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A B S T R A C T   

Four new steroidal sapogenins, dracaenogenins CeF (1–4), a new conjugated chalcone-stilbene, 3′′-methox-
ycochinchinenene H (5) together with eight known compounds namely, (25S)-spirosta-1,4-dien-3-one (6), trans- 
resveratrol (7), 4,4′-dihydroxy-3′-methoxychalcone (8), N-trans-coumaroyltyramine (9), N-trans-p-coumar-
oyloctopamine (10), N-trans-feruloyloctopamine (11), 7-hydroxy-1-(4-hydroxy-3-methoxyphenyl)-N2,N3-bis(4- 
hydroxyphenethyl)-6-methoxy-1,2-dihydronaphthalene-2,3-dicarboxamide (12) and grossamide (13) were iso-
lated from the stems of Dracaena usambarensis Engl. from Kenya. It is important to note that compounds 12 and 
13 are being reported from this genus for the first time. Structural elucidation of the isolated compounds was 
done using spectroscopic (NMR, UV, IR, optical rotation) and spectrometric (HRESIMS) techniques. The absolute 
and relative configurations of the isolated compounds were determined by employing single crystal X-ray 
crystallography analysis, NOESY correlations and coupling constants. The anti-inflammatory potencies of the 
isolated compounds were evaluated by measuring the levels of four cytokines (IL-1β, IL-2, GM-CSF and TNF-α) 
in the supernatant media of human peripheral blood mononuclear cells (PBMCs) stimulated by lipopoly-
saccharide (LPS). At the tested concentration of 100 μM, the new conjugated chalcone-stilbene 5, the dihy-
drochalcone, 8 and the lignanamide, 13 were substantially more potent than the standard drug, ibuprofen, 
inhibiting the release of all the cytokines, IL-1β, IL-2, GM-CSF and TNF-α from 0.06–58.04% compared to LPS 
control. These compounds should therefore be considered for development into anti-inflammatory drug candi-
dates. Compound 7 significantly decreased the release of GM-CSF (6.11% of LPS control) and TNF-α (18.35% of 
LPS control). The cytokine TNF-α was sensitive to all the tested compounds 1-13.   

1. Introduction 

Dracaena usambarensis Engl. (Asparagaceae) is a tree of 3–6 m in 
height. The flowers of this plant are white with orange to red fruits. This 
plant grows mostly in moist forests usually near streams and is dis-
tributed in coastal regions of Kenya [1]. This plant is one of the species 
of Dracaena that is endemic to Kenya. A number of interesting com-
pounds have been reported from plants belonging to the genus Dra-
caena including homoisoflavonoids [2], oligomeric flavonoids [3] and 
steroidal saponins [4] with diverse biological properties such as antic-
ancer [5], anti-inflammatory [6] and antimicrobial activities [7] 

amongst others. Recently, we have reported homoisoflavonoids, a 
chalcone, sapogenin and phenolic amide from the roots of this plant 
[8]. Previous studies have shown that steroidal sapogenins from dra-
gon's blood elaborated in plants from the genus Dracaena exhibit good 
anti-inflammatory effects [9] amongst other biological and pharmaco-
logical effects [10–12]. In view of that fact, the anti-inflammatory ef-
fects of the four new steroidal sapogenins, dracaenogenins CeF (1-4) 
together with a new conjugated chalcone-stilbene (5) and eight known 
compounds (6-13) from the stems of Dracaena usambarensis were 
evaluated in the current study. The in vitro anti-inflammatory potencies 
of these compounds were determined against pro-inflammatory 
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cytokines, IL-1β, IL-2, GM-CSF and TNF-α. In the present paper we also 
describe the isolation and structural elucidation of the four new ster-
oidal sapogenins (1-4) and one conjugated chalcone-stilbene (5). 

Plants extracts have been used for decades as alternative therapies 
for immune-related disorders with many important medicinal benefits, 
including anti-inflammatory activities. Inflammation is the response of 
the body towards an injury, wound or infection [13]. Pro-inflammatory 
cytokines such as IL-1β, IL-2, GM-CSF and TNF-α are involved from the 
onset of various chronic diseases [14]. Several Nonsteroidal Anti-in-
flammatory Drugs (NSAIDS) are currently used in their management. 
However, they have been linked to many side effects. In this perspec-
tive, the in vitro anti-inflammatory potencies of the secondary meta-
bolites isolated from the stems of D. usambarensis were investigated by 
measuring the percentage of cytokines (IL-1β, IL-2, GM-CSF and TNF-α) 
release in the supernatant media of human peripheral blood mono-
nuclear cells (PBMCs) stimulated by lipopolysaccharide (LPS). 

