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ABSTRACT

The leaves of Dracaena steudneri yielded 6 new flavonoids–

3,5,7-trihydroxy-6-methyl-3′,4′-methylenedioxyflavone (1),

5,7-dihydroxy-3-methoxy-6-methyl-3′,4′-methylenedioxyfla-

vone (2), 3,5,7-trihydroxy-6-methoxy-3′,4′-methylenedioxy-

flavone (3), (2S,3S)-3,7-dihydroxy-6-methoxy-3′,4′-methy-

lenedioxyflavanone (4), 4′,5,7-trihydroxy-3,3′,8-trimethoxy-

6-methylflavone (5), (2R) 7-hydroxy-2′,8-dimethoxyflava-

none (6)–together with 13 known congeners. Their structures

were established using spectroscopic and spectrometric

methods including NMR, CD, and HRMSn measurements. The

compounds were evaluated for their anti-inflammatory po-

tential through measurement of the levels of cytokines IL-1β,
IL-2, GM‑CSF, and TNF-α in the supernatant of human periph-

eral blood mononuclear cells stimulated by lipopolysaccha-

ride. Flavones derivatives 1–4 with a C-3′/4′ methylenedioxy

substituent led to a substantial increase in the production of

IL-1β and GM‑CSF out of 4 pro-inflammatory cytokines rela-

tive to LPS control. Quercetin derivatives 5, 11, and 13 with a

hydroxyl group at C-4′ inhibited the production of IL-2,

GM‑CSF, and TNF-α. The presence of a C-2/C-3 double bond

in 14 was pivotal to the significantly stronger (0.4 to 27.5%

of LPS control) inhibitory effect compared to its dihydro deriv-

ative 8 (36.2 to 262.7% of LPS control) against all tested cyto-

kines. It is important to note that the inhibitory activity of 14

was substantially higher than that of the standard drug used,

ibuprofen.

Inhibition of Proinflammatory Cytokine Release by Flavones
and Flavanones from the Leaves of Dracaena steudneri Engl.
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Introduction
The genus Dracaena, belonging to the Asparagaceae family, com-
prises 40 to 100 species that are widely distributed in the tropical
and subtropical regions of the world except America [1]. Dracaena
steudneri Engl. is one of the species that grows in East Africa. It is
an evergreen tree shrub or tree usually 3–12m tall with narrowly
lanceolate leaves, cream or yellow green flowers, and orange, red,
or yellow fruits [2]. In Tanzania, the leaves of D. steudneri are used
indigenously as traditional medicines for the treatment of spleno-
megaly, hernia, asthma, and chest problems [3] and in Rwanda to
treat liver diseases [4]. In Kenya, an extract from the stem bark is
drunk for the treatment of hepatic liver diseases and measles and
for reducing pain during childbirth [5]. Various bioactive second-
ary metabolites have been reported from the genus Dracaena
including flavonoids, homoisoflavonoids, oligomeric flavonoids,
saponins, and phenolic amides [6–8]. These compounds are most
probably responsible for the biological activities exhibited by dif-
ferent extracts of plants of this genus including cytotoxicity [9],
neuroprotective effects [10], and anti-inflammatory effects [11].

As part of our ongoing research on Kenyan medicinal plants for
their bioactivities, the phytochemical composition of the leaves of
D. steudneri was investigated. Despite the wide traditional uses of
various parts of D. steudneri in different regions of world, espe-
cially Africa, there is barely any reporting on the constituents and
pharmacological potential of this plant. The anti-inflammatory ac-
tivities of the isolated compounds were evaluated through mea-
surement of the levels of IL-1β, IL-2, GM‑CSF, and TNF-α in the
supernatant media of human peripheral blood mononuclear cells
(PBMCs) stimulated by lipopolysaccharide (LPS), using ELISA.
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Results and Discussion
The CH2Cl2/MeOH (1 :1) extract of the leaves of D. steudneri was
subjected to repeated column chromatography over silica gel fol-
lowed by semi-preparative HPLC to give previously unreported fla-
vonoids (1–6) and known congeners (7–19) (▶ Fig. 1). The known
compounds were identified as dihydrooroxylin A (7) [12], 7-hy-
droxy-6-methoxyflavanone (8) [13], 4′,5,7-trihydroxy-6-methyl-
flavanone (9) [14], 4′-O-methylquercetin (10) [15], 3,3′-di-O-
methylquercetin (11) [16], kaempferol-3-methyl ether (12) [17],
jaceidin (13) [18], 7-hydroxy-6-methoxyflavone (14) [19], 6,8-di-
methylchrysin (15) [20], strobochrysin (16) [21], 3,5,7-trihy-
droxy-6-methylflavanone (17) [21], 3,5,7-trihydroxy-6-methoxy-
flavanone (18) [22], and 3,7-dihydroxy-6-methoxyflavanone (19)
[23].

