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ABSTRACT
The enlarging prevalence of drug resistant bacteria and booming incidences of oxidative stress-related degenerative
diseases has paved the way for the identification of novel drugs from natural sources. Even though researches have
been conducted in various plant species to exploit their therapeutic applications, there still exist lacunae in the
exploration of the medicinal properties of authentic plants that could be a rich source of treasured phytocompounds.
In this study, the antibacterial, antifungal and antioxidant activities of Shorea robusta, Hyptis suaveolens,
Spathodea campanulata were evaluated. The fresh leaves (H. suaveolens, S. campanulata) and powdered oleoresins
(S. robusta) were extracted using methanol, petroleum ether, acetone, chloroform and water to test their efficacies as
antimicrobial agents against strains of Micrococcus luteus, Proteus vulgaris, Aspergillus niger and Candida
albicans. The aqueous and methanolic extract of all the three plants exhibited good antibacterial activity, while the
chloroform extracts proved its potential as a better antifungal agent. The ability of all the extracts from H.
suaveolens, S. campanulata and S. robusta to scavenge free radicals was ascertained by hydrogen peroxide method.
The methanolic and aqueous extracts of H. suaveolens and S. campanulata displayed promising results where as S.
robusta extracts showed moderate activity. The observations made in this study support the use of these plants as a
natural remedy and as a low cost intervention in the enhanced therapy for drug resistance and other diseases. It can
be concluded that this study would definitely lead to the establishment of new and more potent drugs from cheaper
native plants from natural origin.
Key words: Antimicrobial activity, Free radical scavenging activity, Hyptis suaveolens, Spathodea campanulata and
Shorea robusta.
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INTRODUCTION
Medicinal plants are described as any plant with one or more of its organs containing therapeutic phytoconstituents
that can be used as precursors for the synthesis of antimicrobial drugs [1] antioxidant, anti-infectious and anti-tumor
activities [2]. Due to the presence of such components with therapeutic values, medicinal plants have been used for
centuries as remedies for human diseases [3]. Undoubtedly, medicinal plants are the prime source of drugs in both
developing and developed nations and about 2000+ plant species are known to possess medicinal value in the Asian
traditional system of medicine [4]. Hence the use of plant derived natural compounds used as alternative sources of
medicine continues to play a crucial role in the general wellness of the people all over the world.
Recently, antibiotic resistance has become a global concern [5]. This ever-increasing incidences of antibiotic
resistance is largely due to the indiscriminate use of commercial antimicrobial drugs employed for the treatment of
infectious diseases [6,7]. The ultimate goal is to offer an appropriate and efficient antimicrobial drug to the patients
that ultimately leads to the rise in the universal demand for natural antimicrobial therapeutics [8] and in order to
meet such increasing demand, further exploration of plant antimicrobials are essential.
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An antioxidant is any compound that slows down or prevents the oxidation of molecules. Antioxidants act by
terminating the chain reactions through the removal of free radical intermediates and inhibit other oxidation
reactions by being oxidized themselves. Hence, antioxidants are often considered as reducing agents such as
polyphenols, thiols, ascorbic acid etc.[9]. An increase in free radical generation or impaired endogenous antioxidant
mechanism is the important causes of oxidative stress leading to the development of chronic diseases. The reactive
oxygen species include such as hydroxyl radicals, superoxide anion radicals and free radicals species such as
hydrogen peroxide [10]. Synthetic antioxidants, such as butylated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT) and tert-butylhydroquinone (TBHQ) are widely used in the food industry. However, due to the increased
