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Abstract

Breast cancer is one of the highest causes of death in women. However, cancer therapy drugs have weaknesses, low
selectivity, which results in reduced efficacy. Kratom contains alkaloid group compounds that have a cytotoxic effect.
This study aimed to evaluate the cytotoxic effects and apoptosis mechanisms on the alkaloid fraction of Kratom Leaves.
Additionally, identify their metabolite with LC-MS/MS and molecular docking to predict its apoptotic activity.
Fractionation was carried out by liquid-liquid extraction and acid-base methods. The cytotoxic test was carried out using
the MTT assay method on extract and alkaloid fractions on T47D breast cancer cells. Apoptosis mechanism testing was
performed using AO/EB staining. Identification of the chemical composition of alkaloid fractions with LC-MS/MS as a
ligand to perform molecular docking. The proteins used as molecular docking targets are the 3ERT protein (estrogen
receptor) and the 2W3L protein (Bcl-2 receptor). The alkaloid fraction of kratom leaves can provide moderate cytotoxic
activity with an ICso of 96.23 pg/mL against T47D cells compared to kratom leaf extract, which has weak potential with
an ICso value of 419.21 pg/mL. Research finds that the alkaloid fraction of kratom leaves exhibits superior cytotoxic
activity in T47D cells compared to kratom leaf extract samples. The alkaloid component significantly promoted apoptotic
induction compared with untreated control cells. The alkaloid fraction was found to contain § alkaloid compounds: 7-
Hydroxymitragynine, Corynantheidine, Isorhynchophylline, Mitragynine, Pholcodine, Polyneuridinealdehyde,
Rotundifolone, and Yohimbine. Moreover, polyneuridinealdehyde exhibits the greatest potential in silico against estrogen

receptors, while yohimbine demonstrates significant efficacy against Bcl-2 receptors.
Keywords: Alkaloid, Apoptosis, Breast cancer, Docking, Kratom, LC-MS/MS

Introduction

Breast cancer is a disease with a high prevalence.
According to GLOBOCAN (Global Burden of Cancer)
data, in 2020 new cases due to breast cancer are the first
order in the world, namely 2,261,419 cases (11.7%) [1].
Cancer treatment may involve chemotherapy,
immunotherapy, targeted therapy, and radiation therapy
[2]. Nonetheless, there are disadvantages associated
with existing cancer therapies. There are significant
severe side effects, and there is no cure. One cancer

treatment, chemotherapy, destroys rapidly dividing

cancer cells as well as rapidly dividing good cells, like
those that line the mouth and intestines and those that
cause hair to develop. Other adverse effects include
nausea, vomiting, diarrhea, alopecia, neuropathy, and
myalgia, along with the development of Multi-Drug
Resistance (MDR) [3,4]. Therefore, active and selective
chemicals are needed as an alternative anticancer
treatment to reduce side effects and improve the comfort

and quality of life of cancer patients.
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Herbal therapy has been widely promoted and
studied as an alternative to cancer treatment. Over 60%
of clinically utilized chemotherapeutic drugs are derived
from herbs, including vincristine, vinblastine,
paclitaxel, and topotecan [5]. Natural anticancer
chemicals often originate from the alkaloid Harvey [6]
and steroid classes [7]. Alkaloids are among the most
significant active ingredients found in natural herbs, and
several of these substances have already been
successfully developed into medications used to treat
cancer. One of the plants is recognized for its cytotoxic
impact and contains alkaloids, specifically kratom leaf
(Mitragyna speciosa) [8].

Kratom leaves are commonly located in Southeast
Asia. Kratom is a plant recognised for its high alkaloid
content. Over 54 alkaloid chemicals have been
identified in the plant, with mitragynine being one of the
most dominant. Kratom contains alkaloid compounds
with an indole alkaloid structure that have a significant
anticancer potential. The structure of indole alkaloids
similar to that the of the alkaloid compounds found in
vincristine and vinblastine, which are utilised clinically
as cancer therapeutics [9]. Saidin and Gooderham
initially reported research on the anticancer properties of
methanol extract and mitragynine components from
kratom leaves, in MCL-5 lymphoblastoid cells and SH-
SYS5Y nerve cells [10]. Phytochemicals and their
derivatives have the potential to enhance cancer
treatments' efficacy while decreasing side effects.
Doxorubicin and an alkaloid extract from kratom leaf
were found to enhance the drug's sensitivity in A549
lung cancer cells by 2.6 to 3.4 times, suggesting that the
2 substances could work together to decrease the dosage
of doxorubicin [11].

Phytochemical compounds exhibit anticancer
properties by modulating the immune system,
decreasing  cellular  proliferation, obstructing
topoisomerase enzymes, and inducing apoptosis. In
chemotherapy, the majority of medicines operate
through an apoptosis inducing mechanism [12].
Compounds in the alkaloid category have been shown to
trigger apoptosis by suppressing the production of
antiapoptotic proteins (Bcl-2, Bcl-xL, Mcl-1) and
enhancing the activity of apoptosis execution receptors
(caspase-3) [13].

