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Abstract

Infectious diseases are the most important cause of death worldwide. Many of these diseases show great resistance to
drugs and antibiotics with long-term use. Extracts of some medicinal plants have antimicrobial properties, which can
treat and overcome these diseases. Meliaceae is a family of timber trees used extensively in treating many bacterial
and fungal diseases, especially Swietenia mahagoni (L.) Jacq. In this study, phytochemical screening, gas chromatog-
raphy/mass spectrometry (GC/MS) analysis, and antimicrobial, antioxidant, and antitumor activities of the methanolic
extract of S. mahagoni (L) leaves were performed. Phytochemical screening exhibited the presence of alkaloids,
flavonoids, saponins, phenols, triterpenoids, glycosides, and tannins. GC/MS analysis exhibited 40 compounds, mainly
7-hexadecene, (Z)-, imidazole-4,5-d2, and 1-acetyl-4,4-bis[4-(3-bromopropoxy)-3,5-dimethoxyphenyl] piperidine. The
antibacterial and antifungal potentials of the methanolic extract of S. mahagoni (L.) leaves was investigated using the
agar well diffusion technique. Potent antibacterial activity against Staphylococcus aureus, Escherichia coli, Salmonella
enterica, Enterobacter aerogenes, and Proteus vulgaris and antifungal activity against Aspergillus flavus, Aspergillus niger,
and Candida albicans were found. The minimum inhibitory concentration and minimum bactericidal and fungicidal
concentrations ranged from 12.5 to 25 mg/mL. Antioxidant activity was studied using the free radical scavenging
assay, and the ICs, value of the leaf extract was 69.9 pg/mL. Cytotoxic activity was screened using the 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide assay, and the ICy, value was 44.2 ug/mL. These findings suggested the
importance of this plant in treating some bacterial and fungal infections and cancer.

Keywords: Swietenia mahagoni (L.) leaves, Phytochemical screening, GC/MS analysis, Antimicrobial, Antioxidant,
Cytotoxic activity

Introduction

In recent years, natural products, such as medici-
nal plants, have been introduced to treat different
pathogenic infections. These products have been used
to overcome the drug resistance and harmful side
effects of antibiotics. This forced researchers to find
new antimicrobial agents with a long history of use
in ethnomedicine. Plant extracts contain numerous
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phytochemical compounds and are safer and more
inexpensive. The development of pharmaceutical prod-
ucts of medicinal plants encouraged the study of phy-
toconstituents responsible for their biological activities
[Duraipandiyan et al. 2006; Jothy et al. 2012; Mazum-
der et al. 2008). The mahogany (Meliaceae) is a family
of flowering plants. Most species are evergreen. This
family includes about 50 genera and 550 species. It has
been widely cultivated in South Asia and the Pacific
(Arora and Kaur 2007). Many species of this fam-
ily are used for treating many diseases in traditional
medicine. Swietenia mahagoni (L.) is a member of the
family Meliaceace. Seeds are used for treating malaria,
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eczema, diabetes, rheumatism, cold, anorexia, and
blood pressure, whereas barks are used as astringent,
antipyretic, and tonic (Naveen et al. 2014). Matsuse
et al. (1998) reported that an HIV protease inhibitory
substance is present in S. mahagoni.

The secondary metabolites of the plant are respon-
sible for their valuable therapeutic properties (Nweze
et al. 2004) that can be used for the production of natural
antibiotics. Different classes of Meliaceae contain chemi-
cal compounds, such as triterpenoids (limonoids). More
than 300 limonoids have been extracted until now, and
they are more abundant in this family than in other fami-
lies, including the genus Swietenia (Nakatani et al. 2001).
Seven limonoids have been obtained from the methanolic
extract of S. mahagoni seeds (Govindachari et al. 1999).

S. mahagoni contains different phytoconstituents con-
sisting of phenolics (flavonoids and tannins), triterpe-
noids and tetranortriterpenoids, saponins, and alkaloids
(Sukardiman 2020). Some authors isolated limonoids and
swiemahogins A and BC from leaves and twigs of Swiet-
enia macrophylla (Chen et al. 2010).

The aqueous, ethanolic, petroleum ether, and chlo-
roform extracts of S. macrophylla leaves were found to
have antibacterial potential against methicillin-resistant
Staphylococcus aureus, Bacillus subtilis, Pseudomonas
aeruginosa, and Escherichia coli and antifungal poten-
tial against Candida spp., Trichophyton mentogrophytes,
Aspergillus flavus, and Aspergillus niger (Ayyappadhas
et al. 2012). Another study investigated the antimicro-
bial potential of aqueous and different solvent extracts of
S. mahagoni leaves against pathogenic microorganisms
and found that the methanolic extract was most potent
against E. coli, B. subtilis, K. pneumoniae, Candida albi-
cans, and A. niger (Chiranjib et al. 2011). The antibacte-
rial effect of volatile oils extracted from S. macrophylla
seeds was confirmed against Salmonella typhimurium
(Suliman et al. 2013). Triterpenoids (B,D-secolimonoids)
from Khaya senegalensis and S. mahagani were studied
for their antifungal activities (Govindachari et al. 1999).

The antioxidant activity of the methanolic and aque-
ous extracts of S. mahagoni seeds was studied using
1,1-diphenyl-2-picrylhydrazyl (DPPH) and hydroxyl
radical scavenging activities, and the methanolic extract
showed a powerful antioxidant activity compared to the
aqueous extract (Hajra et al. 2011). Also, the antioxidant
activity of the methanol extract of S. macrophylla bark
was conducted by the DPPH technique, revealing a sig-
nificant antioxidant activity (Masendra and Lukmandaru
2021). Moreover, this activity was screened for three spe-
cies of genus Swietenia (S. mahagoni, S. macrophylla, and
Swietenia humilis), and they were found to have signifi-
cant antioxidant activity, especially S. macrophylla (Pre-
ciado et al. 2016).
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The cytotoxic potential of S. mahagoni seeds was tested
against the breast cancer T47D cell line using the brine
shrimp lethality test. This study investigated a power-
ful cytotoxic effect for the fraction consisting of alka-
loids, steroids, and triterpenoids with an ICg, value of
49.12 ppm (Tohir et al. 2020). In addition, the limonoid
compound extracted from S. macrophylla showed strong
cytotoxicity against the colon cancer cell line HCT-116,
with an ICg, value of 55.87 pg/mL. Limonoid did not
cause rupture of red blood cells in the mice, indicating no
toxicity (Pinto et al. 2021).

