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Cytotoxic Activity of Eburnane-type Indole Alkaloids Isolated
from Kopsia terengganensis Against HT-29 Human Colon
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The genus Kopsia from the Apocynaceae family bears a large group of indole alkaloids which
possessed active biological activities. The focus of this study was to elucidate the isolated
alkaloids and investigate their biological activity. Six indole alkaloids from the eburnane-type;
eburnamine (1), isoeburnamine (2), eburnaminol (3), larutensine (4), eburnamenine (5),
eburnamonine (6), and one from aspidospermane-type; quebrachamine (7) were isolated from
the bark of Kopsia terengganensis. These alkaloids were characterized using various
chromatographic techniques and spectroscopic methods and were compared with the literature.
Later, alkaloids 1-4 were subjected to cytotoxic activity using the 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT) assay against HT-29 colorectal adenocarcinoma.
The observed result showed that only compound 3 was able to suppress the growth of cancer
cells in a dose-dependent manner with the half-maximal inhibitory concentration (1Cs) of 75.8+
3.06 uM. It also shows a good cytotoxic activity compared to cisplatin with 1Csg value of >100
MM as a control drug. This illustrated that further exploration on the eburnane-type alkaloid
should be taken on other cancer cell lines since it has shown a profound result on human colon

cancer.
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Colon cancer is a global health issue that affects both
men and women. According to the statistics by
GLOBACAN 2020, colon cancer is ranked second in
terms of mortality. Statistics showed that one in 10 of
new cases and new deaths are represented by colon
cancer. It is estimated that in 2020, more than 1.9
million (6.0%) out of 19.3 million new cases and
0.935 million (5.8%) out of 10 million new deaths
were reported due to colon cancer [1]. This reflects the
effect of modern lifestyle and changes in diet, i.e., high
intake of animal-source products and a more sedentary
life [2]. Therefore, there is a demand to find novel and
environmentally benign drug therapies for colon
cancer. Recently, the uses of natural product-based
cancer treatments such as alkaloids have been
emphasized and are presently under development
[3,4]. Developing cancer drugs from natural resources
has shown its potential in reducing the risk of colon
cancer and decelerating its progression [5].

Kopsia terengganensis L.Allorge & Wiart (K.
terengganensis) is a grey bark tree with 3m height
found in the lowland of the evergreen forest at 230 to
330 m altitude in Peninsular Malaysia [6]. The plant
belongs to the genus Kopsia, which belongs to the
large family Apocynaceae. Plants from this family
have been reported for bearing a large group of indole
alkaloids [7,8,9]. By tradition, Kopsia species have
been used medicinally in poulticing ulcerated noses in
tertiary syphilis, relieving headaches as well as
treatment for rheumatoid arthritis and gout [10]. Some
researchers have reported that the Kopsia species
possess several properties, such as anti-hypertensive
[11], anti-proliferative [12], anti-plasmodial [13], anti-
cancer [14], anti-allergic [15], anti-leishmanial [16],
and cytotoxic [17,18].

Hence, the present work aims to report the
isolation and structure determination by 1D- and 2D-
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NMR analyses of eburnane-type and aspidospermane-
type of alkaloids from Kopsia terengganensis and to
investigate the cytotoxic activity of the selected
eburnane-type indole alkaloids isolated from the bark of
K. terengganensis.

MATERIALS AND METHOD
General Method

All chemicals and solvents were obtained from Qrec
(Asia) and Merck (Germany). Thin-layer chromatography
(TLC) was carried out using a pre-coated 4x10 cm
aluminum plate, 0.25 mm thickness of silica gel 60 Fass
(Merck, Germany) which will be visualized under UV-
Vis’s light (254 and 365 nm). Dragendorff’s reagent
was used to identify alkaloids on the TLC plate. Silica
gel in column chromatography (CC) was prepared using
silica gel 60 of 230-400 mesh (Merck, Germany)
depending on the weight of the fractions. All spectral
data were obtained on the following instruments: the
1D- and 2D- nuclear magnetic resonance (NMR)
spectra were recorded with Bruker AVN 700 or 600
spectrometer (Bruker Bioscience, Billerica, Massachusetts,
United States). Data were analysed using TopSpin 3.6.2.
Chemical shifts are reported in parts per million (ppm),
referenced to the peak of tetramethylsilane, defined at &
=0.00 (*H- and 3C-NMR), or the residual solvent peak,
defined at 6 =4.78, 3.31 (*H-NMR, MeOH-d,), 7.26
(8C-NMR, MeOH-ds) or 77.0 (C-NMR, CDCly).
Multiplicities are abbreviated as follow: s (singlet), d
(doublet), t (triplet), g (quartet), quint (quintet), m
(multiplet), br (broad). Coupling constants J are given
in Hz and are rounded to the closest multiple of 0.5. The
mass spectrometry was performed with high-resolution
mass spectrometry (HRMS) using Waters 2795 Liquid
Chromatography Time-of-Flight Mass Spectrometer
(LC-TOF-MS) (Waters®, Milford, Massachusetts, United
States). The infrared spectra (IR) were recorded using a
Perkin Elmer Universal ATR FT-IR spectrometer
(PerkinElmer, Waltham, Massachusetts, United States)
with dichloromethane (DCM) as solvent. The
ultraviolet-visible (UV-Vis) spectrum was obtained by
using Shimadzu UV-2600 UV-Vis Spectrophotometer
(Shimadzu, Kyoto, Japan) with DCM as solvent.
Preparative radial chromatography (PRC) was used on
Deluxe Cyclograph™ Centrifugal Chromatography
System A87-40d (Miles Scientific, Newark, Denmark)
by preparing a round glass plate coated with 1 mm
thickness of silica gel 60 PF2s4 containing gypsum
(Merck, Germany).

