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A B S T R A C T

Two new iridoid glycosides, named 6β-O-methyl-unedoside (1) and 6β-O-methyl-5-deoxythunbergioside (2)
along with two known phenyl propanoid glucoside compounds dolichandroside A (3) and verbascoside (4) were
isolated from the aerial parts of Odontonema cuspidatum (Nees) Kuntze (Acanthaceae). Structure elucidation of
the new compounds was established by interpretation of their 1D and 2D-NMR spectral data by comparing with
literatures, HRESIMS and optical activity measurement. The isolated compounds were tested for their in vitro
antimicrobial and antimalarial activities. Compound 4 showed a moderate antimicrobial activity against E. coli
with IC50 value of 17.5 μM in comparing with Vancomycin and Cefotaxime.

1. Introduction

Iridoids are class of secondary metabolites found in enormous
varieties of plants and in some animals. They are monoterpenes bio-
synthesized from isoprene and they are predominantly intermediates in
the alkaloids biosynthesis. Chemically, the iridoids commonly consist of
a cyclopentane ring fused to a six-membered oxygen heterocycle. They
usually have a bicyclic H-5/H-9 β, β-cis-fused cyclopentano-pyran ring
system. Iridoids occur as glycosides (mainly with glucose unit) or
complex epoxides in plants. Different classes of iridoids show diversity
in their biological activities including antimicrobial (Modaressi et al.,
2009; Luciano et al., 2010), anticancer (Anand et al., 2008; Lin et al.,
2009), antidiabetic (Huang et al., 2010), antihyperlipidemic (Vaidya
et al., 2009), anti-osteoporosis (Chen, 2003), antioxidant (Wu et al.,
2009), anti-protozoal (Jonville et al., 2008), antiviral (Kogure et al.,
2008), hepatoprotective (Jaishree et al., 2010), human neutrophil
elastase inhibitory activity (Navia et al., 1989), immunomodulatory
activity (Dwivedi et al., 2008), melanogenesis inhibitory activity
(Akihisa et al., 2010), neuroprotective activity (Yu et al., 2009) and
neuritogenic activity (Ohkubo et al., 2004). Acanthaceae family is one
of the iridoids rich family which comprises of about 346 genera and
around 4300 species (Core, 1955; Willis and Shaw, 1973; Ghazanfar,
1994). The genus Odontonema is a member of the Acanthaceae family
and include about 20–30 species distributed in Mexico, Central and
South America and the Caribbean (Daniel, 1995). They are ordinarily

cultivated as ornamentals in greenhouses, nurseries and gardens in
tropical and subtropical territories (Daniel, 1995; Francis, 2009). The
genus Odontonema had widely used in folk medicine as a remedy for
several ailments as wound healing (Giovannini and Heinrich, 2009),
anti-inflammatory and for inducing child birth (Caballero-George and
Gupta, 2011). Odontonema cuspidatum, the plant under investigation
had used in folk medicine in the treatment of hypertension (Ouedraogo
et al., 2005). In our previous research on the aerial parts of Odontonema
cuspidatum, the methanolic extract showed antioxidant and hepato-
protective activity on CCl4-induced liver injury in rats (Refaey et al.,
2015). Also, the MeOH/DCM (1/1//v/v) extract of the dried leaves of
the plant exhibited impressive activity against Staphylococcus aureus,
Escherichia coli and Klebsiella ssp. compared to Chloramphenicol (Pierre
et al., 2015). The previous phytochemical screening of the plant re-
vealed the presence of flavonoids, saponin, glycosides, tannins, steroids
and terpenoids in leaves extracts (Lokadi and Pierre, 2015). In addition
to the isolation and identification of tiliroside from the MeOH/DCM (1/
1//v/v) extract of the dried leaves (Luhata et al., 2016). In the present
study, we declared the isolation and structure elucidation of two new
iridoid glycosides 1 and 2 together with two known phenyl propanoid
glucoside, compounds 3 and 4. All compounds were tested for their
antimicrobial and antimalarial potentials.
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2. Experimental

2.1. General experimental procedures

1D and 2D-NMR spectra were recorded using the residual solvent
signal as an internal standard on a Bruker BioSpin Gm bH 400 and 500
spectrometers (Bruker, Rheinstetten, Germany). High resolution mass
spectrometry was measured using a Bruker BioApex FT mass spectro-
meter (Bruker, Rheinstetten, Germany). Optical rotations were ob-
tained using a Research Analytical Autopol V polarimeter (Rudolf).
Column chromatography (CC) was performed on silica gel 60 F254
(0.2 mm, Merck) and Sephadex™ LH-20.

