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ARTICLE INFO ABSTRACT

Keywords: Exposure to cadmium (Cd) results in bioaccumulation and irreversible damage; this encourages
Lysiphyllum strychnifolium (Craib) A. Schmitz an investigation of alternatives to address Cd toxicity, using natural compounds. Lysiphyllum
Antioxidant

strychnifolium, a well-known Thai medicinal plant, was investigated for its phytochemical com-

iﬁ:p?:sgz; pounds and corresponding bioactivities, including antioxidant and anti-cytogenotoxic effects
HEK2393cells v against Cd toxicity in HEK293 renal and HDF dermal cell models. The crude extract of
HDF cells L. strychnifolium (LsCrude) was partitioned into four fractions, using sequential polarity solvents
Cadmium (hexane, dichloromethane, ethyl acetate, and water, denoted as LsH, LsD, LsE, and LsW,

respectively). The extraction yields were 1.79 %, 5.08 %, 8.53 %, and 70.25 % (w/w), respec-
tively. Phytochemical screening revealed the presence of tannins, alkaloids, and flavonoids in
LsCrude and its fractions, except for LsH. LsE exhibited the highest concentrations of phenolics
(286.83 + 6.83 mg GAE/g extract) and flavonoids (86.36 + 1.29 mg QE/g extract). Subsequent
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging and ferric-reducing ability of plasma
(FRAP) reducing powder assays demonstrated the high antioxidant capacity of LsCrude and its
fractions. The lowest ICsg value (9.11 + 0.43 pg/mL) in the DPPH assay corresponded to LsW,
whereas the highest total FRAP value (6.06 + 0.70 mg QE Eq./g dry mass) corresponded to LsE.
MTT and alkaline comet assays revealed the lack of toxicity of the extracts, which were consid-
ered safe. Upon exposure to Cd at the CCsg level, HEK293 cells treated with LsE suppressed Cd-
induced damage. HDF cells treated with LsCrude, LsD, or LsE attenuated Cd-induced damage. In
the pre-treatment, LsD protected the HDF cells against Cd-mediated cytogenotoxicity. These anti-
cytogenotoxic potentials are likely due to the antioxidant properties of the phytochemicals. Our
findings highlight the cyto-geno-protective properties of L. strychnifolium stem extracts against Cd
toxicity in HEK293 and HDF cells, and provide a novel approach for combating oxidative stress
and DNA damage caused by environmental pollutants.
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Abbreviation list

AA Ascorbic acid

ANOVA Analysis of variances

ATP Adenosine triphosphate

CAT Catalase

CCso 50 % Cytotoxic concentration value
cd Cadmium

CO, Carbon dioxide

DMEM  Dulbecco’s Modified Eagle Medium
DMSO  Dimethyl sulfoxide

DNA Deoxyribonucleic acid

DPPH 2, 2-diphenyl-1-picrylhydrazyl
EtOH Ethanol

FBS Fetal Bovine serum
Fe2t Ferrous cation
Fe3* Ferric cation

FeCl3 Ferric chloride

FRAP Ferric reducing antioxidant power

GPx Glutathione peroxidase

H,SO4  Sulfuric acid

HDF cells Human dermal fibroblasts cells
HEK293 cells Human epithelial kidney cells
HeLa cells Human cervical adenocarcinoma cells
HT-29 cells Human colorectal adenocarcinoma cells
ICso Half maximal inhibitory concentration
Ks[Fe (CN)¢] Potassium ferricyanide

KB cells Human oral epithelial carcinoma cells
KKU-M156 cells Cholangiocarcinoma cells

LMA Low melting point agarose

LS174T cells Human colorectal adenocarcinoma cells
LsD The fractionation of dichloromethane

LsE The fractionation of ethyl acetate

LsH The fractionation of hexane

LsW The fractionation of water

MCEF-7 cells Human breast cancer cells

MDA Malondialdehyde

MeOH  Methanol

MTT 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide
NaOH  Sodium hydroxide

NH3 Ammonia

NMR Nuclear magnetic resonance
PAHs Polycyclic aromatic hydrocarbons
PBS Phosphate-buffered saline

QE Quercetin

ROS Reactive oxygen species

S.D. Standard deviation

SOD Superoxide dismutase

SW480 cells Human colon cancer cells

1. Introduction

Modern industries release pollutants into the environment [1]. The extensive use of cadmium (Cd) in industry and commercial
activities increases the likelihood of human exposure [2]. Cd, recognized as a highly toxic metal to humans [3,4], can be absorbed
through various sources including contaminated soil, drinking water, the food chain, polluted air, cigarette smoke, and children’s
plastic toys [5]. Previous research indicates that, even at low levels, Cd exposure has detrimental effects on cellular and molecular
structures because of its extended half-life (10-30 years) [6,7]. Cd accumulation causes mitochondrial dysfunction, generating reactive
oxygen species (ROS). These ROS induce oxidative stress, damaging DNA, proteins, and lipids, triggering cell apoptosis and a decline in
organ function [8,9]. The deleterious impact of Cd on DNA includes inducing single- and double-strand breaks in DNA, DNA-protein
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crosslinking, chromosomal aberrations, and changes in the expression of proto-oncogenes, thereby increasing the risk of cancer [10].
Cd toxicity is also due to the inhibition of glutathione and key antioxidant enzymes such as superoxide dismutase and glutathione
peroxidase. Furthermore, even at low concentrations, Cd suppresses crucial enzymes for DNA repair [11]. A growing body of evidence
indicates an interplay among mitochondrial dysfunction, an imbalance in oxidant-antioxidant levels, and the DNA damage response
and repair system. Oxidative stress emerges as a unifying mechanism associated with Cd-mediated damage to cells and DNA.

The kidney is a vulnerable organ affected by Cd toxicity [12]. Approximately half of the total Cd load in the body accumulates in the
epithelial cells of the kidney’s proximal tubule, leading to proteinuria and a disrupted reabsorption process [13]. Chronic exposure to
Cd also augments calcium excretion and the risk of kidney stones [14]. Numerous studies have documented the onset of acute and
chronic kidney diseases, even at low levels of Cd exposure. Populations with confounding health conditions like diabetes and obesity
are particularly susceptible [15,16]. There is a clear association between Cd exposure and renal dysfunction, leading to kidney damage
[17]. Thus, strategies to mitigate Cd-induced kidney injury should be developed.

The skin, the body’s largest organ, is also a target for Cd toxicity. The skin acts as a complex protective barrier against external
threats and moisture loss through physical and chemical defenses [18]. Cd pollution can interfere with this barrier function, resulting
in apoptosis, DNA damage, and lipid oxidation [19]. Concurrently, antioxidant enzymes in the skin, including glutathione peroxidase
and methionine sulfoxide reductase, are disrupted [20]. The primary mechanism underlying the detrimental effects of Cd is the in-
duction of oxidative stress, leading to skin senescence and disrupting skin homeostasis [21,22].

Lysiphyllum strychnifolium (W. G. Craib) A. Schmitz (a member of the Fabaceae family), also known as Bauhinia strychnifolia Craib.,
is a common medicinal plant in Thailand, where it is called Ya nang daeng. This herb is used in traditional medicine to treat fever and
alcoholic intoxication and as an antidote against pesticide poisoning. The antioxidant properties of the leaf and stem extracts align with
the plant’s traditional uses, supporting its role in detoxification and alleviating chronic ailments [23,24]. The infusion of
L. strychnifolium has shown notable biological activities, including an increase in cholinesterase levels in farmers exposed to pesticides
[24]. The infusion of L. strychnifolium is rich in phenols and has also exhibited antioxidant properties [23,25,26]. Some chemical
constituents derived from the ethanolic extract of the L. strychnifolium stem exhibited inhibitory effects against various cancer cells [27,
28]. Notably, 3,5,7,3,5-pentahydroxyflavanonol-3-O-a-.-thamnopyranoside demonstrated efficacy against mouth (KB), colon
(HT-29), breast (MCF-7), and cervical (HelLa) adenocarcinoma cells [27]. Furthermore, 3,5,7-trihydrox-
ychromone-3-0O-a-L-thamnopyranoside inhibited KB, HT-29, and MCF-7 cancer cells [27]. Other bioactive molecules (antioxidants)
identified in both leaves and stems of L. strychnifolium include gallic acid, trilobatin, yanangdaengin, and astilbin [29]. Moreover, 25
flavonoids and eight phenolics were identified in the ethyl acetate fraction of this plant, using liquid chromatography-quadrupole
time-of-flight mass spectrometry (LC-QTOF/MS) [30]. These phytochemical components have shown anti-genotoxic potential
against Cd, with flavonoids such as catechin, quercetin, and resveratrol exhibiting noteworthy effects [31-33]. Despite numerous
studies recommending the use of L. strychnifolium or its extracts for their detoxification properties, a knowledge gap remains con-
cerning their safety and potential DNA-protective effects against environmental toxicants such as Cd or other toxic metals.

