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A B S T R A C T

Investigations of the root extract of Dracaena usambarensis Engl. for anticancer principles led to the character-
ization of one new homoisoflavonoid, (3S)-3,4ʹ,5,6-tetrahydroxy-7-methoxyhomoisoflavanone (1) and a new
retrodihydrochalcone, 4ʹ,4-dihydroxy-2,3-dimethoxydihydrochalcone (2) along with six previously reported
compounds, including two homoisoflavonoids, 7-O-methyl-8-demethoxy-3-hydroxy-3,9-dihydropunctatin (3)
and loureiriol (4); a phenolic amide, 3-(4ʹʹʹ-hydroxyphenyl)-N-[2ʹ-(4ʹʹ-hydroxyphenyl)-2ʹ-methoxyethyl]acryla-
mide (5); a spirostane, 25S-spirosta-1,4-dien-3-one (6) and two steroids, stigmasterol (7) and stigmasterol 3-O-β-
D-glucopyranoside (8). The structures of 1-8 were determined using spectroscopic and spectrometric techniques.
The absolute configurations of compounds 1 and 3 were achieved using circular dichroism spectroscopy. Using
the resazurin reduction assay and doxorubicin as reference anticancer drug, 1 showed moderate cytotoxicity
against drug sensitive CCRF-CEM but was inactive against all the other tested drug sensitive, resistance phe-
notypes and normal cells. The crude extract and 2-8 were inactive in the preliminary screening against CCRF-
CEM and drug resistant CEM/ADR5000 cell lines. Interestingly, the activity of the standard drug, doxorubicin
was comparable to those of inactive compounds against CEM/ADR5000 cells. Future studies should focus on
structure modifications of 1-3, in order to obtain more potent analogues.

1. Introduction

Dracaena usambarensis Engl. belongs to the family Asparagaceae
formerly known as Agavaceae, with more than 480 species, distributed
worldwide, and are commonly found in the tropical and subtropical
regions (Yokosuka et al., 2000). The genus Dracaena comprises of about
60 species, out of which 10 are found in Kenya (Beentje, 1994). Many
species of this genus are used in folk medicine to treat a number of
ailments mainly infectious diseases (Kokwaro, 2009). Previous phyto-
chemical investigations of some Dracaena species led to the character-
ization of secondary metabolites, including chalcones and dihy-
drochalcones (Zhou et al., 2001; Su et al., 2014), flavanones and flavans
(Lu et al., 1998; Luo et al., 2010), polymeric flavonoids (Masaoud et al.,
1995; Dai et al., 2012), homoisoflavonoids (González et al., 2000;
Hernández et al., 2006; Liu et al., 2009), steroids and steroidal saponins
(Zheng et al., 2006; Teponno et al., 2017), lignans (Ying et al., 2011)
and phenolic amides (Hu et al., 2015). Many of these classes of

compounds exhibit antimicrobial (Luo et al., 2014), anti-inflammatory
(Huang et al., 2013) and cytotoxic (Shen et al., 2014) activities. The
genus Dracaena is one of the sources of the rare class of flavonoids,
homoisoflavonoids, which are closely related to isoflavonoids with the
major difference being that homoisoflavonoids bear a C-16 rather than
a C-15 skeleton found in isoflavonoids (Toit et al., 2010). Recently, this
class of compounds have been classified based on their basic scaffolds
into five subclasses (Lin et al., 2014). They possess a wide range of
biological activities such as anti-microbial, anti-mutagenic, anti-in-
flammatory, anti-diabetic hypocholesterolemic, anti-oxidant, 5-lipox-
ygenase, anti-viral, anti-estrogenic, cytotoxic activities
(Likhitwitayawuid and Sawasdee, 2002; Abegaz et al., 2007; Siddaiah
et al., 2006; Castelli and López, 2017; Grande et al., 2018). Retro-di-
hydrochalcones also characterized from the roots of D. usambarensis are
flavonoids with phloroglucinol-like oxygenation pattern of ring A
(Fleischr et al., 1998). These class of flavonoids, are formed through
carbonyl transposition of the corresponding normal chalcones, so that
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ring A and C3-unit are derived from cinnamoyl CoA and ring B, from
the acetatemalonate pathway (Fleischer et al., 1998). They are also
known to exhibit interesting biological activities. For example, Risinger
et al. (2013) revealed the cytotoxic potency of taccabulin A, a retro-
dihydrochalcone with the ability to overcome resistance mechanisms
mediated by ATP-dependent efflux transporters and βIII-tubulin.