2.2. Plant material

The fresh aerial parts of Odontonema cuspidatum (Nees) Kuntze
(stem and leaves) were collected from El-Orman Botanical Garden Giza,
Egypt (May 2013). The plant was identified and authenticated by Agr.
Eng. Therese Labib, consultant of plant taxonomy at the Ministry of
Agriculture and ex. director of El-Orman Botanical Garden, Giza, Egypt.
A voucher specimen (OC02- 2013) was deposited at the department of
pharmacognosy, faculty of pharmacy, Al- Azhar University, Assuit,
Egypt.

2.3. Extraction and isolation

Air-dried powdered aerial parts of O. cuspidatum (4 kg) were ex-
tracted with 90% methanol by maceration at room temperature till
exhaustion (4 × 8L). The combined methanolic extracts were con-
centrated under reduced pressure at 40 °C and left to dry to afford 380 g
of dark green viscous residue. The dried methanolic extract was sus-
pended in distilled water and successively partitioned between n-
hexane (5 × 1 L), dichloromethane (3 × 1 L), ethyl acetate (5 × 1 L)
and n-butanol (4 × 2L). Each phase concentrated under reduced pres-
sure separately to give n-hexane (45 g), dichloromethane (4.5 g), ethyl
acetate (13 g), n-butanol (84 g) fractions and remaining aqueous extract
(230 g). The ethyl acetate fraction was loaded on silica gel column and
eluted using gradient system of CH2Cl2-MeOH; fractions of 100 mL each
were collected. The collected fraction eluted with CH2Cl2- MeOH 85:15
(4.5 g) was subjected to silica gel column chromatography using
CH2Cl2-MeOH in a gradient elution manner, where four subfractions (a
− d) were collected. Subfraction a (1.2 g) subjected to sephadex LH-20
using CH2Cl2-MeOH (1:1) as an elution system to give two subfractions
a1 (172 mg) and a2 (110 mg). The subfraction a1 subjected to silica gel
column chromatography using dichloromethane/ethyl acetate: me-
thanol: water (40/80/11/2 v/v) as an elution system to afford com-
pounds 1 (4 mg), compound 2 (8 mg) and compound 3 (5 mg).
Subfraction b (1.3 g) subjected to Rp-18 column using MeOHe H2O
(1:1) as an elution system to give two subfraction b1 (45 mg) and b2
(60 mg). The subfraction b2 subjected to sephadex LH-20 using CH2Cl2-
MeOH (1:1) as an elution system to give compound 4 (21 mg).

2.4. In vitro antimicrobial assay

All strains used for the biological evaluation of the isolated com-
pounds from O. cuspidatum were obtained from the American Type
Culture Collection (Manassas, VA). They were comprising the fungus
strains of C. albicans ATCC 90028, Aspergillus fumigatus ATCC 90906
and Cryptococcus neoformans ATCC 90113, while the bacterial strains
were Escherichia coli ATCC 35218, Pseudomonas aeruginosa ATCC
27853, K. pneumoniae and methicillin-resistant S. aureus ATCC 43300
(MRSA). Susceptibility testing was implemented using a modified ver-
sion of the CLSI (formerly NCCLS) methods as described (Samoylenko
et al., 2009; Radwan et al., 2015) and references therein M. in-
tracellulare was tested using a modified method according to method
described in literature (Franzblau et al., 1998).

2.5. . In vitro antimalarial activity

Antimalarial activity was evaluated in vitro against chloroquine-
sensitive (D6, Sierra Leone) and chloroquine-resistant (W2, Indo China)
strains of P. falciparum through measuring plasmodial LDH activity as
described (Makler and Hinrichs, 1993). The tested compounds were
dissolved in DMSO (2 mg/mL). A 200 μL suspension of P. falciparum
culture (2% parasitemia and 2% hematocrit in RPMI 1640 medium
supplemented with 10% human serum and 60 μg/mL amikacin) was
inserted to the wells of a 96-well plate containing10 μL of serially di-
luted samples. A mixture comprises of 90% N2, 5% O2, and 5% CO2
gases flushed the plate then incubated at 37 °C for 72 h in a modular
incubation chamber. Plasmodial LDH activity evaluated using Malstat™
reagent (Flow Inc., Portland, OR). At short notice, 20 μLof the incuba-
tion mixture was mixed with 100 μL of the Malstat reagent then in-
cubated for 30 min. After that, 20 μL of a 1:1 mixture of NBT/PES
(Sigma, St. Louis, MO) was added and the plate was further incubated
for 1 h in dark. The reaction was stopped by adding 100 μL of a 5%
acetic acid solution. The plate was read at 650 nm using the EL-340
Biokinetics Reader (Bio-Tek Instruments, Vermont). IC50 values were
gained from the dose–response curves generated by plotting growth
percent against drug concentration. Artemisinin and chloroquine were
used in each assay as positive control. DMSO (0.25%) was used as a
vehicle control.