Compound 1 was isolated as a yellow amorphous solid. Its
HRESIMS in positive ion mode showed an ion peak at m/z
329.0659 [M + H]+ (calcd for C17H13O7, 329.0617) corresponding
to the molecular formula of C17H12O7. The ESIMS2 displayed a
prominent ion peak at m/z 299.0551 [M + H – CH2O]+ (loss of
formaldehyde group). The other fragment ion at m/z 271.0603
[M + H – CO]+ was attributed to the loss of carbon monoxide.
The typical UV absorptions at λmax 230, 260, and 368 nm together
with characteristic absorption bands centered at 3398 and
1606 cm−1 in the IR spectrum of 1 suggested the presence of a hy-
droxyl and conjugated carbonyl group, respectively. The 13C NMR
210 Nchiozem-Ngnitedem VA et al. Inhibition
signals resonating at δC 146.6 (C-2), 137.6 (C-3), and 177.3 (C-4)
were characteristic of ring C of 5-hydroxyflavonol derivatives [24].
The absence of C-3 olefinic proton signal in the 1H NMR spectrum
supported the existence of a flavonol scaffold. The 1H NMR spec-
trum (▶ Table 1) exhibited 4 aromatic protons, 3 of which showed
an ABX spin system at δH 7.73 (1H, d, J = 1.7 Hz, H-2′), 6.99 (1H, d,
J = 8.4 Hz, H-5′), and 7.81 (1H, dd, J = 8.4, 1.7 Hz, H-6′), indicating
C-3′/C-4′ di-substituted ring B. The remaining aromatic proton
appeared as a singlet at δH 6.45. Furthermore, signals for a methyl
group at δH 2.09 (3H, s) [HSQC with δC 7.4] and a methylenedioxy
group at δH 6.06 (2H, s) [HSQC with δC 103.0] were observed. Us-
ing the HMBC correlation, the methylenedioxy protons at δH 6.06,
which showed cross peaks with δC 149.3 (C-3′) and 150.3 (C-4′),
were assigned to ring B. 1H and 13C NMR spectral data (▶ Tables 1
and 2) assignment for ring A was achieved by comparison with
those reported in literature for 6-C-methylquercetin-4′-O-β-D-
glucopyranoside [25], which displayed similar substitution pat-
tern in ring A as 1. Thus, the singlet aromatic proton at δH 6.45
was assigned to C-8 from its HMBC correlations with δC 104.1 (C-
10), 108.3 (C-6), 164.5 (C-7), and 156.1 (C-9), while the methyl
group at δH 2.09 was assigned to C-6 based on its HMBC correla-
tions with δC 108.3 (C-6), 159.2 (C-5), and 164.5 (C-7). Based on
the above spectral data and comparison with literature, com-
pound 1 was identified as 3,5,7-trihydroxy-6-methyl-3′,4′-methy-
lenedioxyflavone.

Compound 2was obtained as off-white amorphous solid with a
molecular formula of C18H14O7 as was determined from its
HRESIMS at m/z 343.0812 [M + H]+ (calcd for C18H15O7,
343.0773). The ESIMS2 displayed a predominant ion peak at m/z
328.0579 [M + H – CH3]+ resulting from the loss of methyl group.
The NMR data (▶ Tables 1 and 2) and substitution pattern of 2
was similar to that of 1 except that the hydroxyl group of ring C
in 1 was methylated into a methoxy group in 2. This was evi-
denced from the observed NMR data for methoxy signals at δH
3.79 and δC 60.3. Furthermore, comparison of the HRMS data of
2 with that of 1 showed a difference of 14 amu (equivalent to
CH2), supporting the presence of a methoxy group in 2 in place
of a hydroxyl group in 1. In the HMBC correlation, the methoxy
protons correlated with δC 138.5, confirming the position of the
methoxy group at C-3. The observed downfield shifted chemical
shift of the methoxy group at δc 60.3 in the 13C NMR confirmed
the placement of the methoxy group in the C-3 position, which is
di-ortho-substituted [26]. The complete 1H and 13C NMR signal
assignments were done from a combination of COSY, HSQC, and
HMBC data as was the case for 1. Thus, the structure of 2 was
established as 5,7-dihydroxy-3-methoxy-6-methyl-3′,4′-methy-
lenedioxyflavone.

Compound 3 was isolated as a yellow amorphous solid with a
molecular formula C17H12O8 deduced from its HRESIMS at m/z
345.0606 (calcd for C17H13O8, 345.0566). The presence of the
MS2 fragment ions at m/z 330.0372 [M + H – CH3]+ indicated the
loss of methyl group in 3. The UV, IR, and NMR analysis of 3 re-
vealed a flavonol skeleton similar to 1. The 1H and 13C NMR data
(▶ Tables 1 and 2) of 3 and 1 were nearly superimposable except
for the absence of signals for a methyl group in 3, replaced by sig-
nals for a methoxy group observed at δH 3.77 (δC 60.9) in 3. The
other notable difference was the change in chemical shift of C-6
of Proinflammatory… Planta Med 2021; 87: 209–217 | © 2020. Thieme. All rights reserved.



