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Abstract

Purpose: To investigate the cytotoxic and alpha-amylase inhibitory (AAl) potential of methanol (MeOH)
extract of T. minuta and its isolated metabolites.

Methods: Phytochemical investigation of MeOH extract of the aerial parts of T. minuta was
accomplished using SiO2 and Rp-18 column chromatography (CC). The structures of the isolated
metabolites were determined and verified based on various data, in addition to comparison with
literature data. The metabolites were assessed for cytotoxic potential against HepG2, MCF-7, and
HCT116 cell lines utilizing sulphur rhodamine B (SRB) assay. The in vitro AAIl potential of the
metabolites were also assayed, and the findings were confirmed using results from molecular docking
studies.

Results: One thiophene (compound 1), one coumarin (compound 2), and three phenolic compounds
(compounds 3-5) were isolated and characterized. Compound 1 exhibited a marked cytotoxic effect
(ICso values: 2.7 — 7.3 uM) on HepG2, MCF-7, and HCT116 cell lines, relative to doxorubicin (ICso
values: 0.18 - 0.60 uM), whereas compound 2 had a moderate cytotoxic effect on MCF-7 (ICso 17.7
UM). Besides, compounds 4 and 5 produced potent AAl effects, with ICso values of 12.3 and 9.2 uM,
respectively, and 91.8 and 94.7 % inhibition, respectively), when compared to acarbose (94.7 %
inhibition and 1Cso of 7.1 pM). Interestingly, the in vitro AAI and in silico results were in agreement with
each other. Compounds 5 and 4 had more negative docking scores (-13.655 and -12.135 kcal/mol,
respectively) than the native inhibitors, myricetin (-12.155 kcal/mol) and acarbose (-15.105 kcal/mol).
Conclusion: These results suggest that T. minuta is a valuable source of anti-diabetic and cytotoxic
metabolites. However, there is a need to validate these results through additional in vivo and in vitro
investigations.
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INTRODUCTION represent huge health burdens worldwide [1].

Diabetes and cancer are crucial health concerns
Chronic diseases such as cancer, diabetes, and  and major causes of death globally [1]. Diabetes
cardiovascular and chronic lung diseases is a metabolic disorder characterized by
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prolonged hyperglycemia. It has been estimated
that 422 million suffered from diabetes worldwide
in 2014, while 1.6 million deaths in 2016 were
directly related to diabetes [2].

Diabetes elevates the risk of developing various
severe health-threatening conditions due to the
impairment of the function of several organs
such as the heart, kidneys, nerves, blood
vessels, and skin. This results in vascular
complications such as neuropathy, retinopathy,
and nephropathy, in addition to hypertension,
stroke, and atherosclerosis, all of which are
responsible for most diabetes-related deaths
[1,2]. In addition, high blood glucose levels boost
carcinogenesis and cancer cell proliferation.
Diabetes is a common iliness in cancer patients.
It is a risk factor for certain cancers such as liver,
pancreatic, colon, endometrial, and breast
cancers [3]. Diabetic cancer patients face rare
challenges because the simultaneous usage of
certain chemotherapies or steroids may
exacerbate pre-existing diabetes, or induce new
diabetes [3]. These patients are at high risk of
cancer-linked mortality and an elevated risk of
different infections and infection-associated
mortality and morbidity [1]. Diverse medications
are prescribed for treating these disorders.
However, these drugs are expensive, noxious,
and associated with serious and undesirable
side effects [1]. Therefore, it is necessary to
identify natural metabolites that may be used to
protect against or prevent the pathogenesis of
these diseases.

Natural metabolites have remarkably contributed
to drug discovery, either directly or through
laboratory modification of their basic skeletons
[4]. Interestingly, phytochemicals from fruits and
vegetables have been found to lessen the
prevalence of various types of cancers and age-
related pathological disorders and attenuate
chronic human ilinesses [5]. Furthermore, many
studies have demonstrated the potent
antioxidant capacities of these phytochemicals
and their potential to counteract oxidative stress-
linked disorders through multiple pathways [4,5].

