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ARTICLE INFO ABSTRACT
Keywords: Introduction: Wild cabbage (Trachyandra ciliata) is one of the understudied, wild, edible halophytes from South
Acetylcholine Africa. Although its edibility has recently been validated, its therapeutic potential was yet to be explored. This

Alzheimer’s disease

e research was carried out to profile and characterise the phytochemical content of T. ciliata extracts and evaluate
Bioactive compounds

its potential as a therapeutic agent for cancer, acetylcholinesterase (AChE) inhibition and reactive oxygen species

gzzf:;ﬁ a (ROS) scavenging in the liver.

Halophytes Methods: Cuttings of T. ciliata were grown under 0, 50, 100, 150, and 200 mM salinity concentrations. The ultra-
Liver disorders high-performance liquid chromatography mass spectrometry (UHPLC-MS) was employed to quantify and char-
Salinity acterise metabolites in leaves, roots, and flower buds of T. ciliata. The yellow dye 3-(4,5-dimethyltiazol-2yl)-2,5-

diphenyl tetrazolium bromide (MTT), Ellman’s colourimetric method, and the 2',7-dichlorodihydrofluorescein
diacetate assay (HoDCF-DA) were respectively employed to evaluate cytotoxicity, AChE antagonism, and ROS
scavenging of the extracts of T. ciliata.

Results: A total of 71 compounds were observed, which were grouped into flavonoids, anthocyanins, alkaloids,
nucleobase, nucleosides/tide, saccharides, fatty acids, amino acids, and coumarins. A concentration of 1 mg/mL
of extracts of T. ciliata flower buds prepared from plants grown at 0 mM and 100 mM salinity, showed strong
cytotoxicity to cancer cells, however, the extracts also had moderate and weak cytotoxicity to non-cancer cells.
All extracts inhibited AChE activity. Moreover, ROS scavenging was mainly observed primarily in the extracts of
leaves from plants grown at all salinities, and in the extract of roots from plants grown at 0 mM salinity
treatment.

Conclusion: A maiden documentation of anticancer, acetylcholinesterase inhibition, and ROS scavenging activity
of crude extracts of T. ciliata was achieved in this study. These findings suggest that T. ciliata could be a potential
therapeutic agent for the treatment of cancer, Alzheimer’s disease, and liver disorders, amidst the quest to
develop more plant-based pharmaceuticals for the treatment of chronic diseases.
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1. Introduction

Chronic diseases are distinguished by their non-infectious nature,
numerous risk factors, extended development period, extended tempo-
ral course of development, functional damage or disability, and incur-
ability (Piovani et al., 2022; Abdullahi et al., 2025). Annually, chronic
diseases are accountable for over 41 million deaths, which constitute 74
% of all fatalities worldwide, while millions more people live with
non-communicable diseases (NCDs), and have a reduced quality of life
(Piovani et al., 2022). Chronic diseases that cause significant death and
disability include neurological and mental health disorders, cancer,
cardiovascular diseases, diabetes, substance abuse-induced liver disor-
ders, and gastrointestinal disorders, among others (Babashahi et al.,
2021; Chen et al., 2025).

The distress and severity of cancer especially at advanced stage
makes it a significant global health issue, accounting for the second
highest cause of deaths in the current millennium, with more than 10
million deaths reported in 2020 (Lucero-Prisno et al., 2023; Mohammed
et al., 2023). As a result, one of the Sustainable Development Goals for
lowering early mortality from non-communicable diseases is to reduce
cancer mortality (Lucero-Prisno et al., 2023). Conventional cancer
treatment includes surgery, chemotherapy, immunotherapy, and
radiotherapy, all of which have limitations and accompanying compli-
cations, such as myelosuppression, gastrointestinal discomfort, liver and
kidney toxicity, and heart damage (Venkatachalapathy et al., 2021;
Zafar et al., 2025). The use of plant-based approaches is gaining popu-
larity because they offer a potential complementary or alternative op-
tion, with some showing promise in lowering cancer risk or adverse
effects (Ferreira et al., 2022; Lee et al., 2024).

Alzheimer’s disease (AD), the most prevalent neurodegenerative
disorder and the cause of adult-onset cognitive impairment generally
termed dementia, is distinguished by a gradual loss of cognitive abilities
accompanied by behavioural symptoms such as psychosis, agitation,
depression, repetitive actions and uneven sleep patterns (Safiri et al.,
2024). A proper equilibrium of neurotransmitter systems, including
acetylcholine (ACh), is necessary for efficient cognitive function and AD
prevention (Chen et al., 2022; Yang et al., 2023). In persons suffering
from AD, acetylcholinesterase enzyme (AChE) is constantly located in
proximity to amyloid deposits, which might have a role in the synthesis
of amyloid proteins, which are characteristic of AD (Gajendra et al.,
2024; Huang et al., 2022). Thus, (AChEIs) have been used as the prin-
cipal treatment for dementia since the 1990s (Asghar et al., 2025;
Gajendra et al., 2024; Sogoni et al., 2025a). However, synthetic phar-
maceuticals that are commonly used to treat Alzheimer, such as done-
pezil, rivastigmine, and galantamine, can cause adverse effects, such as
reduced heart rate, gastrointestinal difficulties and subsequent
decreased appetite (De Oliveira et al., 2024; ALNasser et al., 2025).
Hence, natural compounds derived from edible plants, including halo-
phytes, have begun to gain recognition globally as promising AChE in-
hibitors, which could be employed as a therapeutic alternative for
Alzheimer treatment (ALNasser et al., 2025; Islam et al., 2024; Taqui
et al., 2022).

The liver is the primary biological producer of immune modulators,
plasma proteins, blood coagulation factors, and protease inhibitors,
while it also helps in the digestion and assimilation of nutrients from
food, medications, alcohols, and xenobiotics (Dicks, 2024; Schulze et al.,
2019). Liver disorders are often associated with excessive production of
reactive oxygen species (ROS), which can cause oxidative stress to liver
cells, proteins, and DNA (Lee et al., 2022). Therefore, it is crucial for
cellular defence systems to maintain redox homeostasis (Huete-Acevedo
et al., 2024; Sies, 2015). In recent years, the medicinal potential of plant
extracts with high antioxidant qualities has drawn more attention due to
the adverse effects presented by synthetic pharmaceuticals (Liu et al.,
2023). For instance, phytochemicals such as apigenin (flavanone),
peonidin (anthocyanin), adenosine (nucleoside), thioctic acid (carbox-
ylic acid), scopoletin (coumarin), among other plant-based compounds,
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have been reported to possess high ROS scavenging activities that may
be useful in the treatment or prevention of cardiovascular diseases (Liu
et al., 2023).

