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Abstract: Leukemia is a group of hematological neoplastic disorders linked to high mortality rates
worldwide, but increasing resistance has led to the therapeutic failure of conventional chemotherapy.
This study aimed to evaluate in vitro the antileukemic activity and potential mechanism of action
of a polyphenolic extract obtained from the seeds of Coriandrum sativum L. (CSP). A methylthia-
zoletetrazolium assay was performed to assess the CSP cytotoxicity on chronic (K562) and acute
(HL60) myeloid leukemia cell lines and on normal Vero cell line. CSP toxicity was also evaluated
in vivo using the OECD 423 acute toxicity model on Swiss albino mice. The results demonstrated a
remarkable antitumoral activity against K562 and HL60 cell lines (IC50 = 16.86 µM and 11.75 µM,
respectively) although no cytotoxicity was observed for the Vero cells or mice. A silico study was
performed on the following receptors that are highly implicated in the development of leukemia:
ABL kinase, ABL1, BCL2, and FLT3. The molecular docking demonstrated a high affinity interaction
between the principal CSP components and the receptors. Our findings demonstrated that CSP
extract has remarkable antileukemic activity, which is mainly mediated by the flavonoids, catechins,
and rutin, all of which showed the highest binding affinity for the targeted receptors. This study
revealed a promising active compound alternative research-oriented biopharmacists to explore.

Keywords: leukemia; Coriandrum sativum L.; polyphenols; HL60; K562; Vero cell line; anticancer
activity; molecular docking; ABL kinase; ABL1; BCL2; FLT3; acute toxicity; OECD 423

1. Introduction

Leukemia is a heterogeneous group of hematological diseases characterized by the
uncontrolled and dysfunctional growth of leukocytes [1]. Leukemia and nervous system
cancers represent the primary causes of cancer mortality in men under the age of 40 and
women under the age of 20 [2]. In 2020, approximately 60,530 new cases of leukemia were
diagnosed, and 23,100 people are expected to die from this malignancy [2].

Human leukemia is caused by a combination of mutations that result in defects of
gene expression, disrupting the fragile equilibrium of replication, differentiation, and
apoptosis [3]. Cloning translocation breakpoints have given important insights into the
pathogenesis of this disorder. Mutations in transcription factor genes involved in normal
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hematopoietic production are among the chromosomal aberrations seen in acute myeloid
leukemia [4]. Mutations affecting transcription factors and key cell genes result in un-
controlled proliferation and compromised differentiation [5]. The understanding of the
genes involved in the pathogenesis of leukemia has opened the way for novel therapeutic
strategies that target different gene products implicated in cancer progression. Targeted
treatments for hematological malignancies have climbed to the top of the list of leukemia
care choices [6]. The most well-known therapies are all-trans retinoic acid (ATRA) for
treating acute promyelocytic leukemia (APL) and imatinib mesylate (Gleevec) that targets
a BCR-ABL oncogene in chronic myeloid leukemia (CML) [6,7].

Chemotherapy is still the major therapeutic strategy in leukemia treatment [8]. How-
ever, the available drugs possess a high and unspecific cytotoxicity that severely affects
normal cells as well. Moreover, the increasing resistance of cancer cells to treatment re-
mains a significant obstacle to successful chemotherapy [9]. Therefore, looking for potential
anticancer drugs from medicinal plants has steadily increased over the years [10].

Plants are an inexhaustible source of different classes of biologically active com-
pounds [11]. Among those are polyphenols, which possess anticancer, antimicrobial,
antiviral, anti-inflammatory, and tumor suppression properties and are cytotoxic [12,13].

Coriander (Coriandrum sativum L.; Apiaceae) is an edible plant native to a wide area
of Eurasia and Northern Africa, where it is mainly cultivated for fresh leaves and dried
seeds [14]. The latter is a common spice that has a plethora of documented traditional
medicinal uses for treating diabetes, hypertension, indigestion, bloating, pain, rheumatism,
renal disorders, and worms [14]. Earlier, some anticancer properties of coriander were
reported. For example, the terpenoid linalool (a coriander seed oil component) exhibited
a dose-dependent cytotoxic effect in vitro and led to a decrease in tumor volume and
weight in vivo at the dose of 200 mg/kg bodyweight [15]. However, another in vitro study
suggested that coriander leaves effectively block skin tumor initiation but fail to suppress
the tumor promotion phase [16].