The Tagetes genus (Asteraceae) comprises
about 56 species which include 29 perennials
and 27 annuals [6]. Tagetes minuta L. (marigold)
is one of the most common species of this genus
in Chile, Argentina, Bolivia, Paraguay, Peru, and
Saudi Arabia [7]. Indeed, it grows as a noxious
weed in more than 35 countries [6,7].
Traditionally, this plant is applied for treating
diverse ailments, including coughs, calluses,
chest infections, congestion, catarrh, bunions,
cuts, wounds, and colds [8,9]. The leaf infusion
is utilized for treating intestinal and stomach

diseases. The plant has gained great industrial
interest because of its unique-aroma essential oil
(Tagetes oail) which is globally in high demand in
the perfumery and flavour industries [8,9].

Indeed, Tagetes oil is used as flavour in various
food products such as cola and alcoholic
beverages, mayonnaise, candy, margarine,
puddings, frozen-dairy desserts, vegetable oil,
condiments, gelatines, and baked foods [8, 9].
The plant is associated with a variety of bio-
activities such as antimicrobial, antioxidant,
insecticide, alpha-amylase inhibitory,
antispasmodic, antiseptic, sedative, anti-
parasitic, acaricidal, and anti-inflammatory
properties [6-9]. Previous investigations on T.
minuta resulted in the identification of different
classes of metabolites such as monoterpenes
(e.g., acyclic and mono- and bicyclic),
sesquiterpenes, flavonoids, sterols, phenolics,
and thiophenes [8-10].

In this study, the aerial parts T. minuta were
investigated as part of the continued search for
ideal candidates for treatment of chronic
illnesses. The aim was to provide more
information about the binding affinities of the
compounds to the enzyme active site.

EXPERIMENTAL

General

Spectrometer Hitachi-300 was utilized for UV
measurements. Electrospray lonisation-Mass
Spectrometry (ESI-MS) measurements were
done on an LCQ-DECA mass spectrometer.
Nuclear Magnetic Resonance (NMR) analysis
was performed using the 600 AVANCE-BRUKER
instrument. Sephadex LH-20, RP-18, and SiO2
60 were utilized for chromatographic analysis.

Plant materials, extraction, and isolation

The aerial parts of Tagetes minuta L. were
collected from Fifa  mountain (Jizan
governorate, KSA) in July 2020. The
authentication of the plant was confirmed as
stated formerly [11]. A voucher specimen (Reg
no. TM-4-2020) was preserved at the herbarium
of Natural Products and Alternative Medicine
Department. The dried-powdered aerial part
(750.0 g) was extracted with MeOH (7.5 L x 4).
Then, the resultant extract was vacuum-
concentrated to yield 54.0 g of a dark-greenish
residue. The latter was chromatographed on
VLC using a solvent system of CHCls/n-hexane/
EtOAc/MeOH. This resulted in four fractions:
TMH (n-hexane fraction, 12.6 g); TMC (CHCIs
fraction, 8.6 g); TME (EtOAc fraction, 5.9 g), and

Trop J Pharm Res, April 2023; 22(4): 796



Mohamed et al

TMM (MeOH fraction, 19.5 g). Chromatographic
separation on SiOz and Rp-18 CC led to the
isolation of compounds 1-5 (Figure 1).

Docking analysis

All molecular docking analyses were performed
using Maestro software (Schrodinger, LLC, New
York, version 13.2.128, MMshare Version
5.8.128, Release 2022-2, Platform Windows-
X64).

Preparation of ligands

To prepare the investigated compounds for
docking, the 2D structures were converted into
3D structures using Schrodinger Maestro suite's
LigPrep program. The OPLS4 force field was
used to generate tautomeric forms and ionization
states (pH 7.0 £ 2.0 [12].

Preparation of protein structure of a-amylase
(AA)

The protein structure of human a-amylase (PDB
ID: 4GQR) was prepared using the Wizard
program for protein preparation. Hydrogens were
added, disulphide bonds were created, and
seleno-methionine residues were converted to
methionine. Side chains and missing loops were
completed using Prime [13]. Moreover, the bond
orders were assigned. Using Epik, the hit state
was generated at pH 7.0 £ 2.0. At pH 7.0, H-

bonds were optimized utilizing PROPKA.
Restrained minimization was done utilizing an
OPLS4 forcefield.

Generation of receptor grid

A grid box was formed around the binding place
of the minimized-human a-amylase protein
structure that had the co-crystallized inhibitor
(PDB-ID: 4GQR). The binding region was
assigned by selecting myricetin (a native
inhibitor) as the centroid with a 10 A radius. Non-
polar atoms were set for Van der Waals radii
scaling factor to 1 and 0.25 partial charge cut-off.

