reagent in media was added. After 1 h
of incubation, absorbance was measured at 570 nm [19].
ICso was calculated as the concentration required to
inhibit 50% cell growth compared to the control, using
the same calculation method as the DPPH method.

LC-MS/MS qualitative screening

The extract from the twigs of E. crista-galli was
analyzed using LC/MS-QTOF to identify and quantify
its components, including secondary metabolites and
biomolecules [20]. The extract used for LC-MS/MS
analysis was prepared using UAE. Dried E. crista-galli
twigs were extracted with ethanol at a mass-to-solvent
ratio of 1:25 at 40 °C for 35 min. The LC/MS-QTOF
system employed in this study comprised an Agilent
1200 liquid chromatography system integrated with a
binary pump, vacuum degasser, autosampler, and a
6520-quadrupole time-of-flight mass spectrometer,
capable of operating in both positive and negative
ionization modes. Chromatographic separation was
conducted at 40°C using the following mobile phases:
(1) 0.1% formic acid in deionized water and (2) 0.1%
formic acid in acetonitrile for positive ionization mode.
For negative ionization mode, the mobile phases
consisted of (A) 0.1% ammonium formate in deionized
water and (B) acetonitrile. Each sample was analyzed
over a 30-min runtime, followed by a 2-min

equilibration under the same conditions before each
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injection. The sample injection volume was set to 2 puL,
with a mobile phase flow rate maintained at 0.25
mL/min. The mass spectrometer operated in positive
electrospray ionization (ESI) mode with optimized
parameters: A gas temperature of 325 °C, gas flow rate
of 11 L/min, and a nebulizer pressure of 35 psi. For
sample preparation, 100 mg of the extract was dissolved
in 10 mL of 90% ethanol to achieve a concentration of
10 mg/mL. The solution was stirred for 60 s to ensure
complete dissolution, then further diluted to a final
concentration of 1 mg/mL. Prior to analysis, all samples
were filtered using a syringe filter with a 0.22-pum pore
size [21].

Results and discussion

The effect of ultrasound-assisted extraction
condition on total flavonoids content

In ultrasound-assisted extraction (UAE), several
parameters influence the efficiency of flavonoid
recovery, including solvent polarity, temperature,
extraction time, and the mass-to-solvent ratio.
Therefore, single factor experiment was conducted to
evaluate the effect of these on total flavonoids content
of E. crista-galli twigs extract. Figure 1(A), show the
impact of various solvents, including acetone, ethanol,
methanol, and water, on TFC. Among these solvents,
ethanol exhibited the highest TFC value of 19.76 +
0.0064 mg QE/g, followed by water (12.9 £ 0.0144 mg
QE/g), methanol (6.34 £ 0.0101 mg QE/g), and acetone,
which recorded the lowest TFC value at 2.17+ 0.033 mg
QE/g. For the next parameters (temperature, time and
mass-to-solvent ratio) were carried out using ethanol,
which has been identified as the most effective solvent
in previous experiments (Figure 1(A)). In terms of
extraction temperature, our experiment revealed that

increasing the temperature from 30 to 40 °C resulted in

increasing the TFC from 12.34 + 0.0067 mg QE/g to
30.98 £ 0.005 mg QE/g, but the TFC dropped to 12.88
+ 0.005 when the extraction temperature used was 50 °C
(Figure 1(B)). This observation may be attributed to the
heat sensitivity of flavonoids, as temperatures above 40
°C may cause the degradation of thermolabile flavonoid
compounds [22].

The effect of extraction time (5 - 35 min) on the
total flavonoid yield is shown in Figure 1(C). The yield
increased as the extraction time was extended from 15
to 35 min. In terms of the effect of mass to solvent ratio,
our finding revealed that the extraction yield of total
flavonoids increased with the mass-to-solvent ratio and
reached a maximum value at 1:25. However, the yield
decreased when the mass-to-solvent ratio increased to
1:50 (Figure 1(D)). This is likely because adding more
solvent increased the amounts of dissolved impurities,
thereby reducing the concentration of flavonoids in the
solution. Moreover, it is important to note that the
aluminum chloride colorimetric method used for TFC
determination may be affected by other phenolic or
chelating compounds present in crude plant extracts,
which can form complexes with AICl; and interfere with
absorbance readings. These potential interferences may
lead to an underestimation or overestimation of actual
flavonoid content, especially in complex mixtures
[23,24].