toxicity and carcinogenicity of synthetic antioxidants, a restriction has been imposed for their usage [11,12].
Therefore, the development and utilization of more effective antioxidants of natural origins are desired. The
secondary metabolites of plants were identified as the source of various phytochemicals that could be directly
utilized as intermediates for the production of novel drugs. Natural medicines are believed to be more acceptable
and compatible to the human body when compare to synthetic drugs. Thus it is extremely beneficial to derive the
maximum sources of drugs from the traditional system of medicine for providing adequate healthcare services to the
rural people [13] as well as conserve and limit the over-exploitation of several authentic medicinal plants.
Hyptis suaveolens commonly known as “Wilayati tulsi” belongs to the family Lamiaceae and is an ethnobotanically
important medicinal plant. Almost all parts of this plant are being used in traditional medicine to treat various
diseases [14]. Spathodea campanulata Beauv. commonly known as the Fountain Tree or African Tulip belongs to
the family Bignoniaceae which is native to Africa and also in India [15]. The plant drug selected for this study has a
broad spectrum of proven biological activity [16] and chemically interesting compounds [17] such as iridoid
glucoside and phenolic benzoic acids. Shorea robusta Gaertn (Dipterocarpaceae) is widely distributed in India,
Nepal and Bhutan. The oleoresin (gum) of the aerial parts has been reported in indigenous system of medicine as it
also used as an ingredient of ointments to heal wounds, burns, pains, skin diseases and to control diarrhea and
dysentery [18-20].
Considering the vast potentiality of the three medicinal plants, the present study involved a systematic investigation
to screen the antimicrobial and free radical scavenging efficacy from the leaves of Hyptis suaveolens, Spathodea
campanulata and from the oleoresins of Shorea robusta.
EXPERIMENTAL SECTION
Chemicals
All the chemicals used in this study were of analytical grade and were purchased from Hi-Media lab. Ltd., Mumbai,
India.
Collection of Plants and Test Organisms
Hyptis suaveolens and Spathodea campanulata were collected from the local areas in and around Chennai and the
oleoresins of Shorea robusta were commercially purchased from Central Siddha Research Institute, Chennai (Fig 1).
Bacterial cultures of gram positive Micrococcus luteus (M. luteus) and gram negative Proteus vulgaris (P. vulgaris)
and fungal strains Aspergillus niger (A. niger) and Candida albicans (C. albicans) were procured from the
Laboratory of Department of Microbiology, Central Leather Research Institute (CLRI) Campus, Adyar, Chennai.
Maintenance of Cultures and Preparation of Inoculums
The Bacterial cultures were maintained at 37ºC in Nutrient Broth (NB) and the Fungal Strains were maintained at
28ºC in Potato Dextrose Agar (PDA).
The gram positive M. luteus and P. vulgaris was cultured in NB medium by inoculating a loopful of culture from the
mother culture and serial diluted to obtain 10-3 dilution factor and stored at 37ºC overnight for 24 hours in rotary
shaker incubator.
The fungal strains A. niger and C. albicans were sub cultured in PDA plates by using cork-borer and grown at 27ºC
for 5 days in Incubator. Then 8 ml of sterile water was poured over the grown fungus, the spores were removed and
inoculated in PDB medium with serial dilution to obtain 10-3 dilution factor and incubated at 27ºC for 2 days.
Preparation of Plant Extracts
The collected leaves of Hyptis suaveolens and Spathodea campanulata were washed thoroughly 2-3 times in
running tap water followed by sterile distilled water and were dried in hot air oven at 60 ºC overnight. The dried
leaves and the oleoresins (S. robusta) were grounded well with the help of mortar and pestle. 5g each from the
powdered dried leaves and oleoresin were mixed with 100ml of five solvents such as Water, Methanol, Chloroform,
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Acetone and Petroleum Ether (50mg/ml) and was kept in a rotary shaker at 37 ºC for 48 hrs. The solution was
filtered through Whatmann filter paper no.1 and was stored in air tight bottle at 4 ºC.

