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Constituents of Erythrina caffra Stem Bark Grown in Egypt
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Abstract — A new 3-indolyl propionate alkaloid; (—) abrine (1), was isolated from the alcohol extract of Erythrina
caffra stem bark together with the alkaloid (—) hypaphorine (2). Phytochemical investigation of the chloroform
extract led to the isolation of one fatty alcohol; 1-octacosanol, isolated for the first time from genus Erythrina, two
dienoid alkaloids; erythraline and erysodine, and three isoflavonoids; 3S (+) 2'-O-methylphaseollidinisoflavan (3),
(6aR, 1laR)- 3-hydroxy-10-dimethylallyl-9-methoxypterocarpan, known as sandwicensin (4) and 3R (-)
erythbidin A (5). It is worth mentioning that this is the first report for the isolation of these isoflavonoids from E.
caffra. The absolute configuration of 3S (+) 2'-O-methylphaseollidinisoflavan (3) was not previously reported.
The isolated isoflavonoids showed promising antibacterial activity against Staphylococcus aureus.
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Introduction

Genus Erythrina is a member of family Fabaceae,
subfamily Papilionideae. It comprises over 108 species of
orange or red flowered trees, shrubs and herbaceous
plants. The genus is found throughout the tropical and
sub-tropical warm regions of the world. (Raven, 1974).
Erythrina species are used traditionally to treat infections,
malaria, inflammation, jaundice, anemia, dysentery (Saidu
et al., 2000) female infertility, stomach pain, and gonorrhea
(Lee et al., 2009). Several species of Erythrina are used
for their tranquilizer effects (Garin-Aguilar et al., 2000;
Vasconcelos et al., 2007; Ferreira de Lima er al., 2006).
Biological testing confirmed most of the traditional uses
of Erythrina species. Erythrina caffra bark is traditionally
used to treat sores, wounds, arthritis, sprains and aches
(Verschaeve and Van Staden, 2008), while the leaves are
used as paste for urinary complaints and venereal diseases
and as infusion for earache (Pillay et al., 2001). The ethyl
acetate extract of E. caffra bark showed antibacterial and
cyclooxygenase inhibition activities (Majinda et al., 2005;
Pillay er al., 2001).

Previous phytochemical investigations on the Erythrina
species have revealed that flavonoids (El-Masry er al.,
2002) and alkaloids (Amer, 1991) are the principle secondary
metabolites of the genus. Pterocarpans, one of the largest
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subclasses of isoflavonoids, are widely found in the genus
Erythrina. More than 38 new pterocarpans were isolated
during the period between the years 2000-2009 (Zaatout,
2009).

Previous phytochemical work on E. caffra examined
the alkaloidal fraction and resulted in the isolation of a
number of alkaloids. However, literatures lack any infor-
mation on the flavonoids constituents of E. caffra. That is
may be due to difficulty facing scientist in isolation of the
bioactive compounds (Pillay ez al., 2001). In this work we
attempted to further study the constituents of E. caffra
stem bark.

Experimental

General — Melting points were determined in open
capillary tubes using Thermosystem FP800 Mettler FP80
central processor supplied with FP81 MBC cell apparatus,
and were uncorrected. UV spectra were obtained in
methanol and with different shift reagents on a Unicum
Heyios-o. UV-Visible Spectrophotometer. Optical rotations
were recorded on a Jasco P-2000 Polarimeter. CD curves
were recorded on J-815CD Spectrometer. 'H and “C
NMR spectra were recorded on a Bruker DRX-500
(Central Lab at the College of Pharmacy, King Saud
University) Spectrometer operating at 500 MHz for 'H-
NMR and 125 MHz for *C-NMR. The chemical shift
values are reported in & (ppm) relative to the internal



212

standard TMS or residual solvent peak, the coupling
constants (J) are reported in Hertz (Hz). 2D-NMR
experiments (COSY, HSQC and HMBC) were obtained
using standard Bruker program. HRESIMS were
measured using a JEOL JMS-HX-110 instrument. ESIMS
were measured using E.J. Finnigan model 4600
quadrupole system. Centrifugal preparative TLC (CPTLC)
using Chromatotron (Harrison Research Inc. model
7924): 4 mm silica gel P254 disc.

Plant material — The stem bark of E. caffra Thumb.
was collected from Alexandria (Cultivation garden) in
September, 2008. The plant was identified by the Late
Prof. Nabil El. Hadidi, Department of Botany, Faculty of
Science, Cairo University and a voucher specimen (#EC-
14) were kept in the Department of Pharmacognosy,
Alexandria University, Alexandria, Egypt.

