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ABSTRACT

Morinda lucida (Rubiaceae) is a known medicinal plant used in traditional medicine in West Africa for the
treatment of diseases and infections. The purpose of the present study was to investigate the chemical constituents
of the stem barks of M. lucida from Coéte d’Ivoire. The isolation of the compounds was carried out by a
combination of silica gel column, sephadex gel filtration chromatography, preparative normal phase TLC and
reverse-phase-C18 preparative TLC. The chemical structures were elucidated with the help of MS, 1D, 2D - *H and
3C NMR spectroscopic analysis, as well as the comparison of spectra data with that reported in the literature. The
present phytochemical investigation led to the isolation and characterization of one new anthraquinone, 1,5,15-
trimethylmorindol (8) together with seven known anthraquinones, 3-hydroxy-2-hydroxymethyl-anthraquinone (1),
damnacanthol (2), soranjidiol (3), rubiadin (4), damnacanthol-I-methyl ether (5), lucidin (6) and alizarin-1-methyl

ether (7) from the stem barks of M. lucida.

KEYWORDS: Morinda lucida, Rubiaceae, stem bark, anthraquinone.

1. INTRODUCTION

The genus Morinda (Rubiaceae) is comprised of about 80
species and occurs throughout the tropical regions. In
Africa, the five common species are Morinda lucida, M.
citrifolia, M. geminata, M. longiflora and M.
Morindoides.™ Morinda lucida Benth is an important
plant in traditional medicine in West Africa. Decoctions
and infusions or plasters of roots, barks and leaves are
recognized remedies for different types of ailments,
including fever and malaria.*® The plant is also used in
cases of diabetes’®” high blood pressure®®® and
amenorrhoea. This species is cited in four African
countries for its use against hepatitis.!"”

The traditional use of M. lucida in the cure of several
diseases has led scientists to focus on the chemical
constituents present in the extracts of this plant. Previous
studies have made it possible to isolate twenty
anthraquinones,  two  anthraquinols and  two
anthraquinones glycosides from the roots, stem and stem
barks of M. lucida.™*! From leaves three tetracyclic
spirolactone iridoids, two triterpenic acids*>'® and a
fatty acid™ were isolated. It is easily observed that
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anthraquinones make up the majority of secondary
metabolites isolated from M. lucida. These metabolites
have been characterized by different spectroscopic
methods including 1D NMR, Mass, UV, IR and by
comparison with authentic specimens. These compounds
exhibited interesting biological activities, such as
antifungal™*” and antimalarial.[**!

In this paper, we described for the first time the isolation
and characterization of one new chemical constituent
obtained from the EtOAc extract of M. lucida stem
barks.

2. MATERIALS AND METHODS

2.1 General

'H and *C NMR spectroscopic data were recorded at
303 K on an Avance |11 500 MHz spectrometer (Bruker,
www.bruker.com) fitted with a 5 mm id. “C/*H
cryoprobe carefully tuned to the recording frequencies of
500.13 MHz for 'H and 125.76 MHz for **C. Chemical
shifts are quoted in & (ppm), and spectra are referenced to
the solvent in which they were run (5 7.26 for 'H
C’HCl3; & 2.05 for 'H C?H,COC’H;, & 2.49 for 'H
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C?H3;SOC?H,). Electron impact and chemical ionization
mass spectra were recorded on a DSQIl mass
spectrometer (Thermo-Fisher, www.thermofisher.com).

Column chromatography was performed with 0.063-
0.200 mm, 70-230 mesh silica gel (Merck). Hydrophobic
chromatography was carried out using Sephadex® LH20
gel. Analytical thin-layer chromatography (TLC) was
conducted on TLC silica gel 60 F254 aluminum Plates
20 cm x 20 cm (Merck). Preparative normal phase TLC
was conducted on 0.25 mm thick silica gel 60 F254 glass
plates (Merck). Reverse-phase-C18 preparative TLC was
performed using 0.25 mm thick silica gel 60-RP18 W
F254 glass plates (Merck).