In a recent paper [17], we demonstrated that the polyphenol-rich fraction of the
coriander seed extract contains several catechins, polyphenolic acids, and rutin.

Catechins, or flavan-3-ols, are present in a wide range of plants and dietary sources,
such as wine, green tea, and cocoa. They are powerful antioxidants, though they may also
serve as pro-oxidants throughout the cell [18]. They are ROS scavengers and metal ion
chelators, and their indirect antioxidant functions include inducing antioxidant enzymes,
inhibiting pro-oxidant enzymes, and producing phase II detoxification and antioxidant
enzymes [19]. Catechins can be useful in avoiding and defending against diseases induced
by oxidative stress because of their antioxidant properties [18].

Many attempts have been made in recent decades to learn more about the mode of
action of catechins, especially in cancer treatment. For example, green tea consumption
has been related to a mild reduction in the prevalence of cancers such as colorectal, lung,
esophageal, and prostate [20,21]. Green tea intake has also been linked to a lower incidence
of breast, ovarian, and thyroid cancer [22,23]. It is now apparent that the anticancer activity
of catechins is no longer restricted to their direct antioxidant/pro-oxidant properties. They
also may target lipid rafts and the endoplasmic reticulum, modulate gene expression by
direct action on transcription factors or indirect epigenetic pathways, and interfere with
intracellular proteostasis at various stages [24]. Phenolic acids are one of the important
classes of bioactive chemicals grouped under the polyphenol family present in various
plant sources such as fruit, vegetables, spices, grains, and beverages. They are aromatics
that add color, taste, astringency, and harshness to the normal organoleptic properties of
food [25]. Phenolic acids present a wide spectrum of anti-inflammatory, antioxidant, car-
dioprotective, antidiabetic, and anticancer health benefits [26,27]. For example, chlorogenic
acid is recognized both for its nutritional and health benefits. Its activity against human
breast, lung, colon, bone, and kidney cancers was demonstrated in vitro [28], while an
in vivo study found antitumoral activity against colon cancer in rats [29]. Vanillic acid
inhibited cell proliferation through a G1 phase arrest and an angiogenesis suppression, the
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antitumor activity was confirmed in a murine xenograft model with no apparent toxicity
to the animals [30].

Rutin (quercetin-3-O-rutinoside) is a glycoside composed of the flavonol quercetin
and a disaccharide rutinose found in asparagus, buckwheat, apricots, apples, cherries,
tomatoes, grapefruit, plums, bananas, and tea [31]. It has a wide range of biological activity:
antioxidant, anti-inflammatory, antiangiogenic, pro-apoptotic, and antiproliferative [11,32].
Its activity was demonstrated in a variety of cell models: adenocarcinoma, glioblastoma,
leukemia, and cancer (breast, prostate, lung, stomach, liver, and colon) [33]. Rutin can
inhibit cancer initiation and development through a variety of mechanisms, including mod-
ulating different dysregulated signaling pathways involved in inflammation, apoptosis,
autophagy, and angiogenesis [31].

In this study, we evaluated the anticancer potential of a polyphenolic extract from
C. sativum seeds against two leukemia cell lines and a molecular docking study was performed
to reveal the potential mechanism of action of the extract through receptor-ligand analysis.

