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Brucea antidysentrica is one of the medicinal plants used traditionally to treat various
diseases such as leprosy, wound, diarrhea, fever, eye disease, rabies and tumor/cancer.
Phytochemical screening test of dichloromethane/methanol (1:1) and methanol extracts
revealed the presence of alkaloids, tannins, flavonoids, steroids and saponins, terpenoids, and
phytosterols. Silica gel column chromatographic separation of dichloromethane/methanol
(1:1) and acid-base extracts afforded compound 1, canthin-6-one (2) and 1,11-
dimethoxycanthin-6-one (3). The crude extracts and isolated compounds were screened for
in vitro antibacterial activity against strains of Salmonella thphimurium, Escherichia coli,
Bacillus subtilis and Staphylococcus aureus. Canthin-6-one (2) and 1,11-dimethoxycanthin-
6-one (3) exhibited promising antibacterial activity against E. coli and S. thphimurium
(12.6+0.6 and 12.5+0.87 mm zone of inhibition, respectively) compared to ciprofloxacin
(27.3+2.52 and 29+1.00 mm, respectively), at 0.5 mg/mL. The radical scavenging activity of
dichloromethane/methanol (1:1) and acid-base extract were 83.3 % and 80 %, respectively,
whereas alkaloids 1-3 displayed activity of 85.3 %, 87.5 % and 78.4 % at 100 pg/mL,
respectively, suggesting that canthin-6-one (2) displayed promising radical scavenging
activity. The molecular docking analysis showed compound 1 and 1,11-dimethoxycanthin-6-
one (3) were found to show hydrogen bond interaction with active site amino acid residue
PHE196 and ALA 51 at a distance of 1.5 A° and 1.5 A° respectively. Hydrophobic
interactions were observed between 2 and 3 with VAL201, LYS57, GLY200, ASN198,
ALA51, LEU52 and ASN198, LEU52, VAL201, LYS57, respectively, suggesting the
compounds may act as potential inhibitors of DNA gyrase enzyme.

1. Introduction

Plants have nutritional value, in the eye of local
people, medicinal and ritual or magical values (Abbink,
1995; Pearce and Puroshothaman, 1992; Schippman et
al., 2002; Cragg and Newman, 2005). Over the years
research on traditional medicine contributed to
discovery of several lead drugs (Adhikari et al., 2010;
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Saiprasana et al., 2012; Ugochukwu et al., 2013). Brucea
antidysentrica (Simaroubaceae, Figure 1) is a species of
flowering shrub/tree growing up to 7 m tall growing
widely in tropical Africa-Guinea and Nigeria, East to
Ethiopia and south to Angola, Malawi and Zambia,
usually at the edge of semi-humid forests at relatively
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high altitudes (Hedenberg and Edvans, 1989). In
Ethiopia, the plant is known by local name Aballo
(Amharic) and Qomonyo (Afan Oromo) (Endashaw,
2007). Preparation made from different parts of the plant
is used to treat various conditions such as leprosy,
wound, diarrhea, fever, eye disease, rabies and
tumor/cancer, among others (Fullas, 2001). Previous
reports revealed that the genus is rich in quassinoids
having wide spectrum of biological activities such as
antitumor, antiviral, antiparasitic, herbicidal and
antioxidant (Viswanad et al., 2011; Alves et al., 2014).
We hereby report isolation, spectroscopic identification,
antibacterial, antioxidant evaluation and molecular
docking analysis work done on the roots of B.
antidysentrica.
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Figure 1: Picture of B. antidysentrica (Picture taken by
Tewabech Alemu on Feb. 28, 2019)

2. Materials and Methods

2.1. General

TLC was performed using precoated aluminum
backed supported silica gel 60 F254 (0.2 mm thickness)
and glass supported silica gel 60 F254 (1.0 mm
thickness), respectively. Alkaloids were detected on
TLC stained with the Mayer reagent. Column
chromatography was carried out using silica gel 60-120
mesh ASTM. The ultraviolet and visible (UV-Vis)
spectrum was taken on Spectroscopic Genesys™ 2PC
UV-Vis scanning spectrometer. The infrared (IR) data
were recorded on a Perkin Elmer model FTIR
spectrometer as KBr disks. *H and *C NMR data were
obtained in CDCls on a Bruker Avance 400 MHz.

2.2. Plant material collection and identification
The roots of B. antidysentrica were collected from

the Amhara region, East Gojam zone, Dejen Woreda

236 km from Addis Ababa on February 28, 2019. The

plant was identified by the botanist Shamble Alemu,
National Herbarium of Ethiopia, Addis Ababa
University (voucher code TA-001/2011). The roots
were cut into small pieces, air-dried, and ground into a
fine powder.