Ligand docking

The ligands were docked using Glide program of
the Schrodinger suite, using the extra precision
(XP) protocol. Docking quality was assessed
using a re-docking study of the native inhibitor
myricetin [13].

Induced-fit docking (IFD)

This is a protocol used to dock ligands using the
Glide docking algorithm which includes complex
Glide redocking, Prime refinement, and binding
score calculation [13]. To obtain the best pose,
the centroid of the ligand with the least
GlideEModel value which was obtained through
ligand docking was used.
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Figure 1: Extraction and separation procedures used for compounds 1-5
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Residues that were within 5A of the ligand pose
underwent Prime Refinement. Glide redocking
was carried out using the Extra Precision (XP)
method, and the OPLS4 all-atom force field was
utilized. After each run, the ligand was saved in
ten different poses, and the best pose was
assessed using the Ligand Efficiency (LE)
parameter. The LE parameter normalized the
binding energy to molecular size, which
enhanced the Van der Waals and hydrophobic
interactions by rescaling the high-energy binding
of the ligands with high molecular weights [13].

RESULTS

In this work, the MeOH extract was partitioned
between n-hexane, CHCIs, and EtOAc. Each
fraction was separated utilizing SiO2 and RP-18
columns to isolate ecliptal (5-formyl-2,2°,57,27"-
terthiophene) (1) [10]: scopoletin (2) [8], p-
hydroxy benzoic acid (3) [14], patuletin (4) [15],
and patuletin-7- glucoside (5) [15]. These
identities were assigned using spectral analyses
and comparisons with literature (Figure 2).

L Ll N
Ks s SJ\CHO Homo
1

2

COOH

OH

Figure 2: Compounds 1-5 isolated from T. minuta

The cytotoxic activities of compounds 1-5
against HepG2, MCF-7, and HCT116 cell lines
were determined. It is worth noting that
compound 1 produced a marked cytotoxic effect
on all tested cells (ICso values: 2.7 — 7.3 uM)
when compared to doxorubicin (ICso values of
0.60, 0.20, and 0.18 uM, respectively); while
compound 2 had moderate toxicity against MCF-
7 (ICs0 17.7 pM). On the other hand, compounds
4 and 5 were moderately cytotoxic (ICso values:
11.7-35.6 pM). However, compound 3 was

inactive. Moreover, compounds 1-5 were
investigated for AAIl effectiveness at concentra-
tions of 40, 20, 10, and 5 uM. Compounds 4 and
5 produced potent AAI effects (with ICso value of
12.3 pM and % inhibition of 91.8 for 4, and ICso
of 9.2 uM and % inhibition of 94.7 for 5), relative
to acarbose (ICso of 7.1 pM and % inhibition
97.4). In contrast, compounds 1 and 2 showed
moderate effectiveness (ICso of 34.2 pM and %
inhibition of 48.1, and ICso 29.8 pM and %
inhibition of 50.6, respectively), while compound
3 had weak potential (% inhibition of 38.9 and
ICso Of 41.2 pM).

Additionally, the AAI activities of the natural
compounds were investigated through molecular
docking and binding energy analysis.

Glide software was employed to calculate the
docking score, Glide calculated Ligand
Efficiencies (LE), XP GScore, Glide gscore, Glide
emodel, and Prime Energy MMGBSA AG values
for binding of acarbose and compounds 1-5.

After validating and establishing the docking
protocol by reproducing all properties of binding
of the experimental structures, the IFD docking
protocol was used to test the remaining
compounds. The results were evaluated based
on the docking score and ligands efficiency (LE),
which is a scoring function that considers all the
chemical features of atoms involved in the
interaction [23]. The calculated binding energy
was normalized using LE, relative to the number
of heavy atoms that make up the ligand. The
docking score based on LE represents affinity.
Compound 5 had the strongest binding affinity,
with a docking score of -13.655 kcal/mol, relative
to acarbose and myricetin which had binding
scores of -15.105 kcal/mol and -12.155 kcal/mol,
respectively, while compound 4 exhibited a
reasonable docking score of -12.135 kcal/mol.
The docking score, Glide calculated Ligand
Efficiencies (LE), and MM-GBSA values for the
tested compounds used in developing the
docking model are shown in Table 1. The table
includes the title, docking score, Glide LE, XP
GScore, Glide gscore, Glide emodel, Prime
Energy, and MMGBSA AG values for binding of
each compound.

