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ABSTRACT

Objective: The increasing prevalence of drug-resistant pathogens has gained the attention of pharmaceutical and scientific communities toward 

potential antimicrobial agents from plant-derived sources. The present work deals with the extraction, screening, and characterization of antimicrobial 

compounds from Alstonia scholaris against various pathogenic micro-organisms.

Methods: The components of crude extracts obtained after soxhlet extraction of plants were characterized through thin layer chromatography 

(TLC) and gas chromatography-mass spectrometry (GC-MS). The antimicrobial effect was checked at different concentration against Bacillus subtilis 

MTCC 121, Staphylococcus aureus MTCC 96, Escherichia coli MTCC 43, Klebsiella pneumonia MTCC 432, Pseudomonas aeruginosa MTCC 424, and 

Streptococcus pyogenes MTCC 497.

Results and Conclusion: A. scholaris extract showed a significant antibacterial effect against selective pathogens. The bioactive compounds were 

separated and identified by TLC and GC-MS, respectively.
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INTRODUCTION

The threat of infectious disease has substantially reduced, and the 

diseases that were thought to be controlled by antibiotics are rising 

in new forms, resistant to exiting antibiotics. The major problem of 

the emergence of resistant bacteria is due to misuse and overuse of 

antibiotics. The development of antibiotic resistance in bacteria is a 

major issue in the prevention of infectious diseases [1]. The spread 

of antibiotic drug resistance is predominant through nosocomial 

infections  [2]. Nosocomial infections caused by Pseudomonas aeruginosa 

are often difficult to treat because this organism displays resistance to 

all commercially available antibiotics [3]. Medicinal plants are widely 

used either directly as folk medicine or indirectly by pharmaceutical 

preparation of modern medicines. Bioactive compounds have attracted 

the attention of pharmaceutical and scientific communities, and 

evidence has demonstrated the promising potential of antimicrobial 

plant-derived substances.

Alstonia scholaris has been well known for its therapeutic properties in the 

treatment of cancer, warts, hepatitis, and abdominal swelling. A. scholaris 

is used only for medicinal purposes, ranging from malaria and epilepsy 

to skin conditions and asthma. It is also known as bitter herb for treating 

skin disorders, malarial fever, urticaria, chronic dysentery, diarrhea, in 

snake bites, and for upper purification process of panchakarma. Plants 

derived compound of therapeutic value are mostly secondary metabolite. 

They have a wide activity range, according to the species, the topography 

and climate of the country of origin, and may contain different categories 

of active principles. This study deals with the extraction, screening, and 

characterization of antimicrobial active constituents present in leaves 

and flowers of A. scholaris against various pathogenic microorganisms as 

the biological active compounds from the bark of these plants have been 

previously studied by various researchers.

METHODS

Sample collection

The leaves and flowers of A. scholaris were collected freshly from plant 

nursery in VIT University, Vellore district of Tamil Nadu. The fresh 

leaves and flowers were properly washed with sterile water and shade 

dried at room temperature and then powdered mechanically using 

commercial electrical stainless steel blender.

Extraction of plant samples

The finely ground powder of plant material (30 g) was extracted with 

n-hexane and methanol subsequently in soxhlet extractor not exceeding 

the boiling point of the solvent for 8 hrs. The completely dried extracts 

were stored at 4°C for further experimental analysis [4].

Phytochemical screening of crude plant extracts

The phytochemical components of the medicinal plants were screened 

using the standard methods explained by Kamba and Hassan [5]. The 

components analyzed were saponins, steroids, cardiac glycosides, 

quinones, tannins, flavonoids, alkaloids, phenols, terpenoids, 

carbohydrates, and proteins.

Detection of alkaloids

Solvent free extract, 5 mg was stirred with few ml of diluted hydrochloric 

acid and filtered. The filtrate was tested carefully with various alkaloidal 

reagents [6].

A. Hager’s test: Filtrates were treated with Hager’s reagent (saturated picric acid solution). The presence of alkaloids was confirmed by the 
formation of yellow colored precipitate.B. Wagner’s test: To few milliliter of filtrate, few drops of Wagner’s 
reagent were added along the side of test tube. Reddish brown 

precipitates indicated positive test [7].

Wagner’s reagent: Iodine (1.27 g) and potassium iodide (0.92 g) were 

dissolved in 5 ml of water and made up to 100 ml with distilled water.