2.3. Extraction and isolation

Air-dried root powder was weighed (350 g) and
extracted exhaustively with dichloromethane/methanol
(1:1) for 72 hr at room temperature. The marc left was
further extracted with 2 L methanol soaked for 72 hr at
room temperature. The mixture was filtered, and
concentrated under reduced pressure at 50°C using
rotary evaporator to afford 12.77 g (3.65%) and 9.4 g
(2.68%) crude extracts, respectively. Roots powdered
(350 g) of B.antidysentrica was extracted in n-hexane (3
L) separately; the solution was filtered and the residue
was extracted with ethanol (2 L) at room temperature for
72 hr. Then solvent was evaporated by using a rotary
evaporator at 50°C to yield crude ethanol extract. The
defatted ethanolic crude extract was suspended in 5%
HCI to pH 5, pre-saturate with water and partition by
adding chloroform, the extract was separated in to two
layers. Then aqua and organic layers were separated by
using separatory funnel three times. The acidic aqueous
phases was basified by adding 5% NH; to pH 11, and
partitioned by chloroform. Aqueous and organic layers
were separated by using separatory funnel three times.
The chloroform extracts were combined, and
concentrated under vacuum rotary evaporator to obtain
brown crude extract (5.1 g, 1.46%). The crude
dichloromethane/methanol (1:1) extract (10 g) was
adsorbed on 10 g of silica gel and subjected to silica gel
(150 g) column chromatographic separation. Elution
was carried out with increasing gradient of ethyl acetate
in n-hexane. A total of 221 fractions were collected each
concentrated under reduced pressure to dryness.
Fractions that showed similar Rr values and the same
characteristic color on TLC were combined. Fractions
29-31 afforded single spot (compound 1) on TLC
(EtOAc/n-hexane, 1:1, Ry value of 0.44, 30 mg),
fractions 51-54 which showed single spot (canthin-6-
one, 2) on TLC (EtOAc/n-hexane 9:1, Rs value 0.57, 25
mg) and fractions 84-87 afforded the same single spot
(1,11-dimethoxycanthin-6-one, 3) on TLC (EtOAc/n-
hexane 8:2, Rrvalue of 0.41, 30 mg).
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2.4. Phytochemical screening test

2.4.1. Test for flavonoids: To DCM:MeOH (1:1) and
MeOH crude extracts (0.5 g each), 10 mL of ethyl
acetate was added and heated for 3 min using steam
bath. The mixture was filtered, and the filtrate was
mixed with 1 mL of dilute ammonia solution. Formation
of intense yellow color ratifies the presence of
flavanoids (Sofowora and Debiyi, 1978).

2.4.2. Test for saponins: To DCM/MeOH (1:1) and
MeOH crude extracts (0.5 g), 5 mL of distilled water was
added and shaken while heating to boil. Frothing showed
the presence of saponins (Evans and Trease, 1989).

2.4.3. Test for phenols: To DCM/MeOH (1:1) and
MeOH crude extracts (0.5 g), 5 drops of 2 % of FeCl; were
added and formation of bluish green to black color
indicates the presence of phenols (Roopashree et al., 2008).

2.4.4. Test for tannins: The crude extracts (DCM:
MeOH (1:1) and MeOH extract) (0.5 g each) were
boiled in 10 mL of water in a test tube and filtered. To
the filtrate, 5 drops of 0.1 % FeCls were added to give a
brownish green or a blue-black color which confirms the
presence of tannins (Ayoola et al., 2008).

2.45. Test for terpenoids (Salkowski test):
DCM/MeOH (1:1) and MeOH crude extracts (0.5 g)
were mixed with 2 mL of chloroform and 3 mL
concentrated H,SO4 carefully to form a layer. A reddish
brown coloration of the interface was formed to show
positive results for the presence of terpenoids
(Ugochukwu et al., 2013).

2.4.6. Test for steroids: To DCM/MeOH (1:1) and
MeOH crude extracts (0.5 g), 10 mL of chloroform and
10 mL of concentrated H.SO4 were added by sides of
the test tube. The upper layer turns red and H,SO4 layer
showed yellow with green fluorescence (Alhadi et al.,
2015) indicating the presence of steroids.

2.4.7. Detection of phytosterols (Salkowski’s test):
Crude extracts (DCM: MeOH (1:1), MeOH, 0.5 g each)
were treated with a few drops of chloroform and filtered.
To the filtrate, few drops of concentrated H.SO. was
added, shaken, and allowed to stand appearance of the
golden yellow color indicates the presence of triterpenes
(Roopashree et al., 2008).

2.4.8. Test for glycosides (modified Borntrager’s
test): Crude extracts (DCM: MeOH (1:1), MeOH, 0.5 g

each) were treated with FeCls; solution and immersed in
boiling water for about 5 min. The mixture was cooled
and extracted with equal volumes of benzene. The
benzene layer was separated and treated with ammonia
solution and formation of the rose-pink color in the
ammonical layer confirms the presence of anthranol
glycosides (Roopashree et al., 2008).

2.5. Antibacterial testing
2.5.1. Preparation of discs containing extracts

The same concentrations of 0.5 mg/mL were
prepared from the extract, isolated pure compounds and
the standard. The sample was applied into sterile agar-
disc and dried at 37°C. The agar disc was weighed
carefully to confirm the exact amount of the extract and
isolated pure compounds being incorporated (compared
to preweighed blank discs).

