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Bioassay-directed isolation of two novel antimicrobial coumarin and flavanone
from Acanthus montanus
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Abstract. This work is geared towards extraction, isolation and characterization of phytocompounds from the ethyl
acetate extract of Acanthus montanus root. The ethyl acetate extract was obtained through sequential maceration using a
nonpolar solvent first before introducing ethyl acetate. The extract was subjected to vacuum liquid chromatography (VLC)
for fractionation and phytocompounds were purified through column chromatography. Characterization was done
employing infrared spectroscopy (IR) and nuclear magnetic spectroscopy (NMR). The phytocompounds were isolated
and characterized as 6,7-dihydroxy-4-methoxycoumarin and 2'-acetoxy-4',5-dihydroxy-6"-methoxy-3-(2"-hydroxy-6"-
oxanyl)-8-(2'"-hydroxy-4'""-oxanyl)flavanone named Acanthusin G with percentage yield of 0.7% and 1.16%
respectively. 6,7-dihydroxy-4-methoxycoumarin and Acanthusin G indicated good antimicrobial activities at 200 pg/ml
with zone of inhibition range of 18 - 36 mm against fifteen pathogens using agar well diffusion method.
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1. Introduction

Plants are considered as the major sources of natural
products, endowed with phytochemicals of very
complex structures with interesting bioactivities [1].
These phytochemicals are phytonutrients or compounds
produced by plants and can be found in all parts of the
plant which include its flowers, fruits, seeds, leaves,
bark and roots. These secondary metabolites in plants do
exhibit their activities singularly or in synergy with
other phytocompounds present. There are several
thousands of phytocompounds in plants and have been
used in the pharmaceuticals as antibacterial, antifungal,
antiviral, anticholesterol, antitumor and anti-
inflammatory agents just to mention a few. These
phytochemicals include phenolics, terpenes, lipids,
carbohydrates and alkaloids [2].

The phenolics form a large group of these
phytochemicals. Flavonoids are polyphenols and make
up the largest group of secondary metabolites in plants.
They are known for plant pigments and co-pigments
which are responsible for the colors which we find in
leaves, flowers, fruits, seeds and barks of plants. They
are crystalline compounds which are soluble in water
and alcohol. They show different colors fluorescence
under the UV light. They are classified under the
following groups: flavanones, flavones, isoflavones,
flavonols, anthocyanidin, chalcones and flavanols. Their
activities include antimicrobial, anti-inflammatory,
antioxidant, antiviral, anti-allergic, anticancer, antiulcer,
antidiabetic, antiplasmodial, antihypertensive,
anticonvulsant and preventive effects of most humane
diseases [3].

Coumarin and its derivatives are phenolic
compounds which are like flavonoids in their structures.

Just like flavonoids, they are benzopyrones having the
benzopyran moiety, while the flavonoids have the
benzopyran-4-one, the coumarins have the benzopyran-
2-one. They are readily available in different parts of the
plant. Most derivatives of coumarin are phenolic
compounds and research are mostly geared towards
getting a potent, non-toxic and cost-effective analogues
for the treatment of cancer. Coumarins have been shown
to exhibit anti-inflammatory and antioxidant, anti-
cancer and photochemotherapy, anti-bacterial and anti-
fungal, and anti-coagulant properties. They are also used
in cosmetic and agrochemical industries [4-6].

Acanthus montanus known as mountain thistle is a
popular plant in Nigeria and other tropical parts of the
world. It is a tinny perennial plant with oblong to lance
shaped dark green leaves. The leaves could be as long as
30 cm with silver marks and wavy margins. It can have
a height of up to 180 cm with very aggressive roots [7].
The roots of the plant are used for the treatment of boils,
inflammation and arthritis. In our previous studies,
results revealed that ethyl acetate extract of the root of
A. montanus possess good broad spectrum antibacterial
and antifungal properties [8]. In continuation of our
studies, we report the isolation and characterization of
novel antimicrobial benzopyrones (a coumarin and a
flavanone) from the ethyl acetate extract of A. montanus
root that was previously shown to be bioactive.