2. Experimental 

2.1. General experimental procedures 

HRESIMS were conducted on a LTQ Orbitrap spectrometer (Thermo 
Scientific, USA) equipped with a HESI-II source. Data were processed by 
Xcalibur Software. NMR acquisition were carried out in 600 MHz with a 
Bruker Avance III spectrometer. For 1H NMR TMS (δ = 0.00 ppm) and 
for 13C NMR, solvent peaks were used as references. IR analyses were 
recorded on a Bruker Tensor 27 FT-IR spectrometer using a diffuse 
reflection apparatus (Cricket, Harrick Scientific). Optical rotation was 
analyzed in Kruss Optronic Polarimeter P8000-T. Silica gel (70–230 
Mesh) and Sephadex LH-20 (25–100 μm, Amersham Biosciences) were 
used as stationary phase for column chromatography. Further pur-
ification, was performed using reversed phase semi-preparative HPLC 
on Shimadzu LC-20AP pump equipped with DGU-20A5R degassing 
unit, a Shimadzu SPD-M20A detector, a Shimadzu SIL-20ACHT auto- 
sampler and a Phenomenex Gemini C18 column (10 × 250 mm, 10 μm 
particle size) using a LabSolutions software system. Separation was 
achieved using MeOH (B) - H2O (A) (0.1% formic acid) gradient pro-
gram. TLC was carried out on pre-coated silica gel 60 plates (0.25 mm, 
Merck, Darmstadt, Germany). 

2.2. Single-crystal X-ray diffraction analysis 

Compound 1 was crystallized from methanol-water (9:1). The 
crystals were analyzed on Bruker D8 VENTURE area detector dif-
fractometer according to our method described earlier [15]. Crystal 
data of 1 has been deposited at the Cambridge Crystallographic Data 
Centre with deposition number CCDC 2001270. A copy of the data can 
be obtained free of charge from https://www.ccdc.cam.ac.uk/ after 
registration or by e-mailing to deposit@ccdc.cam.ac.uk. 

2.3. Plant material 

The stems of Dracaena usambarensis Engl. (GPRS 04°19′51.2′′E 
039′3′05.7′′68 m) were collected from the coastal region of Kenya in 
March 2018 and authenticated by Mr. Patrick C. Mutiso, a senior 
technologist, at the University of Nairobi Herbarium in the School of 
Biological Sciences (SBS) under the voucher specimen NNA 2018/001. 

2.4. Extraction and isolation 

The stems of D. usambarensis were cut into small pieces, dried and 
then extracted at room temperature with a mixture of 50% methanol 
(MeOH) in dichloromethane (CH2Cl2) three times for 24 h to yield a red 
extract (72 g) after filtration and evaporation under reduced pressure. 
The extract was subjected to normal silica gel column chromatography 

using stepwise gradient elution initially with ethylacetate (EtOAc)/cy-
clohexane (CYH) solvent system followed by mixtures of MeOH/EtOAc. 
A total of 160 fractions of 500 mL each were collected and combined 
based on their TLC and LC-MS profiles into six fractions DUSA-F. 

DUSB of the main column eluted with EtOAc/CYH (3/7) was further 
fractionated in normal silica gel column chromatography, eluting with 
a mixture of MeOH/EtOAc/CYH (1/3/6) as mobile phase to afford four 
subfractions DUSB1–4. Subfraction DUSB3 was further purified by reverse 
phase semi-prep HPLC eluting with H2O/MeOH (40/90, 4 mL/min) to 
yield compounds 1 (12 mg, tR 26.3 min) and 6 (5.6 mg, tR 27.8 min). 
Fraction DUSC eluted from the main column with EtOAc/CYH (4/6) 
was subjected to purification through reverse phase semi-prep HPLC 
using gradient elution initially with 50% H2O in MeOH and then de-
creasing the polarity upto 100% MeOH, with a flow rate of 4 mL/min 
for 30 min, resulting to compounds 7 (3.5 mg, tR 14.7 min) and 5 
(4.7 mg, tR 18.5 min). Similarly, compounds 2 (1.0 mg, tR 25.7 min), 8 
(0.5 mg, tR 17.4 min) and 9 (0.7 mg, tR 16.5 min) were obtained from 
fraction DUSD eluted with EtOAc/CYH (7/3). Fraction DUSE obtained 
from the main column MeOH/EtOAc (1/9) was subjected to normal 
column chromatography using silica gel as the solid matrix eluting with 
MeOH/EtOAc/CYH (0.5/3/6.5) as mobile phase to give five subfrac-
tions DUSE1–5. Purification of DUSE1 with reverse phase semi-prep 
HPLC eluting initially with a gradient of 40% H2O in MeOH and then 
decreasing the polarity upto 100% MeOH, with a flow rate of 4 mL/min 
for 25 min, afforded compound 3 (0.6 mg, tR 20.0 min). Subfraction 
DUSE2 yielded compounds 10 (3.2 mg, tR 14.2 min) and 11 (3.6 mg, tR 

14.6 min). In the same way, compounds 13 (2.3 mg, tR 19.3 min), 12 
(7.4 mg, tR 17.4 min) and 4 (1.2 mg, tR 20.5 min) were obtained from 
subfractions DUSE3, DUSE4 and DUSE5, respectively. 