2.5.2. Bacterial culture

Escherichia coli was isolated from stool specimens
in the clinic and identified according to routine cultural
properties and biochemical tests. Four strains of each
were included in the study. A few colonies from the
overnight culture of Eosin Methylene Blue (EMB) agar
was transferred into approximately 4-5 mL Tripticase
soy broth (TSB) medium. The broth was incubated at
37°C for 3-4 hr, and the turbidity of suspension was
adjusted to that of 0.5 McFarland barium sulfate
standards. The standard suspension was used for both
gualitative and quantitative antibacterial assays.

2.5.3. Bacterial susceptibility testing

Standardized inoculums (0.5 mg/mL) were
introduced on to the surface of sterile agar plates, and a
sterile glass spreader was used for even distribution of
the inoculums. Sterile agar-disc diffusion previously
soaked in a known concentration of extract or pure
compound (0.5 mg/mL per disc) was carefully placed at
the center of the labeled seeded plate. The same
procedure was used for all the MRSA strains used. The
plates were incubated aerobically at 37°C and examined
for zones of inhibition after 24 hr. The inhibition zones
were measured with a ruler and compared with the
control disc (disc containing only physiological saline).
Strains of human pathogen microorganisms used in this
study were as follows: two Gram-negative bacteria,
Escherichia coli, Salmonella thphimurium and two
Gram-positive bacteria Staphylococcus aureus and
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Bacillus subtilis. The bacterial stock cultures were
incubated for 24 hr at 37°C on nutrient agar medium
(Adama Science and Technology University,
Department of Applied Biology, Adama). The bacterial
strains were grown in the Mueller—Hinton agar (MHA)
plates at 37°C. The agar was melted (50°C), and the
microorganism cultures were then added aseptically to
the agar medium at 45°C in plates and poured into sterile
petri dishes to give a solid plate. All these experiments
were performed in triplicate. The plates were incubated
for 24-48 hr at 37°C for bacteria. The inhibition zones
produced by the plant extracts were compared with the
inhibition zones produced by commercial standard
antibiotics (ciprofloxacin). One dilution (0.5 mg/mL) of
B. antidysentrica extract, pure compound, and standard
drugs were prepared in DMSO using nutrient agar tubes.
Mueller—Hinton sterile agar plates were seeded with
indicator bacterial strains (1.3 *108 cfu/mL) and allowed
to stay at 37°C for 3 hr. Control experiments were
carried out under similar conditions by using ciprofloxacin
for antibacterial activity as a standard drug. The zones
of growth inhibition around the disks were measured
after 24 hr of incubation at 37°C for bacteria. The
sensitivities of the microorganism species to the plant
extract and isolated pure compounds were determined
by measuring the sizes of inhibitory zones (including the
diameter of disk) on the agar surface around the disks,
and values <6mm were considered as not active against
microorganisms. DMSO used as negative control during
the whole test on bacteria. The results are calculated as
averages of triplicate tests (Murai et al., 1995).

2.6. Antioxidant activity

The dichloromethane/methanol (1:1) extract was
dissolved in four vials containing methanol to give 500,
250, 125 and 62 pg/mL. To each 1 mL of the above
extracts, 4 mL of 0.04% DPPH was added and four vials
with concentration of 100, 50, 25 and 12 pg/mL were
prepared. The resulting solution was placed in an oven
at 37°C for 30 min and subjected to UV-Vis
spectrophotometer to record absorbance at 517 nm. This
was repeated for the acid-base extracts and isolated
compounds. The percentage DPPH inhibition was
calculated according to equation 1 (Maksyutina, 1971).

% of radical scavenging activity = ABstandard —
ABanalyte + 100 (1)

ABstandard

2.7. Molecular docking study of isolated compounds
In this study, isolated compounds were subjected to
molecular docking studies using the ADT version 1.5.2
and Auto Dock version 4.2 docking program to
investigate the potential binding mode. The crystal
structure of the enzyme (PHE196 and ALAS51) with
resolution 2.3 A was chosen as the protein model. The
structures of ligands were optimized using the
HyperChem 7.0 software. Auto Dock version 4.2 was
used to prepare the molecules and parameters before
submitting it for docking analysis with Auto Dock. Polar
hydrogen atoms were added while non-polar hydrogen
atoms were merged and then, Gasteiger partial atomic
charges were assigned to the ligands. All rotatable bonds
of ligands, defined by default of the program, was
allowed to rotate during the automated docking process
and then prepared protein and ligand structures were
saved in the PDBQT format suitable for calculating
energy grid maps. A grid box size of 46x46x46 A points
with a grid spacing of 0.375 A was considered.
Lamarckian genetic algorithm (LGA) program with an
adaptive whole method search in the Auto Dock was
chosen to calculate the different ligand conformers.
After 200 independent docking runs for each ligand, a
cluster analysis was done. In according to the root mean
square deviation (RMSD) tolerance of 2.0 A
conformations was clustered and ranked by energy of
which the conformation with the best scored pose with
the lowest binding energy was selected for these ligands
(Mansourian et al., 2015; Morris et al., 1998).