Despite the wide pharmacological activities of the genus Dracaena,
there is barely any report on the phytochemistry and pharmacological
activities of Dracaena species that are used in traditional medicine,
including the species in the current study, D. usamabarensis Engl.

2. Results and discussion

Phytochemical investigations of the roots of Dracaena usambarensis
led to the isolation and characterization of two novel secondary me-
tabolites (1 and 2) together with six known ones (3 - 8) (Fig. 1). The
new compounds were characterized as (3S)-3,4ʹ,5,6-tetrahydroxy-7-
methoxyhomoisoflavanone (1) and 4ʹ,4-dihydroxy-2,3-dimethoxydihy-
drochalcone (2), while the known ones were identified as 7-O-methyl-8-
demethoxy-3-hydroxy-3,9 dihydropunctatin (3) (Alali et al., 2015),

loureiriol (4) (Likhitwitayawuid and Sawasdee, 2002), 3-(4ʹʹʹ-hydro-
xyphenyl)-N-[2ʹ-(4ʹʹ-hydroxyphenyl)-2ʹ-methoxyethyl] acrylamide (5)
(Shu et al., 2011; Lan-Lan et al., 2014; Sun et al., 2015), 25S-spirosta-
1,4-dien-3-one (6) (Kimura and Tohma, 1967), stigmasterol (7) (Sai
et al., 2012) and stigmasterol 3-O-β-D-glucopyranoside (8) (Debella
et al., 2000). The structures of isolated compounds were determined by
diverse spectroscopic and spectrometric technique (1D, 2D NMR, UV,
IR, CD and MS) and by comparison with spectral data of similar com-
pounds reported in the literature.

2.1. Phytochemistry

Compound 1 was obtained as yellow solids with its HRESI-MS in
positive mode showing molecular ion peak at m/z 333.0971 [M+H]+

(calcd. for 333.0930) corresponding to the molecular formula C17H16O7
and accounting for 10 rings and/or double bonds equivalent. The
HRESI–MS2, in positive mode showed fragments at m/z 315.0866 [M
+H-H2O]+, m/z 209.0444 [M+H-C7H8O2]+, m/z 183.0287 [M+H-
C9H10O2]+. The IR spectrum displayed absorption bands at 3400, 1645
and (2979, 1591 and 1515) cm−1 assignable to a hydroxyl, carbonyl

Fig. 1. Chemical structures of compounds 1–8 isolated from Draceana usamabarensis Engl.
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group and an aromatic ring, respectively. The UV revealed absorption
bands at 366, 298 and 244 nm confirming further, the presence of these
functionalities in the molecule.

The 1H NMR spectrum (Table 1) of compound 1 displayed the
presence of four protons with AAʹBBʹ spin system of a p-disubstituted
benzene ring. These protons appeared as doublets at δH 7.10 (2H, d, J
=8.5 Hz, H-2ʹ/6ʹ) and 6.71 (2H, d, J =8.5 Hz, H-3ʹ/5ʹ). There was a
sharp singlet resonating at δH 6.22 (1H, H-8), as well as resonances of
oxymethylene protons appearing at δH 4.14 (1H, d, J =11.2 Hz, H-2a)
and 3.99 (1H, d, J =11.2 Hz, H-2b). Furthermore, this spectrum
showed signals for one pair of geminal coupled protons at δH 2.94 (1H,
d, J =14.1 Hz, H-9a) and 2.88 (1H, d, J =14.1 Hz, H-9b) along with
typical methoxy protons at δH 3.91 (3H, s, CH3O-7). The 13C NMR
spectrum (Table 1) of 1 exhibited seventeen signals assigned to se-
venteen characteristic carbons, including one carbonyl, five oxygenated
aromatic carbons, two quaternary aromatic carbons, five aromatic
methine carbons, one oxygenated quaternary, one oxygenated methy-
lene, one methylene and one methoxyl carbons.

