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1. Introduction

ABSTRACT

Objective: To investigate the seeds of Millettia ferruginea (M. ferruginea) to unravel its
antibacterial, antifungal, antitubercular, and antileishmanial potential for the first time.
Methods: M. ferruginea seeds were refluxed separately with chloroform, methanol and water
to prepare the three extracts, which were tested against the reference strains of Gram-positive
and Gram-negative bacteria, yeast cells, Mycobacterium tuberculosis and Leishmania donovani
(L. donovani) promastigotes. Next, the seeds were chemically analysed to isolate three
constituent compounds, viz., barbigerone, calopogonium isoflavone-A and durmillone, which
were purified, characterised and evaluated for antibacterial and antileishmanial activity. Further,
Comet assay was conducted to observe DNA fragmentation effects on human peripheral blood
mononuclear cells pretreated with the isoflavonoid compounds.

Results: The chloroform and methanol extracts of M. ferruginea seeds exhibited antibacterial
and antileishmanial activity. The pure compounds also showed inhibitory activity against
Gram-negative ATCC strains (minimum inhibitory concentration ~0.5 umol/L), and L.
donovani promastigotes (ICs, 8.2-87.3 pg/mL). However, they had little or no activity against
yeast cells and tubercle bacilli. The DNA fragmentation study showed that the isoflavonoid
constituents of M. ferruginea seeds were safe at therapeutic doses.

Conclusions: The antibacterial efficacy of the non-aqueous extracts of M. ferruginea seed
was observed against both Gram-positive and Gram-negative ATCC strains. Moreover, the
constituents isoflavonoids, viz., barbigerone, calopogonium isoflavone-A and durmillone,
exhibited inhibitory activity against Gram-negative ATCC strains and L. donovani
promastigotes. The comet assay showed that the compounds were safe to be considered for
human consumption.

like barley, sorghum and maize, demonstrating a beneficial effect
owing to its nitrogen-fixing property. It also serves as the shade

Millettia ferruginea (Hochst.) Baker (M. ferruginea) plants, with
two distinct subspecies, namely, ferruginea and darassana belonging
to Fabaceae (Leguminosae) family, are widely distributed within
the agro-climatic zones of 1000-2500 m above the sea level in
Ethiopiall]. The leguminous M. ferruginea trees would grow even
up to 25 m high and often found in association with essential crops,
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tree in plantation, and feeds the honeybees on its flowers, while
the leaves and shoots are mostly taken as fodder for the ruminants.
Therefore, this endemic plant, known as “berbera” or “brebra” in
local Ambharic language, plays an important role for the regional
agro-forestry in Ethiopial2]. In fact, a recent study showed that
“brebra” seed flour is exceptionally rich in protein and also safe
in terms of cyanide and other antinutritional content. The authors
have highlighted the economic prospect of M. ferruginea seeds for
extraction of the oil as biodiesel, and to make soaps, followed by
utilisation of the byproduct oil-cake as proteinaceous food for both
humans and livestocki2].

Phytochemical analysis of M. ferruginea was undertaken by
several workers revealing a number of rotenoids, flavonoids and
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chalcones isolated from the seeds and bark(3-5]. However, only a
limited study towards scientific validation of folkloric application
of this plant, mainly for insecticidal purpose, has been reported so
far. The common practice to stupefy and catch fish with powdered
seeds of M. ferruginea was attributed to rotenone and analogous
piscicidal compounds found in the legumes[3]. Several studies were
conducted to corroborate the traditional usage of the seed extracts
for controlling some storage pests, such as adzuki bean beetle,
maize weevil and bean bruchid, as well as mosquito larvae[6-8].
Thus, Tilahun and Azerefegne (2013), confirmed that the aqueous
extract of M. ferruginea seeds was toxic against the larvae of a stem
borer insect (Busseola fusca), and supported its application for pest
management in maize plantations(9]. Again, the acaricidal activity
of the seeds was demonstrated against the tropical bont tick by
Choudhury et al. (2015)[10]. However, the medicinal application of
M. ferruginea is rather limited to its wound-healing property, as the
local farmers use the seeds for dressing the typical skin infection
(‘mujele’) caused in their feet by a soil insect[11]. Truly, this endemic
plant deserves more attention not only due to the prospective socio-
economic contribution to Ethiopia, but also in view of the abundant
content of pyrano- and C-prenylated isoflavones with potential
pharmacological activity[12-15]. Recently, phytochemical studies
have indicated the antiparasitic property of the compounds isolated
from Millettia plants against vector-borne diseases like malaria and
leishmaniasis[16,17].

Presently, we carried out a systematic investigation on the
antibacterial, antifungal, antitubercular and antileishmanial
activity of M. ferruginea seed extracts. Also, we have isolated
and characterised three isoflavonoids, namely, barbigerone,
calopogonium isoflavone-A and durmillone from the mature seeds
in order to corroborate the antimicrobial activity of M. ferruginea for
the first time. In addition, comet assay on human peripheral blood
mononuclear cells (PBMCs) was carried out to evaluate the possibility
of DNA-damaging effect of these isoflavonoid constituents found
in several species of Millettia plants found in Africa. This study
was undertaken in view of the reported acaricidal and piscicidal
activity of M. ferruginea seeds vis-a-vis the unexplored potential
for development of M. ferruginea seeds as an endemic resource of
Ethiopiall,10]. This is the first such study undertaken on the three
isoflavonoids to the best of our knowledge.