Fig 1: shows the leaves of Hyptis suaveolens and Spathodea campanulata and the oleoresins of Shorea robusta

In vitro Antimicrobial Assays
The crude extracts of five solvents from H. suaveolens, S. campanulata and S. robusta were tested for antibacterial
activity using agar disc diffusion technique following the Kirby-Bauer method [21]. 200 µl of each bacterial
subculture was micropipetted onto the solidified agar plates separately and the cultures in each plate were evenly
spread over the agar medium. Sterile discs of 6mm diameter were cut out using a Holing Pincer, from a Whatmann
filter paper Grade 1. 150 µl of each extracts and solvents were impregnated into the disc respectively. Antibiotic
gentamycin was used as positive control and the solvents as negative control. All the discs were placed in the centre
of the respective plates using a pair of sterile forceps. The plates were kept at room temperature for 2 hours to allow
diffusion and then incubated at 37°C for 24 hours in an incubator. Next day the diameter of the Zone of Inhibition
was measured in millimetres (mm).
The crude extracts were also tested for antifungal activity by disc diffusion method [22]. The PDA plates were
inoculated with each fungal culture by point inoculation. Sterile discs of 6mm diameter were impregnated with 150
µl of each extracts and solvents and were placed on test organism-seeded plates. The solvents were used as negative
control and Nystatin (10 µg disc) were used as positive control. The activity was determined after 72 hours of
incubation at 28°C. The diameters of the inhibition zones were measured in mm.
Free Radical Scavenging Activity by H2O2 Assay
The ability of the extracts to scavenge hydrogen peroxide was determined by the method of Ruch et al [23]. A
solution of hydrogen peroxide (H2O2) (40 mM) was prepared in phosphate buffer (pH 7.4). 4 ml of each extracts
from different solvents (4 mg/ml) were added to 0.6ml of previously prepared H2O2 solution. The absorbance of the
solution was measured at 230 nm after 10 min against a blank containing phosphate buffer without H2O2 using
Varian Cary 100 UV-Visible Spectrophotometer. Ascorbic Acid was used as the control. The percentage of H2O2
scavenging by the extracts was calculated using the formula
% Scavenging [H2O2] = 1- Abs (sample) /Abs (control) x100
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Where, Abs (control) was the absorbance of the control at 230nm and Abs (sample) was the absorbance of the
extracts at 230nm.
RESULTS AND DISCUSSION
In vitro Antimicrobial Assays
The in vitro antibacterial and antifungal activity of the extracts from the test plants S.robusta, H. suaveolens and
S.campanulata against bacterial species of M. luteus and P. vulagris and fungal strain of A. niger and C. albicans
were determined. Table 1 shows the different inhibition levels of H. suaveolens extracts against the bacterial and
fungal strains. The maximum zone of inhibition was exhibited by the aqueous extract of H. suaveolens agianst M.
luteus and P. vulagris with 20mm diameter for the bacterial strains and by the acetone extract against C. albicans
with 18mm. Table 2 shows the zone of inhibition values produced by S.campanulata extracts against the bacterial
and fungal strains. The aqueous extract of S.campanulata showed maximum inhibition with 17mm against M.
luteus, while the chloroform extract displayed a zone with 16mm diameter against C. albicans. Table 3 shows the
different inhibition levels of S.robusta against the test bacterial and fungal pathogens. The maximum zone of
inhibition was exhibited by the aqueous and methanolic extracts of S.robusta against gram negative P. vulagris
whereas A. niger was inhibited with a maximum of 18mm. Fig 2 shows the antibacterial plates that displayed the
highest inhibition zones by the test plant extracts. Fig 3 displays the antifungal plates that show the maximum zone
of inhibition by the three medicinal plants. The positive control gentamycin inhibited M. luteus and P. vulagris with
24mm and 22mm respectively and nystatin inhibited A. niger and C. albicans with 18mm and 24mm respectively.
Table 1: Zone of Inhibition (in mm) exhibited by H. suaveolens extracts against various pathogens
Solvents
Water
Chloroform
Acetone
Petroleum Ether
Methanol

M. luteus
20
10
15
0
18

Zone of Inhibition (mm)
P. vulgaris A. niger C. albicans
20
10
10
10
10
16
13
16
18
8
0
10
16
13
12

Table 2: Zone of Inhibition (in mm) exhibited by S. campanulata extracts against various pathogens
Solvents
Water
Chloroform
Acetone
Petroleum Ether
Methanol

M. luteus
17
8
10
0
16

Zone of Inhibition (mm)
P. vulgaris A. niger C. albicans
16
15
10
0
12
16
14
10
0
10
10
8
14
14
16

Table 3: Zone of Inhibition (in mm) exhibited by S. robusta extracts against various pathogens
Solvents
Water
Chloroform
Acetone
Petroleum Ether
Methanol

M. luteus
15
0
12
0
14

Zone of Inhibition (mm)
P. vulgaris A. niger C. albicans
16
12
10
5
18
15
10
12
10
8
10
12
16
12
14

Free Radical Scavenging Activity by H2O2 Assay
Hydrogen peroxide is a weak oxidizing agent and can inactivate a few enzymes directly, usually by oxidation of
essential thiol (-SH) groups. H2O2 probably reacts with Fe 2+ and possibly Cu 2+ ions to form hydroxyl radical which
may be the origin of many of its toxic effects. It is therefore biologically advantageous for cells to control the
amount of hydrogen peroxide that is allowed to accumulate. The present study assessed the five different solvents of
S.robusta, H. suaveolens and S.campanulata for its free radical scavenging activity by H2O2 method. Table 4
provides the % scavenging data from the different solvents of the three plants. It was shown that the highest %
scavenging was produced by the methanolic extract of H. suaveolens with 71% followed by the aqueous extract of
S.campanulata with 70.2% scavenging. The methanolic extract of S.robusta showed a moderate level of scavenging
of 64.7%. Fig 4 illustrates the various levels of H2O2 activity by S.robusta, H. suaveolens and S.campanulata. The %
scavenging of ascorbic acid standard was observed to be 70%.
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Fig 2: Antibacterial plates showing the maximum inhibition by the three medicinal plants tested by disc diffusion assay