The 1H and 13C NMR data (Table 1) of 1 was compared with lit-
erature values for compounds with similar scaffolds leading to the
conclusion that 1 possessed a 3-benzylchroman-3-ol-4-one type ske-
leton similar to 3 but lacking an hydroxyl group at C-6 position (Alali
et al., 2015). The position of the methoxy group was confirmed from
the strong HMBC correlation of the methoxy protons at δH 3.91 with the
carbon at δC 158.5 (C-7) (Fig. 2). Furthermore, there were HMBC cross
peaks between the proton at δH 6.22 (H-8) and the carbons at δC 101.8
(C-4a), 127.9 (C-6) and 157.1 (C-7); between the protons at δH 4.14 and
3.99 (H-2a/2b) and the carbons at δC 73.9 (C-3), 200.7 (C-4), 148.8 (C-
8a) and 40.6 (C-9); between the protons at δH 2.94 and 2.88 (H-9) and
the carbons at δC 126.8 (C-1ʹ), 132.9 (C-2ʹ/6ʹ), 73.9 (C-3) and 200.7 (C-
4), characteristic of a 3-benzylchroman-3-ol-4-one moiety in 1 (Fig. 2).

Further, the carbon skeleton of 1 was confirmed from the HMBC cor-
relations observed between the proton at δH 7.10 (H-2ʹ/6ʹ) and the
carbons at δC 132.9 (C-2ʹ/6ʹ), 115.9 (C-3ʹ/5ʹ), 157.5 (C-4ʹ) and 40.6 (C-
9) and between the proton at δH 6.71 (H-3ʹ/5ʹ) and the carbons at δC
126.8 (C-1ʹ), 115.9 (C-3ʹ/5ʹ) and 157.5 (C-4ʹ). The absolute config-
uration at C-3 position was determined by comparison of its circular
dichroism (CD) spectrum with similar homoisoflavonoids reported
previously in the literature. The CD spectrum of 3-benzylchroman-4-
one type homoisoflavonoids derivatives, similar to 1 but lacking an
hydroxyl group at C-3 exhibited a negative Cotton effect in the range of
287−295 nm indicative of a 3R configuration (Adinolfi et al., 1988).
Similarly, compound 1 displayed a negative Cotton effect at 294 nm.
However, with an hydroxyl group in place of hydrogen at C-3 the
priority order changed from 4 for hydrogen to 1 for the hydroxyl group
in accordance to Cahn-Ingold-Prelog rules. This resulted to the reversal
of configuration at C-3 from 3R for homoisoflavonoid derivatives with
hydrogen at this position to 3S for those with hydroxyl groups as was
the case for 1. Based on the above spectroscopic and spectrometric data,
the structure of 1 was established to be (3S)-3,4ʹ,5,6-tetrahydroxy-7-
methoxyhomoisoflavanone and was trivially named as usambarin.

Compound 2 was obtained as a yellow liquid with molecular for-
mula of C17H18O5 accounting for 9 rings and/or double bonds equiva-
lent based on its HRESI-MS showing a pseudo molecular ion peak at m/
z 303.1221 [M+H]+ (calcd. for 303.1232). Its IR spectrum showed
absorption bands at 3359 and 1656 cm−1 attributable to a hydroxyl
and carbonyl group, respectively. The UV spectrum revealed absorption
bands characteristic of dihydrochalcone at 279 nm.

