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ABSTRACT
Many disease causing microorganisms have developed resistance against
drugs, thus causing a challenge for the treatment of infectious diseases.
The increase in antimicrobial resistance of various pathogens and the
reduced number of available drugs with their decreased efficacy, reduced
life span directed to the search of new therapeutic substitutes.
Phytochemical derived from herbal plants have a great potential against
microbial infections and the medicines derived from plants are now
considered safer in contrast to synthetic drugs for use. Medicinal plants
are now evaluated against various drug resistant microorganisms.
Antibiotic activity can be enhanced by plant derived drugs by decreasing
virulence or by reversing drug resistance. In the present review we focus on
the herbal plants as a source of bioactive components and their
therapeutic properties which may substitute antibiotic based therapy and
may be helpful to prevent and cure infections.
KEY WORDS: Infection, Herbal,
Antimicrobials, Resistance
1. INTRODUCTION
Infectious diseases
comprise clinically evident
illness resulting from the
infection, presence and growth
of pathogen biological agents in
an individual host organism.
Emerging infectious diseases
has emerged as a big challenge
that has increased the rate of
morbidity and mortality.
Bacterial diseases are one of the
major threats to human health,
for example, tuberculosis which
is a cause of deaths all around
the world; diarrheal diseases
caused by food and waterborne
bacteria like Salmonella and
Campylobacter; and the diseases
caused by Streptococcus etc.
Dengue fever is also one of the
important arbovirus infections.
Many infectious diseases have
been recently encountered like
SARS, Avian Influenza,
Chandipura fever and Nipah
virus.
Medicinal plants are
being utilized by the human
beings to fight diseases from the

beginning of the civilization. The
use of herbal drugs for treating
various diseases has attracted lot of
attention due to the emergence of
multiple drug resistant pathogens
that cause infectious diseases. The
discoveries of antibiotics as
chemotherapeutic agents lead to
the eventual elimination of
infectious diseases, but the
microorganisms gained resistance
because of the over use of the
antibiotics. This increasing
antimicrobial resistance of
microorganisms has become a
therapeutic problem and hence,
there is a continuing need for new
solutions. Also, the people are
becoming aware of the side-effects
due to over prescription and misuse
of antibiotics. Besides increased
drug resistance, high-dose and
prolonged antimicrobial therapy
can eliminate helpful bacterial flora
and predispose people to infection
(Carson and Riley, 2003; Guarner
and Malagelada, 2003). Diarrhea is
a common adverse effect of
antibiotics, which can lead to loss
of essential vitamins and minerals,
especially vitamin K, magnesium,
and zinc (Briend, 1988; Brunser,
1977; Fontaine, 1996; Guerrant,
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2000). Autoimmune disease, vitamin deficiencies, seizures, decreased platelets,
allergic shock, kidney injury, drug/drug interaction, and death are the other harmful
consequences of antibiotic therapy (Roden, 2004). Thus, the researchers are forced to
search new antimicrobial substance from various sources including herbal plants
(Bansod and Rai, 2008). The plant-derived drugs have been reported to be safe and
without side-effects making them a better alternative to synthetic drugs. The
antimicrobial property of herbal plants is due to the secondary metabolites like
tannins, flavanoids and essential oils.
Many diseases have become difficult to treat due to the emergence of antibiotic
resistant organisms, which include HIV, E.coli , enterococci, staphylococci, Salmonella,
Campylobacter, fungi Candida and many more. The growing problem of microbial
resistance and uncertainty in the use of antibiotics has lead to various actions like
development of new drugs, understanding the mechanism of resistance and controlled
use of antibiotics. Biomolecules derived from plants are one of the substitutes for
controlling the pathogens that are antibiotic resistant (Raghavendra, 2006). Hence,
there is an emphasis on studies for the use of plants as therapeutic agents especially
for the control of antibiotic resistant microbes.
2.CONVENTIONAL THERAPIES AGAINST INFECTIONS
The mortality rate due to infectious diseases has decreased substantially due
to the development and use of antibiotics. Antibiotics also called as “magic drugs” are
being used from many decades until now for the treatment of infectious diseases
caused by various pathogens. The life span of antibiotics has greatly decreased due to
the resistance of microorganisms against them in addition to the declined rate of
introduction of new agents against infections. The antibiotic penicillin was isolated
from Penicillium spp. by Alexander Fleming in 1929 and it became one of the most
famous drugs. Since then many antibiotics have been developed for the treatment of
diseases.
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The increasing Gram-positive
infections, including those because of
resistant bacteria, have sparked renewed
interest in novel antibiotics. One of the
novel lipopeptide antibiotic is daptomycin
which have bactericidal activity in vitro
against all clinically relevant Grampositive bacteria like glycopeptide
intermediately susceptible
Staphylococcus aureus (GISA),
vancomycin-resistant enterococci (VRE),
methicillin-resistant Staphylococcus
aureus (MRSA), coagulase-negative
staphylococci (CNS) and penicillinresistant Streptococcus pneumoniae
(PRSP), for which there are very few
therapeutic alternatives (Kotra, 2000;
Tally and DeBruin, 2000; Barry et al.,
2001;Carpenter and Chambers, 2004).
Daptomycin presents rapid,
concentration-dependent killing and a
comparatively long-lasting
concentration-dependent post-antibiotic
effect in vitro (Hanberger et al., 1991;
Bush et al., 1989). Spontaneous
achievement of resistance to daptomycin
occurs unusually (Kaatz et al., 1990;
Oliver et al., 1998). One of the other
synthetic antibiotic is Linezolid which is
used for the treatment of serious
infections caused by Gram-positive
bacteria that are resistant to several other
antibiotics including streptococci,
vancomycin-resistant enterococci (VRE),
and methicillin-resistant Staphylococcus
aureus (MRSA) (Diekema and Jones,
2001; Kaplan et al., 2003).
Ketoconazole, triazoles
fluconazole, itraconazole, voriconazole,
and posaconazole are the antifungal
agents which are available for use against
fungal infections (Nagappan and
Deresinski, 2007; Johnson and
Kauffman, 2003; Kale and Johnson,
2005). The triazole antifungal agent
posaconazole is having activity against
Candida and Cryptococcus species, some
endemic fungi and many molds
(Mellinghoff et al., 2002; Pitisuttithum,
2005). Posaconazole has been approved
for the treatment of oropharyngeal
candidiasis (Schering-Plough., 2006),
including infections refractory to
itraconazole and/or fluconazole by the
US Food and Drug Administration
(USFDA) and also as prophylaxis for
invasive Aspergillus and Candida
infections in patients. Limited clinical
practice suggests efficacy for the
Zygomycetes infection treatment and as
rescue therapy for patients with invasive
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coccidioidomycosis and aspergillosis (Ide
et al., 2004). Low toxicity and oral
administration are the advantages of
azole over amphotericin B and is thus
advantageous over the echinocandin
antifungal agents (Vazquez and Sobel,
2006). Table 1 is showing some
commonly used antibiotics along with
their MIC range.
Resistance to conventional
antibacterial therapies has lead to the
development of various alternative
strategies like phage therapy, resistancemodifying agents, bacteriocins, chelation
of micronutrients, vaccination,
biotherapy and probiotics etc.
In phage therapy viruses called
phages are used to infect bacteria for the
treatment of bacterial infections (Abedon
and Calendar, 2005;
Mattey and
Spencer, 2008). Lytic phage therapy is an
alternative approach to conventional
antibiotics which shows that phages can
be successful in fighting infections which
are caused by a variety of pathogens in
humans (Westwater et al., 2003).
Problems associated with phage include
speedy clearance of phage by the filtering
organs of the reticuloendothelial system
spleen and liver (Molenaar et al., 2002),
phage specificity for bacteria,
development of bacterial resistance to
phages and phage-neutralizing
antibodies. Resistance-modifying agents
are the compounds that modify
resistance to common antibacterials
(Gillor et al., 2004). Development of
resistance-modifying agents is one of the
strategies to address bacterial drug
resistance like some resistancemodifying agents may inhibit multidrug
resistance mechanisms, such as drug
efflux from the cell, thus increasing the
susceptibility of bacteria to an
antibacterial. The main targets include
the efflux inhibitor Phe-Arg-ânaphthylamide, Beta-lactamase
inhibitors (such as clavulanic acid and
sulbactam). Another possible
alternatives to conventional antibacterial
compounds is bacteriocins which are
peptides that are more readily engineered
than small.
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Table 1.Antibiotics with their mode of action and MIC range.