Detection of carbohydrates and glycosides

About 5 mg of extract was dissolved in 5 ml of water and filtered. The 

filtrate was subjected to the following tests [8].A. Fehling’s test: 1 ml of filtrate was boiled on water bath with 1 ml of 
each of Fehling’s solutions A and B. The appearance of red precipitate confirmed the presence of sugar.
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Fehling’s solution A: Copper sulfate (34.66 g) was dissolved in distilled 

water and made up to 500 ml using distilled water.

Fehling’s solution B: Potassium sodium tartarate (173 g) and sodium 

hydroxide (50 g) were dissolved in water and made up to 500 ml.B. Molish test: To 2 ml of filtrate, two drops of an alcoholic solution of α napthol were added, the mixture was shaken well and 1 ml of 
concentrated sulfuric acid was added slowly along the sides of test 

tube and allowed to stand. The formation of violet ring indicated the 

presence of carbohydrates.

Detection of phytosterols

Libermann Burchard’s test

The extract (5 mg) was dissolved in 2 ml acetic anhydride. To this, one 

or two drops of concentrated sulfuric acid were added slowly along the 

sides of the test tube. An array of color changes indicated the presence 

of phytosterols [9].

Detection of phenolic compounds

Ferric chloride test

The extract (2 mg) was dissolved in 5 ml of distilled water. To this, few 

drops of neutral 5% ferric chloride solution was added. The appearance 

of green color indicated the presence of phenolic compounds [10].

Detection of flavonoids

Alkaline reagent test

Extracts were treated with few drops of sodium hydroxide solution. The 

formation of intense yellow color, which turned colorless on addition of 

dilute acid, that indicating the presence of flavonoids.

Lead acetate test

To 1 ml of the plant, extract was taken in a test tube. To this 1 ml of 

5% lead acetate and the mixture was allowed to stand for few minutes. 

The formation of precipitates in the samples confirmed the presence of 

flavonoids.

Detection of tannins

About 0.5 g of extract was stirred with about 10 ml of distilled water 

and then filtered. Few drops of 1% ferric chloride solution were added 

to 2 ml of the filtrate. Formation of a bluish black, bluish green or green 

precipitate confirmed the presence of tannins.

Detection of terpenoids (Salkowski test)

About 2 ml chloroform was added to the extract. Concentrated 

H
2
SO

4 
(3 ml) was carefully added to form a layer. The appearance of 

reddish brown coloration on the interface confirmed the presence of 

terpenoids.

Detection of quinolones

About 1 ml of each extract was treated with 1 ml of concentrated H
2
SO

4
. 

The red color developed indicates the presence of quinines.

Detection of saponins

About 1 ml of extract is mixed with 2 ml of distilled water. The mixture 

was shaken properly and allowed to stand for 10 minutes. 1 cm layer of 

foam was formed. If the layer was lasted for more than 10 minutes, it 

indicated the presence of saponins.

Analytical methods

Fractionation of the crude extract using thin layer 

chromatography (TLC)

Using pre-coated TLC F254 plates, the crude extract was fractionated 

using different combinations of toluene:ethyl-acetate:methanol 

(4:0.5:0.5) and hexane:ethyl acetate (9:1) as the mobile phase. 

Separated components were viewed in visible light, under ultraviolet 

at 360 nm, by fluorescence quenching <254 nm. Separation done with 

different mobile phase was fractionated and recorded.

Gas chromatography-mass spectrometry (GC-MS)

Methanol and hexane extract of A. scholaris leaves were analyzed by GC-

MS. Perkin Elmer Clarus 680 gas chromatographic instrument equipped 

with a mass spectrometer detector (Clarus 600 model) and an Elite-5MS 

(30.0 m, 0.25 mmID, 250 µm df) column was used. The carrier gas used 

was helium at a flow rate of 1 ml/minutes. The following temperature 

program was used: Initially, the oven temperature was held at 60°C 

for 2 minutes and then ramped from 10°C/minutes to 300°C withhold 

time for 4 minutes, total run time 30 minutes. The temperature of the 

injector was maintained at 300°C. The ion trap was operated at 70 eV 

with a scan range of m/z from 50 to 600. A sample of 1 µl was injected 

in split mode (10:1). The intermediate and end product was identified 

based on the Wiley registry of mass spectral data.

Antimicrobial study

The antibacterial activity of three different extracts (methanol and 

hexane) of A. scholaris plant leaves against selected clinical bacterial 

pathogens was evaluated using agar well diffusion method [11,12]. 

Muller-Hinton Agar plates were inoculated with selected bacterium. 