3. Results and Discussions

Extraction of the roots of B.antidysentrica by acid-
base extraction approach, dichloromethan/methanol
(2:1), and methanol solvents afforded 5.1 g (1.46%),
12.77 g (3.65%), 9.4 g (2.68%) yields, respectively.

3.1. Phytochemical screening

Phytochemical screening test of dichloromethane/
methanol (1: 1) and methanol roots extracts revealed the
presence of alkaloids, flavonoids, phytosterols, phenols,
steroids, tannins, terpenoids, glycosides and saponins (Table
1). The findings of this test are in good agreement with the
type of secondary metabolites reported earlier from the genus
(Narihiko et al., 1986; Blech and Budzikiewicz, 1994;
Ouyang et al., 1994) and these compounds might be
responsible for the traditional medicinal use of the genus.



Tewabech Alemu et al.

Ethiop.J.Sci.Sustain.Dev., Vol. 7 (2), 2020

Table 1: Phytochemical screening tests of crude extracts

Phytochemical screening Test DCM:MeOH (1:1) MeOH 100%
Flavonoids Alkaline test + +
Saponins Froth test + +
Phenols Ferric chloride test + +
Tannins Gelatin test + +
Terpenoids Salkowski’s test + +
Steroids + +
Phytosterols Salkowski’s test + +
Glycosides Modified Borntrager’stest + +
Alkaloids + +

3.2. Characterization of compounds

Compound 1 was obtained as a brown solid (melting
point: 155°C) with an Ry value of 0.44 (n-hexane/EtOAc
(1:1) as eluent). A positive mayer’s test was observed
suggesting that the compound was an alkaloid. The IR
(KBr disk) spectrum showed broad and sharp vibrations
at 3441 and 1744 cm attributed to hydroxyl (OH) and
carbonyl moiety, respectively. The absorption bands at
1637, 1462 and 1230 cm™ suggest the presence of
aromatic system (C=C), C=N and C-O stretching
vibrations, respectively. The presence of symmetric and
asymmetric C-H stretching are clearly evident from
vibrations at 2854 and 2927 cm?, respectively.

The *H NMR (400 MHz, CDCls, Table 2) spectrum
revealed the presence of proton signals at én 8.82 (d, H-
13,d,J = 12 Hz), 7.98 (d, H-1, J = 4 Hz), 8.66 (d, H-4,
J=12 Hz), 7.00(d, H-4’, J = 8), 8.09 (d, H-3", J =8 Hz),
7.55 (H-6, t) and 7.72 (H-7, t). The presence of doublet
of doublet peak was observed at 64 8.09 (H-3") suggest
allylic and ortho coupled with &4 7.98 (H-1) and o+ 7.00
(H-4"). The *C NMR and DEPT-135 spectra revealed a

‘o
\ 1

total of 20 well resolved carbon peaks. The presence of
eleven aromatic carbon groups, one methylene (C-6),
one methyl and seven quaternary carbon atoms (of
which four of them are aromatic carbon) are all evident.
The existence of carboxylic acid carbonyl carbon at
dc173.5 (C-9) and sp? oxygenated quaternary carbon at
dc 159.5 (C-2") are clearly marked (Table 2). The peaks
at d¢ 67.8 and 62.3 suggest oxygenated methylene and
methyl signals forming CH.-O-CH; moiety, also
supported by DEPT-135 spectrum, where the former
peak is pointing down whereas the later pointing up.
Peaks at 6c 139.2 and 145.5 suggest olefinic methine
near to heteroatom, preferably next to nitrogen,
supported by DEPT-135 spectrum. The above spectral
data and comparison with literature revealed that the
compound is indole alkaloid derivative of flazin methyl
ether (1, Figure 2) previously isolated from juice of
Ribes nigrum L. (Blech and Budzikiewicz, 1994).
However, this is the first report of the compound from
roots of B. antidysentrica.

(e}
\la

Figure 2: Structure of compound 1 and flazin methyl ether (1a)
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Table 2: 'H NMR, 3C NMR and DEPT-135 spectral data of compound 1 in CDCls.