This research investigated the activity and

mechanism of the alkaloidal fraction derived from

kratom leaves. Previous research has assessed the
cytotoxic effects of kratom plant alkaloids on colon,
leukemia, nasopharyngeal, nerve, and lung cancer cells
in vitro [11,14-16]. Nonetheless, there are no definitive
findings on the activity and mechanism of apoptosis
induction by kratom leaf alkaloid fractions in breast
cancer.

Techniques for detecting apoptosis induction have
been established by morphological alterations and cell
surface markers in vitro. A method for detecting
apoptosis involves acridine orange (AO) / ethidium
bromide (EB) double labeling observed with a
fluorescence microscope. AO/EB can reveal alterations
in the cell membrane during apoptosis [17]. Molecular
docking is an efficient technique for identifying
bioactive compounds and elucidating their binding
mechanisms and interactions with protein targets [18].
The chemical composition of plants can be determined
using a liquid chromatography-mass spectrophotometry
/ mass spectrophotometry (LC-MS/MS) instrument
[19]. A combined approach of in silico methodologies
and chromatography / spectroscopic analyses can be
employed to ascertain bioactive compounds present in
extracts or fractions [20,21].

This study aimed to assess the cytotoxic effects
and apoptosis mechanisms of AO/EB on the alkaloid
fraction derived from kratom leaves in breast cancer
cells in vitro. Additionally, this study used LC-MS/MS
to identify the metabolite composition of the alkaloid
fraction of kratom leaves and in silico molecular

docking to predict its apoptotic activity.

Materials and methods

Instruments

The tools for the extraction and fractionation
process include a rotary evaporator (Buchi),
chromatography vessel, and 254 and 366 nm UV lamps.
The tools for cytotoxicity and apoptosis tests include a
CO: incubator (New Brunswick, Galaxy 170R),
centrifuge (Hermle Siemensstr-25D-78564), sonicator,
LAF (Mascotte LH-s), micropipette (Socorex), 96-well
plate (Biologix®), 60 mm culture dish (Nest),
microplate reader (Biochrom Asys UVM 340), and
fluorescence microscope inverted Nikon eclipse Ts2R at
a magnification of 100%. Analysis for chemical
compound content by Ultra Performance Liquid
Chromatography (UPLC), C18 (1.8 pm 2.1x100 mm)
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HSS (Waters), and the MassLynx V4.1 SCN884
(Waters Inc.) Tools for molecular docking, namely a
ASUS X409F] computer, including an Intel® Core™ i5
8265U processor operating at 1.80 GHz and equipped
with 4 GB of Random Access Memory (RAM),
ChemDraw  20.0 programme, Chem3D 20.0,
AutoDockVina in the PyRx 0.8 system, AutoDockTools
4.2.6, and Discovery Studio Visualizer v.19.1.0.18287.

Materials

The plant material in this study was kratom leaf
dried plant (Mitragyna speciosa Korth.) from the
Pontianak area, West Kalimantan, and its authenticity
was identified at the UPT Herbal Materia Medica
Laboratory, Batu, East Java, Indonesia with letter
number No. 074/823/102.20-A/2022. The following
chemicals were employed for extraction and
fractionation, included ethanol, dichloromethane p.a.
(Merck), distilled water, ethanol p.a. (Merck), n-hexane
p-a. (Merck), ammonium formic p.a (Merck),
acetonitrile p.a (Merck), and formic acid p.a (Merck).
Silica gel 60 PF254 (aluminium sheets) (Merck:
1.05554.0001) was employed for thin layer
chromatography.

Materials for in vitro apoptosis induction and
activity tests, namely RPMI-1640 medium (Sigma-
Aldrich), Fetal Bovine Serum F2442 (Sigma-Aldrich)
essential nutrients and growth factors, penicillin-
streptomycin P4333 (Sigma-Aldrich), amphotericin B
A2942 (Sigma-Aldrich), Phosphate Buffer Saline (PBS)
10010031 pH 7.4 (Gibco™), DMSO 472301 (Sigma-
Aldrich), MTT  (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) Cell Count Kit 23506-80
(Nacalai Tesque), SDS L3771 (sodium dodecyl
sulphate) stopper in 0.01 N HCIl (Sigma-Aldrich),
Acridine Orange A6014 hemi(zinc chloride) salt for
nucleic acid staining (Sigma-Aldrich), ethidium
bromide E1510 for nucleic acid stain (Sigma-Aldrich).

Extraction and fractionation of kratom leaf
alkaloids

The maceration method was used to extract the
powder from Kratom leaf dried plant for 24 h using 2.5
L of 96% ethanol twice. We gathered and evaporated all
of the filtrate. Following the drying process, the
concentrated extract's yield percentage was computed.