Plant Material

K. terengganensis with a number code of KL 4432 was
collected in 1995 at Dungun, Terengganu. It was
identified by Teo L.E., a botanist from the Faculty of
Science, University of Malaya. The voucher specimen
was deposited in the Herbarium Department of
Chemistry, Faculty of Science, University of Malaya.
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Extraction and Isolation

The air-dried ground bark of the plant (1 kg) was first
defatted with hexane (3 L) for 3 days at room
temperature. The crude was combined and evaporated
to give 3.74 g of hexane extract. The dried plant
material was made alkaline and moistened with 28% of
ammonia solution (NHsOH) for 3 h to aggregate the
nitrogen-containing components. The extraction process
was continued by soaking the plant material in DCM for
another 3 days at room temperature. The supernatant
was finally concentrated and dried to give 6.5 g of crude
DCM. This crude was further subjected to acid-base
extraction using 5% hydrochloric acid (HCI) and
basified with NH4OH solution to give a crude alkaloid
extract of 2.00 g. The alkaloid content was determined
by staining Dragendorff’s reagent on the TLC plate
giving an orange spot as a positive result [19].

The crude alkaloid of bark extract was subjected
to CC over silica gel using DCM: methanol (MeOH)
solvent system starting from 100:0 followed by
increasing the MeOH gradient and finally flushed with
ethanol. The elution resulted in 15 major fractions (Fr.1
—Fr.15). Further purification by PRC on the Fr-2 afford
compound 7 (19.6 mg, 0.98% vyield), Fr-3 afford
compound 4 (3.6 mg, 0.18% yield), Fr-7 afford
compound 1 (90.0 mg, 4.50% vyield) and 2 (13.1 mg,
0.66% yield), Fr-10 afford compound 5 (3.4 mg, 0.17%
yield) and 6 (1.4 mg, 0.07% yield), and Fr-12 afford
compound 3 (40.4 mg, 2.00% yield).

Eburnamine (1): brownish oil; IR vmax 3299 (O-
H), 2924 (C-H), 2855, 1457 (C-H), 1123 (C-0) cm;
UV (CH2Clz) Amax, Nm: 233, 256,282; *H-NMR and *3C-
NMR data see Tables 1 and 2; HRMS (TOF-ES™) m/z
295.2165 [MH] ™ (calc. for C19H23N0O m/z 295.1810).

Isoeburnamine (2): light brownish oil; IR vmax
3360 (O-H), 2924 (C-H), 2854, 1143 (C-0), 857 cm™;
UV (CH2Clp) Amax, nm: 236, 283; H- and *C-NMR
data see Tables 1 and 2; HRMS (TOF-ES™) m/z
295.2144 [MH]~ (calcd for C1gH23N20: m/z 296.1889)

Eburnaminol (3): white solid; IR vmax 3400 (O-
H), 2924 (C-H), 2854, 1487, 1142 (C-0), 855 cm*; UV
(CH2Cl2) Amax, NM: 229, 249, 257; 'H-NMR and *3C-
NMR data see Tables 1 and 2; HRMS (TOF-ES*) m/z
313.2257 [MH]* (calcd for C1gH25N20,: m/z 313.1916)

Larutensine (4): yellowish oil; IR vmax 2924 (C-
H), 2854, 1349, 1142 (C-O-C), 856 cm™’; UV (CH-Cly)
Amax, NM: 229, 249, and 257; *H-NMR and C-NMR
data see Tables 1 and 2; HRMS (TOF-ES™) m/z
293.1925 [MH]~ (calcd for C1gH21N20: m/z 293.1654)

