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ABSTRACT

Objectives: To carry out proximate analysis, detect phytochemicals, determine antioxidant activity, total polyphenolic content (TPC) and
antimicrobial efficacy of the methanolic extract of the fruit of Thespesia populnea (T. populnea) and further carry out Minimum Inhibitory
Concentration (MIC) and Minimum Bactericidal Concentration (MBC) tests for susceptible microorganisms.

Methods: The following methods were used: Folin Ciocalteau method for TPC, DPPH radical scavenging assay for in vitro antioxidant activity, agar
well diffusion for antimicrobial activity and broth dilution for MIC followed by MBC.

Results: The following results were obtained: TPC of 78.12+6.46 mg/g GAE; 1Cso value of the radical scavenging activity: 16.29 pg/ml; antibacterial
activity-cold extract: excellent to moderate against Staphylococcus aureus, Streptococcus pyogenes and Pasteurella multocida, low to no effect against
Escherichia coli, Candida albicans, Pseudomonas aeruginosa and Klebsiella pneumoniae; hot extract: excellent to moderate against S. aureus, P.
multocida and E. coli; relatively low to no effect on S. pyogenes, Candida albicans, Pseudomonas aeruginosa and Klebsiella pneumoniae.

MIC as well as MBC of the hot methanolic extracts of T. populnea were found to be between 0.1-2.5 mg/ml against S. aureus, E. coli and P. multocida
whereas those of the cold extract against the same organisms was between 0.005-1.0 mg/ml.

Conclusion: The methanolic extract of Thespesia populnea fruit showed excellent antimicrobial activity against some dreaded pathogens besides
being an antioxidant in nature. These properties of the fruit can help protect injured and/or infected tissues and hence be used to develop a novel

medicinal agent.
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INTRODUCTION

Tissue injury, such as seen during wounding, results in inflammation
which in turn results in the release of cytokines and causes
neutrophils and macrophages to produce free radicals [1]. If
unregulated, the increase in pro-oxidants formed due to an increase
in oxidative metabolism, result in a condition called oxidative stress.
Prolonged exposure of free radicals, even at low concentrations, can
lead to damage of biologically important molecules such as nucleic
acids, proteins and lipids, and cause tissue injury and disease [2].
Antioxidants are substances that, when present in low
concentrations compared to that of an oxidisable substrate,
significantly delay, prevent or inhibit the oxidation of that substrate
or remove the oxidative damage of the target molecule [3].
Intracellular antioxidant defenses such as catalase and superoxide
dismutase, that are primarily enzymatic in nature, have evolved in
order to protect the body from the ill effects of free radicals. A large
amount of antioxidants such as transferrin, lactoferrin etc.
extracellular. These antioxidants scavenge or suppress the
formation of free radicals. During injury, an increase is seen in the
production of reactive oxygen species (ROS), and this results in the
consumption and depletion of endogenous scavenging compounds
[4]. Hence, there is a need for additional antioxidants. Today,
antioxidants are being increasingly used for protection against and
for the repair of tissue damage. Synthetic antioxidants are also
available, but none of the mimetics have received approval for
clinical use [5]. Some researchers have reported synthetic
antioxidants to be dangerous to health [6, 7]. Hence, the search for
safe, nontoxic and natural antioxidants has been carried out by
several researchers in the recent years [8-12].

Thespesia populnea (L.) Sol. ex. Correa, also known as the Indian
tulip tree, Portia, False rosewood, Bhendi (Hindi) and Paraspipal
(Marathi, Gujarati) belongs to the Malvaceae family. It is found
throughout the coastal tropics of Africa, Asia and Europe [13]. This
evergreen avenue tree is of medium size with distinctly cordate

leaves and a yellow flower. The fruit consists of a somewhat
flattened leathery sphere. The leaves, flowers, bark, fruits and seeds
of this tree have been used for several ailments. The bark of this tree
is mashed and used as a poultice or for hot fomentation in the
treatment of wounds [14]. Traditionally, the bark and leaves of
Portia are being used for production of oil used in the treatment of
fracture wounds as well as for preparation of an anti-inflammatory
poultice for application on boils and ulcers [15, 16].

The antibacterial, antiinflammatory, antidiabetic, and antioxidant
activities of parts such as the leaves, bark and seeds of this tree have
been studied by researchers [17-24]. However, similar effects of the
fruit have not been extensively studied. The present investigation
was carried out to screen the phytochemicals present in the fruit and
study the in vitro antioxidant and antibacterial activity of the same in
order to validate the ethnotherapeutic claims of its wound healing
capacity.