This study was designed to conduct the phytochemical
screening, GC/MS analysis, and antibacterial, antifungal,
antioxidant, and cytotoxic activities of the methanolic
extract of Egyptian S. mahagoni (L.) Jacq leaves.

Materials and methods

Plant material

Fresh leaves of the medicinal plant S. mahagoni (L.) Jacq
were collected from Plants Island, Aswan Governorate,
Egypt. The plant was identified by the herbarium of the
National Research Centre. The leaves were washed with
running tap water to remove any traces of soil parti-
cles and dirt, washed with distilled water, and dried for
15 days in the shade. Finally, the leaves were ground and
sieved to get a fine powder.

Preparation of the plant extract

Two hundred grams of the dried plant material were
taken in a conical flask and soaked with methanol at a
ratio of 1:20 for 36 h at a temperature not exceeding the
boiling point of methanol. The obtained extract was fil-
tered through Whatman No. 1 filter paper and concen-
trated by a rotary evaporator under a vacuum at 40 °C
(Atef et al. 2019). The extract was stored in a refrigera-
tor at 4 °C and dissolved in dimethyl sulfoxide (DMSO)
before use.

Phytochemical screening

Phytochemical tests were carried out for the plant extract
according to standard methods (Mamta and Jyoti 2012;
Nigussie et al. 2021; Shekar et al. 2016).

Test for alkaloids (Mayer’s reagent test)

Diluted hydrochloric acid was added to the extract,
shaken well, and filtered. A few drops of Mayer’s reagent
were added to 3 mL filtrate along the sides of the tube.
The formation of a creamy precipitate indicated the pres-
ence of alkaloids.

Test for carbohydrates (Molisch’s test)
Two drops of alcoholic a-naphthol solution were
added to 2 mL aqueous extract in a test tube, and 1-mL
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concentrated sulfuric acid was added carefully along the
sides of the test tube. The formation of a violet ring at the
junction indicated the presence of carbohydrates.

Test for flavonoids (alkaline reagent test)

The extract was treated with a few drops of sodium
hydroxide solution in a test tube. The formation of an
intense yellow color, which turned colorless on the addi-
tion of a few drops of dilute acid, indicated the presence
of flavonoids.

Test for glycosides (Keller—Killiani test)

Glacial acetic acid (3 mL) and 1 drop of 5% ferric chlo-
ride were added to a 2 mL test solution in a test tube, and
0.5 mL concentrated sulfuric acid was added to the sides
of the test tube. The formation of blue color in the acetic
acid layer indicated the presence of cardiac glycosides.

Test for tannins and phenolic compounds (ferric chloride test)
A small amount of extract was dissolved in distilled
water, and 2 mL 5% ferric chloride solution were added.
The formation of blue, green, or violet color indicated the
presence of phenolic compounds.

Test for saponins (froth test)

The extract was diluted with distilled water and shaken in
a graduated cylinder for 15 min. The formation of a foam
layer indicated the presence of saponins.

Test for proteins and amino acids (Biuret test)

The extract was treated with 1 mL of 10% sodium
hydroxide solution in a test tube and heated. A drop of
0.7% copper sulfate solution was added to the previous
solution. The formation of violet or pink color indicated
the presence of proteins.

Test for triterpenoids and steroids (Salkowski’s test)

The extract was treated with chloroform and filtered. Few
drops of concentrated sulfuric acid were added to the
filtrate, shaken, and allowed to stand. If the lower layer
became red, it indicated the presence of sterol. The pres-
ence of a golden yellow layer at the bottom indicated the
presence of triterpenes.

Preparation of different plant extract concentrations

A 1% stock solution was prepared by dissolving 100-
mg methanolic extract of S. mahagoni (L.) leaves in
10 mL DMSO. The stock solution was diluted to 50,
25, and 15 mg/mL and stored for further antimicrobial
evaluation.

Page 3 of 12

GC/MS analysis of S. mahagoni (L.) leaf extract

GC/MS analysis was performed using a Thermo Scien-
tific Trace GC Ultra/ISQ Single Quadrupole MS, TG-
5MS fused silica capillary column (30 m, 0.251 mm,
0.1 mm film thickness). For GC/MS detection, an elec-
tron ionization system with ionization energy of 70 eV
was used, and helium gas was used as the carrier gas at
a constant flow rate of 1 mL/min. The injector and MS
transfer line temperature was set at 280 °C.

The oven temperature was programmed at an initial
temperature of 50 °C (hold for 2 min) to 150 °C at an
increasing rate of 7 °C/min to 270 °C at an increasing
rate of 5 °C/min (hold for 2 min) to 310 °C as a final
temperature at an increasing rate of 3.5 °C/min (hold
for 10 min) (Enerijiof et al. 2021). The quantification of
all identified components was investigated using a per-
cent relative peak area. Tentative identification of the
compounds was performed based on the comparison of
their relative retention times (RTs) and mass spectra to
those of the NIST, WILLY library data of the GC/MS
system.

Antibacterial activity

Bacterial strains

The following bacterial strains were used in this study.
S. aureus (ATCC 25,923) was used as Gram-positive
bacteria. E. coli (ATCC 35218), Salmonella enterica
(ATCC 700931), Enterobacter aerogenes (ATCC 13048),
and Proteus vulgaris (ATCC 13315) were used as Gram-
negative bacteria.

Agar well diffusion assay

The bacterial strains were subcultured onto nutrient
agar (Oxoid, UK) and incubated at 37 °C for 24 h. A
bacterial suspension was prepared in normal saline and
adjusted to 0.5 McFarland turbidity (1.5 x 10® colony-
forming units/mL) spread onto the Muller-Hinton agar
(Oxoid) medium surface. About 100 uL of S. mahagoni
(L.) leaf extract were poured into the wells at 50-, 25-,
and 15-mg/mL concentrations. Standard antibiotics
(1 mg/mL ampicillin) were used as a positive control,
and methanol was used as a negative control to deter-
mine the sensitivity of the strains. The inoculated plates
were incubated at 37 °C for 24 h (Syame et al. 2020).
The inhibition zone diameter was measured using a
ruler to determine the antibacterial activity.

