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Abstract: Alstonia sholaris is an evergreen tree commonly found in South East Asia. In traditional medicine pharmacological activities are attributed to the

leaves and bark of this plant. The aim of this study is characterizing the chemicals present in A. sholaris leaves and bark extracts and study their antimicrobial
activities. Solvent extractions with Soxhlet apparatus of leaves and bark were obtained using hexane, benzene, isopropanol, methanol, and water. The crude extracts
were concentrated and screened for qualitative phytochemical analysis and thin layer chromatography, and the antibacterial, antifungal an antiviral activity of
crude extracts were measured by in vitro methods. Isopropanol and methanol extracts showed significant antibacterial activity and it was more pronounced against
Gram positive than against Gram negative bacteria. Hexane, benzene, isopropanol and methanol fractions of 4. scholaris bark and leaf showed activity against
Enterobacter cloacae. Isopropanol extract showed maximum activity against selected human pathogenic fungus. In conclusion, the leaves and bark of 4. scholaris
are rich in phytochemicals with antimicrobial activities against human pathogens, being the isopropanol fraction the one with the highest antibacterial, antifungal,

antiviral and anti-mycobacterial activities.
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Y,
Introduction tance (4).
New antimicrobial agents are needed to treat diseases
Microbes are very important microorganisms of hu- in humans caused by drug resistant microorganisms. In
man pathogens, which cause diseases and death. One of addition, there is a continuing consumer demand for
the most important therapeutic discoveries of the 20" cosmetic products as well as natural, preservative-free,
century was the antimicrobial agents. However, with microbiologically safe foods now days (5-9).
the “antibiotic era” barely five decades old, mankind is The antimicrobial properties of extracts from natu-
now faced with the global problem of emerging resis- ral sources have been studied for nearly 60 years. Du-
tance in virtually all pathogens (1). Resistance has been ring the past 20-25 years, interest in their antimicrobial
developed in antivirals, antimycotics and almost all nature has expanded due to increased resistance of pa-
groups of antibiotics (2). This is indeed quite alarming thogenic microbes to currently employed antimicrobial
when considering that in 1990, out of the 39.5 million drugs, and toxicity or adverse host reactions of other
of death in the developing world, 9.2 million were esti- anti-infectives (10). The antimicrobial extracts exhibit
mated to have been caused by infectious and parasitic their activity either by lysis or disruption of the outer
diseases and that 98% of death in children in developing membrane of microbes. Others interact with specific in-
countries resulted mostly from infectious diseases (3). ternal targets or cause pore formation and leakage (11).
Antibiotics are very much prevalent now a day due to Plants are complex chemical storehouses of undisco-
indiscriminate use and abuse of antibiotics (1). In hu- vered biodynamic compounds with unrealized potential
man medicine alone, the US Centre for Disease Control for use in modern medicine (12-16). It has long been
and Prevention estimates that approximately one-third established that naturally occurring substances in plants
of the 150 million prescriptions for antibiotics written have anti-bacterial, anti-viral and anti-fungal activi-
each year were not needed. It is of utmost importance ties(17). In India, secondary metabolites or medicinal
to find appropriate solutions associated with drug resis- plants, for centuries, have been used for the treatment of
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a wide range of ailments, many of which are still in use
today and hold favored positions among local traditio-
nal practitioners (18).

Alstonia scholaris R.Br. (Apocynaceae) is a tropical
evergreen native to South and Southeast Asia. Different
plant parts have been used for a wide spectrum of ail-
ments in traditional medicinal systems such as China,
India, Thailand, Malaysia, Philippines, Africa and Aus-
tralia (19, 20); however, 4. scholaris is traditionally
used to treat infectious diseases. Several researchers
have evaluated the antimicrobial potential of different
parts of 4. scholaris such as leaves, stembark, root, and
flower to evaluate its antimicrobial potential (21, 22)
and cytotoxic and antioxidant activities (23). The aim of
the present study is characterizing the chemicals present
in A. sholaris leaves and bark extracts and investigate
their antibacterial, antiviral and antifungal activities.

Materials and Methods

Collection of samples

Samples of fresh leaves and bark of A. scholaris
(Fig. 1) were collected from the university campus in
Kariavattom, Trivandrum (India). The samples were
processed by shade drying for 4 days. The sample was
finely powdered in a blender, weighed and stored in dry
polythene bags. Weight of the powder was taken.

Solvent extraction

The dry powdered material was subjected to suc-
cessive organic solvent extraction by refluxing in the
Soxhlet apparatus each for 12 h. The solvents used were
nonpolar to polar consisting of hexane, benzene, isopro-
panol, methanol, and water. Each fraction was collected
when no further elution of compounds was observed.
The collected extracts were subjected to vacuum drying
and stored in sterile containers in the refrigerator till fur-
ther analysis.

Phytochemical analysis of plant extracts

Prior to starting of the experiment the phytochemical
extracts were dissolved in dimethyl sulfoxide (DMSO)
except water extract, which was dissolved in distilled
water (24).

Chemical test for carbohydrate

Fehling solution test: 200 pL of the extract was boi-
led over water bath at 60°C. 200 pL of Fehling A and
200 pL of Fehling B solutions were added to the test
tube. A red precipitate indicates the presence of carbo-
hydrate.

A

Figure 1. Alstonia scholaris: (a) plant and (b) leaves.

Chemical test for proteins and amino acids
Ninhydrin test: the test is used to detect the pres-
ence of alpha-amino acids and proteins containing free
amino groups. To 200 pL of the extract few drops of
ninhydrin reagent was added and boiled over water
bath, formation of purple color indicates a positive test.

Chemical test for alkaloids

Wagner’s test: to 200 pL of the extract add few
drops of Wagner’s reagent (dilute iodine solution) to the
sides of the tube. Formation of reddish-brown precipi-
tate indicates a positive result.