Natural products derived from herbal remedies, medicinal plants,
and functional foods, along with their constituents, have been utilised
for the treatment of various diseases, such as cancer, neurodegenerative
diseases, liver disorders, diabetes, and gastrointestinal diseases from
ancient times to the present day (Asong et al., 2019; Cock et al., 2021;
Gonfa et al., 2023; Kim et al., 2018). Notably, halophytes have been
utilised for medicinal purposes across different countries and have
demonstrated effectiveness in preventing and managing chronic dis-
eases that afflict modern societies (Mohammed et al., 2023). There is a
growing focus on these species due to their rich content of bioactive
compounds, including primary and secondary metabolites like phenolic
acids and their derivatives, polyunsaturated fatty acids, vitamins, fla-
vonoids, anthocyanins, alkaloids, nucleobases, saccharides, amino
acids, and coumarins, amongst others (Ferreira et al., 2022; Lee et al.,
2024). Despite the increasing global interest in exploring the medicinal
properties of halophytes in recent years, South African halophytes have
largely been underutilized as potential agents in the amelioration of
chronic diseases (Cock, 2015; Sogoni et al., 2025b).

The edible plant, wild cabbage (Trachyandra ciliata) is one of the
lesser-studied halophytes from South Africa (Ngxabi et al., 2024). A
recent study by Ngxabi et al. (2025) validated its edibility and reported
that salinity improved its nutritional composition and antioxidant ca-
pacity. However, its chemical constituents and pharmacological poten-
tial remained undocumented. The flower buds of T. ciliata are edible and
were historically consumed as a vegetable by the Khoi-San people who
inhabited the coastal areas of the Western Cape region of South Africa
(De Vynck et al., 2016; Ngxabi et al., 2024). Although the edibility of
flower buds was reported recently (Ngxabi et al., 2025), it is crucial to
explore other plant parts for potential therapeutic properties to maxi-
mize their use and promote their medicinal importance. There are
currently no studies in the literature that have characterized diverse
compounds of this plant and explored the biological activity of its crude
extracts. Thus, for the first time, this research was carried out to profile
and characterize the phytochemical content of T. ciliata extracts and
evaluate its pharmacological potential for cancer management, acetyl-
cholinesterase inhibition and ROS scavenging in the liver.

2. Materials and methods
2.1. Greenhouse experimental design

The experiment was conducted at the greenhouse nursery at the
Bellville campus of the Cape Peninsula University of Technology, in
Cape Town, South Africa. The greenhouse conditions and propagation
procedures were identical to those described in Ngxabi et al. (2025).
Trachyandra ciliata was identified by Prof. Charles Laubscher and allo-
cated a voucher number 6163 at the Cape Peninsula University of
Technology Herbarium, Bellville. The plant material was obtained from
the nursery of the Cape Peninsula University of Technology, Bellville
campus. Plants were subsequently grown under five salinities with
concentrations of 0, 50, 100, 150, or 200 mM NaCl. Following 15 weeks
of growth under saline conditions, leaves, roots, and flower buds were
harvested, dried, and ground for extraction and further analyses. Higher
salinity concentrations (150 and 200 mM NacCl) did not produce any
flower buds, due to oxidative stress caused by NaCl (Ngxabi et al., 2025).

2.2. Extraction protocol

The extraction was carried out using a method outlined by Jimoh
et al. (2024). Briefly, 10 g of pulverized plant material was weighed and
added to 200 mL 70 % ethanol in a round bottom flask. After two days of
vigorous shaking at 120 rpm (rpm) on an orbital shaker (Orbital Incu-
bator Shaker, Gallenkamp), the mixture was vacuum-filtered through



S. Ngxabi et al.

RC

RT1

RT2

RT3

Positive ionization mode

Base peak chromatogram, m/z: 0.0000 - 1499.2277
Selected scan #1119, RT: 7.97, base peak: 242.2850 m/z, IC: 4.6E4

% 6.0E4 !
242.2850

326.3780

275.9939
219.1756

325.1133 J
) N WO |

ELLALL

2.00 4.00 6.00 8.00
Retention time

10.00 12.00

— LCMS_231113_1AUTOAFAMM.raw

Base peak chromatogram, m/z: 0.0000 - 1499.2277
Selected scan #1118, RT: 7.98, base peak: 242.2854 m/z, IC: 3.0E4

14.00

2.0E5
1.8E5

=
o
m
v

intensi

1.2E5

1.0E5

:
]
|
{
i
|
i
|
i
i

1.4E5 t
|
H
{
i
E

8.0E4 | i

i
i
i

Base peak

6.0E4

'
4.0E4 2621854777“2331“777777

275.0038 325.1135

S ol

2.0E4 1

Ji M

IOTTUST

628.3750

0.0E0

2.00 4.00 6.00 8.00

Retention time

10.00 12.00
— LCMS_231113_2AUTOAFAMM.raw

Base peak chromatogram, m/z: 0.0000 - 1499.2277
Selected scan #1119, RT: 8.00, base peak: 242.2855 miz, IC: 3.0E4

14.00

T
i
i
I
|
i
I
i
i
|
|
$ 145 +
i
'
|
i
|
i
i
I
i
|
|

! 420

242};355
MAn l

275.9030 325.1136

. o)

IOTTUSY

13104
4

57.§501

2.00 4.00 6.00 8.00
Retention time

10.00

— LCMS_231113_3AUTOAFAMM.raw

Base peak chromatogram, m/z: 0.0000 - 1499.2277
Selected scan #1120, RT: 8.00, base peak: 242.2852 miz, IC: 3.5E4

12.00

14.00

-
N
m
o

2422852

326.3781
325.1134

275.9940 l
MNA

IUTTUT

628.3730

ol U
10.00

2.00 4.00 6.00 8.00
Retention time

12.00

— LCMS_231113_4AUTOAFAMM.raw

14.00

1.6E5
1.4E5

1.2€5

tensity

-
=)
m
o

8.0E4

6.0E4

Base peak in!

4.0E4

2.0E4

0.0E0

1.6E5

1.4€5

-
N
m
«

1.0E5
8.0E4

6.0E4

Base peak intensity

4.0E4

2.0E4

0.0E0

Phytomedicine Plus 5 (2025) 100908

Negative ionization mode
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Fig. 1. UHPLC-ESI-MS base peak chromatogram of T. ciliata leaves, roots, and flower bud extracts analysed in the ESI negative and positive modes.
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Fig. 1. (continued).
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Fig. 1. (continued).
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Fig. 1. (continued).