Antifungal activity

Fungal strains

The antifungal activity of S. mahagoni (L.) leaf extract
was investigated against five fungal strains: A. flavus
(ATCC 22548), Aspergillus fumigatus (NCIM 1207), A.
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niger (ATCC 16888), C. albicans (ATCC 10231), and
Candida glabrata (ATCC 2001).

Agar well diffusion method

The antifungal susceptibility test was performed on Sab-
ouraud dextrose agar (Oxoid). The inoculum suspension
(0.5 McFarland) was streaked over the medium surface
using a sterile cotton swab. About 100 pL of S. mahagoni
(L.) leaf extract were poured into wells at different con-
centrations of 50, 25, and 15 mg/mL (Hassan and Ullah
2019). Amphotericin B (1 mg/mL) was used as a positive
control to determine the sensitivity of the tested strains,
and DMSO was used as a negative control. Finally, the
plates were incubated at 28 °C for 48 h (for Candida spp.)
and 72-96 h (for Aspergillus spp.). The inhibition zones
were measured using a ruler.

Minimum inhibitory concentration

The minimum inhibitory concentration (MIC) value was
tested for the microbes sensitive to the plant extract in
the agar well diffusion assay. The broth macrodilution
technique was used for the determination of MIC. The
plant extract was studied at different concentrations from
100 to 3.125 mg/mL in methanol. The lowest concentra-
tion with no visible turbidity in the test tube was deter-
mined as the MIC value (Sahgal et al. 2009).

Minimum bacterial concentration and minimum fungal
concentration

Minimum bacterial concentration (MBC) and minimum
fungal concentration (MFC) were determined from the
MIC tubes by subculturing onto Muller—Hinton (for bac-
teria) and Sabouraud dextrose agar (for fungi). The low-
est concentration where no visible growth was observed
was defined as MBC and MFC.

Antioxidant activity

The antioxidant activity of the plant extract was assessed
by the free radical scavenging activity (Chaves et al.
2020).

Free radical scavenging activity

The free radical scavenging activity of S. mahagoni (L.)
leaf extract was estimated using DPPH. A 0.1-mM solu-
tion of DPPH was prepared in methanol, and 1 mL of this
solution was added to a 3-mL extract solution at different
concentrations from 25 to 75 pg/mL. The mixture was
shaken vigorously and allowed to stand at room tempera-
ture for 30 min. The absorbance was measured at 517 nm
using an Asys microplate reader. The lower absorbance of
the reaction mixture indicated higher free radical scav-
enging activity. Butylated hydroxyanisole (BHA) was
used as a positive control.
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DPPH scavenging effect (%) =100 — [((Ao — A1)/Ao)
x 100],

where A, is the absorbance of the control reaction and A,
is the absorbance of the plant extract.

Cytotoxic activity

Human cell lines

HCT-116 (colon carcinoma) and BJ-1 (normal skin fibro-
blast) cell lines were used in the cytotoxic assay.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay

Cell viability was assessed by the mitochondrial-
dependent reduction of yellow 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) to
purple formazan (Mosmann 1983). The cytotoxic effect
of the plant extract was done in a laminar flow cabinet
biosafety class II level (Baker, SG403INT, Sanford, ME,
USA). Cells were suspended in RPMI 1640 medium (for
HCT-116) and DMEM medium (for BJ-1) with 1% antibi-
otic—antimycotic mixture (10,000-U/mL potassium peni-
cillin, 10,000-pg/mL streptomycin sulfate, and 25-pug/mL
amphotericin B) and 1% L-glutamine and supplemented
with 10% heat-inactivated fetal bovine serum at 37 °C
under 5% CO,. Cells were batch cultured for 10 days and
seeded at 10* cells/well in fresh complete growth medium
in 96-well microtiter plastic plates at 37 °C for 24 h under
5% CO, using a water-jacketed carbon dioxide incubator
(TC2323; Sheldon, Cornelius, OR, USA). The medium
was aspirated, and fresh medium (without serum) was
added with different concentrations of the plant extract
to give final concentrations of 100, 50, 25,12.5, 6.25,
3.125, 1.56, and 0.78 ug/mL. After 48 h incubation, the
medium was aspirated, and 40 pL MTT salt (2.5 pg/mL)
was added to each well and incubated for a further 4 h
at 37 °C under 5% CO,. To stop the reaction and dis-
solve the formed crystals, 200-pL 10% sodium dodecyl
sulfate in deionized water was added to each well and
incubated overnight at 37 °C. Adriamycin (doxorubicin)
[Mw=579.99] was used as a positive control (100 pg/
mL), which gave 100% lethality under the same condi-
tions. Cells without plant extract were used as a negative
control. The absorbance was measured using a micro-
plate multiwell reader (model 3350; Bio-Rad Laborato-
ries, Inc., Hercules, CA, USA) at 595 nm and a reference
wavelength of 620 nm (Ogbole et al. 2017).

Statistical significance was tested between the plant
extract and the negative control using an independent
t-test by SPSS version 11. DMSO was the vehicle used to
dissolve the plant extracts, and its final concentration on
the cells was <0.2%. The percentage of change in viability
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was calculated according to the equation: [(Reading of
extract / Reading of negative control) — 1] x 100.

Statistical analysis
Data were analyzed using the statistical software pro-
gram SPSS (version 11).

Results

Phytochemical screening

Qualitative analyses of the bioactive compounds for
the crude methanolic extract of S. mahagoni (L.) leaves
revealed a wide range of phytochemical compounds, as
shown in Table 1. Strong positive results were found for

Table 1 Phytochemicals of the crude methanolic extract of S.
mahagoni (L) leaves
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alkaloids, flavonoids, saponins, phenols, triterpenoids,
glycosides, tannins, and carbohydrates. Moderate posi-
tive results were found for steroids, amino acids, and pro-
tein, whereas negative results were found for oils.

GC/MS analysis

Forty compounds were characterized in the metha-
nolic leaf extract of S. mahagoni (L.) by GC/MS, repre-
senting 99.99% of the extract. The main constituents
are presented in Fig. 1 and Table 2, specifically 7-hexa-
decene, (Z)-, imidazole-4,5-d2, and 1-acetyl-4,4-bis[4-
(3-bromopropoxy)-3,5-dimethoxyphenyl] piperidine
with percentages of 14.41%, 10.66%, and 9.50% of the
total extract, respectively.