2.5. Compound characterization 

Dracaenogenin C (1): White amorphous solids; [α]D
21 -35.2 (c 

0.230, CHCl3); LC-UV [MeOH and H2O (0.1% formic acid)] λmax 

221 nm; IR (neat) νmax 3475, 2954, 1661, 1623, 1452, 1377, 1223, 
1175, 1066, 980, 917, 889, 834, 754, 668 cm−1; 1H and 13C NMR data 
(chloroform‑d) see Table 1 and Figs. S1-S9, Supporting Information; 
HRESIMS m/z 427.2844 [M + H]+ (calcd for C27H39O4, 427.2804). 

Crystal Data for Dracaenogenin C (1): C27H38O4 (M = 426.57 g/ 
mol): orthorhombic, space group P212121 (no. 19), a = 12.2257 [5] Å, 
b = 12.2902 [5] Å, c = 15.6061 [6] Å, V = 2344.91 [16] Å3, Z = 4, 
T = 100.0 K, μ(CuKα) = 0.626 mm−1, Dcalc = 1.208 g/cm3, 34,657 
reflections measured (9.158° ≤ 2Θ ≤ 155.896°), 4976 unique 
(Rint = 0.0325, Rsigma = 0.0185) which were used in all calculations. 
The final R1 was 0.0303 (I  >  2σ(I)) and wR2 was 0.0787 (all data). 

Dracaenogenin D (2): White amorphous solids; [α]D
21 -23.4 (c 

0.084, CHCl3); LC-UV [MeOH and H2O (0.1% formic acid)] λmax 

223 nm; IR (neat) νmax 3437, 2932, 1660, 1621, 1453, 1041, 918, 
754 cm−1; 1H and 13C NMR data (chloroform‑d) see Table 1 and Figs. 
S10 - S18, Supporting Information; HRESIMS m/z 425.2686 [M + H]+ 

(calcd for C27H37O4, 425.2647). 
Dracaenogenin E (3): White amorphous solids; [α]D

21 -18.8 (c 
0.038, MeOH); LC-UV [MeOH and H2O (0.1% formic acid)] λmax 

244 nm; IR (neat) νmax 3410, 2971, 1658, 1598, 1055 cm−1; 1H and 13C 
NMR data (methanol‑d4) see Table 1 and Figs. S19 -S27, Supporting 
Information; HRESIMS m/z 459.2737 [M + H]+ (calcd for C27H39O6, 
459.2702). 

Dracaenogenin F (4): White amorphous solids; [α]D
21 -25.8 (c 0.010, 

MeOH); LC-UV [MeOH and H2O (0.1% formic acid)] λmax 248 nm; IR 
(neat) νmax 3366, 2966, 2942, 1715, 1656, 1066, 800, 669 cm−1; 1H 
and 13C NMR data (methanol‑d4) see Table 1 and Figs. S28 -S36, Sup-
porting Information; HRESIMS m/z 439.2478 [M + H]+ (calcd for 
C27H35O5, 439.2440). 

3′′-methoxycochinchinenene H (5): Brown amorphous solids; [α]D
21 

+ 1.2 (c 0.043, MeOH); LC-UV [MeOH and H2O (0.1% formic acid)] 
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λmax 228 and 326 nm; IR (neat) νmax 3373, 2941, 1605, 1510, 1424, 
1233, 1072, 959, 835 cm−1; 1H and 13C NMR data (methanol‑d4) see  
Table 2 and Figs. S37 -S46, Supporting Information; HRESIMS m/z 
515.2068 [M + H]+ (calcd for C31H31O7, 515.2025). 

2.6. Anti-inflammatory assay 

The anti-inflammatory tests were conducted in accordance to pro-
tocols used in previous studies [16]. Briefly, PBMCs from healthy do-
nors were obtained. Isolated compounds and ibuprofen were dissolved 
in DMSO to obtain 20 mM stock solution, while, LPS was dissolved in 
cell medium at 1 mg/mL. The pure compounds were all tested at a 
standard concentration of 100 μM which was found to exhibit activities 
in related compounds in previous comparable studies [17]. Cells were 
incubated only with cell culture medium, for negative control. As a 
positive control for inflammation, cells were incubated with 10 μg/mL 
LPS, while, as a positive control for anti-inflammation, cells were co- 
incubated with 10 μg/mL LPS and 100 μM ibuprofen. 

