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In the search of plants as a source of natural antibiotics, four medicinal plants namely Anisomeles
malabarica (L.) R. Br. ex Sims (Lamiaceae), Erythrina variegata L., (Leguminosae) and Merremia
gangetica Cufod., (Convolvulaceae) and Operculina turpethum (L.) Silva Manso (Convolvulaceae)
were selected for the present investigation. In the present study, four bioactive phenolic acids were
isolated from methanolic extract of the selected plants viz., tannic acid (4. malabarica), ferulic acid
(E. variegata), chlorogenic acid (M. gangetica), p-coumaric acid (O. turpethum) and their identities
were confirmed with previous reports. The isolated molecules were subjected to determine the
antimicrobial activity by Agar well diffusion method. The study reveals that all the phenolic acids
showed significant antimicrobial activities against tested gram-negative, gram-positive and fungal
organisms. Based on this, it is concluded that all the phenolic acids exhibited significant antibiotic
activity and thus it proved as a potent antibiotic therapeutic agent to develop a plant based drug from

Antimicrobial activity,
Drug development.

these bioactive molecules against various pathogenic infections.
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INTRODUCTION

Nature has been a source of medicinal agents for thousands of
years and an impressive number of modern drugs have been
isolated from natural sources, many based on their use in
traditional medicine (Cragg and Newman, 2001; Lopez, 2011).
These plant-based traditional medicine systems continue to
play an essential role in health care and 80% of the world
population relies on Traditional Medicine for their primary
health care needs (Farnsworth and Soejarto, 1991; Pei, 2001;
WHO, 2002; Robinson and Zhang, 2011). Modern medicine
draws heavily from traditional medicine which exists in every
continent of the globe and in every cultural area of the world.
The global demand for Traditional Medicine is not only large,
but is growing (Srivastava, 2006) and 85% of the traditional
medicines involve the use of plant extracts. During the past
decade, traditional medicine became more and more important
for preventive and therapeutic purposes (Tistaert et al., 2011).

*Corresponding author: Subramani
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Nearly 25% of modern medicines are derived from plants first
used in traditional medicine (WHO, 2007&2011). Modern
pharmacopoeias contain at least 25% of drugs derived from
plants and many others, which are synthetic analogues built on
prototype compounds isolated from plants (Farnsworth ez al.,
1985; Astin, 1998; De Silva, 2005; Douglas Kinghorn, 2011).
It is interesting to note that the ethnomedicinal approach of
plants is the most successful criteria used by the
pharmaceutical industry in finding new therapeutic leads for
various fields of biomedicine (Cox and Balick, 1994). Interest
in the antimicrobial properties of active compounds is
strengthened by the findings that they affect the behavior of
pathogenic bacteria or fungi of agro-food or medical field.
Indeed, their use as natural additives in food industry is
increased in recent years (Nazzaro et al., 2009). The
antimicrobial activity of phenolics and flavonoids are also well
documented (Erdemoglu et al., 2007; Milovanovi¢ et al., 2007;
Xia et al., 2011a). Due to their antibacterial, antifungal and
antiviral activity, phenolic biomolecules were the subject of
anti-infective research for many years (Hulin er al., 1998;
Suppakul et al., 2003; Lai and Roy 2004; Cushnie and Lamb
2005; Fattouch et al., 2007; Szabo et al., 2010). These
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activities suggested that phenolic compounds can be used as
chemotherapeutic agents, food preserving agents and
disinfectants (Dorman and Deans 2000). They can affect the
growth and metabolism of bacteria, activating or inhibiting the
microbial growth according to their constitution and
concentration (Nazzaro et al., 2009). With this background, in
this paper, the isolated bioactive molecules from the four
important selected medicinal plants were subjected for
antimicrobial potential.

MATERIALS AND METHODS

Plant material

Four medicinal plants namely Anisomeles malabarica (L.) R.
Br. ex Sims (Lamiaceae), Erythrina variegata L.,
(Leguminosae) and  Merremia  gangetica  Cufod.,
(Convolvulaceae) and Operculina turpethum (L.) Silva Manso
(Convolvulaceae) were selected for the present study to
determine the antioxidant activity of the isolated bioactive
molecules. Fresh aerial parts of all the plants were collected
from Marakanam forest vicinity of Villupuram district, Tamil
Nadu. The herbarium specimens were prepared for each plant,
botanically identified and submitted at the Department of
Botany, Kanchi Mamunivar Centre for Post Graduate Studies,
Puducherry.

