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Background: Leukemia is the most common type of childhood cancer. Numerous flavonoids isolated from plants
have been reported as potential chemotherapeutic agents against malignant growth while taking care of healthy
cells.
Purpose: To discover new anticancer agents from the seeds of Dracaena steudneri Engl for their potential uses as
candidate compounds against leukemia cell lines.
Methods: A panel of chromatography techniques (CC, Sephadex LH-20 and semi-preparative HPLC) were used to
isolate these compounds from the MeOH/CH2Cl2 (1:1) crude extract of the seeds of D. steudneri. Their structure
elucidation was achieved based on spectral evidence (UV, NMR and HRESIMS). Resazurin reduction assays were
performed to assess the cytotoxicity of the crude extract and isolates.
Results: From the seeds of D. steudneri 8 compounds were isolated (1 – 8). Quercetin derivatives: 3,3′ -di-Omethylquercetin-4′ -O-β-D-glucoside (5) and 3,3′ -di-O-methylquercetin (7) displayed significant cytotoxicity
against the two leukemia cell lines tested with IC50 < 10 µM. Doxorubicin (reference drug) exhibited strong
cytotoxic potency; IC50 of 0.01 µM (against CCRF-CEM cells) and moderate activity; IC50 of 26.78 µM (towards
CEM/ADR5000 cells). To the best of our knowledge, this is the first report of flavonoids glycosides from the
genus Dracaena.
Conclusion: The results obtained in this study showed that flavonoids isolated from Dracaena steudneri are
promising candidates for cancer chemotherapy. The mode of action and the cytotoxicity of the most active
compounds (5 and 7) should be further investigated.

Introduction
Flavonoids represents a wide range of natural or synthetic com
pounds belonging to the family of polyphenols (Panche et al., 2016).
These substances are responsible for the yellow, orange and red colors in
numerous plant species. From a structural point of view, flavonoids have
a common biosynthetic origin and, therefore, share the same scaffold
consisting of 15 carbon atoms (Rauter et al., 2018). They are well known
for their antioxidant properties to protect plants against UV radiation.
For humans, several health beneficial properties of dietary flavonoids

have been described, which may protect the body from chronic
inflammation, cancer and other diseases (Górniak et al., 2019; Bisol
et al., 2020).
Cancer is a critical problem affecting global health with 19.3 million
new cases and 10.0 million deaths reported in 2020 (Sung et al., 2021).
Cancer is the second leading cause of death after cardiovascular diseases
and the morbidity and mortality rates associated with this infliction has
increased globally. Human leukemia is among the top 20 malignant
diseases in human beings with annually 437,033 new cases and 309,006
deaths (Bray et al., 2018). Most vulnerable are children under 15 years
of age accounting for 80% of all leukemia cases (Terwilliger and
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Abbreviations

CD3OD
HPLC
MeOH
H2O
TLC
CH2Cl2
EtOAc
LC-MS
tR
LC-UV
MHz
ddH2O
IC50
ATP
MRP1
MMP
ROS

1
isorhamnetin 3-O-rungioside
2
kaempferol 3-O-rungioside
3
quercetin-3-O-β-D-glucoside
4
isorhamnetin 3-O-β-D-glucopyranoside
5
3,3′ -di-O-methylquercetin-4′ -O-β-D-glucoside
6
quercetin
7
3,3′ -di-O-methylquercetin
8
4-(2ʹ-formyl-1ʹ-pyrrolyl)butanoic acid
P-gp
P-glycoprotein
D
Dracaena
CCRF-CEM drug-sensitive leukemia cells
CEM/ADR5000 multidrug-resistant P-glycoprotein-overexpressing
leukemia cells
NMR
nuclear magnetic resonance
HRESIMS high resolution electrospray ionization mass spectrometry