Antibacterial activity
The antibacterial activity of the methanolic extract

No Phytochemicals Presence
of S. mahagoni (L.) leaves was investigated using the
1 Alkaloids ++ agar well diffusion method, which was investigated
2 Flavonoids ++ in vitro against S. aureus as a Gram-positive bacte-
3 Saponins ++ rium and E. coli, S. enterica, E. aerogenes, and P. vul-
4 Phenols ++ garis as Gram-negative bacteria. The tested bacteria
5 Triterpenoids ++ showed a variation in the inhibition patterns. The inhi-
6 Steroids + bition zones of the methanolic extract of S. mahagoni
7 Glycosides ++ (L.) leaves at different concentrations of 50, 25, and
8 Tannins ++ 15 mg/mL are shown in Table 3. The extract showed a
9 Qils - broad antibacterial spectrum against Gram- and Gram-
10 Carbohydrates ++ negative bacteria at 50 mg/mL. The most susceptible
11 Amino acids and proteins + microorganisms to methanolic extract were S. aureus

10 23.98

19.22

Relative Abundance

28.31

IIII!IITl‘lllll‘ITlTIIIITlIlllIIIIITI]TITIIIIIITIIIIITI][lII

0 5 10 15 20 25 30 35 40 45 50 55
Time (min)

Fig. 1 HYPERLINK "sps:id:fig1||locator:gr1||MediaObject:0" GC/MS chromatogram of the methanolic extract of S. mahagoni leaves
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(20.2 mm) and E. aerogenes (20.5 mm) and followed
by S. enterica (19.5 mm), P. vulgaris (18.1 mm), and E.
coli (16.4 mm). This extract showed a moderate inhibi-
tory action at 25 mg/mL (12.2-16.3 mm) and showed a
minimum inhibitory action at 15 mg/mL (5.3—-8.0 mm).
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Antifungal activity

The antifungal activity of the methanolic extract of S.
mahagoni (L.) leaves is illustrated in Table 4. The agar
well diffusion method results indicated that C. albi-
cans was the most sensitive fungal strain at the highest

Table 2 Chemical composition of the methanolic extract of S. mahagoni leaves

No Compound name RT Peak (%) Peakarea Molecular Molecular formula
weight
1 1-Heptanol,4-methyl- 1399  1.69 191,833.97 130 CgHy50
2 2468-Tetramethyl-1-undecene 1416 262 29745695 210 CisHsg
3 Imidazole-4,5-d2 1923 1066 1,208060.13 68 C3H,D,N,
4 1,1,12-Tetrafluoro-2-tridecene 1943 376 426,662.89 254 CisHpnFy
5 Phenol,2,4-bis(1,1-dimethy)- 2244 664 75291127 206 Ci4H»0
6  7-Hexadecene, (2)- 2399 1441 1,632,753.67 224 CigHay
7 Oxalic acid, allyl decyl ester 2416 443 501,899.75 270 Ci5H0,
8 1-Acetyl-4,4-bis[4-(3-bromopropoxy)-3,5-dimethoxyphenyl] piperidine 2832 950 1,076,909.08 671 CygH36Br,NO;
9  Dihexylsulfide 2844 396 448,586.00 202 CioHyeS
10 2,2'-(Buta-1,4-diyn-1,4-diyl)bis[(5,10,15,20-tetraphenylporphyrinato)zinc(ll)] 30.54 240 271,857.54 1400 CoHggNgZn,
11 1-Heptadecanol (CAS) 3224 436 493,702.13 256 Ci7H30
12 Nephthoside—1,2/ 3/ 4-tetraacetate 5-(dibromomethyl)-1,3- 3237 214 24249160 696 CaoHs6010
bis(tribromomethyl) benzene
13 (1R,2S,5R)-(1-hydroxy-2-isopropyl-5-methylcyclohexyl)acetic acid 4783 156 17706035 214 Ci,H5,05
14 Lucenin 2 5402 164 186,282.89 610 CyH300:6
15 1-Trimethylsilyloxy-2-trimethylsilylamino-3-(3’-methoxy-4’-trimethylsilyloxy- 5483 171 193,732.19 427 CioH37NO,SI3
phenyl) propanone
Table 3 Antibacterial study of the methanolic extract of S. mahagoni (L) leaves
Bacterial strain 50 mg/mL 25mg/mL  15mg/mL  Standard antibiotic Methanol  MIC (mg/mL)  MBC (mg/mL)
(1 mg/mL ampicillin)
Inhibition zone (mm)
S.aureus 202£03 146£1.2 8.0£0.1 22.0£0.1 NA 12.5 12.5
E. coli 164+0.1 12.7£0.1 53406 240+03 NA 125 25
S. enterica 19.5+04 14.040.1 76+£14 242412 NA 12.5 12.5
E. aerogenes 20510 163+£05 6.0+£09 240+£0.2 NA 125 125
P vulgaris 18.1£0.2 122+10 6.2+0.3 223£04 NA 125 25
Ampicillin: positive control, and methanol: negative control. NA no activity
Table 4 Antifungal study of the methanolic extract of S. mahagoni (L.) leaves
Fungal strain 50 mg/mL 25 mg/mL 15 mg/mL AmphotericinB  Methanol MIC (mg/mL) MFC (mg/mL)
(1 mg/mL)
Inhibition zone (mm)
A. flavus 180£0.2 134+£03 95+06 195+£23 NA 125 25
A. niger 17.2£0.1 120£0.5 100£1.0 172£03 NA 125 25
A. fumigatus NA NA NA 203+0.6 NA NA NA
C. albicans (ATCC 10,231) 221+£11 181+£02 13.1+£03 249411 NA 125 12.5
C glabrata NA NA NA 230402 NA NA NA

Ampbhotericin B: positive control, and methanol: negative control. NA no activity
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concentration of 50 mg/mL with the maximum inhibi-
tion zone (22.1 mm), followed by A. flavus (18.0 mm)
and A. niger (17.2 mm). A. fumigatus and C. glabrata
were resistant to the methanolic extract at different
concentrations. At 25 mg/mL, the inhibition zone was
18.1 mm for C. albicans, 13.4 mm for A. flavus, and
12.0 mm for A. nmiger. In addition, this extract had a
weak antifungal activity at 15 mg/mL with inhibition
zones from 9.5 to 13.1 mm. The inhibition zones of
the positive control (1 mg/mL amphotericin B) ranged
from 17.2 to 24.9 mm.