3. Results and discussion 

Phytochemical investigations of the stem of D. usambarensis resulted 
to isolation of five new compounds including four steroidal sapogenins, 
(25S)-17α-hydroxyspirosta-1,4-dien-3-one (1), 17α-hydroxyspirosta- 
1,4,25(27)-trien-3-one (2), (24S,25R,26R)-17α,24,26-trihydroxyspir-
osta-1,4-dien-3-one (3), 3,16,22-trioxocholesta-1,4,17(20)-trien-26- 
carboxylic acid (4) and a conjugated chalcone-stilbene, 3′′-methox-
ycochinchinenene H (5) together with eight known ones. The known 
compounds were identified as a steroidal sapogenin, (25S)-spirosta-1,4- 
dien-3-one (6) [18], a stilbene, trans-resveratrol (7) [19], a dihy-
drochalcone, 4,4′-dihydroxy-3′-methoxychalcone (8) [20], three phe-
nolic amides, N-trans-coumaroyltyramine (9) [21], N-trans-p-coumar-
oyloctopamine (10) [22], N-trans-feruloyloctopamine (11) [21]. two 
lignanamides, 7-hydroxy-1-(4-hydroxy-3-methoxyphenyl)-N2,N3-bis(4- 
hydroxyphenethyl)-6-methoxy-1,2-dihydronaphthalene-2,3-dicarbox-
amide (12) [23] and grossamide (13) [24] (Fig. 1), by comparison of 
the NMR data with literature values. 

Table 1 
13C (150 MHz) and 1H (600 MHz) NMR data of Compounds 1-4.           

No 1a 2a 3b 4b 

δC δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz) δC δH (J in Hz)  

1 155.8 7.07 d (10.1) 155.7 7.08 d (10.1) 159.5 7.32 d (10.1) 158.9 7.33 d (10.1) 
2 127.5 6.24 dd (10.1, 1.9) 127.6 6.26 dd (10.1, 1.9) 127.6 6.24 dd (10.1, 1.9) 127.8 6.26 dd (10.1, 1.9) 
3 186.4 – 186.4 – 188.7 – 188.6 – 
4 123.5 6.08 br s 123.9 6.09 br s 124.0 6.09 br s 124.2 6.11 br s 
5 169.0 – 168.9 – 173.5 – 172.9 – 
6 32.8 2.49 m, 2.37 m 32.8 2.50 m, 2.38 m 33.9 2.60 m, 2.42 m 33.6 2.65 m, 2.46 m 
7 33.6 1.97 m, 1.09 m 33.6 1.98 m, 1.10 m 35.1 2.04 m, 1.08 m 34.7 2.00 m, 1.17 m 
8 35.2 1.79 m 35.3 1.81 m 36.8 1.93 m 35.4 2.01 m 
9 51.9 1.12 m 51.9 1.12 m 54.0 1.04 m 53.5 1.27 m 
10 43.6 – 43.5 – 45.4 – 45.3 – 
11 22.6 1.78 m, 1.70 m 22.6 1.79 m, 1.71 m 23.6 1.83 m, 1.76 m 23.8 1.98 m 
12 31.5 1.79 m, 1.41 m 31.5 2.11 m 32.7 1.74 m, 1.40 m 37.0 2.40 m, 1.79 m 
13 44.0 – 44.1 – 46.2 – 45.0 – 
14 51.6 1.72 m 51.6 1.75 m 52.8 1.75 m 50.9 1.64 m 
15 31.2 2.09 m, 1.33 m 31.2 2.12 m, 1.36 m 32.1 2.08 m, 1.34 m 38.6 2.18 d (2.2), 2.20 br s 
16 90.8 3.96 m 90.9 4.02 t (7.6) 90.9 4.08 t (7.8) 207.0 – 
17 89.7 – 89.8 – 90.6 – 143.7 – 
18 17.2 0.89 s 17.2 0.91 s 17.6 0.94 s 17.3 1.22 s 
19 18.8 1.26 s 18.8 1.27 s 19.1 1.32 s 19.0 1.35 s 
20 45.1 1.99 m 44.6 2.08 m 45.7 2.19 q (7.3) 146.5 – 
21 7.9 0.94 d (7.1) 8.0 0.92 d (6.0) 9.0 0.93 d (7.3) 15.8 1.96 s 
22 110.6 – 110.3 – 112.0 – 212.6 – 
23 25.3 1.90 m, 1.40 m 32.2 1.76 m 41.2 1.88 m, 1.60 m 39.3 2.57 t (7.5) 
24 25.1 2.06 m, 1.42 m 27.8 2.61 m, 2.28 m 70.1 (S) 3.58 td (10.8, 4.9) 28.3 1.96 m, 1.77 m 
25 26.9 (S) 1.74 m 142.7 – 46.7 (R) 1.29 m 39.7 2.50 m 
26 65.2 3.96 m 

3.34 d (10.9) 
65.0 4.32 d (12.1) 

3.91 dd (12.1, 1.6) 
95.6 (R) 4.56 d (8.8) 

- 
180.2 - 

- 
27 16.0 1.09 d (7.1) 109.3 4.82 m 12.7 1.09 d (6.5) 17.7 1.18 d (7.1) 

a in Chloroform‑d. 
b in Methanol‑d4.  

