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Alphonsea cylindrica King belongs to the family Annonaceae, which is traditionally used to treat
rheumatism, bruises, and edema. Investigation of its antibacterial properties was carried out on
hexane and dichloromethane crude extracts using agar diffusion method and minimum inhibitory
concentration against ESKAPE pathogens. Both extracts showed positive results in inhibiting E.
faecium, S. aureus, and K. pneumoniae, while the dichloromethane extract showed further
inhibition against P. aeruginosa. A morphinan alkaloid, O-methylpallidinine (1), along with a
methoxybenzoic acid, isovanillic acid (2), were isolated from the dichloromethane leaf extract
of the plant and elucidated via NMR spectroscopy, FTIR spectroscopy, UV-vis spectroscopy,
and GC-MS, and compared with the reported data. Both compounds are reported for the first
time from A. cylindrica, while O-methylpallidinine was isolated as natural product for the first
time from the family Annonaceae. Both 1 and 2 showed low activity against S. aureus with an
ICso value of 371.82 ug/mL and 385.37 pg/mL, respectively. This is the first report on the
antibacterial activity of compound 1. The results can be used as future references for the
discovery of morphinans and the potential of A. cylindrica as an antibacterial source.
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Alphonsea cylindrica King, also known as
‘mempisang’, is a tree that can grow up to 10 meters
tall, which can be discovered in the lowland forests in
Malaysia and Thailand [1, 2]. It belongs to the genus
Alphonsea, which belongs to the big family
Annonaceae. Traditionally, Alphonsea species are
medicinally used to treat rheumatism [3] and edema
[4], as well as painkillers [5] and febrifuge [2].
Researchers have reported that the Alphonsea species
possess various properties, such as anticancer [6, 7],
anti-larvicidal [8], anti-inflammatory [9],
antileshmanial ~ [10], antitrypanosomal  [11],
antibacterial, and antifungal [7]. Several researchers
have isolated different types of alkaloids from
Alphonsea species. Aldulaimi et al. [6] had isolated
oxoaprorphines known as atherospermidine and
liriodenine, as well as an azafluorenone known as
kinabaline from the bark of A. elliptica. The isolated
alkaloids showed positive results in inhibiting breast
cancer cell lines. Xie Ning et al. [3] isolated mollisine,
an oxoaporphine alkaloid, from the bark of A. Mollis.
Suman et al. [12] had also successfully isolated
aporphine alkaloid, named crebanine, from A.
sclerocarpa, which showed in vitro cytotoxicity
against K562 blood cancer cells. By referring to these

studies, Alphonsea species have a huge potential as a
source for alkaloid compounds.

Currently, extensive phytochemical and
pharmacological studies on A. cylindrica are still
lacking with only limited studies had been done on the
plant [13, 14]. Talip et al. [14] had successfully
isolated different types of alkaloids from the bark of
A. cylindrica, known as azafluorenone (kinabaline),
oxoaporphine (O-methylmoschatoline), and 4, 5-
dioxoaporphine (N-methylouregidione) alkaloids. The
isolated compounds have shown inhibition ability
against bacteria such as S. aureus, P. aeruginosa, and
B. cereus. Aldulaimi et al. [13] further isolated two
isoquinoline alkaloids, named iragiine and kareemine,
from the bark of A. cylindrica, which possessed
positive antioxidant activity. The potential of
obtaining alkaloids from different parts of A.
cylindrica has driven further investigations and
studies on this plant. Hence, the present work aims to
discover potential antibacterial alkaloids from the
leaves of A. cylindrica, along with investigation on
their antibacterial activities.

In this study, a morphinan alkaloid, O-
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methylpallidinine (1), along with a methoxybenzoic
acid, isovanillic acid (2), were isolated from the
dichloromethane leaf extract of A. cylindrica with the
aid of silica gel 60 and Sephadex LH-20 column
chromatography. This is the first report that has
isolated morphinan from A. cylindrica, while O-
methylpallidinine (1) is also isolated for the first time
as a natural product from the family Annonaceae as it
had only been isolated and reported by Vecchietti et
al. [15] from Ocotea acutangula in 1981. Although
morphinan is commonly used as pain-reliever [16],
researchers have gained positive results on the
bioactivity of morphinan alkaloids. Qing et al.
reported positive antiviral activity from morphinan
alkaloids such as FK-3000, tannagine, and sinoacutine
against Herpes Simplex [17]. Carraz et al. also
obtained positive antimalarial activity from their
isolated morphinan named tazopsine [18]. Therefore,
investigation on the antibacterial activity was carried
out on the hexane and dichloromethane leaf extracts
as well as the isolated compounds by agar diffusion
method and minimum inhibitory concentration
method using ESKAPE pathogens as the inhibition
targets.