2. Materials and methods

2.1. Plant material

The mature seeds of M. ferruginea subspecies darassana were
collected from a place near Dilla University campus at Dilla, and
duly authenticated at the National Herbarium, Addis Ababa. A
voucher specimen (S-108) of the plant sample was deposited at
the Department of Biology, Addis Ababa University, Addis Ababa,
Ethiopia. Dried seeds (100 g) were ground by using a mortar and
pestle. Three portions of the powdered sample (10 g of each) were
refluxed separately in 100 mL each of chloroform, methanol and
water for 2 h to obtain the respective extracts. After filtration, the
solvents (chloroform/methanol) were removed in a rotary evaporator,
and the water extract was freeze-dried in a lyophiliser. The yield (%

557

w/w) of each of the crude extracts of M. ferruginea was obtained
from chloroform, methanol and water.

2.2. Isolation and characterisation of compounds

The reagents and solvents for column chromatography were
procured from E Merck, India. All solvents were distilled before
use. Thin-layer chromatography of the products was performed
using silica gel G and petroleum ether (60-80 °C): ethyl acetate
(7:3), and the spots were visualised by keeping the glass plates in
UV and iodine chamber. UV (in MeOH) and infrared radiation
(IR) spectra (in KBr) were recorded on a Shimadzu UV-1800
spectrophotometer and Shimadzu IR Affinity-1 spectrophotometer
respectively. 'H nuclear magnetic resonance (NMR) in CDCl, was
recorded in a Bruker BioSpin AG 400 MHz NMR spectrometer,
using tetramethylsilane as an internal standard.

The powdered seeds (100 g) were extracted at room temperature
by maceration with hexane (600 mL) for a week. The solvent was
completely removed in a rotary evaporator to obtain a residue of thick
oil with a pale yellow colour (~33 g). After keeping the oil at 4 °C
for one week, a white precipitate was obtained, which was filtered
under cold condition. The residue was washed with cold hexane, and
crystallized from methanol to afford durmillone (35 mg); R, = 0.48,
melting point 181-182 °C.

After extraction with hexane, the remaining solid residue (~67 g)
was further extracted in a Soxhlet apparatus, with dichloromethane
(250 mL) for 8 h. The solvent was removed under reduced pressure
to obtain a deep brown sticky solid (7.3 g). This was subjected to
column chromatography (column size: length 280 mm, diameter 15
mm) over silica gel (60-120 meshes, 75 g), and eluted by gradual
increase in polarity of the solvent mixture of petroleum ether and
ethyl acetate. Fractions 11-19 (5% ethyl acetate) afforded a white
crystalline solid, which was crystallised from petroleum ether-
chloroform followed by methanol to get a crystalline compound
characterized as calopogonium isoflavone-A (70 mg, 0.07%); R; =
0.70, melting point 137-139 °C. Fractions 3648 (10% ethyl acetate)
again afforded a good amount of durmillone (~210 mg, 0.24%) after
crystallisation from methanol. Finally, the fractions 55-58 (15%
ethyl acetate) on crystallisation from petroleum ether-ethyl acetate
yielded cream coloured compound were characterized as barbigerone
(40 mg, 0.04%); R, = 0.30, melting point 150-151 °C. Spectroscopic
analysis of UV, IR and 'H-NMR and mass spectrometer (MS) was
carried out for characterisation of the three purified isoflavonoids
followed by comparison with the available data from earlier
literature.

2.3. Test procedures

2.3.1. Antibacterial activity

Extracts (chloroform/methanol/water) of M. ferruginea were
dissolved in dimethyl sulfoxide (DMSO) (10 mg/mL), and tested
for antibacterial activity by the agar well diffusion assay against
both Gram-positive and Gram-negative bacteria from American
Type Culture Collection[18]. The bacterial culture in Muller-Hinton
broth was adjusted to the final inoculum density of 1 x 10" CFU/mL
(by 0.5 McFarland standard, HiMedia, Mumbai, India) on molten
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Mueller-Hinton agar plates. After solidification, wells (diameter 9
mm) were made with a sterile borer in the inoculated Mueller-Hinton
agar plates. About 100 pL solution containing 1 mg of each extract
was dispensed in the wells. Similarly, the isoflavonoids (barbigerone,
calopogonium isoflavone-A and durmillone) were also tested by
dispensing 100 pL solution per well in varying concentrations (0.1,
0.5, 1.0, 5.0, 25.0, 100.0 pmol/L) of each compounds. DMSO was
tested as the vehicle control, while penicillin G, streptomycin and
gentamicin were the standard drugs used as positive controls in
this assay. Antibacterial activity was expressed as the diameter of
inhibition zone produced around each well by the plant extract/
compound/antibiotic, and was measured after 24 h of incubation at
37 °C. The minimum quantity of the tested extracts/compounds that
could produce visible zone of inhibition in Mueller-Hinton agar plate
was considered as the minimum inhibitory concentration (MIC) of
the corresponding extracts/compounds. Each test was conducted in
triplicate to confirm the reproducibility of the observed data.