Antibiotic
Amoxicillin

Clarithromycin
Kanamycin
Metronidazole

Lansoprazole
Cefacrol
Clindamycin
Fosfomycin
Levo? oxacin

Minocycline

Daptomycin

Linezolid
Ketoconazole
Fluconazole

Itraconazole
Voriconazole
Posaconazole
Amphotericin B

Mode of action/ Target site
Disrupt the synthesis of the
peptidoglycan layer
of
bacterial cell walls.
Inhibit protein synthesis
Inhibit protein synthesis
Produces toxic free radicals
which disrupt DNA and
proteins.
Proton pump inhibitor
Inhibit cell wall synthesis
Inhibit protein synthesis
Inhibits bacterial cell wall
biogenesis
Inhibit the bacterial DNA
gyrase or the topoisomerase
IV enzyme, thereby inhibiting
DNA replication
and
transcription.
Inhibit
the binding of
aminoacyl-tRNA
to
the
mRNA-ribosome
complex.
They do so by binding to the
30S ribosomal subunit in the
mRNA translation complex.
Disrupt
bacterial
cell
membrane function inhibiting
protein,
DNA,
RNA
synthesis.
Inhibit protein synthesis
Inhibiting
the
enzyme
cytochrome P450.
Inhibits
the
fungal
cytochrome P450 enzyme
14á-demethylase.
inhibits the fungal -mediated
synthesis of ergosterol
inhibits the fungal -mediated
synthesis of ergosterol
inhibits the fungal -mediated
synthesis of ergosterol
Cellular toxicity by binding
to ergosterol

molecules. Small-molecule bacteriocins
like microcins and lantibiotics are similar
to the classic antibiotics; colicin-like
bacteriocins possess a narrow spectrum.
The spread of pathogens can also be
restricted by chelation of micronutrients
that are essential for bacterial growth, for
example, development of iron chelators
aim to reduce iron availability specifically
to bacterial pathogens (Brock et al.,
2006). In biotherapy organisms like