The 1H NMR spectrum (Table 2) of 2 showed six aromatic protons,
in which four appeared as an AAʹBBʹ spin system at δH 7.87 (2H, d, J
=8.9 Hz, H-2ʹ/6ʹ) and 6.82 (2H, d, J =8.9 Hz, H-3ʹ/5ʹ) assignable to a
p-disubstituted benzene ring, with the remaining two aromatic protons
exhibiting an AB spin system at δH 6.52 (1H, d, J =8.4 Hz, H-5) and
6.74 (1H, d, J=8.4 Hz, H-6). The downfield-shifted doublet at δH 7.87
was comparable to that of 4-hydroxyacetophenone derivative ap-
pearing between δH 7.90-7.60 (Meksuriyen and Cordell, 1988), sug-
gesting that one set of protons were in ortho position with respect to the
carbonyl group. Two sets of vicinal methylene protons were also ob-
served as a triplet at δH 3.14 (2H, J=7.7 Hz, H-α) and 2.87 (2H, J=7.7
Hz, H-β) along with two methoxy proton at δH 3.85 (3H, s, CH3O-2) and
3.81 (3H, s, CH3O-3). The NOESY experiment showed prominent cross-
peaks between the methoxy protons at δH 3.85 (CH3O-2) and 2.87 (H-β)
and those appearing at δH 6.74 (H-6) and 2.87 (H-β). The 13C NMR
spectrum (Table 2) of the 2 displayed seventeen peaks assigned to se-
venteen carbon atoms including the two downfield shifted methoxyl
groups at δC 61.1 (CH3O-2) and 60.9 (CH3O-3) which were di-ortho-
substituted (Yang et al., 2001). This is consistent with their placement
at δC 152.9 (C-2) and 142.2 (C-3), respectively (Fig. 2). The position of
the methoxyl groups at C-2 and C-3 was further confirmed from the
HMBC correlations, which showed cross-peaks between the proton at
δH 2.87 (H-β) with the carbons at δC 152.9 (C-2), 125.4 (C-6), 40.5 (C-
α) and the carbonyl carbon at δC 201.2 (C]O); between the proton at

Table 1
1H and 13C NMR of compound 1 (600 and 150 MHz, CD3OD), δ in ppm, J in Hz.

Position 1
δH (m, Hz) δC HMBC (2J, 3J,4J)

2 4.14 d (11.2) 73.0 C-3, 4, 8a, 9
3.99 d (11.2) C-3, 4, 8a, 9

3 – 73.9 –
4 – 200.7 –
4a – 101.8 –
5 – 158.3 –
6 – 127.9 –
7 – 158.5 –
8 6.22 s 93.9 C- 4a, 6, 7
8a – 148.8 –
9 2.94 d (14.1) 40.6 C-1ʹ, 2ʹ/6ʹ, 3, 4

2.88 d (14.1) C-1ʹ, 2ʹ/6ʹ, 3, 4
1ʹ – 126.8 –
2ʹ/6ʹ 7.10 d (8.5) 132.9 C-2ʹ/6ʹ, 3ʹ/5ʹ, 4ʹ, 9
3ʹ/5ʹ 6.71 d (8.5) 115.9 C-1ʹ, 3ʹ/5ʹ, 4ʹ
4ʹ – 157.5 –
CH3O-7 3.91 s 56.8 C-7

Fig. 2. Important 1H-1H COSY and HMBC correlation of compound 1 and 2.

V.-A. Nchiozem-Ngnitedem, et al. Phytochemistry Letters 36 (2020) 80–85

82



δH 6.52 (H-5) with the carbons at δC 126.7 (C-1), 142.2 (C-3) and 150.7
(C-4) and between the proton at δH 6.74 (H-6) with the carbons at δC
152.9 (C-2), 150.7 (C-4) and 26.6 (C-β) (Fig. 2). Further correlations
were also observed between the proton at δH 7.87 (H-2ʹ/6ʹ) with the
carbons at δC 131.9 (C-2ʹ/6ʹ), 163.7 (C-4ʹ), 116.2 (C-3ʹ/5ʹ) and 201.2
(C]O) and between the proton at δH 6.82 (H-3ʹ/5ʹ) with the carbons at
130.0 (C-1ʹ), 116.2 (C-3ʹ/5ʹ) and 163.7 (C-4ʹ). The occurrence of 2,4,6-
trioxygenated dihydrochacones has previously been reported from the
genus Dracaena (Kazuo et al., 1997; Meksuriyen and Cordell, 1988).
Here, we report the first example of 2,3,4-trioxygenated dihy-
drochacone. Therefore, based on all aforementioned data the structure
of 2 was unambiguously determined as 4ʹ,4-dihydroxy-2,3-dimethox-
ydihydrochalcone.