The fractionation procedure was also conducted using

Sharma et al. [22] methodology. The kratom leaf dry
extract was redissolved in 96% ethanol and then
acidified with 10% HCI to achieve a pH of 2 - 3. The
liquid-liquid extraction process was carried out using n-
hexane with a ratio of 1:1. After the N-hexane phase was
extracted, the water phase was separated and
fractionated by alkalinization using 10% Na.COs until it
reached pH 8 - 9. After that, the water fraction was
subjected  to  liquid-liquid  extraction  using
dichloromethane with a ratio of 1:1. The water phase and
dichloromethane phase were separated and collected.
The extract samples, n-hexane fractions, and
dichloromethane fractions were identified for
chromatogram patterns using silica gel F254 TLC
plates. The mobile phase used was n-hexane:ethyl
acetate (3:7). The chromatogram pattern was identified
under visible light, under UV 366 nm, under UV 254
nm, and sprayed with Dragendorff's reagent.

Cell culture

The In Vitro Laboratory Research Center 1
collection of Airlangga University’s Faculty of
Pharmacy provided the T47D breast cancer cells. The
first step in cell preparation is to use a microscope to
check the stem cell culture’s cells in a dish for readiness.
Cell harvesting was at its best when 70% - 80% of the
cells were confluent. RPMI, which contained 10% FBS,
1% Fungizole, and 1% Pen-Strep, was the growth

medium utilized.

Cytotoxic activity test

Cytotoxicity was evaluated using the MTT assay,
which started with the preparation of a sample solution
in 7 different concentrations by gradual dilution with
media. The samples tested consisted of extract, n-hexane
fraction, and dichloromethane fraction from kratom
leaves. The dichloromethane fraction obtained was
defined as the alkaloid fraction. The sample is
solubilized with DMSO. Cancer cells were counted and
diluted, with up to 100 pl of cells transferred into the
wells at a concentration of 5x10% cells per well. Four
empty wells were designated for media blanks. Cells had
incubation for a duration of 24 h. Ethanol extracts were
prepared at various concentrations: 200, 250, 300, 350,
400, 450 and 500 pg/mL. n-Hexane fraction were
prepared at various concentrations: 50, 75, 100, 200,
300, 400 and 500 pg/mL. Alkaloid fraction were
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prepared at various concentrations: 50, 75, 100, 125, 150
and 175 pg/mL. Doxorubicin were prepared at various
concentrations: 0.05, 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6
pg/mL. The sample concentration series was then
transferred into the wells and incubated for 24 h. At the
conclusion of the incubation period, 100 pl of MTT
reagent was introduced to each well, including the
control media devoid of cells. Incubate cells for 2 to 4 h
in a CO; incubator. The cells’ condition was assessed
using an inverted microscope. Upon clear formation of
formazan, 100 pl of 10% SDS in 0.01 N HCl is added to
the stopper. Wrapped the well plate in paper or
aluminum foil and incubate in a dark environment at
room temperature for one night. The absorbance was
measured using an ELISA reader at a wavelength of 550

- 600 nm, specifically at 570 nm.

Apoptotic induction double staining test

Confluent T47D cell cultures were harvested and
counted. The apoptosis assay utilizing the AO/EB
double staining method employed 5x10* cells each well,
with an amount of 200 pl each well. The cell suspension
was uniformly applied to the coverslip and subsequently
incubated for a duration of 3 to 30 min to facilitate cell
adhesion to the coverslip. Add 800 puL of media to the
well gradually and incubate for 36 h in a CO; incubator.
The treatment of T47D cells involved a control
treatment and the active alkaloid fraction sample at its
ICso concentration, followed by a 24 h incubation period.
The culture media was discarded, and the cells were
washed with PBS. The cover slip containing the cells
was then placed on a glass object and treated with 10 uL
of acridine orange/ethidium bromide (AO/EB) mixture
reagent. Cell morphology was observed using a
fluorescence microscope [23]. The calculation of cells
that experience apoptosis, necrosis, and living cells was
carried out in 3 replications with the results of the
average percentage of the cell population + SD. Each
replication was calculated at least 200 total cells
expressing apoptosis, necrosis and living cells in each
sample. The percentage data of apoptosis, necrosis, and
live cells from each sample were then statistically tested.

Detection of chemical content with LC-MS/MS
QTOF

The Ultra Performance Liquid Chromatography
(UPLC) System was used, with Column C18 (1.8 um;

2.1x100 mm) HSS and temperatures of 50 °C for the
column and 25 °C for the room. A mobile phase
comprising Water + 5 mmol Ammonium Formate
(phase A) and Acetonitrile + 0.05% Formic Acid (phase
B) was utilized with a gradient method: 0 min, 95:5
(A:B); 2 min, 75:25 (A:B); 3 min, 75:25 (A:B); 14 min,
0:100 (A:B); 15 min, 0:100 (A:B); 19 min, 95:5 (A:B);
23 min, 95:5 (A:B), with a flow rate of 0.2 mL/min. ESI
charge, mass range of 50 - 1200 m/z in positive mode.
Additionally, the effective energy spans from 4 to 60
electron volts, with a desolvation gas flow of 793 I/h and
a cone gas flow of 0 I/h. Furthermore, the ions produced
by the detector were separated using the Q-ToF
analyzer. The Masslynk V4.1 application was utilized
for data collecting and processing to assess the
chromatogram peaks. A search of books and internet
databases was performed to ascertain the m/z value for
a particular molecular ion. The selection criteria for
identified compounds are determined by the degree to
which the compounds analyzed via LC-MS/MS
correspond to those listed on the library website or in
other scholarly works, specifically regarding their
chemical formula, m/z, and fragmentation patterns. The
library employs the online database located at
https://hmdb.ca/