Extraction and Isolation

The air dried aerial parts of the plant (1 kg) were extracted
thrice with boiling 95% EtOH (3x5L) and concentrated in
vacuo to 500ml. The aqueous alcoholic concentrate was
fractionated into benzene, ether, ethyl acetate, ethyl methyl
ketone solubles. Benzene, fraction on paper chromatography
gave (15% AcOH) no characteristic spots for polyphenolics
and was not worked up further. The ether fraction was column
chromatographed over sephadex LH-20. 20 fractions each of
10 ml were collected.

Antimicrobial activity
Test organisms

All the microbial strains of human pathogens were assigned
from Institute of Microbial Technology (IMTECH),
Chandigarh.  These microorganisms include the Gram-
negative bacteria, viz. Escherichia coli (MTCC 724), Proteus
vulgaris (MTCC 426), Salmonella typhi IMTCC 733), Vibrio
parahaemolyticus (MTCC 451); the Gram-positive bacteria,
viz Bacillus subtilis (MTCC 441), Staphylococcus aureus
(MTCC 96) and Streptococcus pneumoniae (MTCC 655) and
fungi viz., Candida albicans (MTCC 227) respectively.

Agar well-diffusion method

Agar well-diffusion method (Perez et al. 1990) was used to
determine the antimicrobial activity. Mueller-Hinton Agar
(MHA) and Sabouraud Dextrose Agar (SDA) (Hi-Media,
Mumbai) were used respectively for testing the antibacterial
and antifungal activities. MHA and SDA plates were swabbed
(sterile cotton swabs) with 8 h old - broth culture of respective

bacteria and fungi. Four wells (10mm diameter) were made in
each of these plates using sterile cork borer. About 0.3 ml of
different concentrations of plant extracts were added using
sterilized dropping pipettes into the wells and allowed to
diffuse at room temperature for 2 h. Control experiments
comprising inoculums without plant extract were set up.
Respective solvents were used as control. The plates were
incubated at 37°C for 18-24 h for bacterial pathogens and 28°C
for fungal pathogens. Diameter of the inhibition zones was
recorded. Triplicates were maintained and the experiment was
repeated thrice and the average values were recorded.

RESULTS

Antimicrobial activity

In the present study, all the tested extracts showed
concentration-dependent activity against the tested organisms.

Chlorogenic acid

In chlorogenic acid, the zone of inhibition recorded was ranged
from 11 to 18mm against gram-positive bacteria, 12 to 16mm
against gram-negative bacteria and 16mm against fungi at
various concentrations. For gram-positive bacteria, maximum
zone of inhibition was recorded as 18mm against S.
pneumoniae at 100pg/ml concentration. Moderate zone of
inhibition was recorded as 17mm against B. subtilis at
100pg/ml  concentration, 13mm against S. pneumoniae
at50pg/ml concentration and minimum zone of inhibition was
recorded as 11mm at 25ug/ml concentration respectively. For
gram-negative bacteria, maximum zone of inhibition was
recorded as 16mm each against E.coli and S. typhi at 100pug/ml
concentrations, moderate zone of inhibition was recorded as
14mm each against E.coli at 25ug/ml concentration and
against P. vulgaris at1000pug/ml concentration and 13mm
against V. parahaemolyticus at 50pg/ml concentration while
minimum zone of inhibition was recorded as 12mm each
against E.coli at 25pg/ml, S. typhi at 50pg/ml and V.
parahaemolyticus at 25ng/ml concentrations respectively. For
fungi, 16mm was recorded against C. albicans at 100ug/ml
concentration respectively. Moreover, no inhibitory zone was
recorded against S. aureus.