▶ Table 1 1H NMR (δ, mult. [J in Hz]) spectroscopic data for compounds 1−6.

No 1a,c 2b,d 3a,c 4a,d 5a,d 6a,d

2 5.01 d (12.0) 5.58 dd (9.0, 3.7)

3eq 4.50 d (12.0) 3.30 dd (14.9, 3.7)

3ax 3.15 dd (14.9, 9.0)

5 7.29 s 7.58 d (8.9)

6 6.44 d (8.9)

8 6.45 s 6.53 s 6.36 s 6.41 s

2′ 7.73 d (1.7) 7.56 d (1.8) 7.62 d (1.7) 7.08 d (1.7) 7.68 d (2.1)

3′ 6.95 d (7.6)

4′ 7.26 td (7.6, 1.8)

5′ 6.99 d (8.4) 7.13 d (8.4) 6.87 d (8.4) 6.87 d (7.9) 6.87 d (8.4) 6.99 td (7.6, 1.8)

6′ 7.81 dd (8.4, 1.7) 7.63 dd (8.4, 1.8) 7.70 dd (8.4, 1.7) 7.03 dd (7.9, 1.7) 7.61 dd (8.4, 2.1) 7.52 dd (7.6, 1.8)

6-CH3 2.09 s 2.00 s 2.21 s

3-OCH3 3.79 s 3.72 s

6-OCH3 3.77 s 3.88 s

8-OCH3 3.80 s 3.86 s

2′-OCH3 3.85 s

3′-OCH3 3.85 s

-OCH2O- 6.06 s 6.16 s 5.95 s 6.00 s

5-OH 12.85 s

a in CD3OD; b in DMSO-d6, c recorded at 600MHz; d recorded at 700MHz

▶ Fig. 1 Structures of flavonoids isolated from Draceana steudneri.
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▶ Table 2 13C NMR spectroscopic data for compounds 1–6.

No 1a, c 2b, d 3a, c 4a, d 5a, d 6a, d

2 146.6 155.3 146.8 85.9 157.6 66.9

3 137.6 138.5 137.3 74.7 139.2 47.6

4 177.3 176.3 177.5 194.2 180.6 204.9

5 159.2 158.6 152.9 108.1 151.5 128.5

6 108.3 107.2 132.9 145.8 103.7 108.8

7 164.5 163.5 159.9 159.8 156.7 158.8

8 93.6 93.4 95.3 104.6 132.3 136.0

9 156.1 154.5 153.9 157.5 151.0 158.4

10 104.1 104.0 104.3 111.9 105.9 115.2

1′ 126.7 124.2 126.6 132.7 123.3 133.5

2′ 108.7 108.5 108.8 108.9 112.7 157.2

3′ 149.3 148.1 149.3 149.2 149.0 111.3

4′ 150.3 149.9 150.4 149.5 151.1 129.4

5′ 109.2 109.1 109.2 108.9 116.6 121.7

6′ 123.7 123.9 123.8 123.1 123.6 127.0

3-OCH3 60.3 60.6

6-CH3 7.4 7.8 8.0

6-OCH3 60.9 56.6

8-OCH3 61.0 60.8

2′-OCH3 55.7

3′-OCH3 56.5

-OCH2O- 103.0 102.3 103.0 102.6

a in CD3OD; b in DMSO-d6, c recorded at 150MHz, d recorded at 175MHz
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due to the deshielding effect of the methoxy group (δC 132.9,
compared to δC 108.3 in 1). The HMBC correlations of these me-
thoxy protons with δC 132.9 confirmed the placement of the me-
thoxy group at C-6. The rest of the 2D correlations were similar to
those in compound 1. Compound 3 was therefore elucidated as
3,5,7-trihydroxy-6-methoxy-3′,4′-methylenedioxyflavone.