MIC range
0.032–64 mg/L

Reference
Glupczynski, 1993

0.0176–0.5 mg/L
0.5–64 mg/L
1–32 mg/L

Glupczynski, 1993
Glupczynski, 1993
Glupczynski, 1993

1–4 mg/L
0.25–128 mg/L
1– 128 mg/L
2–64 mg/L

Glupczynski, 1993
Glupczynski, 1993
Glupczynski, 1993
Glupczynski, 1993

0.25–64 mg/L

Glupczynski, 1993

0.125–2 mg/L

Glupczynski, 1993

=0.12–8 mg/L

Streit et al., 2004

1–8 µg/ml
0.03-1 mg/ml
0.25–64 µg/ml

Laura et al., 2003
Barchiesi et al.,
1999
Sanati et al., 1997

=1–16 mg/L

Jevitt et al., 2003

0.003–4ìg/ml

Sanati et al., 1997

=0.015–8 ìg/ml

Lortholary et al.,
2007
Peyron et al., 2001

0.032–16 ìg/ml

protozoa are involved to consume the
bacterial pathogens ( Nacar and Nacar,
2008). Probiotics consist of a live culture
of bacteria as competing symbionts that
inhibit or interfere with colonization by
microbial pathogens. Various vaccines
have also been developed to fight against
infections. Immunoregulatory cytokines,
hematopoiesis-stimulating factors and
monoclonal antibodies can also be
utilized against infections due to
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antibiotic-resistant bacteria (Chopra et
al., 1996).
3. RESISTANCE TO ANTIBIOTICS
The development of antibioticresistant strains of microbial pathogens
has produced a problem in treatment of
infectious diseases. Resistance in
microorganisms arise due to two
mechanisms i.e. mutation and
acquisition. Various biochemical
processes are engaged that produces
antibiotic resistance by, altering the drug
target, keeping antibiotics out of the cell
or hindering the antibiotic. The escalating
use of antibiotics in humans, animals,
and agriculture has resulted in many
microorganisms developing resistance to
these powerful drugs. All major groups of
pathogens like bacteria, viruses, fungi,
and parasites can become resistant to
antimicrobials. Due to the emergence of
antimicrobial resistant pathogens, many
diseases have become difficult to treat
like malaria caused by parasite
Plasmodium falciparum; respiratory
infections such as tuberculosis and
influenza; fungal infections caused by
Candida; infections causd by HIV and
other viruses; infections caused by
bacteria such as staphylococci,
enterococci, and Escherichia coli; ;
foodborne pathogens such as Salmonella
and Campylobacter; and sexually
transmitted organisms such as Neisseria
gonorrhoeae. Typhoid fever is no longer
treated with chloramphenicol due to
resistance developed against the drug.
Another example is XDR TB which is a
less common form of multidrug-resistant
TB and it has become resistant to all the
drugs used against MDR TB including the
best two antibiotics
isonicotinylhydrazine (INH) and
Rifampicin (RIF) (Espinal, 2003; Gandhi
et al., 2006; Goldman, 2007). In Asia a
novel variant of swine flu has emerged
with a genetic adaptation giving some
resistance to the two main drugs used to
tackle this disease i.e. Roche's Tamiflu
and GlaxoSmithKline's Relenza
(Hirschler, 2011). Gonorrhoea which
once used to respond significantly to
penicillin; now resists treatment with
penicillin and various other
antimicrobials like ciprofloxacin
(Handsfield et al., 2005). Multi-resistant
strains of commonly encountered
bacteria are the major cause for most of
the hospital-associated infections.
Before the approval of
Page No-5