Table 2 
13C (150 MHz) and 1H (600 MHz) NMR data of Compound 5 in Methanol‑d4.     

No 5 

δC δH (J in Hz)  

1 138.0 – 
2/6 106.1 6.48 s 
3/5 157.9 – 
4 118.9 – 
α 127.0 6.77 d (16.2) 
β 128.4 6.93 d (16.2) 
1′ 130.6 – 
2′/6′ 128.6 7.34 d (8.7) 
3′/5′ 116.5 6.77 d (8.7) 
4′ 158.2 – 
1′′ 129.2 – 
2′′ 152.8 – 
3′′ 142.1 – 
4′′ 149.8 – 
5′′ 112.3 6.53 d (8.4) 
6′′ 125.6 6.73 d (8.4) 
α' 29.9 2.51 m, 2.45 m 
β' 35.5 2.56 m, 2.32 m 
γ' 41.1 4.55 m 
1′′′ 138.2 – 
2′′′/6′′′ 130.3 7.30 d (8.7) 
3′′′/5′′′ 115.3 6.65 d (8.7) 
4′′′ 155.7 – 
2′′-OCH3 61.2 3.79 s 
3′′-OCH3 60.9 3.83 s    
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Compound 1 was isolated as white amorphous solids with a mole-
cular formula established as C27H38O4 from HRESIMS data, showing the 
molecular ion peak at m/z 427.2844 [M + H]+ (calcd. For C27H39O4, 
427.2804) (Fig. S1, Supporting Information). The IR spectrum exhibited 
a strong absorption at 3475 cm−1 due to the presence of a hydroxy 
group and 1661 and 1623 cm−1 attributed to the presence of con-
jugated dienone moiety and 980, 917, 889 and 834 cm−1 characteristic 
of (25S)-spirostanol moiety [11]. Analysis of 1D and 2D NMR spectra 
(Figs. S3-S4, Supporting Information), together with literature values, 
suggested 1 to be a spirostane-type sapogenin. The NMR data assign-
ment was determined by comparison with (25S)-spirosta-1,4-dien-3- 
one (6) [18]. The 1H NMR spectrum (Table 1 and Fig. S3, Supporting 
Information) displayed resonances attributed to two tertiary methyl 
singlets at H-18 (δH 0.89), H-19 (δH 1.26) and two secondary methyl 
doublets at H-21 (δH 0.94, d, J = 7.1 Hz) and H-27 (δH 1.09, d, 
J = 7.1 Hz). Signals in the 13C NMR spectrum at C-23 (δC 25.3), C-24 
(δC 25.1), C-25 (δC 26.9) and C-27 (δC 16.0) were characteristic of 
(25S)-spirostane core structure [25]. COSY correlations of H2–23 
through H2–24, H-25 and H2–26 also determined the connectivity se-
quence in ring F. Ring A contained a 1,4-dien-3-one moiety confirmed 
from signals for a conjugated cis-double bond for C-1 and C-2 [δH 7.07 
(d, J = 10.1 Hz) and 6.24 (dd, J = 10.1, 1.9 Hz); δC 155.8 and 127.5], a 
conjugated trisubstituted double bond for C-4 [δH 6.08 (br s); δC 123.5] 
and C-5 (δC 169.0) and conjugated carbonyl at C-3 (δC 186.4). These 
NMR data (Table 1) of ring A were comparable to a sapogenin reported 
in literature [26]. The presence of this group in ring A was further 
confirmed from 2D NMR spectra (Figs. S6-S9, Supporting Information) 
which showed HMBC correlations from H-1 (δH 7.07) to C-3 (δC 186.4), 
C-5 (δC 169.0), C-9 (δC 51.9), C-10 (δC 43.6) and C-19 (δC 18.8); from 
H3–19 (δH 1.26) to C-1 (δC 155.8), C-5 (δC 169.0), C-9 (δC 51.9) and C- 
10 (δC 43.6). 