2. Experimental

2.1. Materials and reagents

All solvents used for maceration, vacuum liquid
chromatography and column chromatography were
properly redistilled. The solvents are n-hexane, ethyl
acetate (EtOAc) and ethanol. Other reagents used were
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hydrochloric acid (HCI) 37.5% (May and Baker),
dimethyl sulfoxide 98.0% (Sigma-Aldrich),
concentrated sulfuric acid (Sigma-Aldrich), acetic
anhydride (Eastman Chemical), glacial acetic acid,
(Eastman Chemical), ferric chloride (Sukha chemical),
and potassium iodide (Silverline Chemical). Ceftriaxone
and Terbinafine are well known antibiotic and
antifungal used as standard drugs for the antimicrobial
assays conducted in this study.

Microbes used in this research were previously
characterized bacterial and fungal clinical isolates
obtained as stock culture from the Department of
Microbiology, Federal Medical Centre, Owerri, Imo
State, Nigeria. The bacteria are Salmonella typhi,
Salmonella paratyphi, Pseudomonas aeruginosa,
Shigella sonniea, Shigella dysenteriae, Escherichia coli,
Staphylococcus aureus and Streptococcus pyogenes.
While Candida albicans, Saccharomyces cerevisiae,
Rhizopus oligastus, Aspergillus flavus, Aspergillus
fumigates, Fusa equisetti and Aspergillus niger were
fungi used for this study.

2.2. Extraction

Acanthus montanus roots were harvested from Choba,
in Obio-Akpor Local Government Area of Rivers State,
Nigeria. The plant was identified by Dr. Chimezie
Ekeke of the herbarium of the University of Port
Harcourt, Rivers State, Nigeria. The roots were washed,
air dried and pulverized. Pulverized root (1.5 kg) was
completely defatted in an aspirator bottle using n-hexane
before introducing ethyl acetate and allowed to stand for
48 hours with daily stirring of the content. The ethyl
acetate extract obtained was concentrated using a rotary
evaporator and allowed to air dry before been used for
isolation.

2.3. Isolation

The ethyl acetate extract of the roots of Acanthus
montanus was selected for isolation because of the
observed antimicrobial activities and its phytochemical
composition [8]. Ethyl acetate extract (11.32 g) was
mixed with 15 g of silica gel (70-230 mesh ASTM) to
obtain a light brown powder. A sintered glass funnel (9.8
cm x 10.4 cm) and separatory funnel were clamped to a
retort stand and a hose connected from the vacuum
pump to the vacuum liquid chromatography (VLC) set
up. TLC grade silica gel (100 g) was introduced into the
sintered glass and was evenly distributed to the height of
3.5 cm. Treated sand was spread evenly on top of the
silica gel to protect the column bed and the prepared
extract introduced unto the column, making a total
height of 4.5 cm. Gradient elution using different
combinations of n-hexane, ethyl acetate and ethanol was
used and fractions of 200 ml each collected. A total of
39 fractions were obtained from the VLC. Fractions
were monitored using thin layer chromatography [9, 10].
Fractions 6-10 and 13-16 obtained as combined
fractions from VLC were subjected to purification
through column chromatography using glass columns of
80 cm by 2.3 cm and 70 cm by 1.5 cm (length by
diameter respectively). The method used in packing the
column was wet packing and n-hexane-ethyl acetate was
used in different ratios as the solvent system. Silica gel
(60-200 mesh ASTM) was mixed with 100% n-hexane
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in a beaker forming a slurry and gradually poured into
the column using a glass funnel with the effluent tap
opened while tapping the column for an even
distribution.