Preparation ligan and protein

This study collected compound data from the LC-
MS/MS results of kratom leaf alkaloid fractions. Every
compound to be tested was looked up using SMILES on
the  PubChem  website

nlm.nih.gov/). A 2-dimensional structure was made

(https://pubchem.ncbi.

using MarvinSketch in *mol format, and its 3-
dimensional structure was made using VegaZZ in *pdb
format and PyRx 0.8 in *pdbqt format.

Molecular docking analysis was conducted to
investigate the binding mode of compounds within the
active site of the ligand-binding domain of human
estrogen receptor o in complex with 4-
hydroxytamoxifen (PDB: 3ERT) and Bcl2-xL Phenyl
Tetrahydroisoquinoline Amide Complex (PDB: 2W3L).
The native ligand of 3ERT is 4-hydroxytamoxifen,
while the native ligand of 2W3L is 1-(2-{[(3S)-3-
(aminomethyl)-3,4-dihydroisoquinolin-2(1H)-
yl]carbonyl}phenyl)-4-chloro-5-methyl-N,N-diphenyl-
1H-pyrazole-3-carboxamide. The protein structures of
3ERT and 2W3L were generated utilizing AutoDock
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Tools. All atypical residues and water molecules were
eliminated from the foundational structure.
Additionally, the system was enhanced by incorporating
all absent hydrogen atoms and Kollman charges. The
synthesized protein receptors were subsequently
exported in pdbqt format and directly positioned into the
PyRx workspace directory.

Docking molecular

The prepared macromolecules receive preliminary
assessments and method validation to confirm the
validity of the molecular docking procedure for the test
ligand. Validation of the docking method for the ligand
was conducted to ascertain the conformation of the
native ligand. This involves the formation of a grid box
from the native ligand to identify the coordinates of the
active site of the target receptor macromolecule. The
docking method was validated to examine the 3D
conformation of the cocrystal ligand and the copy ligand
for the target protein utilizing PyMOL software,
expressed as a Root Mean Square Deviation (RMSD)
value < 2A. The molecular docking test was executed
with 5 repetitions wusing identical grid box

configurations.

(a)

Results and discussion

Extraction and fractionation of ethanol extract
of kratom leaves

The extraction of kratom leaf dried plant was
performed using the maceration method. The dried plant
powder was extracted with 96% ecthanol, and the
procedure was repeated 3 times. The extraction of
Kratom Leaf Dried plant yielded 30.29% of the initial
weight of the kratom leaf dried plant powder.
Fractionation of 96% ethanol extract of kratom leaves
using the acid-base method and liquid-liquid extraction
produced a final result of dichloromethane fraction with
a yield of 18.28% of the weight of dry kratom leaf
extraction results. Using the acid-base method on
kratom leaf extract can increase the main alkaloid

content in the plant [22].

Alkaloid content phytochemical test

The chromatogram patterns of the extract, n-
hexane fraction, and dichloromethane fraction were
analyzed using silica gel F254 with n-hexane:ethyl
acetate (3:7) as the eluent and Dragendorff's reagent, as
illustrated in Figure 1. The dichloromethane fraction,
presumed to contain a higher concentration of alkaloids,
exhibited a more intense orange hue compared to the
other samples. The intensified orange complex
generated upon application of Dragendorff's reagent can
be utilized to identify and confirm the presence of
alkaloids at a concentration range of 0.06 - 50 pg/mL
[24]. Therefore, the dichloromethane fraction obtained
has been defined as the alkaloid fraction.

Figure 1 Alkaloid phytochemical test results using a TLC plate. 1). Extract; 2). n-hexane fraction; 3). dichloromethane
fraction; (a) Before spraying reagent, b). UV 366, c). UV 254, d). Dragendroff spotting.
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Cytotoxicity activity test

The MTT assay is a method performed to evaluate
cytotoxicity and cell  viability.  Absorbance
measurements of T47D cells were conducted using a
Microplate Reader at a wavelength of 570 nm, with 3
replicates for each measurement. Following the use of
the test compound, the viability of T47D cells was
assessed using the percentage of live cells. Figure 2
shows the percentage viability of T47D cells after they
were treated with doxorubicin, extract, alkaloid, and n-
hexane fraction from kratom leaves. The activity test of
kratom leaf extract at a concentration of 500 pg/mL

resulted in a reduction of T47D viable cells to 23.76%.

