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Different solvent extracts of the aerial parts of Senna italica (Mill.) were investigated for their chemical constituents
and biological activities. Moreover, bio-guided fractionation led to isolation and identification of six compounds,
namely: physcion (1), emodin (2), 2-methoxy-emodin-6-O-(3-D-glucopyranoside (3), 1-hydroxy-2-acetyl-3-methyl-6-
hydroxy-8-methoxynaphthalene (tinnevellin) (4), quercetin 3-O-x-L-thamnopyranosyl-(1—6)-3-D-glucopyranoside
(rutin) (5), and 1,6,8-trihydroxy-3-methoxy-9,10-dioxo-9,10-dihydroanthracene (6). The chemical structures of these
compounds were established via 1D and 2D 'H- and '*C-NMR spectroscopy. Ethyl acetate and n-butanol extracts as
well as compound 3 were evaluated for their anticancer activity against tumor cell lines. The tested extracts showed a
moderate to weak activity, while compound 3 showed a moderate activity against human liver cancer (Hep G2) and
breast cancer (MCF-7) cell lines with ICs, values of 57.5 and 42.3 pg/mL, respectively. Both ethyl acetate and n-butanol
extracts exhibited antimicrobial activities with different strengths, i.e., ethyl acetate exhibited antimicrobial activity against
seven test microbes while #n-butanol extract showed antimicrobial activity against all tested microbes. This is the first re-

port for the isolation of compound 3 as a new compound from S. ifalica growing in Egypt.
Keywords: Senna italica, antimicrobial, anticancer, ABTS, anthraquinones

Introduction

Family Fabaceae/Leguminosae, commonly known as the le-
gume, comprises about 730 genera and more than 19,000 species
[1]. Senna is an important genus of flowering plants, comprising
nearly of 350 species. It is widely distributed in tropical and sub-
tropical zones [2, 3]. This genus is known to be rich in different
secondary metabolites, especially anthraquinones [4]. Physcion,
chrysophanol, 10,10'-chrysophanol bianthrone, 1,1,8,8'-tetrahy-
droxy-6"-methoxy-3,3’-dimethyl-10,10"-bianthracen-9,9'-dione, and
1,1,8,8'-tetrahydroxy-7'-methoxy-3,3"-dimethyl-10,10’-bianthracen-
9,9'-dione were isolated from pods of Senna italica growing in
Sudan [4]. Moreover, 5-acetonyl-7-hydroxy-2-methylchromone,
5-acetonyl-7-hydroxy-2-hydroxymethyl-chromone,  4-(trans)-
acetyl-3,6,8-trihydroxy-3-methyldihydronaphthalenone, and 4-
(cis)-acetyl-3,6,8-trihydroxy-3-methyldihydronaphthalenone were
isolated from leaves of S. siamea growing in Thailand [5, 6].
Branco et al. (2011) reported the isolation of 2-acetyl physcion
(2-acetyl-1,8-dihydroxy-6-methoxy-3-methyl-9,10 anthraquinone),
chrysophanol, and chrysophanol-8-methyl ether from the bark of
Senna macranthera growing in Brazil [6]. On the other hand, pre-
vious studies indicated that Senna species showed broad spectrum
of biological applications such as antibacterial [7], anti-inflamma-
tory [8], antitrypanosomal [9], antiprotozoal [10], antioxidant [11],
and antiproliferative [12]. Anthraquinones are known by their vital
pharmacological activities including antioxidant [13], antimalarial,
antituberculosis [14], and antimicrobial [15]. Also, many authors
have studied the anticancer activity of anthraquinones against dif-
ferent tumor cell lines like murine B16-F10 melanoma [16], lung
[17], liver (HepG-2), colon (HCT-116), kidney (MCF-7) [18],
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hepatoma [19], human B-lymphoblastoid, and HL-60 [20]. There-
fore, the current study was conducted to isolate and identify an-
thraquinone compounds from aerial parts of S. italica and to
evaluate the antimicrobial, anticancer, and antioxidant activities of
two solvent extracts as well as a new pure isolate.