MATERIALS AND METHODS
1. Plant Materials

A. cylindrica with herbarium number TM1049 was
identified and collected from Kuala Lipis, Pahang by
botanical researchers of University Pendidikan Sultan
Idris. The voucher specimen was kept at the
Herbarium at University Pendidikan Sultan Idris in
June 2018.

2. Methods
2.1. General

Nuclear magnetic resonance (NMR) spectra were
obtained from JEOL ECX (500 MHz). The mass
spectra were recorded using Agilent 5975C Gas
Chromatography-Mass Spectrometry (GC-MS). The
infrared (IR) spectra were obtained from Shimadzu
IRTracer-100. The ultraviolet-visible (UV-Vis)
spectrum was obtained by using Hitachi UH530
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Spectrophotometer.  Thin-layer  chromatography
(TLC) was carried out by using Merck’s aluminum
supported silica gel 60 Fzss plates which would be
visualised under UV-Vis light (254 and 365 nm). The
identification of alkaloids was confirmed by spraying
Dragendorff’s reagent on the TLC plates. Silica gel
column chromatography (CC) was prepared by using
silica gel 60 of 70 — 230 mesh and 230 — 400 mesh
depending on the weight of the fractions. Sephadex
LH-20 CC was prepared by soaking Sephadex LH-20
in methanol.

2.2. Extraction and isolation

Dried and powdered leaves of A. cylindrica (2 kg)
were extracted by Soxhlet extraction using hexane,
dichloromethane (DCM), and methanol (MeOH) to
obtain three crude extracts that consisted of different
polarities. The extracts were then concentrated by
using a rotary evaporator, which yielded 32, 23, and
65 g respectively. The DCM crude extract (20 g) was
injected into silica gel 60 (70 — 230 mesh) CC and
eluted with hexane/DCM/MeOH of different ratios
(100:0:0 — 0:0:100, v/v). The elution resulted in 8
subfractions (F1 — F8).

Subfraction F4 was then subjected to silica gel
60 (230 — 400 mesh) CC and eluted with
hexane/DCM/MeOH (50:50:0 — 0:50:50, v/v) to
obtain 23 subfractions (4A — 4W). Subfraction 4Q was
subjected to silica gel 60 (230 — 400 mesh) CC and
eluted with DCM/MeOH (100:0 — 50:50, v/v) to
obtain 36 fractions (4Q1 —4Qss). Subfraction 4Q2, was
subjected to silica gel 60 (230 — 400 mesh) CC and
eluted with hexane/DCM/MeOH (50:50:0 — 0:50:50,
v/v) to obtain 1 (5 mg).

Subfraction F5 was chromatographed over
silica gel 60 (70 - 230 mesh) CC and eluted with
(100:0:0 — 0:0:100, v/v) to obtain 10 subfractions (5-1
—5-10). Subfraction 5-9 was passed over silica gel 60
(230 — 400 mesh) CC and eluted with DCM/MeOH
(100:0 — 50:50, v/v) to obtain 18 subfractions (5-9-1
to 5-9-18). Subfractions 5-9-19 was
rechromatographed with Sephadex LH-20 CC and
eluted with MeOH/CH,CI, (100:0 — 0:100, v/v) to
afford 2 (7.2 mg).

Table 1. Solvent composition used in silica gel 60 CC

Solvent Composition Ratio Volume used (mL) *
Hexane 100 100
Hexane: DCM 90:10 100
Hexane: DCM 80:20 100
Hexane: DCM 70:30 100
Hexane: DCM 60:40 100
Hexane: DCM 50:50 100
Hexane: DCM 40:60 100
Hexane: DCM 30:70 100
Hexane: DCM 20:80 100
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Hexane: DCM 10:90
DCM 100
DCM: MeOH 99:1
DCM: MeOH 98:2
DCM: MeOH 97:3
DCM: MeOH 96:4
DCM: MeOH 95:5
DCM: MeOH 90:10
DCM: MeOH 80:20
DCM: MeOH 70:30
DCM: MeOH 60:40
DCM: MeOH 50:50
Methanol 100