Eburnamenine (5): yellowish oil; IR vmax 2928
(C-H), 2856, 1698, 1640 (C=C), 1455 (C-H) cm™; UV
(CH2CLL) Amax, Nm: 207, 232, and 253; *H-NMR and
13C-NMR data see Tables 1 and 2; HRMS (TOF-ES™)
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m/z 277.2092 [MH]~ (calcd for CigH21N2: m/z
277.1705)

Eburnamonine (6): yellowish oil; IR vmax 2926
(C-H), 1698 (C=0), 1455 (C-H), 1372, 1143 cm; UV
(CH2Cl2) Amax, NM: 239, 264 and 272; *H-NMR and *3C-
NMR data see Tables 1 and 2; HRMS (TOF-ES*) m/z
295.2145 [MH]* (calcd for C19H23N20: m/z 295.1810)

Quebrachamine (7): colourless crystal; IR Vmax
3450 (N-H), 2924 (C-H), 775 cm%; UV (CH2Cl2) Amax ,
nm: 225, 286, and 289; *H-NMR and *C-NMR data see
Tables 1 and 2; HRMS (TOF-ES*) m/z 283.2174
[MH]* (calcd for CigH27N2: m/z 283.2174).

Cell Viability Assay (MTT Assay)

Cytotoxicity test was carried out using the 3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) assay to measure the metabolic activity
of the cell. HT-29 colon cancer cell was used as a
targeted human cancer cell and cisplatin (Merck,
Germany) as the positive standard. The cell line was
cultured in Minimum Essential Medium Eagle (EMEM)
(Sigma-Aldrich, USA) with 10% foetal bovine serum
(FBS) (Sigma-Aldrich, St. Louis, MO, USA) as a
supplement. Then, the cell was allowed to grow as a
monolayer in a humidified 5% CO; incubator at 37°C.
The cell has seeded a total of 10000 cells/well in a 96-
well plate and treated with different concentrations of
extract: 0-100 pg/mL for DCM crude and 0-100 uM
for alkaloid and cisplatin. After 24 h of incubation, a
volume of 20.0 uLL of MTT reagent (5.0 mg/mL) was
added into each well and further incubated for 1.5 h.
Spent media were discarded and 200.0 pL of dimethyl
sulfoxide (DMSQ) was added to dissolve the purple
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formazan precipitates. The result was obtained by
measuring the absorbance at the test wavelength, 570
nm, and reference wavelength, 650 nm using a
microtiter plate reader (Tecan Sunrise™, Mannedorf,
Switzerland). The half maximal inhibitory
concentration (ICsp) was calculated from the graph of
percentage cell viability versus the concentration of
alkaloids. The percentage of cell viability was
calculated as follows [20]:

Viable cell (%) = (Absorbance sample — absorbance blank) % 100
table cel L) = (Absorbance control — absorbance blank)

Statistical Analysis

Result was expressed as mean values + standard
deviation (SD). All data collected from the experiments
were performed in three replicates and analysed using
the one-way analysis of variance (ANOVA) at a
significance level of p<0.05 indicated by * and
p<0.0005 indicated by **.

RESULTS AND DISCUSSION
Isolation Structural Elucidation

The alkaloid crude of the K. terengganensis was
subjected to silica gel chromatography to afford fifteen
fractions Fr.1-Fr.15. the fractions were further purified
using PRC leading to the isolation of eburnamine (1),
isoeburnamine (2), eburnaminol (3), larutensine (4),
eburnamenine (5), eburnamonine (6), and
quebrachamine (7). All assignments of H- and 3C-
NMR data were established through in depth analysis of
2D-NMR; COSY; HSQC and NOESY. The
spectroscopic data were compared with literatures [21-
22, 24-217].

Table 1. *H-NMR data of compounds 1-2 and 4—6 (in CDCls), and 3 (in MeOH-dy)?