Experimental

General Experimental Procedures. Hydrogen-1 nuclear
magnetic resonance ('H-NMR) and carbon-13 nuclear magnetic
resonance ('*C-NMR) spectra were recorded on Bruker Avance
I 400 MHz for 'H and 100 MHz for '*C (Bruker AG,
Switzerland) with Broad Band Fluorine Observation (BBFO)
Smart Probe and Bruker 400 AEON Nitrogen-Free Magnet.
Data were analyzed using Topspin 3.1 Software, NMR unit at
the Faculty of Pharmacy, Beni Suef University, Egypt.
Chemical shifts are given in ¢ values (ppm) using
tetramethylsilane (TMS) as the internal standard. Column
chromatography (CC) was carried out on Silica gel (70—
230 mesh) (Merck), Polyamid 6S (Sigma-Aldrich), and Sephadex
LH-20 (Uppsala, Sweden).

Plant Materials. The aerial parts of S. italica were collected
from Alkharga Oasis desert, Alwady Algaded, Egypt during
March, 2015. The plant was kindly identified by Prof. Dr. Ibrahim
A. Mashaly, professor of Plant Ecology and Flora, Botany
Department, Faculty of Science, Mansoura University. Voucher
specimens were kept in Medicinal Chemistry Department,
Theodor Bilharz Research Institute, Kornaish El-Nile Str., Warrak
El-Hadar, Imbaba, Giza, Egypt.

Extraction and Chromatographic Isolation. The air-dried
powdered aerial parts of S. italica (1.5 kg) were soaked in a
mixture of organic solvents composed of CH,Cl,-MeOH (1:1, v/v)
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for 72 h at room temperature [21], and the solvent was removed
via evaporation under vacuum to give a yield of 100 g of crude
extract. The crude extract was dissolved in organic solvents with
increasing polarities, i.e., hexane, methylene chloride, ethyl acetate,
and n-butanol to afford 9.87, 17.42, 23.82, and 3596 g,
respectively.  Methylene chloride extract (15 g) was
chromatographed on a column packed with 200 g of silica gel,
and the column was eluted with CH,Cl,, CH,Cl,-MeOH, and
MeOH. Based on TLC studies, fractions I and II were monitored
and collected using n-hexane and ethyl acetate solvent mixture
(11:9, v/v) and both of them were further purified on preparative
thin-layer chromatography (PTLC), two anthraquinones aglycones,
namely, physcion (1) and emodin (2) were isolated via PTLC
using  (n-hexane-benzene—cthyl acetate; 2:0.4:2.4, v/v/v) as
clution system. The ethyl acetate extract (20 g) was undergoing
chromatographic isolation up on polyamide 6S column packed
with 250 g of polyamide as stationary phase. The elution system
was started with H,O, H,O-MeOH (1:1, v/v), MeOH, MeOH-
AcOH (1:1, v/v), AcOH, AcOH-NHj; (1:1, v/v), and finally with
NH;. A major fraction (III) was purified on Sephadex LH-20
sub-column eluted with (CH,Cl,-MeOH; 9:1, v/v) followed by
PTLC using (EtOAc-MeOH-H,O0; 8.6:1:0.4, v/v/v) to give two
compounds, namely, 2-methoxy-emodin-6-O-3-D-
glucopyranoside (3) and 1-hydroxy-2-acetyl-3-methyl-6-hydroxy-
8-methoxynaphthalene (tinnevellin) (4). Finally, the #n-butanol
extract (30 g) was undergoing chromatographic isolation up on
polyamide 6S column. The elution system was started with H,O,
H,O-MeOH (1:1, v/v), MeOH, MeOH-AcOH (1:1, v/v), AcOH,
AcOH-NH; (1:1, v/v), and finally with NH;. Two obtained major
fractions (IV and V); fraction (IV) was purified on Sephadex LH-
20 eluted with (CH,Cl,-MeOH; 1:9, v/v), followed by PTLC
eluted with (ethyl acetate: MeOH; 2.1:2.9; v/v) to give quercetin
3-O-o-L-thamnopyranosyl-(1—6)-3-D-glucopyranoside (rutin)
(5), while fraction (V) was purified on silica gel sub-column
eluted with (EtOAc-MeOH; 17: 3, v/v), followed by PTLC
eluted with (ethyl acetate-MeOH; 2.8:2.2, v/v) to give 1,6,8-
trihydroxy-3-methoxy-9,10-diox0-9,10-dihydroanthracene (6).
Antimicrobial Activity. The antimicrobial activity was
evaluated by filter paper disc method [22]. Briefly, filter paper
discs, 5 mm diameter, were saturated with 200 pg of tested
extracts (EtOAc and n-BuOH). Stock cultures of the test
organisms were obtained from the Microbiological Laboratory,
Faculty of Medicine, Mansoura University. The test microbes
used were Gram-positive bacteria (Staphylococcus —aureus,
Streptococcus pyogenes, Bacillus subtilis, and Staphylococcus
epidermis), Gram-negative bacteria (Klebsiella pneumoniae,
Escherichia coli, Erwinia carotovora, Shigella sp., Erwinia sp.,
Enterobacter aerogenes, Pseudomonas aeruginosa, and Proteus
vulgaris), and yeast (Candida albicans). The bacterial test
microbes (10° cells/mL) were swapped on plates containing
nutrient agar medium (DSMZ1), whereas the fungus test microbe
(10°® cell/mL) was swapped on plates containing Czapek-Dox
medium (DSMZ130). The filter paper discs containing the tested
extracts were put on the surfaces of the inoculated plates. The
plates were then incubated at 37 °C and 30 °C, for bacteria and
fungus test microbes, respectively. The appearance of clear zones
(mm diameter) was detected after 24 h of incubation. The
activity index (%) is also measured as a correlation of the clear
zone of tested extract compared to standard antibiotics (ampicillin,
streptomycin, kanamycin, tobramycin, and clotrimazole). The
activity index was measured according to the following equation:

% Activity Index
~ Zone of inhibition by test compound (diametre)

100
Zone of inhibition by standard (diametre) X 100%

Anticancer Activity via Microculture Tetrazolium Assay
(MTT). The anticancer activity was done according to Mauceri
et al. [23], using four human tumor cell lines, namely,
hepatocellular carcinoma (HePG-2), mammary gland breast
cancer (MCF-7), human prostate cancer (PC3), and epithelioid
carcinoma (Hela). The cell lines were obtained from American
Type Culture Collection (ATCC) via Holding company for
biological products and vaccines (VACSERA), Cairo, Egypt.
5-Fluorouracil was used as a standard anticancer drug for
comparison. Briefly, the different cell lines mentioned above
were used to determine the inhibitory effects of extracts and
compound 3 on cell growth using the MTT assay. This
colorimetric assay is based on the conversion of the yellow
tetrazolium bromide (MTT) to a purple formazan derivative by
mitochondrial succinate dehydrogenase in viable cells. The
cells were cultured in RPMI-1640 medium with 10% fetal
bovine serum. Antibiotics added were 100 units/mL penicillin
and 100 pg/mL streptomycin at 37 °C in a 5% CO, incubator.
The cells were seeds in a 96-well plate at a density of 1.0 x
104 cells/well at 37 °C for 48 h under 5% CO,. After
incubation, the cells were treated with different concentration
of compounds and incubated for 24 h. After 24 h of drug
treatment, 20 uL. of MTT solution at 5 mg/mL was added and
incubated for 4 h. Dimethyl sulfoxide (DMSO) in volume of
100 pL is added into each well to dissolve the purple
formazan formed. The colorimetric assay is measured and
recorded at absorbance of 570 nm using a plate reader (EXL
800, USA). The relative cell viability in percentage was
calculated as (A570 of treated samples/AS70 of untreated
sample) x 100.

Antioxidant Activity (ABTS assay). The antioxidant
activity was evaluated via 2,2-azino-di-[3-ethylbenzo-thiazolin-
sulfonate] (ABTS) method. Briefly, for each of the investigated
sample, 2 mL of ABTS solution (60 mM) was added to 3 M
MnO, solution (25 mg/mL), all prepared in phosphate buffer (pH
7, 0.1 M). The mixture was shaken, centrifuged, and filtered, and
the absorbance (Aeonro)) Of the resulting green-blue solution
(ABTS radical solution) was adjusted at ca. 0.5 at 1 734 nm.
Then, 50 uL of (2 mM) solution of the test compound in
spectroscopic grade MeOH—phosphate buffer (1:1) was added.
The absorbance (Awy) Was measured after 10 min, and the
reduction in color intensity was expressed as % inhibition. The %
inhibition for each compound is calculated from the following
equation:

% Inhibition = Acontrot — Arest / Aconror X 100

Ascorbic acid (vitamin C) was used as standard antioxidant
(positive control). Blank sample was run without ABTS and
using MeOH—phosphate buffer (1:1) instead of sample. Negative
control sample was run with MeOH-phosphate buffer (1:1)
instead of tested sample [24].