Overall, the findings of this study suggest that
the natural compound patuletin-7- glucoside, is a
promising candidate for the development of a
novel a-amylase inhibitor. Further studies are
needed for validating these results and exploring
the potential of these compounds as antidiabetic
agents.
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Table 1: Docking score, Glide calculated LE and MM-GBSA AG values for the tested compounds

Title Docking Glide XPG Score Glide Glide Prime MMGBSA
Score LE (kcal/mol) Gscore Emodel Energy AG for binding
(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)
Acarbose -15.105 -0.275 -15.105 -15.105 -76.354 -21027 -52.5
Patuletin-7-glucoside (5) -13.655 -0.39 -13.655 -13.655 -92.66 -21237 -53.49
Myricetin -13.155 -0.572  -13.155 -13.155 -77.908 -21385 -54.89
Patuletin (4) -12.135 -0.506 -12.174 -12.174 -74.357 -21318 -52.75
Scopoletin (2) -5.956 -0.425 -5.969 -5.969 -34.059 -21157 -29.87
Ecliptal (1) 573 -0.337 -5.73 -5.73 -42.984 21161 -42.71
P-Hydroxy benzoic acid (3) -4.097 -0.41 -4.097 -4.097 -24.693 -21156 2.21

DISCUSSION

Tagetes minuta is rich in secondary metabolites
[8-11,16]. In this study, 5 compounds were
isolated and characterized from various fractions
of MeOH leaf extract of the plant. These
metabolites comprised one thiophene
(compound 1), one coumarin (compound 2), one
phenolic (compound 3), and two flavonoids
(compounds 4 and 5). Compound 1 had a potent
cytotoxic effect against the tested cell lines,
whereas compounds 4 and 5 demonstrated
potent AAI capacity. Besides, these metabolites
are known to exhibit diverse bioactivities such as
anti-microbial, anti-viral, anti-leishmanial,
larvicidal, anti-hyperglycaemic, anti-inflammatory,
anti-convulsant, insecticidal, antioxidant,
cytotoxic, neuroprotective, phototoxic, and
nematocidal properties, as well as HIV-1
protease- and cathepsin D-inhibitory potential [8-
11,16].

The 2020 global cancer statistics revealed that
breast cancer exceeded lung cancer as the most
prevalent cancer type, with prevalence values of
11.7 and 11.4 %, respectively, followed by
colorectal, prostate, and stomach cancers [17].
The same statistics revealed that colorectal, liver,
and breast cancers accounted for 9.4, 8.3, and
6.9 %, respectively, as the prevalent causes of
cancer deaths, followed by lung cancer (18 %)
[17].

Carbohydrate digestion is initiated by AA which
breaks the 1,4-glycosidic-bonds of starch to
produce disaccharide and glucose units, leading
to post-prandial hyper-glycemia [18]. Therefore,
an AA inhibitor such as acarbose delays
carbohydrate assimilation and lowers post-
prandial glucose levels. Studies have established
that traditional medicinal plants are rich
reservoirs of phytoconstituents with anti-diabetic
potential [19,20].

Computer-aided modelling tools are used to
predict interactions between molecules and
biotargets. Such modelling has proven to be
helpful in gaining insights into the potential bio-

activities, mechanisms of action, and modes of
binding associated with metabolites [21]. To gain
a deeper understanding of the capacities of
these compounds to inhibit AA, and to establish
correlations among the in vitro inhibition results,
these compounds were docked against AA,
along with myricetin and acarbose.

To build a reliable model that correlated ligand
structure with the binding of human AA, the
crystal structure of human AA (PDB: 4GQR)
published by Williams et al. [22] was used to
dock the ligands into the AA binding site. The
process was started by testing the parameters
that could accurately reproduce the X-Ray
structure of human pancreatic AA in complex
formation with myricetin. To achieve this,
myricetin was removed, and then re-docked
using the docking procedure as described in the
Methods section. Upon completion of this
process, the root-mean-square-deviation
(RMSD) of the positions of heavy atoms of ligand
between favourable poses and crystallographic
poses was calculated. Interestingly, the RMSD
was as low as 0.1502 A. This revealed that the
docking protocol was efficient and that it
produced binding modes with similar poses to
the crystallographic poses (Figure 3 A).