Abdul-Hay, 2017). Chemotherapy which remains the method of choice
is associated with undesirable effects. Further, the appearance of
multidrug resistance (MDR) of cancer cells to chemotherapy remains a
serious problem in the treatment and management of the disease. This
phenomenon considerably reduces the efficacy of antiproliferative
drugs, leading to increased numbers of therapeutic failure (Gottesman
et al., 2009). As a result, there is need to continuously search for new
drugs to fight drug-resistant cancer particularly from plants, as they
have proved to be good candidates for anticancer drugs (Efferth et al.,
2020a).
The genus Dracaena (Asparagaceae family) comprises >100 species
that are widely distributed in the tropical and subtropical regions of the
world (Lu and Morden, 2010). Out of 100 species found in this genus, 8
have been reported in Kenya including Dracaena steudneri Engl. Tradi
tionally, the extract from the leaves of D. steudneri is used indigenously
for the treatment of splenomegaly, hernia, asthma and chest problems in
Tanzania (Moshi et al., 2012) and in Rwanda to treat liver diseases
(Mukazayire et al., 2011). In Kenya, the decoction from the stem is
drunk for the management of hepatic liver ailments, treatment of mea
sles and reducing pain during childbirth (Kokwaro, 2009). Besides the
traditional aspects, species of this genus exhibit a wide range of bio
logical activities, such as cytotoxicity (Teponno et al., 2017) as well as
antimicrobial (Zhu et al., 2007) and anti-inflammatory effects (Nchio
zem-Ngnitedem et al., 2020a, 2020b). Previous phytochemical studies
of Dracaena species have indicated the presence of saponins (Shen et al.,
2014), flavonoids (Nchiozem-Ngnitedem et al., 2020b), homoiso
flavonoids (Nchiozem-Ngnitedem et al., 2020c) and polymeric flavo
noids (Pang et al., 2016).
Hence, this study aimed to investigate the cytotoxicity of flavonoids
isolated from the seeds of Dracaena steudneri against two leukemia
cancer cell lines including drug-sensitive CCRF-CEM cells and its
multidrug-resistant P-glycoprotein overexpressing subline CEM/
ADR5000.

deuterated Methanol
high performance liquid chromatography
methanol
water
thin layer chromatography
dichoromethane
ethylacetate
liquid chromatography–mass spectrometry
retention time
liquid chromatography-ultraviolet
megahertz
double-distilled water
half-maximal inhibitory concentration
adenosine triphosphate
multidrug resistance protein 1
mitochondrial membrane potential
reactive oxygen species

Germany) and Sephadex LH-20 (18 – 111 μm, GE Healthcare, Ger
many) were used as a solid matrix.
Preparative HPLC was performed on a Shimadzu LC-20AP system
equipped with DGU 20A5R degassing unit, an SPD-M20A detector, SIL20ACHT autosamplers, and a Nucleodur Polartec 5 μm RP column (10 ×
125 mm) using LabSolution software system. The mobile phase was
composed of MeOH (solvent B) and H2O (solvent A, containing 0.1 %
formic acid). TLC was carried out on pre-coated silica gel 60 plates (0.20
mm; Macherey-Nagel, Germany). Fluorescence in the cytotoxicity assay
was measured on an Infinite 200 Pro-TECAN plate reader. The general
experimental procedures has been published (Mukavi et al., 2020).
Plant material
The seeds of D. steudneri were collected in November 2018 from
Riverside drive, Nairobi, Kenya (about 2 km from Nairobi Central
Business District). The plant material was identified by a taxonomist
from the University of Nairobi Herbarium, Faculty of Science and
Technology (FST), where a voucher specimen (NNA 2018/003) has been
deposited for reference.
Extraction and isolation of chemical constituents from the seeds of
Dracaena steudneri
The seeds of D. steudneri were dried under shade and then ground to
yield 2.9 kg of dried material. The obtained powder was macerated in
equal volume of MeOH in CH2Cl2 (3 L, 24 h × 3) affording 640 g (22.1%
yield) of oily residue. Part of the crude extract (300 g) was defatted using
flash column chromatography with silica gel as stationary phase. The
mobile phase was composed of pure cyclohexane followed by a gradient
elution of cyclohexane/EtOAc (9:1, 1:1 and 0:10) and EtOAc/MeOH
(9:1, 1:1 and 0:10). A total of 100 fractions of 500 mL each were
collected and pooled based on their TLC and LC-MS profile into four subfractions; FrA (cyclohexane/EtOAc (10:0 – 9:1)), FrB (cyclohexane/
EtOAc (1:1 – 0:10)), FrC (EtOAc/MeOH (9:1 – 1:1)) and FrD (MeOH
(neat)).
Sub-fraction FrC was further purified through semi-preparative HPLC
set as follows–Gradient elution started at MeOH/H2O (1:9) up to neat
MeOH for 20.5 min and thereafter isocratic elution for 10 min using pure
MeOH, the solvent system MeOH/H2O returned to the initial concen
tration within an interval of 0.5 min and was constant for 9.0 min to
afford compounds 1 (2.3 mg, tR 15.2 min), 2 (0.7 mg, tR 15.4 min), 3
(2.5 mg, tR 15.8 min), 4 (1.5 mg, tR 16.8 min), 5 (2.0 mg, tR 17.6 min), 6
(1.1 mg, tR 18.3 min), 7 (1.6 mg, tR 19.6 min) and 8 (0.6 mg, tR 13.5
min).