Wells of 8 mm size were made with sterile borer on agar plates. Four 

different volumes (25, 50, 75, and 100 µl) of the plant extract were 

poured into each well of inoculated plates. The respective solvent for 

particular solvent extracts was used as a negative control. Then, they 

were left at room temperature for 10 minutes allowing the diffusion 

of the plant extract into the agar [13]. After incubation for 24 hrs at 

37°C, the plates were observed for clear zone. Antibacterial activity of 

the extract was identified by an inhibition zone surrounding the well 

containing the plant extract. The zone of inhibition was measured and 

expressed in millimeters. Clear zone of the plant extract and comparison 

with negative control was recorded [14].

RESULTS AND DISCUSSION

The plant extracts obtained after soxhlet extraction by both methanol 

and hexane were dried completely for further analysis. The methanol 

and hexane extracts of A. scholaris were subjected to phytochemical 

studies to determine the presence of different bioactive compounds 

which was followed by GC-MS afterwards.

In A. scholaris, methanol extract possesses quinones, steroids, alkaloids, 

terpenoids, whereas n-hexane possesses flavonoids, quinones, tannins, 

saponin, and carbohydrates. Although ferric chloride test showed 

negative result indicating the absence of phenolic compounds as 

well as methanol extract showed a negative result for glycosides. The 

phytochemical profile of both the extracts is presented in Table 1.

The presence of alkaloids has been seen in the extract as it is reported 

in the previous studies by Dey [15]. Among different alkaloids, 

echitamine, picrinine, mataranine A, and monoterpenoid indole 

alkaloids have been reported. Constituents have been reported from 

different parts of the tree as bark, leaves, roots, fruits, and flowers [16]. 

Table 1: Phytochemical profile of plant extracts

Serial 

number

Phytochemical tests Alstonia scholaris

Methanol 

extract

Hexane 

extract

1 Phenol test − −
2 Flavanoids − +

3 Quinones + +

4 Tannins − +

5 Steroids + −
6 Alkaloids + −
7 Saponin − +

8 Terpenoids + −
9 Proteins − −
10 Carbohydrates- Fehling A − +

11 Carbohydrates- Fehling B − −+ indicate presence of the compound, − indicate absence
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The presence of flavonoids, quinolones, tannins, and terpenoids has 

also been observed in the extract. According to the other research 

work, sookanin-7-o-alpha-l rhamnopyranoside, a new flavanone 

glycoside [17] and alstonoside, and a secoiridoid glucoside [18] have 

been recorded. Iridoids, coumarins, flavonoids, leucoanthocyanins, 

reducing sugars, simple phenolics, steroids, saponins, and tannins 

were also found in the plant has reported the presence of alkaloids in 

extract.

The TLC was conducted to analyze the separation of phytochemical 

constituents present in plant extracts according to their different 

Rf values. To separate the components present in plant extracts, various 

solvent system were employed but toluene:ethyl-acetate:methanol 

(4:0.5:0.5) and hexane:ethyl acetate (9:1) showed best separation for 

methanol extracts and hexane extract, respectively. The Rf value was 

calculated and has been presented in Table 2.

The antibacterial activity of both the extracts of A. scholaris was 

determined through well-diffusion method at varying concentration 

10-40 mg/ml. The methanol extracts showed good antimicrobial effect 

against all pathogenic microorganisms while hexane extracts did not 

show effective antimicrobial effect. The zone of inhibition obtained 

from plant extract was compared with standard antibiotic ampicillin 

which showed the similar antimicrobial effect when compare to 

ampicillin. A. scholaris showed the highest activity against Bacillus 

subtilis, followed by Staphylococcus sp. and it showed the least activity 

against Streptococcus sp. and Pseudomonas sp.. The related result has 

been reported by Khyade and Vaikos [19]. The antibacterial activity of 

both the extract is presented in Table 3.

The differences in the observed activities of the various extracts 

may be due to varying degree of solubility of the active constituents 

in the four solvents used. It has been documented that different 

solvents have diverse solubility capacities for different phytochemical 

constituents [20]. Demonstration of antibacterial activity of plant extract 

against test bacteria is an indication that the possibility of sourcing 

alternative antibiotic substances in this plant for the development of 

newer antibacterial agents. Bacteria used in this study are associated 

with different type of infections including wounds, burns, typhoid fever, 

cough, urinary infection, and skin infections.

The gas chromatogram result of methanol extract of A. scholaris showed 

that the presence of different compounds as shown in Fig. 1.