antibacterials for clinical use they are
screened for any negative effects on
humans or other mammals and then are
generally regarded as safe and most are
well-tolerated (Slama et al., 2005).
Conversely, some antibacterials have
been related with a range of adverse
effects that range from fever and nausea
to major allergic reactions, including
photodermatitis , anaphylaxis and
diarrhea. Antibacterial-resistant bacteria
have emerged mainly due to
inappropriate antibacterial treatment
and overuse of antibiotics. Self
prescription of antibacterials, failure to
take the complete prescribed course of
the antibacterial, incorrect dosage and
administration, or failure to rest for
sufficient recovery, use as growth
promoters in agriculture are additional
examples of misuse (Larson, 2007).
Antibacterials like penicillin and
erythromycin, have been coupled with
emerging antibacterial resistance since
the 1950s due to their overuse (Hawkey,
2008).
Antibacterial-resistant strains
and species which are also termed as
"superbugs", add to the emergence of
diseases which were once well-controlled
such as NDM-1 is a recently recognized
enzyme conveying bacterial resistance to
a broad range of beta-lactam
antibacterials. It has been stated by the
United Kingdom Health Protection
Agency that "most isolates with NDM-1
enzyme are resistant to all standard
intravenous antibiotics for treatment of
severe infections." On January 12, 2011,
Richard Horton, the editor of The Lancet,
apologized and acknowledged that
naming a superbug after New Delhi was
an “error” (Sinha, 2011). After this, Ajai R.
Singh, editor of Mens Sana Monographs,
demanded that such 'geographic names
giving' be abandoned and replaced by
'scientific names giving' and also
proposed changing NDM-1 to PCM
Plasmid-encoding Carbapenem-resistant
Metallo-beta-Lactamase (Singh, 2011).
Generation of b-lactam resistance has
also been comprehensively studied in
Enterobacter. b-lactam resistance is
likely to be caused by use of cefoxitin and
third-generation cephalosporins. Thus,
these mutants are generally resistant to
both third-generation cephalosporins
and penicillins. Pathogens which are
initially sensitive to cephalosporins
during the treatment show failure to the
cephalosporin treatment due to the
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selection of highly resistant mutants
(Yates, 1999).
4.HERBAL PRODUCT BASED
THERAPY
Many plant species have been
found to have antimicrobial activity and
thus are used as medicinal herbs. These
medicinal plants are used in the
treatment of wide variety of infections and
diseases like respiratory infections,
cutaneous infections, gastrointestinal
disorders and urinary tract infections. In
twentieth century the drug industry was
dominated by the synthetic chemistry, as
a result of which synthetic molecules
replaced the natural extracts. Modern
medicine undoubtedly offers an
unmatched opportunity to relieve
symptoms and save lives in extreme
conditions. Revival of interest in herbal
medicines is because of the decreasing
efficacy of the antibiotics which were once
universally effective against serious
infections. Many pathogenic
microorganisms have developed
resistance against the antibiotics which
has resulted as a global challenge for the
treatment of infectious disease. Another
fact is that over thousands of years we
have evolved along with plants which
have made plant-based remedies to be
easily digested and utilized in our system.
The growing presence of
antibiotics in food, water and soil and the
use of antibiotics in veterinary practices
have contributed to the increasing
problem of antibiotic resistance
(Moshirfar et al., 2006). Many isolates of
Escherichia coli and Staphylococcus
aureus are found to be resistant to
ampicillin, amoxicillin, tetracycline and
trimethoprimsulfamethoxazole (Aibinu
and Adenipekun, 2004).
Herbal medicines consist of
mixture of one or more plant materials as
their active components. The active
compounds are utilized both by humans
and animals as an important part of their
diet. The plant materials include leaves,
flowers, fruits, roots, wood, seeds, bark,
rhizomes, resins, gum and essential oils.
The active components of herbal
medicines include phenols, alkaloids,
saponins, tannins, anthraquinones,
cardiac glycosides, cyanogenic
glycosides, terpenes, terpenoids and
flavonoids etc. (Harborne, 1973; Okwu,
2004) and these are also termed as
secondary metabolites as they are formed
metabolic processes of the plants. These
components are the precursors for the

synthesis of the drugs (Sofowora, 1993).
The chemically active constituents
interact in a complex way to give
therapeutic effects. The working of
medicinal herb in its natural form cannot
be explained by dividing it into its
constituents. The herb as a whole is more
worth than sum of its constituents. The
medicine derived from herbal plants can
either be used in natural form or by
isolating their active constituents.
Antimicrobials derived from plants have
great therapeutic potential, are effective
and gentle. The whole specimens are
more potential than that in the powder
form due to change in tissue
arrangements and pattern found in
untreated plant samples because of plant
cell wall damage during preparation
(Metcalfe and Chalk, 1950; Metcalfe,
1954).
A large number of modern drugs
have been isolated from herbal plants.
About 80% of the world's inhabitants
depend on traditional medicine for their
health care and thus, the plant-based
medicines play an important role in
treatment of diseases (Owolabi et al.,
2007). The medicinal plants have gained
attention due to their increasing use in
industries for development of drugs and
faith in herbal medicines due to low sideeffects than other synthetic antimicrobial
compounds. The candidates for the
development of new drugs are the
substances that have low or no toxicity to
host cell and can inhibit or kill the
pathogens. The medicinal plants helps in
development of drugs by either becoming
the base for drugs or as phytomedicine
(Iwu et al, 1999).
Medicinal plants have many
beneficial effects due to additional action
of various chemical compounds that act
at single or multiple target sites
associated with a physiological process in
contrast to synthetic drugs which are
based upon single chemicals. The
additional pharmacological effects can be
advantageous by removing the side
effects linked with the high proportion of
a single xenobiotic compound in the body
(Tyler, 1999). The effectiveness of
Phytomedicines is due to the underlying
pharmacological effects (Kaufman et al.,
1999).
Antioxidant, antifungal,
antibacterial and antipyretic effects of
medicinal plants are due to the presence
of active compounds in them (Adesokan
et al, 2008). The increased demand of
herbal medicines has produced a high
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pressure on the wild population of
medicinal plants due to over-harvesting.
Many plant species are found in narrow
geographical range, have low population
densities and slow growth rate (Nautiyal
et.al, 2002).
A study shows that oils of
Cymbopogon martini, Eucalyptus
globulus and Cinnamomum zylenicum
demonstrated the maximum antimycotic
activity against human pathogenic
Aspergillus fumigatus and A. Niger as
compared to control (miconazole nitrate),
followed by other oils ranging fom
moderate to low activity (Bansod and Rai,
2008). Agarwal et. al. in 2007 found that
four oils eucalyptus, peppermint,
gingergrass and clove showed biofilm
reduction significantly against the biofilm
forming Candida albicans strain (CA I)
isolated from clinical samples. Extracts of
black pepper (Piper Nigrum) and turmeric
(Curcuma Longa) in three solvents had
also been evaluated for their antibacterial
and antifungal activity (Pundir and Jain,
2010).
In vitro laboratory studies of
honey have shown activity against TB, H.
pylori, skin ulcers, and colitis (Boyanova
et al., 2003; Dobrowolski et al., 1991;
Grange and Davey, 1990). Aframomum
melegueta has many medicinal uses
including antimicrobial and antifungal
activity, used in aphrodisiac, measles,
and leprosy, purgative, galactogogue and
anthelmintic (Iwu, 1993). Gingerol,
shagaol, paradol are the key
constituents. Bromelain is effective
against E.coli and is proposed as a
digestive aid and also shows immuno
modulatory properties (Engwerda et al.,
2001).
Cranberry juice is effective
against bacterial urinary tract infections
(Fleet, 1994; Kontiokari et al., 2001).
Martynia annua L. has shown to be highly
active against Serratia marcescens
followed by Pseudomonas aeruginosa
(Sermakkani and Thangapandian,
2010).Oregano oil has strong
antibacterial properties (Dadalioglu and
Evrendilek, 2004) and has been used for
the treatment of jaundice, chronic
inflammation, dysentery and respiratory
infections. Thyme, an essential herbal oil
inhibit many strains of E. coli, including
E. coli 0157:H7 (Marino et al., 1999) and
is effective in preventing the growth of
listeria (Faleiro et al., 2005). Ginger has
been found to inhibit gram-positive and
gram-negative bacteria (Chrubasik et al.,
Page No-7

