Chapter 5

Plant Natural Products as a Potential Source
of Antimicrobial Agents: An Overview

and a Glimpse on Recent Developments

Mohd. Shahid, Fazal K. Dar, Abdulrahman Y. Ismaeel,
Ali Al-Mahmeed, Khalid Al Sindi, Abida Malik, and Haris M. Khan

5.1 Introduction

Looking back to the literature, anyone would realize that human beings were utilizing
the potential of natural products of plant origin to cure infections, for instance,
ancient cultures in India, Greece, Serbia etc. were using moulds and other plants as
a remedy to treat infections (Anonymous 2012a).

In 1877, Pasteur and Joubert recognized the potential of “microbial” products as
therapeutic agents that could inhibit the growth of Anthrax bacilli. However, the
milestone in the field of antimicrobial agents is believed to be the advent of
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penicillin by Alexander Fleming from the fungus Penicillium (Shahid et al. 2009a, b).
Subsequently the potential for antibacterial and antifungal properties was searched
in other fungi and higher plants.

However due to selection pressure, as a result of increasing and irrational usage
of existing antimicrobial agents, the microorganisms have started expressing
resistance to these compounds. Therefore, scientists are continuously trying to search
for newer compounds, harboring antimicrobial properties, derived from the plant
species. In this chapter, the potential of plant species to yield newer antibacterial
agents will be illustrated with an emphasis on compounds exclusively isolated in
very recent years.

5.2 Antibacterial Potential in Plant Natural Products

We previously published an exhaustive literature review on antibacterial potential of
plant natural products, and the readers are encouraged to read the same for a descrip-
tive list of plant species harboring antibacterial potential and the chemical com-
pounds, reported by various workers (Shahid et al. 2009a). In this section some of
the plant species recently reported (2011-2012) to bear the antibacterial potential
will briefly be reviewed.

5.2.1 Quercus dilatata L.

Quercus dilatata L., known as “Holly Oak”, is commonly found in Afghanistan,
Pakistan, and temperate Himalayas from Kashmir to Nepal (Anonymous 2012b).
The tree is up to 20 m in height. The leaves are elliptic-ovate to broadly lanceolate
(4-12x1.6-5.5 cm), entire to spiny toothed, and containing nerves 9—12 pairs, forked
at the extremities (Anonymous 2012b). Few other species of Quercus were reported
to possess antibacterial activity (Jamil et al. 2012) and used to treat infected wounds
and burns (Jamil et al. 2012). However, in a recent study by Jamil et al. (2012), the
crude methanolic extract of aerial parts of Quercus dilatata L. was described, as a
first report, to possess antibacterial activity against all of the bacterial species tested,
namely, Escherichia coli, Bacillus subtilis, Salmonella setuball, Bordetella bronchi-
septica, Staphylococcus aureus and Micrococcus luteus (Jamil et al. 2012). Further
bioassay guided fractionation and phytochemical analysis of the extracts demon-
strated that ethyl acetate, acetone, ethanol and 50 % methanol fractions contained the
activity; the most active fraction was reported as ethanol extract by the authors
(Jamil et al. 2012). Phytochemical analysis demonstrated the presence of alkaloids as
a major component responsible for the activity and HPLC analysis of the active
partitioned fraction (Ethanol) demonstrated a distinct peak not corresponding to the
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peaks of other natural compounds reported from Quercus viz. ascorbic acid, quercitrin,
gallic acid and rutin; this suggests the presence of a different compound that needs to
be elucidated structurally (Jamil et al. 2012).

This recent study by Jamil et al. reports the presence of a new antibacterial
compound in Quercus dilatata L. that needs to be characterized further for its exact
identification.

5.2.2 Gnetum montanum

Gnetum montanum is a vine commonly found in China and also in Nepal, Thailand,
Vietnam and India. It belongs to Family Gnetaceae and commonly known as Gam Nui
or Sot Nui (Anonymous 2012c). It is an evergreen dioecious climber that is branching
and swollen at nodes (Anonymous 2012d). Leaves are dark green, oblong-ovate and
12-30 cm in length, while the plant produces a red colored fruit of 1.5x 1 cm diameter.
Very recently Martin and colleagues described antibacterial potential of Gnetum
montatum extract against Pseudomonas aeruginosa wild-type strain PAO1 (Martin et al.
2011). The authors described the presence of various new natural products such as
6a,7-didehydro-1,9,10-trihydroxy-2-methoxy-6-methylaporphinium trifluoroacetate,
N-methyllaudanosolinium trifluoroacetate, 3’-hydroxy-N, N-dimethylcoclaurinium
trifluoroacetate, and 1,9,10-trihydroxy-2-methoxy-6-methylaporphinium trifluoroacetate
along with the previously known natural products such as latifolian A and magno-
curarine. The anti-Pseudomonal activity was reported in the natural product latifolian
A (Martin et al. 2011).

Recent years have really witnessed a much faster appearance of antibiotics resistance
in bacteria as opposed to the development of antibacterial compounds. The drug-
industry has tried its best to respond to the challenge of rising resistance and recently
developed some novel p-lactams compounds such as ceftobiprole, ceftaroline, etc.
However, the pace of antimicrobial drug development has drastically slowed during the
last decade with only few newer agents available. The scientists are now looking
forward towards plant natural products as an alternative to combat this threatening issue
of antibiotics resistance. To that end, various research groups have recently tried to
explore the antimicrobial potential of plant extracts. Table 5.1 summarizes some of the
examples of the recently explored plant species for their antibacterial potential.