Extraction and isolation — Fresh sliced stem bark of
E. caffra (2 kg) was extracted to exhaustion with CHCI;
(12 L) at room temperature. The solvent was evaporated
under reduced pressure at 45 °C to give 10 g of viscous
residue. The bark was then extracted with 12 L of 70%
EtOH at room temperature. Ten grams of dry alcohol
extract were obtained after evaporation of solvent under
reduced pressure at 45 °C.

Fractionation of the EtOH extract — The dry EtOH
extract (10 g) was dissolved in 300 ml EtOH/H,0O mixture
2 : 1 and successively extracted with hexane (3 x 300 ml)
and EtOAc (3 % 250 ml). The hexane fraction (0.8 g) gave
P-sitosterol and S-amyrin after purification on silica gel
column.

The EtOAc fraction (2 g) was chromatographed over
silica gel column (100 g, 3 cm i.d.). Elution started with
5% MeOH in CHCI; with gradual increase in the ratio of
MeOH. Twenty nine fractions, 150 ml each, were collected,
screened by TLC using CHCl;: MeOH (7 : 3) and similar
fractions were combined. Fractions eluted with 18%
methanol gave 24 mg of 1 by crystallization from MeOH.
Fractions eluted with 20% methanol were subjected to
CPTLC using 20% MeOH in CHCI; to give 3 mg of 2.

Fractionation of the CHCl; extract— The dry
chloroform extract (10 g) was fractionated using silica gel
column (300 g, 5cm id.) and elution was carried out
using CHCI; followed by CHCl;/MeOH mixtures in a
gradient system. Fifty fractions, 250 ml each, were collected,
screened by TLC using CHCI; : MeOH (7 : 3) and similar
fractions were combined.

Fractions eluted with 5% MeOH in CHCl; were
subjected to CPTLC using 5% MeOH in CHCI; give 10
mg of white solid identified as 1-Octacosanol.

Fractions eluted with 8% MeOH in CHCl; were
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chromatographed over silica gel column (30 g, 2 cm i.d.).
Elution was carried out using 5% MeOH in CHCl;
followed by CPTLC using 5% MeOH in CHCI; to give
30 mg of the alkaloid erythraline previously isolated from
the same plant (Amer et al., 1993).

Fractions eluted with 10% MeOH in CHCl;, were
further purified over silica gel column (50g, 2cm
diameter) eluting with 5% MeOH in CHCI; followed by
CPTLC using 5% MeOH in CHCI; to give 10 mg of 3
and 20 mg of 4.

CPTLC (5% MeOH in CHCI;) of fractions eluted with
13% MeOH in CHCl; gave 15mg of the alkaloid
erysodine previously isolated from the same plant (Amer
et al., 1993) after repeated crystallization from EtOAc/
hexane mixture.

Similarly, fractions eluted with 15% MeOH in CHCI;
were subjected to CPTLC (5% MeOH in CHCI;) to give
8 mg of 5.

(-) Abrine (1) — White crystals, m.p. 248 -250 °C
(MeOH); UV Ay, nm: (MeOH) 219, 279; [a]”® —13.25°
(c 0.02, MeOH); 'H- and “C-NMR data (Table 1);
HRFABMS m/z 219.1133 [M+H]" (calc. for 219.1134
[CiH14N,O, + H] 7).

(-)Hypaphorine (2) — Amorphous residue, UV A,
nm: (MeOH) 219, 280; [a]* —4.75° (¢ 0.02, MeOH); 'H-
NMR (CDClL): 6y 7.21 (IH, s, H-2), 7.35 (1H, br.d, J=
8.0 Hz, H-4), 7.12 (1H, br.t, J=8.0 Hz, H-5), 7.06 (1H,
brt, J=8.0 Hz, H-6), 7.65 (1H, brd, J=28.0 Hz, H-7),
3.46 (2H, t, J=5.5 Hz, H-10), 3.93 (1H, dd, /=5.5, 9.0
Hz, H-10), 3.33 (9H, s, CH;) 8.57(NH, indolic); "C-NMR
(CDCly): 8¢ 125.1 (C-2), 109.1 (C-3), 112.4 (C -4), 122.6
(C-5), 120.0 (C-6), 119.0 (C-7), 138.1 (C-8), 128.3 (C-9),
24.8 (C-10), 80.7 (C-11), 171.6 (C-12), 52.8 (CHjy);

Table 1. 'H- and *C-NMR spectral data (8 ppm) of HCI salt of 1°
Position "H-NMR" BC-NMR HMBC
2 727 (1H, s) 1256  C-3,C-8,C-9
3 - 107.2
4 7.40 (1H, d, J=17.0) 112.6
5 7.15 (1H, brd, J=6.5) 1229
6 7.08(1H,brd,J=65) 120.4
7
8
9