Fractions 6-10 which eluted with n-hexane - ethyl
acetate (8:2 and 7:3) from VLC had a light brown color
after solvent evaporation. Silica gel (4 g, 60-200 mesh
ASTM) was added to 0.76 g of the crystals and properly
mixed to obtain a light brown powder. Silica gel (30 g,
60-200 mesh ASTM) slurry was poured into the column
and treated sand was evenly distributed on top of the
silica gel while the prepared fraction was gradually
introduced into the column. The column was eluted
using n-hexane - EtOAc (9:1, 8.5:1.5, 8:2, 7.5:2.5 and
7:3). A total of 135 fractions of 20 ml each were
collected and monitored using TLC. while fractions 56-
68 (which showed similar spot on TLC) eluted with n-
hexane - EtOAc (7.5:2.5) were combined and solvent
evaporated to give 80 mg of compound F.

VLC Fractions 13-16 (0.44 g) eluted with n-hexane
- EtOAc (6:4) was a brown solid after solvent
evaporation. Silica gel (5 g, 60-200 mesh ASTM) was
added to 0.44 g of the fraction and properly mixed to
obtain a light brown powder. Silica gel (30 g) slurry was
poured into the glass column using a glass funnel.
Treated sand was evenly distributed on top of the silica
gel and the prepared fraction was gradually introduced
into the column using a glass funnel. The column was
eluted using n-hexane - EtOAc (9.5:0.5, 9:1, 8:2,
7.5:2.5, 7:3, 6:4, 1:1, 4:6 and 3:7) and monitored with
TLC. A total of 158 fractions of 20 ml each was
collected. Fractions 73-120 (eluted with n-hexane -
EtOAc (7:3, 6:4 and 1:1)) which showed similar spot on
TLC, were combined and solvent evaporated to give 131
mg of compound G.

Compounds F and G were subjected to spectroscopic
and melting point analyses.

2.4. Characterization

Infrared spectra were obtained from IR spectrometer of
Agilent Technologies Cary 630 FTIR in the range 4000-
400 cm! using the transmittance method. Potassium
bromide pellets were prepared and used for the IR
spectroscopic analysis of the isolated crystals. Nuclear
magnetic resonance (NMR) data were acquired using
the NMR spectrometer of Agilent Technologies 400
MHz Premium +AR. One dimension and two-
dimension experiments were used for structural
elucidation. Compounds F and G were dissolved in
deuterated chloroform for NMR experiments. Silica gel
precoated aluminum plates (Merck Fzss) were used to
perform thin layer chromatography. Detections were
done under UV light at the wavelength of 254 nm.
Further detections were done using a spray reagent
(H2S04-MeOH, 1:10) followed by heating at 105 °C for
3 minutes.

2.5. Bioassay

The isolated compounds (F and G) were screened for
antimicrobial activity against some pathogens using
standard procedures where agar well diffusion method
was employed [11, 12]. The bacterial isolates were
reconfirmed for purity and viability using selective
media (mannitol salt agar and eosin methylene blue
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agar). Molten agar was introduced into Petri dishes and
allowed to solidify. The bacteria were introduced unto
the sterile Petri dishes containing agar and sterile
spreader was used to evenly spread the isolates. A cup
borer was used to make 5 mm diameter holes in each
dish uniformly and isolated compounds (200 and 100
pg/ml) were introduced into the holes aseptically and
allowed to stand for one hour for pre-diffusion. Also
previously prepared standard antibiotic (ceftriaxone, 30
pg/ml) was aseptically introduced into one of the holes
in the Petri dishes. The Petri dishes were labelled and
incubated at 37 °C for 24 hours. After 24 hours, zones
of inhibition were measured and recorded in
millimeters. Zones of inhibition less than 6 mm were
considered insignificant.