2.2. Cytotoxicity

In the current study, the root extract (50 % MeOH in CH2Cl2) and
eight compounds characterized from D. usambarensis Engl. were
screened for their potencies to inhibit drug-sensitive CCRF-CEM and
multidrug-resistant CEM/ADR5000 leukemia cells. Doxorubicin was
used as reference drug (Table 3). Interestingly, the crude extract (10
μg/mL) was not as active as some pure compounds (10 μM). Com-
pounds 1 and 8 exhibited the highest activities against both drug-sen-
sitive and multidrug-resistant leukemia cell lines in the preliminary

screening. The cell inhibitions were as follows: 55.11 % and 46.03 % for
1 as well as 53.72 % and 42.58 % for 8 against CCRF-CEM and CEM/
ADR5000 leukemia cells, respectively (Table 3). Further screening of 1
showed moderate cytotoxicity with an IC50 values of 40.43±10.26 μM
against CCRF-CEM cells, but was inactive against the other tested cell
lines including CEM/ADR5000, MDA-MB-231-pcDNA3, MDA-MB-231-
BCRP clone 23 (Doyle et al., 1998), U87.MG, U87.MGΔEGFR, HepG2
and the normal AML12 cells as their IC50 values were> 100 μM
(Nyaboke et al., 2018). Compound 8 displayed IC50 values> 100 μM
against the two cell lines and, therefore, was considered as inactive
(Nyaboke et al., 2018). The results of the present studies for 1 are in
agreement with previous ones for a related homoisoflavone, 5-hydroxy-
6,7-dimethoxy-3(4-hydroxybenzyl)-4-chromanone, which showed 50 %
cancer growth inhibition (GI50 value) at 7 μg /mL against MCF7 breast
cancer cells (Lin et al., 2014).

Preliminary cytotoxicity results of structurally related homoiso-
flavonoids, 1, 3 and 4 enabled structure-activity relationship studies. In
support of investigations by Dai et al. (2013), the importance of oxy-
genation of homoisoflavonoids at C-6 for good activity for compounds
with these skeletal structures was further established. This is elaborated
in compounds 1, 3 and 4. It is clear that compounds 3 and 4 lacking
oxygenation at C-6 exhibited substantially lower potencies as compared
to 1 bearing a hydroxyl group at this position. It seems that additional
oxygenation of 3 at C-6 position resulted in substantial improvement of
cytotoxicity as evidenced in 1 with cell inhibition of 55.11 % and 46.03
% vs. 44.6 % and 33.83 % for 3 against drug sensitive CCRF-CEM and
drug resistant CEM/ADR5000 leukemia cells, respectively.

This study further concurs with previous research findings by Alali
et al. (2015) and Dai et al. (2013), which showed that reduction in
hydrophilicity mainly through methylation led to increased cytotoxi-
city. This is elaborated in compound 3 and 4, which have similar
substitution or oxygenation pattern except that 3 is methylated at C-7
probably resulting in increased cytotoxicity. The cell inhibition of 3 is
44.60 % and 33.83 % vs. 15.27 % and 25.09 % for 4 against drug-
sensitive CCRF-CEM and multidrug-resistant CEM/ADR5000 leukemia
cells, respectively. This could be due to increased lipophilicity required
for the interaction of the compounds with cell membranes.