(a) Cell Viability of Ethanol Extract

The alkaloid fraction of kratom leaves at a concentration
of 175 pg/mL can reduce the percentage of viable T47D
cells to 1.92%. The n-hexane fraction of kratom leaves
at a concentration of 500 pg/mL can reduce the
percentage of viable T47D cells to 26.3%. The
doxorubicin at a concentration of 0.6 pM can reduce the
percentage of viable T47D cells to 6.06%. The ICso of
the extract was 419.21 + 38.19 pg/mL, the ICso of the
alkaloid fraction was 96.23 + 3.23 pg/mL, the ICso of
the n-hexane fraction was 393.51 + 18.87 ug/mL, and
the ICso of doxorubicin, the positive control, was 0.14 £
0.08 pg/mL (0,25 £ 0,14 uM).

(b) Cell Viability of Alkaloid Fraction
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Figure 2 Graph of the percentage of T47D cell viability against treatment of (a) ethanol extract of kratom leaves, (b).

alkaloid fraction of kratom leaves, (c) n-hexane fraction of kratom leaves, and (d) doxorubicin. Data represents SEM of

3 independent repeats, and each point of the graphic represents the average concentrations.

According to the reference ICso value from the
National Cancer Institute (NCI), strong cytotoxic effects
are characterised by ICso values of less than 21 pg/mL,
moderate cytotoxic effects by ICso values ranging from
21 to 200 pg/ml, and weak cytotoxic effects by ICso
values between 201 and 500 pg/mL [25]. The ICso
results for extract and n-hexane fraction of kratom leaf

classified in the weak category, while the alkaloid

fraction of kratom leaves is classified in the moderate
category. This is similar to the study by Dominic et al.
[15], which found that the alkaloid part of kratom leaves
is more active than the methanol extract. The methanol
extract of kratom leaves has an ICso of 133.71 £ 0.72
pg/mL, whereas the alkaloid extract demonstrates an
1Cso of 32.16 + 0.94 pug/mL in nasopharyngeal cancer

cells.
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Table 1 ICso value of extract, alkaloid fraction, n-hexane fraction and doxorubicin on T47D cells.

Sample ICso (ng/mL) = SD *# Category Activity®
Kratom Leaf Extract 419.21 £38.19 Weak
n-Hexane Fraction of Kratom Leaves 393.51 +£18.87 Weak
Alkaloid Fraction of Kratom Leaves 96.23 + 3.23 Moderate
Doxorubicin® 0.14 +£0.08 Strong

4Cso in the table is represented as mean + SD (n = 3)
®Positive Control

¢ Category activity according from the National Cancer Institute (NCI)

The results of the positive control of doxorubicin
were classified inside the strong cytotoxicity category.
Another study confirmed that doxorubicin exhibits
significant efficacy against T47D cancer cells, as
evidenced by MTT assay findings demonstrating an ICso
of 0.20 = 0.02 pg/mL [26]. Table 1 shows the ICso
results and activity category for samples and controls.

Induction apoptotic test result using double
staining AO/EB

Based on Figure 3, the number of cells going
through apoptosis was higher than that of normal living
cells and necrotic cells. Significant differences in each

cell phase apoptosis, necrosis, and living cells were

c 100-
.2

= 804 &

Qo

[e]

o 60

3

Q 40

()]

o

S 20-

>

b

X 0 E—

caused by the treatment of kratom leaf alkaloid
fractions, according to the results of ANOVA statistical
data and post hoc Bonferroni with significance at p <
0.05. Treatment of T47D cells with alkaloid fraction
significantly enhanced apoptotic induction compared to
untreated control cells (p < 0.05). The apoptosis assay
with AO/EB shown that the alkaloid fraction exhibited
a cell population distribution of 79.98 + 2.05% for
apoptosis, 3.76 + 0.54% for necrosis, and 16.36 +2.31%
for normal cells. The control group shows cell
population percentages of apoptosis, necrosis, and
normal cells at 2.67 = 0.25%, 1.33 + 0.33%, and 96.00
+ 0.51%, respectively.

Alkaloid fraction
B Control

Apoptotic Necrotic Normal

Cell Population Type

Figure 3 Graph of the percentage of viable cell population, apoptosis, and necrosis in T47D cells for the control group

and treatment with kratom leaf alkaloid fraction.

Cells exhibiting red fluorescence signify necrotic
cells. Cells exhibiting green fluorescence signify
normal, viable cells. Normal cell groups exhibit circular
nuclei uniformly positioned at the center of each cell.
Fragmented cells signify apoptosis in progress. Cell

groups exhibiting early apoptosis will display nuclei

with yellow-green fluorescence when stained with AO,
concentrated in crescents or granules on one side of the
cell. Cell groups exhibiting late apoptosis will display
cell nuclei with orange fluorescence when stained with
ethidium bromide (EB) [17].
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o >
Figure 4 The results of the morphological imaging of T47D cells utilizing AO/EB staining, cells were viewed and counted

using a microscope at 100x magnification and scale bar 200 um. (1) Cells control; (2) The treatment using alkaloid

fraction 1Cso concentration; (3) Illustration of the differences between populations of cells. (= H) Normal living cells;

(=A) apoptotic cells; (2N) necrotic cells.

