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ABSTRACT

Isolona cooperi Hutch. & Dalziel (Annonaceae) is a shrub growing under the dense canopy of the West African rain forest where it is
used in traditional medicine as antiparasitic against malaria, African trypanosomiasis, helminthes and scabies. Thus, the MeOH crude
extract of its stem barks was investigated in order to determine the alkaloids composition as soon as their antiplasmodial activity.
This led to the isolation of five isoquinoline alkaloids from which one is pseudo novel, iso-N-methyl stepholidine (1). The known
compounds are N-methyl stepholidine (2), N-methyl tetrahydrocolumbamine (3), magnocurarine (4) and desmethyl magnocurarine
(5). Their structures were established by their spectral data analysis including MS, IR, UV, 1D and 2D-NMR spectroscopy. All the
isolated compounds, reported for the first time from the stem barks of Isolona cooperi, could be considered to have chemotaxonomic
value. Furthermore, these compounds showed antiplasmodial activity with CI50 values ranging from 7.05 + 0.34 to 69.63 + 1.97 uM.
The new compound, iso-N-methyl stepholidine (1), is one of the most active compounds with activity higher than that of quinine and
lumefantrine, two molecules still used in antimalarial chemotherapy. The presence of these compounds could justify the use in folk
medicine leafy stems of the plant in magistral preparations against malaria in Cote d’lvoire.
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INTRODUCTION

solona cooperi Hutch. & Dalziel (Annonaceae) is a shrub,

up to 2 m tall, growing under the dense canopy of the

West African rain forest from Ghana to Liberia 2. It is
used in traditional medicine as tonic, antidote and
antiparasitic. In the southern Cote d’lvoire, this plant is used
against malaria, African trypanosomiasis, helminthes and
scabies® %>,

Phytochemical investigations carried out to date on Isolona
cooperi showed that the species consisted of alkaloids,
monoterpenes, sesquiterpenes and lactones ©. In our
ongoing analyses of this species for its bioactive
constituents 7, we hereby reported resulted of our studies
for alkaloid constituents of this plant.

MATERIALS AND METHODS
Plant Material

Stem of Isolona cooperi were harvested in Yapo-Abbé forest
(5°44'25"N 4°3'33"W), in Mai 2019, at Agboville
Department, south-eastern of Céte d’lvoire. The plant
samples were identified by Professor Ipou lpou Joseph of
Centre National de Floristique (CNF), Félix Houphouét
Boigny University, Cocody-Abidjan, where a sample of
herbarium (N° AAS-IC-2019) was kept.

Phytochemical Study
1. General Experimental Procedures

Optical rotations were measured at 25°C on a Polar 32
polarimeter. UV spectra were recorded on a Philips PU 8720
spectrometer. IR spectra were recorded with a Briker
Vector 22. The NMR spectra were recorded on a Brilker AM-
400 (400 MHz) NMR spectrometers, using CDsOD as
solvent. EIMS was recorded on a Varian MAT-312 mass
spectrometer. ESI-HRMS data were gained using a
Micromass Q-TOF high-resolution mass spectrometer.
Mass spectra were recorded in the positive-ion mode in the
range m/z 100-2000, with a mass resolution of 20000 and
an acceleration voltage of 0.7 kV. TLC were carried out using
silica gel 60F2ss pre-coated aluminium plates (0.2 mm,
Merck). Spots were visualized through Dragendorff’s
reagent and chromogenic agent (Vanillin-H2S04)
subsequent heating.