Chemical tests for steroid and triterpenoid glycosides

Salkovaski test: alcoholic extract of drug was eva-
porated to dryness and extracted with CHCL,, add conc.
H,SO, from sidewall of test tube to the CHCI, extract.
Formation of yellow colored ring at the junction of two
liquids, which turns red after 2 min indicates positive
test.

Chemical tests for cardiac glycosides

Keller Killiani test: to 200 pL of the drug add 100
pL of glacial acetic acid containing 1 drop of ferric
chloride solution followed by 100 uL of con. H,SO,.
A brown ring at the interface indicates a deoxysugar
characteristic of cardienolides. A violet ring may appear
below the brown ring, while in acetic acid layer, a gree-
nish ring may form just gradually throughout thin layer.

Test for oils and fats

Spot test: a small quantity of the extract was pressed
between two filter papers. Oil stain on the paper indica-
ted the presence of fixed oil and fats.

Chemical tests for phenolic compounds

chloride test: to the mixture of 200 pL of the extract
and 2 mL of distilled water, was added a few drops of
5% ferric chloride along the sides of the test tube. A
dark green color showed the presences of phenolic com-
pounds.

Phytochemical screening by thin layer chromatogra-
phy (TLC)

The n-hexane and isopropanol extracts of A. schola-
ris were subjected to silica gel layer chromatographic
(TLC) separation using ready-made TLC plates (silica
gel G 60 F4, Merck). 1 mg of dried active extracts (n-
hexane and isopropanol extracts of A. scholaris) was
dissolved in isopropanol or n-hexane separately and
10 pL of the respective extract was spotted on TLC
plate using capillary tubes. For spotting two extracts
(n-hexane and isopropanol) of 4. scholaris, TLC plate
with a dimension of 4.5 x 10 cm was used. The spotted
TLC plates were resolved using n-hexane: chloroform:
methanol (5:4:1, v/v) solvent system in a chromatogra-
phic chamber. The resolved plates were examined under
UV light at 356 nm and photographed without deriva-
tization. Since all bands were not visible, TLC plates
were developed by spraying with anisaldehyde-sulphu-
ric acid reagent and heated at 60°C.

Phytochemical screening by GC-MS analysis
Homogenized A. scholaris bark isopropanol frac-
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tion was subjected to GC-MS analysis. GC-MS ana-
lysis was performed using Agilent GC 7890A & MSD
5975C system equipped with an Elite-1, fused silica
capillary column; J&W DB-5 (30 m x 0.25 mm x 0.25
um). For GC-MS detection, an electron ionization sys-
tem with ionizing energy of 70 eV was used. Helium
gas (99.999%) was used as the carrier gas at constant
flow rate 1.2 mL/min. Oven temp. 60°C — hold (5 min),
5°C raise to 250°C — hold (10 min), in let temp. 250°C,
auxiliary temp. 275°C. MSD source temp. 230°C, MSD
quad temp. 150°C. The elutes were automatically passed
into a mass spectrometer with a dictator voltage set at
1.8 kV and sampling rate of 0.1 s. The spectrum of the
unknown component was compared with the spectrum
of the known component stored in the NIST (National
Institute Standard and Technology) library.

Bioactivity assays

The crude extract of each plant part was subjected to
in vitro methods like antibacterial, antifungal and anti-
viral activities.

Antibacterial activity of crude extracts by well diffu-
sion method

Crude extracts were tested to detect their antibac-
terial property against a group of human pathogens by
well diffusion method. The bacterial cultures used were
obtained from the Collections of Standard Microor-
ganisms maintained at Department of Biotechnology,
University of Kerala, Trivandrum. They consisted of
Proteus spp, Shigella spp, Staphylococcus aureus,
Pseudomonas aeruginosa, Escherichia coli, Klebsiella
spp, Salmonella typhi, Salmonella paratyphi A, MDR
strain of Klebsiella spp, and MDR strain of Escheri-
chia coli. In addition, the antibacterial activity of the
different extracts against Staphylococcus haemolyticus
(C 330/12), S. aureus (ATCC no: 25923) and E. coli
(ATCC no: 25922), was compared with standard anti-
biotic streptomycin.

Stock cultures were maintained at 4°C on slopes of
nutrient agar. A pure single colony grown on an agar
plate was transferred to 5 mL of peptone water and incu-
bated for 2 h at 37°C.

Antibacterial activity against Enterobacter cloacae
dissolvens

For neutralizing activity testing for various
solvent extracts, 50 mg each of the various dried plant
extracts was dissolved in 1 mL of DMSO. The test or-
ganism used was a 4 h young culture containing 10°%/
mL colonies. After overnight incubation of the extract
and test organism, a loop full of it was plated on Mac-
Conkey agar to check for growth.

Anti-Mycobacterial activity against atypical Mycobac-
terium

Neutralizing activity of various solvent extracts was
tested using 50 mg of the various dried plant extracts,
which was dissolved in 1000 pL of DMSO. The test
organism used was a 5 days old culture containing 10°/
mL colonies of Mycobacterium. After overnight incu-
bation of the extract and test organism a loop full of it
was plated on 5% sheep blood agar to check for growth.

Media for bacterial culture

Nutrient agar media

Nutrient agar plate (Hi-media) was prepared by dis-
solving nutrient agar (37 g/L) in distilled water. The me-
dia were sterilized in an autoclave at 121°C for 15 min
and poured in sterile Petri dishes. The Petri dish was
dried, kept for 24 h for sterility check up. Sterile plates
only were selected for bacterial cultures (25).