Based on Figure 4, the alkaloid fraction sample of
kratom leaves exhibits an apoptotic mechanism, as
evidenced by many cells with intact plasma membrane
architecture that appears green, with condensed
chromatin indicative of early apoptosis, and late
apoptotic cells characterized by a brilliant green-orange
hue. The alkaloid fraction of kratom leaves may induce
apoptosis, as it is reported to contain indole alkaloid
chemicals [9]. Previous research indicated that the
indole alkaloids harmine from Peganum harmala can
trigger apoptosis in MCF-7 breast cancer cells by
inhibiting the Bcl-2 protein [27].

Identification of compounds contained with
LC-MS/MS

Figure 5 displays the results of the chromatogram
data obtained. The analysis of principal ions and

molecular formulas of compounds was conducted
utilizing the MassLynx V4.1 SCN884 application from
Waters Inc. The outcomes of compound interpretation
are presented in Table 2. Data interpretation showed the
presence of 8 alkaloid compounds, including 7-
Hydroxymitragynine at RT 6.77, Corynantheidine at RT
6.91, Isorhynchophylline at RT 6.07, Mitragynine at RT
7.08, Pholcodine at RT 8.22, and
Polyneuridinealdehyde.

The majority of research on kratom leaves focuses
on the primary indole alkaloid, mitragynine [9]. The
alkaloid fraction sample primarily comprises
mitragynine, which exhibits the highest peak percentage
relative to other compounds. Mitragynine is documented
to comprise up to 66% of the alkaloid fraction in kratom
leaves [28].
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Figure 5 Chromatogram results of the alkaloid fraction of kratom leaves with the LC-MS/MS instrument LC-MS/MS

identification of the compounds present in the kratom leaves' alkaloid fraction.

Table 2 Results of Analysis of Compound Identification with LC-MS/MS.

Ion Mayor . .
RT Mass Calculated Molecular Identification
. Spectra Structure Reference
(min) m/z m/z Formula Compound
MS/MS

4.97 355.2043 355.2022 330.1117 C,1H6N>03 Yohimbine B [38]
315.0883
199.0884
182.9869

5.94 401.2086 401.2076 385.2161 CH,sN>05 Rotundifoline
369.1845
153.1891
137.0615

HMDB

6.07 3852120 385.2127 353.1892 CaoHysNo04 Isorhynchophylline “— g [28]
241.1361 g
160.0776
130.0662

6.77 415.2237 415.2233 401.2069 Cy3H30N,05 7-hydroxymitragynine
321.1599
271.1442
190.0871

[29,38]

6.91 369.2180 369.2178 144.0811 CH,sN>03 Corynantheidine
204.0812

.
Ja S
337.1913 é}}@

[28,38]

328.1544

708 3992296 3992284 3672023 CaHsNoOs Mitragymine -
174.0924 :i\r .
|
238.1447 L&@
351.1714

[28.,38]
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Ion Mayor
RT

(min)

Mass
m/z

Calculated
m/z

Molecular
Spectra

MS/MS

Formula

Identification

Compound

Structure Reference

399.2284 381.1812
328.1559
174.0911

154.0652

8.22 399.2280 Ca3H3oN,04

Pholocodine S HMDB, Chemspider

351.1709 319.1447
291.1446
261.1015

179.1431

10.58 351.1709 C21HN,0;3

Polyneuridine aldehyde
HMDB

Docking molecular

The compounds from the extract and alkaloid
fractions were analyzed through molecular docking with
Bcl-2 and estrogen proteins. Estrogen protein was
chosen because 2 - 3 of breast cancer growth depends on
estrogen. Indole alkaloids are reported to have anti-
tumor and anti-estrogenic effects. Indole alkaloid
derivatives from benzimidazole have potent anti-
proliferative activity with an ICso value of 32.2 pmol/L

against MCF-7 (positive estrogen receptor) and an ICsg

of 22.3 pmol/L against MDA-MB-231 (negative
estrogen receptor) [29]. In chemotherapy treatment,
most drugs have an apoptosis induction mechanism
[12]. Bel-2 protein is an antiapoptotic protein that can
inhibit the apoptosis mechanism [30]. Overexpression of
Bcl-2 protein is present in more than half of all cancers,
regardless of cancer type [31]. The indole alkaloid
compound harmine from Peganum harmala has been
reported to induce apoptosis of MCF-7 breast cancer
cells by inhibiting Bcl-2 protein [27].

Table 3 Gridbox configurations and RMSD values of macromolecular targets.

Grid Center Grid RMS
Protein PDB ID .
X Y V4 Size D
Bcl-2 2W3L 28.006 38.007 5.003 1.641
25 —
Estrogen 3ERT 32.013 —1.874 24.312 0.915

3ERT

W3L

Figure 6 The overlay between native ligand crystallographic structure (yellow) and re-docking result (grey) The

validation results indicate a Root Mean Square Deviation (RMSD) value of under 2 A, confirming the validity of the

docking protocol. The validation outcomes of the docking method are presented in Table 3 and Figure 6 with estrogen
receptor (PDB: 3ERT) and Bcl2-xL Phenyl Tetrahydroisoquinoline Amide Complex (PDB: 2W3L).
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Table 4 The binding free energy values (AG) of compounds in the alkaloid fraction.