Hence, this study aimed to determine the antioxidant and protective effects against Cd of a 95 % ethanolic extract from
L. strychnifolium stems and its fractions (hexane, dichloromethane, ethyl acetate, and water). The cytoprotective and antigenotoxic
potentials of these extracts against Cd-induced damage were evaluated at their half-maximal inhibitory concentrations (ICsg), using
the MTT assay and alkaline comet assay, respectively. This study represents the first investigation of the anti-cytogenotoxic effects of
L. strychnifolium, using human embryonic kidney (HEK293) and human dermal fibroblast (HDF) cells as representative models for
renal and dermal systems, respectively. In addition, the L. strychnifolium extracts that exhibited high anticytotoxic and antigenotoxic
activities were identified. Our findings reveal the potential use of L. strychnifolium as an alternative treatment for reducing Cd toxicity.
The active compounds isolated from this plant should be evaluated in further studies.

2. Materials and methods
2.1. Reagents

Analytical-grade ethanol, methanol, hexane, dichloromethane, and ethyl acetate were purchased from Labscan Asia Co., Thailand.
Ascorbic acid and quercetin acquired from Sigma Aldrich, Switzerland were used as standards for the 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging assay and the ferric reducing antioxidant power (FRAP) assay, respectively. The reagents and media used
for the cell culture included Dulbecco’s Modified Eagle Medium (DMEM), trypsin-EDTA, fetal bovine serum (FBS), penicillin-
streptomycin, trypan blue dye, and 3-(4, 5-dimethylthiazol-2-y1)-2, 5-diphenyltetrazolium bromide (MTT) were obtained from
Thermo Fisher Scientific Co. (San Jose, CA, USA). Dimethyl sulfoxide (DMSO), low melting point agarose (LMA), and Triton-X were
purchased from Amresco Inc. (Solon, OH, USA). SYBR gold nucleic acid stain was acquired from Thermo Fisher Scientific Co. (San Jose,
CA, USA).

2.2. Plant materials
L. strychnifolium stems were collected from the herbal garden at Prince of Songkhla University, Thailand, in 2022. The identification

of L. strychnifolium was confirmed by comparing its appearance to that of the voucher specimen (SKP 2060200-101) kept at the
herbarium of the Department of Biology, Faculty of Sciences, Prince of Songkhla University.
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2.3. Preparation of crude extracts and compound isolation

L. strychnifolium stems (10 kg) were cleaned, crushed into small pieces, and then dried in a hot air oven at 60 °C for approximately
48 h. The dry sample was subsequently ground into a powder and extracted using 95 % ethanol, maintaining a solid-to-solvent ratio of
1:10 (w/v) (100 L) over 7 days. The powdered stem was mixed with methanol and filtered using Macherey-Nagel Filter Paper MN 751.
The filtrate was then evaporated with a rotary evaporator at 45 °C. The maceration process was repeated three times. The resulting
crude extract was then partitioned to obtain fractions in the sequence of hexane (LsH), dichloromethane (LsD), ethyl acetate (LsE), and
water (LsW), which were keep in well close container and stored at 4 °C for subsequent experiments [27,34,35].

2.4. Phytochemical analysis

Phytochemical analyses of the extracts were performed to identify the presence of tannins, saponins, alkaloids, flavonoids, tri-
terpenoids, coumarins, anthraquinones, and steroids using standard methods [36-39].

2.4.1. Tannins

The LsCrude and its fractions (10 mg/mL each) were separately stirred with distilled water (20 mL) in a water bath and then
filtered. A few drops of 1 % w/v ferric chloride were then added. The presence of a black or blue-green color or precipitate was
interpreted as a positive result for tannins.

2.4.2. Saponins
The LsCrude and its fractions (10 mg/mL each) were separately shaken with distilled water (5 mL) in a test tube. After heating in a
water bath for 5 min, the formation and persistence of foam, indicate the presence of saponins.

2.4.3. Alkaloids

A solution of 10 % H5SO4 (2 mL) was added to the LsCrude and its fractions (10 mg/mL each), and the blends were heated in a water
bath for 5 min, followed by filtration. Subsequently, a small amount of Dragendorff’s reagent, a solution containing potassium bismuth
iodide, was added. The appearance of an orange-red precipitate signified the presence of alkaloids.

2.4.4. Flavonoids

The LsCrude and its fractions (10 mg/mL each) were separately stirred with 50 % ethanol (0.5 mL) and then filtered. A small piece
of magnesium was added, followed by 3-5 drops of concentrated hydrochloric acid, with the formation of a reddish or brown color
indicating the presence of flavonoids.

2.4.5. Triterpenoids

The LsCrude and its fractions (10 mg/mL each) were boiled with EtOH (20 mL) in a test tube and then filtered. The filtrate was then
placed in an evaporating dish and allowed to permit it to undergo dry in a water bath. Thereafter, a few drops of concentrated HoSO4
were introduced, with the appearance of a reddish hue denoting the presence of steroid triterpenoids.

2.4.6. Coumarins

The LsCrude and its fractions (10 mg/mL each) were transferred into a 5-mL test tube, which was sealed with 10 % NaOH-coated
filter paper and heated in a water bath at 60 °C for 10 min. The filter paper was examined under UV light at 365 nm; the presence of
volatile coumarins was suggested by the existence of greenish-blue spots.

2.4.7. Anthraquinones

After combining the LsCrude and its fractions (10 mg/mL each) with 10 % H3SO4 (2 mL), the mixtures were boiled in a water bath
for 5 min and then filtered. The filtrate was then shaken with 1 mL of diethyl ether; the layer of diethyl ether was then separated and
shaken with 1 mL of 10 % NHgs, with the formation of a rose pink to red color in the ammoniacal layer indicating the presence of
anthraquinone glycosides.

2.4.8. Steroids

The LsCrude and its fractions (10 mg/mL each) were separately boiled with EtOH (20 mL) and then filtered. Glacial acetic acid (0.5
mL) was then added, followed by the addition of a few drops of concentrated HSO4 along the sides of the test tube; a blue or green
color at the interface signified the presence of a steroid.

2.5. Total phenolic contents (TPC)

To assess the total phenolic content in both LsCrude and its fractions (LsH, LsD, LsE, and LsW) a method was employed [40].
Initially, 25 pl of the extract (1 mg/mL), diluted in DMSO, was combined with 125 pL of 10 % Folin-Ciocalteu reagent (v/v) and
allowed to incubate for 2 min. Subsequently, 100 pl of a 7.5 % (w/v) NapCOj3 solution was introduced into the mixture, followed by a
30-min incubation period at room temperature. The absorbance was then measured using a UV-Vis spectrophotometer at a wavelength
of 765 nm. To establish a calibration curve, gallic acid at various concentrations (0-500 pg/mL) as a referent standard. The results are
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reported as mg of gallic acid equivalent/mg extract (mg GAE/mg extract).
2.6. Total flavonoid contents (TFC)

The total flavonoid content was assessed using the aluminum chloride method [41]. Samples of LsCrude and its fractions (LsH, LsD,
LsE, and LsW) were prepared by extracting them in DMSO to a concentration of 1 mg/mL. Each sample (300 pL) was then transferred to
a 1.5 mL test tube, to which 20 pL of aluminum chloride solution (10 % AlCl,) was added. After 5 min of incubation at room tem-
perature, 20 pL of 1 M potassium acetate (CH3COOK) was added to the mixture. After another 5 min, each reaction was diluted with
560 pL of distilled water and incubated for 30 min. The absorbance of the reaction mixtures was measured at 510 nm. Quercetin in
DMSO was used as a standard with concentrations ranging from 0 to 500 pg/mL. The total flavonoid content was expressed as mg
quercetin equivalent (QE) per gram of sample dry matter (mg QE/g DW).