Therefore, the TFC obtained under optimal
conditions (ethanol as a solvent at 40 °C for 35 min and
mass-to-solvent ratio of 1:25) was 37.69 mg QE/g
extract. This value significantly higher than the TFC
reported by other study from bark of E. variegate using
soxhlet extraction (2.26 mg QE/g extract) [25]. These
results indicate that UAE with appropriate parameters
enhances the release of flavonoid compound from the

twigs of E. crista-galli.
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Figure 1 The effect of each single factor on the extraction efficiency of the total flavonoids from E. crista-galli (A)
Solvent, (B) Time, (C) Temperature, (D) Mass-to-solvent ratio. For experiments (B), (C), and (D), ethanol was used as

the extraction solvent, based on the optimal result from (A).

Antioxidant and cytotoxicity activity of E.
crista-galli twigs extract

The optimized ethanol extract of E. crista-galli
twigs exhibited strong free radical scavenging activity
against DPPH, with an ICso value of 54.80 = 0.26
pg/mL, which falls within the strong activity range (ICso
= 50 - 100 pg/mL) based on previously reported
classifications [26]. This activity is significantly higher
than that of the n-hexane extract from E. crista-galli
twigs previously reported, which showed inactive
antioxidant activity (ICsp > 500 pg/mL), but slightly
stronger than ethyl acetate extract from E. crista-galli
twigs (ICso = 64.41 ng/mL) [27]. Although quercetin, as
a positive control, showed a much lower ICsy value of
8.16 = 0.05 ug/mL, the activity of this extract still has
biological significance and demonstrates antioxidant
potential worthy of further exploration.

The strong free radical scavenging activity of E.
crista-galli twig extract, suggesting its potential role as
an antioxidant with implications for cancer prevention
and treatment [28]. Excessive free radicals in the body
such as reactive oxygen species (ROS) can cause

damage to the cellular components, including the DNA

[29]. The damaged DNA can lead to genomic instability
which promotes mutation that activate oncogenesis or
inactivate tumor suppressor genes which eventually
leads to the formation of cancer cells [30]. Due to the
strong free radical scavenging activity of the E. crista-
galli twigs extract, these harmful effects caused by free
radicals could be minimized, therefore, the E. crista-
galli twigs extract may be potentially beneficial in
cancer prevention.

In addition to its antioxidant properties, cytotoxic
assay against 3 cancer cell lines revealed that the
optimized ethanol extract of E. crista-galli twigs
demonstrated moderate cytotoxic activity against the
MCEF-7 breast cancer cell line, with an ICsy value of
194.60 pg/mL. However, the extract displayed lower
cytotoxic activity against the HeLa cervical cancer cell
line and the A-549 lung cancer cell line with ICso of
235.0 and 410.3 pg/mL respectively. The selectivity
index (SI) was not determined in this study, as
cytotoxicity was only evaluated against cancer cell lines.
The absence of data from normal cells is a limitation,
and further studies are needed to evaluate the selectivity
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and safety profile of the extract by including normal cell
lines.

Metabolite profiling of flavonoid from E. crista-
galli twigs extract

The plant species belonging to the genus Erythrina
are known to be rich in secondary metabolites,
particularly flavonoids. These secondary metabolites are
of great interest due to their potential pharmacological
activities. Specifically, they may contribute to the
observed antioxidant and cytotoxic activity of the
optimized ethanol extract of E. crista-galli twigs. LC-
MS/MS is a powerful analytical technique widely
utilized in metabolite profiling for natural product
research [31]. This technique integrates the separation
capabilities of liquid chromatography, which resolves

metabolites based on their chemical properties, with the

detection power of tandem mass spectrometry, enables
researchers to elucidate the composition of secondary
metabolite within plant extracts [21].