Whatman No. 1 filter paper in a Buchner funnel. The crude extract was
concentrated and dried by eliminating excess ethanol from the filtrate
using a rotary evaporator (Strike-202 Steroglass, Italy) set to 78 °C.

2.3. LC-MS analysis of phytochemicals

High-resolution ultra-performance liquid chromatograph mass
spectrometry (UPLC-MS) analysis was performed using a Waters Cyclic
select IMS quadrupole time-of-flight (QTOF) MS connected to a Waters
(UPLC) (Waters, Milford, MA, USA). Electrospray ionisation was used in
both negative and positive ion modes, with a cone voltage of 15V, a
desolvation temperature of 275 °C, a desolvation gas flow rate of 650 L/
h, and the remaining MS settings optimised for maximum resolution and
sensitivity. Data were collected by scanning from 150 to 1500 m/z in
both resolution and MSE modes. In MSE mode, two channels of MS data
were acquired: one at low collision energy (4 V) and the second using a
collision energy ramp (40-100 V) to obtain fragmentation data as well.
Leucine enkephalin was utilised as the lock mass (reference mass) for
precise mass determination, and the device was calibrated with sodium
formate. A Waters HSS T3 column (2.1 x 150 mm) was used for sepa-
ration. The injection volume was 2 pL, with the mobile phase consisting
of 0.1 % formic acid in water (solvent A) and acetonitrile containing 0.1
% formic acid (solvent B). The gradient began at 100 % solvent A for 0.5
min and progressed to 100 % B over 12 min in a linear fashion. It then
maintained 100 % B for 1 min, followed by a 0.1-minute wash step at
100 % B, before re-equilibrating to initial conditions until the 15th
minute. The flow rate was 0.35 mL/min, with the column temperature
kept at 55 °C.

MassLynx™ software version 4.1 (Waters, Milford, MA, USA) was
used to collect and process data. Data were converted from project files
(.PRO) to NetCDF files (CDF) in MassLynx™ using Databridge before
being imported into MZmine for analysis. To process the MS data, the
following variables were changed: m/z tolerance to 0.01 or 10 ppm, and
retention time tolerance to 0.1 min. The data matrix was analysed to
extract and analyse peak regions for individual ions. The retention time
(RT), mass-to-charge ratio (m/z), and MS/MS data were combined to
forecast new chemicals (Fig. 1).

2.4. Validation of analytical protocols for UHPLC-MS method and
quantification of samples using UPLC-QTOF-MS and HPLC-DAD

The developed UHPLC-MS technique was validated using the line-
arity curve, limit of detection (LOD), limit of quantification (LOQ),
precision, and recovery recommendations from the International Con-
ference on Harmonisation (ICH) (Zhao et al., 2020). The standard
combination was injected at various concentrations (0.5, 1.0, 2.0, 5.0,
and 10.0 ppm) for measurement purposes. The linearity of the calibra-
tion curve was tested by plotting the peak areas against a series of

standard solution concentrations (mg/L) and evaluating the correlation
coefficient with a linear regression model. When R? > 0.99, the system
was always linear. LOD and LOQ were determined using the analytical
curve parameters (standard deviation of response and slope).

The repeatability of samples was tested using intraday and interday
variations, and the relative standard deviation (RSD) was used to
calculate precision. The intraday and inter-day variations were evalu-
ated using six replicates on the same day and three successive days. For
each detected peak, the % RSD of peak regions (UV detection) and
retention times were calculated. The intraday repeatability (provided as
% RSDs) of the RTs ranged from 0.25 to 4.14 %, while the interday
repeatability ranged from 1.5 to 3.0 %. The intraday repeatability
(provided as % RSDs) of the total peak area was 0.4-0.9 %, while the
interday repeatability was 1.5-1.5 %.

The method accuracy was assessed by adding known amounts of
standards to samples at three levels: low (50 % of the known amounts),
medium (the same as the known amounts), and high (150 % of the
known amounts). This procedure was applied in triplicate. The meth-
odologies show that the chemicals were detectable and quantifiable in
the extract sampled with high sensitivity, as demonstrated by their
limits of quantification and detection (LOQs and LODs, respectively).
The observed LODs and LOQs, as well as the predicted recoveries, show
that this approach is suitable for profiling chemicals from the samples in
the current study (Table 1).

2.5. Cytotoxicity

2.5.1. Cell culture maintenance

The ROS scavenging capacity and AChE inhibition assays were done
in vitro, using two cell lines: the genetically modified rat hepatoma cells
(HA4IIE-luc cell line) (Aarts et al., 1993; Jimoh et al., 2024) and the Vero
(non-cancerous) cell line, derived from African green monkey kidney
cells. The University of Saskatchewan, Saskatoon, Canada, gifted the
HA4IIE-luc cells. It is presumed that the nature of its genetic modification
would not impact the cells’ behaviour, given that it is focused on
expressing a firefly gene in the presence of aryl-hydrocarbon receptor
(AhR) ligands and that AhR is endogenous to this cell line. The un-
modified Vero cells were obtained from the American Type Culture
Collection (ATCC) (Manassas, Virginia, USA) (HB-8065). Both cell lines
were cultivated at 37 °C in humidified air supplemented with 5 % CO5 in
Dulbecco’s Modified Eagle’s Medium (DMEM) (Sigma: D2902; St. Louis,
MO, USA) supplemented with 10 % foetal bovine serum (Thermo Sci-
entific, USA) (Idris et al., 2023). All tissue culture work was done
aseptically and, where applicable, inside a biosafety cabinet.