In summary, one new homoisoflavonoid (1) and a new retro-
dihydrochalcone, (2) along with six previously reported ones, including
two homoisoflavonoids (3, 4), a phenolic amide (5); a spirostane, (6)
and two steroids (7-8) were isolated from the root extract of D. usam-
barensis Engl. Structure elucidation was achieved using spectroscopic
and spectrometric techniques. Using the resazurin reduction assay with
doxorubicin as the reference anticancer drug, 1 showed moderate cy-
totoxicity against drug sensitive CCRF-CEM but was inactive against all
the other tested cell lines including CEM/ADR5000, MDA-MB-231-
pcDNA3, MDA-MB-231-BCRP clone 23, U87.MG, U87.MGΔEGFR,
HepG2 and normal AML12 cells. Interestingly, the activity of the
standard drug, doxorubicin was comparable to those of inactive com-
pounds against CEM/ADR5000 cells. The crude extract and the other
compounds 2-8 showed no cytotoxicity against the CCRF-CEM and
CEM/ADR5000 in the preliminary screening. The substitution pattern
of the homoisoflavonoids scaffold would have adversely contributed to
the cytotoxic effects of these compounds. Future studies should focus on
structure modifications of 1-3, in order to obtain more potent analo-
gues.

3. Experimental section

3.1. General

NMR experiments were performed at room temperature with Bruker
spectrometer operating at 500 (Avance I) and 600 MHz (Avance III). All
spectra were acquired and processed using TopSpin software. Spectra
referencing were done using the residual solvent peaks (1H: δ 3.31 for
CD3OD and 2.50 for DMSO-d6; 13C: δ 49.0 for CD3OD and 39.5 for

Table 2
1H and 13C NMR of compound 2 (500 and 125 MHz, CD3OD), δ in ppm, J in Hz.

Position 2

δH (m, Hz) δC HMBC (2J, 3J)

1ʹ – 130.0 –
2ʹ/6ʹ 7.87 d (8.9) 131.9 C-4ʹ, 2ʹ/6ʹ, 3ʹ/5ʹ, C]O
3ʹ/5ʹ 6.82 d (8.9) 116.2 C-1ʹ, 3ʹ/5ʹ, 4ʹ
4′ – 163.7 –
α 3.14 t (7.7) 40.5 C-1, C-β, C]O
β 2.87 t (7.7) 26.6 C-2, 6, C-α, C]O
1 – 126.7 –
2 – 152.9 –
3 – 142.2 –
4 – 150.7 –
5 6.52 d (8.4) 112.4 C-1, 3, 4
6 6.74 d (8.4) 125.4 C-2, 4, C-β
CH3O-2 3.85 s 61.1 C-2
CH3O-3 3.81 s 60.9 C-3
C]O – 201.2 –

Table 3
Cell viability of the root extract (50 % MeOH in CH2Cl2) and compounds from
Dracaena usambarensis Eng. and doxorubicin against CCRF-CEM, CEM/
ADR5000.

Samples Cell Viability (%)

CCRF-CEM CEM/ADR5000

Crude extract 86.96± 4.86 77.57± 2.84
1 44.89± 2.31 53.97± 0.70
2 91.88± 4.27 79.74± 1.77
3 51.40± 4.08 66.17± 4.79
4 84.73± 10.36 74.91± 1.46
5 50.55± 2.46 64.29± 2.40
6 79.80± 1.30 53.67± 0.84
7 81.11± 2.31 93.55± 2.51
8 46.28± 0.84 57.42± 2.68
Doxorubicin 2.64±0.86 78.97± 2.89