2.7. Determination of the free radical scavenging potential of the extracts

2.7.1. DPPH radical scavenging activity assay

This study aimed to evaluate the capacity of the LsCrude and its fractions to attenuate free radicals. A consistent example of a free
radical molecule is DPPH. When an antioxidant is present, it can donate electrons to DPPH, causing the usual purple color of the
molecule to fade; this transformation in absorbance is quantified at a wavelength of 517 nm. The antioxidant activity of the plant
extracts was assessed by utilizing the DPPH stable free radical scavenging effect [42,43]. First, 1 mL of a methanol solution containing
0.1 mM DPPH was added to 3 mL of each diluted extract (1 mg/mL) or ascorbic acid (1-100 pg/mL), with the latter used as a standard.
The mixtures were incubated in the dark at room temperature for 30 min, and the absorbance at 517 nm was subsequently assessed in
comparison to a control sample. The proportion of each extract’s radical scavenging capacity was calculated using Equation (1):

Scavenging effect (%) =100% x (Ao — As)/Ao, (D)

where Ao is the absorbance of the blank, and As is the absorbance of the sample. The ICs values were calculated using linear
regression analysis and used to indicate the antioxidant capacity.

2.7.2. Ferric reducing antioxidant power (FRAP) assay

The reducing capabilities of LsCrude and its fractions were also assessed [42]. First, 200 L aliquots of the extract (200 pg/mL) or
quercetin (0.5-100 pg/mL; used as a standard), prepared in MeOH, were mixed with 500 pL portions of a 2 M phosphate buffer (pH
6.6) and 500 pL portions of 1 % potassium ferricyanide, Ks[Fe (CN)g]. The mixtures were incubated for 20 min at 50 °C; thereafter, 500
pL of a 10 % trichloroacetic acid solution was introduced, and the resultant mixtures were then centrifuged at 3000 rpm for 10 min.
The upper layer (600 pL) of the solution was mixed with 120 pL of a 0.1 % ferric chloride (FeCls) solution and 600 pL of distilled water,
after which the absorbance at 700 nm was recorded. The reducing power of each sample was quantified in terms of the quercetin
equivalent. All experiments were conducted in triplicate.

2.8. Cell culture model

HEK293 and HDF cells were purchased from the American Type Culture Collection (Manassas, VA, USA). The cell culture medium
consisted of DMEM supplemented with 10 % FBS, 1.5 % sodium bicarbonate, and 1 % penicillin-streptomycin. The cultures were
incubated in a 5 % CO; atmosphere at 37 °C. Throughout the entire experiment, phosphate-buffered saline (PBS) with a pH of 7.2 was
used for washing the cells to maintain their condition.

2.8.1. Cell viability using MTT assay

Cell viability was assessed using MTT assay. The HEK293 and HDF cells were seeded in 96-well plates at a density of 1 x 10* [44]
and 5 x 10° cells/well [45], respectively. After 24 h, doses of the LsCrude and its fractions (20-100 pg/mL) were added to each cell line
up to a final volume of 200 pL. Cell viability was assessed 24 h later by introducing 20 pL of MTT solution, prepared from a 5 mg/mL
stock solution, and incubating the cells at 37 °C for 2 h. The formazan crystals were solubilized with 100 pL. DMSO, and the formazan
content was then determined by measuring the absorbance at a wavelength of 570 nm using a microplate reader. Equation (2) was
employed to determine the percentage cell viability:

% Cell viability = (Absorbance of sample / Absorbance of control) x 100%, 2)

2.8.2. Evaluation of cytoxicity and anti-cytotoxicity using MTT assay

The cytotoxic doses of a damaging agent, cadmium chloride (CdCly), and anti-cytotoxicity of the LsCrude and its fractions against
Cd-induced damage were evaluated in HEK293 and HDF cells. Half-maximal cytotoxicity concentration (CCsg) of CdCl; as suggested
dose for inducing cytotoxicity was initially determined. The HEK293 and HDF cells were seeded at a density of 1 x 10* [44] and 5 x
102 cells/well in 96-well plates [45], respectively. After 24 h, each cell line was treated with CdCl, or the LsCrude and its fractions.
Herein, the treatment conditions were classified into three modalities, distinguished by specific time sequences for administering the
extracts to the cells [46] as follows: 1) pre-treatment: cells were prior exposed to varying concentrations of the LsCrude and its
fractions for 24 h, followed by a new culture medium containing CdCl; at the CCso (M) level for an additional 24 h this period after the
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removal of the old medium; 2) co-treatment: cells were simultaneously exposed to the LsCrude and its fractions, along with CdCl; at
the CCsp (M) level for 24 h; 3) post-treatment: cells were initially exposed to CdCl, at the CCsq (M) level for 24 h, followed by a new
culture medium containing indicated concentrations of the LsCrude and its fractions for an additional 24 h after the removal of the old
medium. The MTT assay was employed to assess the cell viability [44], by which is calculated according to Equation (2) (as mentioned
in subtopic 2.6.1).

2.8.3. Assessment of genotoxicity and anti-genotoxicity using in vitro alkaline comet assay

The comet assay, an alkaline single-cell gel electrophoresis technique, was employed to assess DNA damage by investigating the
DNA protective properties of the LsCrude and fractions with respect to the CdCly-exposed HEK293 and HDF cells. First, the HEK293
and HDF cells were seeded in 12-well plates at a density of 1 x 10% and 5 x 10° cells/well, respectively, and then incubated at 37 °C for
24 h. They were subsequently subjected to the described treatment and then harvested and fixed onto slides, which featured an initial
layer of a 1.5 % LMA solution (150 pL). After this layer had solidified, second layer (80 pL), composed of a mixture created by rapidly
pipetting 20 pL of a freshly prepared cell suspension into 180 pL of a 0.5 % LMA solution (in a 1:9 ratio), was applied. Thereafter, a
third layer, comprising of 70 pL of a 1.0 % LMA solution, was added on top of the cell layer. After the gel had set, the slides were
incubated for at least 2 h at 4 °C in a cooled lysis solution (pH 10). Following the removal of the slides, the DNA was unwound via
immersion in an electrophoresis tank (Model CSL-COM20, Cleaver Scientific, UK) containing a freshly prepared alkaline buffer (pH >
13) at 4 °C for 15 min. Electrophoresis was then performed at 25 V and 300 mA for 45 min. The slides were subsequently delicately
balanced via exposure to a 0.4 M Tris-HCl buffer at a pH of 7.5 for 5 min, which was followed by a thorough rinse with deionized water.
After a 5-min soak in ethanol and storage at room temperature, the slides were allowed to air dry completely. The cellular DNA was
then stained with SYBR gold nucleic acid stain in a dark environment for 20 min using a fluorescence microscope (Nikon Eclipse
TS100, excitation wavelength range between 450 and 490 nm). A total of 100 cells per slide were imaged and subsequently analyzed.
The comet-like DNA damage was scored by five-point scaling as follows: Type 0 (undamaged), Type I (low-level damage), Type II
(medium-level damage), Type III (high-level damage), and Type IV (complete damage). The percentage of tail DNA categorized as
Types 11, III, or IV was employed to quantify the degree of DNA damage [44,47,48].