The standard data of bioactivity and drug-likeness of few commercial 

antibiotics have been presented in Table 4 and compared with methanol 

extract of A. scholaris in Table 5.

From the seven compounds identified in GC-MS analysis of crude 

methanol extract of A. scholaris three of them follows Lipinski rule of five, 

and therefore, can be potent drug agent. These include trifluoromethyl 

t-butyl disulfide, 2-ethylhexyl-2, 2-dichloroacetate, and phytol. 

Taraxasterol can also be a potent drug agent but due to high partition 

coefficient, it will have less bioavailability. On comparing the standard 

bioactivity table, it is found that all compounds identified via GC-MS 

have significant bioactivity mainly due to ion channel modulation and 

kinase inhibitor. Almost all compounds identified in GC-MS show good 

values of enzyme inhibitor parameter of bioactivity.

Table 3: Minimum inhibitory concentration of methanol extracts of A. scholaris

Concentration (mg/ml) B. subtilis P. aeruginosa S. aureus E. coli K. pneumonia

10 8±0.5 8±0.1 11±0.7 13±0.7 12±0.7

20 9±0.73 8±0.13 11±0.67 13±0.66 12±0.65

30 10±0.23 9±0.2 12±0.9 14±0.9 13±0.89

40 11±0.9 9±16 12±0.33 14±0.33 13±0.3

Ampicillin 20 15 16 17.5 20

B. subtilis: Bacillus subtilis, P. aeruginosa: Pseudomonas aeruginosa, S. aureus: Streptococcus aureus, E. coli: Escherichia coli, K. pneumonia: Klebsiella pneumonia, 

A.  scholaris: Alstonia scholaris

Table 4: Standard values of bioactivity and drug likeness of some antibiotics

Compound GPCR 

ligand

Ion channel 

modulation

Kinase 

inhibitor

Nuclear receptor 

inhibitor

Protease 

inhibitor

Enzyme 

inhibitor

Log p

value

Molar 

refractivity (in cm3)

Drug likeness 

model score

Ampicillin 0.04 −0.47 −0.71 −0.61 0.87 0.25 0.68 89.94±0.4 1.05

Gentamycin 0.34 0.19 0.18 −0.06 0.66 0.46 0.59 122.64±0.4 1.10

Ofloxacin 0.23 −0.14 −0.06 −0.13 −0.26 0.35 1.13 91.09±0.4 1.62

GPCR: G protein–coupled receptor

Table 5: Bioactivity and drug likeness values of crude methanol extract of Alstonia scholaris

Compound name Molecular 

Formula

Molecular 

weight

HBA HBD Drug 

likeness

Log p Molar 

refractivity

Trifluoromethyl t-butyl Disulfide C
5
H

9
F

3
S

2
190.01 2 0 −2.63 2.63 41.62±0.3

2-Ethylhexyl-2,2-dichloroacetate C
10

H
18

C
12

O
2

240.07 2 0 −1.07 3.49 59.76±0.6

3,4-dimethoxyoxane-2,5-Diol C
7
H

14
O

5
178.08 5 2 −0.68 −1.30 40.61±0.9

1-Methylcyclohexane-1,2,3,4,5,6-hexol (Myoinositol) C
7
H

14
O

6
194.08 6 6 −1.60 −1.55 41.82±0.89

Trans, cis-1,8- Dimethylspiro [4,5]decane C
12

H
22

166.17 0 0 −0.42 2.49 53.48±0.77

(Z,7R,11R)-3,7,11,15- tetramethylhexadec-2-enol (Phytol) C
20

H
40

O 296.31 1 1 −0.98 5.23 96.01±0.2

Table 2: Rf values of the separated spots

Extract Solvent 

run

Distance covered 

by spots (in cm)

Rf values

(mean±SD)

A. scholaris 

methanol extract

4.2 cm 0.3 0.072±0.3

0.6 0.143±0.2

0.8 0.190±0.5

1.0 0.238±0.1

1.9 0.455±1

2.7 0.642±0.3

3.95 0.94±0.6

SD: Standard deviation, A. scholaris: Alstonia scholaris
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CONCLUSION

From this study, A. scholaris is proven to be rich in different secondary 

metabolites such as flavonoids, alkaloids, tannins, terpenoids, and 

saponin which exhibit antimicrobial activity. The plant extract can be 

used as drugs to treat pathogenic infection though more research is 

needed to identify and purify the bioactive compounds.
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Fig. 1: Gas chromatography mass spectrometry chromatogram of 

Alstonia scholaris methanol extract