763 (1H,d,J=7)  119.1
- 138.3
- 1283

10 3.53 (2H, br.s) 26.7 C-2,C3,C-11,C-12
1 4.28 (1H, br.s) 62.6 C-3,C-10,C-12, CH;
12 - 170.9

CH; 2.73 (3H, s) 329 C-11

®Data were collected in CD;0D
®Jvalues in parenthesis in Hz.
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1: Rl= NH(CH,)
2: R1= +I\I(CI{3)3

R2= COOH
R2=COO

HO (0}
7/83 2
AKX
3

HRFABMS m/z 247.1443 [M+H]" (calc. for 247.1447
[C14H sN,O,+H]").

3S (+) 2'-O-Methylphaseollidinisoflavan (3) — Yello-
wish white residue. UV An,,, nm: (MeOH) 282;
(NaOMe) 245(sh), 291; (AICl;) 281, 314, 359; (AICly/
HCI) 281, 313, 361; (NaOAc) 282, 328(sh); [a]* +115.9°
(c 0.02, MeOH). CD Ae (MeOH; ¢ 1.0): +10.86 (258),
—4.86 (264), —9.14 (279), —11.43 (284), —10.86 (288); 'H-
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NMR (CDCLy): 64 429 (1H, dd, J=2.5, 9.0 Hz, H-2,,),
3.97 (1H, t, J=10.5 Hz, H-2,,), 3.55 (1H,m, H-3 ,,), 2.90
(2H, brdd, J=10.5, 14.5 Hz, H-4), 6.98 (1H, d, J=8.0
Hz, H-5) 6.42 (1H, dd, J=38.0, 2.5 Hz, H-6), 6.40 (1H,
brs, H-8), 6.67 (1H, d, J=8.5 Hz, H-5"), 6.91 (1H, d,
J=8.5 Hz, H-6'), 348 (2H, d, J=6.0 Hz, H-1"), 5.28
(1H, brs, H-2"), 1.87 (3H, s, H-4"), 1.79 (3H, s, H-5"),
3.75 (3H, s, OCH3); *C-NMR (CDCl;): 8¢ 70.7 (C-2),
31.4 (C-3), 31.9 (C-4), 1304 (C-5), 107.9 (C-6), 154.8
(C-7), 103.3 (C-8), 155.1 (C-9), 114.8 (C-10), 120.8 (C-
1", 156.9 (C-2), 126.4 (C-3'), 154.9 (C-4"), 112.3 (C-5"),
125.9 (C-6"), 23.6 (C-1"), 121.8 (C-2"), 135.2 (C-3"), 17.9
(C-4"), 25.7 (C-5"), 62.3 (OCH3); ESIMS m/z (rel. int.):
703 (2M +Na', 100), 698 ([2M +H,0]", 87), 358 (M +
H,OJ", 58), 363 (M +Na]", 15), 341 ([M +H]",100).

(6aR, 11aR)-Sandwicensin (3-hydroxy-10-dimethylallyl-
9-methoxypterocarpan) (4) — Yellow residue. UV Apa,,
nm: (MeOH) 232(sh) 281, 287; (NaOMe) 248, 288;
(AICI3) 232(sh), 281, 287, 314, 359; (AICL;/HCI) 232(sh),
281, 287, 313, 361; (NaOAc) 280, 287(sh); [a]* —192.1
(¢ 0.02, MeOH). CD Ag (MeOH; ¢ 1.0): +47.6 (230),
—57(246), +52.4 (270), —17.3 (277), +16.9 (284), +65.3
(295); 'H-NMR (CDCLy): &, 7.43 (1H, d, J=8.5 Hz, H-
1), 6.57 (1H, dd, /= 8.5, 2.5 Hz, H-2), 6.43 (1H, br. s, H-
4), 425 (1H, dd, J=5, 11 Hz, H-6), 3.68 (1H, t, J=11
Hz, H-6), 3.55 (1H, m, H-6a), 7.04 (1H, d, J= 8.5 Hz, H-
7), 6.44 (1H, d, J=6.5 Hz, H-8), 5.48 (1H, d, /= 6.5 Hz,
H-11a), 3.31 (2H, m, H-1"), 5.26 (1H, m, H-2"), 1.78 (3H,
s, H-4"), 1.68 (3H, s, H-5"), 3.83(3H, s, OCH;); C-NMR
(CDCl3): 8¢ 132.4 (C-1), 109.6 (C-2), 156.9 (C-3), 103.2
(C-4), 156.6 (C-4a), 66.5 (C-6), 40.0 (C-6a), 119.3 (C-
6b), 121.5 (C-7), 103.0 (C-8), 158.6 (C-9), 113.1 (C-10),
158.5 (C-10a), 77.9 (C-11a), 113.1 (C-11b), 22.9 (C-1),
122.3 (C-2"), 131.4 (C-3"), 25.7 (C-4"), 17.7 (C-5"), 55.9
(OCH3); ESIMS m/z (rel. int.): 356 ([M+H,0]", 52), 339
(IM +H]",75), 283 ([IM-C4H,]", 38).