Antioxidant activity

The free radical scavenging activity was determined
by DPPH assay as illustrated in Table 5 and Fig. 2a, b.
The plant extract concentrations ranged from 100 to
0.78 ug/mL. The ICy, value, the concentration of the
plant extract causing a 50% decrease in the DPPH con-
centration, was calculated from the nonlinear regres-
sion curve of the log concentration of the tested plant
extract (pg/mL) against the mean percentage of the
radical scavenging activity. The ICy, value was 69.9 pg/
mL for the leaf extract and 53+3.1 pg/mL for the
control positive (BHA). Therefore, S. mahagoni has a
potent antioxidant activity.

Cytotoxic effect

The cytotoxic effect of the methanolic extract of S.
mahagoni (L.) leaves was screened using the MTT
reduction assay against the human cancer cell line
HCT-116 and normal skin fibroblasts BJ-1 with differ-
ent plant extract concentrations from 0.78 to 100 pg/
mL, as shown in Table 6 and Fig. 3a, b. The IC;, val-
ues are presented in Table 6 and Fig. 2. Plant extracts
showed a powerful anticancer effect against HCT-116,
with an IC;, value of 44.2 ug/mL after incubation for
48 h. Moreover, the effect of this plant extract was
tested against the normal skin fibroblast cell line and
had a little effect on normal cells (20.4%) at 100 pg/
mL after 48 h. Adriamycin (doxorubicin) is the drug
of choice for cancer treatment, used as a positive con-
trol, and produced its anticancer effect at 37.6 pg/mL.

Table 5 Antioxidant activity of the methanolic extract of S.
mahagoni (L) leaves

DPPH 1C50 (ug/mL) Remarks
Methanolic extract of S. 69.9 100% at 100 pg/mL
mahagoni (L.) leaves

BHA (positive control) 53431 -

Page 7 of 12

Therefore, S. mahagoni leaves have a powerful antican-
cer compared to adriamycin.

Discussion

Natural products, especially medicinal plants, have been
introduced in the medical field to treat different dis-
eases due to their safety, stability, green nature, and eco-
friendly effects on the environment. Moreover, these
products could reduce the harmful effects caused by
synthetic antimicrobials (Cantrell et al. 2012). Qualita-
tive analyses of bioactive compounds for the methanolic
extract of S. mahagoni leaves have been screened in this
study by different standard tests, revealing a wide range
of phytochemical compounds (Table 1). The most impor-
tant bioactive compounds were flavonoids, alkaloids,
phenolic compounds, triterpenes, and tannins [in agree-
ment with Ekimoto et al. 1991; Nakatani et al. 2001),
which have an important role in treating different infec-
tions. Other studies investigated the relationship between
the phytochemical constituents of the plant extract
and its biological potential (Chen et al. 2010). Some
extracted some phytoconstituents (Limonoids) from the
ethanolic extract of S. mahagoni (L.) seeds Jacq, such as
3-O-tigloylswietenolide and swietenine, and tested their
antimicrobial activity, revealing a potent effect against E.
coli and Bacillus spp. (Darussalam et al. 2014).

The antibacterial activity was studied against S. aureus
as a Gram-positive bacterium and E. coli, S. enterica, E.
aerogenes, and P vulgaris as Gram-negative bacteria.
Results found that the antibacterial activity was extremely
broad against the tested bacteria at 50 mg/mL with
inhibition zones from 16 to 20 mm. Besides, this plant
extract showed moderate inhibition to the tested bacte-
ria at 25 mg/mL and weak inhibition zones at 15 mg/mL.
This study was supported by MIC and MBC determina-
tion, demonstrating that the plant extract showed strong
activity against all tested strains, with MIC at 12.5 mg/
mL and MBC at 12.5 mg/mL for S. aureus, S. enterica,
and E. aerogenes and 25 mg/mL for E. coli and P. vulgaris.
Overall, the S. mahagoni (L.) methanolic leaf extract pos-
sesses a broad-spectrum antibacterial activity, in agree-
ment with other studies (Alam et al. 2014; Laxmaiah et al.
2011). The explanation of the high antibacterial activity
of alcoholic extracts may be due to the high extraction
efficiency of methanol with the ability to separate many
active compounds responsible for antibacterial activity
(Ellof 1998). These results agreed with Chiranjib et al.,
who found a great activity of the methanolic S. mahag-
oni leaf extract against, E. coli, S. aureus, P. vulgaris, B.
subtilis, K. pneumoniae, P. aeruginosa, Proteus mirabi-
lis, A. fumigatus, and C. albicans (Chiranjib et al. 2011).
Some authors also studied the methanolic leaf, stem, and
root extracts against S. aureus, B. subtilis, P. vulgaris,
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Fig. 2 Antioxidant activity of the methanolic extract of S. mahagoni (L.) leaves

E. coli, and P. aeruginosa and found a greater inhibitory related to the presence of phenolic compounds, includ-
activity (Sharma et al. 2011). Other studies reported ing flavonoids, with percentages of 8.4%, 8.6%, and 3.4%,
that the antimicrobial activity of Senna, Sesbania flow-  respectively (Krasaekoopt and Kongkarnchanatip 2005).
ers, and Telosma against S. aureus and E. coli might be  Similar results against common foodborne pathogens
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Table 6 Cytotoxic effect of the methanolic extract of S. mahagoni (L) leaves

Methanolic extract of S. mahagoni (L.) leaves 1C54 (Mg/mL) Remarks
HCT-116 44 92.3% at 100 ppm
BJ-1 - 20.4% at 100 ppm
Adriamycin (doxorubicin) [Mw = 579.99] 376 ICspat 65.1 uM
DMSO - 1% at 100 ppm

Negative control (cells only)

- 0%

IC5o=lethal sample concentration that caused the death of 50% of cells in 48 h

were obtained in Thailand (Siriponputikorn et al. 2005).
Flavonoids combined with the bacterial cell wall form a
complex compound. Also, the hydroxyl groups of the
phenol ring increase the hydroxylation process in bacte-
rial cells, increasing antimicrobial effects and cytotoxicity
(Cowan 1999). Another study demonstrated a biological
activity for tannins that react with proline to form irre-
trievable compounds, preventing bacterial cell protein
synthesis (Hagerman and Butler 1981).