Compound 4 was isolated as off-white amorphous solid. Its
molecular formula, C17H14O7, was determined from its HRESIMS
at m/z 331.0813 [M + H]+ (calcd for C17H15O7, 331.0773). Colli-
sion-induced dissociation of 4 gave fragments at m/z 313.0709
[M + H – H2O]+ and 285.0760 [M + H – CH2O2]+. Furthermore, a
signal at m/z 167.0337 [M + H – C9H8O3]+ due to Retro-Diels-Al-
der fragmentation of ring C was observed. The dihydroflavanol
skeleton of 4 was confirmed from the 1H NMR signals (▶ Table 1)
of the mutually coupled protons from ring C at δH 5.01 (1H, d,
J = 12.0 Hz) for H-2 and 4.50 (1H, d, J = 12.0 Hz) for H-3, and the
corresponding 13C NMR resonances at δC 85.9 (C-2), 74.7 (C-3),
and 194.2 (C-4) [27]. The 3 aromatic protons on ring B exhibited
an ABX spin system as was observed for 1–3 based on their strong
HMBC correlations with δC 85.9 (C-2) and δC 132.7 (C-1′). The
2 aromatic singlets were assigned to ring A. One of the aromatic
singlets appeared at δH 7.29 and was assigned to H-5 based on its
HMBC correlations with δC 194.2 (C-4), 145.8 (C-6), and 159.8 (C-
7). Similarly, the other aromatic singlet at δH 6.41 was assigned to
212 Nchiozem-Ngnitedem VA et al. Inhibition
H-8 based on its HMBC correlations with δC 157.5 (C-9), 159.8 (C-
7), and 111.9 (C-10). The methoxy group was placed at C-6 based
on the HMBC correlation of the 3 methoxy protons at δH 3.88 with
145.8 (C-6). This assignment was also supported by the observed
NOESY correlation between the proton at δH 7.29 (H-5) and the
methoxy protons at δH 3.88 (6-OCH3) due to close proximity in
space of these protons. The methylenedioxy group was assigned
to ring B using HMBC correlations of the methylenedioxy protons
at δH 6.00 with δC 149.2 (C-3′) and 149.5 (C-4′). Furthermore, the
presence of this group was confirmed from the fragmentation
pattern of ESIMS2, which displayed a molecular ion peak at m/z
209.0445 [M + H‑C7H6O2]+ indicating the loss of this 3′,4′-methy-
lenedioxy substituent. Finally, the configuration at C-2 and C-3
was determined from the coupling constant of the 2 protons and
CD measurements. The trans-axial configuration of the H-2 and
H-3 in the dihydroflavonol skeleton was established from the large
coupling constant observed from the 2 protons at δH 5.01 (1H, d,
J = 12.0 Hz, H-2) and 4.50 (1H, d, J = 12.0 Hz, H-3). The CD curve
of 4 showed a negative cotton effect at 312 nm indicating 2S, 3S
configuration [28]. Based on these spectral data, 4 was identified
as (2S,3S)-3,7-dihydroxy-6-methoxy-3′,4′-methylenedioxyflava-
none.

Compound 5, which was obtained as a yellow amorphous solid,
had a molecular formula of C19H18O8 deduced from its HRESIMS
of Proinflammatory… Planta Med 2021; 87: 209–217 | © 2020. Thieme. All rights reserved.



▶ Fig. 2 Concentration of different cytokines (IL-1β, IL-2, GM‑CSF, and TNF-α) after incubation of PBMCs with lipopolysaccharide (LPS, 10 µg/mL)
and co-incubation with LPS (10 µg/mL) and ibuprofen (100 µM), respectively, compared to the medium (mean ± SD, n = 3).
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atm/z 375.1073 [M + H]+ (calcd. for C19H19O8, 375.1035). Its MS2

ion peak at m/z 360.0841 [M + H – CH3]+ indicated the loss of a
methyl group. The 1H NMR data (▶ Table 1) of 5 displayed signals
for only 3 aromatic protons with ABX spin system at δH 7.68 (1H,
d, J = 2.1 Hz, H-2′), 6.87 (1H, d, J = 8.4 Hz, H-5′), and 7.61 (1H, dd,
J = 8.4, 2.1 Hz, H-6′). The 3 aromatic protons were assigned to ring
B based on their strong HMBC correlation with δC 157.6 (C-2) and
123.3 (C-1′). Moreover, signals for a methyl group at δH 2.21 (s)
and 3 methoxy groups at δH 3.72, 3.80, and 3.85 were observed.
One of the 3 methoxy groups at δH 3.85 was assigned to C-3′ us-
ing its long range HMBC correlation with δC 149.0 (C-3′). Similarly,
the methoxy at δH 3.72 correlated with δC 139.2 (C-3) and the one
at δH 3.72 with δC 132.3 (C-8). The NOESY spectrum displayed a
cross-peak between the aromatic proton at δH 7.68 (H-2′) and the
methoxy at δH 3.85 (3′-OCH3), supporting the location of this me-
thoxy group at C-3′. The position of the methyl group was estab-
lished based on the HMBC correlations between the methyl pro-
tons at δH 2.21 and δC 103.7 (C-6), 151.5 (C-5), and 156.7 (C-7).
Based on the above data, compound 5 was identified as 4′,5,7-tri-
hydroxy-3,3′,8-trimethoxy-6-methylflavone.