The spectroscopic data of compound 1 were similar to (25S)-spir-
osta-1,4-dien-3-one (6) [18] except for the presence of a hydroxyl group 
at C-17 in 1. The placement of this hydroxyl group at C-17 was con-
firmed from the HMBC cross peaks of H-16 (δH 3.96), H3–18 (δH 0.89) 
and H3–21 (δH 0.94) with the downfield shifted quaternary carbon at C- 
17 (δC 89.7). The α-orientation of the 17-OH was deduced by com-
parison of its 13C NMR data (Table 1 and Fig. S4, Supporting In-
formation) with that of namogenin C with a similar ring E [25] and 
with the help of X-ray analysis (Fig. 2) of 1. In order to determine the 
complete configuration of 1, the sample was recrystallized from me-
thanol-water (9:1) and subjected to single-crystal X-ray diffraction 
analysis (Fig. 2). The results are in good agreement with the proposed 
structure of 1 with the absolute configuration as shown (Fig. 1). 
Therefore, the structure of the new compound 1 was determined as 
(25S)-17α-hydroxyspirosta-1,4-dien-3-one, trivially named as dracae-
nogenin C. 

Compound 2 was obtained as white amorphous solids. Its HRESIMS 
showed a protonated molecule at m/z 425.2686 [M + H]+ (calcd for 
C27H37O4, 425.2647), corresponding to the molecular formula 
C27H36O4 (Fig. S10, Supporting Information). The 1H and 13C NMR 
spectra (Table 1 and Figs. S12-S13, Supporting Information) of 2 were 
similar to those of 1, except that the methyl group in ring F in 1 was 
substituted by an exo-olefinic group in 2. This was evidenced by the 
appearance of a downfield shifted exo-olefin signal observed in the 
HSQC spectrum (Fig. S17, Supporting Information) at C-27 [δH 4.82 (m, 
2H); δC 109.3], a quaternary carbon at C-25 (δC 142.7) and dis-
appearance of C-27 methyl (CH3–27) and methine (H-25) resonances 
from the 1H and 13C NMR of 2. These NMR data of ring F were com-
parable to those of namogenin C [25]. Thus, 2 was considered to be a 
25,27-dehydro derivative of 1 as was supported by the HMBC corre-
lation (Fig. S18, Supporting Information) of H2–27 (δH 4.82) with C-24 

Fig. 1. Structure of compounds isolated from the stem of Dracaena usambarensis Engl.  
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(δH 27.8) and C-26 (δH 65.0) and identified as 17α-hydroxyspirosta- 
1,4,25(27)-trien-3-one, trivially named as dracaenogenin D. 

Compound 3 was isolated as white amorphous solids. The molecular 
formula C27H38O6 was deduced from its HRESIMS at m/z 459.2737 
[M + H]+ (calcd for C27H39O6, 459.2702) (Fig. S19, Supporting 
Information). The 1H and 13C NMR spectra (Table 1 and Figs. S21-S22, 
Supporting Information) of 3 were similar to those of 1 except that 3 
showed two additional hydroxyl groups signals assigned to ring F as 
was confirmed from downfield shifted resonances for C-24 (δH 3.58, δC 

70.1) and C-26 (δH 4.56, δC 95.6). The assignment of the two hydroxyl 
groups to C-24 and C-26 was based on the HMBC correlation (Fig. S27, 
Supporting Information) of the H3–27 (δH 1.09), with C-24 (δC 70.1), C- 
25 (δC 46.7) and C-26 (δC 95.6). COSY correlations (Fig. S24, Sup-
porting Information) of H2–23/H-24/H-25/H-26 also supported this 
assignment. The equatorial orientation of the two hydroxyls group in 
ring F was established with the aid of 1He1H coupling constant and 
NOESY spectrum (Figs. S21, S24 -S25, Supporting Information). The 
large coupling constant observed for H-26 (δH 4.56, d, J = 8.8 Hz) and 
H-24 (δH 3.58, td, J = 10.8, 4.9 Hz) indicated that these two protons 
were in trans orientation with respect to H-25 [27]. Further, the ob-
served NOESY correlation (Fig. S25, Supporting Information) between 
H-24/H-26 indicated that the two protons were interacting through 
space and therefore could be located in the same side of the molecule. 
Based on these spectral data and comparison with literature values 3 
was considered to be a 24,26-dihydroxy derivative of 1 named as 
(24S,25R,26R)-17α,24,26-trihydroxyspirosta-1,4-dien-3-one, trivially 
named as dracaenogenin E. 