2. Results and Discussion
2.1. Extract Analysis

The polyphenolic extract of C. sativum seeds was prepared according to the method
we proposed [17]. The LC/MS–MS revealed the presence of nine components in the
prepared extract: vanillic acid, chlorogenic acid, catechin, epicatechin, epicatechin gallate,
gallocatechin, epigallocatechin, oleuropein, and rutin. The content of those polyphenolic
substances in the extract is shown in the Figure 1. The data relative to the analysis,
which were determined by calculating the area under the curve generated by the fragments
compared to that of the standards and blanks, are provided in the Supplementary Materials.
The powerful antioxidant catechins (catechin, epicatechin, epicatechin gallate, gallocatechin,
epigallocatechin) were the most represented [34]. Vanillic and chlorogenic acid are phenolic
acids; oleuropein is a secoiridoid; and rutin is a flavonol glycoside.
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Previous studies in animal models demonstrated that several of the above compounds
have a wide range of cancer-preventive and chemotherapeutic properties, and various
pathways are likely to be involved with a perfect synergy [35].
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2.2. Antileukemic Activity

The cytotoxic activity of C. sativum polyphenolic extract was evaluated using three cell
lines: human acute promyelocytic leukemia (HL60), human chronic myelogenous leukemia
(K562), and normal Vero cell. The cytotoxicity indices were estimated as a cell viability
percentage measured by a methylthiazoletetrazolium (MTT) assay in a dose-dependent
manner after 24, 48, and 72 h of treatment with increasing doses (0 to 100 µg/mL) of the
CSP extract.

As shown in Table 1, the extract was able to inhibit the proliferation of HL60 (IC50 = 11.75 µM)
and, K562 (IC50 = 16.86 µM) cancerous cell lines. The reduction in 50% of viable cell num-
bers was evident after a 24 h treatment period at a dose of 25 µg/mL for the K562 cell
line and 12 µg/mL for HL60. A maximum cytotoxicity of 80% was reached at 50 µg/mL
concentration after 24 h and 72 h for the K562 and HL60 cell lines, respectively (Figure 2).
No cytotoxicity was observed on Vero cells at any concentration tested (IC50 > 100 µM)
(Figure 3). Our findings demonstrated powerful activity and a selective cytotoxicity of the
CSP extract that specifically targeted tumor cells (HL60 and K652) without affecting the
normal ones (Vero).

Table 1. IC50 of the CSP extract, its components, and the reference molecules towards K562, HL60,
and Vero cell lines.

Compounds
IC50 (µM)

K562 Cell Line HL60 Cell Line Vero Cell Line

CSP 16.86 11.75 >100
Nilotinib [36] 0.0243 >2 -

Danusertib [37] 0.15 3.06 -
Quizartinib [38] >10 >10 -
Navitoclax [39] 0.4 - -
Catechin [40] - >100 -

Epicatechin [40] - >100 -
Epigallocatechin [41] - 107.7 -

Epigallocatechin
Gallate [41] - 60 -

Rutin [41,42] - 14 -
Vanillic acid [43] 56 - -

The results obtained for the CSP extract suggest a potential synergistic effect between
different components when compared with literature data for individual constituents
(Table 1).

2.3. Acute Toxicity Study
2.3.1. Behavioral Studies

In the 14 days following the CSP extract treatment, no deaths or signs of toxicity were
observed in the experimental animals. Accordingly, the approximate LD50 dose of the CSP
extract in female mice was greater than 2000 mg/kg bodyweight.

2.3.2. Relative Weight

Single oral administration of the CSP extract at a dose of 2000 mg/kg bodyweight did
not interfere with the mice growth (Figure 4) and does not produce any effect on the general
state of the mice during the 14 days, according to the OECD. Thus, oral administration of
CSP is not toxic in a single dose.
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Figure 2. Cytotoxicity of the CSP extract for K562 and HL60 cells. (a) K562 and (b) HL60 cell viability after 24–72 h of
treatment with different concentrations of the extract (12–100 µg/mL). The IC50 for K562 (c) and HL-60 (d) was estimated
using nonlinear regression (GraphPad Prism v. 5 software). The absorbance values were measured at the wavelength of
570 nm and the mean values ± SD of three experiments are displayed along with a representative IC50 curve. The cell
viability was estimated by the MTT assay. ** p < 0.01;*** p < 0.001.
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Figure 4. CSP effect on body weight changes in mice. Data presented as mean ± SD (n = 6).

Neither abnormal behavioral changes nor the death of the treated animals was ob-
served. The female mice treated with CSP extract at a dose of 2000 mg/kg had no symptoms
of poisoning, respiratory failure, prolonged salivation, or diarrhea.