100
200
200
200
200
200
200
200
200
200
200
200
300

*Volume used varied with the polarity and weight of the selected extracts

Table 2. Solvent composition used in Sephadex LH-20 CC

Solvent Composition Ratio Volume used (mL) *
MeOH 100 100
MeOH: CHCl, 9:1 100
MeOH: CHCl, 8:2 100
MeOH: CHCl; 7:3 100
MeOH: CHCl; 6:4 100
MeOH: CHCl; 1:1 100
MeOH 100 300

* Volume used varied with the polarity and weight of the selected extracts

O-methylpallidinine (1): Reddish brown solid; [a]?°p:
-36.4 (c 7.86 x 10* M, CH2Cl,); IR vmax 3314, 2939,
1724, 1647, 1161, 1018 cm™; UV (CH2Cl,) Amax (log
€), nm: 243 (3.80), 260 (3.66), 415 (0.50), 662 (0.07);
!H (CDCl;, 500 MHz) and ¥C-NMR (CDCls, 125
MHz) data see Table 3; GC-MS m/z 355.0 (calcd for
C21H26NO4, 356.43)

Isovanillic acid (2): Colorless needles; [a]*p:
25.0 (¢ 4.28 x 10 M, CH2Cl,); IR vmax 3486, 2917,
1680, 1598, 1205 cm™*; UV (CH,Cl2) Amax (log &),
nm: 230 (2.31), 260 (3.19), 288 (2.09); *H (CDCls,
500 MHz) and **C-NMR (CDCls, 125 MHz) data see
Table 4; GC-MS m/z 168.2 (calcd for C21H2sNOy4,
168.15)

2.3.  Agar diffusion assay

The antibacterial properties of A. cylindrica were
tested by using the agar diffusion method [19] as
previously described by Talip et al. [14] with slight
modifications. The DCM crude extract was dissolved
in 10% dimethylsulfoxide (DMSQ) [20] and solutions
with concentrations of 40, 20, 10, and 5 mg/mL were
prepared. 6 mm discs were placed in the prepared
crude extract solutions. Test bacterial isolates were
grown in nutrient broth with shaking in a shaking
incubator overnight at 200 rpm at 37°C. Agar plates
were then spread with the prepared bacterial broths
using sterile cotton swabs. The discs were then placed
on the plates and sealed with parafilm. The plates were

then placed in the incubator at 37°C overnight. After
the incubation, the zone of inhibition of each disc was
measured to determine the antibacterial activity.

2.4.  Invitro antibacterial assay

The Minimum Inhibition Concentration (MIC)
method [21] was used to determine the minimum
concentration of the crude extracts that had inhibited
the bacteria in the agar diffusion test. The standard
procedures and measures were as described by
Clinical and Laboratory Standards Institute (CLSI)
[22] with slight modification. The antibacterial
activity of the isolated compounds was also tested via
this method. The ICsp of the crude extracts and isolated
compounds was also determined from the tests. Two-
fold serial dilutions for the crude extracts and isolated
compounds were carried out in sterilized 96-well
plates. The bacterial broth was prepared as 0.5
McFarland’s standard using UV-visible
Spectrophotometer after overnight incubation at 37°C.
The MIC and ICsp of the crude extracts and isolated
compounds were determined by measuring the optical
density at 620 nm using a plate reader.

RESULTS AND DISCUSSION

O-methylpalldinine (1) and isovanillic acid (2) were
isolated from the dichloromethane leaf extract of
Alphonsea cylindrica King (A. cylindrica) via
chromatography methods. The compounds were
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elucidated by spectroscopic methods and compared
with previously reported data.