1: (3S)-3,4ʹ,5,6-tetrahydroxy-7-methoxyhomoisoflavanone, 2: 4ʹ,4-dihydroxy-
2,3-dimethoxydihydrochalcone, 3: 7-O-methyl-8-demethoxy-3-hydroxy-3,9-di-
hydropunctatin, 4: loureiriol, 5: 3-(4ʹʹʹ-hydroxyphenyl)-N-[2ʹ-(4ʹʹ-hydro-
xyphenyl)-2ʹ-methoxyethyl]acrylamide, 6: 25S spirosta-1,4-dien-3-one, 7: stig-
masterol and 8: stigmasterol-3-O-β-D-glucopyranoside.
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DMSO-d6). UV spectra were acquired on specord S 600. IR spectra were
measured on a Perkin Elmer UATR Two and Bruker TENSOR 27-FTIR
spectrometer. CD curve was recorded in Jasco J-715 spectrometer and
specific rotation was recorded in Kruss Optronic Polarimeter P8000-T.
For 1H NMR TMS (δ =0.00 ppm) and for 13C NMR, the solvent peaks
were used as references, and the coupling constants (J) are in Hz.
HRESI-MS were acquired on GC-TOF micromass (Waters Inc.) and LTQ
Orbitrap spectrometer (Thermo Scientific, USA) equipped with a HESI-
II source. The spectrometer was operated in positive mode with a
nominal mass resolving power of 60,000 at m/z 400 with a scan rate of
1 Hz under following parameters: spray voltage 6 kV, capillary tem-
perature 300 °C, tube lens 100 V. Ar served as collision gas and N2 was
used as sheath gas (66 arbitrary units) and auxiliary gas (8 arbitrary
units). For column chromatography, Silica gel 60 (70–230 mesh) and
Sephadex LH–20 were used. TLC was carried out on pre-coated silica
gel 60 plates (0.25 mm; Merck, Darmstadt, Germany). TLC plates were
visualized under UV light (254 and 365 nm) follow by spraying with 5
% aqueous sulfuric acid and heating for 2−4 min at 100 °C.
Fluorescence in the cytotoxicity assay was measured on an Infinite 200
Pro TECAN plate reader.

3.2. Plant material

The roots of Dracaena usambarensis Engl. were collected from Kaya
Muhaka forest (GPRS 04°19ʹ51.2ʹʹE 039ʹ3ʹ05.7ʹʹ68 m) in March 2018 in
the coastal region of Kenya. The plant material was identified by Mr.
Patrick C. Mutiso of the University Herbarium, School of Biological
Sciences, University of Nairobi, where a voucher specimen (NNA 2018/
001) was registered.

3.3. Extraction and isolation

The dried and powdered root of D. usambarensis (2.4 kg) were ex-
tracted three times (each time for 24 h) with a mixture MeOH/CH2Cl2
(1:1) by maceration at room temperature. The combined filtrate was
concentrated under reduced pressure (45 °C) to produce a brownish
residue (120 g). Part of this residue (10 g) was kept for bioassay, while
the remaining was subjected to silica gel column chromatography
eluting with gradients of n-hexane/EtOAc and EtOAc/MeOH as mobile
phases. A total, 330 fractions of 500 ml each were collected and com-
bined based on their TLC profiles into nine sub-fractions coded DUA1-
DUA9. Sub-fraction DUA2 (2 g) eluted with n-hexane–EtOAc (90:10 to
85:15) was further purified by column chromatography using silica gel
and eluting with n-hexane/EtOAc in order of increasing polarity as
mobile phase to give white needle-like crystals of 7 (35 mg). Sub-
fraction DUA3 (3 g) obtained with n-hexane–EtOAc (85:15) was sub-
jected to column chromatography using silica gel as the solid matrix
eluting with n-hexane–EtOAc (90:10) as mobile phase to yield white
powder of 3 (8 mg). DUA4 (1.5 g) of the main column that was eluted
with n-hexane–EtOAc (80:20 to 35:65) was purified further by loading
it onto Sephadex LH-20 and eluting with CH2Cl2/MeOH (1:1) resulting
to a yellow liquid of 4 (15 mg). The mother liquor was subjected to
column chromatography using silica gel as the stationary phase and
eluting with a mixture of n-hexane/EtOAc/MeOH (70:30:5) as mobile
phase to give a yellow liquid of 2 (20 mg) and white powder of 6 (12
mg). DUA5 (5 g) obtained from the major column using n-
hexane–EtOAc (35:65) was loaded onto a silica gel column eluting with
n-hexane–EtOAc (15:85) to obtain yellow solid of 1 (17 mg). Finally,
purification of DUA6 (10 g) using Sephadex LH-20 eluted with CH2Cl2/
MeOH (1:1) and subsequently with chromatotron with CH2Cl2/MeOH
(95:05) as mobile phase led to the isolation of orange powder of 5 (105
mg) and white powder of 8 (28 mg).