3R (-) Erythbidin A (5) — Yellow crystals, m.p. 200 -
202 °C (MeOH); UV Apa, nm: (MeOH) 227 (sh) 283;
(NaOMe) 236 (sh), 289, 331; (AICl;) 228 (sh), 280, 313,
359; (AICIy/HCI) 228 (sh), 280, 311, 359; (NaOAc) 284,
360 (sh); [a]*® =17.1 (c 0.02, MeOH). CD Ae (MeOH; ¢
1.0): —4.17 (265), +1.04 (271), —6.77 (279), +7.29 (287);
'H-NMR (CDCl;): & 4.16 (1H, dd, J=17.5, 14.5 Hz, H-
2.4) 4.04 (1H, t, J=10.0 Hz, H-2,,), 3.54 (1H, m, H-3 ),
2.98 (1H, dd, J=11.0, 15.5 Hz, H4), 2.87 (1H, m, H-4),
6.96 (1H, d, J=8.0 Hz, H-5), 6.42 (1H, dd, /=38, 2.5 Hz,
H-6), 6.39 (1H, d, J=2.5 Hz, H-8), 6.31 (1H, d, /=8.5
Hz, H-5"), 6.82 (1H, d, J=8.5 Hz, H-6"), 6.67 (1H, d,
J=10.0 Hz, H-1"), 5.63 (1H, d, J=10.0 Hz, H-2"), 1.45
(3H, s, H-4"), 1.44 (3H, s, H-5"); *C-NMR (CDCl5): 8¢
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Table 2. MIC and MBC values of the tested isoflavonoids against
Staphylococcus aureus ATCC6538P

MIC MBC
(mg/ml)  (mg/ml)
38 (+) 2'-O-methylPhaseollidinisoflavan (3) 0.125 0.5
(6aR, 11aR)- Sandwicensin (4) 0.0625 0.5
3R (-) Erythbidin A (5) 0.0625 0.25

Compound

70.1 (C-2), 31.8 (C-3), 30.3 (C-4), 130.3 (C-5), 107.8 (C-
6), 155.2 (C-7), 103.2 (C-8), 154.9 (C-9), 114.8 (C-10),
121.1 (C-1), 151.5 (C-2", 109.5 (C-3"), 1503 (C-4"),
107.4 (C-3"), 126.9 (C-6"), 116.6 (C-1"), 129.2 (C-2"), 76.0
(C-3"), 27.7 (C-4" and C-5"); ESIMS m/z (rel. int.): 671
([2M +Na]*, 100), 666 ([2M +H,0]", 65), 347 (M +
Nal, 17), 325.0 (M +H]", 62).

1-octacosanol — White amorphous solid; '"H-NMR
(CDCL): 8y 3.64 (2H, t, J=7.0 Hz, H-1), 1.57 (2H, m,
H-2), 1.28 (50 H, br.s, H-3 to H-27), 0.88 (3H, t, J=7.0
Hz, H-28); C-NMR (CDCl;): 8¢ 63.1 (C-1), 32.8 (C-2),
22.7-31.9 (C-3-C-27), 14.0 (C-28); ESIMS m/z (rel. int.):
392 [M-H,07", 364, 97, 83, 57.