1. Structure elucidation
1.1.  Structure elucidation of O-methylpallidinine (1)

Compound 1 was isolated as a light orange amorphous
solid and was sprayed with Dragendorff’s reagent on
a TLC plate to confirm its alkaloid properties. The
GC-MS spectrum of compound 1 resulted in a
molecular ion peak at m/z 355.0, which confirmed the
molecular formula of CyHzNOs. In the 'H-NMR
spectrum (Table 3), three aromatic protons were
indicated with 84 of 6.83 (J = 8.6 Hz, H-1), 6.87 (J =
8.6 Hz, H-4), and 7.49 (H-8), which suggested the
presence of an aromatic ring [23]. The downfield
signal of H-8 resulted from the deshielding effect due
to the presence of methoxy group at C-7 [13]. The
intense singlets at 64 3.93, 3.87, and 3.65 indicated the
presence of three methoxy groups, which were
assigned as 2-OCHs;, 3-OCHs, and 7-OCHs,
respectively [24]. The peak at dy 2.45 suggested the
presence of N-methyl carbon attached to C-9 and C-
16, which was later confirmed by the HMBC
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correlation between H-9 to C-NCHjs. The 3C spectrum
(Table 3) indicated the presence of 17 carbons. The
ring-A of the morphinan structure could be accurately
depicted with the HMBC correlation between H-1 to
C-2/C-11 and H-4 to C-3/C-12, with two substituted
methoxy groups via the correlation between 2-OCHs
to C-2, 3-OCHs to C-3, H-1 to C-2, and H-3 to C-4.
The ring-B of compound 1 was depicted by the
correlation of H-9 to C-13/C-NCH;3; and H-10 to C-
11/C-12. The nitrogen bridge was confirmed by the
correlation between H-9 to C-13/C-16, H-15 to C-12,
and H-16 to C-15. The ketone at ring-C was
positioned at C-6 (¢ 194.4), verified through HMBC
correlations of H-5 to C-6. The remaining methoxy
group and aromatic proton at ring-C were verified by
the HMBC correlation of H-5 to C-6, as well as H-8
to C-7. The structure of compound 1 was further
confirmed by H-'H COSY correlation between H-
15 to H-16, H-9 to H-10, and H-14 to H-9/H-10.
Although it has been isolated and reported by
Vecchietti et al. [15], the complete *H and °C NMR
data as well as the correlation of HMBC and COSY
of compound 1 were not specified by the previous
study as Vecchietti et al. who had only reported some
of 'H NMR data.

Table 3. 'H (500 MHz) and 3C (125 MHz) NMR data of 1

. 1 References [15]
Positions - ;
dn (Jin Hz) dc on (Jin Hz)

1 6.83d (8.6) 111.3 6.32s
2 147.5
3 151.0
4 6.87 d (8.6) 123.8 6.62s
5 2.07m 27.2

1.25d
6 194.4
7 151.1
8 7.49s 123.9 6.855s
9 2.93d (5.7) 56.4
10 2.80dd (17.8,5.7) 27.9

3.08d (18.3)
11 130.5
12 133.7
13 38.1
14 2.36's 42.4
15 1.85d (13.2) 33.3

2.15dd (12.9, 4.3)
16 2.57d 46.7
2-OCHs 3.93s 60.7 3.89s
3-OCH; 3.87s(5.2) 55.8 3.85s
7-OCHs 3.65s 54.9 3.69s
N-CHs 2.45s 40.9 2.37s
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OCH3

OCH3
——m» HMEBEC

Figure 1. Chemical structure and selected HMBC and COSY of 1

1.2.  Structure elucidation of isovanillic acid (2)

Compound 2 was isolated as colorless needles. The
GC-MS spectrum of compound 2 showed a
molecular ion peak at m/z 168.2, which verified the
molecular formula of CsHgO4. In *tH-NMR spectrum
(Table 4), the presence of an aromatic ring was
indicated by three aromatic protons with 6y 7.59 (J
= 1.7 Hz, H-2), 6.97 (H-5), and 7.71 (H-6) [14]. The
intense singlet at 6y 3.96 indicated a methoxy
group, assigned as 4-OCHs, which was verified
through the HMBC correlation of 4-OCHj; to C-4.
The presence of COOH at position 1 (6¢ 170.7) and
OH group at position 3 (8¢ 150.7) were verified via

medium adsorption at 3486 cm, indicating the
presence of intramolecular H-bond within the
compound. In 'H-NMR spectrum (Table 4), the
presence of an aromatic ring was indicated by three
aromatic protons with dy 7.59 (J = 1.7 Hz, H-2),
6.97 (H-5), and 7.71 (H-6) [14].The structure of
compound 2 was accurately depicted by the HMBC
correlation of H-2 to C-2/C-4/C-1-COOH, H-5 to
/C-4, and H-6 to C-1/C-1-COOH. The structure of
compound 2 was further confirmed by *H-'H COSY
correlation between H-2 to H-6 and H-5 to H-6/4-
OCHgs. The signals from the 'H and *C-NMR
spectra were identical to the previously reported
data by Xiang et al. [25].