Ferulic acid

In ferulic acid, the zone of inhibition recorded was ranged
from 13 to 17mm against gram-positive bacteria, 11 to 17mm
against gram-negative bacteria and 17mm against fungi at
various concentrations. For gram-positive bacteria, maximum
zone of inhibition was recorded as 17mm each against B.
subtilis and S. penumoniaeat 100pg/ml concentration.
Moderate zone of inhibition was recorded as 15mm each
against B. subtilis and S. pneumoniaeat 50pug/ml concentration
and against S. auwreus at 100pg/ml concentration, 14mm
against B. subtilisat25ug/ml concentration and minimum zone
of inhibition was recorded as 13mm against S. prneumoniaeat
25ug/ml  concentration respectively. For gram-negative
bacteria, maximum zone of inhibition was recorded as 17mm
each against S. fyphi at 100ug/ml concentration, moderate zone
of inhibition was recorded as 15mm each against S. #yphi at
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50pg/ml concentration and V. parahaemolyticus at 100pg/ml
concentrations while minimum zone of inhibition was recorded
as llmm each against V. parahaemolyticusli at 25 and
50pg/ml concentrations respectively. For fungi, 17mm was
recorded against C. albicans at 100pug/ml concentration
respectively. Moreover, no inhibitory zone was recorded
against E. coli, P. vulgaris.

50ug/ml concentration and against V. parahaemolyticus at
100pg/ml concentrations. While minimum zone of inhibition
was recorded as 10mm V. parahaemolyticus at 25pug/ml
concentration respectively. There is no activity against E.coli.
For fungi, 14mm was recorded against C. albicans at
100pg/mlconcentration respectively.

Table 1. Antimicrobial activity of isolated Phenolic Compounds

Chlorogenic acid - p-coumaric acid N Standard
Microrganisms (ug/ml) Ferulic acid (pg/ml) (ng/ml) Tannic acid (pg/ml) (10ug/ml)
25 50 100 25 50 100 25 50 100 25 50 100
B. subtilis - 14 17 14 15 17 - 14 16 13 15 18 33 (A)
S. aureus - - - - - 15 11 13 14 - - 16 34 (A)
S. pneumoniae 11 13 18 13 15 17 - - - 14 15 16 35(0C)
E. coli 12 14 16 - - - 10 12 16 - - - 32 (A)
P. vulgaris - - 14 - - - 10 13 14 12 14 15 33 (Ch
S. typhi - 12 16 12 15 17 - - - - 13 15 32 (ChH
V. parahaemolyticus 12 12 13 11 11 15 12 15 15 10 12 14 33 (K)
C. albicans - - 16 - - 17 12 13 15 - - 14 31 (N)

p-coumaric acid

In p-coumaric acid, the zone of inhibition recorded was ranged
from 11 to 16mm against gram-positive bacteria, 10 to 16mm
against gram-negative bacteria and 12 to 15mm against fungi
at various concentrations. For gram-positive bacteria,
maximum zone of inhibition was recorded as 16mm against B.
subtilis at 100pg/ml concentration. Moderate zone of
inhibition such as 14mm each was recorded against B. subtilis
at 50ug/ml concentration S. aureusat 100pg/ml concentration.
There is no activity against S. pneumoniae. For gram-negative
bacteria, maximum zone of inhibition was recorded as 16mm
each against E.coli, moderate zone of inhibition was recorded
as 15mm against V. parahaemolyticus at 50 and 100pg/ml
concentrations. Moderate zone of inhibition such as 12mm
against P. vulgaris at 50pg/ml concentration while minimum
zone of inhibition was recorded as 12mm each against E.coli at
50ug/ml and V. parahaemolyticusat 25ng/ml concentrations
and 10mm against E.coli and P. vulgaris at 25ug/ml
respectively. For fungi, 15mm was recorded against C.
albicans at 100pg/ml, 13 mm at 100ug/ml and 12mm at
100pg/ml concentrations respectively. Moreover, no inhibitory
zone was recorded against S. pneumoniae and S. typhi.