Muller Hinton agar (MHA)

Starch was emulsified in a small amount of cold wa-
ter and then beef infusion, casein hydrolysate and the
agar were added. Volume was made up to 1 L with dis-
tilled water. All the constituents were dissolved by hea-
ting gently at 100°C with agitation. It was filtered and
pH adjusted to 7.4. The media was then distributed into
stock bottles and autoclaved at 121°C for 20 min. Auto-
claved medium was then poured into sterile flat botto-
med petri plates in a laminar flow hood and allowed to
solidify and stored in a cold room (4°C) for later use.

Plates were prepared and wells of 3 mm, 6 mm and
8 mm diameter were cut using a sterile borer. 100 pL
of each of the 2 h culture of test bacteria was placed on
the nutrient agar. The inoculum was swab bed uniformly
over the entire agar surface and allowed to dry for 5
min. 80 pL of various extracts dissolved in DMSO was
loaded into the wells. Plates were incubated at 37°C for
24 h. DMSO was used as negative control and strepto-
mycin (10 pg/80 nL) as positive control. At the end of
the incubation period, inhibition zones were measured.

MacConkey agar

MacConkey agar plates (Hi-media) were prepared
by dissolving MacConkey agar (55.07 g/L) in distilled
water. The medium was heated to boiling to dissolve the
medium completely sterilized by autoclaving at 121°C
for 15 min and poured in to sterile Petri dishes. The Pe-
tri dishes were dried, kept for 24 h for sterility check up.
Only sterile plates were selected for bacterial cultures.

5% sheep blood agar

Dissolved trypticase soy agar base (Hi-media) and
autoclaved. Cool the steriled blood agar base to 45°C
to 50°C. Aseptically added 50 ml of sterile defibrinated
blood. Mixed thoroughly, to avoid accumulation of air
bubbles. Dispensed in to sterile tubes or plates while in
liquid.

Antifungal activity of crude extracts

Crude extracts of plants were subjected to fungal stu-
dies to detect their fungicidal properties against human
pathogens, plant pathogens and industrially important
strains of fungi by incorporating crude extracts in the
Sabouraud dextrose agar (SDA) media used for fungal
culture. The following standard strains of fungi were
used for the study: Penicillium marneffei, Cryptococ-
cus spp, Candida spp, Penicillium spp, Epidermophyton
spp, Microsporum spp, Fusarium spp, Aspergillus fla-
vus, Aspergillus niger, Rhizopus and Aspergillus fumi-
gatus.

Preparation of the media for fungal culture
SDA slants were prepared by dissolving SDA (Hi-

Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 4

272



Gholamreza Bagheri et al.

Antimicrobial activities of Alstonia scholaris extarcts.

media, 67 g/L) in distilled water The media were ste-
rilized in an autoclave at 121°C and 1.05 kg/cm? and
poured in to sterile culture tubes (25 mL capacity), 5 mL
in each tube. To each tube 0.5 mL of particulate crude
extract was added. Contents were mixed well by sha-
king the tubes and allowed to set to form slants. The
slants were kept for sterility check before use. Negative
control tubes were treated with solvents only. Fungal
culture were inoculated on SDA slopes and incubated at
room temperature at 30-32°C for 5 to 7 days. The results
were compared with standard fungicide (imidazole).
Fungal cultures were inoculated to SDA crude extract
slants and kept at room temperature for 5 to 7 days.

Antiviral activity of plant extracts

In vitro antiviral activity against Hepatitis B virus by
neutralization test

HepG2.2.15 cells were cultured in MEM (Hi-media)
containing 10% fetal calf serum (FBS) and gentamycin
20 pg/100 mL medium at 37°C in a humidified incu-
bator gassed with 5% CO,. 50 mg of the extract was
dissolved in 1 mL of DMSO and in the Hepatitis neutra-
lization test 500 pL of the extract containing 25 mg was
used in the test.

500 pL of various fractions of plant extracts were
added to 500 pL of the MEM medium in which
HepG2.2.15 cell line established growth was taken in
various tubes and incubated overnight for neutralization
to occur. Each of the tubes was tested for quantitating
the Hepatitis B surface antigen after 24 h of incubation
at room temperature using ELFA test.

Principle of ELFA test (enzyme-linked fluorescent
immunoassay)

The solid phase receptacle (SPR) serves as the solid
phase as well as the pipetting device for the assay. At
each stage of the reaction, it aspirates the reagents in and
out, thus preventing any inter-reagent or inter-sample
contamination. The reagents for the assay are ready
to use and pre-dispensed in the sealed reagent strips.
The strip consists of 10 wells covered with a labeled
foil seal. The label comprises a bar code, which mainly
indicates the assay code, kit lot number, etc. The foil of
the first well is perforated to facilitate the introduction
of the sample. The last well of each strip is a cuvette in
which the fluorometric reading is performed. The wells
in the center section of the strip contain various rea-

in and out of the SPR several times. After a prelimina-
ry washing step, the antigen present in the sample will
bind simultaneously to the monoclonal antibody coating
the interior of the SPR and to the antibody conjugated
with biotin. Unbound sample components are washed
away. The antigen bound to the solid phase and to the
biotynilated antibody is in contact with streptavidine
conjugated with alkaline phosphatase, which will bind
with biotin. Another wash step follows and removes un-
bound components. During the final detection step, the
substrate (4-methyl-umbelliferyl phosphate) is cycled
in and out of the SPR. The conjugate enzyme catalyzes
the hydrolyses of the substrate into a fluorescent product
(4-methyl-umbelliferone). The fluorescence of which is
measured at 450 nm. The intensity of the fluorescence
is proportional to the concentration of antigen present in
the sample. At the end of the assay, results are expressed
as an index calculated using a standard. The sensitivity
of the assay is with 0.12 ng/mL.