Compound 6 was obtained as a yellow amorphous solid with
molecular formula of C17H16O5 determined from its HRESIMS at
m/z 301.1071 [M + H] (calcd. for C17H17O5, 301.1031). Collision-
induced fragmentation (MS2) of the parent ion gave a prominent
ion peak at m/z 167.0337 [M + H – C9H10O]+ due to Retro-Diels-
Alder fragmentation in ring C. Further, fragments were observed
at m/z 259.0967 [M + H – C2H2O]+ and 193.0495 [M + H –
C7H8O]+. The nonaromatic protons observed in the 1H NMR spec-
trum (▶ Table 1) indicated the presence of 2 methoxy groups at
δH 3.86 and 3.85. Furthermore, protons with ABX spin system at
δH 5.58 (1H, dd, J = 9.0, 3.7 Hz), 3.15 (1H, dd, J = 14.9, 9.0 Hz),
and 3.30 (1H, dd, J = 14.9, 3.7 Hz), corresponding to H-2, H-3ax,
and H-3eq, respectively of a flavanone scaffold [29] were observed
in the 1H NMR spectrum. Among the 6 aromatic protons, 2 ortho-
coupled at δH 7.58 (1H, d, J = 8.9 Hz) and 6.44 (1H, d, J = 8.9 Hz)
were assigned to H-5 and H-6, respectively, based on the HMBC
correlations of δH 7.58 (H-5) with δC 158.8 (C-7), 158.4 (C-9),
115.2 (C-10), and 204.9 (C-4). The aromatic proton at δH 6.44
Nchiozem-Ngnitedem VA et al. Inhibition of Proinflammatory… Planta Med 2021; 87: 209–217
(H-6) showed HMBC correlations with carbons at δC 158.8 (C-7),
136.0 (C-8), and 115.2 (C-10). The remaining 4 aromatic protons
were assignable to ring B with a 1,2-disubstitution pattern. The
methoxy group at δH 3.85 was assigned to C-2′ using its long-
range HMBC correlation with δC 157.2 (C-2′). The observed
NOESY correlation between δH 5.58 (H-2) and 3.85 (-OCH3) also
supported this assignment. Similarly, the other methoxy group at
δH 3.86 was assigned to C-8 from its HMBC correlation with δC
136.0 (C-8). Its deshielded methoxy signal (δC 60.8) indicated
that C-8 was di-ortho-substituted. The CD spectrum of 6 showed
a positive cotton effect at 288 nm and a negative cotton effect at
324 nm indicating R configuration at C-2 by comparison with sim-
ilar flavanones in literature [28]. Based on these findings, the
structure of 6 was assigned as (2R)-7-hydroxy-2′,8-dimethoxyfla-
vanone.

The anti-inflammatory activities of the isolated compounds
were evaluated by measuring the levels of cytokines (IL-1β, IL-2,
GMCSF, and TNF-α) released in LPS-stimulated PBMCs. When in-
flammation occurs, many cytokines are produced and released
from PBMCs as part of the immune response. This situation can
be mimicked by incubating PBMCs with bacterial LPS, a major
structural component of the outer wall of gram-negative bacteria
and considered to be a potent initiator of inflammatory responses
[30]. The results of the controls showed that, after incubation of
PBMCs with LPS, the release of the pro-inflammatory cytokines IL-
1β, GM‑CSF, and TNF-α was increased in comparison to the me-
dium control (▶ Fig. 2). When cells were co-incubated with LPS in
presence of ibuprofen, release of these inflammatory cytokines
was decreased to 22.0–77.4% which is 77.4% of the LPS control.
In the case of IL-2 release, ibuprofen did not show an effect on re-
lease.

As shown in ▶ Fig. 3 and Table 3, compounds 5–9, 12–14, 17,
and 18 showed a decreased IL-1β release between 0.4 to 88.0%
compared to LPS control. Significant inhibition was observed in
the presence of 5 and 14 (12.3 and 0.4% of LPS control, respec-
tively). The results obtained for 14 are consistent with previous in-
vestigations by Li et al. (2014) showing that 14 greatly inhibits the
production of NO induced by LPS at 10 to 50 µM [31]. In contrast
213| © 2020. Thieme. All rights reserved.



▶ Fig. 3 Concentration of different cytokines (IL-1β, IL-2, GM‑CSF, and TNF-α) after co-incubation of PBMCs with lipopolysaccharide (LPS, 10 µg/
mL) and the test compounds or ibuprofen (100 µM), respectively, compared to the medium and to the medium incubated with LPS (10 µg/mL) only
(mean, n = 2).
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4, 10, 15, 16, and 19 did not show an inhibition of LPS-induced
cytokine release (93.5 to 98.6% of LPS control). All compounds ex-
cept 2–4, 6–8, 10, 15, and 16 reduced IL-2 release compared to
the LPS control. The most active compounds included 7-hydroxy-
6-methoxyflavone (14), the quercetin and kaempferol derivatives
5 and 11–13 (27.5 to 83.3% of LPS control), the flavanone 9
(83.3% of LPS control), and the flavonol 19 (72.6% of LPS control).
GM‑CSF is a monomeric glycoprotein that functions as a pro-in-
flammatory cytokine and is part of the immune/inflammatory
cascade. Compounds 5, 11, 13, and 14 decreased GM‑CSF release
from LPS-induced PBMCs (1.6 to 90.6% of LPS control). In compar-
ison, in the presence of ibuprofen, the cytokine release was re-
duced to 50.2% of LPS control. Compounds 1–4, all with a methy-
lenedioxy substituent in ring B, showed minimal to no inhibitory
activity against IL-1β (97.6 to 140.2% of LPS control) and GM‑CSF
(173.3 to 369.3% of LPS control).