Discussion

HRFABMS of 1 shows a pseudomolecular ion peak
[M+H]" at m/z 219.1133 for the molecular formula
CpHi4N,O, . The UV spectrum of 1 in MeOH shows
Amax at 219 and 279 nm, characteristic for a mono-
substituted indole skeleton (Kondo ef al., 1994). This fact
was further confirmed from 'H-NMR spectrum (Table 1)
which exhibits signals for four coupled aromatic sp’
protons at oy 7.40, 7.15, 7.08 and 7.63 (H-4, H-5, H-6
and H-7, respectively). Moreover, 'H-NMR spectrum
showed a singlet for an olefinic proton at &y 7.27 typical
of the indolic H-2, thus the site of substitution on the
indole ring is deduced to be at C-3 (Tasdemir er al,
2002). NMR spectra of 1 exhibit an extra proton singlet
integrated for three methyl protons at oy 2.73 correlated
to a carbon signal at §¢c 32.9 in an HSQC experiment
typical for an aliphatic N-methyl function at the amino
group of the side chain, and not on the indole nitrogen
(Tasdemir et al, 2002). The 'H-NMR spectra also
showed a methylene protons signals at &y 3.53 (2H, br.s)
and one methine proton at oy 4.28 (1H, br.s) which were
correlated with carbon signals at ¢ 26.7 (C-10) and 62.6
(C-11) in the HMQC experiment respectively. A
quaternary carbon at 5¢ 170.9 (C-12) was assigned to a
carbonyl group. HMBC experiment confirmed the presence
of {-CH,-CH-NHCH;-COOH} side chain connected at
C-3 of the indole nucleus (Tasdemir ef al., 2002; Kinjo et
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al, 1991). The data of 1 were closely similar to those
reported for 2-methylamino-3-(3-indolyl) propionic acid
commonly known as abrine (Kinjo ef al.,, 1991; Ma ef al.,
1991). The (L) stereochemistry of the single chiral center
(C-11) was determined from the downfield shift of the
aliphatic methine (6y 4.28, H-11) comparing with that of
L-tryptophan (Pouchert and Behnke, 1993). These data
together with the negative optical rotation ([a]° —13.25)
lead to establish 1 as the L (-) form of abrine, a new
enantiomer isolated for the first time from the nature.
HRFABMS of 2 showed a pseudomolecular ion peak
[M+H]" at m/Zz 247.1443 for the molecular formula
C4HsN>O,. Both NMR and UV data showed a close
similarity to 1. The significant difference from 1 was the
presence of a singlet at dy 3.33 integrated for nine
protons, characteristic for N(CHs); in the 'H-NMR
spectrum. The data of 2 were consistent with those
reported for 2-trimethylamino-3-(3-indolyl) propionate
commonly known as hypaphorine (Kinjo ef al., 1991; Ma
et al, 1991). The (L) stereochemistry of the single chiral
center (dy 3.93, C-11) is determined from the downfield
shift of the aliphatic methine comparing with that of L-
tryptophan (Pouchert and Behnke, 1993). Hypaphorine
was previously isolated from different Erythrina species
(Amer, 2001; Ozawa et al., 2008). However, this is the
first report for the isolation of hypaphorine from E. caffra.
The UV spectrum of 3 in MeOH showed only one A,
at 282 nm, characteristic for isoflavan skeleton (Harborne,
1988). This fact was confirmed from the 'H-NMR
spectrum which exhibits the complex ABMXX" system
[FO-HACHp-CHy-HxCHx ] for the five aliphatic protons
of the isoflavan heterocyclic ring. This system is assigned
for H-2,c and H-2¢ (8 3.97 and 4.29), H-3,, (dy 3.55)
and 2H-4 (&4 2.90), correlated to carbons at (3¢ 70.7, 31.4
and 31.9) characteristic of isoflavan skeletons (Kumar et
al., 1989). The axial position of H-3 is deduced from the
coupling constants with 2H-2; Jreq3ax = 2.5 HzZ, Jrag3ax =
10.5 Hz. In the 'H-NMR spectrum of 3 the ABX system
at 8y 6.98, 6.42 and 6.40 is assigned for H-5, H-6 and H-8
of ring A, respectively. The two ortho coupled aromatic
protons at dy 6.67 and 6.91 assigned for H-5' and H-6',
respectively (Tanaka et al, 1998), indicating a 2', 3', 4'
trisubstituted B-ring. The NMR spectra of 3 also showed
a methoxyl signal at oy 3.75 (8¢ 62.3) and characteristic
signals for a prenyl group appearing as gem-dimethyl
signals at oy 1.87 (3H, s, H-4") & &4 1.79 (3H, s, H-5"),
one methine proton at &y 5.28 (1H, br.s, H-2") and two
methylene protons at oy 3.48 (2H, d, J=6.0 Hz, H-1")
along with their carbon signals at 6 23.6, 121.8, 135.2,
17.9 and 25.7 corresponding to C-1", C-2", C-3", C-4" and
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C-5", receptively. The four oxygenated quateranary
aromatic carbons in the ?*C-NMR of 3 were assigned to
C-7, C-9, C-2' and C-4' on biogenetic basis (Preston,
1975). The chemical shift of the methoxyl carbon at d¢
62.3 was typical for methoxyl flanked by di-ortho
substituents (Rottman and James, 1985). Consequently,
the methoxyl group was assigned to C-2' position while
the prenyl group was assigned to C-3'. These assignments
were further confirmed from the HMBC experiment were
the aliphatic protons at oy 3.48 (H-1") showed correlation
with the carbon at d¢ 156.9 (C-2') which is attached to the
methoxyl carbon. ESI-MS of 3 showed a pseudomo-
lecular ion peak [M +H]" at m/z 341 consistent with the
molecular formula C,;H,;,04. The absolute configuration
at C-3 was determined from the CD spectrum, where the
negative cotton effect in the 260 - 300 nm region indicates
the (3S) configuration (Kumar ez al., 1989; Kurosawa et
al., 1978). The data of 3 are identical with those reported
in literature for 2'-O-methylphaseollidinisoflavan (Preston,
1975) previously isolated from E. x bidwillii (Tanaka et
al., 1998). It worth to mention that, this is the first report
for the absolute configuration of 3 and the first report for
its isolation from E. caffra.