Once the assay is completed, the computer analyzes
the results automatically. Fluorescence is measured
twice in the Reagent strip’s reading cuvette for each
sample tested. The first reading is a background reading
of the substrate cuvette before the SPR is introduced
into the substrate. The second reading is taken after
incubating the substrate with the enzyme remaining on
the interior of the SPR. The relative fluorescence value
(RFV) is calculated by subtracting the background rea-
ding from the final result. RFV < 0.13 is taken as nega-
tive and RFV > (.13 is considered positive.

Results

Yield from extracts

Fresh leaves of A. scholaris were collected and
weighted 350 g and on drying it, approximately 125 g
powder was obtained similarly the 460 g of stem bark
of the A. scholaris on drying give around 185 g. Yield
of different extract is shown in Table 1. The yield in
A. sholaris leaf was maximum in water extract (10.3
g) followed by methanol (6.5 g), isopropanol (5. 5 g),
hexane (4.8 g) and least in benzene (3.2 g). In A. schola-
ris stem bark the yield was maximum in water and least
in benzene extraction. The nature of the crude extracts
is shown in Table 2.
Table 1. Percentage of yield of Alstonia scholaris leaf and bark
different extracts.

; . . . Sample Leaf Bark
gents required for the assay. The interior of the SPR is T 3 8% 3 1%
coated during production with monoclonal anti-HBsAg exane ' 00 .
antibody (mouse). Each SPR is identified by the HBS Benzene 2.5% L7%
code. All the steps of the assay were performed auto- Isopropanol 4.4% 3.7%
matically by the instrument, VIDAS®—-Auto immuno Methanol 5.2% 4.2%
analyser (Bio Merieux). The reaction medium is cycled Water 8.2% 5.9%
Table 2. Nature of the crude extract of Alstonia scholaris leaf and bark.
Odour Colour Consistency

Sample Leaf Bark Leaf Bark Leaf Bark

Hexane Pungent Pungent Dark Brown  Dark Brown  Sticky Sticky

Benzene Pungent Pungent Light green Brownish Powder Powder

Isopropanol Sharp tingling Pungent Dark Brown  Dark Brown  Sticky Sticky

Methanol Pungent Chocolate ~ Dark Brown  Dark Brown Sticky Sticky

Water Pungent Chocolate  Dark Brown  Dark Brown  Sticky Sticky
Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 4 273
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Table 3. Phytochemical analysis of Alstonia scholaris leaf and bark.

Leaf

Bark

Name of the test

Hex Ben Iso

Met Wat Hex Ben Iso Met Wat

Alkaloid -
Wagner’s test

Tanin and Phenolic Compounds
Fecl, Test

Cardiac Glycosides
Keller Killiani
Carbohydrate
Fehling’s Test
Amino acids
Ninhydrin
Oil and fat
Spot test
Terpenoids
Salkowski test

++

++

++

++

++ - +

+H o+

+ o+t - - B -

- -+

Hexane (Hex), benzene (Ben), isopropanol (Iso), methanol (Met), water (Wat).

5

't

C D

A B

Figure 2. TLC profile of isopropanol (A, C) and hexane (B, D)
extracts of Alstonia scholaris bark under UV (A, B, 356 nm) and
white light (C, D).

Phytochemical screening

The results of qualitative phytochemical screening
of hexane, benzene, isopropanol, methanol and water
extracts of 4. scholaris leaf and bark revealed the pre-
sence of alkaloids, carbohydrates, tannins, terpenoids,
saponins, flavonoids, steroids and fixed oils and fats as
mentioned in Table 3.

Thin layer chromatography

Figure 2 shows the class of compounds present in
hexane and isopropanol extracts of 4. scholaris bark.
UV fluorescence (at 356 nm) of components present
in the hexane and isopropanol extracts of A. scholaris
was given in the fig B, A. The hexane extract showed
13 number florescent components while isopropanol
extracts contains 18 fluorescent compounds. The fig
D and C showed various bands (components) present
in the hexane and isopropanol extracts of A. scholaris
bark after developed with anisaldehyde-sulphuric acid
reagent. A total of 11 components present in hexane
extract while-15 number of compound were present in
isopropanol extract of 4. scholaris bark.

GC-MS analysis

Table 4 represents the active principles with their
molecular formula, molecular weight (MW), retention
time, probability percentage, total percentage content

and fragment peak of compounds identified in A. schola-
ris. The prevailing compounds were hexadecanoic acid
methyl ester, 1,4-benzenedicarboxylic acid dimethyl
ester, and dodecanoic acid methyl ester.

Antibacterial activity of crude extracts

Results of antibacterial activity with different solvent
extracts of A. scholaris leaf and bark are presented in
Table 5 (nutrient agar) and Table 6 (Muller Hinton agar).

Results showed that except isopropanol and metha-
nol extract none of the other extracts showed no acti-
vity against the selected strains. On nutrient agar, bark
extracted with isopropanol, methanol, exhibited compa-
ratively strong activity against most of the gram positive
and MDR stains. The isopropanol extracts had activity
against Proteus spp, Shigella spp, Salmonella typhi,
Pseudomonas aeruginosa, E.coli, Klebsiella spp Sal-
monella paratyphi A, Staphylococcus aureus and MDR
strains of E.coli and Klebsiella spp. The methanol ex-
tract of bark showed antibacterial activity against all of
selected organism except Shigella spp.

Hexane, benzene, isopropanol and methanol frac-
tions of A. scholaris bark and leaf showed activity
against Enterobacter cloacae (Table 7). Water extract
was not active.

Antifungal activity of crude extracts

The antifungal potential of different extracts of leaf
of 4. scholaris are presented in Table 8. The hexane,
benzene, isopropanol, methanol and water extracts of
leaf strongly inhibited the growth of fungus include
human pathogenic strains. It was observed that the iso-
propanol, methanol and water extract of leaf inhibited
the growth of P. marneffei, Cryptococcus and Candida.
Hexane, benzene and water extract inhibited Aspergil-
lus niger. The water and hexane extract showed inhibi-
tion against the growth of Rhizopus spp.