Results and Discussion

Phytochemical Investigations. Bio-guided fractionation and
chromatographic isolation of the ethyl acetate, n-butanol, and
methylene chloride extracts of S. italica resulted in isolation and
identification of six compounds (1-6) (Figure 5). The structure of
the isolated compounds was elucidated by conventional chemical
and spectroscopic methods and via comparison of their spectral
data with the literature; the isolated compounds were identified as
physcion (1) [25-27], emodin (2) [26-28] , 2-methoxy-emodin-6-
O-3-D-glucopyranoside ~ (3),  1-hydroxy-2-acetyl-3-methyl-6-
hydroxy-8-methoxynaphthalene (tinnevellin) (4) [29], quercetin 3-
O-a-L-thamnopyranosyl-(1—6)-{3-D-glucopyranoside (5) (rutin)



[30, 31], and 1,6,8-trihydroxy-3-methoxy-9,10-diox0-9,10-
dihydroanthracene (6) [32].

Structural Elucidation of the Isolated Compounds (1-6).
Compound 1 was obtained as orange needles, m.p. 206-207 °C
and Ry 0.58 in (n-hexane—benzene—ethyl acetate; 2:0.4:2.6; TLC).
'H-NMR (400 MHZ, DMSO-d): 7.70 (1H, s, H-5), 7.40 (1H, d,
J = 2.1 Hz, H-4), 7.15 (1H, s, H-7), 6.68 (1H, d, J = 2.1 Hz,
H-2), 3.94 (3H, s, ~OCHj3), and 2.41 (3H, s, “CH3). Therefore,
via comparing the given spectal data of the compound with the
literature, compound 1 was identified as physcion [25-27].

Compound 2 was obtained as orange needles, m.p. 255—
256 °C and Ry 0.53 in (n-hexane—benzene—cthyl acetate;
2:0.4:2.6; TLC). '"H-NMR (400 MHZ, DMSO-d,): 7.73 (1H,
s, H-5), 7.50 (1H, d, J = 2.0 Hz, H-4), 7.21 (1H, s, H-7),
6.62 (1H, d, J = 2.0 Hz, H-2), and 2.50 (3H, s, —CH3). There-
fore, via comparing the given spectal data of the compound
with the literature, compound 2 was identified as emodin
[26-28].

Compound 3 was obtained as dark yellow powder, m.p.
173-175 °C and R; 0.43 (EtOAc-MeOH-H,0; 8.6:1:0.4).
"H-NMR spectrum of compound 3 showed two intense singlet
signals at 0 12.06 and 12.15 ppm which indicate the chelated
hydroxyl proton resonance attached on C-1 and C-8 of the aro-
matic ring, respectively. The two meta coupled doublet signals
at § 6.93 and 7.04 ppm correspond to the aromatic proton at-
tached on C-5 and C-7, respectively, and a broad singlet signal
at 0 7.67 ppm was assigned for aromatic proton attached on
C-4. A strong intense signal around 2.5 ppm integrated for
three protons of methyl proton attached on C-3 of the aro-
matic ring. Anomeric proton signal attached to C-6 at
0 5.01 ppm. Additionally, a signal in the aliphatic region was
observed at § 3.2 ppm as a singlet and integrated to three pro-
tons of methoxyl group at C-2. The "*C-NMR spectrum
showed one methyl carbon at 6 21.65 ppm and three oxygen-
ated carbons at 6 161.8 (C-1), 165.1 (C-6), and 164.9 (C-8)
ppm. The '*C-NMR also shows two carbonyl carbons at
6 190.1 (C-9) and 181.9 (C-10) ppm. One methyl substituted car-
bon at 6 148.7 (C-3); four quaternary carbons at & 127.6 (C-2),
120.9 (C-4), 109.3 (C-5), and 109.3 (C-7) ppm; also four quater-
nary carbons at § 135.6 (C-11), 109.4 (C-12), 113.8 (C-13), and
133.3 (C-14) ppm. The anomeric proton assigned at § 5.01 ppm
(d, J = 5.4 Hz) through its one-bond correlation in Heteronuclear
Single Quantum Coherence (HSQC) with its own anomeric car-
bon signal at § 100.5 ppm was an evidence for the presence of a
glucoside. The upfield shift of the carbon at 6 165.1 (C-6) indi-
cates the presence of sugar moiety on the benzene ring at this po-
sition. The attachment of a glucose moiety to C-6 was assigned
on the basis of the three-bond correlation peak between H-1" at
6 5.01 ppm and C-6 at 6 165.1 ppm in the Heteronuclear Multiple
Bond Correlation (HMBC) spectrum. The glucose moiety was de-
duced to have the 5-*C,-pyranose stereo structure based on the
J value of the anomeric proton and § values of its '"H and '*C
resonances (Table 1 and Figures 1-5). Similarly, the connec-
tivity of the methoxyl group to C-2 of the aglycone was proven
by the correlation peak of —OCH; at § 3.2 ppm and C-2 at
8 127.6 ppm. All other 'H and '>C resonances were also con-
firmed by the 'H-"H-COrrelated SpectroscopY (‘H-'H-COSY),
HSQC, and HMBC spectra and by comparison with previously
reported data for structurally related compounds [33]. Thus,
compound 3 was identified as; 2-methoxyemodin-6-O-3-D-
glucopyranoside, it was isolated for the first time as a new
compound.