2.3.2. Antifungal activity

The plant extracts and compounds were tested to determine MIC
for antifungal activity against two ATCC strains of Candida albicans
(ATCC 10231) (C. albicans) and Cryptococcus neoformans (ATCC
66031) (C. neoformans) by broth micro-dilution procedure[18].
Stock solutions (2.048 mg/mL) of chloroform/methanol/water
of M. ferruginea and the three isoflavonoid constituents were
prepared in DMSO, and serially diluted in Sabouraud dextrose broth
in a concentration ranged from 0.5 to 1024 pg/mL in a 96-well
microtitre plate. The broth culture containing 0.5 McFarland (1 x
10° CFU/mL) inoculum density was then introduced to each of the
microtitre wells at 1:10 ratio to maintain final inoculum density of
1 x 10" CFU/mL. In addition, one row of 12 wells contained only
Sabouraud dextrose broth (100 pL) as a ‘blank’, while another row
contained only DMSO as the ‘vehicle control’” serially diluted with
Sabouraud dextrose broth (v/v) to the concentration corresponding
to the respective wells used for MIC determination of extracts/
compounds. The culture plates were incubated at 35 °C for 48 h
and the presence of visible growth in each well was inferred by
measuring optical density at 630 nm using ELISA reader (Erba
LisaScan II, Transasia). The minimum concentration of the extracts/
compounds that did not exhibit visible fungal growth was recorded
as the MIC of the corresponding extracts/compounds.

To determine minimum fungicidal concentration, a loop-full of
culture was taken from each well containing different dilutions
of the tested extracts/compounds and inoculated by a 4 mm loop
(calibrated to 0.01 mL) on Sabouraud dextrose agar plate. The
lowest concentrations of the tested extracts/compounds that did
not support the growth of visible fungal colony were noted as
the minimum fungicidal concentration of the respective extract/
compound. Two antifungal drugs, viz., amphotericin B and nystatin
were used as the positive controls in this assay.

2.3.3. Antitubercular activity

Tetrazolium microplate assay with 3-(4, 5-dimethyl thiazol-2-
y1)-2, 5-diphenyl-tetrazolium bromide (MTT, Sigma-Aldrich, Saint
Louis, USA) was performed to test the antitubercular activity of
the extracts (chloroform/methanol/water) of M. ferruginea, and
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one of the isoflavonoids (durmillone) against Mycobacterium
tuberculosis Hy;Ra strain (ATCC 25177) (M. tuberculosis) using
the standard protocol(19]. The tested range of concentration for the
extracts and durmillone was 1024-0.5 pg/mL. The MIC was the
lowest concentration of the tested sample at which no tubercular
growth was indicated by the colour change of MTT. To determine
the minimum bactericidal concentration, a loop-full of culture from
each well containing different dilutions of the tested samples was
streaked on solid Lowenstein-Jensen medium (HiMedia, Mumbai,
India). The lowest concentration of the tested extracts/durmillone
that did not support the growth of visible mycobacterial colony
on Lowenstein-Jensen medium was recorded as the minimum
bactericidal concentration[20].

2.3.4. Antileishmanial activity

The crude extracts and purified isoflavones obtained from
M. ferruginea seeds were tested for antileishmanial activity by
performing colorimetric MTT assay as described previously[21].
Briefly, Leishmania donovani (AG 83) (L. donovani) promastigotes (5
x 10° cells/mL; 300 uL) were incubated at (22 + 2) °C after treatment
with and without the samples tested at the concentration range of
10-500 pg/mL for the extracts, and 1-100 umol/L for the isoflavones.
Amphotericin B was tested as a positive control at 0.01-10.00 pmol/
L. The cells were harvested after 72 h, resuspended in poly butylenes
succinate (PBS) (500 pL) containing MTT (0.3 mg/mL) and kept in
darkness for about 18 h. The dehydrogenase enzyme presenting in
the living cells of L. donovani promastigotes would reduce the yellow
coloured MTT into purple formazan crystals, which were dissolved
in DMSO for measurement of the optical density at 570 nm (Bio-Rad
ELISA reader, model 680, Hercules, USA). Hence, the percentage of
cell growth was calculated by comparing the optical density of the
test samples with the vehicle control (100%) in order to estimate the
IC,, value as a measure of the inhibitory activity of the tested plant
products determined from a dose-response curve drawn by Origin 5.0
software (Microcal Software, Inc., Northampton, USA).

2.3.5. Evaluation of DNA damage by comet assay

DNA fragmentation activity of the isoflavonoids (barbigerone,
calopogonium isoflavone-A and durmillone) was evaluated against
human PBMCs.