2.2 Plant Material

Stem barks of Morinda lucida were collected in May
2008 in Bobia, village in the west of Coéte d’Ivoire
(6°04'27.2"N 5°50'08.3"W). Plant material was identified
by Professor Ake Assi of the National Floristic Center of
University Felix Houphouét-Boigny, Cocody-Abidjan,
Department of Botany, Cote d’Ivoire, where the voucher
specimen was deposited with number CNF-16259.

The stem barks were dried at ambient temperature in the
dark and pulverized with a Retsch mill to give a powder
that was of <0.5 mm diameter.

2.3 Extraction and isolation of phytochemicals

The dried, powdered stem barks of M. lucida (100 g)
were macerated without agitation at room temperature
for 72 h in, successively hexane (3 x 400 mL), CH,CI, (3
x 400 mL), EtOAc (3 x 400 mL), and MeOH (3 x 400
mL). After each maceration, the liquid phase was
recovered by filtration (Whatman N8 1) and taken to
dryness by rotary evaporation at reduced pressure to
yield a residue. These were respectively hexane (M1, 400
mg), CH,Cl, (M2, 410 mg), EtOAc (M3, 130 mg), and
MeOH (M4, 1260 mg) crude extracts.

The EtOAc extract (M3, 130 mg) was fractionated on a
normal-phase Si-gel column eluted with 100% CH,ClI, to
give two fractions (M3.1 and M3.2) then with hexane/
EtOAc (30:70) to give 20 fractions (M3.3 to M3.22).

The compound 8 (1.4 mg) was obtained after treatment
on a normal-phase Si-gel column eluted with 100%
CH,CI, of the fraction M3.3 (6.4 mg).

All other compounds already known in this plant were
isolated by sequential chromatographic separation from
either the CH,CI, crude extract (1-4) or the EtOAc crude
extract (5-7). The pure compounds 1 (1.4 mg), 2 (1.8
mg), 3 (5.3 mg), 4 (4.3 mg), 5 (2.5 mg), 6 (1.3 mg) and 7
(1.2 mg) were obtained.

3-Hydroxy-2-hydroxymethyl-anthraquinone (1). Yellow
needles. EI-MS m/z (rel. int.): 254 [M]" (76), 236 (100),
208 (25), 180 (33), 152 (41), 139 (10). *H NMR (500
MHz, DMSO-ds): 6 4.61 (2H, s, H-15), 7.86-7.90 (2H,
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m, H-6 and H-7), 8.02 (IH, s, H-4), 8.15-8.18 (2H, m, H-
5 and H-8), 8.25 (IH, s, H-1). *C NMR (125 MHz,
DMSO-dg): & 60.1 (C-15), 114.0 (C-4), 125.3 (C-13),
126.1 (C-1), 126.5 (C-5), 126.7 (C-8), 133.3 (C-12),
133.5 (C-11), 133.9 (C-2), 134.2 (C-6), 134.4 (C-7),
134.6 (C-14), 160.1 (C-3), 180.8 (C-9), 182.7 (C-10).

3-Hydroxy-1-methoxy-2-hydroxymethylanthraquinone
or damnacanthol (2). Yellow needles. EI-MS m/z (rel.
int.): 284 [M]" (26), 269 (100), 265 (39), 251 (36), 238
(18), 139 (22). *H NMR (500 MHz, DMSO-dg,): & 3.89
(3H, s, 1-OCHjy), 4.58 (2H, s, H-15), 7.56 (IH, s, H-4),
7.83 (1H, m, H-6), 7.90 (1H, m, H-7), 8.11 (1H, m, H-5),
8.18 (1H, m, H-8). *C NMR (125 MHz, DMSO-dg): &
52.1 (C-15), 62.5 (1-OCHjy), 111.3 (C-4), 118.7 (C-13),
120.1 (C-2), 126.2 (C-5), 126.8 (C-8), 132.6 (C-11),
133.6 (C-6), 134.1 (C-7), 134.4 (C-12), 134.9 (C-14),
161.7 (C-1), 162.5 (C-3), 180.3 (C-9), 182.8 (C-10).