Alterations in body weight and internal organs, which serve as early indicators of
drug toxicity [44], but the female mice in both research groups gained weight gradually
and were active during the whole study period, indicating regular food and water intake.
Furthermore, there were no substantial differences in relative organ weights between the
control and CSP-treated groups, indicating that the extract was not harmful to the internal
organs (Table 2).

Table 2. Assessment of a relative weight of organs in the acute toxicity study.

Groups Liver (g) * Kidney (g) * Spleen (g) *

Control 8.65 ± 0.52 1.79 ± 0.18 0.74 ± 0.15
CSP, 2000 mg/kg 7.96 ± 0.05 1.78 ± 0.02 0.75 ± 0.05

* Data are presented as mean ± SD (n = 3).

2.3.3. Biochemical and Hematological Analyses

The variations in hematological and biochemical parameters of mice treated with
CSP are listed in the Tables 3 and 4 respectively. The study did not reveal any difference
between the control and CSP-treated groups.

Table 3. Biochemical parameters of mice.

Parameter Control * CSP 2 g/kg *

Urea (g/L) 0.28 ± 0.02 0.21 ± 0.03
Creatinine (mg/L) 3.40 ± 0.31 3.80 ± 0.25

ALT (U/L) 45.80 ± 2.11 58.20 ± 4.71
AST (U/L) 397.7 ± 30.37 354.7 ± 23.42

Triglycerides (mg/dL) 87.33 ± 16.25 85.66 ± 12.85
Total Cholesterol (mg/dL) 93.00 ± 7.93 91.33 ± 8.96

HDL (mg/dL) 45.33 ± 3.05 41.33 ± 4.72
VLDL (mg/dL) 17.33 ± 3.51 17.00 ± 2.64

Total Proteins (gm/dL) 6.16 ± 0.15 5.90 ± 0.17
Albumin (gm/dL) 3.33 ± 0.15 3.06 ± 0.30

ALP (IU/L) 92.33 ± 9.29 78.66 ± 4.50
Total Bilirubin (mg/dL) 1.00 ± 0.26 0.96 ± 0.05

Direct Bilirubin (mg/dL) 0.40 ± 0.10 0.43 ± 0.15
* Data were presented as mean ± SD (n = 3).
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Table 4. Hematological parameters of mice.

Parameter. Control * CSP 2 g/kg *

Total Hb (g/dL) 12.60 ± 1.15 12.96 ± 0.85
Total RBC (106/µL) 11.20 ± 0.35 10.83 ± 0.22
Total WBC (103/µL) 2.22 ± 0.85 3.00 ± 1.12

Platelet Count (103/µL) 512.33 ± 37.68 502.0 ± 45.51
HCT (%) 47.20 ± 3.27 43.10 ± 1.71

Granulocytes (%) 22.76 ± 2.01 20.06 ± 2.36
Lymphocytes (%) 55.26 ± 4.73 63.36 ± 6.29

Monocytes (%) 13.16 ± 1.76 12.62 ± 2.58
* Data are presented as mean ± SD (n = 3).

The hematopoietic system is a critical target for toxic agents, and thus is an important
indicator of the physiological and pathological status of humans and animals [45]. There
were no major variations between the treated and control groups in hematological analyses,
showing that the CSP extract had no harmful effects on the hematopoietic system.

This study also assessed the lipid profiles and serum biochemical markers of renal and
liver functions. No significant difference was observed in the serum levels of cholesterol,
VLDL, HDL, or triglyceride between the control and treated groups. Likewise, the renal
function was not affected by the CSP extract since both control and treated groups showed
similar serum levels of urea and creatinine. The liver, known as the body’s biochemical
center, is essential for maintaining metabolic homeostasis. Hepatic dysfunction disrupts
the metabolic activities across the liver, increasing serum levels of biochemical markers like
SGOT, SGPT, ALP, and bilirubin. No major differences in liver serum biochemical markers
were found in the CSP-treated mice, indicating a total safety of the extract.