2005; Mascolo et al., 1989; Thongson et
al. 2004). Bactericidal activity is seen in
vitro against Escherichia coli, Salmonella
typhi and Proteus vulgaris (gram negative
strains) and Staphylococcus aureus and
Corynebacterium diphtheria (gram
positive strains) by the alcoholic extract
of dry nuts of Semecarpus anacardium
(Bhallatak) (Nair and Bhide, 1996).
Cryptolepis sanguinolenta Lindl. Schltr.
is used for the treatment of fevers,
urinary tract infections, especially
Candida. The active components present
in Cryptolepis sanguinolenta Lindl.
Schltr. are indo quinoline alkaloids.
Studies show inhibitory effect against
gram negative bacteria, yeast (Silva et al.,
1996) and also show its bactericidal
activity. In vitro study shows activity
against bacteria E.coli, C. coli, C. jejuni,
Pseudomonous, Salmonella, Shigella,
Staphylococcus, Streptococcus, and Vibrio
and some activity against Candida
(Sawer et al., 1995).
In traditional systems of medicine,
different parts of Ocimum sanctum Linn
(known as Tulsi) has been used as
traditional medicine for the treatment of
diarrhea, malaria, dysentery, insect bite,
arthritis, skin diseases, bronchitis,
bronchial asthma, painful eye diseases,
chronic fever etc. The Ocimum sanctum L.
also possess antimicrobial, antifertility,
hepatoprotective, analgesic, anticancer,
antidiabetic, antifungal, antimicrobial,
cardioprotective, antispasmodic,
adaptogenic, antiemetic, and diaphoretic
actions (Prakash and Gupta, 2005). The
active constituent present in Ocimum
sanctum L. is eugenol (l-hydroxy-2methoxy-4-allylbenzene) which is a
phenolic compound and is largely
responsible for the therapeutic potentials
of Tulsi. Ursolic acid, a major
constituents of the Tulsi leaves reduces
spermatogenesis and causes a decrease
in sperm counts because of its antiestrogenic effect (Rajeshwari, 1992).
Ethanol extract of the aerial parts of Sida
acuta Burm. F. (Malvaceae) shows activity
against Staphylococcus aureus, Bacillus
subtilis and Streptococcus faecalis (Oboh
et al., 2007). Garcinia kola is purgative,
antiparasitic, antiviral and antimicrobial.
It is used in the treatment of throat
infections, to prevent and relieve colic,
bronchitis, cure head or chest colds,
relieve cough, treatment of liver disorders
and as a chewing stick (Iwu, 1993). The
major phytochemicals include
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biflavonoids, xanthones and
benzophenones mainly attributed to
benzophenone, flavanones (Iwu, 1993).
The fruit extracts of Xylopia
aethiopica (Ethiopian Pepper) has shown
antimicrobial against gram positive and
negative bacteria, but not effective
against E. coli (Iwu, 1993). Major
constituents are diterpenic and xylopic
acid. Xylopic acid present in the plant
shows activity against Candida albicans
(Boakye-Yiadom et al., 1977). The major
constituents of Nauclea latifolia Smith
are indole-quinolizidine alkaloids,
sapponins and glycoalkaloids and it is
used in septic mouth and malaria, as a
tonic and fever medicine, dental caries,
toothaches, diarrhea and dysentery
(Lamidi et al., 1995). There are studies by
Iwu in 1993 shows that the root has
antibacterial activity against gram
positive and negative bacteria and
antifungal activity. It is most efficient
against Corynebacterium diphtheria,
Streptobacillis sp., Neisseria sp.,
Pseudomonas aeruginosa, Streptococcus
sp., Salmonella sp. (Deeni and Hussain,
1991).
Table 2. Plants with antimicrobial
activity, their active component and
target microbe
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Plan t Nam e
Adhatoda vasica
Nees
(Acanthaceae)
Allium sativum