2.5.2. Cell viability assay (MTT)
A colorimetric assay measured cell viability based on metabolic ac-
tivity using the yellow dye 3-(4,5-dimethyltiazol-2yl)-2,5-diphenyl
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Table 1
Measures of analytical protocol used in the quantification of phenolic bioactive compounds.
No Name tr UViax (nm) (M-H) m/z MS/MS (m/ Regression Linear range (mg/ R2 LOD (mg/ LOQ (mg/
(min) - 2) equation L) L) L)
1 Citric acid 1.25 278 191 111 y =11023x - 2005 0.5-10.0 0.999 1.1 3.6
2 Galic acid 3.03 278 169 125 y =1553.3x + 0.5-10.0 0.998 7.7 25.8
938.1
3 Glucose 3.71 161 111 y = 4091x + 378 0.5-10.0 0.999 2.9 9.8
4 Neochlorogenic acid 3.61 300, 309 353 191, 179 ¥y =29803x + 1930 0.5-10.0 1.000 0.4 1.3
2 Catechin 3.99 279 289 289, 245, y =22713x - 1423 0.5-10.0 1.000 0.5 1.8
204
6 Rutin 4.74 254, 255, 609 609, 301 y = 48655x - 4425 0.5-10.0 0.997 0.2 0.8
354
7 Pelargonidin 3- 5.18 284, 330 579 579, 271 y = 43767x - 3738 0.5-10.0 0.997 0.3 0.9
rutinoside
8 Peonidin-3-O- 5.29 284 609 609, 299 y = 28723x + 4124 0.5-10.0 1.000 0.4 1.4
rutinoside
9 Kaempferol 6.95 285 285 y = 37364x - 7847 0.5-10.0 0.997 0.2 0.8

The quantification of compounds has been expressed as citric acid, gallic acid, glucose, neochlorogenic acid, catechin, rutin, pelargonidin 3-rutinoside, peonidin-3 O-
rutinoside and kaempferol equivalents. Where tg = Retention time, M-H = Negative ion mode, MS = Mass spectrometry, LOD = Limit of detection, and LOQ = Limit of

quantification.

tetrazolium bromide (MTT; Sigma-Aldrich (Pty) Ltd) (Sogoni et al.,
2025a). Live cells transform MTT into an insoluble formazan (purple)
product using NAD(P)H-dependent cellular oxidoreductase enzymes. A
series of six dilutions (0.03, 0.06, 0.13, 0.25, 0.5, and 1 mg/mL) of each
plant extract was tested in triplicate in clear 96-well plates. Cells (both
Vero and H4IIE-luc) were seeded at 80,000 cells/mL and incubated for
24 h before incubation with the respective plant extracts for another 24
h. Each plate had a triplicate of untreated wells (positive control: plant
extracts were diluted with cell culture growth medium) as well as un-
treated wells that were killed with methanol at the end of the exposure
period to create a negative control, i.e. all the cells are dead. At the end
of the exposure period, the medium was replaced with 500 pg/mL MTT
and incubated for 30 min. Purple formazan crystals produced by
reduced MTT were dissolved in dimethyl sulphoxide (DMSO), and
absorbance was determined spectrophotometrically at 560 nm. The
amount of purple formazan produced is associated with the number of
viable cells, and the proportion ( %) of viable to dead cells was deter-
mined by comparing it to the positive control.

Magnitudes of effects of the extracts on cell viability were defined as
follows: non-toxic (> 80 %); weakly cytotoxic (60-80 %); moderately
cytotoxic (40-60 %); and strongly cytotoxic (< 40 %) (International
Organisation for Standardisation (ISO), 2009; Loépez-Garcia et al.,
2014).

2.6. AChE activity

2.6.1. Exposure of cells and harvesting cell contents

Non-neuronal AChE is produced in liver cells; therefore, only the
HAIIE-luc cells were used in this assay. The Ellman assay (Ellman, et al.,
1961) was adapted for a 12-well format. This colorimetric assay mea-
sures the absorbance of yellow 2-nitro-5-thiobenzoate (TNB) after thi-
ocholine reacts with Ellman’s reagent (5,5-dithio-bis-(2-nitrobenzoic
acid); DTNB) (Patel, 2023). The measured absorbance is proportional to
AChE activity (Cichon et al., 2025a; Hartl et al., 2011). Cells were
seeded at 80,000 cells/mL and exposed to plant extracts at 0.03 mg/mL
in triplicate for 24 h after an initial 24 h incubation at 37 °C. Wells with
untreated cells were included as controls. The 0.03 mg/mL concentra-
tion was the greatest concentration at which none of the samples were
cytotoxic to the H4IIE-luc cells and was determined in the viability assay
(Sub-Section 2.5.2).

The cells were harvested from the 12-well plate by washing with
Dulbecco’s phosphate-buffered saline (DPBS) and lysing the cells with
trypsin. The enzyme activity was stopped with DPBS, and the cell sus-
pension was centrifuged at 1000 g for 4 min at room temperature. The
supernatant was discarded, and the cell pellet resuspended in 400 pL

Tris—-HCl/sucrose buffer [12.5 mM Tris-HCI + 125 nM sucrose), vor-
texed and sonicated at medium intensity for 30 s. This was centrifuged at
10,000 g for 10 min at 4 °C. The supernatant was used for AChE
inhibitory determination as well as protein content. AChE activity was
expressed in terms of the protein content of the cells.

2.6.2. AChE activity assay

This assay was performed in the dark in 96-well white-walled, clear,
flat-bottom microplates. Each well received 210 pL ice-cold 0.09 M
KoHPO, buffer (pH adjusted to 7.4 by 0.09 M KH2POy), 10 pL each of 30
mM acetylthiocholine iodide and Ellman’s reagent (10 mM in meth-
anol). The plates were incubated at 37 °C for 5 min. Sample supernatant
was added (10 pL) to the plate in triplicate. Experimental blanks con-
taining the potassium phosphate buffer, acetylthiocholine iodide and
Ellman’s reagent were included on each plate. Absorbance was
measured as soon as possible at 412 nm every minute for six minutes,
starting at time zero, resulting in seven points. To determine AChE ac-
tivity, the mean absorbance of each time interval was determined for the
samples, untreated cells, and experimental blanks. This was followed by
calculating the reaction gradient. The reaction rate (change in absor-
bance over six minutes) was determined, and the values were normal-
ised against the protein content. Acetyl choline esterase activity is
expressed in absorbance/min/mg/protein (Ellman et al., 1961; Patel,
2023).

2.6.3. Quantification of protein

The total protein concentration in each cell lysate that was harvested
after the exposure was determined according to (Bradford, 1976) using
bovine serum albumin (BSA) as a standard (0, 62.5, 125, 250, 500, 1000,
2000 pg/mL) (Hanumanthappa et al., 2024). This determination was
also performed in the dark in the same plate format as the AChE
determination. The standard or the cell lysate (5 pL) was added in
triplicate to the wells, followed by 245 uL Bradford’s reagent. The pro-
tein content was determined by measuring the absorbance at 590 nm in
a microplate reader. The protein concentration in the lysate was deter-
mined using the regression line formula created by the BSA concentra-
tions and corresponding absorbances.