For the antifungal assay, potato dextrose agar
medium was used. The organisms were collected from
the cultures previously incubated for 48 hours and were
aseptically introduced into sterile Petri dishes. Molten
agar was also aseptically introduced into the Petri dishes
and the content allowed to solidify. A cup borer was
used to make uniform holes (5 mm) on the Petri dishes.
The isolated compounds (200 and 100 pg/ml) and
standard antifungal (terbinafine, 30 pg/ml) were
aseptically introduced into the holes and allowed to
stand for one hour for pre-diffusion and incubated at 37
°C for 48 hours. After 48 hours, zones of inhibition were
measured and recorded in millimeters.

3. Results and discussion

3.1. Isolated compounds

Compound F (80 mg) was light yellowish crystals with
a melting point of 235 °C. The yield was 0.7% with R¢
value of 0.625 using mobile phase of 60% ethyl acetate
in n-hexane (Table 1). All IR data were applied
accordingly. IR absorption frequencies for compound F
(Table 2) showed aromatic ring stretch at 1610 cm™,
aromatic C-H stretch at 3007 c¢cm™ and aromatic
combination band at 1993 cm™ [13]. There was also a
carbonyl band at 1824 cm™ and a phenol OH stretch at
3524 cm. A methoxy C-H stretch was also seen at 2893
cm. The 3C-NMR data of compound F (Table 3)
shows ten carbon signals including one ester carbonyl
carbon signal at 6 = 169.9 (C-2) and eight signals & =
112.1 (C-3), 146.2 (C-4), 114.2 (C-5), 121.0 (C-6),
115.3 (C-7), 125.1 (C-8), 132.2 (C-9), 150.7 (C-10)
identified as aromatic carbon signals. From the *H-NMR
data of compound F (Table 3), three aromatic proton
signals at 6 = 7.54 (H-3), 6.96 (H-5) and 7.71 (H-8) were
identified. Proton signals at 8 = 6.87 (H-*0O) and 8.01 (H-
O) were not attached to any carbon in HSQC data
therefore were assigned as hydroxy protons. The
structure of compound F (Figure 1) was determined
using *H-NMR and **C-NMR aided by connectivity
observed in HSQC and verified by HMBC experiments.
The signal at 8 = 169.9 (C-2) is reported as ester
carbonyl carbon signal [14]. The connectivity observed
in HMBC (Figure 1) shows that the signal at & = 169.9
had a strong correlation with 6 = 7.54 (H-3) and 7.71 (H-
8) (Figure 1), confirming the position of the ester
carbonyl carbon in the structure. Long range correlation
as seen in HBMC between 6 = 148.2 (C-4) and 6.05 (H-
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11) confirmed the attachment of the methoxy carbon to
C-4 while the correlation between the aromatic carbon &
=121.0 (C-6) and 6.96 (H-5) also confirmed the position
of one of the hydroxy groups in the structure (Figure 1).
Compound F (Figure 1) was confirmed as 6,7-
dihydroxy-4-methoxycoumarin after due comparison
with the coumarin isolated from the roots of Clausena
anisata [14]. Coumarins have been shown to exhibit
anti-inflammatory and antioxidant, anticancer and
photochemotherapy, antibacterial, antifungal and
anticoagulant properties [4-6]. They are also used in
cosmetic and agrochemical industries [15].

Table 1. Physical properties of compounds F and G

Isolated compound

Property F G
Type Crystalline Crystalline
Color Light yellow Brown
Weight (mg) 80 131
% Yield 0.7 1.16
Melting Point 235 257
(°C)
Polarity/ Semi-polar/Soluble  Semi-polar/Soluble
Solubility in chloroform in chloroform
Revalue / TLC  0.625/6:4 EtOAc:n- 0.375/8:2
Mobile Phase  Hexane EtOAc:n-Hexane
Spot under Purple Purple
UV light
Spot after Pink Nil

spray reagent

Table 2. IR data of compound F

Absorptlo(r(‘:nqu_?)venumber Assigned vibration
1610 Aromatic ring stretch
1824 Carbonyl C=0 stretch
3007 Aromatic C-H stretch
3524 Phenol OH stretch
1993 Aromatic combination band
2893 Methoxy C-H stretch

Table 3. 3C and *H chemical shift data of compound F in

CDClIs
Position | § 3C 5H
2 169.9 -
3 112.1 7.54
4 146.2 -
5 114.2 6.96
6 121.0 -
7 115.3 -
8 125.1 7.71
9 132.2 -
10 150.7
11 56.10
20
0

Figure 1. Structure and numbering of compound F (6,7-
dihydroxy-4-methoxycoumarin) used in this report. HMBC
correlations are indicated with red arrows.