The antifungal activity of the methanolic extract of S.
mahagoni (L.) leaves was studied. C. albicans, A. flavus,
and A. niger were the most susceptible fungal strains at
50 mg/mL with inhibition zones from 17.2 to 22.1 mm
and 25 mg/mL with inhibition zones from 12.0 to
18.1 mm. Slightly less activity was detected at 15 mg/mL
with inhibition zones from 9.5 to 13.1 mm. In contrast,
no activity was detected against A. fumigatus and C.
glabrata. In addition, the MIC and MFC were screened
and found to be 12.5 and 25 mg/mL for A. flavus and A.
niger, respectively. MIC and MFC of C. albicans were
12.5 mg/mL. These results agreed with Laxmaiah et al.
(2011), who found that the methanolic extract of this
plant has a strong antifungal activity against C. albicans
and A. niger at 100 mg/mL with inhibition zones from
16 to 20 mm. The methanolic extract activity was tested
against some fungal strains, and it had an effect against
C. albicans and Rhizopus spp. (Sahgal et al. 2009). Signifi-
cant antifungal activity of the S. macrophylla seed extract
was recorded on Fusarium spp., Helminthosporium spp.,
and Alternaria spp. (Durai et al. 2016).

The antioxidant activity of the methanolic extract of S.
mahagoni (L.) leaves was screened using the free radical
scavenging assay. The leaf extract displayed a significant
antioxidant potential with an ICy, value of 69.9 pg/mL at
which 50% of the initial DPPH free radical concentration
had been reduced. This extract had a potent scavenging
activity in relation to the control positive (IC;, value of
BHA =53+3.1 ug/mL). This could be owing to the high
amount of phenolic, alkaloid, flavonoid, and triterpenoid
compounds (Ruiz-Ruiz et al. 2017). Different solvents
affected the percentage of the phytochemical compounds
and therefore affected the biological activity (Ngo et al.

2017). This extract eliminated reactive oxygen species,
such as peroxyl radicals, hydroxyl radicals, superoxide
anions, peroxynitrite, and hypochlorous acid, and pro-
tected animal and human bodies from oxidative injuries
(Chao et al. 2014). There is a relationship between anti-
microbial activity and antioxidant effect, which could be
due to bioactive phytochemicals (Souda et al. 2018).

The cytotoxic effect of S. mahagoni (L.) leaf extract was
investigated against a human colon cancer cell line (HCT-
116) and a normal skin fibroblast cell line (BJ-1) using
the MTT assay. Live cells produce succinate dehydro-
genase enzyme in the mitochondria, causing the reduc-
tion of MTT (yellow tetrazolium salt) and forming blue
formazan crystals. This color was detected using spectro-
photometry at a wavelength of 595 nm, so the number of
live cells could be counted depending on the amount of
formazan. The methanolic extract of this plant showed an
ICy, value of 44.2 pg/mL against the HCT-116 cell line,
which was slightly more than the ICs, value of the control
positive doxorubicin (37.6 pg/mL), and it could be con-
sidered as a potential source of antitumor drugs. Moreo-
ver, this extract had very little effect on the normal skin
fibroblast cell line. The anticancer effect of flavonoids
(catechin and quercetin-3-O-glucoside) extracted from
S. mahagoni (L.) leaf extract was studied against three
human leukemic cell lines (U937, K562, and HL-60 cells)
at very little concentrations (Roy et al. 2014). Moreover,
the cytotoxic activity of the crude ethanolic extracts of
S. mahagoni seeds, bark, and leaves was evaluated using
the brine shrimp lethality bioassay, and the seed extract
had the most powerful cytotoxic effect with an ICy, value
of 4.68 pg/mL, followed by the bark extract with an ICg,
value of 9.54 pg/mL (Akbar et al. 2009).

Overall, methanolic extract of S. mahagoni leaves was
chemically characterized by using phytochemical screen-
ing and GC/MS analysis. This extract had a potent anti-
bacterial activity against S. aureus, E. coli, S. enterica, E.
aerogenes, and P. vulgaris and antifungal activity against
A. flavus, A. niger, and C. albicans. Moreover, this extract
had a significant antioxidant and antitumor activities.
This is a promising natural medicinal plant for treatment
of bacterial and fungal infections and cancer. Further
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research is required for the separation and purification of ~ Abbreviations
active substances for the pro duction of efficient dru gs for S. mah.agpm: Sywetema.mahagom; S. aureus: Staphylococcus aureus; E. coli:

X . X R Escherichia coli; S. enterica: Salmonella enterica; C. aerogenes: Citrobacter
treating bacterial and fungal infections and cancer. aerogenes; P vulgaris: Proteus vulgaris; A. flavus: Aspergillus flavus; A. fumigatus:
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Aspergillus fumigatus; A. niger. Aspergillus niger; C. albicans: Candida albicans; C.
glabrata: Candida glabrata; DMSO: Dimethy! sulfoxide; MIC: Minimum inhibi-
tory concentration; MBC: Minimum bactericidal concentration; MFC: Minimum
fungicidal concentration; GC/MS: Gas chromatography mass spectrometry; S.
macrophylla: Swietenia macrophylla; NA: No activity.

Acknowledgements

The authors would like to acknowledge the Egyptian Knowledge Bank for pre-
senting copy and language editing free service. We are thankful to Bioassay-
Cell Culture Laboratory, National Research Centre, Dokki, Cairo 12622, Egypt
for conducting the antioxidant and cytotoxic activities.

Author contributions

SMS designed the study and drafted the manuscript. SMM prepared the
methanolic extract of the plant. SMS, ASM, EAE, YAAD conducted the labora-
tory work. ASM revised the manuscript. All authors read and approved the
manuscript.

Funding

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB). This study was funded by the authors.

Availability of data and materials
All data and materials of this study are available within the article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
All authors approved the publication of this manuscript.

Competing interests
The authors declare that no competing interests.