Table 4. H (500 MHz) and *C (125 MHz) NMR data of 2

Positions 2 Reference [25]
OH (J in HZ) 5(: OH (J in HZ) 8(3

1 121.2 122.9
2 7.59d (1.7) 112.0 6.92d (1.6) 1155
3 150.7 148.1
4 146.2 152.0
5 6.97d 114.2 7.58d (8.4) 1135
6 7.71dd 125.1 7.61dd (8.4) 124.8
1-COOH 170.7 167.8
4-OCHzs 3.96s 56.1 3.93s 56.3
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Figure 2. Chemical structure and selected HMBC and COSY of 2

2. Antibacterial properties

2.1. Antibacterial properties of A. cylindrica
King on ESKAPE bacteria

The hexane and dichloromethane leaf extracts of A.
cylindrica were tested for antibacterial activity by the
agar diffusion method on selected pathogens by using
40, 20, 10, and 5 mg/mL as the testing concentrations.
Both crude extracts showed moderate inhibitory
effects against E. faecium, S. aureus, and K.
pneumoniae at 5 mg/mL, while the dichloromethane
extract showed further inhibition on P. aeruginosa

(Table 5). The antibacterial properties of the hexane
and dichloromethane leaf extracts were further
examined by wusing the minimum inhibitory
concentration method (MIC) on E. faecium, S. aureus,
K. pneumoniae, and P. aeruginosa to determine the
minimum concentration of the crude extracts to inhibit
the respective bacteria and also calculate the 1Csq for
each of the bacteria. The MIC values are summarized
in Table 6. The MIC results showed that both the
hexane and dichloromethane leaf extracts were most
effective against S. aureus, which recorded 1Cso values
of 2.898 £+ 0.085 mg/mL and 0.679 + 0.060 mg/mL,
respectively.

Table 5. Diameter of the inhibition zone for hexane and dichloromethane leaf extracts of A. cylindrica King
against ESKAPE bacteria at 5 mg/mL

Bacteria Inhibition zone (mm) + SE*
Hexane extract Dichloromethane extract

E. faecium 7.67 £ 0.580 15.67 £ 0.652

S. aureus 9.33+£0.580 9.67 £ 0.335

K. pneumoniae 14.00 = 1.000 10.33 £ 0.878
A. baumanii 6.00 £ 0.000 6.00 + 0.000
P. aeruginosa 6.00 £ 0.000 7.67+0.335
K. aerogenes** 6.00 = 0.000 6.00 = 0.000

*SE = standard error
**Previously named as Enterobacter

Table 6. MIC and ICs of hexane and dichloromethane leaf extracts of A. cylindrica King against E. faecium, S.
aureus, K. pneumoniae, and P. aeruginosa

Bacteria Hexane extract Dichloromethane extract
MIC (mg/mL) + ICso (Mg/mL) + SE, MIC (mg/mL) + I1Cs0 (mg/mL) £ SE,
RSD (%) RSD (%) RSD (%) RSD (%)
E. faecium 5.00 £ 0.00 3.304 £0.118 (3.58) 2.50+£0.00 1.915 £ 0.070 (6.33)
S. aureus 5.00 £ 0.00 2.898 £ 0.085 (2.93) 1.25+0.00 0.679 £ 0.060 (15.2)
K. pneumoniae 5.00 £ 0.00 4.218 £ 0.212 (5.03) 1.25+0.00 1.216 £ 0.048 (6.79)
P. aeruginosa -* -* 5.00 + 0.00 2.657 £ 0.072 (4.71)

* MIC test was not carried out since the extract did not show any inhibition effect in the agar diffusion test
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2.2.  Antibacterial properties of isolated

compounds on S. aureus

Compounds 1 and 2 were also tested for their
antibacterial activities via MIC test on S. aureus using
500 pg/mL as the starting concentration. The results
showed that both compounds 1 and 2 possessed weak
inhibition properties against S. aureus at MIC = 500
pg/mL, while 1Csp = 371.82 pg/mL and 385.37
pg/mL, respectively. This is the first report on the
antibacterial activity of compound 1. The weak
inhibition effect of compound 2 was similar to the
previous report by Kuete et al. [26]

CONCLUSION

A known morphinan alkaloid, O-methylpallidinine,
and a methoxybenzoic acid, isovanillic acid, were
isolated from the dichloromethane leaf extract of A.
cylindrica. Both compounds are for the first time to be
isolated from A. cylindrica, while O-methylpallidinine
is the first time to be isolated as natural product from
the family Annonaceae. The hexane and
dichloromethane leaf extracts from A. cylindrica King
showed positive results in inhibiting E. faecium, S.
aureus, and K. pneumoniae, while the
dichloromethane extract showed further inhibition
against P. aeruginosa. The isolated compounds
showed weak inhibition activity against S. aureus.
Therefore, extensive phytochemical and
pharmacology studies on A. cylindrica are necessary
since it can be regarded as a medicinal plant with a
potential source of antibacterial alkaloids from its
leaves.
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