Position Compound 1 Flazin methyl ether

(Blech and Budzikiewicz, 1994)

IH (8 in ppm and J in Hz) 1BC DEPT-135 'H (8 in ppm and J in Hz) 1BC
1 7.98 (1H, d, J=4) 145.5 145.5 - 137.1
3 - 130.7 - - 132.2
4 8.67 (1H, d, J=4) 117.3 117.3 8.85 (1H, s) 115.9
5 7.98 (1H, d, J=8) 127.9 127.9 8.41 (1H, d, J=7.8) 122.0
6 7.55 (1) 128.1 128.1 7.34 (1H,dd,J=7.8/8.2) 120.5
7 7.72 (1) 129.1 129.1 7.65 (1H,dd,J=7.8/8.2) 128.9
8 7.00 (1H,d, J=8) 116.5 116.5 7.82 (1H, d, J=8.2) 112.9
10 - 139.6 - - 1415
11 - 124.3 - - 120.9
12 - 127.10 - - 129.9
13 8.82(1H, d, J=4) 139.2 139.2 - 132.0
2’ 159.5 - - 151.7
3’ 8.09 (1H, dd, J=8, 4) 116.5 116.5 7.45 (1H, d, J=3.4) 1111
4 7.00 (1H, d, J=8) 116.5 116.5 6.77 (1H, dd, J=3.4) 111.9

5’ - 159.5 153
Cco - 173.5 166.5

CH: 3.96 (2H, s) 68.7 68.7 4.64 (2H, s) 65.5

CHs 3.31(3H,s) 62.3 62.3 3.34(3H, s) 57.2

Compound 2 was isolated as yellowish amorphous
solid with mpt of 149°C and R¢ value of 0.57 (EtOAc/n-
hexane (4:1) as eluent). A positive mayer’s test was
observed suggesting that the compound was an alkaloid.
The IR (KBR) spectrum of the compound showed a
broad vibration at 3451 cm™, sharp vibrations at 2924
cmtand 2854 cm?, 1637 cm™, and 1400 cm™ attributed
to amine group (N-H), sp® H-C, sp? C-H, imine bond
C=N and C=C bonds, respectively. The *H NMR
spectrum showed peaks at 61 8.07 (H-4, d, J = 7.8 Hz),
7.54 (H-10,t,J =8 Hz), 7.72 (H-9,t, J =8 Hz) and 8.82
(H-2,d,J=8Hz), 7.98 (H-1, d, J =8 Hz), 7.00 (H-5, d,
J =8 Hz) and 8.11 (H-11, d, J = 8 Hz). The *C NMR
and DEPT-135 spectra of showed the presence of
fourteen carbon signals including aromatic peaks
between 8¢ 116.5-159.5, of which six of them are sp?
quaternary at d¢ 159.5 (C-6), 139.5 (C-13), 136,09 (C-
16), 132.06 (C-15) , 130.5 (C-14) and 124.36 (C-12).
Upfeild chemical shift of carbonyl carbon at 6c 159.5
(C-6) suggest that the carbonyl group is directly linked
to nitrogen of indole moiety and it is also a,-conjugated
(6c 139.4 (C-4) and 129.0, C-5) suggesting that the
compound have B-carboline alkaloid canthine-6-one
skeleton.

The COSY spectrum supported correlations between
H1-~H2, H4~H5, H8<~H9, H9«~H10 and H10—H11
(Table 3). The HSQC spectrum suggested direct
connectivity between H1—Cl, H2—C2, H4—C4,

H5—C5, H8—C8, H9—C9, H10—C10, and H11—C11
(Table 3). The HMBC spectrum showed correlations
between H1—C2,9,12; H2—C1,15,16; H4—C6,9;
H5—C-6,16; H8—C12; H9—C11,13; H10—C8,12 and

H11—-C-3,15 (Table 3) in good agreement with
canthine-6-one alkaloids. Thus, based on the above
spectral data and comparison with literature (Ouyang et
al., 1994), compound 2 was suggested to be identical
with canthin-6-one (Figure 3) previously isolated from
roots of Brucea mollis (Ouyang et al., 1994).
Compound 3 was isolated as yellowish amorphous
solid with melting point of 180°C and Rs value of 0.41
(EtOAc/n-hexane (4:1) as eluent). The IR spectrum of
compound showed the presence of amine group (N-H)
at 3400 cmt, C-H band at 2924 cm™, C=0 band at 1744
cm™, C=C and C=N at 1644 cm™ and C-N at 1398 cm™.
The *H NMR spectrum (Table 4) revealed the presence
of methoxy protons as singlet at 6+ 4.08 (3H) and 4.23
(3H), and aromatic protons at o 8.5 (s, H-1), 8.38 (d, J
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= 8 Hz, H-8), 7.97(d, J = 8 Hz, H-4), 7.65 (t, J = 8 Hz,
H-9), 7.01(d, J = 8 Hz, H-5) and 6.86 (d, J = 12 Hz, H-
10). The *C NMR and DEPT-135 spectrum (Table 4)
showed two methoxy carbon atom signals appearing at
dc 57.7 and 56.2. The presences of eleven aromatic
peaks were observed at d¢c 160.4, 155.9, 151.3, 140.1,
139.2,132.1,132.9, 131.6, 130.5, 113.1, 109.8 and 107.9.