3. Results and discussion

3.1. Identification of compound 1

Compound 1 was obtained as colorless needles (methanol). Its
molecular formula was established as C15H22O9 from the negative mode
HRESIMS. The 1H NMR spectrum of compound 1 showed the presence
of two olefinic proton signals at δH 6.37 (dd, J= 1.2, 5.6 Hz) and δH
4.94 (ddd, J = 10.0, 5.6 and 0.8 Hz) together with hemiacetal proton
signal at δH 4.74 (d, J = 9.6) assigned to the characteristic protons H-3,
H-4 and H-1, respectively of dihydropyran ring of an iridoid skeleton
(El-Naggar and Beal, 1980; Ismail et al., 1996). It also showed signals at
δH 2.31 (ddd, J= 17.2, 7.6 and 0.8) and at δH 2.07 (m) suggesting the
presence of usual cyclopentane ring together with dihydropyran ring of
an iridoid skeleton and these two signals are assigned for H-9 and H-5,
respectively. In addition to the presence of a characteristic signal at δH
4.54 (d, 1H, J = 7.6 Hz) which is characteristic for an anomeric proton
of a sugar moiety. The sugar linkage was assigned as β form on basis of
the anomeric proton coupling constant at δH 4.54 (1H, J = 7.6 Hz) and
in accordance with literature (Rimpler and Pistor, 1974). Also, two
downfield shift signals at δH 3.64 (1H, d, J = 2.4) and δH 3.51 (1H, d,
J = 2.8) suggesting the presence of two oxygenated proton signals at
the cyclopentane ring of the iridoid skeleton. Another singlet signal at
δH 3.39 suggested the presence of substituted methoxy group at the
cyclopentane ring (Table 1). The 13C NMR spectrum showed resonances
for olefinic carbons at δC 141.07 (C-3), δC 102.52 (C-4) together with
hemiacetal carbon at δC 94.64 (C-1) which are characteristic for an
iridoid skeleton as in literature (Ismail et al., 1996). In addition to an
anomeric carbon at δC 99.27 (C-1′) and two oxygenated carbon at δC
53.86 and δC 53.96 which were attributed to the presence of an oxirane
ring at C-7 and C-8, respectively (Ismail et al., 1996). Other 13C NMR
resonances confirmed these functionalities of typical carbon signals of a
glucopyranose iridoid skeleton. This interpretation was in accordance
with the unedoside structure (Geissman et al., 1966; Rimpler and
Pistor, 1974; Ismail et al., 1996; Jensen et al., 1998; Dinda et al., 2007)
except the presence of an additional methoxy group which was con-
firmed by HMBC by its substitution at C-6 of cyclopentane ring. The
complete assignments were established by analyzing the HMBC spectra
(Fig. 2), as well as the coupling constants in the 1H NMR spectrum and
the chemical shifts in the 13C NMR spectrum. It was noticed that the
acetal proton showed a large coupling constant (J = 9.6) indicating
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that unedoside is β glucoside and C-1 and C-9 bear a trans relationship
(Geissman et al., 1966). The relative configuration of compound 1 was
established by the NOESY experiment (see Fig. 3). Generally, naturally
occurring iridoids display the H-5 and H-9 could only be β-oriented.
NOESY correlations observed for H-1/H-8α, H-1/H-7, H-1/H-6, in-
dicated a β-configuration for the methoxyl group at C-6, sugar moiety at
C-1 and for the oxirane ring at C-7 and C-8. These configurations were
consistent with the stereochemistry reported in literature (Geissman

et al., 1966; Ismail et al., 1996; Jensen et al., 1998; Dinda et al., 2007).
From the above, compound (1) could unequivocally be identified as;
6β-O-methyl- unedoside.