1,6-Dihydroxy-2-methylanthraquinone or soranjidiol (3).
Yellow needles. EI-MS m/z (rel. int.): 254 [M]* (100),
226 (9), 197 (22), 152 (13), 128 (18), 115 (5). 'H NMR
(500 MHz, DMSO-dg): & 2.21 (3H, s, H-15), 7.18 (1H,
dd, J = 8.5, 2.6 Hz, H-7), 7.42 (1H, d, J = 2.6 Hz, H-5),
7.51 (1H, d, J = 7.6 Hz, H-4), 7.57 (1H, d, J = 7.6 Hz, H-
3), 8.06 (1H, d, J = 8.5 Hz, H-8), 11.21 (1H, br s, 6-OH),
13.05 (1H, s, 1-OH). **C NMR (125 MHz, DMSO-dg): &
15.7 (C-15), 112.4 (C-5), 114.5 (C-13), 118.5 (C-4),
121.3 (C-7), 124.4 (C-12), 129.6 (C-8), 131.1 (C-14),
134.1 (C-2), 135.3 (C-11), 136.7 (C-3), 159.9 (C-1),
163.7 (C-6), 181.6 (C-10), 187.5 (C-9).

1,3-Dihydroxy-2-methylanthraquinone or rubiadin (4).
Yellow needles. EI-MS m/z (rel. int.) 254 [M]" (100),
226 (10), 197 (9), 152 (9), 128 (21), 115 (9), 105 (11). *H
NMR (500 MHz, DMSO-dg): 6 2.03 (3H, s, H-15), 7.22
(1H, s, H-4), 7.83-7.87 (2H, m, H-6 and H-7), 8.09 (1H,
m, H-5), 8.16 (1H, m, H-8), 13.06 (1H, s, 1-OH). **C-
NMR (125 MHz, DMSO-dg): & 9.7 (C-15), 107.9 (C-2),
110.0 (C-13), 117.4 (C-4), 126.6 (C-5), 127.0 (C-8),
132.2 (C-14), 133.4 (C-11), 134.1 (C-12), 134.3 (C-6),
134.9 (C-7), 163.1 (C-3), 165.6 (C-1), 183.0 (C-9), 185.1
(C-10).

3-Hydroxy-I-methoxy-2-methoxymethylanthraquinone
or damnacanthol-I-methylether (5). Yellow amorphous
powder. EI-MS m/z (rel. int.) 298 [M]" (58), 283 (43),
266 (100), 265 (65), 251 (60), 138 (19). ‘*H NMR (500
MHz, DMSO-dg): 8 3.31 (3H, s, 15-OCHj3), 3.81 (3H, s,
1-OCHg), 4.58 (2H, s, H-15), 7.53 (1H, s, H-4), 7.76
(1H, m, H-6), 7.84 (1H, m, H-7), 8.04 (1H, m, H-5), 8.11
(2H, m, H-8). *C NMR (125 MHz, DMSO-dg): & 61.2
(15-OCHg), 62.4 (1-OCHjs), 69.8 (C-15), 109.9 (C-4),
117.5 (C-13), 125.2 (C-2), 125.9 (C-5), 126.6 (C-8),
132.0 (C-11), 133.2 (C-6), 133.9 (C-7), 1345 (C-12),
136.8 (C-14), 162.3 (C-1), 162.9 (C-3), 179.8 (C-9),
182.5 (C-10).