Side effects remain one of the biggest drawbacks of the acute myeloid leukemia
treatment because chemotherapy has a strong impact on patients’ quality of life and can
sometimes discourage the patient from continuing treatment [46]. Similarly with chronic
myeloid leukemia treatment, the prescribed tyrosine kinase inhibitor imatinib and others
are associated with cases of liver toxicity [47], chronic fatigue [48], nausea, rash, superficial
edema, muscle cramps, and myelosuppression [49].

Finding an effective treatment with fewer or almost no side effects is the ultimate
goal [50], and the present study was conducted from this perspective. Our results demon-
strated the practical absence of CSP extract toxicity in vitro and in vivo, drawing more
attention to its antileukemic activity and the need for further investigation into its mode of
action and limitations.

2.4. Molecular Docking

Four receptors were selected as targets of high interest in antileukemic research and
therapy (ABL kinase, ABL1, BCL2, and FLT3) [51–56]. The ligand-receptor affinity and the
presence of interactions among them were chosen as criteria for a ligand–pose selection.

Table 5 shows the affinity results and 3D images of different docking poses of the
ligands with the receptors are provided in separated figures (Figures 5–8).

Table 5. Docking results for different ligands and reference molecules with the receptors.

Receptor Reference
Affinity (kcal/mol)

CAT EPI EPG EGC GC OLE RU CA VA

ABL kinase −9.9 a −8.8 −9.6 −8.1 −8.2 −7.2 −6.4 −9.3 −7.6 −6.5
ABL1 −8.5 b −8.2 −7.7 −9.2 −7.9 −7.9 −6.9 −8.6 −6.8 −5.4
BCL2 −11.5 c −6.8 −6.8 −7.8 −6.9 −6.8 −6.8 −7.6 −6.9 −5.3
FLT3 −10.1 d −9.1 −8.3 None −8.3 −8.9 None None −8.3 −5.7

CAT: catechin; EPI: epicatechin; EGC: epigallocatechin; GC: gallocatechin; OLE: oleuropein; RU: rutin; CA:
chlorogenic acid and VA: vanillic acid; a: nilotinib b: danusertib c: quizartinib d: navitoclax.
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2.5. ABL Kinase

The role of this protein is related to the development of the Philadelphia chromosome
by the union of the ABL and BCR oncogenes, which is responsible for the phosphorylation
and eventual proliferation of the oncogenic cells in chronic myeloid leukemia [51].

Molecular-docking results are present in Table 5 and Figure 5. The reference drug nilo-
tinib showed the highest affinity for the receptor (−9.9 kcal/mol), the docking affinities of
the CSP extract components ranged between −9.6 kcal/mol (epicatechin) to −6.5 kcal/mol
(vanillic acid). The most active compounds from the extract were the catechins and rutin:
−9.3 kcal/mol.

2.6. ABL1

Known as T315I, this mutant protein increases resistance to tyrosine kinase inhibitors.
The major distinction between the T315I and ABL kinase proteins is the mutation of
threonine to isoleucine at amino acid residue 315 (T315I), which weakens the association of
inhibitors with those residues. Thr315 is responsible for the mechanism of inhibition of
protein BCR–ABL [52].

Molecular docking results are present in Table 5 and Figure 6. The reference drug
danusertib showed an affinity for the receptor of −8.5 kcal/mol. The best affinity was
found for the epicatechin gallate−9.2 kcal/mol, followed by rutin (−8.6 kcal/mol). Vanillic
acid was the least active (−5.4 kcal/mol).

2.7. FLT3

FLT3 is a protein of the tyrosine kinase receptor family that is mainly involved in
stem cell proliferation and differentiation [53]. Wildtype FLT3 is expressed in a variety of
hematopoietic malignancies, including acute lymphoid leukemia (AML), mixed lineage
leukemia, and, most prominently, in acute myelogenous leukemia [54].

Molecular docking results are present in the Table 5 and Figure 7. The reference drug
quizartinib showed the highest affinity for the receptor (−10.1 kcal/mol). The docking
affinities of the CSP extract components ranged between −9.1 kcal/mol (catechin) to
−5.7 kcal/mol (vanillic acid). Catechins were the most active compounds of the extract.