2.9. Liquid chromatography with tandem mass spectrometry (LC-MS/MS) analysis

The extracts demonstrating significant efficacy against DNA damage were analyzed using a modified method by Praparatana, R
[30]. LC-MS/MS was performed with an Agilent LC-QTOF 6500 system, employing an Agilent ZORBAX Eclipse XDB-C18 column (2.1
x 50 mm, 1.7 pm). The column temperature was maintained at 30 °C. Injection volume was set to 1 pL, and the flow rate was 0.2
mL/min. The mobile phases consisted of water with 0.1 % formic acid (mobile phase A) and acetonitrile with 0.1 % formic acid (mobile
phase B), utilized in a gradient mode. The gradient program was as follows: 5 % B for 10 min, 17 % B for 10 min, 95 % B for 5 min, and
finally 5 % B for 8 min.

The UPLC system was interfaced with a QTOF mass spectrometer (6500 series, Model G6545B, Agilent Technologies, Santa Clara,
CA, USA) equipped with a Dual AJS ESI source. The MS was operated with the Dual AJS ESI source, and the parameters were: gas
temperature at 300 °C, gas flow at 10 L/min, nebulizer pressure at 35 psi, sheath gas temperature at 350 °C, sheath gas flow at 11 L/
min, VCap at 3500 V, nozzle voltage at 1000 V, fragmentor voltage at 175 V, skimmer1 at 65 V, and octopole RF peak at 750. The ion
trap scan range was 100-1100 m/z for MS and 50-1100 m/z for MS/MS. Mass spectra were recorded in both negative and positive ion
modes. Initial LC/MS data processing was performed using Agilent MassHunter Qualitative Analysis Software version 10.00. Com-
pound identification was facilitated by the Molecular Feature Extractor (MFE) tool within the software. The Agilent Metlin Metabolite
Personal Compound Database and Library (PCDL) version 5.0 was employed for compound identification based on MS/MS spectra
matching.

2.10. Statistical analysis

In the statistical analysis, the data were presented as the mean (n = 3) + standard deviation (S.D.). Group comparisons were
conducted using a one-way analysis of variance (ANOVA) with SPSS software (SPSS Inc., Chicago, IL, USA). To identify significant
differences (p < 0.05), Tukey’s range test was applied.

3. Results and discussion
3.1. Extraction of L. strychnifolium (Ls) stems

The dried powder of L. strychnifolium stems was macerated with 95 % ethanol, resulting in an extraction yield of 17.95 % (w/w).
The crude ethanolic extract has been traditionally used in the treatment of ailments, such as cancer and pesticide poisoning [23, 24] .
The crude extract (LsCrude) was assessed for its phytochemical composition and bioactivities, including cytoprotective and anti-
genotoxic effects. Subsequently, LsCrude was partitioned using four solvents based on polarity (hexane, dichloromethane, ethyl ac-
etate, and water), producing four fractions: LsH, LsD, LsE, and LsW, with extraction yields of 1.79 %, 5.08 %, 8.53 %, and 70.25 % (w/
w), respectively. The phytochemicals were more soluble in high-polarity solvents than in moderate- or low-polarity ones, consistent
with our earlier research [30]. In a previous study [27], the fractions extracted using hexane, ethyl acetate, chloroform, and water
represented 0.5 %, 15.5 %, 5.9 %, and 46.2 % (w/w), respectively. This indicates that high-polarity solvents result in high extraction
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yields. These fractions were evaluated for their cytoprotective and antigenotoxic effects against Cd-induced damage and were
compared to LsCrude in subsequent experiments.

3.2. Phytochemical screening of the L. strychnifolium crude extract and its fractions

The ethanolic crude extract of L. strychnifolium stem and its fractions were subjected to phytochemical screening, revealing the
presence of various secondary metabolites, including alkaloids, flavonoids, tannins, saponins, and steroids. Tannins, alkaloids, and
flavonoids were identified in both LsCrude and the LsW fraction. These three phytochemicals, along with steroids, were detected in the
LsD and LsE fractions. The LsH fraction contained saponins, alkaloids, and steroids (Table 1). These phytochemical compounds are
known for their bioactivities, explaining the observed antioxidant effects [49].

In our previous investigation on the anti-diabetic activity of the L. strychnifolium crude ethanolic extract and its fractions through
bioassay-guided isolation, flavonoids were identified in the ethyl acetate and water fractions. The water fraction contained quercetin
and 3,5,7-trihydroxy-chromone-3-0-a-L-thamnopyranoside, whereas the ethyl acetate fraction contained 3,5,7-trihydroxy-chromone-
3-O-a-1-thamnopyranoside and 3,5,7,3',5-pentahydroxyflavanonol-3-0-a-L.-thamnopyranoside. Furthermore, the hexane fraction
contained steroid compounds, namely a mixture of f-sitosterol and stigmasterol [27,50]. Thus, these phytochemicals may be present in
the LsCrude and its fractions, possibly contributing to the antioxidant activities and consequent cytoprotective and antigenotoxic
potential.

3.3. Total phenolic contents (TPC) and total flavonoid contents (TFC)

To screen for bioactive compounds, we assessed the TPC and TFC of the crude extract and four fractions, using colorimetric assays.
The TPC value was determined using a gallic acid calibration curve (y = 0.0058x + 0.0442, R? = 0.9999) and expressed as milligrams
of gallic acid equivalent per gram of extract (mg GAE/g extract). The TFC value was obtained from a quercetin calibration curve (y =
0.0009x + 0.0406, R? = 0.9979) and expressed as milligrams of quercetin equivalent per gram of extract (mg QE/g extract). The
highest concentrations of both TPC and TFC were observed in LsE (286.83 + 6.83 mg GAE/g extract), followed by LsCrude (242.34 +
10.21 mg GAE/g extract), LsW (210.85 + 18.13 mg GAE/g extract), LsD (200.36 + 2.53 mg GAE/g extract), and only trace amounts
were found in LsH (19.53 + 0.79 mg GAE/g extract) (Table 2). Similarly, the TFC values revealed that LsE had the highest concen-
tration (86.36 + 1.29 mg QE/g extract), followed by LsCrude (55.63 + 0.62 mg QE/g extract), LsW (53.48 + 0.46 mg QE/g extract),
and LsD (41.64 + 0.30 mg QE/g extract).

The qualitative phytochemical screening revealed the presence of flavonoids in the LsCrude, LsD, LsE, and LsW extracts, which
aligns with the TPC and TFC values observed. These values are comparable to those previously reported by Praparatana, R. et al. [30].
Likewise, Itharat A. et al. found that the crude extract of L. strychnifolium stems had a high total phenolic content [26]. Our results
corroborate these findings, suggesting that the high levels of flavonoids and phenolic components in LsCrude, LsD, LsE, and LsW may
contribute to their potent antioxidant activity and their inhibitory effects on cytotoxic and genotoxic activities.

3.4. Invitro antioxidant activities of the LsCrude extract and its fractions, determined by the DPPH and FRAP assays

Two methods were applied to assess the antioxidant activities: the DPPH radical-scavenging activity and FRAP reducing-capability
assays. The degree of reduction in the absorbance measurement indicates the scavenging capacity of the tested compounds. Therefore,
we evaluated the free radical-scavenging activity of LsCrude and its fractions, comparing them to reference standards, namely,
ascorbic acid and quercetin in the DPPH and FRAP assays, respectively (Table 2).