Compound 4 was obtained as a pale yellow powder, m.p.
163—-165 °C and Ry 0.53 (EtOAc—MeOH; 3.1:1.9; TLC).
"H-NMR spectra of compound 4 revealed the presence of three
characteristic signals were assigned to three aromatic protons at
6 7.10 (1H, s, H-4), 6.97 (1H, s, H-5), and 6.75 (1H, s, H-7).

O. M. Khalaf et al.

Table 1. 'H- and '*C NMR spectral data (400/100 MHz, DMSO-dj) and
HMBC assignments of compound 3

Position ‘0 ppm dc ppm HMBC (H-C)
correlations

1 - 158

2 - 121.4 -

3 - 1343

4 7.03, 1H, s 119.3

5 692, 1H,d, /=12 Hz 103.3 C-5,12

6 - 156.9

7 6.70, 1H, d, J= 1.2 Hz 98.2 C-7, 12

8 - 152.2

4a - 136.6

8a - 109.0

9 - 205.0

10-CH3 2.50 323

11-CH; 2.24 19.7

12-OCH; 4.02 56.3

1 5.02, 1H,d, J=7.2 Hz 100.5 C-6

2! - 73.6 Cc-4

3 - 77.2 C-15'

4 - 69.9 C-2%,6'

5' - 76.8 Cc-3

6’ - 60.5 c-4'

“H: Chemical shift values (6 ppm from SiMe4) followed by multiplicity
and then the coupling constants (J in Hz).

Also, the spectrum revealed the presence of three methyl protons
at 9 2.51 (3H, s, CH3CO) which were assigned to acetyl moiety,
three protons of methyl group at 6 2.23 (3H, s, CH3), and three
methoxyl protons at 6 4.17 (3H, s, OCH3). Therefore, via com-
paring the given spectal data of the compound with the literature,
compound 4 was identified asl-hydroxy-2-acetyl-3-methyl-6-
hydroxy-8-methoxynaphthalene (tinnevellin) [29].

Compound 5 was isolated as a yellow powder, m.p. 210—
212 °C and Ry 0.67 (n-hexane—ethyl acetate; 2.1:2.9; TLC).
"H-NMR spectrum of compound 5 revealed the presence of
several signals were resonated at & 7.56 (1H, d, J = 2.0 Hz, H-2’),
7.53 (1H, dd, J = 9.2, 2.0 Hz, H-6"), 6.87 (1H, d, J = 8.8 Hz,
H-5"), 6.36 (1H, d, J = 2.0 Hz, H-8), 6.19 (1H, d, J = 2.0 Hz,
H-6); sugar: § (ppm): 5.34 (1H, d, J = 7.2 Hz, H-1"), 4.39 (1H,
d, J= 2.8 Hz, H-1"), 3.17-3.64 (9H, m, H-2"- H-6", H-2""- H-5"")
and 1.01 (3H, d, J = 6.4 Hz, Rha-CH3). Therefore, according to
the abovementioned spectral data, compound 5 was identified
as quercetin 3-O-«-L-rhamnopyranosyl-(1—6)-3-D-glucopyra-
noside (rutin) [30, 31].