3.2. Identification of compound 2

Compound (2) was obtained as colorless needles (methanol). Its
molecular formula was determined as C15H23ClO9 from the negative
mode HRESIMS. The 1H NMR spectrum showed the presence of two
olefinic proton signals at δH 6.21 (dd, J = 2.0, 6.4 Hz) and δH 4.80 (dd,
J = 8.0, 2.0 Hz) together with hemiacetal proton resonated at δH 5.34
and appeared as doublet (J = 1.2) assigned to the characteristic H-3, H-
4 and H-1, respectively of dihydropyran ring of an iridoids skeleton (El-
Naggar and Beal, 1980; Ismail et al., 1996). Also, a triplet signal at δH
2.11 (J = 8.4) and a doublet of doublet signal at δH 2.54 (J = 1.6, 8.4)
suggesting the presence of usual cyclopentane ring together with di-
hydropyran ring of an iridoids skeleton and these two signals are as-
signed for H-9 and H-5 of this nucleus, respectively. In addition to the
presence of a doublet signal at δH 4.43 (1H, J = 8.0 Hz) characteristic
for an anomeric proton of a sugar moiety. The sugar linkage was set as β
form on basis of the anomeric proton large coupling constant at δH 4.43
(1H, J = 8.0 Hz). In addition, the presence of two doublet of doublet
signals at δH 3.8 (1H, J = 4, 7.2) and δH 3.78 (1H, J = 8.4, 3.2) in-
dicating the presence of more down fielded electronegative substituent
protons in the cyclopentane ring and not in epoxide form due to the
absence of small coupling constant between H-7 and H-8 (0.6-0.8)
which confirming the absence of trans coupling between vicinal protons
in cyclopentane epoxides (Rimpler and Pistor, 1974). Another singlet
signal at δH 3.33 suggested the presence of substituted methoxy group
at the cyclopentane ring (Table 1). The 13C-NMR spectrum showed
resonances for olefinic carbons at δC 141.07 (C-3), δC 104.07 (C-4) to-
gether with hemiacetal carbon at δC 90.74 (C-1) which are character-
istic for an iridoid skeleton. In addition to an anomeric carbon at δ
97.89 (C-1′) and two more down field electronegative substituent car-
bons at δC 68.58 and δC 76.97 indicating the presence of an oxygenated
carbon and/or a halogenated substituent at these positions and absence

Table 1
1H NMR (400 MHz) and 13C NMR (100 MHz) data of compounds 1 and 2 (data obtained
in DMSO-d6).

Compound 1 Compound 2

Position δC δH [mult., J (Hz)] δC δH [mult., J (Hz)]
1 94.64 4.74 (d, J = 9.6) 90.74 5.34 (d, J= 1.2)
3 141.07 6.37 (dd, J= 1.2, 5.6) 141.07 6.21 (dd, J = 2.0,

6.4)
4 102.52 4.94 (ddd, J = 10.0, 5.6,

0.8)
104.07 4.80 (dd, J = 6.0,

2.0)
5 34.42 2.07 (m) 33.50 2.54 (dd, J = 8.4,

1.6)
6 86.63 3.62 (dd, J= 7.6, 0.8) 90.93 3.48 dd (J= 4.8, 1.6)
7 53.86 3.64 (d, J = 2.4) 68.58 3.8 dd (J = 4, 7.2)
8 53.96 3.51 (d, J = 2.8) 76.97 3.78 (dd, J = 8.4,

3.2)
9 41.35 2.31 (ddd, J = 17.2, 7.6,

0.8)
44.03 2.11 (br. t, J = 8.4)

10- OCH3 57.11 3.39 (s) 56.69 3.33 (s)
1′ 99.27 4.54 (d, J = 7.6) 97.89 4.43 (d, J= 8.0)
2′ 72.96 3.05 (dd, J= 10.0, 1.2) 73.08 3.06 (dd, J = 8.8,

4.4)
3′ 76.21 3.14 (d, J = 8.8) 76.64 3.14 (m)
4′ 69.90 3.09 (m) 69.92 3.07 (m)
5′ 77.06 3.11 (m) 77.20 3.10 (m)
6′ 61.18 3.73 (m) 60.91 3.66 (dd, J = 10.8,

5.6)
3.44 (m) 3.41 (dd, J = 11.6,

5.6)

Fig. 1. Structures of the isolated compounds from
Odontonema cuspidatum.
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of an oxirane ring (Jensen and Nielsen, 1989; Kamel et al., 2000). This
interpretation was in accordance with the 5-deoxy thunbergioside
structure pattern (Damtoft et al., 1993) except the presence of an ad-
ditional methoxy group in compound 2 which was confirmed by HMBC
by its substitution at C-6 of cyclopentane ring (Fig. 2). The complete
assignments were established by analyzing the HSQC and HMBC
spectra, as well as the coupling constants in the 1H NMR spectrum and
the chemical shifts in the 13C NMR spectrum. Comparison of the spec-
troscopic data and key NOESY correlations with compound 1, the re-
lative configurations at C-5, C-6, C-8 and C-9 in compound 2 were the
same to 1 (see Fig. 3). Moreover, the NOESY cross peaks of H-1/H-9 and
H-7/H-9, but not of H-1/H-9 and H-7/H-9 for compound 1 indicated β-
orientation of H-1 and H-7 in compound 2. These configurations were
in accordance with 5-deoxy thunbergioside (Damtoft et al., 1993). The
chirality of the compound 2 was based on the small coupling constant
of hemiacetal proton (H-1, J = 1.2) giving the equatorial position of the
sugar moiety (C.f. large coupling constant of hemiacetal proton of
compound 1 made the sugar moiety in the axial position). The presence
of chlorine atom in compound 2 was confirmed by HRESIMS. The re-
solution of ESI-mass spectral analysis in the positive mode of compound
2 revealed the presence of two molecular ion peaks [M + Na]+, m/z
405.1020 and 407.1014, in a nearly 3:1 ratio. In addition, the calcu-
lation of the elemental composition from the exact masses of the ion