In agreement with the spectral data of canthine-6-one
(2), up-feild chemical shift of carbonyl carbon at dc
160.4 (C-6) suggests that the carbonyl group is directly
linked to nitrogen of indole moiety and it is also a,f3-
conjugated (6¢ 139.15 (C-4) and 125.1 C-5) suggesting
that the compound have S-carboline alkaloid canthine-
6-one skeleton. Close inspection of the 2D NMR spectra

(Table 4) showed the following correlations. COSY
spectrum showed correlations between aromatic protons
appearing at oy 7.97 (H-4) and o4 6.86 (H-5), o+ 8.38
(H-8) and &4 7.65 (H-9), 61 7.65 (H-9) and 64 7.01 (H-
10). HSQC spectrum showed J correlations between
aromatic protons and their respective carbons H2—C2,
H4—C4, H5—C5, H8—C8, H9—C9, H10—C10, and
methoxy groups (H17—C17 and H18—C18). HMBC
spectrum (Table 4) showed correlations between
H2—C1,11,14; H5—C6.,9,16; H8—C10,12; H10—C11,8,12.
The HMBC spectrum also indicated correlations of the
methoxy protons at 6H 4.23 (H-17) and 4.08 (H-18) with
C-11 and C-1, respectively, confirming their location at
C-1, 11 of the canthine-6-one skeleton. Thus, based on

Table 3: 'H, **C, DEPT-135, COSY, HSQC and HMBC spectral data of canthin-6-one (2, Figure 3)

Position Compound 2 Canthin-6-one
(Ouyang et al., 1994)

IH (5 in ppm BC DEPT-135  COSY HSQC HMBC IH (@ inppmand J BC
and J in Hz) in Hz)

1 7.98 116.4 116.5 Hi— H2 Hi1—C1 H1—Cz1215 7.59(1H, d, J=5) 1154
(1H, d, J=8)

2 8.82 145.7 145.7 H2—C2 Ha—®1 14,16 8.58(1H, d, J=5) 144.8
(1H, d, J=5)

4 8.07 139.4 139.4 Ha Hs Ha— Ca Hs—Ce1s16  7.77(1H,d,J=9.7)  138.6
(1H, d, J=8)

5 7.00 129.0 129.0 Hs—Cs Hs— Coe,16 6.75(1H, d, J=9.7) 127.9
(1H, d, J=8)

6 - 159.5 158.2

8 8.69 117.3 117.3 Hg — Hy Hs—Cs Hs— Ci2 8.28(1H, d, J=7.7) 116.3
(1H, dd, J=8,4)

9 7.72 (1H, t) 130.9 130.9 Ho < Hio Ho—Cy Ho— Ci3 7.45(1H, t) 129.8

10 7.54 (1H, t) 125.7 125.7 Hio> Hi  Hio—Cwo  Hio— Cs1z  7.28(IH, 1) 1247

11 8.11 122.7 122.7 Hi1— Cu H11—C13,14 7.73(1H, d, J=7.7) 121.6
(1H, dd, J=8,4)

12 - 1244 123.3

13 139.5 138.2

14 130.5 128.9

15 132.1 130.9

16 136.1 135.2

Figure 3: Structure of canthine-6-one (2)
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Table 4: 'H, 3C, DEPT-135, COSY, HSQC and HMBC NMR spectral data of 1,11-dimethoxychan tin-6-one (3).

Position Compound 3 COsYy HSQC HMBC 1,11-dimethoxychantin-6-one
(Narihiko et al., 1986)
H @ inppmandJ 3C DEPT-135 H(@inppmand] 3C
in Hz) in Hz)

1 - 155.9 - - 155.6
2 8.5 (1H, s) 132.1 1321 Ho—C2  Hz—Cien 841 (1H,s) 131.3
4 7.97(1H,d,J=8) 139.15 - Hs Hs Hs—Ca 7.91(1H,d,J=10) 139.0
5 6.86(1H,d,J=8) 131.6 125.1 Hs— Cs  Hs— Ceis 6.79(1H,d,J=10) 1318
6 - 160.4 - - 160.2
8 8.38(1H,dd,J=8,4)  109.8 109.8 Hs<> Hog Hs— Cs Hs— C1012 8.29(1H,d,J=8) 109.5
9 7.65(1H,t, J=8) 125.1 131.6 Ho<>Hio Ho— Cs  Hoe— Ciuzs  7-54(1H.t J=8) 124.8
10 7.01(1H,dd, J=8,4)  107.9 107.9 Hio—>Cio  Hio— Cros  6.86(1H,d,J=8) 107.5
11 - 151.3 - - 151.0
12 - 113.1 - 116.6
13 - 132.9 132.6
14 - 113.1 - 112.8
15 - 130.5 - 130.2
16 - 1401 H2— C2 Ho—C11416 - 139.8
OCHs  4.23(3H,s) 57.7 57.7 Hi7— Cu1 4.16(3H,s) 57.4

OCHz  4.08(3H,s) 56.2 56.2 His— Ci1 4.0(3H,s) 56.0

18

Figure 4: Structure of 1,11-dimethoxycanthin-6-one (3)

the above spectral data and extensive comparison with
literature, the compound was identified as 1,11-
dimethoxycanthin-6-one (3, Figure 4), previously reported
from stem of B. antidysentrica (Narihiko et al., 1986).