No. 1 2 3 4 5 6 7
3 2.55m 2.60 m 2.40dd (13.9, 2.86m 3.05m 2.74 m 2.23td (13.4,
252m 5.1) 249m 3.0
2.66m 241m
5 3.29.dd (9.5, 3.27m 3.27m 3.13m 3.26 d (10.9) 3.38 m 2.29-2.42 m
3.4) 3.18m 3.23m 3.02d (11.5) 3.29m
6 2.54m 2.92m 2.57 dd 2.73dd 3.70 dd (13.4, 2.88m 2.81-2.94 m
2.93m 2.50brd 2.98m 2.92m 5.8) 2.61m
3.58m
9 7.47d (7.6) 7.42d (7.6) 7.42d (7.6) 7.30d (7.7) 7.44d (7.6) 7.39d (7.5) 7.21-7.25m
10 7.14t(7.6) 7.07t(7.6) 7.08t(7.6) 7.02t(7.7) 7.14t(7.6) 7.26t(7.5) 7.03-7.07m
11 7.181t(7.6) 7.11t(7.6) 7.13t(7.6) 7.09t(7.7) 7.25t(7.6) 7.31t(7.5) 7.04-7.08 m
12 7.74d (7.6) 7.35d (7.6) 7.71d (7.6) 7.36d (7.7) 7.32d (7.6) 8.32d (7.5) 7.45-7.48 m
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1.30d (13.4) 1.70 m 1.82m
1.73m 1.31m 1.40m
0.87 td (13.5, 1.59m 0.97 td (13.6,
3.7) 1.46d (13.7) 4.0)
1.38d (13.5) 1.47m
5.59 dd 5.97d (4.4) 5.59 dd (9.5,
(9.5,5.1) 5.2)
1.57 dd (14.5, 1.90 dd 2.39m
4.1) (14.9,4.6) 1.90m
2.35m 2.10 m
0.91t(7.6) 0.861t(7.5) 3.77m (7.1)
2.08 m 2.12d (6.4) 2.22m
153 m 1.38m 1.80m
3.85s 3.79s 3.97s

1.64m 1.23m 1.47 brd (13.2) 1.57m
2.14m 1.97 m 1.28 m
1.31m 1.59m 1.50d (14.3) 1.12m
1.60m 2.20m
5.73dd (2.5, 6.96 d (7.8) - 2.62m
2.0) 2.73m
1.63m 5.12d (7.8) 2.93d (16.9) 1.88 m
2.48 d (16.8) 1.56 m
3.69dd (12.3, 1.03t(7.4) 0.81t(7.0) 0.841(7.5)
5.7)
3.84m
1.43d (13.4) 2.25m 1.20d (4.5) 1.22m
1.72m 1.98 m 1.10 m
3.04s 4.73s 453s 3.22 dt (11.8,
1.5)
1.49d (11.9)
- - - 7.75brs

aH (ppm), (J in Hz). Compounds 1-4 were recorded at 700 MHz, and compounds 5-7 at 600 MHz

Figure 1. Structures of compounds 1 — 7.

Compound 1 (Eburnamine) was isolated as
brownish oil. The UV-Vis spectrum showed absorbance
at 233, 256, and 282 nm, highlighting the indole
alkaloid chromophore [21]. The HRMS spectrum of
compound 1 resulted in a molecular ion peak at m/z
295.2165 [MH] -, suggesting a molecular formula of
C19H24N20 (calc. for C19H23N20 m/z 295.1810). There
are 9 degrees of unsaturation, where six observed the
indole structure and the remaining three degrees were
consistent for three cyclohexane. The IR spectrum of 1

showed the absorption bands at 3299, 2924, 1457, and
1123 cm? corresponding to the O-H stretching, C-H
stretching of an alkane, C-H bending of a methyl group,
and C-O stretching of a secondary alcohol, respectively.
In the *H-NMR spectral data (Table 1), four aromatic
protons were indicated with oy 7.47 (J = 7.6 Hz, H-9),
7.14 (J = 7.6 Hz, H-10), 7.18 (J = 7.6 Hz, H-11), and
7.74 (J = 7.6 Hz, H-12), which suggested the presence
of aromatic ring [21]. Three protons with a splitting
pattern of triplet at the most upfield region, o4 0.91
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indicated a methyl group was observed. A singlet peak
at oy 3.85 which most probably belonged to C-21
hydrogen has also appeared. A doublet of doublet (dd)
peak appeared at 0w 5.59 and was assigned to H-16 with
coupling constant of J = 9.5 and 5.1, which indicated
the proton was situated in the axial position [22]. The
13C spectral data (Table 2) showed the presence of 19
carbons: one methyl, seven methylene, eight methine,
and five quaternary carbons. The bicyclic structure of
indole represented by ring-A, an aromatic ring fused to
the ring-B, a pyrrole ring could be accurately depicted
with the HMBC correlation (Figure 2) between H-16
(61 5.59) to C-13 (6c 136.7), H-12 (61 7.74) to C-8 (¢
128.5), H-9 (dn 7.47) to C-7 (dc 105.6), and H-6 (dn
2.54, 2.93) to C-2 (dc 132.3). The position of C-21
which connected the ring-C, D, and E was verified via
HMBC correlation of H-5 (dn 3.20, 3.29) and H-15 (Ju
0.85, 1.38) to C-21 (J¢ 58.8). The ethyl side chain which
connected to C-20 was shown by HMBC correlation
between H-18 (61 0.91) and H-19 (61 2.08, 1.53) to C-
20 (0c 36.9). The structure of compound 1 was further
confirmed by the H-'H COSY spectrum via correlation of
H-16/H-17, H-18/H-19, H-5/H-6, and H-14/H-3 and H-15.
The spectral data of 1 were compared to literature [22].