2.7. Intracellular ROS production and scavenging activity

The 2/,7-dichlorodihydrofluorescein diacetate (HoDCF-DA) assay
was used to test the intracellular generation of ROS, in the H4IIE-luc
cells, as well as the scavenging activity of the T. ciliata extracts. Intra-
cellular ROS, including hydrogen peroxide (H205), can be determined
using small molecule fluorescent sensors (eg, HoDCF-DA) that react to
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specific stimuli. During the assay, the fluorogenic dye diffuses through
the plasma membrane of cells and is hydrolysed to non-fluorescent 2',7'-
dichlorodihydrofluorescein (DCFH) by intracellular enzymes, where it
stays trapped (Lebel et al., 1992; Zhang et al., 2021). Under oxidative
stress, DCFH reacts with intracellular ROS, leading to the oxidation of
DCFH to its highly fluorescent fluorescein derivative, 2',7'-dichloro-
fluorescein (DCF) (Engelbrecht et al., 2024). The DCF fluorescence is
proportional to the amount of ROS produced.

The method described by Engelbrecht et al. (2024) was applied to
determine the AChE activity. Briefly, 80,000 cells/mL HA4IIE-luc cells
were seeded in a 6-well microplate and incubated for 24 h at 37 °C. The
cells were exposed to 0.03 mg/mL of T. ciliata extract for 24 h in trip-
licate. A set of three wells received 14.2 ng/mL hydrogen peroxide
(H205) to induce oxidative stress (positive control). The negative control
(blank) consisted of cells that had not been treated to H,O- or T. ciliata
extract. After the 24 h exposure period, the cell medium was replaced
with 800 pL 10 uM H,;DCF-DA and incubated for 30 min. The cells were
washed, lysed with trypsinand centrifuged at 1 000 g to remove the
supernatant. Each cell pellet was resuspended in 800 uL DPBS. The
quantification of the fluorescence was measured in black 96-well
microplates by transferring 200 pL of the cell suspension into a well
(in triplicate for each well on the original 6-well plate resulting in nine
fluorescent readings for one sample). Fluorescence was measured as
relative fluorescence units (RFUs) at excitation and emission wave-
lengths of 480 nm and 535 nm, respectively, using a SpectraMax® iD3
multi-mode microplate reader. Since the emitted DCF fluorescence is
directly proportional to the amount of ROS produced intracellularly
(Engelbrecht et al., 2024; Mattia et al., 1991), the ROS produced by the
cells after exposure is calculated based on the difference between the
RFUs of treated and untreated cells (blank control).

2.8. Statistical analysis

A one-way analysis of variance was employed to determine the sig-
nificance of treatment effects. The assumptions of non-parametric sta-
tistics were validated. The Mann-Whitney U test was used to determine
statistical difference (p < 0.05) between treated cells and untreated cells
using IBM SPSS (version 29.0) statistical software.

3. Results

A total of 71 compounds, grouped into flavonoids, anthocyanins,
alkaloids, nucleobase, nucleosides/tide, saccharides, fatty acids, amino
acids, and coumarins, were identified in various parts of plants, most of
which are known for their vital pharmacological benefits.

3.1. Characterisation of flavonoids

3.1.1. Flavonols

Peak 14 was identified as the flavonoid quercetin-3-O-(6-O-
rhamnosylglucoside) (rutin; 3',4,5,7-Tetrahydroxy-3-[a-L-Thamnopyr-
anosyl-(1—6)-p-p-glucopyranosyloxylflavone) (Table 2) (Gonzalez-Barrio
et al., 2018). This is due to conjugation with one or several sugar mole-
cules, as indicated in the fragment ion at m/z 447 [M-H-162] . In nega-
tive ion mode, fragmentation would produce the aglycone ion of
quercetin, with m/z of 301. This compound was also identified in positive
ion mode (Table 3). Peaks 19 and 20 were identified as
kaempferol-3-O-rutinoside and kaempferol-7-neohesperidoside, respec-
tively, after sugar conjugation or malonyl esterification. Upon
Collision-Induced Dissociation CID, after losing glucose or any other sugar
moiety, parent ions of m/z 285 and 284 originating from a hemolytic and
heterolytic cleavage of the O-glycosidic bond were observed. This result is
consistent with the kaempferol CID spectrum as reported previously
(Grabarics et al., 2022; Ye et al., 2005). Peak 23 was identified as
isorhamnetin-3-O-rutinoside due to the fragmentation that could lead to
isorhamnetin aglycone (315 Da) and ions and UV absorbances consistent
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with previous reports (Rivera-Pastrana et al., 2010). The fragment ions
are at m/z 323, 443, and 447.

3.1.2. Flavones

Peaks 21 and 22 were identified as luteolin-6-C-glucoside (iso-
orientin;  6-(p-p-Glucopyranosyl)-3',4,5,7-tetrahydroxyflavone) and
luteolin-8-glucoside (homoorientin; Isoorientin;  6-(B-p-Glucopyr-
anosyl)-3',4',5,7-tetrahydroxyflavone), respectively. The UHPLC-TOF/
MS in the negative ion mode of peak 16 had a molecular ion [M-H]™
of m/z609.1479 and fragment ions at m/z 327. The fragment ions at m/z
327 [(M-H)-(90+30+162)]" were typically characterised as the C-gly-
cosylflavone group, based on a previous literature (Lee et al., 2016).
Moreover, this ion m/z 327.0515 was formed by mono glycosylflavone
with the loss of 120 amu. Accordingly, the fragment ion fragmentation
pattern is characteristic of luteolin. Therefore, this peak was elucidated
as luteolin-6,8-di-C-glucoside (lutonarin) (Ferreres et al., 2008; Lee
et al., 2016). Luteolin-3',7-di-O-glucoside (peak 59) was identified at RT
of 4.30 in the negative ion mode from databases (MassBank, ResPect).

3.1.3. Flavanones

Chromatographic peak 16 generated fragment ions at m/z 243 [M-H-
CO]~ and 227 [M-H-CO;] and was identified as 3,4’,7-trihydroxy-
flavanone, which is a flavanone (Shen et al, 2017). It
Apigenin-6-C-glucoside-7-O-glucoside was eluted at RT 4.64 min and
exhibited the characteristic ion m/z 271 of the apigenin aglycone.

3.2. Identification of anthocyanins

Anthocyanins are a group of O-glycosides of 3,5,7,3-tetrahydroxyfla-
vylium cation responsible for the red, blue, and violet colors of most
berries and other fruits and vegetables. The two anthocyanin mono-
glycosides (m/z 449 and 433) produced their corresponding aglycones
(cyanidin and pelargonidin) like peonidin-3-O-beta-galactopyranoside
with the aglycone cation (m/z 271) and a fragment at m/z 595 during
product-ion analysis which matched previously reported. Peak 33 rep-
resented peonidin aglycone with 279, 284, and 265. The desugar con-
jugates, such as cyanidin-3-O-(2”-O-beta-glucopyranosyl-beta-
glucopyranoside), cyanidin-3-O-rutinoside,delphinidin-3-0-(6"-O-alp
ha-rhamnopyranosyl-beta-glucopyranoside) and correspond to loss of
rhamnose from the molecular cation.