Hexane, benzene, isopropanol and methanol frac-
tions of A. scholaris bark shows activity against atypi-
cal Mycobacterium (Table 9). Isopropanol and methanol
fractions of A. scholaris leaf as well as benzene, isopro-
panol shows activity. Hexane and benzene fraction of A.
scholaris leaf hexane fraction was not active.
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Table 4. GC-MS Analysis and Mass Spectral Data of Alstonia scholaris bark isopropanol fraction

Molecular ~ Molecular  Retention time Probability Content Fragment peaks (m/z)
Peak Compound . .
formula  weight (g/mol) (min) (%) (%) 1 % 2 % 3 % 4 %
1 Nonadecan-1-ol trimethylsilyl ether C,,H,0Si 356 11.116 20.6 7.11 73 100 341 7698 74 53.35 342 26.83
o |-Pentenc, 4,4-dimethyl-1,3-diphenyl-1- C,H, OSi 338 12.920 19.3 186 73 100 281 64.86 147 54.15 327 2422
(trimethylsilyloxy)- 22730
3 1,4-Benzenedicarboxylic acid, dimethyl ester c, H.0, 194 13.099 72.7 11.76 163 100 194 2332 135 21.32 103 12.81
4 Dodecanoic acid, methyl ester C HO, 214 13.256 72.9 9.97 74 100 87 6126 55 18.41 143 12.31
5 Diethyl phthalate C,H,0, 222 14.27 57.5 2.10 149 100 177 24.22 150 12.51 176 10.21
g L1.13,5.7,7,7-Octamethyl-3,5-bis(trimethylsiloxy) CH,0.Si 458 15.291 276 101 73 100 355 7247 147 4224 221 37.93
tetrasiloxane TS
7 Tridecanoic acid, methyl ester C H,0O, 228 16.354 32.8 5.68 74 100 87 649 55 192 143 173
8 4-Hydroxyphenylpyruvic acid C,H,O, 180 19.331 56.9 1.64 163 100 181 69.9
9 Hexadecanoic acid, methyl ester C,H,0, 270 22.417 71.4 15.93 74 100 87 726 55 23.6 75 202
10 9-Dodecenoic acid, methyl ester, (E)- C,H,0, 212 29.257 59.4 4.90 55 100 69 737 83 59.7 57 593
11 Tridecanoic acid, methyl ester C,H,0, 228 30.056 29.7 2.39 74 100 87 769 55 269 75 22.1
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Table 5. Inhibition zone of antibacterial activity of Alstonia scholaris leaf and bark (concentration 50 mg/mL) on nutrient agar.

Leaf Bark
Name of the bacteria Con DMSO Hex Ben Iso Met Wat Hex Ben Iso Met Wat
Proteus spp. 13 R R R 9 12 R R R 10 9 R
MDR of Escherichia coli 10 R R R R 9 R R R 12 6 R
Shigella spp R R R R R 9 R R R 5 R R
Salmonella paratyphi A R R R R 7 15 R R R 9 12 R
Pseudomonas aeruginosa 6 R R R 10 105 R R R 1210 R
Klebsiella spp. 11 R R R 14 8 R R R 15 7 R
Escherichia coli 11 R R R 5 8 R R R 10 R
Salmonella typhi 7 R R R 12 13 R R R 13 12 R
MDR of Klebsiella R R R R 12 10 R R R 14 7 R
Staphylococcus aureus 18 R R R R 9 R R R 13 9 R

Control (Con, NO 12 Streptomycin), DMSO (dimethyl sulfoxide), hexane (Hex), benzene (Ben), isopropanol (Iso), methanol
(Met), water (Wat), multidrug-resistant (MDR), resistance (R).

Table 6. Inhibition zone of antibacterial activity of Alstonia scholaris leat and bark (concentration 50 mg/mL) on Muller Hinton agar.

Leaf Bark
Name of the bacteria DMSO Hex Ben Iso Met Wat Hex Ben Iso Met Wat
C 330/12 S. haemolyticus R R R R R R+ R +R +R +R R
ATCC S. aureus strain no: 25923 R R R R R 6 R R R R R
ATCC E. coli strain no: 25922 R R R 7 5 7 R R R 4 R

Table 7. Neutralizing activity of various solvent extracts of Alstonia scholaris
against Gram negative bacilli — Enterobacter cloacae dissolvens.
Leaf Bark
Hex Ben Iso Met Wat Hex Ben Iso Met Wat
S S S S 4+ S S S S 4+

Hexane (Hex), benzene (Ben), isopropanol (Iso), methanol (Met), water
(Wat), sensitive (S), growth (+), confluent growth (4+). 50 uL of solvent
extracts incubated over night with 50 uL of 10°/mL of the test organism.

Table 8. Antifungal activity Alstonia scholaris leaf (concentration 80 mg/mL).
Name of the fungus Hex Ben Iso Met Wat

Penicillium marneffei - -

Cryptococus - -
Candida -+ -

Penicillium spp - - -

+ + +
+ 4+ + +
+ + +

Epidermophyton - - - - -
Microsporum - - - - -
Fusarium - - - - -
Aspergillus flavus - - - - -
Aspergillus niger + +
+ - - - +

Rhizopus
Aspergillus fumigatus - - - - -

Hexane (Hex), benzene (Ben), isopropanol (Iso), methanol (Met), water (Wat). No growth (-), growth (+).

Table 9. Neutralizing activity of various solvent extracts of Alstonia scholaris leat and
bark against an isolate of atypical Mycobacterium.