2. Chromatographic and Mass-Spectrometric Analysis

Samples were analyzed using an Agilent 6530 Accurate-
Mass Q-TOF coupled with a 1260 Agilent Infinity LC system
equipped with a Sunfire® C1s column (150 x 2.1 mm ;i.d. 3.5
um, Waters, Milford, MA, USA) with a flow rate of 0.25
mL/min. Full scan mass spectra were acquired in the
positive-ion mode in a mass range of m/z 100 to 1200 Da,
with the capillary temperature at 320 °C, source voltage at
3.5 kV, and a sheath gas flow rate at 10 L/min. Capillary,
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fragmentor, and skimmer voltages were set at 3500 V, 175
V, and 65 V respectively. Four scan events were used:
positive MS, mass range encompassing m/z 100-1200, and
three data-dependent MS/MS scans of the five most
intense ions from the first scan event. Three collision
energies (viz. 30, 50, and 70 eV) were used for MS/MS data
generation. Purine (CsHaNa, m/z 121.050873 and HP-0921
(hexakis (1H,1H,3H-tetrafluoropropoxy)-phosphazene,
CisH18F24N306P3, m/z 922.009798) were used as internal
lock masses. Full scans were acquired at a resolution of
10,000 (m/z 922) and 4000 (m/z 121). A permanent MS/MS
exclusion list criterion was established to prevent
oversampling of the internal calibrant.

3. Extraction and Isolation

The powder of dried stem barks (964 g) was extracted by
lixiviation in a Soxhlet apparatus using first
dichloromethane (3 L) and then methanol (3 L) for six hours,
respectively. The alcoolic layer filtered and evaporated to
dryness led to a viscous brown MeOH extract (9.4 g). The
MeOH extract (4.0 g) was separated by a chromatography
over silica gel using CH2Cl,/MeOH/HCOOH (95:5:0 to
80:20:5) as eluant, to give ten fractions (Fi-F10) established
according to their TLC profile and a positive reaction with
Dragendorff’s reagent. Fraction Fs (284.9 mg), successively
chromatographied on silica gel (CH2Cl,/MeOH/HCOOH,
95:5:3) and Sephadex LH-20 (CH2Cl2/MeOH, 2:1) columns,
led to compound 3 (37.5 mg). Fraction Fs (575.0 mg) was
purified by chromatography over silica gel, eluted with
CH2Cl2/MeOH/HCOOH (95:5:3), to afford seven sub-
fractions (Fs1-Fs7). Sub-fraction Fs7 (40.0 mg) was further
successively purified on silica gel and Sephadex LH-20
columns using respectively CH2Cl2/MeOH/HCOOH (90:10:2)
and (CH2Cl2/MeOH, 2:1) as eluant, to yield compound 1 (3.0
mg). Fraction Fs (630.0 mg) was chromatographied over
silica gel, eluted with CH2Cl,/MeOH/HCOOH (90:10:2), to
afford eleven sub-fractions (Fso1-Ces11). Sub-fraction Fes (58.5
mg) was chromatographied over silica gel column, eluted
with CH2Cl/MeOH/HCOOH (90:10:3) to yield five sub-
fractions (Fes1-Fess). Sub-fraction Fes2 (24.6 mg) was purified
by chromatography over silica gel using the later eluant and
on Sephadex LH-20 (CH2Cl./MeOH, 2:1) column, to yield the
inseparable compounds 2 and 4 (2.4 mg). Fraction Fs (439.0
mg) was purified successively by chromatography over silica
gel, eluted with CH2Cl/MeOH/HCOOH (90:10:2; 90:10:2.5
and 90:10:4, respectively), and on Sephadex LH-20
(CH2Cl2/MeOH, 2:1) to afford compound 4 (1.5 mg).
Fraction F9 (176.6 mg) was chromatographied over silica gel
(CH2Cl2/MeOH/HCOOH, 80:20:4) to yield six sub-fractions
(Fo1-Fos). Sub-fraction Fos (38.8 mg) was first purified by
chromatography  over silica gel, eluted with
AcOEt/MeOH/HCOOH (70:30:5), then on a Sephadex LH-20
column using CH2Cl/MeOH (2:1) as eluant, to afford
compound 5 (11.4 mg).

Iso-N-methyl stepholidine (1)

Yellow oil°; UV (MeOH) Amax (loge): 215 (4.79), 286 (4.35); IR
Bmax (cm™):3325, 2927, 1609, 1510, 1439, 1360, 1284, 1114,
1082, 876, 753; H and 3C NMR (CDs0D) data, see Table 1;

HR- ESI-MS-Q-TOF m/z: 342.1704 [M]*
Ca0H22aNO4, 342.1705); Spray reagents for
Dragendorff’s and Vanillin-H2S04 reagents.