Tannic acid

In tannic acid, the zone of inhibition recorded was ranged from
13 to 18mm against gram-positive bacteria, 12 to 15mm
against gram-negative bacteria and 14 against fungi at various
concentrations. For gram-positive bacteria, maximum zone of
inhibition was recorded as 18mm against B. subtilis at
100pg/ml concentration. Moderate zone of inhibition such as
16mm each was recorded against S. aureus and S. pneumoniae
at 100pg/ml concentrations, 15mm each against B. subtilis and
S. pneumoniae at 50ug/ml concentrations, 14mm against S.
pneumoniae at 25ug/ml concentrations respectively. Minimum
zone of inhibition was recorded as 13mm againt B. subtilisat
25pg/ml concentration. For gram-negative bacteria, maximum
zone of inhibition was recorded as 15mm each againstP.
vulgaris and S. typhi at 100pg/ml concentrations and moderate
zone of inhibition such as 14mm each against P. vulgaris at

DISCUSSION

Microorganisms have been developing resistance to many
antibiotics, due to the indiscriminate use of antimicrobial drugs
inducing thus an increase of problems in clinical treatment of
infectious diseases (Rios and Recio, 2005; Kilani-Jaziri, 2011).
In addition, antibiotics are sometimes associated with adverse
effects in the host which include hypersensitivity, depletion of
gut and mucosal microorganisms, immunosuppressant and
allergic reactions. Therefore, there is a need for alternative
antimicrobial drugs for the treatment of infectious diseases.
One approach is to screen local medicinal plants for possible
antimicrobial properties. Medicinal herbs represent a rich
source from which novel antibacterial and antifungal
chemotherapeutic agents may be obtained (Rates, 2001;
Kilani-Jaziri, 2011).

In the present study, all the tested phenolic acids showed
concentration-dependent activity against the tested organisms.
The present study revealed that the phenolic acids have the
medicinal potential to develop a drug against various diseases
such as food poison caused by B. subtilis, skin infections (such
as pimples, impetigo, boils, folliculitis, carbuncles, scalded
skin syndrome, abscesses), pneumoniae, meningitis,
osteomyelitis, endocarditis, toxic shock syndrome (TSS),
chest pain, bacteremia, sepsis, nosocomial infections, hospital
infections, gastroenteritis, urinary tract infections, neonatal
meningitis, haemolytic uremic syndrome, peritonitis, mastitis,
septicaemia caused by S. aureus, pneumococcal infections
other than pneumonia, including acute sinusitis, meningitis,
bacteremia, sepsis, osteomyelitis, septicarthritis, endocarditis,
peritonitis caused by S. pneumoniac and gram-negative
pneumonia caused by E. coli, urinary tract infections caused
by P. vulgaris, headache, weakness, fatigue, sore throat
infection, abdominal pain, typhoid fever, severe constipation or
diarrhea, weight loss or even delirium caused by S. typhi,
gastroenteritis caused by V. parahaemolyticus and candidiasis
caused by C. albicans respectively. The isolated molecules
have been previously reported as antimicrobial potential such
as chlorogenic acid (Babic et al., 1994; Albayrak et al., 2010;
Xia et al., 2011a& 2011b; Karunanidhi et al., 2013; Nirmal
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kumar et al., 2014), coumarin (Maddox et al., 2010), tannic
acid (Taguri et al., 2004; Bancirova, 2010). The mechaniasm
for antimicrobial activities of phenolics products involves
destabilization and permeabilization of cytoplasmatic
membrane and enzyme inhibition by the oxidized products,
possibly through reaction with sulthydyl groups or through
more nonspecific interactions with the proteins and create
significant change in cell surface hydrophobicity, charge,
induced PI uptake, and K+ leakage (Cowan, 1999; Puupponen-
Pimia et al, 2005; Bittner, 2006; Muthuswamy and
Rupasinghe, 2007; Maddox et al., 2010; Borges et al., 2013).
Phenols can also inhibit the synthesis of nucleic acids of both
Gram-negative and Gram-positive bacteria (Cushnie and
Lamb, 2005).

Conclusion

Thus from the present study it is concluded that the isolated
phenolic acids such as chlorogenic acid, ferulic acid, p-
coumaric acid and tannic acid possess antibiotic potential
which would be very useful to develop a potent antibiotic drug
for several diseases.
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