Vaccinium spp.
(Blu eb erry)
Aloe
barbadensis,
Aloe vera
M alus sylvestris
(app le)
Garcinia
mangostana
Caesalpinia
Coriaria
Psidium guajava
Commiphora
molmol and
Boswellia
papyrifera
Centratherum
punctatum
Pelargonium
sidoides
Thonningia
sanguinea
Aca cia nilotica,
Cinnamomum
zeylanicum and
Syzygium
aromaticum
Cinnamomum
ca ssia

Active Com pon ent
Bromohexane,
ambroxol

Target m icrob e
Gram
pos itive
and
Gram negative bacteria

Reference
Grange an d Snell, 1996

Allicin,
ajoene,
sulfoxide
and
sulphated
terpenoids,
ethanolic ex tract
Fructose

M ulti drug resistan t
S.aureus, S.paratyphi,
S.dysenteriae,
E.coli,
M .tuberculosis

Hannan et al., 2011;
Naganawa et al., 1996;
San-blas et al., 199 3;
Ahmad an d Beg, 2001

E.coli

Ofek et al., 1 996

Latex

Corynebacterium,
Salmonella,
Streptococcus, S.aureus
General

M artinez et al.,1996

vancomycin-resistant
enterococci (VRE)
Klebsiella pneumoniae

Sakagami et al., 2005

M DR
Staphylococcus a ureus
methicillin-resistant
Staphylococcus
aureus (M R SA)

Anas et al., 2008

M ethanolic
and
ethyl
acetate
extracts
Ethanolic ex tracts

M DR-Acinetobacter
baumannii

Pawar and Aru mugam,
2011

Aspergillus niger

M ativandlela et al., 2006

Aqueous ex tract

ESBL-producing E .coli

N’guessan et al., 2007

Ethanolic ex tracts

Escherichia coli,
Klebsiella pneumon iae
and Candida albicans

Khan et al., 2009

Ethanolic ex tract

multi-drug resistan t
Pseudomonas
aeruginosa
Acinetobacter

Sharma et al., 2009

Helicobacter pylori

Kadota et al., 1997

Fungi

Rana et al., 1997

Salmonella, bacteria

Wan et al., 1998

Phloretin
alphamangostin
M ethanolic ex tracts
M ethanolic ex tracts
M ethanolic ex tracts

Prosopis juliflora

Alkaloid
fraction

Rabdosia
trichocarpa
Aegle marmelos

Trichorabdal
A
(Terpene)
Essential
oil
(Terpenoid)
Essential
oil
(Terpenoid)
Berberine,
hydrastine
(Alkaloids)
Totarol (Flavonol)

Ocimum
basilicum
Hydrastis
canadensis
Podocarpus nagi
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Hunter and Hull, 1993

M ohana et al., 2008

Abdallah et al., 2009

Singh et al., 2011

Bacteria,
Giardia Freiburghaus et al., 1996
duodenale,
trypanosomes
P. acnes, other gram- Kubo et al., 1994
positive bacteria
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Piper nigrum

Alkaloid

Onobrychis
viciifolia
Petalostemum

Anacardium
pulsatilla
Matricaria
chamomilla

Tannins
(Polyphenols)
Petalostemumol
(Flavonol)
Allicin (Sulfoxide)
Hexanal
(Aldehyde)
Salicylic
acids
(Polyphenols)
Anthemic
acid
(Phenolic acid)

Mahonia
aquifolia
Capsicum
annuum

Berberine
(Alkaloid)
Capsaicin
(Terpenoid)

Curcuma longa

Curcumin Turmeric Bacteria, protozoa
oil (Terpenoids)
Alpinumisoflavone Schistosoma
(Flavone)
Coumarins
Bacteria, fungi, viruses

Allium cepa
Olea europaea

Millettia
thonningii
Carum carvi

Fungi, Lactobacillus,
Micrococcus, E. coli,
E. faecalis
Ruminal bacteria

Ghoshal et al., 1996

Bacteria, fungi

Hufford et al., 1993

Bacteria, Candida
General

Vohora et al., 1973
Kubo et al., 1995

P. acnes, Bacteria,
fungi
M. tuberculosis, S.
typhimurium, S. aureus,
helminths
Plasmodium
Trypansomes, general
Bacteria

Himejima and Kubo,
1991.
Bose, 1958; Hamburger
and Hostettmann, 1991;
Scheel, 1972
Omulokoli et al., 1997

5. IMPORTANT ANTIMICROBIAL
BIOACTIVE COMPOUNDS DERIVED
FROM PLANTS
The antimicrobial property of
medicinal plants is due to the
phytochemicals synthesized by plants,
most of which are secondary metabolites.
Many drugs are derived from these
chemicals with an advantage of low sideeffect and broad range of antibiotics.
Phytochemicals act as a natural defence
system for host plants and provide
aroma, colour, and flavour.
Some of the phytochemical
compounds present in medicinal plants
are as follows:
5.1 Alkaloids
Alkaloids are basic natural
products present primarily in many
plants which are usually colourless.
Alkaioids are among the most capable
and therapeutically significant plant
substances (Okwu, 2005). Morphine
isolated from opium poppy Papaver
somniferum in 1805 was the first
medically used alkaloid (Fessenden &
Fessenden. 1982). Quinine is a bitter