Furthermore, the procedure used for the re-
docking was re-tested using the IFD protocol.
The IFD protocol allows the amino acid residues
in the binding pocket to adapt to the presence of
the myricetin by mimicking the ligand-protein
cross-talk that occurs upon binding. As a result,
the RMSD between the crystalized and docked
ligand increased to 0.9082 A due to the slight re-
arrangements of functional groups and atoms.
However, the overall binding interaction mode
remained conserved, as seen in the
superimposition of two poses in Figure 3B.

The binding interactions of compounds 1-5 with
the active site of the specific protein, i.e., AA,
were investigated in the present study. The
results revealed that compound 5 formed
hydrogen bonds with the amino-acid residues
Glu 233, Asp197, and Asp 356 in the active site
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Figure 3: A. Differences in myricetin binding between ligand dockings; B. induced-fit docking, relative to the
crystal pose (in green)
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Figure 4: (A) Cartoon representation of acarbose in complex with human AA (PDB: 4GQR), with residue position
colour scheme and mesh style, and electrostatic potential colour scheme for the ligand (red, white, and blue;
minimum electrostatic potential: -0.3, maximum electrostatic potential: +0.3). (B) Close-up view of acarbose
bound to human AA binding site. (C) 3-D representation of the binding interactions: acarbose (green wire
representation), amino acid residues (grey wire representation), aromatic hydrogen bonds (violet dots), and
hydrogen bonds (yellow dots). (D) 2-D representation of binding interaction illustrating the important amino acid
residues involved in the interactions within 3A around the ligand.
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Figure 5: Patuletin-7-glucoside (5) bound to human AA (PDB: 4GQR). (A) Cartoon-style representation with
residue position colour scheme and mesh style and electrostatic potential colour scheme for the ligand (red,
white, and blue; minimum electrostatic potential: -0.3, maximum electrostatic potential: +0.3). (B) Close-up view
of compound 5 bound to human AA. (C) 2-D binding interaction representation showing principal amino acid
residues involved in the interaction within 3A around the ligand. (D) 3-D profile of binding interaction showing
compound 5 in green wire representation, amino acid residues in grey wire representation, aromatic hydrogen

bonds in violet dots, and hydrogen bonds in yellow dots.

of AA. It also had hydrophobic interactions with
Trp 58, Trp 59, and Try 62, as well as polar
interactions with Gln 63 and His 305. On the
other hand, compounds 1-3 showed very weak
docking scores, indicating a poor binding affinity
for the active site of AA.

Based on the results of docking analysis and
examination of the poses reported in Figure 4,
Figure 5, and Figure 6, it was found that the
hydrogen bonds formed between the polar
groups in the ligands and the amino acid

residues in the active site were very crucial in the
binding process. Moreover, the size and
functional groups of each of the ligands
determined how it fitted conformationally in the
active site of the protein.

CONCLUSION

Compounds 1-5 have been isolated from the
aerial parts of T. minuta, and their structures
determined and verified using various tools.
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Figure 6: Myricetin in complex formation with human AA (PDB: 4GQR). (A) The figure shows a cartoon-style
representation with a colour scheme indicating the positions of the amino acid residues. The ligand is
represented as a mesh style with an electrostatic potential colour scheme (white, red, and blue), where minimum
and maximum electrostatic potential values were -0.3 and +0.3, respectively. (B) A close-up view of the human
AA binding site with myricetin is shown. (C) A 3-dimensional representation of the binding interaction is
displayed, where myricetin is represented in green, and amino acid residues are represented using a wireframe
model. Hydrogen bonds are depicted as yellow dots, and aromatic hydrogen bonds are shown as violet dots. (D)
A 2-dimensional representation of the binding interaction showing the important amino acid residues involved in

interactions within 3 A around the ligand

Compound 1 exhibits significant cytotoxic
potential against the cell lines HCT-116, MCF-7,
and HepG2. Moreover, compounds 4 and 5
demonstrate potent AAl capacities. Furthermore,
docking studies confirm the in vitro AA-inhibitory
effect of these metabolites. Thus, it may be
deduced that these metabolites are potential AA
inhibitors. However, this assertion needs to be
validated through additional in vivo and in vitro
investigations.
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