LC-MS/MS analysis was performed both in
negative and positive ion mode to profile the secondary
metabolites within the ethanol extract, focusing
particularly on flavonoids with the structures shown in
Figure 2. Compound identification was carried out
using molecular formulas calculated from the mass
spectra, all with mass errors below 5 ppm. These
molecular formulas were subsequently compared with
previously reported Erythrina flavonoids found in the
literatures and supported by their fragmentation pattern
in MS/MS spectrum. This approach allows the tentative
identification of flavonoids in the ethanol extract of E.
crista-galli twigs which are comprised of C-glycoside

flavonoids and aglycon flavonoids (Table 1).

Table 1 Flavonoids identified in E. crista-galli twigs.

Molecular Mass error
RT m/z Compounds Biological source References
formula (ppm)
Negative ion mode
4.86 593.1506 C»7H30015 0.5 Vicenin-2 (1) E. abyssinica, E. caffra [32,33]
5.11 563.1395 Ca6H23014 0.6 Schaftoside (2) E. abyssinica [32]
5.23 461.1089 C2H2201 1.1 Diosmetin-6-C-glucoside (3) E. falcata [34]
5.59 431.0983 C21H20010 1.2 Isovitexin (4) E. crista-galli [35]
6.21 271.0607 Ci5H1205 0.4 7,3",4'-Trihydroxyflavanone (5)  E. livingstoniana [36]
6.44 271.0611 Ci5H1205 1.8 Naringenin (6) E. addisoniae [37]
5,7,4’-Trihydroxy-3’-
6.73 301.0722 CisH1406 3.3 E. latissima [38]
methoxyflavanone (7)
6.87 269.0459 Ci5H1005 3.3 Genistein (8) E. crista-galli [39]
7.61 253.0508 Ci5H1004 0.7 Daidzein (9) E. crista-galli [39]
4'-Hydroxy-5,7- ) B
7.94 283.0605 CisH120s 0.4 . ) E. mildbraedii [40]
dimethoxyisoflavone (10)
5,7,4’-Trihydroxy-3’-
8.15 285.0758 CisH1406 1.8 E. latissima [38]
methoxyflavanone (11)
8.22 355.1185 C20H2006 0.8 Sigmoidin B (12) E. abyssinica [41]
8.59 269.0446 CisHi00s 1.5 Apigenin (13) E. crista-galli [35]
9.25 255.0656 CisHi1204 0.4 Liquiritigenin (14) E. fusca [42]
9.98 369.1329 C21H2206 2.4 Eryvarin A (15) E. poeppigiana [43]
10.49  337.1082 C20H 305 1.8 Citflavanone (16) E. crista-galli [27]
10.83  321.1129 C20H 1804 0.6 Phaseollin (17) E. crista-galli [44]
11.01  323.1289 C20H2004 1.9 Phaseollidin (18) E. crista-galli [45]




Trends Sci. 2026; 23(1): 11209

7 of 18

RT m/z Molecular Mass error Compounds Biological source References
formula (ppm)
11.38  335.0927 C20Hi60s 2.4 Alpinumisoflavone (19) E. poeppigiana [46]
11.63  337.1079 C20H 1305 0.9 Wighteone (20) E. fusca [47]
12.17  421.1652 CasH2606 0.2 Isolupalbigenin (21) E. subumbrans [48]
13.57  407.1867 CasH2305 2.2 Lonchocarpol A (22) E. crista-galli [27]
13.82  405.1702 Ca5H2605 1.2 6,8-Diprenylgenistein (23) E. crista-galli [44]
Positive ion mode
9.49 355.1533 C21H2,0:5 34 1-Methoxy phaseollidin (24) E. vogelii [49]
9.63 341.1381 C20H2005 2.3 3'-Prenylnaringenin (25) E. abyssinica [41]
9.74 299.0927 C17H1405 2.7 Erysubin C (26) E. suberosa [50]
9.99 315.0877 Ci17H1406 2.5 Eryvarin P (27) E. variegata [51]
11.34  337.1429 C21H2004 33 Eryvarin D (28) E. abyssinica [52]
11.75  321.1136 C20H 1604 2.8 Corylin (29) E. sacleuxii [53]
1242 4092011  CasHasOs 1 lzl'y(gr’oXypha;jll?;?;h{;;lyl)'6a' E. crista-galli [45]
13.41 393.2072 C25H2304 1.5 Glabrol (31) E. subumbrans [54]
13.53  405.2058 Ca6H28014 2 Schaftoside (32) E. abyssinica [32]
14.19  421.1661 C25H2406 2.4 Eryvarin G (33) E. variegata [55]
15.11 405.1701 C25H240s5 0.2 Warangalone (34) E. variegata [56]