Author details

'Department of Microbiology and Immunology, National Research Centre,
Dokki 12622, Cairo, Egypt. 2Department of Medicinal and Aromatic Plants,

National Research Centre, Dokki 12622, Cairo, Egypt. *Faculty of Medicine,

Alexandria University, Alexandria, Egypt.

Received: 19 March 2022 Accepted: 24 May 2022
Published online: 15 June 2022

References

Akbar MA, Ahamed R, Alam KD, Ali MS (2009) In vitro cytotoxic properties
of ethanolic extracts of various parts of S. mahagoni. Eur J Sci Res
32(4):541-544

Alam MK, Mansur FJ, Karim MM, Haque MA (2014) Antimicrobial activity of
S. mahagoni (Seed) against various pathogenic microbes. Indo Am J
Pharm Res 4(05):2362-2366

Arora DS, Kaur GJ (2007) Antibacterial activity of some Indian medicinal
plants. J Nat Med 61:313-317

Atef NM, Shanab SM, Negm S, Abbas YA (2019) Evaluation of antimicrobial
activity of some plant extracts against antibiotic susceptible and resist-
ant bacterial strains causing wound infection. Bull Natl Res Cent 43:144

Ayyappadhas R, Jestin C, Kenneth N, Dayana N, Dhanalekshmi UM (2012)
Pre-liminary studies on antimicrobial activity of S. macrophylla leaf
extract. Int J Pharm Sci Rev Res 16:1-4

Cantrell L, Dayan E, Duke O (2012) Natural products as sources for new
pesticides. J Nat Prod 75(6):1231-1242

Chao PY, Lin SY, Lin KH, Liu YF, Hsu JI, Yang CM, Lai JY (2014) Antioxidant
activity in extracts of 27 indigenous Taiwanese vegetables. Nutrients
6(5):2115-2130

Page 11 of 12

Chaves N, Santiago A, Alias JC (2020) Quantification of the antioxidant activ-
ity of plant extracts: Analysis of sensitivity and hierarchization based on
the method used. Antioxidants (basel) 9(1):76

Chen JJ, Huang SS, Liao CH, Wei DC, Sung PJ, Wang TC, Cheng MJ (2010) A new
phragmalin-type limonoid and anti-inflammatory constituents from the
fruits of S. macrophylla. Food Chem 120:379-384

Chiranjib B, Laxmaiah Ch, Srikanth V, Gouda TS, Kumar CS, Debnath S (2011)
Antimicrobial activity of S. mahagoni L. (leaf) against various human
pathogenic microbes. Indo Am J Pharm Res 1:257-261

Cowan MM (1999) Plant products as antimicrobial agents. Clin Microbiol Rev
12:564-582

Darussalam H, Nuryastuti T, Mursiti M (2014) Antimicrobial activity of bioactive
compounds isolated from S. mahagoni (L.) Jacq against S. aureus and P.
aeruginosa. J Med Sci 46(4):161-166

Durai MV, Balamuniappan G, Geetha S (2016) Phytochemical screening and
antimicrobial activity of leaf, seed and central-fruit-axis crude extract of S.
macrophylla King. J Pharmacogn Phytochem 5(3):181-186

Duraipandiyan V, Ayyanar M, Ignacimuthu S (2006) Antimicrobial activity of
some ethno medicinal plants used by Paliyar tribe from Tamil Nadu. India
BMC Compl Altern Med 6:€35

Ekimoto H, Irie Y, Araki Y, Han GQ, Kadota S, Kikuchi T (1991) Platelet aggrega-
tion inhibitors from the seeds of S. mahagoni: Inhibition of in vitro and
in vivo platelet-activating factor induced effects of tetranortriterpenoids
related to swietenine and swietenolide. Planta Med 57:56-58

Ellof JN (1998) Which extractant should be used for the screening and
isolation of antimicrobial components from plants? J Ethnopharmacol
60(1):1-8

Enerijiof KE, Akapo FH, Erhabor JO (2021) GC-MS analysis and antibacterial
activities of Moringa oleifera leaf extracts on selected clinical bacterial
isolates. Bull Natl Res Cent 45:179

Govindachari TR, Suresh G, Banumathy B, Masilamani S, Gopalakrishnan G
(1999) Antifungal activity of some B, D-seco limonoids from two melia-
ceous plants. J Chem Ecol 25(4):923-933

Hagerman AE, Butler IG (1981) The specificity of proanthocyanidin-protein
implication. J Biol Chem 256:4494-4497

Hajra S, Mehta A, Pandey P (2011) Phenolic compounds and antioxidant activ-
ity of S. mahagoni seeds. Int J Pharm Pharm Sci 3:431-434

Hassan A, Ullah H (2019) Antibacterial and antifungal activities of the medici-
nal plant Veronica biloba. J Chem. https://doi.org/10.1155/2019/5264943

Jothy SL, Torey A, Darah I, Choong YS, Saravanan D, Chen Y, Latha LY, Deivanai
S, Sasidharan S (2012) Cassia spectabilis (DC) Irwin et Barn: a promising
traditional herb in health improvement. Molecules 17:10292-10305

Krasaekoopt W, Kongkarnchanatip A (2005) Antimicrobial properties of Thai
traditional flower vegetable extracts. Au J Tech 9(2):71-74

Laxmaiah CH, Srikanth V, Gouda KS, Debnath S, Chiranjib B (2011) Antimicro-
bial activity of S. mahagoni L. (Leaf) against various human pathogenic
microbes. Indo Am J Pharm Res 1(4):257-261

Mamta S, Jyoti S (2012) Phytochemical screening of Acorus calamus and
Lantana camara. Int Res J Pharm 3(5):324-326

Masendra PBAV, Lukmandaru G (2021) Antioxidant activity of S. macrophylla
king bark extracts. Wood Res 66(1):57-70

Matsuse IT, Nakabayashi T, Lim YA, Ghazi ME, Hussein MH, Kakiuchi N, Hat-
tori M, Stardjo S, Shimotohno K (1998) A human immunodeficiency
virus protease inhibitory substance from S. mahagoni. Phytother Res
11(6):433-436

Mazumder PM, PerchaV, Farswan M, Upaganlawar A (2008) Cassia: a wonder
gift to medical sciences. Int J Clin Pharm 1:16-38