(Calcd. for
TLC:

Antiplasmodial Assay

Antiplasmodial activity assays were performed ex vivo
according to the protocol of Trager and Jensen adapted by
Koffi et al. 8 This method is based on the culture of
Plasmodium falciparum isolates in the presence of a series
of concentrations of the antimalarial drug studied for the
duration of the parasite's life cycle or part of this cycle. The
isolates used in the present study were obtained from
blood samples from individuals with a proven
uncomplicated Plasmodium falciparum malaria following a
positive RDT validated by positive thick and thin smear tests
confirming P. falciparum monoinfection at the schizont and
gametocyte stages. These parasites present in the
parasitized red blood cells were used to carry out the
chemosensitivity tests with a parasite density between 0.1
and 0.3%. Stock solutions of the drugs to be tested were
prepared in DMSO. The substances were serially diluted
two times with 100 uL of RPMI 1640 culture medium in 96-
well plates. Then, the parasitized red blood cells were
exposed to the different drugs and then incubated for 72
hours at 37°C under a candle bell. The Rieckmann microtest
technique adopted by the WHO ° was used and the
fluorescence was measured after exposure to SYBR green in
the dark for one hour at room temperature. The
antimalarial activity or inhibition of erythrocyte schizogony
was determined by measuring the fluorescence of SYBR
green intercalated in the parasite DNA, using a
spectrofluorometer. Then, /Cso values (concentration of the
extract inhibiting 50% of parasite growth) were determined
by the online software ICEstimator antimalarial version 1.2
8 10 Lumefantrine and quinine were used as positive
controls.

RESULTS AND DISCUSSION
Identification of Compounds

The MeOH extract of powder of dried stem barks of Isolona
cooperi was subjected on chromatography columns to
obtain five isoquinoline alkaloids (1-5) from which
compound 1 was previously undescribed. The known
compounds were identified to N-methyl stepholidine (2) 1%
12 N-methyl tetrahydrocolumbamine (3) 13, magnocurarine
(4) ¥ 5 and desmethyl magnocurarine (5) 6. Their
structures (Figure 1) were elucidated on the basis of
spectroscopic evidence.

Compound 1 was obtained as a yellowish oil and showed a
positive reaction with Dragendorff’s reagent. Its IR
spectrum showed phenolic hydroxyl (3325 cm™) and
aromatic (1510, 1609 cm™) absorption bands. It showed UV
maxima at 215 and 286 nm. The molecular formula
determined as CaH2NOs was the same of that of
compound 2 (HR-ESI-MS-Q-TOF at m/z 342.1704 [M]*;
calcd. 342.1705). Its *H NMR and *3C NMR spectra (Table 1)
also showed characteristic signals very similar to that of
compound 2 which were subsequently confirmed by 2D
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NMR (COSY and HMBC) experiments (Figure 2). However,
there were slight differences observed in the resonance of
C-6 (6¢ 63.1in 1 versus 53.5in 2) and N-methyl (6¢39.2in 1
versus 50.8 in 2). These observed differences in chemical
shifts, indicating one shielded while other deshielded, could
arise from the cis or trans conformation adopted by the
fusion of the B/C rings specifically including the nitrogen in
position 7. Since in N-methyl stepholidine (2) we have a B/C-

cis fusion corresponding to the a-form then the compound
1 could be the B-form with a B/C-trans fusion Y. This was
confirmed by the NOE experiment which showed no cross
peak between the N-methyl protons and H-13a (Figure 2).
From this relative arrangement, the absolute configurations
7R, 13aS of compound 1 were determined. We named this
compound iso-N-methyl stepholidine.