3.4. Physicochemical constants of compounds 1 and 2

3.4.1. (3S)-3,4ʹ,5,6-tetrahydroxy-7-methoxyhomoisoflavanone (1)
Yellow solid substance, [α]D25 – 10.7° (c 0.01, MeOH), UV (MeOH,

nm): λmax (log ε) = 366 (0.28), 298 (0.99) and 244 (0.64) nm. IR (neat)
νmax: 3400, 2979, 1645, 1591, 1515 cm−1; CD (c 0.1 M, MeOH) λ (Δε)
270 (+2.6) nm, 294 (-3.3) nm, 314 (+1.6) nm (supplementary data),
1H NMR (CD3OD, 600 MHz) and 13C NMR (CD3OD, 150 MHz) data are
shown in Table 1. ESI-HRMS: m/z 333.0971 [M+H]+ (calcd.
333.0930).

3.4.2. 4ʹ,4-dihydroxy-2,3-dimethoxydihydrochalcone (2)
Yellow liquid. UV (MeOH, nm): λmax (log ε) = 279 (0.53) and 206

(1.31) nm. IR (KBr) νmax: 3359, 2935, 1656, 1602, 1283, 1169, 981,
958 cm−1; 1H NMR (CD3OD, 500 MHz) and 13C NMR (CD3OD, 125
MHz) data, see Table 2. ESI-HRMS: m/z 303.1221 [M+H]+ (calcd.
303.1232).

3.5. Cytotoxicity assays

3.5.1. Cell cultures
The cell lines used in the current work, their origins and their

treatments were previously reported (Helder et al. 2018). A panel of
drug-sensitive and multidrug-resistant cell lines was used in the current
experiments. They included drug-sensitive CCRF-CEM leukemia and its
multidrug-resistant P-glycoprotein overexpressing subline CEM/
ADR5000 (Efferth et al. 2004; Kimmig et al., 1990), MDA-MB-231-
pcDNA3 breast cancer cells and its resistant subline MDA-MB-231-BCRP
clone 23 (Doyle et al., 1998), U87.MG glioblastoma cells and its re-
sistant subline U87.MGΔEGFR (Kuete et al., 2013). To compare tumor
with normal cells, HepG2 liver cancer cells and AML12 normal hepa-
tocytes were used (Kuete et al., 2013).

3.5.2. Resazurin assays
Resazurin reduction assay (Brien et al., 2000) was performed to

assess the cytotoxicity of the studied samples toward various sensitive
and resistant cancer cell lines. 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 fluorescent signal. Adherent cells were
detached by treatment with 0.25 % trypsin/EDTA (Invitrogen) and an
aliquot of 1 × 104 cells was placed in each well of a 96-well cell culture
plate (Thermo Scientific, Germany) in a total volume of 200 mL. Cells
were allowed to attach overnight and then were treated with different
concentrations of the studied sample. For suspension cells, aliquots of 2
× 104 cells per well were seeded in 96-well-plates in a total volume of
100 mL. The studied sample was immediately added in varying con-
centrations in an additional 100 mL of culture medium to obtain a total
volume of 200 mL/well. After 24 h or 48 h, 20 mL resazurin (Sigma-
Aldrich, Taufkirchen, Germany) 0.01 % w/v in ddH2O was added to
each well and the plates were incubated at 37 °C for 4 h. The fluores-
cence 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’ con-
centrations required to inhibit 50 % of cell proliferation and were
calculated from a calibration curve by linear regression using Microsoft
Excel. The protocol has been published by us (Kuete et al., 2017;
Mbaveng et al., 2018).
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