The UV and NMR data of 5 indicated a close relation
and similar substitution pattern with 3. However, NMR
data lack the methoxyl group present in 3 and the prenyl
signals were replaced by a dimethyl pyran ring signals.
These facts were supported by ESI-MS that showed a
pseudomolecular ion peak [M + H]" at m/z 325 consistent
with the molecular formula C,,H,;O4. The formation of
the dimethyl pyran ring can occur by coupling of C-3'
with either C-2' or C-4' hydroxyl. The two possible
structures are known. The fact that 5 failed to produce any
color with Gibb's reagent (King, 1957; Kumar et al,
1989) indicates undoubtfully that cyclization took place
between C-3' and C-2' hydroxyl. The above discussion
enables the identification of 5 as erythbidin A, previously
isolated from E. x bidwillii (Tanaka et al, 1998). The
absolute configuration at C-3 was determined from the
CD spectrum as (3R) configuration, due to the positive
cotton effect in the 260-300 nm region (Kumar et al,
1989; Kurosawa ef al., 1978). This is the first report for
isolation of 5 from E. caffra.

The NMR spectra of 4 showed close similarity to those
of 3 in the aromatic region and the prenyl signals. ESI-
MS of compound 4 shows a pseudomolecular ion peak at
m/z 339 deducing the molecular formula to be Cy;H»,04,
two unites less than 3. These data suggested a cyclization
between hydroxyl group and a non-oxygenated carbon
leading to a petrocarpan skeleton closely related to 3. The
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UV Apmax at 281 and 287 nm were in favour of pterocarpan
skeleton (Harborne, 1988). This fact is supported by 'H-
and C-NMR spectra where only four aliphatic protons
appear; 2H-6 at 3y 3.68, 4.25 (8¢ 66.5), H-6a at &y 3.55
(0c 40.0), H-11a at &y 5.48 (8¢ 77.9). The positions of the
methoxyl and the prenyl group at C-9 and C-10,
respectively were determined by the HMBC experiment
and were consistent with the substitutions at 3 and 5. The
H-1' aliphatic protons of the prenyl group at &y 3.31
showed 2-bonds correlation with C-10 (8¢ 113.1) and 3-
bonds correlation with C-9 (3¢ 158.6). The methoxyl
protons at &y 3.83 show 3-bonds correlation with C-9 (8¢
158.6) and 4-bonds correlation with C-8 (8¢ 103.0). The
data of 4 were similar to those reported for 3-hydroxy-10-
dimethylallyl-9-methoxypterocarpan known as sandwicensin.
The CD spectrum of compound 4, which shows a positive
cotton effect at 295 nm, and the negative optical rotation
([o]p —192.1) determine the (6aR, 11aR)-cis configuration.
sandwicensin was previously isolated from the genus
Erythrina (Tanaka et al,, 1998; Khaomek ef al, 2004,;
Sato et al, 2003), but this is the first report for its
isolation from FE. caffra.

Extracts of the stem bark E. caffra showed antibacterial
activity (Pillay ef al., 2001). In our previous work, seven
prenylated flavonoids were isolated from the stem bark
extract of E. lysistemon. Three of them showed promising
antibacterial activity against resistant Staphylococcus
aureus strains (Zaatout, 2002). Sandwicensin (4) showed
in vitro anti-HIV activity (Veitch, 2007) and it also
showed potent antibacterial activity against MRSA
(Djiogue et al, 2009). These findings motivated us to
explore the antimicrobial activity of the three isolated
flavonoids. Three parameters were determined to evaluate
the antimicrobial activity against Staphylococcus aureus
ATCC6538P, Pseudomonas aeruginosa ATCC9027,
Candida albicans ATCC2091 and Escherichia coli
ATCCR8739. Inhibition zones were determined using cup
plate technique (NCCLS, 2002). Only significant inhibition
zones were obtained against Staphylococcus aureus. Both
the minimum inhibitory concentration (MIC) and the
minimum bactericidal concentration (MBC) were
determined for 3 - 5 (Table 2) using broth dilution technique
(Fernandes ef al., 1985). The three isoflavonoids showed
promising activity against Staphylococcus aureus.