For quercetin derivatives, a main structural requirement for in-
hibitory activity against GM‑CSF appeared to be the presence of a
free C-4′ hydroxyl group. This was revealed by 5, 11, and 13, all
with C-4′ OH, which displayed significant inhibitory activity (39.4
to 90.6% of LPS control) in contrast to 10 with a C-4′ OMe group
showing increased production of GM‑CSF (136.6% of LPS control).
All tested compounds (1–19) decreased the production of TNF-α
release (2.7 to 69.9% of LPS control). The decrease was higher for
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all these compounds (1–19) as compared to the standard drug,
ibuprofen (77.4% of LPS control). Marked inhibitory activity
against TNF-α was observed for flavone 14, the quercetin deriva-
tives 5, 11, and 13 (▶ Table 3) exhibiting a hydroxyl group at C-4′,
and the kaempferol derivative 12 (17.9% of LPS control).

In conclusion, the results of the current study are in agreement
with previous work that demonstrated that not all flavonoids pos-
sess the ability to inhibit the production of pro-inflammatory cy-
tokines release [32]. Overall, the sensitivity of the 4 pro-inflam-
matory cytokines to the isolated flavonoids (1–19) varied based
on the types of substituents (-OH, -OMe, Me-, -OCH2O-), the sub-
stitution pattern, and the level of oxygenation on the flavonoid
skeleton. For quercetin derivatives, the presence of hydroxyl
groups at C-5, C-7, and C-4′ and methoxy groups at C-3 and C-3′
seemed to be important features for anti-inflammatory activity.
Hence, compounds 5, 11, and 13 with these structural character-
istics inhibited the production of IL-2, GM‑CSF, and TNF-α. Com-
pound 5 bearing additional substituents at C-6 (Me) and C-8
(OMe) was the most active quercetin derivative against IL-1β cyto-
kine. Compounds 11 and 13 that were not fully substituted in ring
A showed the strongest anti-inflammatory activity against the
other 3 pro-inflammatory cytokines, IL-2, GM‑CSF, and TNF-α. It
was noted that in some compounds the inhibitory potency was
dependent on the presence of a double bond between C-2 and
of Proinflammatory… Planta Med 2021; 87: 209–217 | © 2020. Thieme. All rights reserved.



▶ Table 3 Effects of isolated compounds and ibuprofen (100 µM)
on LPS-induced release of cytokines IL-1β, IL-2, GM‑CSF, and TNF-α.

Com-
pounds

Cytokine release [% of LPS control]

IL-1β IL-2 GM‑CSF TNF-α

1 140.2 83.3 369.3 40.4

2 134.2 127.0 338.0 69.9

3 121.2 94.0 173.3 62.1

4 97.6 119.8 176.8 53.0

5 12.3 83.3 90.6 9.9

6 61.8 94.0 175.2 44.8

7 61.8 92.3 145.2 43.4

8 66.9 111.9 262.7 36.2

9 55.8 83.3 188.0 34.9

10 98.6 92.3 136.6 44.1

11 117.8 72.6 39.4 6.2

12 81.7 83.3 122.6 17.9

13 88.0 72.6 39.8 6.8

14 0.4 27.5 1.6 2.7

15 93.5 94.0 212.5 45.9

16 96.5 94.0 203.7 57.3

17 47.8 83.3 206.8 27.7

18 72.4 83.3 128.5 41.1

19 96.0 72.6 94.8 34.1

Ibuprofen 22.0 100.0 50.2 77.4
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C-3 as revealed by compounds 8 and 14. These 2 compounds pos-
sess the same substitution pattern, with the only difference being
the presence of a double bond between C-2 and C-3 in 14. Thus,
compound 14 with a double bond exhibited substantially stronger
(0.4 to 27.5% of LPS control) inhibitory effect on the release of all
pro-inflammatory cytokines as compared to 8, which showed
minimal to no activity against the tested cytokines (36.2 to
262.7% of LPS control).
Materials and Methods

General experimental procedures

NMR experiments were performed using Bruker Avance III spec-
trometers of varying magnet strengths. One of the spectrometer
was operating at 700MHz for 1H and 175MHz for 13C NMR while
the other one at 600MHz for 1H and 150MHz for 13C NMR. Spec-
tra referencing was done using the residual solvent peaks. IR anal-
yses were recorded on a Bruker Tensor 27 FT‑IR spectrometer us-
ing a diffuse reflection apparatus. CD spectra was recorded on a
Jasco J-715 spectrometer. Specific rotation was recorded in Kruss
Optronic Polarimeter P8000-T. HRESIMS were carried out on a LTQ
Orbitrap spectrometer equipped with a HESI‑II source.