Compound G (131 mg) was brownish needlelike
crystals with a melting point of 257 °C. It had a yield of
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1.16% and Ry value of 0.375 using a mobile phase of
80% ethyl acetate in n-hexane (Table 1). All IR data
were considered during characterization. IR absorption
frequencies for compound G (Table 4) indicated the
presence of aromatic ring stretch at 1614 cm, aromatic
C-H stretch at 3121 cm™ and aromatic combination
band at 1882 cm™. There was also phenolic C-O stretch
at 1208 cm* and a phenolic OH band at 1388 cm™.
Methoxy C-H stretch was seen at 2851 ¢cm™ and a
normal hydroxy stretch at 3357 c¢cm™. Twenty-eight
carbons were identified from the *C-NMR data (Table
5) of compound G; these include two carbonyl carbons
signals at 8 = 178.5 (C-4) and 170.5 (C-8). From the H-
NMR data (Table 5), proton signals at 5 = 7.55 (H-6),
6.88 (H-7), 7.35 (H-3") and 7.56 (H-5") were identified
as aromatic protons. The 'H-NMR and C-NMR
assignments for compound G aided by HSQC data and
verified with other two dimension NMR experiments
(HMBC and COSY) showed that compound G had no
quaternary carbon, two primary carbons, 6 = 22.9 (C-
9') and 56.4 (C-7’); six secondary carbons, & = 28.7 (C-
3"), 24.5 (C-4"), 33.7 (C-5"), 29.7 (C-3""), 18.2 (C-5"),
19.9 (C-6""); and two tertiary carbons, 8 = 31.9 (C-3)
and 17.6 (C-4""). Protons at § = 7.24 (H-0), 6.25 (H-
®Q), 3.40 (H-°O) and 3.80 (H-YO) were not attached to
carbons in the HSQC experiment. Structure of
compound G (Figures 2 and 3) was determined using
'H-NMR and *C-NMR experiments aided by
connectivity observed in HSQC, HMBC and COSY
experiments. Carbon signals at 6 = 67.4 (C-2), 31.9 (C-
3),178.5 (C-4),119.9 (C-5),116.8 (C-6), 114.9 (C-7),
121.4 (C-8),149.6 (C-9), 143.2 (C-10), 127.4 (C-1"),
139.9 (C-2%), 107.2 (C-3"), 120.5 (C-4"), 124.5 (C-5"),
146.7 (C-6') (Table 5) indicated the presence of a
flavanone skeleton. These flavanone signals are similar
to the NMR signals of flavanones isolated from
Chromolaena tacotama [16-18]. Long range
connectivity in HMBC (Figure 2) shows that the
carbonyl carbon signal at 6 = 170.5 (C-8’) is correlated
to 7.35 (H-3') and 2.03 (H-9') confirming the position of
the acetoxy group in the structure while the signal at
146.7 (C-6') is correlated to 3.93 (H-7'), confirming the
position of the methoxy group. The flavanone was
characterized as 2'-acetoxy-4',5-dihydroxy-6'-
methoxyflavanone [18]. Signals at 6 = 83.4 (C-2"), 28.7
(C-3"), 24.5 (C-4"), 33.7 (C-5") and 14.1 (C-6") were
identified as oxanyl while a second oxanyl was observed
with carbon signals, & = 62.2 (C-2""), 29.7 (C-3""), 17.6
(C-4"), 18.2 (C-5"") and 19.9 (C-6""). From COSY
experiment (Figure 3), the hydroxy group at § = 3.40 (H-
€0) is correlated to & = 4.39 (H-2") of the first oxanyl
while & = 3.80 (H-%0) is correlated to 84.45 (H-2"") of
the second oxanyl. The first oxanyl was identified as 2"-
hydroxy-6"-oxanyl while the second oxanyl was
identified as 2"’-hydroxy-4""-oxynyl. The position of 2"-
hydroxy-6"-oxanyl was confirmed from the correlation
of carbonyl carbon at 8 = 178.5 (C-4) to 2.33 (H-5") in
HMBC (Figure 2) and the correlation between § = 1.29
(H-3) and 0.85 (H-6") in COSY (Figure 3) while the
position of 2'"-hydroxy-4""-oxynyl was confirmed from
the correlation between 6 = 4.10 (H-2) and 1.23 (H-4""),
6.88 (H-7) and 1.98 (H-5""") from COSY (Figure 3) and
HMBC (Figure 2). Compound G (Figures 2 and 3) was
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characterized as 2'-acetoxy-4',5-dihydroxy-6'-methoxy-
3-(2"-hydroxy-6"-oxanyl)-8-(2""-hydroxy-4""-
oxanyl)flavanone and named Acanthusin G. Flavanones
which belong to the group of flavonoids are the least
available in plant sources. They are documented for
several biological and antimicrobial activities. They are
good antioxidants, destroying free radicals which
antagonize the human body, anti-inflammatory effect,
anticancer and antitumor effect, antimutagenic, and
atherosclerosis / coronary heart disease effect [19-22].