3.3. Identification of alkaloids, nucleobase, nucleosides/tide

Peak 28 was tentatively identified as N-trans-coumaroyl-tyramine in
both positive and negative ion modes. It had a molecular ion [M-H] ™~ at
m/z 282 and major MS? fragments m/z 119 ([coumaric acid-CO3]~ and
m/z 173 [M-H- coumaric acid-CO2] (p-coumaric acid; (2E)-3-(4-
Hydroxyphenyl)prop-2-enoic acid). Compound 29 was identified as N-
trans-feruloyl-tyramine ((E)-3-(4-hydroxy-3-methoxyphenyl)-N-[2-(4-
hydroxyphenyl)ethyl]prop-2-enamide) with [M-H] ™ ion at m/z 312 and
m/z 173 [M-2H- tyramine] ~, 145 [M-H- tyramine-2CH3] . Compounds
showed an [M + H]" ion at m/z 188 with the same formula, C;;HoO,N.
The fragment ions at m/z 170 [M + H—H,0]", 143 [M + H—COOH] ",
118 [M + H—C,H,COOH] ™, and 91 [M + H—C4H5COOH] " were pro-
duced in the MS? spectrum. They were tentatively identified as trans-3-
indoleacrylic acid and indole-3-acrylic acid, respectively generated an
[M + H]" ion at m/z 247.1434, and it further produced fragment ions at
m/z 188.0701 [M + H—NCH;]™ and 146.0598 [M + H—NCH3CO,] ™.
It was unambiguously identified as hypaphorine (aS)-a-carboxy-N,N,N-
trimethyl-1H-indole-3-ethanaminium) (Zhang et al., 2011). In addition,
N-palmitoyl-D-erythro-sphingosine fatty acid derivative was identified
in positive ion mode.

Additionally, nucleoside; adenosine (53, m/z 268.1054 [M + H]™)
was identified alongside purine nucleobase; adenine ion m/z 136 was
identified along with its respective. Likewise, pyrimidine nucleoside
cytidine (63, m/z 242.12854 [M + H1"). The nucleoside fragmentation
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— Table 3
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s g g 3 Analysis of compounds in the positive ion mode.
- | | — | >
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gentiobose (39), were differentiated through their elution time, and
accurate masses. Reducing ones which displayed m/z 341 [M-H]~ and
produced m/z 179 as the base peak by glycosidic link cleavage (Calvano
et al., 2017). The neutral loss of one and two hexose units through ox-
ygen linkages was observed at m/z 325: The ion 179 and 161 due to loss
of water.
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3.5. Identification of fatty acids

Peaks 36, 37, 41 and 64 were identified as polyunsaturated and
hydroxylated fatty acids. Peak 64 was identified as linoleic acid. Its
fragmentation pattern is similar to previous work by Serag et al.
(2019a). Its hydroxylated form was represented at peak 41. Linoleic acid
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Fig. 2. Cytotoxicity of the different concentrations of T. ciliata, Flower buds (F), Leaves (L) and Root (R) extracts in mg/mL against H41IE-luc and Vero cells. Blank
represents positive control (untreated cells). F = flower bud extracts, L = Leaf extract, and R = root extracts. Control = 0 mM NaCl, T1= 50 mM NaCl, T2 = 100 mM
NaCl, T3 = 150 mM NaCl, T4 = 200 mM NaCl. Cell viability: > 80 % = non-cytotoxic, 60-80 %= weak cytotoxicity, 40-60 % = moderate cytotoxicity, < 40 %=

strong cytotoxicity.
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Fig. 2. (continued).

is an essential fatty acid that possesses anti-inflammatory properties by
providing the building blocks for prostaglandins. Several other hy-
droxylated fatty acids were also detected as major peaks, and they
showed an extra loss of water molecules (Serag et al., 2019b). The
polyunsaturated fatty acids included dihydroxy-octadecadienoic acid
and methyl-13-hydroperoxy-delta9Z,11E-octadecadienoic acid.
Dihydroxy-octadecadienoic 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\ Cl16 bond cleavage
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(MassBank, ResPect) (Serag et al., 2019a).

3.6. Identification of organic and carboxylic acids

There were eight carboxylic acids identified in the extract, namely
citric acid (7), isocitric acid (8), 2-isopropylmalic acid (4), cis-aconitic
acid (11), 6,8-thioctic acid (12) and suberic acid (24). Fragmentation
of the carboxylic acids occurred mostly by releasing one or two HyO
molecules, which are characterised by the ion fragments [M-H-18]" and
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Fig. 2. (continued).

CO,, at m/z 129 [M-H-CO,]™ and 111 [M-H-CO»—H,0]  for trans-
aconitic acid and citric acid.

3.7. Identification of coumarins

Coumarins were detected at peaks 9, 61 and 62, most of which
exhibited characteristic UV Apay at about 274 nm. Peak 1 belonged to a
dihydroxyl derivative of coumarin through the addition of more of the

13

16 mass units to m/z 147 for coumarin. Free coumarin was identified at
peak 2 with characteristic MS/MS fragment ion, m/z 103 after retro
Diels Alder cleavage through the lactone ring of coumarin. Peak 9 was
tentatively identified as scopoletin via its lithium adduct in the positive
ion mode with MS? of characteristic ion, m/z 191 [M-H] . Peaks 61 and
62 were identified as ethoxy-methoxy coumarin derivatives after adding
methoxy or ethoxy units of 31 or 45, respectively on coumarin, m/z 147.
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Fig. 2. (continued).

3.8. Invitro cytotoxicity determination

Ethanolic extracts of flower buds, leaves, and roots of T. ciliata
cultivated under different salinity treatments significantly influenced
cell viability of rat hepatoma (H4IIE-luc) and African green monkey
kidney (Vero) cells (Fig. 2). Flower bud extracts prepared from 0 mM
and 100 mM salinity treatments at 1 mg/mL extract concentration
showed strong cytotoxicity (< 40 %) to HA4IIE-luc, while they had
moderate and weak cytotoxicity to Vero cells, respectively. Root extract
obtained from 0 mM salinity treatment at 0.5 mg/mL extract concen-
tration showed moderate toxicity to H4IIE-luc cells, while it was non-
cytotoxic (> 80 %) to non-cancer cells. Moreover, root extract pre-
pared from 150 mM salinity treatment at 0.13 mg/mL showed moderate
cytotoxicity to H4IIE-Iuc cells, while it was not cytotoxic to Vero cells.
All other extracts showed mild cytotoxicity to both cancer and non-
cancer cells.