Jones et al., 1994

Cichewicz and Thorpe,
1996;
Jones
and
Luchsinger, 1986.
Apisariyakul et al., 1995
Perrett et al., 1995
Berkada, 1978;
Hamburger
Hostettmann, 1991

and

tasting alkaloid extracted from bark of a
cinchona tree (C. succirubra) and used in
the treatment of unusually resistant
strains of malaria. Diterpenoid alkaloids
are found to have antimicrobial
properties (Omulokoli, 1997) which are
isolated from the plants of the
Ranunculaceae (Jones & Luchsinger,
1986, Atta-ur-Rahman & Choudhary,
1995). Alkaloids have microbiocidal
effects including against Giardia and
Entamoeba species (Ghoshal et al.,
1996), the major antidiarrheal effect of
alkaloids is probably due to their effects
on transit time in the small intestine.
Berberine which is a highly aromatic
planar quaternary alkaloids is effective
against trypanosomes (Freiburghaus et
al., 1996) and plasmodia (Omulokoli et
al., 1997) due to its to intercalate with
DNA(Phillipson and O'Neill, 1987).
Araliopsis tabouensis is used in the
treatment of sexually transmitted
diseases, gonorrhoea (Irvine, 1961). The
main components are alkaloids. Fish in
1976 isolated seven alkaloids from the
root and stem bark. Solamargine is a
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glycoalkaloid isolated from the berries of
Solanum khasianum, and other alkaloids
may be useful against HIV infection
(McMahon et al., 1995; Sethi, 1979) as
well as intestinal infections associated
with AIDS (Mendoza et al., 1997).
5.2 Flavonoids
Flavonoids are 15-carbon
compounds which are highly watersoluble super antioxidants and free
radical scavengers, which prevent
oxidative cell damage and have strong
anti-cancer properties. Flavonoid
compounds show inhibitory properties
against multiple viruses. Several studies
have recognized the effectiveness of
flavonoids such as glycyrrhizin (from
licorice) (Watanbe et al., 1996),
swertifrancheside (Pengsuparp et al.,
1995), and chrysin (Critchfield et al.,
1996) against HIV. In a study it was found
that flavone derivatives show inhibitory
effect on respiratory syncytial virus (RSV)
(Barnard et al., 1993; Kaul et al., 1985). A
summary provided by Kaul et al. (1985)
on modes of action of naringin, quercetin,
catechin and hesperetin in in-vitro cell
culture monolayers showed that there
was no inhibitory effect of naringin on
herpes simplex virus type 1 (HSV-1),
parainfluenza virus type 3, poliovirus
type 1, or RSV, while the other three
flavonoids were effective. Intracellular
replication of all four viruses was
inhibited by hesperetin; infectivity was
inhibited by catechin but not
intracellular replication of RSV and HSV1; and quercetin was universally effective
in the reduction of infectivity. Teas
contain a mixture of catechin compounds
and exerted antimicrobial activity (Toda
et al., 1989). Catechins inhibit in vitro
Vibrio cholerae O1 (Borris, 1996),
Streptococcus mutans (Batista et al.,
1994, Sakanaka et al., 1989, Sakanaka et
al., 1992, Tsuchiya et al., 1994), Shigella
(Vijaya et al., 1995), and other bacteria
and microorganisms (Sakanaka et al.,
1992; Thomson, 1978). Galangin (3,5,7
trihydroxyflavone) shows activity against
wide range of fungi(Afolayan and Meyer,
1997), gram-positive bacteria and viruses
like HSV-1 and Coxsackie B virus type 1
(Meyer et al., 1997). Flavonoids, having
antimicrobial activity have been recently
reported which include quercetin 3'Oglucoside, rutin (Abou-Donia et al.,
2008), coumestrol, genistein and
daidzein (Redko et al., 2007), morin
(Rattanachaikunsopon and
Page No-11