Table 4. IR data of compound G (Acanthusin G)

AbsorptE(?:qflr)equency Assigned vibration
1208 Phenol C-O Stretch
1388 Phenol OH band
1614 Aromatic ring stretch
1882 Aromatic combination band
2851 Methoxy C-H stretch
3121 Aromatic C-H stretch
3357 Normal OH stretch

Table 5. 3C and *H chemical shift data of compound G
(Acanthusin G) in CDCls

Position § 13C é H

2 67.4 4.10 (1H)

3 31.9  1.29 (1H)

4 178.5 -

5 119.9 -

6 1168  7.55 (1H)

7 114.9 6.88

8 121.4 -

9 149.6 -

10 143.2 -

1’ 127.4

2' 139.9 -

3 1072 7.35(1H)

4’ 120.5 -

5 1245  7.56 (1H)

6’ 146.7 -

7 56.4  3.93(3H)

8’ 170.5 -

9 22.9 2.03 (3H)

2" 834  4.39 (1H)

3" 287  1.23(1H),
1.29 (1H)

4 245  1.67 (1H),
1.60 (1H)

5" 33.7 233 (1H),
2.36 (1H)

6" 14.1 0.85 (1H)

2" 62.2 4.45 (1H)

3" 297 275 (1H),
2.53 (1H)

4 17.6 1.23 (1H)

5" 182 1.98 (1H),
1.88 (1H)

6" 19.9  0.97 (1H),
0.84 (1H)

20 7.24

b0 6.25

0 3.40

40 3.80
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Figure 2. Structure and numbering of compound G
(Acanthusin G) used in this report. HMBC correlations are
indicated with red arrows.

Figure 3. Structure and numbering of compound G used in
this report. COSY correlations are indicated with blue
arrows.

3.2. Antimicrobial activity of compounds F and G
Compound F indicated concentration-dependent
activities against all the test organisms (Table 6). At 200
pg/ml the zone of inhibition (ZOI) ranged from 24 mm
to 34 mm as S. paratyphi was the most sensitive with 34
mm ZOI while P. aeruginosa with 24 mm ZOI was the
least sensitive to compound F. Compound G (Table 6)
also showed dose-dependent activities against all test
bacteria, with their ZOI ranging from 22 mm to 32 mm
at 200 pg/ml. S. paratyphi, S. aureus and S. pyogenes
were highly susceptible to compound G with 32 mm
ZOl while E. coli had the least sensitivity with 24 mm
ZOl.