Control Leaf Bark
DMSO Hex Ben Iso Met Wat Hex Ben Iso Met Wat
4+ 4+ 4+ S S 4+ S S S S 4+

Hexane (Hex), benzene (Ben), isopropanol (Iso), methanol (Met), water (Wat), sensitive
(S), growth (+), confluent growth (4+). 50 puL of solvent extracts incubated over night
with 50 uL of 105/mL of the test organism. Reading on 5" day.
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Table 10. Neutralizing activities of various fractions of solvent extracts of the plant extracts of Alstonia scholaris leaf and bark
against Hepatitis B virus produced in HepG2.2.15 cell line.

Hep G 2.2.15 Leaf Bark
Con DMSO Hex Ben Iso Met Wat Hex Ben Iso Met Wat
ELFA Reading (RFV) 14.91 7.56 0.04 0.08 0.03 038 550 022 0.01 0.03 0.03 12.98

Interpretation P P N N N P P N N N N P

Control (Con), hexane (Hex), benzene (Ben), isopropanol (Iso), methanol (Met), water (Wat), relative fluorescence value
(RFV), positive (P), negative (N). 500 pL of medium from bottles in which Hep G2.2.15 cell line was growing and 500 pL of

extracts of plants incubated at room temperature.

Anti-Hepatitis B virus of crude extracts

Hexane, benzene and isopropanol fractions of A.
scholaris leaf and bark showed activity against Hepati-
tis B virus (Table 10). Methanol fractions of A. scholaris
bark also is active whereas methanol and water of leaf
A. scholaris does not inhibit the growth of the Hepatitis
B virus.

Discussion

A. scholaris is one of the highly-investigated plants
and nearly 400 compounds have been isolated and cha-
racterized (26-31). The Alstonia species are rich in alka-
loids, steroids, flavanoids and triterpenoids (32-34). The
results reported by Misra, Pratyush (21) supported the
results showed in present study, reporting the presence
of alkaloids, carbohydrates, terpenoids, saponins, car-
diac glycosides, flavonoids, steroids in various steam
bark extract of A. scholaris.

Previous studies on A. scholaris have revealed the
antibacterial and antioxidant properties (21, 22, 33, 35-
39). Khyade and Vaikos (33) and Misra, Pratyush (21)
supported the same activity of the methanol extract of
A. scholaris leaf against the human pathogens. As the
present study, several other studies have also reported
similar antibacterial potential of the leaf methanolic
extract (21, 33). Molly, Shekhar (22) tested hexane,
chloroform, butanol, ethyl acetate and water fractions
of methanol extracts of 4. scholaris leaf and bark for
antibacterial activity observing that fractions of leaf
extract had pronounced antibacterial activity against
methicillin resistant S. aureus and Providence stuartii.
Moreover, in this study antibacterial activity of these
extracts was tested against several Gram positive and
Gram negative bacterial strains and was found to reside
maximum in the butanol and ethyl acetate fractions of
methanol extract of leaf and bark. Cowan (40) repor-
ted that the differences in the observed activities of the
various extracts may be due to varying degree of solubi-
lity of the active constituents in the four solvents used.
It has been documented that different solvents have di-
verse solubility capacities for different phytochemical
constituents.

Thankamani (26) has reported the maximum inhibi-
tion, and it was activity against all the bacteria tested.
Bioactive compounds in A. scholaris include alkanes,
alkanols and sterols that possess antibacterial activity
against certain Gram-positive and Gram-negative bac-
teria, further suggesting the broad-spectrum effect (41,
42). Various extract of A. scholaris possess antibacterial
activity and contained tannins, flavonoids and alkaloid
(43, 44) which are known to have antimicrobial activity

(45, 46).

Khan, Omoloso (38) have reported that the extract of
the leaf of A. scholaris fractions were ineffective against
the moulds Aspergillus niger, A. rubrum, A. versicolor,
A. vitis, Candida albican, C. tropicalis, Cladosporium
cladosporioides, Penicillium notatum, Trichophyton
mentagrophytes and T. tronsurum. A. scholaris showed
fungicidal activity against pathogenic fungi. This may
be due to phytoconstituents like flavanoids (47), pheno-
lics and polyphenols (48), tannins (49), terpenoids (50),
sesquiterpenes (51) etc., that are effective antimicrobial
substances against a wide range of microorganisms. In
another report A. scholaris showed fungicidal activity
against pathogenic fungi (38).

The leaves and bark from A. scholaris are rich in phy-
tochemicals with antimicrobial activities against human
pathogens. On the basis of the results obtained in the
present study it can be concluded that the isopropanol
fraction of A. scholaris have antibacterial, antifungal,
antiviral, and anti-mycobacterial activities. The present
study may serve to be the basis of new studies to found
new antimicrobials agents to be used in phytotheraphy
or development of new drugs.

Conflicts of Interest
The authors declare no conflict of interest.

Acknowledgements
This work was supported by CONICYT PIA/APOYO
CCTE AFB170007.

References

1. Peterson LR, Dalhoff A. Towards targeted prescribing: will
the cure for antimicrobial resistance be specific, directed therapy
through improved diagnostic testing? The Journal of antimicrobial
chemotherapy. 2004;53(6):902-5.

2. Eloff IN. On expressing the antibacterial activity of plant extracts
- a small first step in applying scientific knowledge to ruarl primary
health care. South African Journal of Science. 2000; 96:116-8.

3. Murray CJ, Lopez AD. Mortality by cause for eight regions of the
world: Global Burden of Disease Study. Lancet (London, England).
1997;349(9061):1269-76.

4. Martini N, Eloff JN. The preliminary isolation of several anti-
bacterial compounds from Combretum erythrophyllum (Combreta-
ceae). Journal of ethnopharmacology. 1998;62(3):255-63.