3.3. Antibacterial activity

The antibacterial activity of the crude extracts and
alkaloids (1-3) were examined at a concentration of 0.5
mg/mL against four pathogenic bacterial strains two
Gram-positive (Staphylococcus aureus, Bacillus subtilis)
and two Gram-negative (Escherichia coli and Salmonella
thphimurium). Antibacterial potential of crude extracts
and alkaloids (1-3) were assessed in terms of zone of
inhibition of bacterial growth (Table 5). The results

revealed that the isolated compounds showed promising
antibacterial activity against S. aureus, B. subtilis, E. coli
and S. thphimurium. Canthine-6-one (2) showed medium
activity (12.66+0.6 and 12.33+2.31) against E. coli and S.
thphimurium, respectively, compared to ciprofloxacin
(27.3£2.52 and 29+1.00). 1,11-dimethoxycanthin-6-one
(3) showed promising antibacterial activity (12.5+0.87
and 12.3+1.65 mm) against S. thphimurium and B.
subtilis compared to ciprofloxacin (29+1.00 and
33.3+3.22 mm). The DCM:MeOH (1:1) crude, acid-base
crude extract and compound (1) showed moderate
antibacterial activity against S. aureus, E. coil, S.
thphimurium and B. subtilis, respectively.
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3.4. Antioxidant activity

In the DPPH scavenging assay, crude extracts and
alkaloids (1-3) were investigated through the free
radical scavenging activity via their reaction with the
stable DPPH radicals. The reduction of the DPPH was
followed via the decrease in absorbance at 517 nm. The
DPPH radical scavenging activities (in %) of extracts
and isolated compounds were found to be 87.5 (canthine-
6-one, 2), 85.3 (compound 1), 83.3 (DCM:Methanol (1:1)

crude extract), 80.00 (acid-base crude extract), 78.4
(1,11-dimethoxycanthin-6-one, 3) at 100 pg/ml (Table
6). It was observed that the DPPH scavenging activity
increased with increasing concentration of the samples. For
the various concentrations, canthine-6-one (2) exhibited the
highest percent inhibition of the DPPH compared to
ascorbic acid which showed maximum scavenging effect
at very low concentration (Figure 5).

Table 5: Zone of bacteria growth inhibition diameter (mm)

Inhibition diameter (mm) £SD

Sample (0.5 mg/mL) E. coli S. thphimurium B. subtilis S. aureus
Methanol/dichloromethane (1:1) extract 11.6+1.53 10.66+ 1.15 11.33£1.15 9.33+0.58
Acid-base extract 11.33+2.08 11.0£1.73 12.0£3.74 11.33+0.58
Derivative of flazin methyl ether (1) 11.33+0.58 11.66+3.06 11.33+1.53 11.0£1.00
Canthin-6-one (2) 12.66+0.60 12.33+2.31 11.040.707 9.6+1.16
1,11-dimethoxycanthin-6-one (3) 11.3+0.58 12.5+0.87 12.3+1.65 10+1.00
Ciprofloxacin 27.3+2.52 29+1.00 33.6+£3.22 23.5+0.58

SD- Standard deviation

Table 6: % of scavenging activity of the extracts and isolated compounds of B. antidysentrica

C Samples
(ng/mL) DCM:MeOH(1:1) Acid-base extract 1 2 3
extract
A % A % A % A % A %
scavenging scavenging scavenging scavenging scavenging
activity activity activity activity activity
100 0.2 83.3 0.26 80 0.15 85.3 0.1 87.5 0.28 78.4
50 0.3 75 0.27 79.2 0.23 774 0.2 83.3 0.31 76.1
25 0.35 70.8 0.3 76.9 0.3 70.5 0.3 75 0.34 73.8
12 0.4 66.6 0.4 69.2 0.4 60.7 0.38 68.3 0.45 65.4

A = Absorbance

— @ —— DCM:MeOH
— ®— Acid-base
——#&——compound 1
¥ compound 2

— <4 compound 3

—®»——— Ascorbic acid

100 —
] .

- 954 S
= .
= i
= 90
= i
= 85 —H
f —
S
S 80 -
‘>§ -
S
- 75 -
[T
(= -
o 704

65 -

60 -

T T . . '

° = 0 60 80 100

Concentration(pg/ml)

Figure 5: DPPH scavenging activity (%) of B. antidysentrica extracts, isolated compounds and positive reference
(L-Ascorbic acid).
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Table 7: Docking score of DNA gyrase protein and alkaloids (1-3).