The DPPH assay measures a compound’s ability to act as a hydrogen atom or electron donor for converting the DPPH radical into its
reduced form, DPPH-H [51]. Ascorbic acid (AA) served as the reference standard [52], and the results were expressed as ICsq values
(pg/mL). Table 2 reveals that LsCrude and its fractions, excluding LsH, reduced the stable purple-colored DPPH radical to its
yellow-colored form (DPPH-H) by 50 %. LsW exhibited the lowest ICso value (9.11 + 0.43 pg/mL), followed by LsE (22.80 + 0.94
pg/mL), LsD (24.03 + 1.07 pg/mL), and LsCrude (43.82 + 1.21 pg/mL), with ascorbic acid serving as the reference standard (2.24 +
0.17 pg/mL). This result suggests a substantial antioxidant capacity in LsCrude and its fractions, aligning with previous research that
reported a high antioxidant capacity (ICso > 10-50 pg/mL) [53]. We consider that the antioxidant capacity of L. strychnifolium is linked

Table 1

Qualitative phytochemical screening of LsCrude and its partitioned fractions.
Phytochemical Test LsCrude LsH LsD LsE Lsw
Tannin + - + + +
Saponins - + - - -
Alkaloid + + + + +
Flavonoid + - + + +
Triterpenoid - - - - -
Coumarins - - - - _
Anthraquinones - - - - -
Steroidal - + + + -

(=) not detected/present; (+) present.
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Table 2
Qualitative characterization of flavonoids, phenolics and antioxidant activities of L. strychnifolium extract and its fractions using DPPH and FRAP
assay.

Sample TPC [mg GAE/g extract] TFC [mg QE/g extract] Antioxidant activities
DPPH [ICs( (pg/mL)] FRAP (mg QE Eq./g D.M.)

Ascorbic acid NT NT 2.24 +0.17 NT

LsCrude 242.34 £10.21 55.63 + 0.62 43.82 +1.21 5.40 + 0.53

LsH 19.53 + 0.79 NA NA 0.40 + 0.16

LsD 200.36 + 2.53 41.64 + 0.30 24.03 + 1.07 3.56 + 0.05

LsE 286.83 + 6.83 86.36 + 1.29 22.80 + 0.94 6.06 + 0.70

Lsw 210.85 +18.13 53.48 + 0.46 9.11 £ 0.43 3.68 £ 0.30

NA = Not active, NT = not performed.

to its phytochemical components [54,55].

The FRAP assay uses the FRAP value as a crucial indicator of a compound’s ability to reduce ferric to ferrous ions [56]. Antioxidant
activities are often expressed as the quercetin (QE) equivalent value (mg QE Eq./g dry mass). Table 2 shows that LsE exhibited the
highest total FRAP value (6.06 + 0.70 mg QE Eq./g dry mass), followed by LsCrude (5.40 &+ 0.53 mg QE Eq./g dry mass), LsW (3.68 +
0.30 mg QE Eq./g dry mass), LsD (3.56 + 0.05 mg QE Eq./g dry mass), and LsH (0.40 + 0.16 mg QE Eq./g dry mass). The antioxidant
compounds in LsCrude and its fractions convert iron from its oxidized form (Fe3) to its reduced form (Fe?") by donating an electron.
This suggests that reductants (used here as synonymous with antioxidants) in the L. strychnifolium extracts reduce the
Fe3* /ferricyanide complex to the ferrous form. The Perls’ Prussian blue technique detects the Fe?* complex at 700 nm, with higher
absorbance indicating higher reducing ability [56,57]. Flavonoids, including catechin, epicatechin, quercetin, and rutin, are among
the secondary metabolites of L. strychnifolium contributing to its antioxidant activity [58,59].

3.5. Intrinsic cytotoxic effects of the LsCrude extract and its fractions on HEK293 and HDF cells, determined by the MTT assay

The MTT assay was used to verify the effect of LsCrude and its fractions on cell viability. HEK293 and HDF cells were used as
mammalian cell models for the renal and dermal systems, respectively. The intrinsic cytotoxicity was assessed following the incubation
of healthy cells with various concentrations (20-100 pg/mL) of the LsCrude extract and its fractions for 24 h.

LsCrude and its fractions (LsH, LsD, LsE, and LsW) exhibited undetectable or minimal toxicity on HEK293 cells at all specified
concentrations (Fig. 1A). All the fractions, except for LsH, stimulated the growth of HEK293 cells.

Similarly, LsCrude and its fractions LsD, LsE, and LsW, showed minimal toxicity on HDF cells (Fig. 1B). LsCrude increased the cell
viability of HDF cells in a dose-dependent manner, compared to the untreated control, suggesting enhanced cell proliferation as in the
HEK293 cells. By contrast, the LsH fraction exhibited some growth inhibition of the HDF cells. The other fractions had no substantial
effects on cell viability. Consistent with previous research, the safe concentration was over 80 % that of the control, even for a lower
viable cell count [60].

3.6. Cytoprotective effects of LsCrude and its fractions against Cd toxicity in HEK293 and HDF cells, determined by the MTT assay

The viability of both the HEK293 and HDF cells markedly decreased upon exposure to higher CdCl, concentrations (Fig. 2). The
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Fig. 1. Intrinsic cytotoxic effects of LsCrude and its partitioned fractions (LsH, LsC, LsE and LsW) at indicated concentrations on A) HEK293 and B)
HDF cells. Cytotoxicity, reflecting in cell viability, was determined using MTT assay and expressed as a percentage relative to the untreated control.
Each value represents as mean =+ standard deviation (n = 3). An asterisk (*) denotes a significant difference between the natural compound-treated
group and the control group at a p < 0.05.
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incubation of HEK293 cells with CdCl, (0, 20, 40, 60, 80, or 100 pM) for 24 h resulted in a dose-dependent inhibition of cell pro-
liferation, reaching the lowest cell viability (33 %) at 100 uM (Fig. 2A). Exposure to CdCl, at 40 pM resulted in a relative cell viability of
approximately 50 %. Similarly, the incubation of HDF cells with CdCl, at various concentrations (0, 5, 10, 15, or 20 pM) for 24 h
suppressed cell proliferation in a dose-dependent manner, with the lowest cell viability (34 %) observed at 20 pM (Fig. 2B). Exposure to
CdCl, at 10 pM resulted in a relative cell viability of approximately 50 %. Therefore, 40 pM and 10 pM were selected as the half-
maximal cytotoxicity concentrations (CCsg) for subsequent experiments on HEK293 and HDF cells, respectively.

The MTT assay was used to determine the cytoprotective effects of LsCrude and its fractions against Cd toxicity (CCsg) in HEK293
and HDF cells. Three treatment modalities were used: pre-treatment, co-treatment, and post-treatment.

A dose-dependent increase in the viability of HEK293 cells following 24-h co-treatment was observed (Fig. 3). In particular, 100 pg/
mL of LsCrude, LsE, or LsW resulted in high cell viability. The cells were co-treated with LsCrude (20-100 pg/mL) along with the CCsg
(pM) concentration of CdCly for 24 h. As a result, cell survival was consistently above 80 % at higher extract concentrations (> 60 pg/
mL), showing a dose-dependent trend (Fig. 3B). The maximum increase in cell survival corresponded to the 100 pg/mL LsCrude group.
Co-treatment with increasing concentrations of LsE or LsW displayed a dose-dependent effect on cell viability (> 80 %) at higher
concentrations (> 80 pg/mL). By contrast, co-treatment with varying concentrations of LsD resulted in only slightly higher cell
viability at higher concentrations (80-100 pg/mL), compared to the Cd-exposed group. On the other hand, co-exposing the HEK293
cells to different LsH concentrations did not affect their viability. As illustrated in Fig. 3A and C, respectively, both pre-exposure and
post-exposure of the HEK293 cells to the tested compounds did not attenuate the Cd-mediated decrease in cell viability, compared to
those treated solely with CdCl; at the CCs¢ (M) level. These findings highlight the distinct effects of LsCrude, LsE, LsW, LsD, and LsH
on HEK293 cell viability during the co-treatment with CdCl,. However, neither the pre-treatment nor the post-treatment showed
similar effects. This provides valuable insights into the potential cell proliferative and cytoprotective effects of the extracts.

Fig. 4 shows the cytoprotective effects of LsCrude and its fractions on HDF cells exposed to CdCl; at the CCsq (uM) level. After 24 h
of pre-treatment with LsCrude (20-100 pg/mL), the relative cell viability remained above 80 % at higher extract concentrations (> 80
pg/mL), indicating a dose-dependent cytoprotective effect (Fig. 4A). In addition, an increase in cell survival was observed when the
cells were exposed to LsCrude at 100 pg/mL during both the co-treatment and post-treatment (Fig. 4B and C). This suggests that
LsCrude exerts protective effects on HDF cells. Hence, 100 pg/mL of LsCrude was used for subsequent antigenotoxicity tests in all forms
(pre-treatment, co-treatment, and post-treatment).