Acknowledgments
This work was supported in part by Alexandria

University and Universities Supreme Council, Egypt. The
authors thank Mr Ali Badawi from the Medicinal,



216

Aromatic and Poisonous Plants Research Center
(MAPPRC) College of Pharmacy, King Saud University
for technical assistance. Our thanks are also due to the
Central Laboratory at the College of Pharmacy, King
Saud University for spectral analyses and Mr Bill Bebout
at the Analytical services unite, Department of Chemistry,
Virginia Tech., Blacksburg, VA, USA for the high
resolution mass spectral analysis.

References

Amer, M.E., The tetracyclic Erythrina alkaloids. J. Nat. Prod., 54(2), 329-
363 (1991).

Amer, M.E., Alkaloids of Erythrina lysistemon L. leaves. Alex. J. Pharm.
Sci., 15(1), 40-43 (2001).

Amer, M.E., Kassem, F.F., El-Masry, S., Shamma, M., and Freyer, A.J.,
NMR spectral analysis of five alkaloids from Erythrina caffra. Alex. J.
Pharm. Sci., 7(1), 28-31(1993).

Djiogue, S., Halabalaki, M., Alexi, X., Njamen, D., Fomum, Z.T., Alexis,
MN,, and Skaltsounis, A-L., Isoflavonoids from Erythrina poeppigiana:
Evaluation of Their Binding Affinity for the Estrogen Receptor. J.
Nat. Prod., 72(9), 1603-1607 (2009).

El-Masry, S., Amer, M.E., Abdel-Kader, M.S., and Zaatout, H.H.,
Prenylated flavonoids of Erythrina lysistemon grown in Egypt.
Phytochemistry, 60, 783-787 (2002).

Fernandes, C.J., Stevens, D.A., Groot Obbink, D.J., Slater, G, and
Ackerman, V.P., A replicator method for the combined determination
of minimum inhibitory concentration and minimum bactericidal
concentration. J. Antimicrob. Chemother., 15, 53-60 (1985).

Ferreira de Lima, M.R., Luna, J. d-S., dos Santos, A.F., de Andrade,
M.C.C,, Sant’Ana, A.E.G, Genet, J-P., Marquez, B., Neuville, L., and
Moreau, N., Anti-bacterial activity of some Brazilian medicinal plants.
J. Ethnopharmacol., 105, 137-147 (2006).

Garin-Aguilar, M.E., Lunaa, J.ER., Soto-Hernandez, M., del Toro, GV,
and Vazquez, M.M., Effect of crude extracts of Erythrina americana
Mill. on aggressive behavior in rats. J. Ethnopharmacol., 69, 189-196
(2000).

Harborne, J.B., The flavonoids, Advances in research since 1980.
Chapman& Hall, London, 1988.

Khaomek, P., Ruangrungsi, N., Saifah, E., Sriubolmas, N., Ichino, C.,
Kiyohara, H., and Yamada, H., A new pterocarpan from Erythrina
fusca. Heterocycles, 63(4), 879-884 (2004).

King, F.E., King, T.J., and Manning, L.C., The Gibb's reaction and the
constitution of jacareubin. J. Chem. Soc. 563-566 (1957).

Kinjo, J., Matsumoto, K., Inoue, M., Takeshita, T., and Nohara, T., A new
sapogenol and other constituents in Abri Semen, the seeds of Abrus
precatorius L.1. Chem. Pharm. Bull., 39(1), 116-119 (1991).

Kondo, K., Nishi, J., Ishibashi, M., and Kobayashi, J., Two new
tryptophan-derived alkaloids from the okinawan marine sponge
Aplysina sp. J. Nat. Prod., 57(7), 1008-1011 (1994).

Kumar, R.J., Krupadanam, GL.D., and Srimannarayana, G., Isoflavans
from Millettia racemosa. Phytochemistry 28(3), 913-916 (1989).

Kurosawa, K., Ollis, W.D., Redman, B.T., Sutherland, 1.0., Alves, HM.,
and Gottlieb, O.R., Absolute configurations of isoflavans.
Phytochemistry, 17, 1423-1426 (1978).

Lee, J., Oh, WK., Ahn, J.S., Kim, Y.H., Mbafor, J.T., Wandji J., and
Fomum, Z.T., Prenylisoflavonoids from Erythrina senegalensis as
Novel HIV-1 Protease Inhibitors. Planta Med. 75, 268-270 (2009).