MATERIALS AND METHODS
Collection, drying and extraction of the plant material

Fresh plant parts collected locally from the roadside trees in
Santacruz, Mumbai were taxonomically identified by a botanist.

Fig. 1A: Leaves and fruit of Thespesia populnea, B: Leaf, flower
and fruit of Thespesia populnea
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The plant was submitted to the Blatter Herbarium, St. Xavier’s
College, Mumbai, and identified as Thespesia populnea (L.) Sol. ex
Correa, family Malvaceae and found to match with the specimen no.
NI 4821 of N. A. Irani. The fruit was shade-dried at room
temperature for ten days. It was then ground into a powder and
once again subjected to drying in an oven at 60 °C until completely
dry. The powder was subjected to hot methanolic extraction (HME)
by the Soxhlet's method. The dry powder was subjected to
extraction by maceration at room temperature using methanol (cold,
methanolic extract-CME). The extracts thus obtained (T. populnea
fruit, hot-TpFH and cold-TpFC) were stored at room temperature
(30 °C+£2 °C) in amber coloured glass bottles till further use.

Proximate analysis

The physico-chemical analyses such as moisture content, ash content
and alcohol soluble extractive value were carried out as per standard
methods [25, 26]. All determinations were carried out in triplicate.

Phytochemical screening of the extract

The methanolic extract of the fruit of T. populnea was subjected to
several tests for qualitative phytochemical analysis as per standard
methods [27-29].

Total polyphenol content (TPC)

The total polyphenol content of the extract was estimated using the
Folin Ciocalteau reagent based assay as previously described by
Singleton and Rossi [30]. 25-400 pg/ml methanolic gallic acid
solutions were used as standards and methanol was used as a blank.
The absorbance of the developed colour was recorded at 765 nm
using a UV-Vis spectrophotometer (Jasco V-550). All determinations,
for gallic acid as well as the plant extract, were carried out in
triplicate. Data are represented as an average of the three
determinations. Using these readings, a calibrated gallic acid
standard curve was made. Based on the measured absorbance of the
plant extract, the concentration of phenolics was estimated (pg/ml)
from the calibration line. The content of polyphenols in the extract
was calculated and expressed in terms of gallic acid equivalent (mg
of GAE/g of dry weight material).

Evaluation of antioxidant activity-in vitro method-free radical
scavenging activity (DPPH)

Evaluation of antioxidant activity was done by an in vitro technique,
the DPPH (2,2-diphenyl-1-picrylhydrazyl) assay adapted from Blois
[31]. The method followed in this study was adapted from Afolayan et
al. [32]. Various concentrations of ascorbic acid (0.4 to 6.0 pg/ml
prepared in methanol) were used as standards. These were added to
the freshly prepared DPPH solution (100 puM DPPH prepared in
methanol); the mixture was rapidly vortexed and incubated in the
dark at room temperature for 30 min. The absorbance of the ascorbic
acid-DPPH mixture was read at 517 nm using a UV-VIS
spectrophotometer (Jasco V-550) against a DPPH control containing
methanol in place of ascorbic acid. Methanol was used as a blank.
Using these readings, a calibrated ascorbic acid standard curve was
made. Separately, various concentrations of the plant extract (5, 10, 20
and 40 pg/ml prepared in methanol) were added to freshly prepared
DPPH solution (100uM DPPH in methanol). The tubes were rapidly
vortexed and incubated in the dark at room temperature for 30 min.
The absorbance of the test mixture was read at 517 nm using a UV-VIS
spectrophotometer (Jasco V-550) against a DPPH control containing
methanol in place of the extract. Methanol was used as a blank. All
experiments were performed thrice and the results were averaged.
The antioxidant capacities of various concentrations of the extract
were determined based on the reduction in absorbance and expressed
as percentage inhibition. Lower absorbance of the reaction mixture
indicated higher free radical scavenging activity.

The ICso value (pg/ml) was calculated and it denoted the concentration
of extract required to scavenge 50 % of DPPH radicals [33].

Antibacterial assay
Microorganisms

The bacteria used for the assay included both Gram-positive and
Gram-negative bacteria. A fungus was also included to test the
antifungal activity of the extract. The Gram-positive bacteria used
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were Staphylococcus aureus MTCC 737, Streptococcus pyogenes
(clinical isolate); the Gram-negative bacteria used were Escherichia
coli MTCC 10148, Klebsiella pneumoniae (clinical isolate),
Pseudomonas aeruginosa MTCC 424, Pasteurella multocida MTCC
1160; the fungal strain used was Candida albicans MTCC 227.