Compound 4 was isolated as white amorphous solids. Its HRESIMS 
appeared at m/z 439.2478 [M + H]+ (calcd for C27H35O5, 439.2440), 
corresponding to the molecular formula C27H34O5 (Fig. S28, Supporting 
Information). The NMR data (Table 1, Figs. S30 -S36, Supporting In-
formation) revealed that 4 could be 1,4-dien-3-one derivative of cho-
lestane type sapogenin with similar peaks for rings A-C as for 1-3. Ring 
D differed from the previous compounds by exhibiting a conjugated 
carbonyl at C-16 (δC 207.0) with the absence of the hydroxyl group at 
C-17 in 4. COSY correlations of H-14 with H2–15 and HMBC correla-
tions (Fig. S36, Supporting Information) of H-15 with C-13, C-14 and C- 
16 defined ring D. Characteristic cholestane type side chain contained 
an α, β-unsaturated carbonyl group that was confirmed from re-
sonances at C-22 (δC 212.6), C-20 (δC 146.5) and C-17 (δC 143.7). 
HMBC correlations of H3–21 with C-22, C-20 and C-17; of H3–18 with 
C-14 and C-17 confirmed the attachment of the side chain at C-17. The 
rest of the structure of the side chain was determined from the COSY 
and HMBC correlations. The COSY correlations of H3–27/H-25/H2–24/ 
H2–23 together with HMBC correlations from H2–23 and H2–24 to the 
carbonyl at C-22 defined the connectivity sequence of the side chain. In 
addition, a distinct resonance for a carboxyl carbonyl at C-26 (δC 180.2) 
was observed. The placement of this carboxylic acid at C-25 was de-
termined from HMBC (Fig. S36, Supporting Information) of H-27 (δH 

1.18) and H-25 (δH 2.50) with the carbonyl carbon at δC 180.2 (C-26). 
Therefore, the structure of 4 was ultimately determined as 3,16,22- 

Fig. 2. ORTEP drawing of Dracaenogenin C (1).  

Table 3 
Results of controls (mean  ±  SD, n = 3).        

Controls Cytokine release [pg/mL] 

IL-1β IL-2 GM-CSF TNF-α  

Medium Mean 568.68 229.25 56.33 334.79  
SD 26.22 14.03 8.87 19.97 

LPS Mean 9080.11 70.45 108.06 1815.02  
SD 712.46 7.28 5.24 271.69 

Ibuprofen Mean 1995.27 70.45 54.25 1404.79  
SD 287.26 7.28 12.69 357.71 

Ibuprofen % of LPS control 21.97 100.00 50.21 77.40 

SD: standard deviation.  

Table 4 
Results for test items in % compared to LPS control at 100 μM.       

Compounds Cytokine release [% of LPS control] 

IL-1β IL-2 GM-CSF TNF-α  

1 111.43 58.04 62.86 72.50 
2 35.24 72.61 51.74 14.72 
3 101.53 102.98 154.81 54.23 
4 53.28 102.98 128.09 32.69 
5 3.51 27.53 1.61 1.79 
6 36.87 58.04 147.88 32.97 
7 111.65 72.61 6.11 18.35 
8 14.48 58.04 49.76 30.64 
9 59.05 94.03 128.77 68.58 
10 44.60 94.03 78.31 31.76 
11 68.84 94.03 71.48 31.67 
12 29.54 83.32 66.09 11.32 
13 2.14 11.61 1.61 0.06 
Ibuprofen 21.97 100.00 50.21 77.40 
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trioxocholesta-1,4,17(20)-trien-26- carboxylic acid, trivially named as 
dracaenogenin F. 

Compound 5 was isolated as brown amorphous solids with mole-
cular formula of C31H30O7 as was determined from its HRESIMS at m/z 
515.2068 [M + H]+ (calcd for C31H31O7, 515.2025) (Fig. S37, 
Supporting Information). Comparison of its NMR data (Table 2) with 
literature values revealed that 5 is a conjugated chalcane–stilbene and 
its NMR assignment was done by comparison with cochinchinenene H 
[28]. The 1H NMR spectrum (Fig. S39, Supporting Information) of 5 
exhibited eight aromatic protons with two sets of AA'BB′-type spin 
system at H-2′/6′ (δH 7.34, d, J = 8.7 Hz) and H-3′/5′ (δH 6.77, d, 
J = 8.7 Hz); H-2′′′/6′′′ (δH 7.30, d, J = 8.7 Hz) and H-3′′′/5′′′ (δH 6.65, 
d, J = 8.7 Hz) consistent with p-disubstituted hydroxyl benzene rings. 
A resonance at H-2/6 (δH 6.48) integrating for two protons was as-
signable to the symmetric structure of a 1,3,4,5-tetrasubstituted ben-
zene ring and a set of ortho coupled aromatic protons at H-6′′ (δH 6.73, 
d, J = 8.4 Hz) and H-5′′ (δH 6.53, d, J = 8.4 Hz) attributable to a 
1,2,3,4-tetrasubstituted benzene ring. The non-aromatic protons dis-
played methoxy groups and a pair of trans-olefinic protons at H-β (δH 

6.93, d, J = 16.2 Hz) and H-α (δH 6.77, d, J = 16.2 Hz). The observed 
downfield shifted values of the methoxy groups at δC 61.2 and 60.9 in 
the 13C NMR confirmed their placement in the C-2′′ and C-3′′ positions 
which are both di-ortho substituted [29]. In addition, an aliphatic me-
thine proton at H-γ' (δH 4.55) and two set of diastereotopic protons H-β' 
(δH 2.56 and 2.32) and H-α' (δH 2.51 and 2.45) were observed. 