2.3.5.1. Isolation of PBMCs

PBMCs were isolated from the ethylene diamine tetraacetic acid
blood samples of healthy and non-smoking in-house donors registered
at Ashok Laboratory Centre for Transfusion Medicine and Clinical
Research (Blood Bank), keeping the confidentiality intact. PBMCs
were separated by ficoll (Histopaque® 1077, Sigma-Aldrich, Saint
Louis, USA) density gradient centrifugation, followed by repeated
washing with ice-cold PBS (pH 7.4). The yield of lymphocytes was
determined by automated cell counter (Sysmex XT-1800i, Kobe,
Japan), and resuspended in cold PBS to a final concentration of ~2 X
10° cells/mL.

2.3.5.2. Comet assay
The compounds were dissolved in DMSO to prepare stock solutions
(10 mmol/L) for the assay. The PBMC suspension was diluted (2x)
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with suitable concentration of the respective test solution in order
to obtain the final treatment doses (1 pumol/L and 1 mmol/L), and
the reaction mixtures were incubated for 1 h at 37 °C. Another set
of PBMC treated with DMSO (10 uL taken in 1 mL of nuclease-free
deionized water) was served as negative control, while cells treated
with H,O, (100 pmol/L) were taken as positive control for this assay.
Moreover, intertest variability was avoided by performing all the
analyses at the same time point.

Aliquots from PBMC suspension treated with barbigerone/
calopogonium isoflavone-A/durmillone, along with the negative
and positive controls, were further diluted in PBS (Ca’* and Mg™"
free; pH 7.4) at a ratio of 1:10 (v/v) to attain final cell density of ~1
x 10° CFU/mL. Alkaline single cell gel electrophoresis (or comet
assay) was performed by CometAssay® reagent kit (catalog # 4250-
050-K, Trevigen, Gaithersburg, US) according to the manufacturer’s
instructions. Briefly, PBMC suspension (~1 x 10’ cells/mL) in PBS
was combined with 1% molten low-melting agarose (Catalog #
4250-050-02) at 37 °C at a ratio of 1:10 (v/v), and transferred to the
comet slide (Catalog # 4250-050-03). After gelling time (~30 min), the
slide was immersed in pre-chilled (4 °C) lysis solution (Catalog # 4250-
050-01) and alkaline solution (200 mmol/L. NaOH, 1 mmol/L ethylene
diamine tetraacetic acid, pH > 13) respectively for 45 min in each.
Then, electrophoresis of the slides was conducted in pre-chilled (4
°C) alkaline electrophoresis solution (200 mmol/L. NaOH, 1 mmol/
L ethylene diamine tetraacetic acid, pH > 13) for 30 min at 25 v and
300 mA (1.5 v/cm), and then washed in deionized water, dehydrated
in 70% ethanol and stained with SYBR® Green I (Catalog # 4250-
050-05, maximum excitation/emission was 494 nm/521 nm) diluted
in tris-edta buffer (10 mmol/L Tris-HCI1 pH 7.5, 1 mmol/L ethylene
diamine tetraacetic acid). Fluorescent comet patterns were examined
with a Motic BA400 microscope under 200x magnification and
fluorescein isothiocyanate filter combination. The resultant images
were captured by a charge-couple device cameral22].

2.3.5.3. Image analysis

Comet score v1.5 (Tritek Corporation) was used to measure the
percentage of DNA in head (comet head intensity divided by the total
comet intensity, multiplied by 100), tail length (comet head diameter
subtracted from the comet length), the percentage of DNA in tail
(comet tail intensity divided by the total comet intensity, multiplied by
100), and tail moment (% of DNA in the comet tail multiplied by the
tail length). Hundred cells per sample were observed by this software.
Results were compared with negative control, using Student’s #-test,
and differences were considered statistically significant at P < 0.05,
and highly significant at P < 0.01 and P < 0.001.

3. Results

3.1. Isolation and characterisation of isoflavonoid compounds
from M. ferruginea seeds

The three compounds isolated in our study were characterised as
calopogonium isoflavone-A, durmillone and barbigerone through
meticulous spectroscopic analysis (as presented below), and the
chemical structures (Figure 1) were confirmed by comparison with
respective data obtained from the literaturel4.5].
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Calopogonium isoflavone-A
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Durmillone
Figure 1. Chemical structures of isoflavonoids isolated from M. ferruginea

seeds.

Calopogonium isoflavone-A: UV A, nm (log €): 262 (4.6380), 312
(3.8010), 322 (3.8126). IR (KBr, cm™): 1642 (C = 0), 1632, 1608
(aromatic), 1570, 1392, 1380 [(CH,),C], 1282, 1040, 1032(OCH,),
885, 831, 761. 'H-NMR (8): 1.50 (6H, s, 2CH,, gem dimethyl, C-2"),
3.84 (3H, s, OCH,, C-4"), 7.50 (1H, d, J = 9 Hz, H-2'/H-6', ortho
coupling with H-3'/H-5"), 6.86 (1H, d, J = 9 Hz, H-3'/H-5', ortho
coupling with H-2'/H-6"), 5.72 (1H, d, J = 10 Hz, H-4", olefinic cis-
coupling with H-3"), 6.81 (1H, d, J = 10 Hz, H-3", olefinic cis-coupling
with H-4"), 6.97 (1H, d, J = 8.7 Hz, H-6, ortho coupling with H-5),
8.06 (1H, d, J = 8.7 Hz, H-5, ortho coupling with H-6), 7.94 (1H, s,
H-2). MS (El); m/z 334 M"), C, H,,0,.