Materials and methods
General experimental procedures
NMR experiments were carried out using Bruker spectrometer
operating at 600 MHz (Avance III). All spectra were processed using
MestReNova-9.0.1 software. 1H (δ = 3.31) and 13C (δ = 49.0) NMR for
CD3OD solvent peaks were used as references. HRESIMS was conducted
on a LTQ Orbitrap spectrometer (Thermo Scientific, USA) equipped with
a HESI-II source. Data were processed by Xcalibur Software. For column
chromatography, Silica gel (0.063 – 0.2 mm, Macherey-Nagel,
2
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fluorescent signal (O’Brien et al., 2000). Aliquots of 2 × 104 cells per
well were seeded in 96-well-plates in a total volume of 100 µL. The
studied sample was immediately added in varying concentrations in an
additional 100 µL of culture medium to obtain a total volume of 200
µL/well. After 72 h, 20 µL resazurin (Sigma-Aldrich, Taufkirchen, Ger
many) 0.01 % w/v in ddH2O was added to each well and the plates were
incubated at 37 ◦ C for 4 h. The fluorescence was measured on an Infinite
M2000 Pro™ plate reader (Tecan, Crailsheim, Germany) using an
excitation wavelength of 544 nm and an emission wavelength of 590
nm. Each assay was done at least two times, with six replicate each. The
viability was evaluated based on a comparison with untreated cells. IC50
values represent samples’ concentrations required to inhibit 50% of cell
proliferation and were calculated from a calibration curve by linear
regression using Microsoft Excel.