1,3-Dihydroxy-2-(hydroxymethyl)-anthraquinone or
lucidin (6). Yellow amorphous powder. EI-MS m/z (rel.
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int.): 270 [M]"* (18), 252 (100), 224 (20), 196 (38) 168
(22), 139 (30). *H NMR (500 MHz, DMSO-de): & 4.47
(2H, s, H-15), 7.26 (1H, s, H-4), 7.89-7.93 (2H, m, H-6
and H-7), 8.15 (1H, m, H-5), 8.22 (1H, m, H-8), 13.20
(1H, s, 1-OH). C NMR (125 MHz, DMSO-d): & 51.3
(C-15), 62.1 (15-OCHs), 62.4 (1-OCHj3), 109.8 (C-4),
118.1 (C-13), 126.3 (C-5), 126.5 (C-2), 126.9 (C-8),
132.2 (C-11), 133.7 (C-6), 134.5 (C-7), 134.9 (C-12),
135.3 (C-14), 161.3 (C-1), 162.6 (C-3), 180.4 (C-9),
183.1 (C-10).

1-Methoxy-2-hydroxy-anthraquinone  or  alizarin-1-
methyl ether (7). Yellow crystals. EI-MS m/z (rel. int.):
254 [M]* (52), 236 (32), 208 (100), 183 (16), 139 (31),
127 (39). *H-NMR (500 MHz, acetone-dg): & 3.95 (3H, s,
1-OCHy), 7.37 (1H, d, J = 8.4 Hz, H-3), 7.84-7.89 (2H,
m, H-6 and H-7), 8.04 (1H, d, J = 8.4 Hz, H-4), 8.23-8.27
(2H, m, H-5 and H-8); 9.26 (1H, s, 2-OH). ®*C-NMR
(125 MHz, acetone-dg): & 61.8 (1-OCHjs), 120.9 (C-3),
124.9( C-4), 126.2 (C-5), 126.6 (C-13), 126.7 (C-8),
127.0 (C-14), 133.0 (C-11), 133.6 (C-6), 133.8 (C-7),
134.8 (C-12), 148.3 (C-1), 157.3 (C-2), 181.5 (C-10),
183.7 (C-9).

1,5,15-trimethylmorindol (8). Yellow needles. EI-MS
m/z (rel. int.): 328 [M]" (60), 314 (19), 313 (100), 297
(18), 296 (29), 295 (25), 283 (27), 270 (15), 265 (26),
250 (21), 225 (17), 224 (15), 223 (19), 222 (52), 221
(17), 181 (19), 152 (18), 139 (24), 127 (16), 126 (15), 45
(23). '"H NMR (500 MHz, acetone-dg,) data, see Table 1.
BC NMR (125 MHz, acetone-ds) data, see Table 1.

3. RESULTS AND DISCUSSION

The dried powdered stem barks of M. lucida were
sequentially washed with hexane, CH,Cl,, EtOAc then
MeOH. Chromatography of the CH,Cl, extract yielded 4
compounds, namely  3-Hydroxy-2-hydroxymethyl-
anthraquinone (1)™Y, damnacanthol (2)"Y, soranjidiol
(3) and rubiadin (4)™, while a further 4 compounds,
damnacanthol-I-methylether (5)*** |ucidin (6)™!, 1-
Methoxy-2-hydroxy-anthraquinone or alizarin-1-methyl
ether (7)™* and 1,5,15-trimethylmorindol (8), were
purified from the EtOAc extract. Compound 8 soluble in
acetone was obtained as yellow needles. The CI-MS of 8
gave an [M+H]" ion at m/z 329 and the El spectrum
indicated the molecular formula C;gH»,05 or CigH160s.
The C NMR spectrum (DEPT90 and DEPT135)
showed 18 signals: 10 of these were due to quaternary
carbons (of which 2 were carbonyl groups and 8 were
aromatic), 4 to aromatic CH, 1 to CH, and 3 to CH;
indicating the molecular formula CygH1¢Os.