1,11-dimethoxycanthin-6-one (3)

Compound 1 Canthin-6-one (2)
Mode Affinit dist from best mode Affinity dist from best mode Affinity  dist from best mode
(Keal /mé’l) _ (Kcal/mol) : (Kcal/mol) :

rmsd i.b. rmsd u.b. rmsd i.b.  ymsd u.b. rmsdi.b.  ymsd u.b.
1 -5.8 0.000 0.000 -5.7 0.000 0.000 -5.7 0.000 0.000
2 -5.5 8.225 10.733 -5.7 22.422 25.040 -5.3 1.873 4.233
3 -5.5 1.802 5.669 -5.6 1.130 3.936 5.2 2.391 4.508
4 -5.4 8.135 11.181 -5.5 12.175 13.368 -5.0 15.021 16.977
5 -5.3 2.110 3.485 -5.3 22.536 25.215 -5.0 15.786 17.759
6 -5.3 7.920 11.682 -5.2 14.292 15.937 -4.9 16.498 18.132
7 -5.3 23.777 26.168 -5.2 14.977 16.780 -4.8 16.396 18.263
8 -5.1 7.742 10.427 -5.2 14.559 0.000 -4.8 13.336 15.474
9 -5.1 8.762 11.879 -5.1 14.289 25.040 -4.8 14.126 16.244

3.5. Molecular docking

In association with in vitro antibacterial activity,
molecular docking studies were performed for three
alkaloids in order to predict the orientation and binding
affinity of ligand molecules at the active site of receptor
with bacterial enzyme DNA gyrase. In docking study,
all the compounds were found to have minimum binding
energy ranging from -5.8 to -4.8 KJ/mol (Table 7). On
comparative basis alkaloids (1-3) revealed minimum
binding energy of -5.8, -5.7 and -5.7 kcal/mol, respectively
(Table 7). These molecules were unwrapped by active
site amino acid residues at the active site pocket region
(as shown in Figure 6a-c). The protein (DNA-gyrase)
comprises of fourteen active site residues, which are
promiscuous to the ligands. Out of which only two
(PHE198 and ALA 51) residue is directly interacting
with the ligands. The other residues in close proximity
to the inhibitor are hydrophobic in nature. "Compound
(1) and 1,11-dimethoxycanthin-6-one (3) were found to
show hydrogen bond interaction with active site amino
acid residues PHE196 and ALA 51 at a distance of
(1.5A0), respectively.. The yellow dashed line indicates
a possible hydrogen bond formed between the
connections residues (Figure 6a-c) and red color also
indicated the hydrogen bond interaction (Figure 7a-c).
Canthin-6-one (2) had no hydrogen bond interaction
with the protein. Compound (1) showed two
hydrophobic interactions with TRY 218 and GLU 219,
Canthin-6-one (2) showed six hydrophobic interactions
with amino acid residues VAL201, LEU 52 LYS57,
GLY200 ASN198 and ALA52 and 1,11-
dimethoxycanthin-6-one (3) showed four hydrophobic
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interactions with ASN 198, LEU52, VAL201 and
LYS57. All ligands displayed no pi to pi and pi to cation
interactions with the protein. DNA gyrase is an essential
bacterial enzyme that catalyzes the introduction of
negative (-) supercoils into chromosomal and plasmid
DNA. Gyrase was discovered soon after it was clear that
in vitro recombination of bacteriophage A required a
negatively supercoiled DNA substrate. DNA gyrase
cleave and relegate DNA to regulate DNA topology and
are a major class of antibacterial drug targets (Reece and
Maxwell, 1991). The docking of alkaloids (1-3) with
DNA gyrase showed higher binding affinity as well as
hydrogen bonding and good hydrophobic interaction
with the receptor. Thus, from this study it can be
concluded that the compounds 1-3 may act as potential
inhibitors by hindering the function of DNA gyrase
enzyme.

Figure 6a: Molecular docking of compound 1 with
DNA gyrase receptor.
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Figure 6b: Molecular docking of canthin-6-one (2) with
DNA gyrase receptor.

Figure 6c: Molecular docking of 1,11-dimethoxycanthin-6-
one (3) with DNA gyrase receptor.

Figure 7a: Molecular docking of compound 1 with
hydrophobic and hydrogen bond interactions.

4. Conclusion

For decades traditional medicines have been used
and continue to be an alternative approach on treatment
for various diseases. Due to the growing interest of
consumers in substances of natural origin coupled with
the increasing apprehension surrounding potentially
harmful infectious diseases, our group did a comprehensive
phytochemical analysis on the roots of B. antidysentrica.
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Figure 7b: Molecular docking of canthin-6-one (2) with
hydrophobic and hydrogen bond interactions.

Figure 7c: Molecular docking of 1,11-dimethoxycanthin-6-
one (3) with hydrophobic and hydrogen bond
interactions.

Silica gel column chromatographic separation of the
crude extracts led to isolation of three indole alkaloids
which are identified as compound 1 (derivative flazin
methyl ether), canthin-6-one (2), and 1,11-
dimethoxycanthin-6-one (3) all of which are identified
for the first time from the species. In addition,
compound 1 was isolated for the first time from the
genus. The antibacterial test results revealed that the
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isolated compounds showed promising antibacterial
activity against S. aureus, E. coli, S. thphimurium, and
B. subtilis. Compound 1 and canthin-6-one (2) exhibited
medium (12.66+0.60 and 12.5+0.87 mm zone of

traditional use of the plant to treat various infectious
diseases.
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