Fig. 3

3.9. AChE activity

All ethanolic extracts of T. ciliata exhibited anti-AChE activity. The
highest AChE inhibitory activity was observed from the cells treated
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with extract from flower buds at 100 mM salinity concentration, fol-
lowed by root extract obtained from 100 mM salinity concentration. The
lowest activity was exhibited by leaves cultivated under 150 mM salinity
treatment.

3.10. Intracellular ROS scavenging activity

Based on the results of the 7'-dichlorodihydrofluorescein diacetate
assay (HoDCF-DA) in vitro T. ciliata extracts leaf, root, and flower bud of
T. ciliata cultivated under varying salinity treatments notably influenced
the intracellular production of ROS compared to the untreated cells
(Fig. 4). The cells that received the peroxide had a surprisingly low
production of ROS. The highest significant ROS scavenging activity was
observed in the cells treated with extracts prepared from roots at 0 mM
salinity treatment. All leaf extracts showed ROS scavenging activity. The
ROS scavenging activity of leaf extracts was indirectly proportional to
increasing salinity concentration.

4. Discussion

Despite the current surge in interest worldwide in the therapeutic
potential of medicinal halophytes, South African halophytes have

Fig. 3. AChE activity of the plant extracts (OD/min/mg/prot) compared to the control (untreated cells). F = flower buds extracts, L = Leaf extract, and R = root
extracts. Control = 0 mM NaClI, T1 = 50 mM NaCl, T2 = 100 mM NaCl, T3 = 150 mM NacCl, T4 = 200 mM NaCl.
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Fig. 4. Reactive oxygen species production in liver epithelial hepatoma H4IIE-luc cells. Data are expressed as mean =+ standard deviation. F = flower buds extracts, L
= Leaf extract, and R = root extracts. Control = 0 mM NaCI, T1 = 50 mM NacCl, T2 = 100 mM NacCl, T3 = 150 mM NacCl, T4 = 200 mM NaCl, H202 = H,0,.

received little attention as possible agents for the treatment of chronic
illnesses (Cock, 2015; Sogoni et al., 2025b). Trachyandra ciliata is one of
the understudied, wild, edible halophytes from South Africa (Ngxabi
et al.,, 2024). A previous study by Ngxabi et al. (2025) validated its
edibility and reported that salinity improved its nutritional composition
and antioxidant capacity. However, the pharmacological potential of the
species remained undocumented. Thus, the present study investigated
the crude extracts of T. ciliata as a potential therapeutic agent for the
treatment of prominent chronic diseases such as cancer, cognitive
impairment, and ROS production in the liver. In the current study, the
UHPLC-MS phytochemical profiling of different parts of T. ciliata iden-
tified 71 compounds grouped into flavonoids, anthocyanins, alkaloids,
nucleobase, nucleosides/tide, saccharides, fatty acids, amino acids, and
coumarins, most of which are known for their vital pharmacological
benefits.

Cancer remains a significant global health issue, accounting for the
second highest cause of deaths in the current millennium (Mohammed
et al., 2023; Siegel et al., 2019; Zafar et al., 2025). Due to complications
associated with conventional cancer treatments, plant-based approaches
are gaining popularity because they offer a potential complementary or
alternative option at a lower price and reduced side effects (Ferreira et al.,
2022; Lee et al., 2024; Sogoni et al., 2025a; Venkatachalapathy et al.,
2021). In the present study, ethanolic extracts of flower buds, leaves, and
roots of T. ciliata cultivated under different salinity treatments signifi-
cantly influenced the cell viability of cancer and non-cancer cells. Flower
bud extracts prepared from 0 mM and 100 mM salinity treatments at 1
mg/mL concentration showed strong cytotoxicity to cancerous cells,
while they had moderate and weak cytotoxicity to non-cancerous cells,
respectively. Root extract obtained from 0 mM salinity treatment at 0.5
mg/mL extract concentration showed moderate toxicity to H4IIE-luc cells,
while it was non-cytotoxic to non-cancerous cells. The anti-cancer activity
of the extracts of T ciliata can be attributed to the presence of anti-cancer
compounds such as quercetin-3-0-(6-0-rhamnosyglucoside), isor
hamnetin-3-O-rutinoside, luteolin, and scopololetin that were identified
by the UHPLC-MS as shown in Tables 2 and 3. These compounds have
been widely reported in literature as anticancer metabolites (Gong et al.,
2020; Jiang et al., 2022; Jimoh et al., 2024). Luteolin for instance has
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been shown to have biological actions against cancer, such as promoting
apoptosis in lung cancer cells, inhibiting tumour proliferation, invasion,
and metastasis, modulating immune responses, and acting as an adjuvant
to radio chemotherapy (Cetinkaya and Baran, 2023; Zhang and Ma,
2024). A study by Meilawati et al. (2023) reported that scopoletin
inhibited the proliferation in LNCaP prostate cancer cells in a
dose-dependent manner, and it caused G2/M phase growth halt and an
increase in the sub-G0/G1 cell population after treatment with increasing
doses, resulting in cell death. Furthermore, it was reported that
plant-derived isorhamnetin-3-O-rutinoside inhibited tumour expansion
by increasing cleaved caspase-9, Hdacll, and Bail protein levels in
xenografted immunosuppressed mice (Antunes-Ricardo et al., 2021;
Wang et al., 2023). Alternatively, quercetin has been used over the years
as a chemoprevention drug in numerous forms of cancer because of its
antioxidant, anti-tumour, and anti-inflammatory properties (Boretti,
2023; Jeong et al., 2009). Asgharian et al. (2022) reported that quercetin
possesses anti-cancer characteristics that reduce tumour proliferation,
invasion, and metastasis while also modulating the activity of oncogenic
and tumour suppressor ncRNAs. The presence of these biological com-
pounds in the extracts of T. ciliata suggest that it has a potential as a
therapeutic agent in the treatment of cancer, although further isolation of
these compounds is recommended for future studies.