2.8. Bcl-2

In natural hematopoiesis, the balance of replication, apoptosis, and differentiation is
achieved by the cooperation of pro-and anti-apoptotic genes. In cancer cells, this delicate
equilibrium is compromised, and a number of mutations enhance anti-apoptotic gene
expression, tipping the scales in favor of proliferation [55]. BCL2 is one such anti-apoptotic
gene [56]. It encodes the Bcl-2 mitochondrial protein that allows cells to survive by in-
hibiting caspase activation by preventing cytochrome c release [57]. Bcl-2 also protects
cells from p53 and cMyc-induced apoptosis. This reduction in apoptosis is associated
with a rise in Bcl-2 levels in the AML and late myelodysplastic syndrome [58]. Thus, Bcl-2
is an important target for therapy of several malignancies since it is a key player in cell
proliferation imbalance.

Molecular docking results are present in Table 5 and Figure 8. The reference drug
navitoclax showed the highest affinity for the receptor (−11.5 kcal/mol).

Affinities of the CSP extract components ranged between −7.8 kcal/mol (epicatechin
gallate) to −5.7 kcal/mol (vanillic acid). The most active compounds were the catechins
and rutin (−7.6 kcal/mol).

The docking results corroborated the cytotoxic activity observed in vitro as different
molecules present in the CSP extract, especially the catechins and rutin, showed very good
interaction affinity, the values of which were similar to those of the reference drugs and
superior to the ABL1 receptor. On the other hand, moderate docking affinities were noted
for oleuropein (secoiridoid) and chlorogenic acid (phenolic acid), while weak affinities
were obtained for vanillic acid (phenolic acid).
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All molecules under investigation demonstrated high affinities for the receptor pro-
teins. Among the CSP extract components, the epicatechin revealed the best affinity for
the ABL kinase; epicatechin gallate was the most active for ABL1 and Bcl-2, and catechin
showed the highest affinity for the FLT3. Rutin exhibited excellent affinity for most of the
receptors investigated. Therefore, our results suggest that antileukemic activity of the CSP
extract arises from the synergistic anticancer action of the catechins and rutin molecules.

3. Materials and Methods
3.1. Chemicals and Reagents

The following commercial cell lines and reagents were used in the anticancer study:
HL60 (ATCC ® CCL240TM-Human acute promyelocytic leukemia), K562 (ATCC® CCL-
243TM–chronic myelogenous leukemia), and Vero cells (kidney epithetical cell line derived
from an African Green Monkey). RPM 1640 and DMEM-Dulbecco’s Modified Eagle
Medium both from Gibco (Rockville, MD, USA) were used as culture media. Heat in-
activated fetal bovine serum with Penicillin, Amphotericin B and Streptomycin (FBS;
Gibco, Dublin, Ireland) was used to supplement the media. The MTT, 3-(4,5-dimethyl
thiazol-2-yl)-2, 5-diphenyl tetrazolium bromide was used in the cell viability assays (Merck,
Darmstadt, Germany).

The following commercial solvent were used in the chromatographic analysis of the
extract: acetonitrile and formic acid LC–MS grade purchased from Merck (Purity ≥ 99.9%).

The following commercial solvents were used during the preparation of the extract:
hexane, methanol, n-butanol analytical grade (Merck, Purity ≥ 95 %)

3.2. Plant Material

Coriandrum sativum L. seeds were purchased from a local herbalist in July 2018 in the
city of Fez, Morocco. They originated from northeastern Morocco in the region of Oujda
(34◦41′47.591′′ lat; 1◦57′2.13′′ long.; altitude, 558 m) and were harvested one month before
purchase. The seeds were identified and authenticated by Professor Amina Bari (a botanist
at the USMBA) and a voucher specimen # BPRN28 was deposited in the Herbarium of the
Laboratory of Biotechnology, Environment, Agrifood, and Health at the Faculty of Sciences
Dhar el Mahraz of the USMBA, Fez, Morocco.