Mosmann T (1983) Rapid colorimetric assays for cellular growth and survival:
application to proliferation and cytotoxicity assays. J Immunol Methods
65:55-63

Nakatani M, Abdelgaleil SAM, Kurawaki J, Okamura H, lwagawa T, Doe M (2001)
Antifeedant rings B and D opened limonoids from Khaya senegalensis. J
Nat Prod 64:1261-1265

Naveen YP, Rupini GD, Ahmed F, Urooj A (2014) Pharmacological effects
and active phytoconstituents of S. mahagoni: a review. J Integr Med
12(2):86-93

Ngo TV, Scarlett CJ, Bowyer MC, Ngo PD, Vuong QV (2017) Impact of different
extraction solvents on bioactive compounds and antioxidant capacity


https://doi.org/10.1155/2019/5264943

Syame et al. AMB Express (2022) 12:77

from the root of Salacia chinensis L. J Food Qual. https://doi.org/10.1155/
2017/9305047

Nigussie D, Davey G, Legesse BA, Fekadu A, Makonnen E (2021) Antibacte-
rial activity of methanol extracts of the leaves of three medicinal plants
against selected bacteria isolated from wounds of lymphoedema
patients. BMC Complement Altern Med 21:2

Nweze EL, Okafor JI, Njoku O (2004) Antimicrobial activities of methanolic
extracts of Tremaguineensis (Schumm and Thorn) and Morinda Lucida
Benth used in Nigeria. Biol Res 2(1):39-46

Ogbole OO, Segun PA, Adeniji AJ (2017) In vitro cytotoxic activity of medicinal
plants from Nigeria ethnomedicine on Rhabdomyosarcoma cancer cell
line and HPLC analysis of active extracts. BMC Complement Altern Med
17:494

Pinto LC, Mesquita FP, Barreto LH, Souza PFN, Ramos INF, Pinto AVU, Soares BM,
da Silva MN, Burbano RMR, Montenegro RC (2021) Anticancer potential
of limonoids from S. macrophylla: Genotoxic, antiproliferative and proap-
optotic effects towards human colorectal cancer. Life Sci 285:119949

Preciado LM, Lobo-Echeverri T, Pereafez JA, Zapata K, Rojano BA (2016)
Antioxidants from three Swietenia Species (Meliaceae). J Med Plants Res
10(2):8-17

Roy S, Banerjee B, Vedasiromoni JR (2014) Cytotoxic and apoptogenic effect of
S.mahagoni (L) Jacq. leaf extract in human leukemic cell lines U937, K562
and HL-60. Environ Toxicol Pharmacol 37(1):234-247

Ruiz-Ruiz JC, Matus-Basto AJ, Acereto-Escoffi’e P, Segura-Campos MR, (2017)
Antioxidant and anti-inflammatory activities of phenolic compounds iso-
lated from Melipona beecheii honey. Food Hydrocolloids 28(6):1424-1437

Sahgal G, Ramanathan S, Sasidharan S, Mordi MN, Ismail S, Mansor SM (2009)
Phytochemical and antimicrobial activity of S. mahagoni crude metha-
nolic seed extract. Trop Biomed 26(3):274-279

Sharma M, Vimal M, Maneesha A, Joshy PJ, Drishya KR (2011) Antimicrobial
screening of different extracts of South Indian medicinal plants of Meli-
aceae. J Med Plants Res 5:688-695

Shekar BRC, Nagarajappa R, Jain R, Suma S, Singh R, Thakur R (2016) Minimum
inhibitory concentration of the plant extracts’combinations against
dental caries and plagque microorganisms: an in vitro study. J Indian Assoc
Public Health Dent 14(4):456-462

Siriponputikorn S, Thummaratwasik P, Huang Y (2005) Antimicrobial and
antioxidation effects of Thai seasoning, Tom-Yum. LWT Food Sci Technol
38:347-352

Souda S, George S, Mannathoko N, Goercke |, Chabaesele K (2018) Antioxidant
and antibacterial activity of methanol extract of Momordica Balsamina.
IRA IntJ Appl Sci 10(2):7-17

Sukardiman EM (2020) The recent use of S. mahagoni (L.) Jacq. as antidiabetes
type 2 phytomedicine: a systematic review. Heliyon 6(3):e03536

Suliman MB, Nour AH, Yusoff MM, Nour AH, Kuppusamy P, Yuvaraj AR, Adam
MS (2013) Fatty acid composition and antibacterial activity of S. macro-
phylla king seed oil. Afr J Plant Sci. 7(7):300-303

Syame SM, Mansour AS, Khalaf DD, lbrahim ES, Gaber ES (2020) Green
synthesis of silver nanoparticles using lactic acid bacteria: assessment of
antimicrobial activity. World Vet J 10(4):625-633

Tohir D, Wuyung PE, Farida R (2020) Anti-cancer activity of S. mahagoni seed
extract in ethyl acetate-induced breast cancer cell T47D. AIP Conf Proc
2243:020030

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1155/2017/9305047
https://doi.org/10.1155/2017/9305047

	Chemical characterization, antimicrobial, antioxidant, and cytotoxic potentials of Swietenia mahagoni
	Abstract 
	Introduction
	Materials and methods
	Plant material
	Preparation of the plant extract
	Phytochemical screening
	Test for alkaloids (Mayer’s reagent test)
	Test for carbohydrates (Molisch’s test)
	Test for flavonoids (alkaline reagent test)
	Test for glycosides (Keller–Killiani test)
	Test for tannins and phenolic compounds (ferric chloride test)
	Test for saponins (froth test)
	Test for proteins and amino acids (Biuret test)
	Test for triterpenoids and steroids (Salkowski’s test)

	Preparation of different plant extract concentrations
	GCMS analysis of S. mahagoni (L.) leaf extract
	Antibacterial activity
	Bacterial strains

	Agar well diffusion assay
	Antifungal activity
	Fungal strains

	Agar well diffusion method
	Minimum inhibitory concentration
	Minimum bacterial concentration and minimum fungal concentration
	Antioxidant activity
	Free radical scavenging activity
	Cytotoxic activity
	Human cell lines
	3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay

	Statistical analysis

	Results
	Phytochemical screening
	GCMS analysis
	Antibacterial activity
	Antifungal activity
	Antioxidant activity
	Cytotoxic effect

	Discussion
	Acknowledgements
	References