Durmillone: UV A, nm (log €): 229 (4.3780), 262 (4.4124),
333 (3.9191), 346 (3.8771). IR: (KBr, cm™): 1630 (C = O), 1588
(aromatic), 1467, 1394, 1380 [(CH,),C], 1275, 1241, 1036, 929,
898. "H-NMR (8): 1.50 (6H, s, 2CH,, gem dimethyl, C-2"), 3.96 (3H, s,
OCH;, C-6), 5.97 (2H, s, -O-CH,-O-, C-3'/C-4"),5.75 (1H, d, J = 10 Hz,
H-4", olefinic cis-coupling with H-3"), 6.81 (1H, d, J = 10 Hz, H-3",
olefinic cis-coupling with H-4"). 6.87 (1H, d, J = 8 Hz, H-5', ortho
coupling with H-6"), 6.97 (1H, d, J = 8 Hz, H-6', ortho-coupling with
H-5"), 7.11 (1H, s, H-2"), 7.57 (1H, s, H-5), 7.94 (1H, s, H-2). MS (EI);
m/z 378 (M"), C,,H,5O5. The data were comparable with published
literature[4.5].

Barbigerone: UV A, nm (log €): 232 (4.6027), 259 (4.6489), 262
(4.6509), 297(4.2067), 325 (sh). IR (KBr, cm™): 1641 (C = 0), 1627,
1599 (aromatic), 1468, 1440, 1394, 1382, 1313, 1278, 1215, 1209,
1032 (OCH,), 808, 776, 767. '"H-NMR (8): 1.50 (6H, s, 2CH,, gem
dimethyl, C-2"), 3.93 (3H, s, OCH;, H-2'), 3.86 (3H, s, OCH;, H-4"), 3.78
(3H, s, OCH,, H-5"), 6.63 (1H, s, H-3"), 6.95 (1H, s, H-6'), 5.72 (1H, d, J
=10 Hz, H-4", olefinic cis-coupling with H-3"), 6.82 (1H, d, J = 10 Hz,
H-3", olefinic cis-coupling with H-4"), 6.80 (1H, d, J = 9 Hz, H-6, ortho
coupling with H-5), 8.05 (1H, d, J = 9 Hz, H-5, ortho coupling with
H-6),7.93 (1H, s, H-2). MS (EI); m/z 394 (M"), C,;H,,04.

3.2. Antibacterial activity

Antibacterial activity of M. ferruginea seed extracts (chloroform/
methanol/water) were evaluated against ATCC strains, both Gram-
positive and Gram-negative. The zone of inhibition exhibited in the
presence of each of the extracts and three standard antibiotics were
determined by agar well diffusion assay. The data presented in Table
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1 showed that the chloroform and methanol extracts of M. ferruginea
were moderately active against the tested bacteria, methanol extract
of M. ferruginea being more active than chloroform extract of M.
ferruginea. In fact, the activity of the methanolic extract against
Pseudomonas aeruginosa (ATCC 27853) (P. aeruginosa) was
comparable with a positive control (streptomycin). However, the water
extract of M. ferruginea extract was found to be ineffective against all

the tested bacteria.

Table 1
Antibacterial activity of M. ferruginea seed extracts.

Bacteria (source)

Inhibition zones of bacterial growth (mm )

Extracts (1 mg/well) Standard antibiotics

C M w P S G

GPB  Staphylococcus aureus (ATCC 25922) 12 13 - 26 25 16
Enterococcus faecalis (ATCC 29212) 11 14 - 19 17 ND
GNB E. coli (ATCC 35218) 11 14 - ND 15 ND
P. aeruginosa (ATCC 27853) 14 15 - ND 15 18

GPB: Gram-positive bacteria; GNB: Gram-negative bacteria; : Including
diameter of well (9 mm); —: No activity; ND: Not determined; C:
Chloroform; M: Methanolic; W: Water. E. coli (ATCC 35218): Escherichia
coli; P: Penicillin G (0.001 mg/well); S: Streptomycin (0.01 mg/well); G:
Gentamicin (0.01 mg/well).

In view of the positive findings, three isoflavonoid constituents
of the M. ferruginea seed extracts, viz., barbigerone, calopogonium
isoflavone-A and durmillone, were tested against four clinically
relevant ATCC strains of Gram-negative bacteria. Table 2 showed agar-
well diffusion data of individual compounds and a positive control
(streptomycin) against these strains. All three compounds exhibited
MIC of 0.5 pmol/L against the ATCC strains of E. coli, Klebsiella
pneumoniae and P. aeruginosa. In case of E. coli, zone diameters in
the range of 17-20 mm were produced by the compounds applied at
comparatively lower dose (5 pmol/L) than streptomycin (18 mm; ~0.2
mmol/L). However, durmillone showed no activity against Proteus
vulgaris (ATCC 6896).