The 'H NMR spectrum of 8 showed a broad singlet at &
9.23 (1H) that could be attributed to the OH of a phenol
group, four doublets at 6 8.03 (J = 8.0 Hz), 7.98 (J = 8.5
Hz), 7.87 (J = 8.0 Hz) and 7.36 (J = 8.5 Hz) each
integrating for 1H and coupling in ortho were
characteristic of the aromatic protons of a tetrasubstituted
anthraquinone (two substituents on each ring A and C).
A further singlet observed at 6 4.63 (2H) was attributed
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to CH,O group. Additionally, 3 signals at & 3.93, 3.91
and 3.46 were observed. These were attributed to the
methoxyl groups. These preliminary results showed
unambiguously that compound 8 was a bisubstituted
anthraquinone on each ring A and C with the four
aromatic protons ortho coupling two by two. The HSQC
and HMBC spectra allowed to specify the structure of
the molecule.

The 3H of OCHs at & 3.46 correlated in 3J with the
carbon at 6 69.5 which carried the 2H at d 4.63 of CH,0.
These two protons in turn correlated with the carbon at &
134.1 carrying the proton at & 7.87 and with the
quaternary carbon at & 158.7 in 3J. They were also
correlated with quaternary carbon at & 141.0 in 2J. The
proton at & 7.87 ppm correlated with carbon at ¢ 69.5
(CH,0), with quaternary carbons at 8 137.2 and 158.7 in
%J. Which gave the following motive:

The quaternary carbon at 6 141.0 correlated with the
proton at & 8.03 carried by the carbon at & 123.5 in 3J.
The carbon at & 158.7 was correlated with the 3H of the
methoxyl group at 6 3.91 carried by the carbon at § 62.3.
That gave ring C and its substituents.

62.3 58.8

The proton at & 8.03 correlated with the quaternary
carbons at 6 1259 and 141.0 and with the carbonyl
carbon at § 182.9 in 3J.

62.3 58.8
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The 3H of the methoxyl group at & 3.93 carried by the
carbon at & 61.8 were correlated with the quaternary
carbon at & 147.8 in %J, which in turn correlated with the
proton at & 7.36 carried by the carbon at & 121.9 in *J.
This proton correlated in %] with quaternary carbon at &
129.3.

H
7.36 121.9 129.3
147.8
O._61.8
\CH3
3.93

The proton at & 7.98 carried by the carbon at § 125.6
correlated in 3J with the quaternary carbons at & 126.9
and 157.3 and then with the carbon of the carbonyl group
at 6 181.9. The carbon at & 157.3 was certainly the one

OCHs
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carrying the hydroxyl group. Hence obtaining the ring A
and its substituents:

Of all that preceded, compound 8 was determined as
1,5,15-trimethylmorindol. ~ The  main  correlations
observed in HMBC have been described in Figure 1.

CHs;
Fig. 1: Compound 8: (a) numbering and (b) correlations deduced from HMBC spectrum.

Table 1: 1H (500 MHz) and 13C (125 MHz) NMR assignments for 8 in acetone-dé.

Position dc oy HMBC

1 158.7 - -

2 141.0 - -

3 134.1 | 7.87 (d, J=8.0 Hz) C-1, C-14, C-15

4 123.5 | 8.03 (d, J =8.0 Hz) C-2,C-10,C-13

5 147.8 - -

6 157.3 - -

7 121.9 | 7.36 (d, J =8.5 Hz) C-5,C-12

8 125.6 | 7.98 (d, J = 8.5 Hz) C-6,C-9, C-11

9 181.9 - -

10 182.9 - -

11 126.9 - -

12 129.3 - -

13 125.9 - -

14 137.2 - -

15 69.5 4.63s C-1, C-2, C-3, 15-OCH3;
1-OCH; | 62.3 3.91s C-1
5-OCH; | 61.8 3.93s C-5

6-OH - 9.23 C-5,C-7
15-OCH; | 58.8 3.46s C-15

Assignments are based on HSQC and HMBC experiments.
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The compound 8 is a new anthraquinone from M. lucida.
It has already been isolated from the leaves and fruits of
Morinda citrifolia.l'?! The studies of Takashima et
al.l®! showed that 1,5,15-trimethylmorindol did not
exhibit significant cytotoxic activity on cells of the
human leukemia line T, Jurkat; but demonstrated
significant cytotoxicity when combined with TRAIL
protein (Tumor necrosis factor-related apoptosis-
inducing ligand). These results suggested that the
combined treatment of compound 8 with TRAIL protein
may be a new strategy for the treatment of cancer.[*!