Semi-preparative HPLC was performed on Shimadzu LC-20AP
pump equipped with DGU-20A5R degassing unit, a Shimadzu
SPD-M20A detector, a Shimadzu SIL-20ACHT auto-sampler, and a
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Phenomenex Gemini C18 column (10 × 250mm, 10 µm). Data
were recorded and analyzed using LabSolutions software. For col-
umn chromatography, Silica gel 60 (0.063–0.2mm, Macherey-
Nagel) and Sephadex LH–20 (18–111 µm, GE Healthcare) were
used. TLC was carried out on precoated silica gel 60 plates
(0.20mm). Compounds were visualized under UV light and fur-
ther by spraying with H2SO4-EtOH All solvents used were of ana-
lytical grade. The purity of the tested compounds was established
to be ≥ 95% based on their HPLC profiles.

Plant material

The leaves of Dracaena steudneri were collected from Nairobi area
around Riverside garden in November 2018. The plant material
was identified by Mr. Patrick C. Mutiso of the University Herbari-
um, School of Biological Sciences (SBS), University of Nairobi
(UoN), where a voucher specimen (NNA 2018/003) is deposited.

Extraction and isolation

The dried leaves of D. steudneri (3.3 kg) were extracted at room
temperature with MeOH‑CH2Cl2 (1 :1) (3 × 10 L, 24 h each) to give
a dark brown extract (150 g), after filtration and evaporation
under reduced pressure. Part of this extract (120 g) was then sus-
pended in water (250mL) and partitioned successively with cyclo-
hexane (2 L) and ethylacetate (3 L). The ethylacetate (EtOAc) solu-
ble fraction (35 g) was further fractionated by silica gel column
chromatography using mixtures of cyclohexane-EtOAc (9 :1, 8 : 2,
7 :3, 1 :1) followed by 100% EtOAc and 100% MeOH as eluent. A
total of 150 fractions of 250mL each were collected, evaporated,
and combined based on their TLC and LCMS profile into 5 fractions
(Frs. A–E). Fr. B, which was eluted with cyclohexane-EtOAc (8 :2),
was purified on Sephadex LH-20 with MeOH as mobile phase. The
fractions were combined into 2 subfractions Fr. B1–2. Subfraction
Fr. B1 was further purified with semi-preparative HPLC using gra-
dient elution of 1 :1 up to 10 :0 of MeOH in H2O (0.1% HCOOH) in
35min at a flow rate of 4mL/min to give compounds 18 (1.8mg,
tR 18.6min), 6 (1.2 mg, tR 19.5min), 17 (2.5mg, tR 32.2min), 8
(1.7mg, tR 33.6min), 7 (1.4mg, tR 33.8min), and 1 (0.5mg,
tR 23.9min). Similarly, subfraction Fr. B2 yielded compounds 2
(0.9mg, tR 23.5min), 15 (0.8mg, tR 24.2 min), and 16 (0.5mg,
tR 23.1min). Fr. C eluted with cyclohexane-EtOAc (7 :3) was fur-
ther purified on Sephadex LH-20 eluted with 100% MeOH to give
4 subfractions, Fr. C1–4. Subfraction Fr. C1 was then purified by
semi-preparative HPLC using 1 :1 of MeOH in H2O (0.1% HCOOH)
for 15min at a flow rate of 4mL/min to yield 14 (1.0mg,
tR 25.5min). Similarly, subfraction Fr. C4 afforded compounds 10
(1.4mg, tR 26.3min) and 3 (0.5mg, tR 29.9min). Fr. D obtained
with cyclohexane-EtOAc (1 :1) was loaded onto a silica gel column
and eluted with cyclohexane-EtOAc-MeOH (7 :2.5 : 0.5) to give
3 subfractions Fr. D1–3. Further semi-preparative HPLC purification
of Fr. D1 using 1 :1 of MeOH in H2O (0.1% HCOOH) for 25min at a
flow rate of 4mL/min gave compounds 19 (1.4mg, tR 17.3min)
and 9 (0.9mg, tR 20.8min). In the same way, Fr. D2 yielded com-
pound 5 (1.4mg, tR 21.8min). Semi-preparative HPLC separation
of Fr. D3 using gradient elution of 1 :1 up to 10 :0 of MeOH in H2O
(0.1% HCOOH) over 35min at a flow rate of 4mL/min yielded
compounds 4 (0.9mg, tR 17.1min), 13 (1.4mg, tR 19.6min), 11
(1.6mg, tR 19.6min), and 12 (0.6mg, tR 19.5min).
215| © 2020. Thieme. All rights reserved.
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3,5,7-Trihydroxy-6-methyl-3′,4′-methylenedioxyflavone (1). Yel-
low amorphous solid, LC‑UV (MeOH‑H2O [0.1% HCOOH]) λmax

230, 260, and 368 nm; IR (neat) νmax 3398, 2971, 1606, 1066,
669 cm−1; 1H and 13C NMR data, see ▶ Tables 1 and 2; HRESIMS
m/z 329.0659 [M + H]+ (calcd. for C17H13O7, 329.0617).

5,7-Dihydroxy-3-methoxy-6-methyl-3′,4′-methylenedioxyflavone
(2). Off white amorphous solid, LC‑UV (MeOH‑H2O [0.1%
HCOOH]) λmax 269 and 351 nm; IR (neat) νmax 3345, 2987, 1610,
1481, 1250, 1066, 669 cm−1; 1H and 13C NMR data, see ▶ Tables 1
and 2; HRESIMS m/z 343.0812 [M + H]+ (calcd. for C18H15O7,
343.0773).