3.3. Antifungal activity

M. ferruginea seed extracts and isolated compounds were tested
against the ATCC strains of C. albicans and C. neoformans by broth
microdilution assay. Two antifungal drugs were tested as positive

Table 2
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controls. Table 3 showed that the crude extracts exhibited moderate
activity against the yeasts at a MIC range of 128-512 pg/
mL. However, MIC values of barbigerone and calopogonium
isoflavone-A (256 pg/mL) indicated weak antifungal activity,
while durmillone did not respond at the highest tested dose of
1024 pg/mL.

3.4. Antitubercular activity

Antitubercular activity of the three extracts and durmillone were
evaluated against a reference strain of M. tuberculosis Hy;Ra by
tetrazolium microplate assay (Table 4). Chloroform and methanol
extracts of M. ferruginea did not exhibit antitubercular efficacy
(MIC = 2048 pg/mL), although the water extract was found to be
comparatively more active at MIC of 512 pg/mL. Out of the three
isolated compounds, only durmillone was tested, and the MIC was
found at 512 pg/mL (~1.4 mmol/L).

Table 4
MIC and minimum bactericidal concentration of the crude extracts and
durmillone against M. tuberculosis Hy,Ra.

Bacterium Activity Extracts Durmillone Ciprofloxacin®
(ug/mL) Chloroform Methanolic Water

MIC 2048 2048 512 512 2

MBC > 2048 >2048 1024 512 2
MT: M. tuberculosis Hy;Ra (ATCC 25177); ": Ciprofloxacin was used as a
positive control. MBC: minimum bactericidal concentration.

MT

3.5. Antileishmanial activity

M. ferruginea seed extracts were evaluated for antileishmanial
activity by MTT reduction assay on L. donovani promastigotes.
The data in Table 5 showed that water and chloroform extracts
of M. ferruginea could effectively inhibit the cell growth at 1Cs,
values of 38 and 183 pg/mL respectively. Methanol extract of
M. ferruginea was more active than chloroform extract of M.
ferruginea exhibiting ~5-fold greater activity. In contrast, water
extract of M. ferruginea did not inhibit cell growth at the highest
tested dose of 500 pg/mL.

Antibacterial activity (inhibition zone in mm®) of barbigerone, calopogonium isoflavone-A and durmillone evaluated against Gram-negative strains by agar-

well diffusion method.

Bacteria Barbigerone (umol/L) Calopogonium isoflavone-A (umol/L) Durmillone (umol/L) Streptomycin’ (mg/well) ~ MIC' (umol/L)
01 05 10 50 250 01 05 10 50 250 0.1 05 1.0 50 250 0.01 B C D
EC - 14 15 19 20 - 13 18 20 20 - 12 15 17 17 18 0.5 0.5 0.5
KP 12 12 18 17 19 - 10 12 12 14 - 11 12 14 15 21 <0.1 0.5 0.5
PA - 11 12 13 13 - 11 12 11 12 - 11 12 13 15 12 05 05 0.5
PV - - 12 13 13 — 12 12 12 13 - - = = - 16 1.0 05 >250

EC: E. coli (ATCC 35218); KP: Klebsiella pneumoniae (ATCC 700603), PA: P. aeruginosa (ATCC 27853); PV: Proteus vulgaris (ATCC 6896); *: Values
were given as mean of the triplicate including the diameter of well (9 mm); “: Streptomycin used as positive control of this assay; —: No activity.

Table 3

MIC and minimum fungicidal concentration of the crude extracts and isoflavonoid compounds against the fungal ATCC strains.

Fungal strains Activity Extracts of M. ferruginea

Isoflavonoid compounds Standard antibiotics

(ng/mL) Chloroform Methanolic Water

Barbigerone Calopogonium isoflavone-A Durmillone Amphotericin B Nystatin

C. albicans (ATCC 10231) MIC 256 256 256
MFC 512 256 >1024
C. neoformans (ATCC 66031) MIC 128 512 256
MEFC 256 > 1024 512

256 256 > 1024 <0.5 2
256 512 > 1024 <0.5 2
256 256 > 1024 <0.5 1
256 256 > 1024 <0.5 1

MFC: Minimum fungicidal concentration.
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Table 5
Antileishmanial activity of seed extracts and isolated isoflavones against L.
donovani promastigotes.

Test samples IC;, values®

Extracts” (ug/mL) Water > 500
Methanolic 37.6 £0.5
Chloroform 182.8 +0.2

Compounds (umol/L) Barbigerone 124+ 0.5
Calopogonium isoflavone-A 87.3+0.1
Durmillone 82+0.7
Amphotericin B* 04+0.2

*: Extracts of M. ferruginea; *: 1Cs, values (measured in pg/mL for extracts and
pmol/L for compounds) were represented as mean + SE of three independent
determinations; *: Amphotericin B was used as a positive control of this assay.

The isolated isoflavonoids were also tested for antileishmanial activity
(Table 5). Durmillone and barbigerone were found to be potentially
active against the promastigotes of L. donovani at I1Cs, values of 8.2
and 12.4 pmol/L respectively. Calopogonium isoflavone-A was
comparatively less active (ICs, 87.3 pmol/L).