Ma, C.-M., Nakamura, N., and Hattori, M., Saponins and C-glycosyl

Natural Product Sciences

flavones from the seeds of Abrus precatorius. Chem. Pharm. Bull., 46
(6), 982-987 (1991).

Majinda, R.R.T., Wanjala, C.C.W., and Juma, B.F.,, Bioactive non-
alkaloidal constituents from the genus Erythrina. Atta-ur-Rahman
(Ed.) Studies in Natural Products Chemistry, 32, Part 12, 821-853
Elsevier B.V., 2005.

National Committee of Clinical Laboratory Standards (NCCLS),
Performance standards for antimicrobial susceptibility testing. Twelfth
informational supplement. M2-A7. Table 2., Wayne, Pennsylvania,
USA, 2002.

Ozawa, M., Honda, K., Nakai, I., Kishida, A., and Ohsaki, A.,
Hypaphorine, an indole alkaloid from Erythrina velutina, induced
sleep on normal mice. Bioorg. Med. Chem. Lett., 18, 3992-3994
(2008).

Pillay, C.CN., Jiager, AK., Mulholland, D.A., and van Staden, J.,
Cyclooxygenase inhibiting and anti-bacterial activities of South
Aftican Erythrina species. J. Ethnopharmacol. 74, 231-237 (2001).

Pouchert, C.J., and Behnke, J., The Aldrich Library of C and 'H FT
NMR spectra. Ed.1, Vol. I, 169 and Vol. 111, 144, 1993.

Preston, N.W., 2-O-Methylphaseollidinisoflavan from infected tissue of
Vigna unguiculata. Phytochemistry, 14, 1131-1132 (1975).

Raven, PH., Erythrina (Fabaceae): Achievements and opportunities”. J.
Nat. Prod. 37(3), 321-487 (1974).

Rottman, J.N. and James, L.F., Chemistry of toxic range plants. Highly
oxygenated flavonol methyl ethers from Gutierrezia microcephala.
Phytochemistry, 24(4), 835-848 (1985).

Saidu, K., Onah, J., Orisadipe, A., Olusola, A., Wambebe, C., and
Gamaniel, K., Antiplasmodial, analgesic, and anti-inflammatory
activities of the aqueous extract of the stem bark of Erythrina
senegalensis. J. Ethnopharmacol., 71, 275-280 (2000).

Sato, M., Tanaka, H., Yamaguchi, R., Oh-Uchi, T., and Etoh, H.,
Erythrina poeppigiana-derived phytochemical exhibiting antimicrobial
activity against Candida albicans and methicillin-resistant Staphylococcus
aureus. Lett. Appl. Microbiol., 37, 81-85 (2003).

Tanaka, H., Tanaka, T., Hosoya, A., Kitade, Y., and Etoh, H., An isoflavan
from Erythrina x bidwillii. Phytochemistry, 47(7), 1397-1400 (1998).

Tasdemir, D., Bugni, T.S., Mangalindan, G.C., Concepcion, G.P., Harpera,
MK, and Irelanda, C.M., Cytotoxic Bromoindole Derivatives and
Terpenes from the Philippine Marine Sponge Smenospongia sp. Z.
Naturforsch., S7¢, 914-922 (2002).

Vasconcelos, S.M.M., Lima, N.M., Sales, GT.M., Cunha, GM.A., Aguiar,
L.M.V, Silveira, E.R., Rodrigues, A.C.P., Macedo, D.S., Fonteles,
M.M.F,, Sousa, F.C.F.,, and Viana, G.S.B., Anticonvulsant activity of
hydroalcoholic extracts from Erythrina velutina and Erythrina
mulungu.J. Ethnopharmacol., 110, 271-274 (2007).

Veitch, N.C., Isoflavonoids of the Leguminosae. J. Nat. Prod., 24, 417-
464 (2007).

Verschaeve, L. and Van Staden, J., Mutagenic and antimutagenic
properties of extracts from South African traditional medicinal plants.
J. Ethnopharmacol., 119, 575-587 (2008).

Zaatout, H.H., A phytochemical investigation of some plants belonging to
family Leguminosae" M.S. thesis, Pharmacognosy Department,
Faculty of Pharmacy, Alexandria University, Egypt, 2002.

Zaatout H.H., A phytochemical investigation of some plants belonging to
family Fabaceae and family Apocynaceae" Ph.D. thesis, Pharmacognosy
Department, Faculty of Pharmacy, Alexandria University, Egypt,
2009.

Received August 10, 2010
Revised December 10, 2010
Accepted December 13, 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