The 1% C-glycoside flavonoid awas detected at RT
of 4.86 min with m/z value of 593.1502 (calculated for
C27H29015 [M-H], mass error = 0.5 ppm) (Figure 2).
The fragmentation pattern in MS/MS spectrum revealed
the presence of characteristic fragments of C-
glycosylated flavonoids including peak at m/z 503
(1.52%) and 473 (12.3%) which correspond to **X and
02X cross-ring cleavage of the
respectively. Additional fragment at m/z 383 (27.4%)

and 353 (54%) suggested the presence of the second

sugar moiety

sugar unit, also correspond to **X and %2X cross-ring

fragmentation. The molecular formula and observed

fragmentation pattern are consistent with the previously
reported spectra for vicenin-2 (1) which previously
identified from E. abyssinica and E. caffra [32,33]. This
vicenin-2 (1) is reported to have good DPPH radical
scavenging capacity, with an ICso value for DPPH
inhibition of 194.44 puM [57]. Vicenin-2 showed the
highest cytotoxic activity against HepG-2 liver cancer
cells, with an ICso value of 14.38 pg/mL, based on the
MTT assay. Molecular docking also showed that
vicenin-2 (1) has a high affinity for topoisomerase Ila
and cyclin-dependent kinase 2 (CDK2) enzymes, 2

important targets in cancer cell proliferation [58].
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Figure 2 MS (A) and MS/MS (B) Spectrum on the RT of 4.86 min.

The mass spectrum at RT 5.11 min revealed the
563.1395,

corresponding to molecular formula of C,6H27014 (mass

presence of molecular ion at m/z
error = 0.6 ppm). The molecular formula is consistent
with that of schaftoside (2) which have been previously
reported from E. abyssinica [32]. This tentative
identification is supported by the presence of fragment
at m/z 473 (4.3%), corresponding to the [M-H-90]" ion,
which is formed by %*X cross-ring cleavage of a hexose
group or 0,2X cross-ring cleavage of a pentose group.
The signal at m/z 443 (5.9%) represents the [M-H-120]"
fragment, generated from %2X cross-ring cleavage of a

hexose group. The signal at m/z 383 (27.9%) is the [M-

H-90-90] fragment, which may result from °®2X cross-
ring cleavage of a pentose or %*X cross-ring cleavage of
a hexose. The signal at m/z 353 (46.2%) is the [M-H-90-
1201 fragment from %2X cross-ring cleavage of a
hexose group, while the signal at m/z 297 (10.7%) is
formed by the loss of 2CO from the [M-H-90-120]"
fragment (Figure 3). Based on previous studies,
schaftoside is known to have moderate antioxidant
activity (ICso =205 uM) and contributes significantly to
the total antioxidant activity of Silene repens [59].
Schaftoside also has low cytotoxic activity against
MCEF-7 breast cancer cells with an ICso of 182.09 pg/mL
in the MTT assay [60].
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Figure 3 MS (A) and MS/MS (B) Spectrum on the RT of 5.11 min.