3.6. DNA-fragmentation effect of isoflavonoids

Comet assay is a sensitive method for DNA strand break detection
in individual cells, and commonly used to identify certain chemical
agents which bind to DNA and caused spontaneous disintegration under
the physiological conditions[22]. In present study, comet assay was
employed to evaluate the DNA damaging activity of the isoflavonoids
on PBMCs. Figure 2 (C to H) represented the fluorescence
microscopic pictures of comet assay, performed on the PBMC, treated
at two different doses (1 umol/L and 1 mmol/L) of barbigerone,
calopogonium isoflavone-A and durmillone. The untreated (Figure
2A), and hydrogen peroxide treated (Figure 2B) cells served as the
negative and positive controls respectively. Each image was analysed
by Tritek comet software to quantify the (i) percentage of DNA present
in comet tail; (i) percentage of DNA present in comet head; (iii) comet
tail length in um, and (iv) tail moment (= tail length x percentage
of DNA in tail), as given in Figure 3 and Table 6. Here, tail moment
incorporated the relative measurements of migrating DNA in terms of
length of the comet tail (reflected by the smallest detectable size) and
the number of DNA fragments (represented by the staining intensity of
DNA in the tail). Statistical comparison of each set of data with respect

to the negative control was done by Student’s #-test.
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Variation in comet tail DNA (%)
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Control 1 pmol/L 1 mmol/L

Concentrations

Untreated control M Calopogonium isoflavone-A

8 Positive control Durmillone M Barbigerone

Figure 3. Estimation of the percentage of DNA present in comet tail. About
100 pmol/L hydrogen peroxide treated PBMCs were taken as positive control.
Data were presented as mean + SE. "1 P < 0.05 and ™": P < 0.001 were
considered as significant difference compared to the untreated control group.

The treatment with H,O, (100 pmol/L) showed significant
change in the comet scores, indicating extensive damage of nucleic
acid content in the cells. Thus, a decrease was observed in the
percentage in comet head DNA [(80.30 + 0.30)] with increase in
the comet tail length [(11.70 + 0.50) um] in Table 6. More or less
similar data, (76.40 = 0.30) and (3.09 £ 0.70) representing head
DNA (%) and tail length (um) respectively were obtained when
the cells were treated with 1 mmol/L of barbigerone, although
this compound did not show significant damage at the lower
concentration of 1 umol/L (Figure 1C). However, calopogonium
isoflavone-A and durmillone did not show DNA damage at the
tested concentrations of 1 umol/L and 1 mmol/L as no significant
difference in tail moment was observed (Figure 2 E to H). Figure 3
depicted the graphical representation of percentage of DNA content
in the comet tail.

Figure 2. Comet assay for estimation of DNA damage in PBMCs; A: Untreated; B: Treated with 100 umol/L hydrogen peroxide ; C: Treated with 1 pmol/

L barbigerone; D: Treated with 1 mmol/L barbigerone; E: Treated with 1 umol/L calopogonium isoflavone-A; F: Treated with 1 mmol/L calopogonium
isoflavone-A; G: Treated with 1 umol/L durmillone; H: Treated with 1 mmol/L durmillone cells.
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Evaluation of DNA damaging effect of the tested isoflavonoids on PBMC by comet assay.

Tested items Barbigerone Calopogonium isoflavone A Durmillone Positive control ~ Negative control
1 pmol/L 1 mmol/L 1 pmol/L 1 mmol/L 1 pmol/L 1 mmol/L 100 pmol/L H,0, —

% DNA in head 9250 +0.20 76.40+0.307" 9270+0.20 87.60 +0.30 94.30 +0.20 92.00 + 0.20 80.30 + 0.30" 94.30 £ 0.20

Tail length (pm) 0.80+140 3.09+070"  096+1.90 1.50+150 0.60+220 1.00+190  11.70+0.50"" 0.60 = 1.90

Tail moment 0.60+3.00 2.89+1.50" 1.10 £2.90 170240 0.70+4.00 1.20+3.70 7.00 = 1.80" 0.60 +4.10

Values were represented as mean + SE. In test samples, positive control was compared with negative control data by independent, two tailed, Student’s
t-test. ": P < 0.05, which was statistically significant; ~ and ~: indicated respective P values of < 0.01 and < 0.001, which was considered as statistically

highly significant.

4. Discussion

More than 200 species of Millettia are distributed over the world,
mostly in tropical Africa and some temperate regions in South
America and Asia. Ethnobotanical surveys were conducted to note
the multifarious uses of the endemic species in Ethiopian culture[1,11].
Traditionally, the indigenous people use aerial parts of Millettia plants
as fishing poison and protecting stored food-grains from insects,
which appear to be compatible with the typical presence of rotenoid
compounds found in M. ferruginea and other species(3]. Most of the
published literature on Millettia involved phytochemical analysis
of the plant samples and this genus was found to contain a rich
variety of structurally distinct isoflavonoids(5,15,23,24]. Unfortunately,
these compounds have not been studied adequately regarding
their prospective pharmacological properties. However, recently,
isoflavonoids from Millettia have been reported for antiestrogenic,
antiinflammatory and analgesic activities which have protective
effects on myocardial ischemia(12,15,25,26]. Based on the traditional
knowledge, the possibility of finding antiprotozoal compounds from
Millettia sp. of plants in Africa was also indicated by Yenesew et
al.[16]. More recently, Rajemiarimiraho et al. carried out extensive
fractionation of Millettia richardiana bark and found potential
antifungal and antiprotozoal activity in the crude extracts against
Candida spp., Plasmodium falciparum, Trypanosoma brucei brucei
and L. donovanil17]. However, no active compound was designated for
the inhibitory activity observed in the solvent fractions prepared with
aqueous and organic solvents.