The two isolated benzopyrones (compounds F and
G) showed concentration-dependent  antifungal
activities which were similar with those exhibited by the
standard drug (Table 7). Compound F was active against
the test fungi with ZOI that ranged from 18 mm to 34
mm at 200 pg/ml. S. cerevisiae and A. niger showed the
highest sensitivity with 34 mm ZOI while C. albicans
and F. equisetti had the least sensitivity with 18 mm ZOl
at 200 pg/ml. Compound G showed activity against the
fungi with ZOI that ranged from 16 mm to 36 mm at 200
pg/ml. R. oligastus and A. niger had the highest
susceptibility with 36 mm ZOI while F. equisetti had the
least susceptibility with 16 mm ZOI. Hence compound
G (Acanthusin G) showed slightly better antifungal
activity compared to compound F (6,7-dihydroxy-4-
methoxycoumarin).

Compound F is a novel polyhydroxy methoxy
compound (6,7-dihydroxy-4-methoxycoumarin) which
has not been reported in literature. However similar
molecules such as fraxetin  (7,8-dihydroxy-6-
methoxycoumarin) and 6,7-dihydroxy-8-
methoxycoumarin were reported to have antitumor,
antidiabetic and antioxidant properties [23, 24].
Compound G (Acanthusin G) is a novel flavanone (2'-
acetoxy-4',5-dihydroxy-6’-methoxy-3-(2"-hydroxy-6"-
oxanyl)-8-(2"’-hydroxy-4'"-oxanyl)flavanone).
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Flavanones had been reported to have antioxidant, anti-
inflammatory, antitumor and antimutagenic properties
[20-22, 25].

The antimicrobial activities of the isolated
compounds were similar with those exhibited by the
standard drugs against the same organisms (Tables 6 and
7). It is therefore safe to conclude that compound F (6,7-
dihydroxy-4-methoxycoumarin) and compound G
(Acanthusin G) may treat diseases caused by all test
organisms except those caused by C. albicans and F.
equisetti.

Table 6. Comparative antibacterial activities of compounds F

and G
Zone of inhibition (mm)
. Compound F Compound G Standard
Bacterium (ug/ml) (ug/mi) antibiotic
200 100 200 100 (Ceftriaxone)
S. typhi 32+1 20+2 280 18+0 3240
S. paratyphi 34+2 23+2 3242 21+l 32+0
P. aeruginosa 24+1 131 28+1 18+1 29+0
S. sonniea 30+1 1941 30+1 1940 3440
S. dysenteriae 31+0 2240 31+l  24+2 28+0
E. coli 29+0 20+0 2440 120 300
S. aureus 260 160 32+0 211 32+1
S. pyogenes 28+0 18+0 32+0 22+1 36+1
Table 7. Comparative antifungal activities of compounds F
and G
Fungus Zone of inhibition (mm)
Compound F Compound G Standard
(Hg/ml) (ng/ml) Antibiotic
200 100 200 100 (Terbinafine)
C. albicans 18¢0 0 2810 1040 1840
S. cerevisiae 3441 11+#1 3241 12+1 3040
R. oligastus 33+1 12+0 362 12+0 2310
A. flavus 32+2 1441 300 110 260
A. fumigates 30+¢1 10+0 300 1040 28+1
F. equisetti 180 0 160 0 200
A. niger 34+2 132 36x1 101 24+0

4. Conclusions

Two novel bioactive benzopyrones (6,7-dihydroxy-4-
methoxycoumarin and Acanthusin G) were isolated
from the ethyl acetate extract of the roots of Acanthus
montanus. These compounds have previously not been
isolated from Acanthus montanus and have also not been
reported in literature. 6,7-dihydroxy-4-
methoxycoumarin and Acanthusin G are broad spectrum
antimicrobials.
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