4. CONCLUSION

The phytochemical investigation of the stem barks of M.
lucida led to the isolation and identification of one new
anthraquinone 1,5,15-trimethylmorindol (8) together
with seven known anthraquinones 3-hydroxy-2-
hydroxymethyl-anthraquinone (1), damnacanthol (2),
soranjidiol (3), rubiadin (4), damnacanthol-I-methylether
(5), lucidin (6) and alizarin-1-methyl ether (7).1*4*2142%]
Anthraquinone 1,5,15-trimethylmorindol (compound 8)
demonstrating a cytotoxic activity on cancer cells of the
human leukemia line T.%% would justify the traditional
use of barks against various inflammatory manifestations
by the close link between inflammation and cancer.?

5. ACKNOWLEDGMENTS

The authors are grateful to Julie Hemez for running CI-
MS and HRESI-MS, to the Laberca Laboratory (Oniris,
Nantes) for use of their Orbitrap facility and to the
Biopolymers, Interactions and Structural Biology
Laboratory (INRA, Nantes) for use of their MALDI-
TOF-TOF facility.

REFERENCES

1. Okoh S. O., Asekun O. T., Familoni O. B. and
Afolayan A. J. Composition and antioxidant
activities of leaf and root volatile oils of Morinda
lucida, Nat. Prod. Commun, 2011; 6: 1537-1541.

2. Eyog O. M., Adjanohoun E., de Souza S. and Sinsin
B. Rapport du Programme de ressources genétiques
forestieres en Afrique au sud du Sahara (programme
SAFORGEN). Réseau  “Espeéces  Ligneuses
Meédicinales” Compte rendu de la premiére réunion
du Réseau, 15-17 Deécembre 1999. Station IITA
Cotonou, Bénin, 1999.

3. Olajide O. A., Awe S. O. and Makinde J. M. The
Effects of Morinda lucida Benth (Rubiaceae)
Extract on the Gastrointestinal Tract of Rodents,
Phytother. Res., 1998; 12: 439-441.

4. Olumayokun A. O., Olubusayo A. S., Modupe M. J.
and Olugbenga M. Evaluation of the Anti-diabetic
Property of Morinda lucida Leaves in
Streptozotocin-diabetic Rats, J. Pharm. Pharmacol.,
1999; 51: 1321-1324.

5. Raji Y., Akinsomisoye O. S. and Salman T. M.
Antispermatogenic activity of Morinda lucida
extract in male rats, Asian J. Androl., 2005; 7:
405-410.

www.ejbps.com

6.

10.

11.

12.

13.

14.

15.

16.

17.

European Journal of Biomedical and Pharmaceutical Sciences

Watt J. M. and Breyer-Brandwijk M. G. The
medicinal and poisonous plants of Southern and
Eastern Africa.: E.S. Livingstone Ltd, London.
1962.

Tra Bi F. H,, Irié¢ G. M., N°’gaman K. C. C. and
Mohou C. H. B. Etudes de quelques plantes
thérapeutiques utilisées dans le traitement de
I’hypertension artérielle et du diabéte deux
maladies émergentes en Cote d’Ivoire, Sciences &
Nature, 2008; 5: 39-48.

N’guessan H. A., Dago D. C. E., Mamyrbékova-
Békro J. A. and Békro Y.-A. CCM D’extraits
Sélectifs de 10 Plantes Utilisées Dans le Traitement
Traditionnel de L’hypertension Artérielle en Cote
d’Ivoire, Eur. J. Sci. Res., 2011; 66: 575-585.