In addition to C-glycosylated flavonoids, a
number of aglycon flavonoids were also identified.
Mass spectrum analysis at the RT of 6.44 min revealed
the presence of molecular ion at m/z 271.0611
corresponding to molecular formula of C;sH;;0s (mass
error = 1.8). The molecular is consistent with that of
naringenin (6) that have been previously isolated from
E. addisoniae [37]. The tentative identification is further
supported by the MS/MS spectrum (Figure 4) which
revealed the presence [M-H-CsHsO]™ ion at m/z 151

(63.1%) which is formed via retro-Diels-Alder cleavage

of the C-ring, m/z 165 (100%) which is formed by
retrocyclization of the C ring, m/z 243 (2.5%) for [M-H-
CO]J [61]. Naringenin (6) can reduce the production of
oxygen free radicals, which play a central role in
oxidative stress and cell damage, with an ICso (DPPH)
value of 264.44 puM [62,63]. Naringenin (6) has been
reported to have cytotoxic activity against MCF-7 breast
cancer cells by reducing glucose uptake and disrupting
growth signaling pathways (PI3K/Akt and MAPK),

which then slows down the rate of proliferation [64].
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Figure 4 MS (A) and MS/MS Spectrum on the RT of 6.44.

At the RT 6.87 min, a peak was observed at m/z
269.0453 with the molecular formula C;sH9Os and a
mass error of 2.6 ppm. Comparison with literature data
indicates that this compound shares the same molecular
formula as genistein (8). Further analysis of the MS/MS
spectrum revealed characteristic fragment ions of
genistein (8), including a peak at m/z 151 (24.2%)
corresponding to the [M-H-CgHsO]  ion, which is
formed via retro-Diels-Alder cleavage of the C-ring.
Additional fragments observed were [M-H-H,O-2CO]~
at m/z 195 (31.0%) and [M-H-H,O-2CO-CO]" at m/z
167 (100%) (Figure 5). A previous report that isolated

genistein (8) from the twigs of E. crista-galli [39]
further supports this tentative identification. Based on
previous study, genistein (8) exhibit good antioxidant
activity in several aspects. Genistein (8) has been
reported to show 22% scavenging of superoxide anion
radicals, despite having weak DPPH radical scavenging
activity [65]. In addition, genistein (8) has been reported
to have cytotoxic activity through several mechanisms
that affect cancer cell growth and death, namely by
inhibiting proliferation, increasing the rate of cancer cell
death (apoptosis), and reducing the activation of Akt and
NF-kB [66].
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Figure 5 MS (A) and MS/MS (B) Spectrum on the RT of 6.87 min.

Mass spectrum analysis at RT 7.61 min revealed
the presence of molecular ion at m/z of 253.0508,
corresponding to CisHoO4 (mass error = 0.7 ppm). The
molecular formula is consistent with daidzein (9), which
was previously isolated from E. crista-galli. This
tentative identification is further supported by analysis
of the MS/MS spectrum (Figure 6) which revealed the
presence of fragment ion at m/z of 135 (7.9%), attributed
to the [M-H-CgHsO]™ ion from the retro-Diels-Alder
cleavage of the C-ring. Additional fragments are
including [M-H-CO™ at m/z 225 (5.2%), [M-H-CO,] ™ at
m/z 209 (2.5%), and [M-H-2CO]™ at m/z 197 (12.3%)

(Figure 6). These fragmentation patterns are consistent
with previously reported MS/MS data for daidzein (9)
[67,68]. Daidzein (9) has antioxidant activity by
capturing free radicals and inhibiting lipid oxidation in
cell membranes. In H411E hepatoma cells, a daidzein (9)
concentration of 300 uM produces the maximum effect
on antioxidant enzyme expression. Additionally, this
compound demonstrates anticancer activity through
various mechanisms, including apoptosis induction, cell
cycle arrest, inhibition of invasion and metastasis, and

modulation of molecular signaling pathways [69].
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Figure 6 MS (A) and MS/MS (B) Spectrum on the RT of 7.61 min.