Inhibitory zone determination by agar well diffusion assay

The antimicrobial activity of the extract was determined according to
the method described by Valgas et al. [34] with a slight modification.
All nutrient media used in the experiment were obtained from Hi-
Media Laboratories, Mumbai and prepared as per the manufacturer’s
instructions. Nutrient agar, Brain Heart Infusion (BHI) agar and
Sabouraud’s Dextrose agar slants were used to maintain cultures at 4
°C. The stock cultures were revived by inoculation in Mueller Hinton
(MH)/BHI/Sabouraud’s broth subsequently incubated for 18h at 37
°C. Their identity was ascertained morphologically and by biochemical
tests. The inoculum was prepared from the broth by diluting with
sterile physiological saline and standardized using 0.5 McFarland
barium sulphate standard comparable to a bacterial suspension of
1.0x108CFU/ml. Each of the cultures was uniformly spread using
sterile cotton swabs on separate plates containing sterile MH agar (8.
aureus, E. coli, K. pneumoniae and P. aeruginosa), BHI agar (S. pyogenes
and P. multocida) and Sabourauds dextrose agar (C. albicans) for
determination of the antimicrobial activity. Wells were cut using a
sterile cork borer of 8 mm diameter. Since methanol was used as a
solvent for the plant extracts, one well was filled with methanol. The
extracts were allowed to diffuse at room temperature (28-30 °C) for
one hour. The plates were then incubated for 24h in an incubator
maintained at 37 °C. Plates containing C. albicans were incubated for
48h. The antibacterial activity was determined by measuring the
diameter of the zone of inhibition in millimeters (mm) in three
different directions and a mean of triplicate results was taken. The
experiment was repeated thrice and an average of the three values
were recorded.

Determination of minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC)

Mueller-Hinton broth cultures (24h old) were diluted with physiological
saline (0.85 % w/v sodium chloride) to match a 0.5 McFarland standard
to obtain inocula of approximately 108CFU/ml. After a preliminary,
broad range MIC determination, serial dilution of the plant extracts was
carried out using Mueller Hinton/Brain Heart infusion broth to obtain
final concentrations between 0.001 and 2 mg per ml for TpFC and 0.05
and 3 mg per ml for TpFH. Each tube was inoculated with 100 pl of the
bacterial suspension. The contents of the tubes were thoroughly mixed
and incubated at 37 °C for 24h. After incubation, 50 pl of the broth was
withdrawn from each tube and inoculated on agar plates which were
incubated at 37 °C for 24h. The MIC value was determined from the
broth media as the lowest concentration of the crude plant extract that
inhibited the organisms, determined visibly by an absence of growth.
The MBC value was determined as the lowest concentration of the crude
plant extract that inhibited the organisms, determined by absence of
growth on the plate.

RESULTS
Proximate analysis

The results of the quantitative parameters are shown in table 1. The
moisture content of the dried and powdered fruit was found to be
14.4 %. The percentage of total ash and acid insoluble ash content
was found to be 5.55 and 0.008 respectively. These values indicate
the amount of organic and inorganic matter in the sample. The
methanol extractive value was found to be 15.9 %.

Table 1: Proximate analysis of the dry, powdered fruit of T.

populnea
Parameter valuexSD (%)
Moisture content 14.4+0.58
Total ash 5.55+0.48
Acid insoluble ash 0.008+0.002
Water insoluble ash 0.27+0.07
Alcohol extractive 15.9+1.66
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Phytochemical screening

Preliminary phytochemical screening of the extract revealed the
presence of phenolic compounds, proteins, alkaloids, steroids,
carbohydrates, glycosides, flavonoids, tannins and saponins.

Total polyphenolic content (TPC)

The total polyphenolic content of the methanolic extract of Thespesia
populnea fruit was determined by the Folin Ciocalteau reagent based
assay and expressed as gallic acid equivalents (GAE). The regression
equation of the calibration curve (y = 0.0089x-0.0868, r2=0.9953)
was used for the calculation. The phenolic content of T. populnea
fruit extract was found to be 78.12+6.46 mg/g GAE.

Antioxidant activity

The DPPH assay was used to study the free radical scavenging
activity of the plant extract. The results, as shown in table 2, were
interpreted in terms of % inhibition.

Antimicrobial activity

The cold as well as hot methanolic extract of T. populnea exhibited
notable antibacterial activity against Staphylococcus aureus (table 3).
The cold extract was found to be more effective against the Gram
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positive organisms used viz.: S. aureus and Streptococcus pyogenes
whereas the hot extract showed better antimicrobial activity against
the gram negative organisms (Escherichia coli and Pasteurella
multocida). Both extracts did not inhibit the growth of Klebsiella
pneumoniae and Pseudomonas aeruginosa and were scarcely
effective in inhibiting the fungal strain used i.e.: Candida albicans.