3.3. Preparation and Analysis of the Polyphenolic Extract

The seeds of C. sativum were thoroughly cleaned with distilled water and dried at
room temperature. Subsequently, they were reduced to a coarse powder in an electric
grinder (KRUPS; GX332850; Solingen, Germany), dried and then reduced to a fine powder.
Since the powder contained a high amount of oil, the seeds were defatted with hexane
(Merck, Purity≥ 95 %) (3× 30 mL for 10 g of powder) before extraction. The extraction was
carried out in an ultrasound-assisted apparatus (HINOTEK; SB-100DT; Ningbo, China),
10 g of the defatted powder was mixed with methanol 70% and sonicated for 40 min at
a frequency of 35 kHz. The liquid phase was separated by filtration and concentrated
to dryness on a rotary evaporator (BUCHI; R-100 Rotavapor ®; New Castle, DE, USA; at
60 ◦C) to give a crude extract. The latter was mixed with the distilled water and extracted
2 times with N-butanol to get the polyphenol fraction [17]. The CSP extract was stored
at 4 ◦C.

The CSP extract was analyzed by UHPLC/MS-MS on a Shimadzu Nexera XR LC
40 instrument, (Shimadzu Italia, Milan, Italy) equipped with a MS/MS detector (LCMS
8060, Shimadzu Italia) and controlled by Lab Solution software. The analysis was per-
formed with the parameters detailed in [17] and the Supplementary Materials, using a flow
injection on a Phenomenex Kinetex polar C18 column (3 × 100 mm2, 2.6 µm, Phenomenex,
Torrance, CA, USA) and negative electrospray ionization (ESI-). The compounds were iden-
tified using an updated polyphenol in-house library taking into account the characteristic
molecular fragment ions.
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3.4. Cell Culture

The human cancer and Vero cell lines were obtained from the National Institute of
Amazon Researches, Brazil. HL60 (ATCC ® CCL-240TM, human histiocytic lymphoma) e
K562 (ATCC ® CCL-243TM, human chronic myelogenous leukemia) and Vero cell lines
(2 × 104 cells per well). were cultured into a 96-well plate containing 0.2 mL of RPMI
medium (with 10% FBS, penicillin–streptomycin, and fungizone) per well, in an atmosphere
of 5% CO2 at 37 ◦C for 24 h. After the formation of a sub-confluent monolayer, the cells
were treated with different concentrations of the CSP extract (diluted in PBS with DMSO
0.5%) and incubated again at the same conditions for 24, 48, and 72 h.

3.5. Cytotoxicity Assay

We assessed the cytotoxicity of the CSP extract by the MTT assay. Sterile PBS and
DMSO 0.5% were used as a negative control and DMSO 100% as a positive one. Subse-
quently, the medium was removed from all wells, and 10 µL of MTT (5 mg/mL in sterile
PBS) diluted in 100 µL of DMEM medium (without phenol red to avoid misinterpretation)
was added to the wells and incubated for 4 h at the same conditions as stated above. After
that, the MTT was removed, and 50 µL of MTT lysis buffer was added to each well. The
content was gently homogenized to dissolve the formazan crystals and then incubated for
10 min at 37 ◦C. Optical densities of the samples were measured on a microplate reader
at a wavelength of 570 nm. The relative viability of the cells was estimated using the
following equation:

Cell viability =
A570 of the treated sample

A570 of the untreated sample
× 100

All tests were performed in triplicate.

3.6. Acute Toxicity Study

The toxicity test was conducted following the OECD 423 “dose adjustment” proto-
col [59] and consisted of testing the CSP extract at a dose of 2000 mg/kg bodyweight.
The test was performed on 12 female Swiss albino mice and their behavior and number
of deaths were checked twice a day for up to 14 days. After 15 h of fasting, they were
divided into a control group consisting of 6 females receiving distilled water at a rate of
10 mL/kg and an experimental group consisting of 6 females receiving the CSP extract
at a dose of 2000 mg/kg. After administration of the extract, the mice were continuously
monitored within the first hour and then at 6 and 24 h after the treatment for any mortality
or behavioral changes (agitation, lack of appetite, motor difficulties, or dyspnea). Those
signs of toxicity were monitored daily for 14 days. On the 15th day, the number of dead
animals was calculated, and the calculated values were transformed into a percentage,
while the animals remaining alive were euthanized.