Compound 2 (Isoeburnamine) was obtained to
be a light brown oil and its molecular formula was
C19H24N>0 determined by the HRMS ion signal at m/z
295.2144 [MH]~ (calc. for C19H23N,0O m/z 295.1810)
from which 9 degree of unsaturation was deduced. The
UV-Vis spectrum showed absorption at 236 and 283 nm
which indicated another indole chromophore alkaloid.
The presence of the OH group was supported by the IR
spectrum which had an absorption band at 3360 cm™.
Clearly, the H- and **C-NMR data of compound 2
showed a similarity with compound 1 which brought to
the conclusion that compound 2 has an eburnane
skeleton. In the *H-NMR spectral data (Table 1), the
only difference that can be distinguished from
compound 1 was the position of H-16 (du 5.97). The
chemical shift moved downfield, and the coupling
constant showed a value of J = 4.4 Hz which indicated
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the hydrogen was in an equatorial position [22]. From
the 3C-NMR spectrum, aromatic carbon C-12 (dc
110.0), methine carbon C-16 (Jc 74.5), and methylene
carbon C-17 (Jc 40.0) shifted to the upfield region
compared to compound 1. Since compound 2 possessed
the same carbon skeleton, the same correlation of 3C-
'H in HMBC and 'H-'H in COSY was expected when
elucidating the compound. The HMBC correlations
between H-16 (du 2.50, 2.92) to C-2 (dc 130.8) and C-
20 (6c 34.6), H-12 (0w 7.35) to C-8 (dc 128.5), H-9 (on
7.42) to C-7 (¢ 105.6), H-3 (6w 2.52, 2.60) to C-21 (Jc
59.3), and H-15 (on 1.46, 1.59) to C-19 (dc 29.0)
confirmed the eburnane skeleton of compound 2. The
'H- and *C-NMR spectral data of 2 are consistent with
the literature data [22].

Compound 3 (Eburnaminol) was isolated as a
white solid. The HRMS spectrum of compound 3
showed a molecular ion peak at m/z 313.2257 [MH]*
(caled for CigHzsN202: m/z 313.1916) which agreed
with the molecular formula of C19H24N20;. Other
fragmentations observed were m/z 295.2515 [M+H —
H,0] * and 251.1882 [M+H - C;Hs0 - OH] *. These
peaks led to the hypothesis that there are two hydroxyl
groups presented in compound 3. From the IR value, a
broad peak at 3400 cm confirmed the presence of the
OH group. This was further verified by H- and *3C-
NMR spectral data. In the *H-NMR data (Table 1), a
multiplet was observed at on 3.77 for C-18 hydrogen
and it shifted further downfield compared to compound
1 which is a triplet. This can be deduced that the
presence of hydrogen bonding from electronegative
atoms in neighbouring protons leads to a higher
chemical shift value. A dd peak at Jn 5.59 with coupling
constant J = 9.5 and 5.2 was assigned to H-16 which is
vicinal to the OH group. This chemical shift and J value
of H-16 are the same as compound 1 indicated that the
ring-D in the eburnane structure preferred a more stable
chair conformation in which the hydrogen is always
in an axial position instead of equatorial as in the
case of compound 2 [22]. In the 13C-NMR spectrum,
the data are similar to compounds 1 and 2. However, in

z
_5/

Figure 2. Key *H-'H COSY (bold) and HMBC (*H-**C) correlations of 1-7.
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Table 2. 3C NMR data of of compounds 1-2 and 4—6 (in CDCI3), and 3 (in MeOH-d,)?