The LC-MS/MS metabolite profiling in this study
successfully identified 34 dominant peaks, comprising
23 compounds in negative ion mode and 11 compounds
in positive ion mode. Among the flavonoids identified,
compounds such as isovitexin (4), genistein (8),
daidzein (9), apigenin (13), citflavanone (16), phaseollin
(17), phaseollidin (18), lonchocarpol A (22), and 6,8-
diprenylgenistein (23) had been previously reported in
E. crista-galli or other Erythrina species, corroborating
earlier findings [27,35,42,44]. However, the present
study expands on these findings by using UAE to
recover both major and minor flavonoids efficiently
under green chemistry principles [35].

Compared to previous studies reported moderate
antioxidant activity of selected flavanones with ICsg
value of 548.72 in the moderate category [27], our
ethanol extract exhibited stronger DPPH scavenging
activity (ICsp = 54.8 ug/mL), suggesting that UAE
conditions enhanced the recovery of antioxidant-active
constituents. Furthermore, another study temporarily
demonstrated anticancer potential of isolated flavonoids
via in silico studies targeting CDK-2 [44], our extract
showed moderate in vitro cytotoxicity against MCF-7
cells (ICso = 194.6 pg/mL), which aligns with the

predicted bioactivity of compounds such as phaseollin
(17) and 6,8-diprenylgenistein (23).

In contrast, other study has reported strong
cytotoxicity (ICso = 31.62 pg/mL) of a purified
isolupalbigenin (21) isolated from E. subumbrans,
which was confirmed through molecular docking and
dynamics against estrogen receptor o [48]. The lower
potency observed in our crude extract is most likely due
to the complex mixture of metabolites, where
synergistic or antagonistic interactions may affect
bioactivity. However, in this study, isolupalbigenin (21)
was detected as part of the crude extract using LC-
MS/MS and was not isolated or tested individually.
Further research is needed to isolate this compound and
evaluate its specific contribution to the observed
bioactivity. Nevertheless, our results are superior to
other studies, who reported ICso > 1,000 pg/mL for the
methanolic twig extract of E. crista-galli [35],
indicating that extraction using UAE significantly
preserves the stability of bioactive compounds.

The bioactivity of flavonoids in E. crista-galli
extracts can be attributed to their specific structural
features. In general, hydroxyl groups, particularly at the
5,7, and 4’ position in flavonoid structure, play a crucial
role in antioxidant activity by donating hydrogen atoms
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to neutralize free radicals. Compounds such as apigenin
(13) and naringenin (6), which possess these groups, are
known for their effective DPPH radical scavenging
activity [70]. In contrast, prenylation, as observed in 6,8-
diprenylgenistein (23) and alpinumisoflavone (19),
enhances cytotoxic activity by increasing lipophilicity
and cellular uptake, facilitating stronger interaction with

intracellular targets such as kinases or estrogen
receptors [71]. Prenylated flavonoids have been shown
to disrupt cancer cell proliferation pathways more
effectively than their non-prenylated analogs [72]. Thus,
the moderate cytotoxicity observed against MCF-7 cells
may be partly attributed to the presence of these
prenylated flavonoids in the extract.
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Figure 7 Structures 34 flavonoids from LC-MS/MS analysis of ethanol extract of E. crista-galli twigs in negative and
positive ion modes. Compound identification was based on comparison with data reported in the literature, as listed in
Table 1.
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Conclusions

The ultrasound-assisted extraction (UAE) process
for flavonoids from E. crista-galli L. twigs with
evaluation results using ethanol as a solvent at 40 °C for
35 min and a mass-to-solvent ratio of 1:25 resulted in a
total flavonoid content of 37.6947 mg QE/g. The ethanol
extract showed significant biological activity, including
strong antioxidant properties with an ICsy of 54.80 +
0.26 pg/mL. It demonstrated moderate cytotoxicity
against MCF-7 breast cancer cells (ICsp = 194.60
png/mL) and weak toxicity against HeLa cervical cancer
and A-549 lung cancer cells, with ICsy values of 235.0
and 410.3 pg/mL, respectively. Furthermore, LC-
MS/MS analysis confirmed the presence of bioactive
flavonoids, supporting the therapeutic potential of E.

crista-galli as a natural source of bioactive compounds.
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