The placement of the trans-olefinic protons in the neighbourhood of 
the p-disubstituted hydroxybenzene ring was confirmed from the HMBC 
correlation of the H-α proton with C-1′ (δC 130.6) and H-β with C-2′/6′ 
(δC 128.6). These two olefinic protons further showed HMBC correla-
tions (Fig. S46, Supporting Information) with C-2/6 (δC 106.1) and C-1 
(δC 138.0), respectively of the symmetrical 1,3,4,5-tetrasubstituted 
benzene ring characteristic of a stilbene unit. The attachment of the 
chalcone unit to resveratrol moiety through C-4 was evidenced from 
HMBC correlation (Fig. S46, Supporting Information) of the aliphatic 
methine proton at H-γ' (δΗ 4.55) with C-3/5 (δC 157.9) and C-4 (δC 

118.9). Compound 5 had an optical rotation of [α]D
21 + 1.2 (c 0.043, 

MeOH) with an opposite sign as the one reported in the literature. 
Hence, all these data coupled with literature values indicated that the 
NMR data (Table 2) of 5 was superimposable to those reported for 
cochinchinenene H, previously isolated from Dracaena cochinchinensis 
[28], except for the presence of an additional methoxy group at C-3′′ in 
5. Thus, the new compound 5 was characterized as 3′′-methox-
ycochinchinenene H. 

The isolated compounds were evaluated for their anti-inflammatory 
activities by measuring the percent of cytokines released in lipopoly-
saccharide (LPS) stimulated peripheral blood mononuclear cells 
(PBMCs). The assay is based on the fact that, when inflammation oc-
curs, 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 

Fig. 3. Results of pro-anti-inflammatory cytokines releases of PBMCs after incubation with test items (n = 2) and controls (n = 3 for medium, LPS and ibuprofen).  
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wall of gram-negative bacteria, and considered to be a potent initiator 
of inflammatory responses [30]. Table 3 shows the results of the con-
trols and Table 4 shows the results for test items in % compared to LPS 
control. 

As shown in Fig. 3 (Table S1, Supporting Information) and Table 4, 
the strongest inhibition occurred in the presence of compounds 5, 8 and 
13 at the tested concentration of 100 μM, against all the tested cyto-
kines, IL-1β, IL-2, GM-CSF and TNF-α (0.06–58.04% compared to LPS 
control as well as ibuprofen). LPS did not show an increased release of 
IL-2 in comparison to the medium control. However, compounds 1, 2, 
5–8, 12, 13 showed a reduction of IL-2 production in comparison to the 
LPS control (11.61–83.32%). Compounds 1, 2, 5, 7, 8 and 10–13 were 
able to decrease GM-CSF release from the PBMCs (1.61 to 78.31% of 
LPS control) with the strongest inhibition being displayed by 5 and 13 
(1.61% of LPS control) and 7 (6.11% of LPS control). The cytokine TNF- 
α was sensitive to all compounds belonging to different families of 
secondary metabolites in comparison to the LPS control with inhibitory 
activities of 0.06–72.50%. The new conjugated chalcone-stilbene 5, the 
dihydrochalcone, 8 and the lignanamide, 13 were substantially more 
potent that the standard drug, ibuprofen, inhibiting the release of all 
the cytokines, IL-1β, IL-2, GM-CSF and TNF-α from 0.06–58.04% 
compared to LPS control. As much as most of the steroidal sapogenins 
were related in their skeletal structures their structure activity re-
lationship could not be clearly established. 

4. Conclusion 

Thirteen secondary metabolites of which five were unreported in-
cluding; four steroidal sapogenins, dracaenogenins CeF (1-4) and a 
conjugated chalcone-stilbene, 3′′-methoxycochinchinenene H (5) were 
isolated and characterized from the stems of Dracaena usambarensis. A 
panel of spectroscopic and spectrometric methods were used as well as 
X-ray analysis to characterize the structures of isolated compound and 
by comparison with valuable data reported in the literature. Using 
enzyme-linked immunosorbent assay (ELISA), the anti-inflammatory 
potencies of the isolated compound were performed through mea-
surement of the levels of pro-inflammatory cytokines release (IL-1β, IL- 
2, GM-CSF and TNF-α) in the supernatant media of human peripheral 
blood mononuclear cells (PBMCs) stimulated by lipopolysaccharide 
(LPS). It is worth noting that the inhibitory activities of 5, 8 and 13 
were substantially higher than that of the standard drug used, ibuprofen 
against all the tested cytokines therefore should be considered as anti- 
inflammatory drug candidate. 
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