3,5,7-Trihydroxy-6-methoxy-3′,4′-methylenedioxyflavone (3). Yel-
low amorphous solid, LC‑UV (MeOH‑H2O [0.1% HCOOH]) λmax

258 and 368 nm; IR (neat) νmax 3397, 2972, 1611, 1566, 1608,
669 cm−1; 1H and 13C NMR data, see ▶ Tables 1 and 2; HRESIMS
m/z 345.0606 [M + H]+ (calcd. for C17H13O8, 345.0566).

(2S,3S)-3,7-Dihydroxy-6-methoxy-3′,4′-methylenedioxyflavanone
(4). Off white amorphous solid, LC‑UV (MeOH‑H2O [0.1%
HCOOH]) λmax 238, 282 and 341 nm; [α]D21 + 6.2 (c 0.010, MeOH).
CD (c 0.10, MeOH) [θ]312 – 54.50, [θ]348 + 40.00; IR (neat) νmax

3390, 2971, 1655, 1503, 1471, 1251, 1169, 1036, 669 cm−1; 1H
and 13C NMR data, see ▶ Tables 1 and 2; HRESIMS m/z 331.0813
[M + H]+ (calcd. for C17H15O7, 331.0773).

4′,5,7-Trihydroxy-3,3′,8-trimethoxy-6-methylflavone (5). Yellow
amorphous solid, LC‑UV (MeOH‑H2O [0.1% HCOOH]) λmax 274
and 352 nm; IR (neat) νmax 3350, 2971, 1609, 1584, 1382, 1066,
669 cm−1; 1H and 13C NMR data, see ▶ Tables 1 and 2; HRESIMSm/
z 375.1073 [M + H]+ (calcd. for C19H19O8, 375.1035).

(2R) 7-Hydroxy-2′,8-dimethoxyflavanone (6). Yellow amorphous
solid, LC‑UV (MeOH‑H2O [0.1% HCOOH]) λmax 240 and 306 nm;
[α]D21 − 14.4 (c 0.010, MeOH); CD (c 0.10, MeOH) [θ]288 + 8.00,
[θ]324 − 8.60; IR (neat) νmax 3385, 2987, 2901, 1650, 1066,
669 cm−1; 1H and 13C NMR data, see ▶ Tables 1 and 2; HRESIMS
m/z 301.1071 [M + H]+ (calcd. for C17H17O5, 301.1031).

Cytokine release inhibition assays

The cytokine release inhibition assays were performed by Pharma-
celsus, Saarbrücken, Germany according to previously published
procedures [33–35]. The PBMCs were isolated from blood ethi-
cally collected from 4 healthy donors with the ethnicity Caucasian
(male, 41 y old), African-American (male, 31 y old), African Amer-
ican-Hispanic (male, 29 y old), and Caucasian (male, 32 y old). The
test compounds and the positive control ibuprofen were dissolved
in dimethyl sulfoxide (DMSO) to achieve 20mM stock solutions.
LPS were dissolved in cell culture medium at a concentration of
1mg/mL. The test compounds and ibuprofen were used in a con-
centration of 100 µM. The final concentration of DMSO in all sam-
ples was 0.5%, and all samples were co-incubated with 10 µg/mL
LPS. Bead-based assay (ProcartaPlex, Luminex) was used to quan-
tify the 4 cytokines in parallel within a 50 µL sample using appro-
priate calibration standards. Human cryopreserved PBMC were
thawed according to the manufacturerʼs instructions. Four vials
of cells from different donors were pooled. Cells were washed, re-
suspended in RPMI 1640 containing 10% FBS, plated in 96-well
round bottom plates at 100000 PBMC/well and exposed to the
test compounds at the concentrations specified above. Dilutions
of compounds were prepared in a 96-well plate and transferred
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to the PBMC containing wells. The cells were incubated for 24 h
at 37 °C and 5% CO2. Then, plates were centrifuged for 3min at
350 g without brake, and cell-free supernatant was collected and
used in cytokine bead-array assay. The later was conducted ac-
cording to manufacturerʼs instructions, and fluorescence was
measured at 525 nm in a MagPix reader. For the dose-response re-
lationship, absolute concentrations were calculated by the MagPix
software using 2 separate calibration series as provided by the
manufacturer. As negative control, cells were incubated only with
cell culture medium. As a positive control for inflammation, cells
were incubated with 10 µg/mL LPS and as positive control for in-
flammation inhibition, cells were co-incubated with 10 µg/mL
LPS and 100 µM ibuprofen.

Supporting Information

LC‑UV spectra for compounds 1–6, CD spectra for compounds 4
and 6, 1D and 2D NMR spectra for compounds 1–6, HRESIMSn

spectra for 1–6, and certificates of analysis of LPS and ibuprofen
are provided as Supporting Information
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