Fig 3: Antifungal plates showing the maximum inhibition by the three medicinal plants tested by disc diffusion assay
Table 4: H2O2 radical scavenging activity of the various extracts from S.robusta, H. suaveolens and S.campanulata
Solvents
Water
Methanol
Acetone
Chloroform
Petroleum Ether

% Scavenging
H. suaveolens
66.2
71
47
30.6
31.3

% Scavenging
S. campanulata
70.2
69.7
55.6
39.7
42
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Fig 4: Various levels of percentage scavenging of the plant extracts with reference to Ascorbic acid

Currently, much attention has been projected towards the biologically active compounds isolated from popular plant
species. The use of medicinal plants plays an indispensable role in covering the basic health needs in developing
countries and these plants may offer a new source of antibacterial, antifungal and antiviral agents with significant
activity against infective microorganisms [24,25]. The results from the antimicrobial activities of the crude extracts
demonstrated significant inhibition against the tested pathogenic bacterial and fungal isolates. The aqueous and
methanolic extracts showed high inhibitory potency against the bacteria while the chloroform extract showed good
potency against the fungal species than petroleum ether. This effectiveness may be due to the cumulated action of
different compounds present in the plant parts [26]. They include flavonoids, alkaloids, triterpenoids and other
compounds of phenolic nature and are classified as active anti-microbial compounds [27]. The inability of petroleum
ether to display as an effective inhibition activity might be of its weak extraction nature of bioactive components
from these plants majorly for antimicrobial purposes. Despite its weak extraction ability, some of the isolates were
susceptible, ascertaining that it is a solvent not to be neglected though may be less considered where more potent
solvents are available.
The result obtained from the free radical activity of the plants shows that they have appreciable amount of bioactive
components. On the bases of these results, the methanol extract showed good scavenging activity compared to the
Ascorbic acid and this may be due to the higher amounts of saponins and flavonoids like quercetin and polyphenols
which could be extracted only with non polar solvent like methanol. Many researches showed that phytochemical
constituents such as flavonoids and other phenolic compounds which have been reported to have multiple biological
effects such as antioxidant activity, anti-inflammatory actions, inhibition of platelets aggregation and antimicrobial
activities [28]. Flavonoids and phenolic compounds have good antioxidant potentials and mechanism of action of
flavonoids is through scavenging or chelation [29], while phenolic compound are important because of their
hydroxyl groups which posses scavenging ability [30]. The antioxidant activity of phenolic compounds is mainly
due to their redox properties, which can play an important role in absorbing and neutralizing free radicals. Medicinal
plants management in quality and quantity of administration could provide effective health care as a challenge under
the best economic circumstance. In the world’s poorest countries, where infectious diseases are pandemic and
resources are limited, such challenge can assume overwhelming proportions, hence the resurgence in the use of
herbal preparations to treat diseases should occur. Therefore, plants evaluations in antimicrobial and antiradical
properties are important majorly in managing diseases by those that can accept their innumerable values for
alternative therapy.
CONCLUSION
The present study justifies the claimed uses of S.robusta, H. suaveolens and S.campanulata in the traditional system
of medicine to treat various infectious diseases caused by the microbes. Our study emphasizes that these plants
would become good bactericide and fungicide and the utilization of their secondary metabolites for the development
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of traditional medicines and further investigations is necessary for the production of novel plant based compounds
like antiseptics or disinfectants. From our results, it appeared that the crude extracts of these traditional medicinal
plants have good free radical scavenging effect when compared with the standard that can ameolirate the fatal
effects of free radical causing various diseases. Further chemical and pharmacological investigations to isolate and
identify the phytoconstituents in S.robusta, H. suaveolens and S.campanulata and to screen other potential
bioactivities may be recommended. This study also encourages cultivation of these highly valuable plants in large
scale to increase the economic status of the cultivars in the country.
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