peaks indicated the compound 2 contained 35Cl and 37Cl atoms.
Therefore, one of the carbon atoms manifested to carry a chlorine atom
as an electro-negative substituent (the most downfield carbon) and the
remaining carbon had to afford a hydroxyl group, based on elemental
composition (Jensen and Nielsen, 1989; Sudo et al., 1997). From above,
compound 2 could unequivocally be identified as; 6β-O-methyl-5-
deoxythunbregioside.

The known isolated compounds were identified by analyzing the
spectroscopic data (1D and 2D NMR) and comparing their data with
those in the literature to be identified as Dolichandroside A (3)
(Kanchanapoom et al., 2002; Aparna et al., 2009) and Verbascoside (4)
(Ersoz et al., 2002; Kanchanapoom et al., 2002). To the best of our
knowledge, these compounds were isolated from O. cuspidatum for the
first time (Fig. 1). Also, the chlorinated iridoids had been isolated from
different genus and species of Acanthaceae family but it is the first time
to report them in Odontonema genus.

After establishing the structures of the two new iridoid glycosides,
we investigated their antimicrobial activity against different bacterial
and fungal strains, as well as anti-malarial activity together with the
two known compounds. The antibacterial activities of the four com-
pounds were evaluated against Escherichia coli, Pseudomonas aeruginosa,
K. pneumoniae and methicillin-resistant S. aureus (MRSA). Compound 4
(Verbascoside) showing a moderate antimicrobial activity against E. coli

Fig. 2. The key HMBC (H → C) correlations of the compound 1 and 2.

Fig. 3. The key NOESY correlations of the compound
1 and 2.
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with IC50 value of 17.53 μM in comparing with Vancomycin and
Cefotaxime (Table 2). The antifungal activities against various patho-
genic fungi including C. albicans, Aspergillus fumigatus and Cryptococcus
neoformans showing that none of the tested compounds exhibited an-
tifungal activity in comparison with Amphotericin B (Table 2). Anti-
malarial activity was evaluated against chloroquine-sensitive (D6,
Sierra Leone) and chloroquine-resistant (W2, Indo China) strains of P.
falciparum, but none of the tested compounds showed any activity
(Table 3).

3.3. 6β-O −methyl-unedoside (1): needle crystals; [α]25D - 40.0°

(c = 0.025, MeOH); m.p. 381–383 °C. 1H and 13C NMR assignments are
recorded in Table 1. HRESIMS (negative ion mode) m/z 381.1038 ([M
+ Cl]−, calcd. for C15H22O9, 381.0952).

3.4. 6β-O-methyl-5-deoxythunbergioside (2): needle crystals; [α]25D
-24.0° (c = 0.025, MeOH); m.p. 415–417 °C. 1H and 13C NMR assign-
ments are recorded in Table 1; HRESIMS (positive ion mode) m/z
405.1020 ([M + Na]+, calcd. for C15H23

35ClNaO9, 405.0928),
407.1014 ([M+ Na]+, calcd. for C15H23

37ClNaO9, 407.0934).

4. Concluding remarks

Two new iridoid glycosides, 6β-O-methyl-unedoside (1) and 6β-O-
methyl-5-deoxythunbergioside (2) together with two known com-
pounds; dolichandroside A (3) and verbascoside (4) were isolated from
the ethyl acetate fraction of the aerial parts of Odontonema cuspidatum
(Nees) Kuntze (Acanthaceae). The detection of 1 and 2 is not only a
further addition to the diversity of iridoid glycosides, but also, its
presence as distinctive marker may be helpful in chemo-taxonomical
classifications of the genus. Compound 4 showed a moderate activity
against E. coli with IC50 values of 17.535 μM in comparison with
Vancomycin and Cefotaxime.
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