Isorhamnetin 3-O-rungioside (1). Yellow amorphous solid, LC-UV
(MeOH-H2O [0.1% formic acid]) λmax 356 and 254 nm; 1H (CD3OD,
600 MHz) and 13C (CD3OD, 150 MHz) NMR data, see Table 1S and Figs.
2S –4S, see Supporting Information; HRESIMS m/z 625.1760 [M + H]+
(calcd for [M + H]+ C28H33O16, 625.1724).
Kaempferol 3-O-rungioside (2). Yellow amorphous solid, LC-UV
(MeOH-H2O [0.1% formic acid]) λmax 350, 266 and 232 nm; 1H
(CD3OD, 600 MHz) and 13C (CD3OD, 150 MHz) NMR data, see Table S1
and Figs. 5S –7S, see Supporting Information; HRESIMS m/z 595.1655
[M + H]+ (calcd for [M + H]+ C27H31O15, 595.1618).
Quercetin-3-O-β-D-glucoside (3). Yellow amorphous solid, LC-UV
(MeOH-H2O [0.1% formic acid]) λmax 354 and 260 nm; 1H (CD3OD,
600 MHz) and 13C (CD3OD, 150 MHz) NMR data, see Table S2 and Figs.
8S –10S, see Supporting Information; HRESIMS m/z 465.1023 [M + H]+
(calcd for [M + H]+ C21H21O12, 465.0988).
Isorhamnetin 3-O-β-D-glucopyranoside (4). Yellow amorphous
solid, LC-UV (MeOH-H2O [0.1% formic acid]) λmax 356 and 264 nm; 1H
(CD3OD, 600 MHz) and 13C (CD3OD, 150 MHz) NMR data, see Table S2
and Figs. 11S –13S, see Supporting Information; HRESIMS m/z
479.1179 [M + H]+ (calcd for [M + H]+ C22H23O12, 479.1145).
3,3′ -Di-O-methylquercetin 4′ -O-β-D-glucoside (5). Yellow amor
phous solid, LC-UV (MeOH-H2O [0.1% formic acid]) λmax 350 and 268
nm; 1H (CD3OD, 600 MHz) and 13C (CD3OD, 150 MHz) NMR data, see
Table S3 and Figs. 14S–16S, see Supporting Information; HRESIMS m/z
493.1333 [M + H]+ (calcd for [M + H]+ C23H25O12, 493.1301).
Quercetin (6). Yellow amorphous solid, LC-UV (MeOH-H2O [0.1%
formic acid]) λmax 372, 256 and 232 nm; 1H (CD3OD, 600 MHz) and 13C
(CD3OD, 150 MHz) NMR data, see Table S3 and Figs. 17S –19S, see
Supporting Information; HRESIMS m/z 303.0501 [M + H]+ (calcd for
[M + H]+ C15H11O7, 303.0460).
3,3′ -Di-O-methyl quercetin (7). Yellow amorphous solid, LC-UV
(MeOH-H2O [0.1% formic acid]) λmax 357 and 255 nm; 1H (CD3OD,
600 MHz) and 13C (CD3OD, 150 MHz) NMR data, see Table S4 and Figs.
20S –22S, see Supporting Information; HRESIMS m/z 331.0812 [M +
H]+ (calcd for [M + H]+ C17H15O7, 331.0773).
4-(2ʹ-Formyl-1ʹ -pyrrolyl)butanoic acid (8). Yellow amorphous
solid, LC-UV (MeOH-H2O [0.1% formic acid]) λmax 218 nm; 1H (CD3OD,
600 MHz) and 13C (CD3OD, 150 MHz) NMR data, see Table S5 and Figs.
23S –25S, see Supporting Information; HRESIMS m/z 182.0811 [M +
H]+ (calcd for [M + H]+ C9H12O3N, 182.0772).

Results
Compounds isolated from the seeds of Dracaena steudneri
Systematic phytochemical investigation of the MeOH/CH2Cl2 (1:1)
crude extract of the seeds of D. steudneri afforded 8 known compounds,
Fig. 1. The chemical structures of all analogues were elucidated by
comprehensive spectroscopic and spectrometry methods such nuclear
magnetic resonance spectroscopy (NMR), high resolution electrospray
mass spectrometry (HRESIMS) as well as by comparison with data re
ported in the literature. The proposed structures included 7 flavonoids
out of which 5 were glycosylated bearing a mono or disaccharide units at
C-3 (1 – 4) or C-4′ (5) positions in C- and B-rings, respectively. These
compounds were identified as isorhamnetin 3-O-rungioside (1) (Ahmad
et al., 2010), kaempferol 3-O-rungioside (2) (Seshadri and Vydees
waran, 1972), quercetin-3-O-β-D-glucoside (3) (Kwon and Bae, 2011),
isorhamnetin 3-O-β-D-glucopyranoside (4) (Touil et al., 2006), 3,
3′ -di-O-methylquercetin 4′ -O-β-D-glucoside (5) (Sick et al., 1983),
quercetin (6) (Teponno et al., 2006), 3,3′ -di-O-methyl quercetin (7)
(Wang et al., 2012). Compound 8, with a heterocyclic aromatic archi
tecture was identified as 4-(2ʹ-formyl-1ʹ-pyrrolyl)butanoic acid (8)
(Tressl et al., 1993). To the best of our knowledge compound 8 was
previously described without 13C NMR data. Herein, the 13C NMR data
of this naturally isolate is reported (Table S5 and Figs. 23S –25S, see
Supporting Information). The NMR and HRESIMS spectra of these het
erocyclic organic compounds are provided as supporting information
(Figs. 2S –34S).