Co- or pre-treating cells with varying concentrations of LsH, LsD, LsE, and LsW (20-100 pg/mL) revealed a dose-dependent increase
in cell viability that maintained cell survival above 80 % at higher extract concentrations (> 60 pg/mL). Maximum cell viability was
obtained at 80-100 pg/mL, compared to the cells treated only with CdCly at the CCsq level (Fig. 4A and B). The significant increase in
cell survival in the 100 pg/mL LsD co-treated group was noteworthy, compared with other treatment groups (Fig. 4B). Pre-treatment
and post-treatment of LsD at varying concentrations displayed a similar but less pronounced effect relative to co-treatment, demon-
strating ca. 80 % cell survival at 100 pg/mL (Fig. 4A and C, respectively). These results suggest that LsD has a wide range of protective,
inhibitory, and antidotal effects against Cd-induced damage in HDF cells. The maximum cytoprotective potential was observed after
co-exposure at 100 pg/mL LsD. Hence, 100 pg/mL of LsD was used for subsequent antigenotoxicity experiments in all forms (pre-
treatment, co-treatment, and post-treatment).

Furthermore, co-treatment and post-treatment of HDF cells with varying concentrations of LsE (20-100 pg/mL) resulted in a
significant, dose-dependent increase in cell viability. Cell survival remained above 80 % at higher extract concentrations (> 60 pg/
mL). The maximum cell survival was observed at 100 pg/mL, compared to cells treated with CdCl; at the CCsg level (Fig. 4B and C
respectively). During pre-treatment, cell viability exhibited an inverse relationship with increasing LsE concentrations, with the
highest cell survival (>80 %) observed at the lowest LsE concentration (20 pg/mL) (Fig. 4A). These findings demonstrate the broad
spectrum of beneficial cytoprotective, inhibitory, and antidotal effects of LsE on HDF cells. They underscore a crucial aspect of the dual
role played by natural compounds, wherein their activities can either promote or suppress, depending on the dosage employed.
Therefore, antigenotoxicity assays used LsE concentrations of 20 (pre-treatment) and 100 pg/mL (co-treatment and post-treatment).

Similarly, the increased relative viability of HDF cells was positively correlated with post-treatment at increasing LsW
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Fig. 2. Effect of cadmium at varying concentrations on cell viability of A) HEK293 renal cells and B) HDF dermal cells. Following a 24-h exposure to
CdCl;, at the indicated concentrations, cell viability was evaluated using the MTT assay and expressed as a percentage relative to that of the un-
treated cells (control). Each value represents mean =+ standard deviation (n = 3) and the half maximal cytotoxicity concentration (CCsg) value for
cadmium effect on cell survival was subsequently calculated.
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Fig. 3. Cytoprotective effects of LsCrude and its partitioned fractions (LsH, LsD, LsE and LsW) on HEK293 renal cells exposed to CdCl, at CCsg level
(40 pM) during pre-treatment, co-treatment, or post-treatment. Cell viability, indicative of cytoprotective effects, was assessed using MTT assay
under three different treatment conditions: A) extract pre-incubation following Cd exposure, B) extract and CdCl, co-incubation C) extract post-
incubation after Cd exposure. The relative cell viability values, expressed as mean + standard deviation (n = 3) was compared to the untreated
group (control). An asterisk (*) indicates a significant difference between the treatment group and Cd-exposed group at a p-value <0.05.
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Fig. 4. Cytoprotective effects of LsCrude and its partitioned fractions (LsH, LsD, LsE and LsW) on HDF dermal cells exposed to CdCl, at CCsg level
(10 pM) during pre-treatment, co-treatment, or post-treatment. Cell viability, indicative of cytoprotective effects, was evaluated using MTT assay
under three distinct treatment conditions: A) extract pre-incubation following Cd exposure, B) extract and CdCl, co-incubation C) extract post-
incubation after Cd exposure. The relative cell viability values, expressed as mean + standard deviation (n = 3) was compared to the untreated
group (control). An asterisk (*) indicates a significant difference between the treatment group and Cd-exposed group at a p-value <0.05.
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concentrations (20-100 pg/mL). By contrast, during pre-treatment, this viability showed an inverse relationship with the rising
concentrations of LsW (Fig. 4A and C, respectively), resembling the patterns observed with LsE. Although co-treatment with LsW alone
at elevated concentrations (60-100 pg/mL) alleviated Cd cytotoxicity, cell survival remained below 80 % (Fig. 4B). Thus, concen-
trations of 20, 80, and 100 pg/mL LsW were selected for antigenotoxicity assays (pre-treatment, co-treatment, and post-treatment,
respectively).

While both pre-treatment and co-treatment with elevated LsH concentrations (20-100 pg/mL) significantly (p-value <0.05)
enhanced cell survival compared to the cells treated only with CdCl; at the CCs( level, the increased relative viability of HDF cells at all
tested concentrations still fell below 80 % for extract concentrations of 53-63 % and 48%-66 %, respectively (Fig. 4A and B). During
post-treatment, LsH could not exert an antidotal effect against Cd cytotoxicity in HDF cells (Fig. 4C).

These results suggest that LsCrude and its fractions—especially co-treatment with 100LsCrude, 100LsE, or 100LsW—serve as
potent suppressors of Cd-induced cytotoxicity, enhancing the viability of HEK293 cells compared to cells treated only with CdCl; at the
CCsp level. Furthermore, LsCrude, LsD, LsE, and LsW protected, inhibited, or antidoted Cd-induced cytotoxicity in HDF cells exposed at
the CCsg level. In particular, 20LsE in pre-treatment, 80 to 100LsD in co-treatment, and 100LsE and 100LsW in post-treatment
recovered cell viability to a level comparable to the control.

3.7. Antigenotoxic effects of LsCrude and its fractions on HEK293 and HDF cells exposed to Cd, determined by the alkaline comet assay

The alkaline comet assay was used to evaluate the antigenotoxic effect of LsCrude and its fractions on HEK293 and HDF cells after
Cd-exposed cells were subjected to pre-treatment, co-treatment, or post-treatment. The % DNA in the comet’s tail (% tail DNA) is an
indicator of primary DNA damage consistent with that caused by Cd genotoxicity and is measured using a 5-point scale scoring a total
of 100 cells per sample [44,61]. CCsp of 40 and 10 pM CdCl; were chosen as optimal genotoxic concentrations for HEK293 and HDF
cells, respectively (Fig. 2).

Figs. 5 and 7A display representative comet images along with a quantitative analysis of antigenotoxicity in HEK293 cells following
co-treatment with 40 pM CdCly and the natural compounds at the concentrations conferring maximum cytoprotective effects
(100LsCrude, 100LsE, or 100LsW) (Fig. 3). Administration of the natural compounds alone resulted in no genotoxicity, as the comet-
like DNA patterns of the exposed cells were comparable to those of the control (Fig. 5A). A notable increase in DNA damage was
observed in the Cd-exposed cells, compared to the control. The % tail DNA for the 100LsE fraction was significantly (p-value <0.05)
lower than that for the Cd-exposed group, followed by the 100LsW and 100LsCrude groups after co-treatment with Cd and the natural
compounds (Fig. 5B, quantified in Fig. 7A). This suggests that the 100LsE and 100LsW fractions also mitigate DNA damage following
co-exposure to Cd, consistent with the antioxidant effects attenuating the DNA-damaging ROS.