Table 2: Antioxidant activity: free radical scavenging activity
(DPPH) of T. populnea fruit extract

Conc. of plant extract (TpFH) (ng/ml) % inhibition

5 6.14+0.46

10 17.84+0.60
20 39.76x1.43
40 66.55+0.21

The scavenging effect of crude extracts of T. populnea (fruit extract)
was found to be 16.29 pg/ml (ICso value). The % inhibition value was
found to be 66.55 at the highest tested concentration (40 pg/ml).
The results were compared with ascorbic acid as a standard
(IC50=3.06 pg/ml).

Table 3: Antimicrobial effect of hot and cold methanolic plant extracts of T. populnea

Test organisms

Diameter of zone of inhibition (mms)

Methanol (Control) Plant Extract
TpFH (50 mg/ml) TpFC (30 mg/ml)

Gram-positive bacteria:
Staphylococcus aureus MTCC 737 NI 30.66x0.76 33.0+1.0
Streptococcus pyogenes (clinical isolate) NI 12.0+0.5 18.0+1.0
Gram negative bacteria:
Escherichia coli MTCC 10148 NI 17.0+1.32 11.66+0.29
Klebsiella pneumoniae (clinical isolate) NI NI NI
Pseudomonas aeruginosa MTCC 424 NI NI NI
Pasteurella multocida MTCC 1160 NI 26.0+1.32 15.83+0.29
Fungal strain:
Candida albicans MTCC 227 NI 12.0£0.5 12.0£0.5

Table 4: MIC and MBC values of the hot methanolic extract of T. populnea

Test organisms MIC value (mg/ml) MBC value (mg/ml)

TpFH TpFC TpFH TpFC
Staphylococcus aureus MTCC 737 0.1 0.005 0.1 0.005
Escherichia coli MTCC 10148 1.0 1.0 1.0 1.0
Pasteurella multocida MTCC 1160 2.5 1.0 2.5 1.0

Determination of MIC and MBC

MIC and MBC tests were carried out for the three organisms listed in
table 4. This study showed that E. coli and P. multocida has higher MIC
and MBC values as compared to S. aureus, which means that a higher
concentration of the extracts are required to inhibit their growth.

DISCUSSION

Several researchers have worked on various parts of Thespesia populnea
and reported therapeutic properties of the same [17, 19, 35-40].
However, there are scarcely any reports on the possible medicinal use of
the fruit of the tree. The wound healing properties of the fruit of T.
populnea have been reported in only one paper [36]. However, the
antioxidant and antimicrobial activity of the fruit extract have not been
mentioned and the study involved the use of an aqueous extract of the
fruit. Additionally, the fruit has been reported to have an
antihyperglycemic and antihyperlipidemic effect [37, 41].

The aim of this study was to investigate the phytochemicals,
phenolic content, antioxidant action and antimicrobial activity of the
fruit and thereby validate folklore claims of the plant as an effective
wound healing agent.

The relatively low moisture content is indicative that the keeping
quality of the powdered sample is within acceptable range according
to European Pharmacopoeia [42]. This indicates that the dry fruit
powder can be stored for a long period without significant
degradation by the growth of microbes or activation of enzymatic
systems due to humidity. Tannins and flavonoids, found to be
present in the extract have been earlier reported exhibiting wound
healing activity [43].