Table 1: *H, *3C and 2D NMR Spectroscopic Data for 1 in CD30OD

N° 13C (8, ppm) 1H (8, ppm), m (J, Hz) COosY HMBC
Atome
1 113.3 6.88, s (1H) C-2,C-3,C-4a,C-5,C-13a
1a 123.3 -
147.8 -
149.7 -
112.6 6.87, s (1H) C-13,C-2,C-5
4a 1231 -
5 24.4 3.38, m (1H, Ha) H-6
3.13, m (1H, HP)
6 63.1 3.99, m (1H, Ha) H-5
3.87, m (1H, HP)
8 62.9 4.84,d (16.2) (1H, Ha) C13a
4.66, d (16.2) (1H, HP)
8a 121.4 -
9 145.6 -
10 150.2 -
11 118.8 6.93, d (8.3) (1H) H-12 C-9,C-12a
12 125.8 7.01, d (8.3) (1H) H-11 C-10, C-8a
12a 122.4 -
13 29.6 3.85, m (1H, Ha) H-13a
3.02, m (1H, HB)
13a 67.3 4.95, dd (15.0, 4.0) (1H) H-13
3-OCH3; 56.5 3.93, s (3H) C-3
9-OCH; 60.9 3.89, s (3H) c9
NCH; 39.2 2.93, s (3H) C-8, C-13a

Table 2: Antiplasmodial activity of extract and isolated compounds on P. falciparum isolates

Substances

MeOH extract
Iso-N-methyl stepholidine (1)
N-methyl stepholidine (2)
N-methyl tetrahydrocolumbamine (3)
Magnocurarine (4)
Desmethyl magnocurarine (5)
Lumefantrine
Quinine

NT: Note tested

ICso
ug/mL KM
5.02 +0.20 -
2.57 £0.19 7.51 £0.56
NT -

2.51 + 0,12 7.05 £0.34
NT -
20,89 +0.59 69,63 +1.97
4.93 +0.12 9.33 +0.23
3.88 +0.08 11.95 +0.25
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Figure 2: Important Key COSY, HMBC and NOESY Correlations for 1

From a chemotaxomomic viewpoint, similar
benzylisoquinoline alkaloids, such as 1-5 were obtained in
limited plant families ® 1%, N-methyl stepholidine (2) was
isolated from the tubers of Stephania venosa
(Menispermaceae) 12 while N-methyl
tetrahydrocolumbamine (3) was obtained from the stems of
Tinospora hainanensis (Menispermaceae) 13
Magnocurarine (4) was previously isolated from the bark of
Magnolia obovata (Magnoliaceae) 2°, the stems of
Cryptocarya konishii, Litsea cubeba (Lauraceae) **, the bark
of Evodia cf. trichotoma (Rutaceae) '* and from the bark of
Cissampelos pareira (Menispermaceae) 2. As for desmethyl
magnocurarine (5), it has only recently been isolated from
the leaves of Ocotea paranapiacabensis (Lauraceae) along
with benzylisoquinoline alkaloid 4 and two other known
analogues 16, They are to the best of our knowledge
described here for the first time in Isolona cooperi
(Annonaceae). Therefore, they could be used to establish a
relationship between these species.

Antiplasmodial Activity of Compounds

The ex vivo antiplasmodial assay performed on these
compounds showed that iso-N-methyl stepholidine (1) and
N-methyl tetrahydrocolumbamine (3) were the most active

(Table 2). Structurally, these benzylisoquinoline alkaloids
differ only on position 10, where 1 has a hydroxy group and
3 has a methoxy group. The presence of a methyl group in
this position weakly increased activity from 7.51 + 0.56 (1)
to 7.05 = 0.34 uM (3). Moreover, these activity values are
higher than that of lumefantrine and quinine (Table 2)
which are currently used in antimalarial chemotherapy.
However, although the MeOH extract is more active against
P. falciparum, this difference in activity between extract and
the isolated compounds could be explained by the possible
presence of other antiplasmodial molecules not yet
elucidated, or by the complementary or synergistic activity
of these molecules which would be little active separately.

CONCLUSION

A pseudo new benzylisoquinoline along with four other
known ones were isolated from the stem barks of Isolona
cooperi. These compounds that were isolated for the first
time from the plant could be have a chemotaxonomic
importance that would support phylogenetic relationships
between Annonaceae and certain plant families such us
Lauraceae, Magnoliaceae and Menispermaceae. Certain of
these molecules have revealed very promising
antiplasmodial activities, comparable to molecules
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currently used in antimalarial chemotherapy. Further, these
molecules will be evaluated in combination to establish
possible synergies that could justify the promising activity of
the crude MeOH extract. The study of their toxicity is also to
be considered.
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