Compound 6 was obtained as reddish fine crystals, Ry 0.74
(n-hexane—ethyl acetate; 2.8:2.2; TLC). '"H-NMR spectra of
compound 6 revealed the presence of four characteristic sig-
nals assigned to four aromatic protons in anthracene nucleus
at § 7.55 (1H, s, H-2), 6.20 (1H, s, H-4), 6.50 (1H, s, H-5),
and 7.80 (1H, s, H-7). A methoxyl group was appeared at
6 3.80 (3H, s, OCHj3). Therefore, via comparing the given
spectal data of the compound with the literature, compound 6
was identified as 1,6,8-trihydroxy-3-methoxy-9,10-diox0-9,10-
dihydroanthracene [32].

Biological Investigations

Anticancer Activity. The anticancer activity of compound 3,
ethyl acetate, and n-butanol extracts was evaluated against four
human tumor cell lines, namely, hepatocellular carcinoma
(HePG-2), mammary gland breast cancer (MCF-7), human
prostate cancer (PC3), and cervical (HeLa). The anticancer ac-
tivity was expressed by the ICsy values as shown in Table 2;
also the relative viability of cells (%) are showing in
Figures 6a—c. According to the American National Cancer Insti-
tute guidelines [33], extracts with ICs, values <30 pg/mL were
considered active. It was found that the n-butanol extract was
active against HePG-2, HelLa, PC3, and MCF-7 human tumor
cell lines with an ICs, of 25.9, 22.7, 21.9, and 29.5 pg/mL; re-
spectively. Moreover, compound 3 showed a moderate activity

3
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Figure 3. HMBC-NMR spectra of compound 3

only against two tumor cell lines, namely, HePG-2 and MCF-7
with an ICsq of 57.5 and 42.3 pug/mL, respectively, compared
to 5-fluorouracil. Previous study revealed that the n-hexane ex-
tract of S. italica showed weak anticancer, while the methylene
chloride showed strong anticancer activity against four tested
tumor cell lines, namely, HePG-2, HeLa, PC3, and MCF-7

4

[34]. Many previous reports revealed that the anthraquinones-
rich extracts have noticeable in vitro anticancer potentials
against different cancer cell lines [35, 36]. Moreover, previous
molecular studies showed that the anticancer activity of anthra-
quinones may return to their unique chemical structure with
heavy hydroxylation pattern [37, 38].
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Antioxidant Activity (ABTS Assay). Free radical scavenging
activity of the ethyl acetate and n-butanol extracts was evaluated
via ABTS assay. The antioxidant activity (% inhibition) against

ABTS radical was 82.9% and 85.7%, respectively, for the ethyl
acetate and n-butanol extracts, compared to ascorbic acid with %
inhibition of 89.2% (Table 3 and Figure 7). Masoko et al. (2010)
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Table 2. Anticancer activity of ethyl acetate and n-butanol extracts as
well as compound 3 against human tumor cells compared to 5-fluorouracil
as standard

Samples In vitro anticancer ICsq (pg/mL)*

Hep G2 Hela PC3 MCF-7
5-FU” 79+028  48+021  83+035 54020
Ethyl acetate  46.1 £2.69  59.1 £3.57 28.7+2.07 53.9+291
n-Butanol 259+ 1.87 227+1.62 219+£1.76 29.5+1.65
Compound 3 57.5£4.26 - - 423 +£3.25

“ICs0 (pg/mL): 1-10 (very strong), 11-20 (strong), 21-50 (moderate),
51-100 (weak), and above 100 (non-cytotoxic).
b5_FU = 5-fluorouracil.

have been reported on the antioxidant activity of the acetone ex-
tract of the roots of S. italica, and such activity was attributed to
the presence of bio-active chemical ingredients like glycosides,
flavonoids, and alkaloids [12]. Anthraquinone compounds are
known by their antioxidant potentials [39-42]. The anthraquinone
nucleus showed optimum structural criteria required for the good
antioxidant activity including heavy hydroxylation pattern and
electron delocalization through conjugated system; accordingly,
anthraquinones can act as strong electron and hydrogen donors
[43, 44]. Therefore, in our current study, the high antiradical ac-
tivity may be owing to these anthraquinones-rich extracts (EtOAc
and n-BuOH).