Several plants reported to show various biological activities,
including antioxidant activity, have been found to contain phenolic
compounds. The methanolic extract of the fruit of T. populnea
showed a good phenolic content. The antioxidant capacity of the
phenolic compounds can be mainly attributed to their redox
properties, which play an important role in neutralizing free
radicals, decomposing peroxides, or quenching singlet and triplet
oxygen [44]. The phenolic content of the extract used in this study
correlates with the antioxidant activity. Hydroxyl groups of phenols
enable them to scavenge radicals thus making them very important
plant constituents [45]. Several researchers have noted a linear
correlation between the total phenolic content and antioxidant
activity [46-48].
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The DPPH assay has been widely used to estimate the antioxidant
capacity of plant extracts [48, 49]. When an antioxidant scavenges
the free radicals by hydrogen donation (HAT-hydrogen atom
transfer), the purple colour of the methanolic DPPH solution changes
to a pale yellow and a characteristic absorbance is seen at 517 nms.
In this study, the plant extracts were found to be an effective
scavenger of DPPH radicals. This antioxidant action may be
attributed to the presence of phenolic phytochemicals such as
flavonoids and tannins that were found to be present in the extract.
Plant phenolics are a major group of compounds that act as primary
antioxidants or free radical scavengers [50]. The role of antioxidants
from plant extracts in wound healing has been widely researched
and it has been found that free radical scavenging properties
enhance wound healing [51]. Antioxidants have been found to play
an important role in cutaneous tissue repair by significantly
preventing tissue damage thereby stimulating the healing process
[17, 52]. Some researchers studied the antioxidant activity of T.
populnea and concluded that the activity was either due to
stabilization of the cellular membrane or antiperoxidase activity [17].
Other researchers have suggested that the gossypol present in T.
populnea may be responsible for exhaustion of neutrophils, which in
turn may account for the anti-inflammatory property of the plant [53].
The antioxidant and anti-inflammatory properties of the plant, along
with the antibacterial action observed in this study, may be strong
contributing factors to the use of T. populnea as a therapeutic plan.

The antibacterial activity of a plant-based medicine is often
considered significant in the prevention and management of a
wound infection. Infections, particularly those of the mixed type,
have been implicated in delayed or chronic wound repair [54]. In the
present study, the antibacterial and antifungal activities of the
methanolic fruit extracts of T. populnea were explored using the agar
well diffusion method. This method has been found more sensitive
and more suitable than the paper disc method, especially when any
suspended particulate matter is likely to be present in the extract
and interfere with the diffusion of the antimicrobial substance into
the surrounding agar [34]. The activity of the extracts was assessed
on the basis of the zone of inhibition. The MIC and MBC of the
extracts were also studied. The results reveal that both the extracts
are potential antibacterial agents against four of the six bacterial
strains used in the study. Interestingly, both, the cold as well as the
hot extract, showed a very large zone of inhibition against S. aureus,
an organism that has been implicated in infections of the wound for
several decades [55, 56]. The emergence of resistant strains and the
dearth of effective antibiotics has led to a search for alternative
antimicrobial agents. Dryden (2010) found S. aureus infections to be
of primary clinical and epidemiological interest since strains of this
microbe are commonly found in skin and soft tissue infections and
have acquired an enhanced virulence and antimicrobial resistance.
Researchers have emphasized the need for creativity in the
development of therapeutic options [57]. The results of this study
clearly indicate that the fruit of T. populnea offer great hope for one
such therapeutic option against S. aureus (MIC-hot extract: 0.1
mg/ml, cold extract: 0.005 mg/ml). Severe Pasteurella multocida
infections have been commonly encountered in bite wounds [58]. No
vaccine is currently available against Pasteurella species.
Chemotherapy for the treatment of Pasteurella infections has proved
toxic for humans, is expensive, lengthy and often ineffective due to
increasing antibiotic resistance [59]. Hence, effective antibacterial
agents are required to treat infections caused by this organism. The
fruit extracts of T. populnea presents a promise in this direction too.
The hot methanolic extract of the fruit was found to effectively
inhibit the organism and its MIC was found to be 2.5 mg/ml (hot
extract) and 1.0 mg/ml (cold extract). The antioxidant and
antibacterial action of T. populnea fruit extract may be attributed to
individual phytoconstituents or a synergistic effect of some of them
together and may help develop a less toxic and more effective
wound healing agent. However, more work needs to be done in
terms of isolation of the effective phyto chemicals, characterization
and animal studies.

CONCLUSION

The results of this study indicate that Thespesia populnea fruit
extracts exhibit a significant phenolic content and a promising
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radical scavenging effect of DPPH radicals in a concentration
dependent manner. The antioxidant action of the plant is likely to
afford the tissue protection against oxidative stress caused by free
radicals which damage cells and vital biomolecules. Chain reactions
triggered by free radicals are terminated by antioxidants by
removing free radical intermediates [60]. Characterization of the
active components of T. populnea responsible for radical scavenging
action, is required. Carocho and Ferreira [61], in their review of
antioxidants, concluded that although antioxidants have an impact
on our health, the method of administration and quantity is
debatable, especially since some antioxidants have been found to act
as pro-oxidants under certain conditions and concentrations. Work
is required in this direction.

The results indicate that the antioxidant and antibacterial potential
of the extract that may be responsible for the ethnobotanical
medicinal application of this plant. Thus, in addition to the leaves
and bark, the fruit of this tree exhibits properties worthy of
attention for development of an effective antioxidant and
antimicrobial agent that may expedite wound healing.
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