The mice were euthanized through anesthesia and blood was collected for hematolog-
ical and biochemical analysis. The liver, kidney, and spleen were taken for organ control,
rinsed in 0.9% saline, and weighed.

3.7. Molecular Docking
3.7.1. Ligand Preparation

All chemical structures were retrieved as SDF 3D files from PubChem database (cate-
chin CID: 9064; epicatechin CID: 72276; epicatechin gallate CID:107905; epigallocatechin
CID:72277; gallocatechin CID:65084; oleuropein CID:5281544; rutin CID:5280805; chloro-
genic acid: 1794427; vanillic acid CID:8486; nilotinib CID: 644241; danusetib CID: 11442891;
quizartinib CID: 24889392) and then converted into a PDBQT format with AutoDock-
Tools v1.5.6 [60] for the docking simulation. The Gasteiger partial charges were added,
rotatable bonds were established, and non-polar hydrogen atoms were merged as part of
the planning.
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3.7.2. Preparation of Receptors

The PDB file of each receptor was retrieved from the Protein Data Bank website
(https://www.rcsb.org (accessed on 10 March 2021)) [61]. Precise X-ray crystal structures
of the receptors were chosen based on their completeness, resolution, and fit with our
objective. The selected receptors and their PIDs (Protein Data Bank identification codes)
were as follows: ABL kinase (3vs9), ABL1 (2v7a), BCL2 (4lvt), FLT3 (4rt7). The receptors
were prepared by deleting water molecules, the default ligand, and heteroatoms using
the Discovery Studio Visualizer v21 for windows [62]. AutoDockTools was used to open
the updated receptors and apply polar hydrogen atoms and Gasteiger charges before
converting them to the PDBQT format for further docking simulations.

3.7.3. Docking Simulations

AutoDockTools was used to specify the grid box size for each receptor, and AutoDockV-
ina [63] was used to run the docking simulations for different ligands and the four receptors.
Exhaustiveness of the simulations was set to 24 to ensure that Vina would generate the
maximum outcome in the shortest amount of time. Discovery Studio Visualizer v21 was
used to generate images of the protein–ligand complexes.

3.8. Statistical Analysis

All data were represented as an arithmetic mean and a standard deviation (SD).
Statistical analysis was carried out using Student’s t-test and ANOVA. A probability value
of less than 0.05 was chosen as the criterion of statistical significance. *: p < 0.05; **: p < 0.01;
***: p < 0.001 when compared to negative control (untreated cells). IC50 was calculated by a
non-linear regression.

4. Conclusions

The paper represents the first data on of the effects of the polyphenolic extract of
C. sativum seeds on two leukemic cell lines (K562 and HL-60). Our results demonstrated
a dose-dependent cytotoxicity against the tumor cells and no effect on the viability and
growth of a normal cell line (Vero). No signs of toxicity during the in vivo acute toxicity
study demonstrated that CSP ais a very safe and effective combination of biologically
active molecules.

All CSP components interacted positively with the ABL kinase, ABL1, BCL2, and FLT3
receptors in the tumor cells, and thus may explain a possible mode of action of the extract.
Taking into a consideration all the data obtained in the in vitro and in vivo experiments
together with in silico results, the antileukemic activity of the CSP extract could be mainly
attributed to a synergic combination of the catechins and rutin. The extract may thus be
proposed as a phytomedical alternative to conventional treatments and chemotherapy,
owing to its powerful activity and lack of side effects.

Our findings demonstrated that catechins directly associate with cellular targets, e.g.,
the cell surface receptors. However, more research using isolated molecules of the CSP
extract is needed to further characterize its anticancer activity and its mechanism of action.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ph14080770/s1, Figure S1: Molecular peaks of the CSP extract and their subsequent fragmen-
tation in MS/MS experiment, Table S1: Identified fragments of the CSP extract.
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