Phumkhachorn, 2007) etc.
5.3 Phenolics and Polyphenols
Phenols are a group of aromatic
chemical compounds characterized by a
hydroxyl (OH) group attached directly to
an aromatic ring with weakly acidic
properties. The presence of phenols is
considered to be potentially toxic to the
growth and development of pathogens
(Okwu, 2004). Two hydroxylated phenols
Catechol and pyrogallol are found to be
toxic to microorganisms. Increased
hydroxylation results in increased
toxicity, thus the sites and number of
hydroxyl groups on the phenol group are
related to their relative toxicity to
microorganisms (Geissman, 1963). In
addition, some authors have found that
more highly oxidized phenols are more
inhibitory (Scalbert, 1991; Urs &
Dunleavy, 1975). Phenolic toxicity to
microorganisms is thought to be because
of enzyme inhibition by the oxidized
compounds, possibly through reaction
with sulfhydryl groups or through more
nonspecific interactions with the proteins
(Mason & Wasserman, 1987). Phenolic
compounds possessing a C3 side chain at
a lower level of oxidation and containing
no oxygen are classified as essential oils
and often cited as antimicrobial as well.
Eugenol is a well-characterized
representative found in clove oil. Eugenol
is considered active against both fungi
(Duke, 1985) and bacteria (Thomson,
1978). Caffeic acid is found in tarragon
and thyme and is effective against fungi
(Duke, 1985), viruses (Wild, 1994) and
bacteria (Brantner and Grein, 1994).
5.4 Quinones
Quinones are aromatic rings with
two ketone substitutions which are
highly reactive and are ubiquitous in
nature. Quinones are known to complex
irreversibly with nucleophilic amino
acids in proteins (Stern et al., 1996), often
leading to inactivation of the protein and
loss of function and also as a source of
stable free radicals due to which the
potential range of quinone antimicrobial
effects is great. Surface-exposed
adhesins, cell wall polypeptides, and
membrane-bound enzymes are the
probable targets in the microbial cell.
Quinones may also render substrates
unavailable to the microorganism. As
with all plant derived antimicrobials, the
possible toxic effects of quinones must be
thoroughly examined. Kazmi et al. (1994)
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described an anthraquinone from Cassia
italica, a Pakistani tree, which was
bacteriostatic for Bacillus anthracis,
Corynebacterium pseudodiphthericum,
and Pseudomonas aeruginosa and
bactericidal for Pseudomonas
pseudomalliae. Hypercin is an
anthroquinone, which is an example of
quinine obtained from St. John's wort
(Hypericum perforatum) has received
much attention as an antidepressant,
antiviral and also have several
antimicrobial properties (Duke, 1985).
5.5 Terpenoids and Essential Oils
Essential oils or terpenes are
secondary metabolites which are highly
enriched in compounds based on an
isoprene structure. Terpenoids are
formed when the compounds contain
additional elements, generally oxygen.
Methanol, camphor, farnesol and
artemisin are some of the common
terpenoids. The mode of action of these
compounds is not fully known but is
thought to involve lipophilic compounds
for membrane disruption. Purple prairie
clover produce a terpenoid called
petalostemumol, which shows very good
inhibitory activity against Bacillus
subtilis and Staphylococcus aureus and
lesser activity against gram-negative
bacteria and Candida albicans (Hufford
et al., 1993). Artemisin and its derivative
a-arteether are used as antimalarials
(Vishwakarma, 1990). Terpenoids are
active against viruses (Fujioka and
Kashiwada, 1994; Hasegawa et al., 1994;
Xu et al., 1996), bacteria (Amaral et al.,
1998; Barre et al., 1997; Habtemariam,
1993;Tassou,1995), fungi (Ayafor et
al.,1994; Rao et al., 1993; Suresh, 1997)
and protozoa (Ghoshal, 1996;
Vishwakarma, 1990). Trichorabdal A, a
diterpene from a Japanese herb has been
found to directly inhibit H. pylori (Kadota
et al., 1997). The triterpenoid betulinic
acid have been shown to inhibit HIV.
Terpenoids present in essential oils are
found to be useful in the control of
Listeria monocytogenes (Aureli et al.,
1992). Capsaicin, affects the
cardiovascular, nervous, and digestive
systems (Virus and Gebhart, 1979) and
can be used as analgesic (Cordell and
Araujo, 1993) but it may favour growth of
Candida albicans. It is also effective
against H.pylori (Jones et al., 1997).
Another hot-tasting diterpene,
aframodial, a diterpene from a
Cameroonian spice, is an antifungal
(Ayafor et al., 1994) with a broad-

spectrum.
5.4 Tannins
“Tannins” are a group of
polymeric phenolic substances with a
property known as astringency i.e.
capable of tanning leather or
precipitating gelatin from solution
(Harborne, 1973). They are found in
almost all plant parts such as bark, wood,
leaves, fruits, and roots (Scalbert, 1991).
They are categorized as hydrolyzable and
condensed tannins. Cure and prevention
of various diseases was suggested by the
consumption of tannin-containing
beverages, especially green teas and red
wines (Serafini et al., 1994) due to which
this compound gained a lot of attention.
The antimicrobial properties of tannins
were studied by Scalbert (1991) and
according to him tannins can be toxic to
bacteria, filamentous fungi and yeasts.
Condensed tannins prevents growth and
protease activity of ruminal bacteria by
binding to its cell wall (Jones et al., 1994).
Studies have shown tannins to be
inhibitory to viral reverse transcriptases
(Kaul et al., 1985; Nonaka et al., 1990).
Tannins bind to proteins and
carbohydrates resulting in decrease in
digestibility of these macromolecules and
thus microbial growth inhibition (Nwogu
et al., 2008; Butler, 1988). Astringent
properties of tannins have been reported
on mucous membranes (Egunyomi et al.,
2009). Tannins have also been assigned
various human physiological activities
like host mediated tumor activity,
stimulation of phagocytic cell and a broad
range of anti infective actions (Haslam,
1996).
6. CONCLUSION
Antimicrobial worth of medicinal
plants has been studied by various
researchers and experiments show the
inhibitory effect of several
phytochemicals on almost all type of
microorganisms in vitro. Thus, plants are
found to be an important source for the
development of safe and economic
therapeutic agents for the treatment of
various diseases. More studies should be
done on these phytochemicals subjected
to animals and humans More of these
compounds should be subjected to
animal and human studies to verify their
effectiveness including toxicity studies
and their effect on bene?cial normal
microbiota. Modern drugs can be derived
from plant crude extracts showing
medical application after investigation of
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its bioactivity and toxicity. An extensive
research and development work should
be undertaken on these herbal plants
showing promising activity in the area of
antimicrobial agents.
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