Cell lines and cultures
The cell lines used in the current work, their origin, culturing, and
resistance development were previously reported (Kimmig et al., 1990;
Efferth et al., 2003; Kadioglu et al., 2016; Nyaboke et al., 2018, Omosa
et al., 2021). Two leukemia cancer cell lines including drug-sensitive
CCRF-CEM leukemia and its multidrug-resistant P-glycoprotein-over
expressing subline CEM/ADR5000 were used. The cell lines were
cultured under standard conditions (RPMI 1640 medium, 10 % fetal calf
serum, 1 % penicillin/streptomycin; Invitrogen, Eggenstein, Germany)
in an incubator (SteriCult, Thermo Fisher Scientific GmbH, Dreieich,
Germany) at 37 ◦ C and 5% CO2. The multidrug resistance phenotype of
the CEM/ADR5000 cells has been maintained by treatement with 5
µg/mL doxorubicin from 24 h every other week. The experiments were
performed using cells in the logarithmic growth phase.

Cytotoxicity of compounds isolated on leukemia cell lines
At the end of phytochemical study, the crude extract obtained from
the seeds of Dracaena steudneri and isolates (1 – 8) were preliminarily
screened for their cytotoxic potencies against the most sensitive leuke
mia cell line (CCRF-CEM). The extract and some isolates except 5 and 7
were not cytotoxic at the tested concentration as they displayed less than
70% of cell inhibition in accordance to established criteria, Fig. 2 (Table
6S, see Supporting Information) (Nchiozem-Ngnitedem et al., 2020c).
Based on the resulted obtained from the preliminary screening, com
pounds 5 and 7 which showed cell inhibition rates of 82.46% and
76.98%, respectively were selected and tested further against the
multidrug-resistant (CEM/ADR5000) leukemia cell line in order to
calculate their half inhibitory concentration (IC50). The results for these
two isolates recorded as IC50 values, degree of resistance (D.R) are re
ported in Table 1. The IC50 values of these compounds (5 and 7) ranged
from 3.31 µM (against CEM/ADR5000) to 8.81 µM (towards
CCRF-CEM). Compounds 5 and 7 act upon 2/2 (100%) inhibition with
an IC50 < 10 µM against the two cancer cell lines. More specifically,
compound 5 displayed cytotoxic activity with IC50 values of 8.81 ± 0.75
µM and 3.31 ± 0.36 µM against CCRF-CEM and CEM/ADR5000,
respectively. Compound 7 showed similar inhibition with IC50 values of
7.89 ± 0.76 µM and 5.29 ± 0.85 µM towards CCRF-CEM and

Cytotoxicity of botanical, isolates and doxorubicin by resazurin reduction
assay
Resazurin reduction assay was performed to assess the cytotoxicity of
the studied samples toward the drug-sensitive and resistant leukemia
cell lines as described earlier (Mahmoud et al., 2020; Mbaveng et al.,
2020). The assay is based on reduction of the indicator dye, resazurin, to
the highly fluorescent resorufin by viable cells. Non-viable cells rapidly
loose the metabolic capacity to reduce resazurin and, thus, produce no
3
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Fig. 1. Chemical structures of compounds isolated from the seeds of Dracaena steudneri Engl Isorhamnetin 3-O-rungioside (1), Kaempferol 3-O-rungioside (2),
Quercetin-3-O-β-D-glucoside (3), Isorhamnetin 3-O-β-D-glucopyranoside (4), 3,3′ -di-O-Methylquercetin-4′ -O-β-D-glucoside (5), Quercetin (6), 3,3′ -di-O-Methyl
quercetin (7) and 4-(2ʹ-formyl-1ʹ-pyrrolyl)Butanoic acid (8).

CEM/ADR5000, respectively. Doxorubicin (standard drug) displayed
selective activity against CCRF-CEM with IC50 value of 0.01 ± 0.14 µM.
Both isolates, 5 and 7 were 8- and 5-folds more potent than doxorubicin
(IC50 = 26.78 ± 3.30 µM) against CEM/ADR5000 cell line. Hypersen
sitivity or collateral sensitivity (degree of resistance (D.R) < 1) of
CEM/ADR5000 cells compared to CCRF-CEM cells was observed for 3,
3′ -di-O-methylquercetin-4′ -O-β-D-glucoside
(5)
and
3,3′ -di-O-
methylquercetin (7) implying that these compounds might have inhib
itory effect on P-glycoprotein’s expression (Mbaveng et al., 2017).