AGsindging (kKkal/mol)
Test ligand
Bcl-2 Estrogen

Native Ligand -10 -10
Doxorubicin -6.9 -8.7
7-Hydroxymitragynine -6.7 -7.9
Corynantheidine -6.7 -7.9
Isorhynchophylline -6.9 -7.9
Mitragynine -6.6 -8.1
Pholcodine =7 -8.3
Polyneuridinealdehyde -6.7 -8.3
Rotundifolone -6.9 -7.8
Yohimbine -8.9 -8.2

Table 5 Amino acid residues involved in interaction of ligand-protein.

Amino acid residues involved in interaction of ligand-protein

Test ligand
Bcl-2 Estrogen
Native Ligand ARGI105, PHE63, ALA108, LEU96, ASP70, GLYS521, HIS524, MET528, MET421, LEUS25,
PHE71, TYR67, MET74, VAL92, ARGSS, TRP383, ILE424, LEU428, PHE404, LEU349,
PHE112, GLU95 LEU346, LEU391, ALA350, LEU387, GLU353,
ARG394
Doxorubicin ARG105, GLU95, LEU96, ASN102, PHE63, LYS531, ASP351, ALA350, LEU354, METS22,
ALA108, TYR67, ASP99, ARG9S, VAL92, LEUS25, TRP383, MET522, TYR526, ALA350,
PHE112, MET74 THR347, CYS530, VALS533, LEU539
7-Hydroxymitragynine TYR67, ASN102, ARG105, LEU96, PHE71, LYS531, ALA350, TRP383, LEU354, ASP351,
MET74, ASP70, PHE63, ALA108, GLY104 LEUS36, PROS535, LEU346, MET343, THR347,
LEUS25, MET528, TYR526, LYS529
Corynantheidine ASN102, ARG105, TYR67, LEU96, ALA10S, PROS35, LEUS36, TYRS526, TRP383, VALS534,
PHE112, MET74, PHE71, PHE63 ASP351, LEUS525, LYS529, TYR537, GLU380
Isorhynchophylline ARG105, LEU96, ALA108, TYR67, ASP70, ASP351, LEUS36, TRP383, MET522, LEUS2S,
PHE71, MET74, PHE63, PHE112, VAL92, VALS534, PROS535, LEU354, TYRS526, THR347,
GLY104 LYS529
Mitragynine ARG105, ASN102, ALA108, MET74, PHE71, ALA350, TRP383, LYS531, LEU354, ASP351,
LEU96, PHE112, PHE6, TYR67, ASP70 VALS534, LEU536, VALS533, PRO535, LEU346,
MET343, THR347, LEUS525, MET528, TYRS26,
LYS529
Pholcodine ARG105, PHE71, PHE63, TYR67, LEU96, ASP99,LEU536, TRP383, LEU384, THR347, LEUS25,
GLU95, ALA108, VAL92, PHE112, ASP70, METS528, TYRS526, LYS529, VALS34, LEUS39,
MET74 LEU346, ILE424, MET343, ALA350, ASP351
Polyneuridinealdehyde ARG105, PHE63, PHE71, LEU96, ALA108, GLU353, LEU346, LEU387, TRP383, LEUS25,
GLY104, ASN102, MET74, ASP70, TYR67 ALA350, LEU391, THR347, ARG394, LEU349,

PHE404, LEU384, GLY420, MET343, HIS524,
ILE424, MET421, MET388, LEU428, GLY521
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Amino acid residues involved in interaction of ligand-protein

Test ligand
Bcl-2 Estrogen
Rotundifolone TYR67, LEU96, VAL92, PHE63, PHE112, LEUS525, HIS524, ILE424, MET388, LEU384,
ALA108, MET74, PHE71, ASP70 GLY521, GLY420, MET421, MET343, LEU346,
THR347, ALA350, TRP383
Yohimbine ALA108, GLU95, LEU96, VAL92, MET74, MET522, LYS531, LEU536, LYS529, TRP383,

TYR67, PHE71, ASP70, PHE63, PHE112, PHE109 TYR526, MET528, LEU525

The parameter utilized to assess the affinity of
ligands for receptors is the binding free energy (AG). A
lower AG value suggests increased compound activity
[32]. The analysis of the AG value from molecule
docking results on the 3ERT estrogen receptor is
presented in Table 4. The redocking of the native ligand
showed a AG value of —10 kcal/mol, attributed to
hydrophobic interactions and hydrogen bonds.

TR
ASN

s
AN

Pholcodine

Interactions

D van der Waals

B

Hydrogen bonds form at the Asp351 and Gly521
residues. Shiau et al. [33] stated that the interaction
between the native ligand (4-hydroxytamoxifen) and the
alpha estrogen receptor induces a conformational
alteration in the 12 helix, resulting in the closure of the
coactivator binding site, thereby inhibiting the signal

transduction process and cell proliferation.