Alzheimer’s disease (AD), the most prevalent neurodegenerative
disorder and the cause of adult-onset cognitive impairment, is distin-
guished by a gradual loss of cognitive abilities accompanied by behav-
ioural symptoms (Marucci et al., 2021). An increase in AChE plays an
important role in acetylcholine (ACh) depletion, leading to Alzheimer’s
disease (Huang et al., 2022). Thus, acetylcholinesterase inhibitors
(AChEIs) have been used as the main treatment for AD (Gajendra et al.,
2024; Kaushik et al., 2018). Plant-based compounds, including halo-
phytes have begun to gain recognition globally as promising acetyl-
cholinesterase inhibitors because of the side effects associated with
synthetic drugs (ALNasser et al., 2025; Islam et al., 2024; Taqui et al.,
2022).

Results from the present study revealed that ethanolic extracts of
leaves, roots, and flower buds of T. ciliata had high AChE inhibitory
activity compared to untreated cells. The highest AChE inhibitory



S. Ngxabi et al.

activity was observed from the cells treated with extract from flower
buds at 100 mM salinity concentration, followed by root extract ob-
tained from 100 mM salinity concentration. The UHPLC-MS identified
numerous phytochemicals in the crude extracts of T. ciliata that are
linked to activities against neurodegenerative disorders such as quer-
cetin and kaempferol (flavonols), peonidin (anthocyanins), tyramine
(alkaloid), trehalose (disaccharide), linoleic acid (fatty acid), and sco-
poletin (coumarin), have all been linked with amelioration of neuro-
degenerative disorders (Abuzaid et al., 2020; Song et al., 2022). The
high AChE inhibitory activity of T. ciliata extracts observed in this study
can be directly attributed to the presence of these biological compounds.
Flavonols such as quercetin and kaempferol have been reported to
exhibit potent inhibition of acetylcholinesterase in previous studies.
Recent studies have reported that plant-derived kaempferol demon-
strates strong suppression of AChE based on the presence and location of
the hydroxyl groups (Adetuyi et al., 2024a; Cichon et al., 2025). Other
studies suggest that it also increases acetylcholine (ACh) levels in the
brain, improves memory function, and mitigates cognitive deficits,
suggesting that kaempferol may be useful as a treatment for AD (Adetuyi
et al., 2024a; Kouhestani et al., 2018; Lin et al., 2023). On the other
hand, studies have demonstrated quercetin inhibition of AChE by
binding the enzyme through hydrogen bonding, by inducing allosterism,
and by reducing Ap-amyloid deposition, thereby disrupting the en-
zyme’s hydrogen bond setup (Cichon et al., 2025b; Liao et al., 2022;
Orhan, 2020). Research has shown that peonidin exhibits AChE inhibi-
tory activity due to its antioxidant activity (Zavala-Ocampo et al., 2022).
Tyramine (alkaloid) derived from the bark Celtis chinensis in vitro
demonstrated AChE inhibitory activity in a dose-dependent manner
(Kim and Lee, 2003), which is consistent with recent reports on the
AChE inhibition of tyramine (Touhtouh et al., 2025). Moreover, other
compounds such as trehalose, linoleic acid, and scopoletin have also
been reported to exhibit neurogenerative functions and improve
cognitive function (Akay et al., 2023; Karunakaran et al., 2022; Pupy-
shev et al., 2024). These findings infer that T. ciliata could be a potential
therapeutic agent in the treatment of AD and other neurodegenerative
disorders.

Liver disorders are often associated with excessive production of
reactive oxygen species (ROS), which can cause oxidative stress and
damage to liver cells, proteins and DNA (Lee et al., 2022). It is therefore
important to maintain redox homeostasis to prevent and treat liver
disorders (Bellanti et al., 2025; Liu et al., 2023). In the present study, the
leaf extracts from all treatments, and the root extract from the 0 mM
salinity treatment had high ROS scavenging activity. This activity may
be attributed to phytochemicals such as apigenin (flavanone), peonidin
(anthocyanin), adenosine (nucleoside), thioctic acid (carboxylic acid),
scopoletin (coumarin), which have been reported to reduce oxidative
stress in human cells and ameliorate liver disorders (Gao et al., 2024;
Tan et al., 2020; Viana et al., 2022; Yoshizane et al., 2020). These
compounds were identified in T. ciliata extracts (Tables 2 and 3) and are
consistent with the findings of Ejiofor et al. (2022) who reported that
leaf extracts of Amaranthus hybridus (a semi-halophyte) ameliorated
oxidative stress and liver damage caused by thioacetamide. Another
recent study revealed that Echinops species extract reduced oxidative
stress, inflammation, and cell death to prevent liver damage induced by
malathion (Fid et al., 2024). This suggests that phytochemicals from
T. ciliata leaves could be a therapeutic agent in the treatment of liver
disorders and oxidative stress.

As observed from this study, aggregation of these vital metabolites in
different parts of T. ciliata suggest that the plant could be a potential
therapeutic agent in the management of cancer, cardiovascular com-
plications, cognitive impairment and other neurodegenerative disor-
ders. Based on these findings, T. ciliata offers new perspectives for
biofortification and food formulation using plant-based natural prod-
ucts. Hence, future studies may venture in the isolation, characterization
and structural elucidation of these compounds in their pure forms to
explore their utilization as drug precursors as well as their integration
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into functional foods.

5. Conclusions

Chemical profiling of metabolites aggregated in the crude extract of
flower buds, leaves and root of T. ciliata was evaluated for the first time
with UHPLC-MS, and 71 compounds were detected. Also, a maiden
documentation of anticancer properties, acetylcholinesterase inhibition,
and ROS scavenging activity of crude extracts of T. ciliata was achieved.
Flower bud extracts prepared from 0 mM and 100 mM salinity treat-
ments showed strong cytotoxicity to cancer cells, while they had mod-
erate and weak cytotoxicity to non-cancer cells, respectively. All tested
extracts possessed AChE inhibitory activities. Mainly, leaf extracts and
root extracts from O mM salinity treatment demonstrated high ROS
scavenging activity in liver cells. These findings suggest that T. ciliata
could be exploited as a potential therapeutic agent for managing cancer,
Alzheimer’s disease, and liver disorders amidst the quest to develop
more plant-based pharmaceuticals to treat chronic diseases. Therefore,
results from this maiden study serve as a point of reference for future
research avenues on the application of this species in the formulation of
plant-based pharmaceuticals and functional foods. Further studies are
recommended on the isolation and characterization of pure compounds
from the species using nuclear magnetic resonance (NMR) to elucidate
the chemical nature of isolated compounds and underpin the medicinal
utilization of T. ciliata. The use of other solvents other than ethanol is
recommended in future studies to expand the pharmacological potential
of the species. Furthermore, clinical, in vivo, and in silico studies are also
recommended in future research to validate findings from this study.
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