Position 1 2 3 4 5 6 7
2 132.3 130.8 131.2 136.6 128.0 134.4 140.0
3 44.3 44.9 44.0 51.8 16.3 43.2 55.2
5 50.9 51.3 50.4 54.3 45.3 50.2 53.3
6 16.8 16.7 16.2 21.1 52.3 16.5 225
7 105.6 105.6 104.7 107.8 106.1 112.1 108.7
8 128.5 128.9 128.3 128.6 126.9 1295 129.0
9 118.1 1185 117.4 109.7 119.1 118.4 110.2
10 120.2 120.2 119.5 120.2 1214 124.2 118.7
11 121.4 121.3 120.9 121.7 123.8 125.1 120.3
12 112.2 110.0 111.7 118.4 109.3 116.5 1174
13 136.7 135.0 136.8 137.9 134.6 134.4 134.9
14 20.3 20.8 20.2 20.1 29.6 20.8 22.8
15 25.0 26.4 25.5 35.6 18.1 29.0 322
16 76.6 74.5 75.3 77.6 120.7 167.0 22.0
17 43.5 40.0 43.7 38.1 115.2 46.2 33.6
18 7.5 7.49 57.6 58.6 8.6 14.5 7.8
19 28.6 29.0 38.7 40.7 27.4 29.7 34.9
20 36.9 34.6 36.1 28.9 38.3 38.4 37.2
21 58.8 59.3 58.9 63.4 58.0 57.2 56.8

¢ (ppm). Compounds 1-4 were recorded at 175 MHz, and compound 5-7 at 150 MHz.

C-18 and C-19, the signal shifted further downfield and
appeared at oc 57.6 and 38.7, respectively. This
corresponded to CH,CH>OH in compound 3 [21]. The
structure of compound 3 was further confirmed by
HMBC correlation of H-5 (dn 3.23, 3.27) to C-7 (oc
104.7) and C-3 (dc 44.0), H-16 (o 5.59) to C-2 (dc
131.2) and C-13 (6c 136.8), H-18 (Jn 3.77) to C-20 (Jc
36.1), and H-15 (01 0.97, 1.47) to C-19 (oc 38.7). The
structure of compound 3 was accurately depicted by *H
- IH COSY correlation as in compound 1. The signals
from 'H- and 3C-NMR spectral data were identical to
the literature data by Awang et al.[21].

Compound 4 (Larutensine) was obtained as a
yellowish oil. The UV-Vis spectrum exhibited a typical
indole chromophore at 238, 249, and 262 nm. The
molecular formula, Ci9H22N>0, was established by
HRMS spectrum with molecular ion peak at m/z
293.1925 [MH]~ (calcd for C19H21N20: m/z 293.1654);
from which 10 degrees of unsaturation was deduced,
where nine observed the eburnane skeleton and the
remaining observed the tetrahydropyran ring. The
difference of 18 amu in the molecular formula of
compound 4 compared to compound 3 suggested that
compound 4 is formed through the loss of water
molecules [21]. This hypothesis is supported by the IR
value of an ether group (1142 cm™t) and no absorption
for the OH group was observed. The *H- and *C-NMR
spectral data suggested an eburnane derivative
oxygenated at C-16 with a missing ethyl substituent at
C-20. In the 3C-NMR data, 19 carbon signals were
observed, including eight methylene, six methine, and
five quaternary carbons. The signal of two ether carbons
at oc 77.6 for C-16 and Jc 58.6 for C-18 indicated that

ring formation had occurred in which ether oxygen
linked C-18 to C-16. The incorporation of oxygen in the
ring structure also causes the chemical shift of C-20 to
be more upfield compared to compounds 1 and 3. In the
'H-NMR data, a small coupling constant was observed
in H-16 (Jon 5.73, dd J =2.5, 2.0) due to the resonance
with H-17 that revealed at dn 1.63. This small coupling
constant indicated a typical fused six-membered ring
system and the presence of an electronegative atom in
the ring. The same reason is used for the chemical shift
of H-18 (on 3.84, 3.69) to move further downfield
[21,22]. Further analysis using HMBC showed a
correlation of H-16 (dn 5.73) to C-18 (dc 58.6)/C-2 (dc
136.6)/C-20 (Jc 28.9), H-15 (61 1.31, 1.60) and H-5 (dn
3.13) to C-3 (6c51.8), and H-6 (61 2.73, 2.92) to C-2 (Jc
131.6). The structure of compound 4 was confirmed by
the 'H-'H COSY correlation between H-5/H-6, H-
14/H-3/H-15, H-16/H-17 and H-18/H-19. The signals
from H- and *C-NMR spectral data were identical to
the literature data by Awang et al. [21].