A47
A AlA
PRO A:350
As

Doxorubicin

Polyneuridinealdehyde

[~
D Pi-Alkyl

D Conventional Hydrogen Bond

Figure 7 The interaction of Pholcodine and Polyneuridinealdehyde compounds was compared with doxorubicin on the

estrogen receptor. Blue circles on amino acids indicate amino acid residues that are similar to the native ligand.
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Figure 8 Interaction of Pholcodine and Yohimbine compounds compared with doxorubicin on 2W3L protein. Blue circles

on amino acids indicate amino acid residues that are similar to the native ligand.

Pholcodine and polyneuridinealdehyde showed
identical AG values of —8.3 kcal/mol. Both contain the
same binding pocket yet exhibit variations in the
The

percentage similarity of amino acid residue interactions

quantity and type of amino acid residues.

with the native ligand can be identified, showing that
Pholcodine

Polyneuridinealdehyde shows a similarity of 82%.

exhibits a similarity of 45% and
Doxorubicin, serving as a positive control with a AG
value of —8.7 kcal/mol, engages with the estrogen
receptor via hydrogen bonds with Leu525's hydroxyl
group and exhibits hydrophobic interactions with
Trp383 and Ala350. Polyneuridinealdehyde contains
similar amino acid residues with the native ligand and
doxorubicin, including Trp383, Ala350, and Leu525,
with non-covalent interactions. Pholcodine contains
similar amino acid residues with the native ligand and
doxorubicin, specifically Ala350 and Leu525, with non-
covalent interactions and TRP383 with hydrophobic
interactions. Despite doxorubicin exhibiting a lower AG
value than Pholcodine and Polyneuridinealdehyde, the
percentage similarity between the 2 compounds is
greater. Both are anticipated to exhibit enhanced affinity
and activity towards the estrogen receptor-a.

The AG value results for Bcl-2 are presented in
Table 4. Two compounds exhibit AG values exceeding

that of the positive control: —8.9 kcal/mol for Yohimbine

and —7.0 kcal/mol for Pholcodine. Results amino acid
residues involved in the interaction between ligand-
estrogen receptors and ligand-Bcl-2 receptor can be seen
in Table 5. Figure 7 and Figure 8 shows that both
interact with all amino acid residues present in the native
ligand, resulting in a similarity value of 100%.
Furthermore, Yohimbine exhibits a hydrogen bond
between the amino acid residue Val92 and the hydroxyl
group, Alal08 and the amine group, as well as Leu96
and the O group. The existence of hydrogen bonds is
anticipated to result in a lower AG value for Yohimbine
compared to Pholcodine. The resemblance of amino
acid residues interacting with the test compounds is
anticipated to inhibit the Bcl-2 protein, consequently
inducing cellular apoptosis. Yohimbine is an a2-
adrenergic receptor antagonist that helps treat erectile
dysfunction by acting as an aphrodisiac and stimulant.
Yohimbine exhibits significant cytotoxic effect, with an
ICso value of 44uM against KB-ChR-8-5 oral cancer
cells [34]. Pholcodine is an alkyl ether of morphine
The

oxycodone molecule,

commonly utilised as an antitussive agent.
cytotoxicity assay of the
categorised with pholcodine, in hepatoma cells (Hep
G2) indicates a considerable reduction in cell viability,
diminished GSH levels, and lower total protein content
in comparison to controls [35].
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Polyneuridinealdehyde's  possible  anticancer
properties have not been reported.
Polyneuridinealdehyde is classified as an indole alkaloid
chemical within the compound group. Indole alkaloids
exhibit significant anti-tumor and anti-estrogenic
properties against MCF-7 and MDA-MB-231 breast
cancer cells [36]. According to the chemical class,
indole alkaloids in kratom leaves have been shown by in
silico to be able to inhibit estrogen receptor alpha and
cause apoptosis by breaking the link between p53 and
MDM?2 and subsequently reactivating p53 activity [37].
Indole alkaloids have been shown to promote apoptosis
in MCF-7 breast cancer cells by inhibiting the Bcl-2
protein [22].

Conclusions

Research finds that the alkaloid fraction of kratom
leaves (Mitragyna speciosa) exhibits superior cytotoxic
activity in T47D cells compared to kratom leaf extract
samples. The alkaloid fraction was found 8 alkaloid
compounds: 7-Hydroxymitragynine, Corynantheidine,
Pholcodine,
Polyneuridinealdehyde, Rotundifolone, and Yohimbine.

Isorhynchophylline, Mitragynine,
Moreover, Polyneuridinealdehyde exhibits the greatest
potential in silico against estrogen receptors, while
Yohimbine demonstrates significant efficacy against
Bcl-2 receptors. To the best of our knowledge, this is the
first report to investigate the apoptotic potential of
polyneuridinealdehyde and yohimbine in breast cancer
cells via in silico docking against estrogen receptors and
Bcl-2 targets. Further research for the isolation of
alkaloid compounds active against breast cancer and the
mechanism of apoptosis is needed to realize the

potential for active and safe cancer drugs.
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