Most published literatures on Millettia involved phytochemical
analysis and were reported that Millettia spp. contains various
phenolic compounds belonging to the groups of flavonoids, alkaloids,
rotenoids, diterpenes and pterocarpansi5,15,23,24]. Initially, the
isoflavonoid durmillone was isolated from the seeds of Millettia dura
and M. ferrugineal4,27]. Members of the genus Millettia including
M. ferruginea also contain substantial amounts of other isoflavones,
like barbigerone and calopogonium isoflavone-A[5,12,16]. In our
study, isolation and purification of the three isoflavonoids, namely,
barbigerone, calopogonium isoflavone-A and durmillone were carried
out to evaluate their efficacy against reference strains of bacteria (Table
2), fungi (Table 3), tubercle bacilli (Table 4) and leishmanial parasite
(Table 5).

To start with, antibacterial assessment of M. ferruginea seeds was
performed, and it was found that chloroform extract of M. ferruginea
and methanol extract of M. ferruginea could inhibit the growth
of Gram-negative strains more effectively than the Gram-positive
bacteria, whereas no activity was observed in water extract of M.
ferruginea (Table 1). This observation was encouraging as Gram-
negative bacteria by virtue of their protective cell wall consisting of a

thick lipopolysaccharide layer and are known to be less susceptible to
therapeutics. In fact, Gram-negative bacteria possess the genetic ability
to transmit and acquire resistance to multiple antibiotics and created
serious public health concerns worldwide[28]. Therefore, we decided
to test the water-insoluble isoflavonoid constituents of M. ferruginea,
viz., barbigerone, calopogonium isoflavone-A and durmillone against
Gram-negative ATCC strains. The results in Table 2 showed that the
compounds (MIC of 0.5 pmol/L) contributed to the antibacterial
activity of water and methanol extracts of M. ferruginea. In addition,
methanol and water extracts of M. ferruginea were also found to
possess antiparasitic property with ICy, values of 37.6 and 182.8 ng/
mL respectively and exhibited against L. donovani promastigotes,
while water of M. ferruginea was found to be inactive (Table 5).
The constituent isoflavonoid compounds were tested similarly,
when durmillone (ICs, = 8.2 pumol/L) and barbigerone (ICs, = 12.4
pmol/L) showed marked antileishmanial activity and calopogonium
isoflavone-A was less active (ICs, = 87.3 pmol/L) in comparison.
However, none of the tested samples were found to be significantly
active against the two tested yeasts and M. tuberculosis Hy,Ra strain
(Tables 3 and 4).

However, there was an obvious need to evaluate toxicity of these
compounds against human primary cells before their consideration
as clinical agents. For this purpose, comet assay was employed to
study the DNA damaging activity of the isoflavonoids on PBMC.
This technique is useful for testing genotoxicity of chemicals and
pharmaceuticals(29]. Comet parameters (percent head DNA, percent
tail DNA, tail length and tail moment) indicated a dose- dependent
increase in DNA migration in PBMC (Figure 3 and Table 6), which
indicates the extent of DNA damage due to the exposure of compounds
as compared to control cells (Figure 2A). A comet like tail suggests the
presence of a damaged DNA strand that migrates when electrophoreses
was done. The tail length and percentage of DNA present in tail
increase with the extent of DNA damage. The results in Figures 2 and
3, and Table 6 indicated that among the three tested compounds, only
barbigerone exhibited maximum DNA damage in PBMC at a higher
dose of 1 mmol/L (Figure 3 and Table 6). However, the percentage
of tail DNA remained unaltered as compared with untreated control,
when cells were treated with the lower concentration (1 pmol/L) of
isoflavonoids (Figure 3). Thus, it could be concluded that inhibitory
dose range of the compounds did not induce DNA damage in human
PBMC. This observation was noteworthy as all compounds exhibited
antibacterial (MIC < 1 umol/L; Table 2) and antileishmanial (ICs, <
100 pmol/L; Table 5) activity at comparatively lower concentration
to exert significant toxic effect towards the host cells (Table 6). Hence
they could be considered for prospective antimicrobial application.

In conclusion, antibacterial efficacy of M. ferruginea seed extracts
(water and methanol) was observed against both Gram-positive and
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Gram-negative ATCC strains. Moreover, barbigerone, calopogonium
isoflavone-A and durmillone isolated from the seeds were found to
exhibit inhibitory activity against Gram-negative ATCC strains and L.
donovani promastigotes for the first time. Further, comet assay was
conducted on PBMC and pretreated with the three isoflavonoids in
order to evaluate the possibility of DNA fragmentation induced by the
compounds. The result showed that the compounds were safe to be
considered for further therapeutic application.
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