Compound 5 (Eburnamenine) was isolated as
light yellowish oil and gave a positive reaction with
Dragendorff’s reagent. The UV-Vis spectrum showed
an indole chromophore when absorption occurred at
233, 247, and 261 nm. Its molecular formula was
determined as CigH22N, by HRMS at m/z 277.2092
[MH]~ (calcd for CigH21N2: m/z 277.1705)
corresponding to 10 degrees of unsaturation. The IR
spectrum showed absorption at 1455 and 1640 cm™
implying the presence of a C-H stretch of methyl group
and a disubstituted alkene with cis form. No absorption
for OH or NH was observed. The 'H- and *C-NMR
spectral data showed that compound 5 has an eburnane
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skeleton. 19 carbon signals were observed in the 3C-
NMR spectrum, including one methyl, six methylene,
seven methines, and five quaternary carbons. Two
signals at dc 120.7 and 115.2 were assigned to C-16 and
C-17, respectively, representing a typical peak for the
alkene group. Analysis of its NMR data manifested that
compound 5 was highly similar to compound 1, except
in C-16 and C-17 hydrogens. Two doublet peaks were
observed at oy 6.96 (J = 7.8 Hz) and 5.12 (J = 7.8 Hz)
which were assigned to H-16 and H-17, respectively.
This suggested that the hydroxyl group in compound 1
was replaced by the olefin group with a coupling
constant showing a vicinal coupling of cis protons [23].
The structure of compound 5 was further depicted by
HMBC and COSY correlations as shown in Figure 5. In
the HMBC spectrum, the structure of 5 was depicted
accurately by the correlation of H-16 (J1 6.96) to C-20
(6c38.3), H-17 (61 5.12) to C-19 (6¢ 27.4), H-5 (61 3.02,
3.26) and H-9 (6 7.44) to C-7 (dc 106.1), and H-19 (dn
1.98, 2.25) to C-21 (Jc 58.0). Meanwhile, the COSY
spectrum highlighted the correlation between H-18/H-
19, H-14/H-3/H-15, H-16/H-17, and H-5/H-6. The
NMR data of compound 5 were compared and resemble
those in the literature [24].

Compound 6 (Eburnamonine) was obtained as a
yellowish oil. The HRMS spectrum displayed molecular
ion peak at m/z 295.2145 [MH]™* (calcd for C19H23N,0:
m/z 295.1810), consistent with the molecular formula of
C19H2N20, corresponding to 10 degrees of unsaturation.
A strong band at 1698 cm™* and no broad peak at 3500
cm and above in the IR spectrum indicated the
presence of a carbonyl group (C=0) and the absence of
an OH group. In the *H NMR spectral data (Table 1),
there was no signal recorded for C-16 hydrogen, and the
chemical shift of H-17 was shifted further downfield as
compared to compound 1. This gave the idea that the
position of the carbonyl group was connected to C-16.
Other signals such as aromatic protons at oy of 7.39 (J
= 7.6 Hz, H-9), 7.26 (J = 7.2 Hz, H-10), 7.31 (J = 7.2
Hz, H-11), and 8.32 (J = 8.0 Hz, H-12) were observed.
In the C NMR spectrum, 19 carbon signals were
displayed which were composed of one methyl, seven
methylene, five methines, and six quaternary carbons.
The presence of a peak at dc 167.0 confirmed the
carbonyl group in compound 6. The structure of 6 was
further confirmed by the HMBC correlation between H-
17 (61 2.48, 2.93) to C-16 (6c 167.0, C=0) and C19 (oc
29.7), H-21 (6n 4.53) to C-17 (¢ 46.2), H-3 (dn 2.49,
2.74) and H-5to C-21 (6¢57.2), and H-5 (61 3.29, 3.38)
to C-7 (dc 112.1). The *H-'H COSY correlation for
compound 6 was no longer observed for H-17 and H-16
as compound 1, indicating that hydrogen has been
replaced by the carbonyl group (C=0). The H and 3C
NMR spectral data were identical to the previously
reported data by Kam et al.[25].