P-glycoprotein-overexpressing subline CEM/ADR5000 (Kimmig et al.,
1990; Efferth et al., 2004).
Between incubation times of 48 and 72 h, the cytotoxicity for frac
tions (and isolated compounds) can be considered as strong at IC50 < 4
µg/mL (or IC50 < 10 µM), as moderate at 4 µg/mL < IC50 < 20 µg/mL (or
10 µM < IC50 < 50 µM) and as low at 20 µg/mL < IC50 < 100 µg/mL (or
50 µM <IC50 < 250 µM). No cytotoxicity can be assumed at IC50 > 100
µg/mL (or IC50 > 250 µM) (Kuete and Efferth, 2015). Based on these
thresholds, the flavon-3-ol derivatives (5 and 7) displayed strong cyto
toxicity against both leukemia cancer cell lines with IC50 values < 10
µM. We have chosen leukemia cells, because leukemia cells have been
routinely used at the National Cancer Institute, USA, before establish
ment of the NCI60 panel and leukemia cells are more frequently sensi
tive to cytotoxic agents than other tumor types. Therefore, they are
better suited for initial compound screenings than tumor cell lines from
solid tumor origin. Some isolates revealed reduced cytotoxicity in the
presence of a more polar groups (-OH, sugar unit) at C-3 of the
flavon-3-ol scaffold in compounds 1 – 4 and 6, instead of a more hy
drophobic methyl substituent as in 5 and 7. Compounds 1 – 4 shared
more or less the same substitution pattern in A- and B-rings with the only
difference being in C-ring. The presence of the sugar moiety at C-3 po
sition in 4 had virtually no effect, since the cell inhibition was less than
10%. The same trend can be observed in 1 (no inhibition against
CCRF-CEM). Compound 5 (a glucoside) was more sensitive/active on
the drug-resistant leukemia cells than compound 7. This could be
explained by the fact that compound 5 with 4′ -O-glycosyl could play a
more important role in P-gp inhibition than their 4′ -OH counterpart.
To the best of our knowledge, the cytotoxicity of quercetin

Discussion
The continuous development of drug resistance especially multidrug
resistance (MDR) to chemotherapeutic agents remains a major concern
for the treatment and management of cancer. Numerous mechanisms of
drug resistance have been documented including the overexpression of
adenosine triphosphate (ATP)-binding cassette (ABC) membrane pro
teins that function as drug efflux pumps (Ho et al., 2008). Among them,
the permeability-glycoprotein (P-gp), and multidrug resistance protein 1
(MRP1) are relevant for acute myeloid leukemia (Van et al., 2002).
Hence, the search of new secondary plant metabolites with better ac
tivity against MDR cancer cells than established anticancer drugs is of
utmost importance. Numerous flavonoids isolated from plants have
fueled the pipeline for cytotoxic agents against a panel of cancer cell
lines (Watanabe et al., 2011; Šmejkal, 2014; Taleghani and Tayar
ani-Najaran, 2019). In the present study, flavonol derivatives were
assessed for their anticancer potencies against drug-sensitive CCRF-CEM
leukemia
cells
and
their
multidrug-resistant
4
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Fig. 2. Cell viability (%) of crude extract (C), Isorhamnetin 3-O-rungioside (1), Kaempferol 3-O-rungioside (2), Quercetin-3-O-β-D-glucoside (3), Isorhamnetin 3-Oβ-D-glucopyranoside (4), 3,3′ -di-O-Methylquercetin-4′ -O-β-D-glucoside (5), Quercetin (6), 3,3′ -di-O-Methylquercetin (7), 4-(2ʹ-formyl-1ʹ-pyrrolyl) Butanoic acid (8)
and Doxorubicin (D) against drug-sensitive CCRF-CEM leukemia cell (mean ± SD of three independent experiments with each 6 parallel measurements).