5. Zink DL. The impact of consumer demands and trends on food
processing. Emerging infectious diseases. 1997;3(4):467-9.

6. Wijesekera RBO. Plant derived medicines and their role in global
health. The Medicinal Plant Industry. CRC Press1991.

7. Marvdashti LM, Abdolshahi A, Hedayati S, Sharifi-Rad M, Iriti
M, Salehi B, et al. Pullulan gum production from low-quality fig

Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 4

277



Gholamreza Bagheri et al.

Antimicrobial activities of Alstonia scholaris extarcts.

syrup using Aureobasidium pullulans. Cellular and Molecular Bio-
logy. 2018;64(8):22-6.

8. Salehi B, Sharopov F, Martorell M, Rajkovic J, Ademiluyi AO,
Sharifi-Rad M, et al. Phytochemicals in Helicobacter pylori infec-
tions: What are we doing now? International Journal of Molecular
Sciences. 2018;19(8).

9. Abdolshahi A, Naybandi-Atashi S, Heydari-Majd M, Salehi B,
Kobarfard F, Ayatollahi SA, et al. Antibacterial activity of some
Lamiaceae species against Staphylococcus aureus in yoghurt-based
drink (Doogh). Cellular and Molecular Biology. 2018;64(8):71-7.
10.Sharifi-Rad M, Fokou PVT, Sharopov F, Martorell M, Ademiluyi
AO, Rajkovic J, et al. Antiulcer agents: From plant extracts to phyto-
chemicals in healing promotion. Molecules. 2018;23(7).

11.Huang X, Xie W, Gong Z. Characteristics and antifungal acti-
vity of a chitin binding protein from Ginkgo biloba. FEBS letters.
2000;478(1-2):123-6.

12.Plotkin MJ. Conservation, ethnobotany, and the search for new
jungle medicines: pharmacognosy comes of age ... again. Pharmaco-
therapy. 1988;8(5):257-62.

13.Mishra AP, Sharifi-Rad M, Shariati MA, Mabkhot YN, Al-Showi-
man SS, Rauf A, et al. Bioactive compounds and health benefits of
edible Rumex species-A review. Cellular and Molecular Biology.
2018;64(8):27-34.

14.Ayatollahi AM, Ghanadian M, Afsharypuor S, Mesaik MA, Ab-
dalla OM, Shahlaei M, et al. Cycloartanes from Euphorbia aellenii
Rech. f. and their antiproliferative activity. Iranian Journal of Phar-
maceutical Research. 2011;10(1):105-12.

15.Ayatollahi SAM, Kobarfard F, Asgarpanah J, Choudhary MI.
Antiglycation Activity of Otostegia persica (Burm.) Boiss. African
Journal of Biotechnology. 2010;9(24):3645-8.

16.Choudhary MI, Hussain A, Adhikari A, Marasini BP, Sattar SA,
Atia Tul W, et al. Anticancer and a-chymotrypsin inhibiting diter-
penes and triterpenes from Salvia leriifolia. Phytochemistry Letters.
2013;6(1):139-43.

17.Sharifi-Rad J, Tayeboon GS, Niknam F, Sharifi-Rad M, Moha-
jeri M, Salehi B, et al. Veronica persica Poir. extract - antibacte-
rial, antifungal and scolicidal activities, and inhibitory potential on
acetylcholinesterase, tyrosinase, lipoxygenase and xanthine oxidase.
Cellular and Molecular Biology. 2018;64(8):50-6.

18.Mishra AP, Saklani S, Salehi B, Parcha V, Sharifi-Rad M, Milella
L, et al. Satyrium nepalense, a high altitude medicinal orchid of In-
dian Himalayan region: Chemical profile and biological activities of
tuber extracts. Cellular and Molecular Biology. 2018;64(8):35-43.
19.Khyade MS, Kasote DM, Vaikos NP. Alstonia scholaris (L.) R.
Br. and Alstonia macrophylla Wall. ex G. Don: A comparative re-
view on traditional uses, phytochemistry and pharmacology. Journal
of ethnopharmacology. 2014;153(1):1-18.

20.Baliga MS. Alstonia scholaris Linn R Br in the treatment and
prevention of cancer: past, present, and future. Integrative cancer
therapies. 2010;9(3):261-9.

21.Misra CS, Pratyush K, Sagadevan LDM, James J, Veettil AKT,
Thankamani V. A comparative study on phytochemical screening
and antibacterial activity of roots of Alstonia scholaris with the
roots, leaves and stem bark. International Journal of Research In
Phytochemistry and Pharmacology. 2011;1(2):77-82.

22.Molly A, Shekhar MC, Thankamani V. Antibacterial activity of
plant extracts of Alstonia scholaris. International Journal of Pharma-
cognosy and Phytochemical Research. 2014;5(4):285-91.
23.Bagheri G, Mirzaei M, Mehrabi R, Sharifi-Rad J. Cytotoxic and
Antioxidant Activities of Alstonia scholaris, Alstonia venenata and
Moringa oleifera Plants From India. Jundishapur J Nat Pharm Prod.
2016;11(3):e31129.

24.Beyer H, Walter W. Beyer/Walter organic chemistry: a com-
prehensive degree text and source book. Chichester.Albion Pub1997.

25.Martin GT. Ethnobotany. A methods manual.: Springer US; 1995.
26.Thankamani VI. Phytochemical screening and antimicrobial acti-
vity of Alstonia scholaris flowers (L.) BR FAM: Apocynaceae. Int J
Pharmaceut Res Dev. 2011;3(4):172-8.

27.Yang NN, Yang CY, Wang YZ, Zhao YH. [Application of FTIR
and Active Ingredients Quantitative Analysis on Quality Control
of Dai Medicine Alstonia scholaris (L.) R. Br.]. Guang pu xue yu
guang pu fen xi = Guang pu. 2017;37(1):58-64.