Compound 7 (Quebrachamine) was obtained as
colourless crystal with molecular formular of C1gH26N2
deduced from the HRMS molecular ion peak at m/z
283.2174 [MH]"(calcd for CigHzN2: m/z 283.2174).
The IR spectrum showed the characteristic absorption
(3450 cm™) assignable to secondary amine group (N-
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H). Analysis of the *H- and 3C-NMR spectra of
compound 7 showed signals attributed to a total of 19
carbons: one methyl, four aromatic methines, nine
methylene, and five quaternary carbons. With the aid of
1D- and 2D-NMR experiments, all the *H- and **C-
NMR signals of 7 were assigned. In the 'H-NMR
spectral data (Table 1), a triplet peak was observed at dn
0.84 indicated to a methyl proton assigned as H-18.
Compared to other eburnane-type alkaloids, compound
7 exhibited two signals for C-21 hydrogens at oy 3.22
(dt, J = 11.8, 1.5 Hz) and 1.48 (J =11.9 Hz). The
coupling constant suggested that both protons were
geminal coupling. An additional broad singlet peak at
the most deshielded region, on 7.75 was recorded and
assigned to N-H. Through the analysis of the 3C-NMR
spectrum, NMR data of compound 7 revealed similarity
with compound 1 except the signal for C-16 (dc 22.0)
appeared at the upfield region indicating no OH group
was attached to the carbon. The structure of 7 can be
deduced from the HMBC correlation between H-16 (n
2.62, 2.73) and H-5 (61 2.32, 2.39) to C-7 (6¢ 108.7), H-
17 (o1 1.56, 1.88) and H-6 (dn 2.81, 2.94) to C-2 (Jc
140.0), H-9 (61 7.23) to C-13 (dc 134.9), H-12 (51 7.45)
to C-8 (dc 129.0), and H-19 (61 1.10, 1.22) to C-21 (Jc
56.8). From the *H-'H COSY spectrum, the structure of
7 was further confirmed by the correlation of H-5/H-6,
H-16/H-17, H-18/H-19, and H-14/H-3 and H-15. The
spectral data of ‘H- and 3C-NMR were compared to the
literature [26,27].

Cytotoxic Activity

Secondary metabolites from natural products have
attracted many researchers to study their biological
properties and part of them has already been used to
treat various chronic and terminal diseases in humans
[28]. Compounds such as indole alkaloids have
significant biological activities in which some of the
chemical constituents have been commercialized as an
anti-cancer drug [29,30]. In this study, the cytotoxic
activity of the DCM crude, compounds 1-4, and
cisplatin as reference were evaluated on HT-29 colon
cancer cell using the MTT assay by measuring the
metabolic activity in viable cells. Figure 3 depicted that
the percentage of viable cells decreased as the
concentration increased. The same pattern can be
observed for the cell treated with cisplatin. The 1Csp
values were deduced from the percentage of cell
viability graph and summarized in Table 3. The ICs
value for the DCM crude was recorded as not active
(>100 pg/mL) with 56.16 + 1.49% of cell viable at 100
pg/mL. However, the test for the pure compounds
demonstrated that only compound 3 was able to
suppress the growth of HT-29 colon cancer cell lines in
a dose-dependent manner. The ICs value of treated cell
lines after 24 h was 75.81 £+ 3.06 uM. In contrast, there
was no ICsp value was recorded for compound 1, 2, and
4 indicating the significant effect of compound 3 on
colon cancer cell. Since the cytotoxicity of a chemical
compound on cell functions depend on its functional
group and the chemical structure [31], it was predicted
that the hydroxyl group in 3 contributed as the
toxicophores [32].



33 Wan Nur Huda Wan Hanafi, Ibrahim Bello, Nurhisyam
Zakaria, Norhafiza Mohd Arshad, Pandian Bothi Raja,
Mohd Hazwan Hussin, Khalijah Awang, Marc Litaudon
and Mohamad Nurul Azmi Mohamad Taib

100
80
60
40

20

Cell viability (%)

0 20 40
Concentration (uM)

Eburnaminol Larutensine

Cytotoxic Activity of Eburnane-type Indole
Alkaloids Isolated from Kopsia terengganensis
Against HT-29 Human Colon Cancer Cell

60 80 100

Eburnamine —@=— |soburnamine —@=— Cisplatin

Figure 3. The graph of the concentration of isolated alkaloids against the percentage of cell viability

Table 3. Half-maximal inhibitory concentration (1Cso) of selected alkaloids of K. terengganensis. The 1Cso was
determined from the cell viability graph from the MTT assay.

Compound I1Cs0 (UM) Viable cells (%) at 100 uM
Eburnaminol 75.81 + 3.06 46.62 £ 1.87**
Larutensine >100 54.18 + 2.54*
Eburnamine >100 69.87 + 3.10
Isoburnamine >100 55.74 +2.12
Cisplatin >100 63.81 +4.01

P-value ANOVA between the compound and cisplatin, *P<0.05, **P<0.005

CONCLUSION

Seven indole alkaloids were extracted from the bark of
K. terengganensis DCM extract named eburnamine (1),
isoeburnamine (2), eburnaminol (3), larutensine (4),
eburnamenine (5), eburnamonine (6), and quebrachamine
(7). These alkaloids were characterized using various
spectroscopic methods and selected compounds were
subjected to cytotoxic activity. The findings suggest that
only eburnaminol showed a cytotoxic effect towards HT-
29 colorectal adenocarcinomas with an ICso value of
75.81 + 3.06 pM superior to cisplatin at > 100 pM.
Results from this study showed that the bioactive
compounds in K. terengganensis have the potential to
be explored further with cytotoxic activities.
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