Compounds 5 and 7 are quercetin derivatives bearing a methoxy
substituent at C-3. Their activities are in good agreement with related
compounds reported in the literature (Beutler et al., 1998; Díaz et al.,
2003). On the basis of the results obtained in this study, the basic
requirement for a flavon-3-ol hydroxylated at C-5 and C-7 position in the
A-ring for cytotoxic activity seems to be methylation at C-3, whereas in
the B-ring, the requirement for activity is 3′ -methoxy-4′ -hydroxy sub
stitution, which facilitated cellular uptake. Multidrug-resistant
CEM/ADR5000 leukemia cells line are resistant towards quite number
of chemotherapeutic agents, including anthracyclines, taxanes, Vinca
alkaloids, epipodophyllotoxons and many others (Efferth et al., 2008).
Interestingly, the most active isolates were more potent than the stan
dard drug against CEM/ADR5000 leukemia cell line with IC50 values <
10 µM compared to that of doxorubicin (IC50 = 26.78 µM). An inspection
of the degree of resistance (D.R.) doxorubicin as reference anticancer
agent (D.R > 1) compared to those of compounds 5 and 7 (D.R < 1)
clearly indicated that the latter can be further investigated as possible
cytotoxic agents against the drug-resistant cell lines. It is remarkable
that CEM/ADR5000 were 2678-fold more resistant to doxorubicin than
CCRF/CEM cells, while CEM/ADR5000 were more sensitive to com
pounds 5 and 7 than CCRF-CEM cells. This phenomenon is termed
collateral sensitivity, and compound with this feature may be exquisitely
suited to kill multidrug-resistant cancer cells (Efferth et al., 2020b).

Table 1
Cytotoxicity of 3,3′ -di-O-methylquercetin-4′ -O-β-D-glucoside (5), 3,3′ -di-Omethylquercetin (7) and doxorubicin against CCRF-CEM and CEM/ADR5000
cells as determined by the resazurin reduction assay.
Compounds

CCRF-CEM
IC50 in µM

CEM/ADR5000
IC50 in µM

Degree of resistancea

5
7
Doxorubicin

8.81 ± 0.75
7.89 ± 0.76
0.01 ± 0.14

3.31 ± 0.36
5.29 ± 0.85
26.78 ± 3.30

0.38
0.67
2678

Shown are mean ± SD of three independent experiments with each 6 parallel
measurements.
a
The degree of resistance was calculated as the ratio of IC50 value in multi
drug- resistant CEM/ADR5000 cells divided by the IC50 in sensitive CCRF-CEM
cells.

derivatives 5 and 7 against leukemia cell lines including both drugsensitive and -resistant parental sublime is documented here for the
first time. The cytotoxicity of 3,3′ -di-O-methylquercetin (7) confirmed
similar findings reported by Talib et al. (2012) against MCF-7; IC50 value
of 10.11 µg/mL. Compound (7) exerted its antiproliferative effect by
inducing apoptosis as indicated by the presence of DNA fragmentation,
nuclear condensation, and formation of apoptotic bodies in treated
cancer cells. In contrast, quercetin-3-O-β-D-glucoside (3) was not cyto
toxic against the cell lines tested, but previous studies showed that
quercetin-3-O-β-D-glucoside (3) displayed minor cytotoxicity against
Caco-2 and HepG2 cell lines with IC50 of 79 and 150 μg/mL, respectively
(Maiyo et al., 2016). Although it is widely known that the antioxidant
flavonoid, quercetin (6) play a pivotal role in apoptosis, various studies
revealed that the opposite can occur depending on the cell type (Lee
et al., 2003; Nicole Cotelle, 2005). In the present study, quercetin (6) did
not displayed activity at 10 μM confirming its poor cytotoxicity against
leukemia cell lines. However, literature showed, compound (6) was
more active on Jurkat cells (IC50 = 8.4 μM), but was ineffective against
PC-3, HepG2 and Colon 205 tumor cells (IC50 > 200 μM) (Rao et al.,
2007).

Conclusion
The results obtained in this study show that quercetin derivatives (5
and 7) are potential anticancer agents against human leukemia cells.
The cytotoxicity of these isolates can be investigated against a panel of
cancer cell lines including drug-sensitive and -resistant phenotypes.
Further their mode of action includes ferroptosis, necroptosis, auto
phagy as well as apoptosis mediated by caspases activation, MMP
alteration and increase ROS production can be established.
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