Figs. 6 and 7B depict representative comet images together with a quantitative analysis of antigenotoxicity in the HDF cells
following pre-, co-, and post-treatment with 10 pM CdCl;, and the natural compounds at the concentrations exhibiting the maximum

Control

CdCl, 40 uM

(A) Natural compound
LsCrude 100 pg/mL LsE 100 pg/mL LsW 100 pg/mL

(B) Co-treatment (Natural compound with CdCl,)
LsCrude 100 pg/mL LsE 100 pg/mL LsW 100 pg/mL

Fig. 5. Representative comet images depicting antigenotoxic effect of the LsCrude and its partitioned fractions on HEK293 cells using in vitro
alkaline comet assay. The extent of DNA damage was measured in HEK293 cells treated with Cd and the tested plant extracts: A) administration of
plant extracts alone at specified concentrations (100LsCrude, 100LsE, or 100LsW) for 24 h, B) co-treatment with the specified plant extracts and
CdCl, at 40 pM of CCs level for 24 h, in comparison to the untreated and Cd-treated group (the first panel).
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cytoprotective effects (LsCrude, LsD, LsE, and LsW). Administration of the natural compounds alone resulted in no genotoxicity, as the
comet-like DNA patterns of the exposed cells were comparable to that of the control (Fig. 6). On the other hand, a marked increase in
DNA damage was observed in the Cd-exposed cells, compared to the control. Under pre-treatment, the % tail DNA of the 100LsD
fraction was significantly lower than that in the Cd-exposed group, implying that 100LsD exhibits antigenotoxic effects against Cd
toxicity (Fig. 6A). Moreover, the % tail DNA values of the 100LsD and 100LsE fractions were significantly lower than that of the Cd-
exposed group, followed by the 100LsCrude and 80LsW groups after co-treatment (Fig. 6B). This result indicates that the 100LsD and
100LsE fractions are potent inhibitors of DNA damage upon co-exposure to Cd. However, this was not the case in the post-treatment
groups, where the % tail DNA of groups treated with the natural compounds (100LsCrude, 100LsD, 100LsE, and 100LsW) remained
comparable to that of the Cd-exposed group (Fig. 6C).

Altogether, our findings demonstrate the antigenotoxic potential of the 100LsE and 100LsW fractions in HEK293 cells during
concurrent exposure to Cd. Meanwhile, the 100LsE and 100LsD fractions suppressed Cd-induced DNA damage in the HDF cells. Only
the pre-treatment with the 100LsD fraction exhibited genoprotective potential against Cd toxicity in HDF cells.

3.8. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis

LC-MS analysis of LsCrude, LsD, LsE, and LsW revealed numerous compounds (known and novel) with potential therapeutic
properties. Seventeen flavonoids and three phenolics were preliminarily identified by comparing the retention times (RT) and mass
spectrometric data obtained under both negative and positive electron spray ionization modes (ESI—/ESI+), and considering mass
error and data identification scores. Our results indicate that LsCrude, LsD, LsE, and LsW contain compounds similar to those found in
the ethyl acetate fraction (BsE) from a previous study [30]. The identification of these constituents in the LsCrude, LsD, LsE, and LsW
fractions adds to the existing data, highlighting the presence of numerous bioactive compounds (Table 3).

The LC-MS analysis confirmed the presence of phenolics and flavonoids. LsD contains gallic acid, which serves as a chemical marker
for the leaves and stems of L. strychnifolium [29]. A 2021 study suggested that gallic acid possesses strong antioxidant properties and

Control CdCl, 10 uM

Natural compound
LsCrude 100 pg/mL LsD 100 pg/mL LsE 100 pg/mL LsW 100 pg/mL

A) Pre-treatment (Natural compound before exposed CdCl,)
LsCrude 100 pg/mL LsD 100 pg/mL LsE 20 pg/mL LsW 20 pg/mL

B) Co-treatment (Natural compound with CdCl,)

LsCrude 100 pg/mL LsD 100 pg/mL LsE 100 pg/mL LsW 60 pg/mL

C) Post-treatment (Natural compound after exposed CdCl,)

LsCrude 100 pg/mL LsD 100 pg/mL LsE 100 pg/mL LsW 100 pg/mL

Fig. 6. Representative comet images showing antigenotoxic effect of the LsCrude and its partitioned fractions on HDF cells by in vitro alkaline
comet assay. The extent of DNA damage was assessed in HDF cells treated with CdCl, at 10 pM of CCs level as optimal genotoxic concentration and
the tested plant extracts (LsCrude, LsD, LsE, or LsW) at specified concentration: A) HDF cells were pre-treated with plant extracts (100LsCrude,
100LsD, 20LsE, and 20LsW) for 24 h, followed by CdCl, treatment for an additional 24 h, B) HDF cells were co-treated with plant extractsl
(100LsCrude, 100LsD, 100LsE, and 100LsW) along with CdCl, for 24 h, C) HDF cells were initially treated with CdCl, for 24 h, followed by plant
extracts (100LsCrude, 100LsD, 100LsE, and 100LsW) for additional 24 h, in comparison to the untreated and Cd-treated group (the first-upper
panel), and plant extract alone (the second-upper panel).
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Fig. 7. Quantitative comet-based assessment of anti-genotoxicity of LsCrude and its selected fractions against Cd toxicity in three treatment mo-
dalities. A) HEK293 cells were co-treated with plant extracts (100LsCrude, 100LsE, and 100LsW) along with CdCl, at CCs level for 24 h. B) Left
panel: HDF cells were pre-treated with plant extracts (100LsCrude, 100LsD, 20LsE, and 20LsW) for 24 h, followed by CdCl, treatment for an
additional 24 h; Middle panel: HDF cells were co-treated with plant extracts1(100LsCrude, 100LsD, 100LsE, and 100LsW) along with CdCl, for 24 h;
Right panel: HDF cells were initially treated with CdCl, for 24 h, followed by plant extracts (100LsCrude, 100LsD, 100LsE, and 100LsW) for
additional 24 h. Each value is expressed as mean =+ standard deviation (100 cells per comet slides). Different alphabetical letters represent sig-
nificant difference between the treatment group and the Cd-exposed group at p-value <0.05.

may play a protective role in healthy individuals by inhibiting apoptosis [62]. Furthermore, quercetin was detected in LsD. Quercetin
has antigenotoxic activity, primarily due to its ability to protect against oxidative stress and inhibit the enzymes responsible for the
bioactivation of genotoxic agents, which cause oxidative DNA damage. Additional biochemical studies have suggested that quercetin’s
DNA-protective role is based on enhancing the antioxidant defense system by increasing the glutathione (GSH), catalase (CAT), and
glutathione peroxidase (GPx) levels, and reducing oxidative stress by decreasing peroxide and NO levels [63].

Furthermore, kaempferol was identified in LsE. This flavonoid—commonly found in fruits and vegetables—is known for its anti-
inflammatory, antidiabetic, antioxidant, antimicrobial, and anticancer activities [64]. The protective effect of kaempferol against
CdClp-induced hepatic damage in rats is mediated by its antioxidant and anti-inflammatory effects, driven by upregulation of the
Nrf2/HO-1 axis and suppression of NF-kB p65 and keapl. This mechanism suggests that the protective effects of kaempferol are mainly
due to its ability to reduce oxidative stress by lowering ROS generation, increasing GSH and SOD levels via the Nrf2/HO-1 pathway,
preventing mitochondrial permeability transition pore (mtPTP) opening, and suppressing NF-kB activation and inflammatory cytokine
production [65].

The antioxidant potential of L. strychnifolium extracts and their beneficial DNA-protective effects have been previously discussed.
The free radical-scavenging activity of L. strychnifolium extracts and their fractions was investigated. As a result, these extracts’ efficacy
may be attributed to their flavonoid and polyphenolic compounds, which scavenge free radicals and enhance DNA repair or synthesis
[63].