Antimicrobial Activity. The antimicrobial activity of the
ethyl acetate and n-butanol extracts was examined via disc agar
technique against twelve pathogenic microbial strains. The

120
100
80
60
40

20

Relative Viability of Cells (%) ~

Table 3. Antioxidant activity of ethyl acetate and n-butanol extracts of
Senna italica using ABTS assay

Sample Absorbance of samples % Inhibition
Ethyl acetate 0.087 82.9%
n-Butanol 0.073 85.7%
Ascorbic acid 0.055 89.2%
Control of ABTS 0.510 0%

results in Table 4 revealed that ethyl acetate extract showed a
moderate to strong antimicrobial activity against seven tested
organisms with inhibition zones ranged from 6 to 16 mm. On
the other hand, n-butanol extract showed a remarkable activity
against eleven species in comparing to standard antibiotics, i.e.,
Shigella spp. (7.8 mm/streptomycin, 14 mm), Erwinia spp.
(10 mm/streptomycin, 35 mm), E. coli (19 mm/ampicillin, 24 mm),
E. aerogenes (124 mm/kanamycin, 20 mm), P aeruginosa
(6.1 mm/tobramycin, 15 mm), P vulgaris (7 mm/ampicillin,
18 mm), S. epidermis (14 mm/ampicillin, 24 mm), S. pyogenes
(10 mm/ampicillin, 20 mm), S. aureus (11 mm/ampicillin,
24 mm), B. subtilis (9.3 mm/kanamycin, 20 mm), and C. albicans
(12 mm/clotrimazole, 20 mm). The antimicrobial activity of the
different parts of S. italica was previously investigated, and the
obtained results to some extent were matched with our finding
[34, 45]. Regarding the abovementioned results of the anthraqui-
none-rich extracts, these results may be good indicators for the re-
sponsibility of the identified anthraquinone metabolites for this
activity shown by these extracts (EtOAc and #-BuOH). From the
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Figure 6. (a) Relative viability of cells (%) against different concentrations 5-fluorouracil as standard; (b) relative viability of cells (%) against dif-
ferent concentrations of ethyl acetate; (c) relative viability of cells (%) against different concentrations of n-butanol
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Table 4. The inhibition zone (mm) and activity index% of ethyl acetate and n-butanol extracts of S. italica compared to standard antibiotics

Microorganism Standard antibiotic/Inhibition

Ethyl acetate n-Butanol

zone (mm) Inhibition zone (mm)“ Activity index% Inhibition zone (mm) Activity index%

Klebsiella pneumoniae Ampicillin/25 0 0 0 0

Shigella spp. Streptomycin/14 8.6 61.4 7.8 55.7
Erwinia spp. Streptomycin/35 8 22.8 10 28.5
Escherichia coli Ampicillin/24 16 66.6 19 79.1
Enterobacter aerogenes Kanamycin/20 9 45.0 12.4 62.0
Pseudomonas aeruginosa Tobramycin/15 0 0 6.1 40.6
Proteus vulgaris Ampicillin/18 0 0 7 38.8
Staphylococcus epidermis Ampicillin/24 0 0 14 583
Streptococcus pyogenes Ampicillin/20 0 0 10 50.0
Staphylococcus aureus Ampicillin/24 6 25.0 11 45.8
Bacillus subtilis Kanamycin/20 14 70.0 9.3 46.5
Candida albicans Clotrimazole/20 6 30.0 12 60.0

“Inhibition zones in mm.

structure activity relationship point of view, anthraquinones have
the ability to act as antimicrobial agents via different modes of ac-
tions, in which the interaction with cell wall/cell membrane, lead-
ing to increase the permeability of the cell envelope, the leakage
of cytoplasm, and the deconstruction of cell [46]. In addition,
many authors have been reported on the antimicrobial activities of
anthraquinones [47, 48]. de Barros et al. (2011) reported on the an-
tifungal activity of emodin, physcion from Coccoloba mollis [49].
Also, Basu et al (2005) reported on the antibacterial activity of em-
odin and physcion against three Bacillus species [50].

Conclusion

In this work, six phenolic compounds were isolated and iden-
tified in the ethyl acetate and n-butanol extracts of S. italica
using chromatographic and spectroscopic techniques. The two
solvent extracts showed noticeable antimicrobial, anticancer,
and antioxidant activities. Moreover, the n-butanol extract
showed strong antimicrobial activity than the ethyl actate. Com-
pound 3 was isolated for the first time from S. italica growing
in Egypt; the aerial parts of S. ifalica may be good natural
sources of antimicrobial, antioxidant, and anticancer agents.
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