28.Hui T, Sun'Y, Zhu L, Guo W, Rao G. [Flavonoids in leaves of Als-
tonia scholaris]. Zhongguo Zhong yao za zhi = Zhongguo zhongyao
zazhi = China journal of Chinese materia medica. 2009;34(9):1111-
3.

29.Yang J, Fu J, Liu X, Jiang ZH, Zhu GY. Monoterpenoid indole
alkaloids from the leaves of Alstonia scholaris and their NF-kappaB
inhibitory activity. Fitoterapia. 2018;124:73-9.

30.Saxena N, Shrivastava PN, Saxena RC. Preliminary physcio-
phytochemical study of stem bark of Alstonia scholaris (L.) R. BR.-
A medicinal plant. Int J Pharma Sci Res. 2012;3(4):1071-5.
31.Kaushik P, Kaushik D, Sharma N, Rana A. Alstonia scholaris: It's
Phytochemistry and pharmacology. Chronicles of Young Scientists.
2011;2(2):71-8.

32.Deepthi SR, Remya R, Thankamani V. Antibacterial Activity
Studies and Phytochemical Screening on the Methanol Extract of
Alstonia Scholaris R. Br. 2008;3(Research journal of biotechno-
logy):40-3.

33.Khyade M, Vaikos NP. Phytochemical and antibacterial proper-
ties of leaves of Alstonia scholaris R. Br. African Journal of Biotech-
nology. 2009;8(22):6434-6.

34.Dutta M, Sens S, Laskar S. Fatty acid composition of Alstonia
scholaris (Linn.) R. Br. seed oil having some antibacterial prin-
ciples. Biosci Biotechnol Res Asia. 2010;2010(7):481-4.
35.Arulmozhi S, Mazumder PM, Narayanan LS, Thakurdesai PA.
In vitro antioxidant and free radical scavenging activity of frac-
tions from Alstonia scholaris Linn.R.Br. Int J Pharm Tech Res.
2010;2010(2):1.

36.Ramachandra YL, Ashajyothi C, Padmalatha RS. Antioxidant ac-
tivity of Alstonia scholaris extracts containing flavonoids and phe-
nolic compounds. Int J Pharm Pharma Sci. 2012;4(3):424-6.
37.Ganjewala D, Gupta AK. Study on Phytochemical Composi-
tion, Antibacterial and Antioxidant Properties of Different Parts
of Alstonia scholaris Linn. Advanced pharmaceutical bulletin.
2013;3(2):379-84.

38.Khan MR, Omoloso AD, Kihara M. Antibacterial activity of A/s-
tonia scholaris and Leea tetramera. Fitoterapia. 2003;74(7-8):736-
40.

39.Patel JP, Gami B, Patel K, Solanki R. Antibacterial activity of
methanolic and acetone extract of some medicinal plants used in
Indian folklore. Int J Phytoremediation. 2011;3(2):261-9.
40.Cowan MM. Plant products as antimicrobial agents. Clinical
microbiology reviews. 1999;12(4):564-82.

41.Versha P, Ghosh B, Anroop N, Ramanjith M. Antimicrobial activi-
ty of Alstonia scholaris leaf extracts. Indian Drugs. 2003;40(7):412-
3.

42.0moregbe RE, Osaghae F. Antimicrobial activity of extracts of
Momordica charantia and Alstonia boonei on some bacteria. Nige-
rian Journal of Biotechnology. 1997;1997(8):1.

43.Haslam E. Natural polyphenols (vegetable tannins) as drugs: pos-
sible modes of action. Journal of natural products. 1996;59(2):205-
15.

44.Toh-Seok K, Kok-Tih N, Kooi-Mow S, Yoganathan K. Alkaloids
from Alstonia scholaris. Phytochemistry. 1997;45(6):1303-5.
45.Sharifi-Rad M, Nazaruk J, Polito L, Morais-Braga MFB, Rocha
JE, Coutinho HDM, et al. Matricaria genus as a source of antimicro-
bial agents: From farm to pharmacy and food applications. Micro

Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 4

278



Gholamreza Bagheri et al.

Antimicrobial activities of Alstonia scholaris extarcts.

biological research. 2018;215:76-88.

46.Salehi B, Valussi M, Morais-Braga MFB, Carneiro JNP, Leal
A, Coutinho HDM, et al. Tagetes spp. Essential Oils and Other
Extracts: Chemical Characterization and Biological Activity. Mole-
cules. 2018;23(11).

47.Tsuchiya H, Sato M, Miyazaki T, Fujiwara S, Tanigaki S, Ohya-
ma M, et al. Comparative study on the antibacterial activity of phy-
tochemical flavanones against methicillin-resistant Staphylococcus
aureus. Journal of ethnopharmacology. 1996;50(1):27-34.
48.Masson M, Wasserman BP. Inactivation of red beet beta glucan
synthase by native and oxidized phenolic compounds. Phytoche-
mistry (Oxford). 1987;26(8):2197-202.

49 Morey AT, de Souza FC, Santos JP, Pereira CA, Cardoso JD, de

Almeida RS, et al. Antifungal Activity of Condensed Tannins from
Stryphnodendron adstringens: Effect on Candida tropicalis Growth
and Adhesion Properties. Current pharmaceutical biotechnology.
2016;17(4):365-75.

50.Scortichini M, Rossi MP. Preliminary in vitro evaluation of the
antimicrobial activity of terpenes and terpenoids towards Erwinia
amylovora (Burrill) Winslow et al. Journal of Applied Bacteriology.
1991;71(2):109-12.

51.Goren N, Woerdenbag HJ, Bozok-Johansson C. Cytotoxic and an-
tibacterial activities of sesquiterpene lactones isolated from Zanace-
tum praeteritum subsp. Praeteritum. Planta medica. 1996;62(5):419-
22.

Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 4

279