In our earlier study on the anti-diabetic activity of L. strychnifolium, we recorded the 'H and '3C nuclear magnetic resonance (NMR)
spectra of phytochemical compounds in the BsE. As a result, we identified phenolics and flavonoids such as gallic acid, resveratrol,
catechin, taxifolin, and quercetin [30]. Here, the antioxidant effects of LsCrude and its fractions are attributed to the plant’s defense
systems that counteract oxidative DNA damage by donating electrons to reactive metabolites. Plant flavonoids are known as
outstanding radical scavengers that mitigate DNA damage in human blood cells [66]. In addition, resveratrol, identified in BsE [30],
mitigated Cd toxicity in the liver tissues of male rats by reducing Cd-induced free radicals. In a previous study, the resveratrol-treated
group exhibited elevated protein levels, suggesting hepatic cellular repair [67]. The presence of flavonoids and phenolics, including
resveratrol and anthocyanins, in black grape extract explains its ability to alleviate Cd-induced oxidative damage in rat livers. The
intervention reversed the activities of serum hepatic markers, almost restoring them to normal levels. In addition, substantial reduction
in lipid peroxidation, restoration of antioxidant levels in the liver, and enhancement of hematological parameters were reported [58].
Catechin hydrate (taxifolin), another phytochemical in LsE [30], demonstrated anti-cytogenotoxic and immunoprotective effects in
Cd-treated lymphocytes. Treatment with catechin hydrate reduced the percentage of apoptotic lymphocytes while improving the
viability of cells exposed to Cd (10 and 20 pM Cd) [68]. Another study reported that catechins from green tea protected rats exposed to
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Table 3
Qualitative characterization of flavonoids and phenolics in LsCrude LsD, LsE and LsW fraction.
Compounds Formula Retention Time Mode of Ionization Mass m/z Mass Error Sample
(min) (ESI"/ESI™) (ppm)
Flavonoids
1. (—)-Epigallocatechin 3-(4-methyl-gallate) Ca3 Hao 16.367 [M—H] ~ 472.10 471.09 —5.97 LsCrude
On
2. Catechin 7-O-alpha-L-rhamnopyranoside Cz1 Hay 12.364 [M—-H] ™ 436.14 435.13 0.84 LsCrude
O10
3. (—)-Epigallocatechin 3-(4-methyl-gallate) Ca3 Hao 16.367 [M—H] ~ 472.10 471.09 —4.94 LsD
On
4. Catechin 7-O-alpha-L-thamnopyranoside Ca1 Hag 17.263 [M—H] ~ 436.14 435.13 1.43 LsD
O10
5. Gallocatechin-(4alpha->8)-epigallocatechin C3o Hoe 17.442 [M—H] ~ 610.13 609.12 —2.96 LsD
O14
6. Epicatechin 5-O-beta-p-glucopyranoside-3- Cag Hag 18.782 [M—H] ~ 556.16 555.15 —0.87 LsD
benzoate 012
7. Gallocatechin-4beta-ol Ci15Hy140g 4.16 [M—H] ~ 322.07 367.06 -8.41 LsE
8. (—)-Epigallocatechin 3-(4-methyl-gallate) Ca3 Hao 16.361 [M—H] ~ 472.10 471.09 —4.87 LsE
On
9. Gallocatechin-(4alpha->8)-epigallocatechin Cso Hoe 17.461 [M—H] ~ 610.13 609.12 —4.32 LsE
O14
10. Quercetin 3-(2"-galloyl-alpha-1- Co7 Hao 16.299 [M—-H] ™ 586.10 585.08 —9.33 LsD
arabinopyranoside) O;s
11. Quercetin Ci15Hi007 17.89 [M—-H] ™~ 302.04 301.04 —1.03 LsD
12. Quercetin 3-(2"-galloyl-alpha-1- Ca7 Hoo 16.311 [M—H] ~ 586.10 585.08 —-9.1 LsE
arabinopyranoside) O;s
13. Kaempferol 7-O-glucoside Ca1 Hao 16.215 [M - H] ~ 448.10 447.09 0.15 LsE
On
14. Kaempferol 3-(2"-galloyl-alpha-i- Ca7 Hoo 16.898 [M - H] ~ 570.10 569.09 —8.32 LsE
arabinopyranoside) O14
15. Kaempferol 3-(3"-p-coumaroylrhamnoside)- ~ Czg H3g 17.163 [M — H] 724.20 723.19 —0.47 LsE
7-rhamnoside O16
16. Kaempferol Ci15H1006 18.473 [M—H] ~ 286.05 285.04 -1.05 LsE
17. Luteolin Ci5Hi0 06 17.812 [M — H] 286.05 285.04 1.43 LsD
18. Luteolin C15H1006 17.84 [M—-H] 286.05 285.04 1.15 LsE
19. 2/,3,5,6/,7-Pentahydroxyflavanone Ci15H1507 16.152 [M—H] ~ 304.06 303.05 -0.79 LsCrude
20. 2,6,7,4"-Tetrahydroxyisoflavanone C15H12 0 17.255 [M—H] ~ 288.06 287.06 -0.72 LsCrude
21. 2,5-Dihydroxy-7-methoxy-8- C17H160s 19.342 [M — H] 300.10 299.09 1.81 LsCrude
methylflavanone
22. 2/,3,5,6/,7-Pentahydroxyflavanone Ci5sH120, 16.175 [M—-H] ™ 304.06 303.05 —0.38 LsD
23. 2,5-Dihydroxy-7-methoxy-8- C17H160s 19.337 [M — H] 300.10 299.09 1.02 LsD
methylflavanone
24. 2/,3,5,6/,7-Pentahydroxyflavanone Ci5H120,  16.207 [M—-H] ™ 304.06 303.05 —0.99 LsE
25. Euchrestaflavanone A Ca5 Hag Os5 21.226 [M - H] ~ 408.19 407.19 0.39 LsE
26. Uvarinol C36 H30 O7 15.753 [M—H] ™~ 574.20 575.21 -1.73 Lsw
Phenolics
27. Gallic acid C7 He Os 13.533 [M—-H] ™ 170.02 169.01 —0.62 LsD
28. Resveratrol 4’-(2-galloylglucoside) Cay Hae 16.532 [M—-H] ~ 542.14 541.14 0.55 LsD
O12
29. Resveratrol 4°-(2-galloylglucoside) Co7 Hag 16.482 [M —H] ~ 542.14 541.14 0.3 LsE
O12
30. Kelampayoside A Cyo Hzo 9.572 [M + HCOO] ~ 478.17 501.15 —7.96 Lsw
O13

Cd against bone metabolic abnormalities [69]. Quercetin, present in LsE [30], reduced Cd-mediated DNA damage in goat testicular
cells, as evidenced by a decreased % tail DNA in the comet assay in the quercetin-supplemented groups after 8 h of exposure to Cd (50
and 100 pM) [70]. Another study demonstrated the protective effect of bioflavonoids such as quercetin in mitigating Cd-induced
oxidative stress-related renal dysfunction in rats, attributed to a diminishing rate of lipid peroxidation. Thus, the treatment allevi-
ated the Cd-mediated biochemical alterations and pathological changes observed in rat serum, urine, and tissues [71].

Overall, the published data agree with our findings, suggesting that the polyphenolic compounds from L. strychnifolium likely
contribute to protecting human renal and dermal cells from toxic metal-induced ROS.

4. Conclusions
This is the first report on the anti-cytogenotoxic activities of L. strychnifolium extract against Cd exposure at the CCs (M) level in

vitro. An alkaline comet assay was performed using HEK293 renal and HDF dermal cell models. Our results demonstrate the effec-
tiveness of the dichloromethane and ethyl acetate fractions in preventing Cd-induced damage to HEK293 cells during co-treatment.
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The LsD fraction demonstrated cyto-geno-protective effects against Cd toxicity at the CCso (M) level in the pre-treatment of HDF cells.
The HDF cells co-treated with the LsCrude or the LsD or LsE fractions suppressed Cd-induced DNA damage. These anti-cytogenotoxic
effects are likely due to the antioxidant activities of the phytochemicals in the extracts, as evidenced by DPPH and FRAP assays,
phytochemical screening, and LC-MS analysis. Gallic acid, quercetin, and kaempferol may be the active compounds responsible for
these anti-cytogenotoxic effects. These results demonstrate the effectiveness of L. strychnifolium extracts in mitigating Cd toxicity and
support the use of L. strychnifolium in Thai traditional medicine. Our findings encourage the further exploration and identification of
bioactive compounds and responsive gene expression to develop health supplements and targeted therapeutic agents.
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