Tra Bi F. H,, Irié¢ G. M., N°’gaman K. C. C. and
Mohou C. H. B. Etudes de quelques plantes
thérapeutiques utilisées dans le traitement de
I’hypertension artérielle et du diabéte deux
maladies émergentes en Cote d’Ivoire, Sci. Nat.,
2008; 5: 39-48.

Bitsindou M., Lejoly J. and Van E. K. Les plantes
employées contre les affections hépatiques en
médecine traditionnelle africaine MEDICAMENTS
ALIMENTS: L’APPROCHE
ETHNOPHARMACOLOGIQUE in 2éme Colloque
Européen d'Ethnopharmacologie et de la 1leme
Conférence internationale d'Ethnomédecine, 1993.
Rath G., Ndonzao M. and Hostettmann K.
Antifungal anthraquinones from Morinda lucida, Int.
J. Pharmacogn., 1995; 33: 107-114.

Adesogan E. K. Anthraquinones and anthraquinols
from Morinda lucida: The biogeneticsignificance of
oruwal and oruwalol, Tetrahedron Lett., 1973; 29:
4099-4102.

Koumaglo K., Gbeassor M., Nikabu O., De Souza C.
and Werner W. Effects of three compounds
extracted from Morinda lucida on Plasmodium
falciparum, Planta Med., 1992; 58: 533-535.
Demagos G. P., Baltus W. and Hofle G. New
Anthraquinones and Anthraquinone Glycosides from
Morinda lucida, Zeitschrift fur Naturforschung B,
1981; 36: 1180.

Adesogan E. K. Oruwacin, a new iridoid ferulate
from Morinda lucida Phytochemistry, 1979; 18:
175-176.

Kwofie K. D., Tung N. H., Suzuki-Ohashi M.,
Amoa-Bosompem M., Adegle R., Sakyiamah M. M.,
Ayertey F., Owusu K. B., Tuffour I., Atchoglo P.,
Frempong K. K., Anyan W. K., Uto T., Morinaga
O., Yamashita T., Aboagye F., Appiah A. A,
Appiah-Opong R., Nyarko A. K., Yamaguchi Y.,
Edoh D., Koram K. A., Yamaoka S., Boakye D. A.,
Ohta N., Shoyama Y. and Ayi |. Antitrypanosomal
Activities and Mechanisms of Action of Novel
Tetracyclic Iridoids from Morinda lucida Benth,
Antimicrob. Agents Chemother., 2016; 60: 3283-90.
Phakhodee W. Distribution of Naturally Occurring
Anthraquinones, Iridoids and Flavonoids from

76



Kouamé et al. European Journal of Biomedical and Pharmaceutical Sciences

Morinda Genus: Chemistry and Biological Activity,
Walailak J Sci & Tech, 2012; 9.

18. Gonzalez A. G., Cardona R. J., Lopez Dorta H.,
Medina J. M. and F. R. L. The chemistry of
Rubiaceae. III. Anthraquinones of “Ploclama
Pendula” Ait, Anales de Quimica, 1977; 73:
869-871.

19. Takashima J., Ikeda Y., Komiyama K., Hayashi M.,
Kishida A. and Ohsaki A. New constituents from the
leaves of Morinda citrifolia, Chem. Pharm. Bull.,
2007; 55: 343-5.

20. Akihisa T., Matsumoto K., Tokuda H., Yasukawa
K., Seino K.-i., Nakamoto K., Kuninaga H., Suzuki
T. and Kimura Y. Anti-inflammatory and Potential
Cancer Chemopreventive Constituents of the Fruits
of Morinda citrifolia (Noni), Journal of Natural
Products, 2007; 70: 754-757.

21. Takashima J., Ikeda Y., Komiyama K., Hayashi M.,
Kishida A. and Ohsaki A. New constituents from the
leaves of Morinda citrifolia, Chem Pharm Bull,
2007; 55: 343-345.

22. Coussens L. M. and Zena W. Inflammation and
cancer, Nature, 2002; 420: 860-867.

www.ejbps.com 77