5.3 Antimycobacterial Potential

It is a well known fact that >40 % of the world population is infected with tubercle
bacilli, however a diminutive percentage of the infective population develops
tuberculosis (TB). According to a recent review, approximately eight million new
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cases and two million deaths occur each year and Mycobacterium tuberculosis
alone accounts for more mortality than any other single bacterial species (Bueno
et al. 2011). The World Health Organization (WHO) embarked to reduce the
global burden of TB and bring down the TB deaths and prevalence to half of
the existing situation by 2015 through its Stop TB Strategy and supporting the
Global Plan to Stop TB (Anonymous 2012e). Although the treatment options are
available, the emergence of the Mutli-drug-resistance (MDR) and extensively
drug-resistance (XDR) in Mycobacterium tuberculosis has worried the clinicians
in recent years. Keeping in mind the emergence of drug-resistance in tubercle
bacilli, especially the emergence of XDR, where we have very little options for
the treatment, it is worth finding out the natural plant products as an alternate for
the cure. Several plant species have been reported to possess anti-Mycobacterial
activities, to name a few, Indigofera longeracemosa (Bueno et al. 2011), Calophyllum
lanigerum (Bueno et al. 2011), Engelhardia roxburghiana (Lin et al. 2005) and
Lantana hispida (Jimenez-Arellanes et al. 2007). Detailed reviews on the current
aspect describing the plants and the compounds responsible for the antimyco-
bacterial activity are discussed in some of the recent review articles (Bueno et al.
2011; Guzman et al. 2012). This area seems promising to search for the novel
anti-Mycobacterial plant products, especially active against MDR and XDR
tuberculosis.

5.4 Antifungal Potential in Plant Natural Products

Since the introduction of one of the oldest antifungal classes of antibiotics, polyene
macrolides (nystatin and amphotericin B), and subsequently the other classes such
as imidazoles (clotrimazole, miconazole, ketoconazole), first generation triazoles
(fluconazole, itraconazole) and second generation triazoles (voriconazole, posacon-
azole, ravuconazole), the fungi have evolved tremendously with the development
of resistance to these antifungal agents. The industry attempted to respond, on one
hand, by developing liposomal formulations (liposomized amphotericin B and
nystatin) in order to develop methods for targeted drug delivery to minimize the
adverse effects and development of resistance, and on the other hand by developing
newer classes of antifungal drugs such as echinocandins, caspofungin, micafungin,
anidulafungin, pneumocandins, pradimicins and benanomicins, nikkomycins and
sordarins. However, the fungi are continuously evolving and there is a need to
search for newer compound to combat the emerging problem of antifungal resistance
(Shahid and Tripathi 2011). To that end, scientists are continuously searching the
herbal plants for their potential antifungal action. Table 5.2 summarizes the recently
reported plant species to possess antifungal potential that could be used as potential
candidates for the future development of antifungal compounds.
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5.5 Antiparasitic Potential in Plant Natural Products

5.5.1 Abrus schimperi

The Genus Abrus is a flowering plant of the family Fabaceae containing around 18
species. Abrus schimperi is a flora of tropical Africa. In a recent study by Rahman
et al. (2011), the authors described the anti-Leishmanial activity of the ethanolic
extract of Abrus schimperi against promastigotes of Leishmania donovani. The
authors reported the presence of two isoflavanquinones, amorphaquinone and
pendulone with IC50 values of 0.63 and 0.43 pg/ml, respectively. The authors
also reported the antiplasmodial activity in the two extract against Plasmodium
falciparum D6 and W2 strains (Rahman et al. 2011).

5.5.2 Momordica charantia

Momordica charantia is commonly known as bitter melon or bitter gourd. It is a
tropical and subtropical vine of the family Cucurbitaceae and is commonly grown
in Asia, Africa, and the Caribbean for its edible fruits. In a recent study, Santos and
colleagues (2012) described anti-Trypanosomal activity in the ethanolic extract
from leaves of Momordica charantia against epimastigotes of Trypanosoma cruzi;
the IC50 was reported as 46.06 pg/ml (Santos et al. 2012). The authors suggested
its anti-Trypanosomal activity (against epimastigotes) with moderate toxicity in
comparison to the available drugs (Nifurtimox and Beznidazole).

During our search of recent literature, we noticed numerous other interesting
studies reporting plant species to possess anti-parasitic activities. For instance, Nibret
and Wink (2011) screened 30 Ethiopian-plant species, those were used in traditional
medicine, for anti-Trypanosomal activity. They found five plants namely, Dovyalis
abyssinica, Albizia schimperiana, Ocimum urticifolium, Acokanthera schimperi and
Chenopodium ambrosioides to possess activity against Trypanosoma brucei brucei.
In another study, Nibret et al. (2010) screened 20 Tanzanian-plant species for
anti-Tryponosomal activity and found Entadrophragma bussei, Securidaca longepe-
dunculata, Warburgia salutaris, Zanha Africana and Zanthoxylum chalybeum to
possess the activity. In a recent study, Okokon et al. (2012) described anti-Plasmodial
activity in the leaf-extracts from Clausena anisata.

5.6 Utility of Plant-Secondary Metabolites (PSMs)
in Reversing Multi-drug Resistance (MDR)

Bacteria evolved producing multi-drug resistance to several antibiotics as a result
of selection pressure. There are several mechanisms by which bacteria can pro-
duce resistance to these antimicrobial agents (Cowan 1999; Shahid et al. 2009¢).
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These escaping strategies in a resistant bacterium could be by many ways, some of
them are mentioned below:

(A) modification of normal drug-binding proteins such as penicillin binding
proteins (PBPs) or bypassing of the normal PBPs

(B) impermeability of outer membranes of the bacteria to drugs

(C) production of enzymes that inactivates drugs, such as p-lactamases

(D) ability to pump out drugs by efflux pumps

Recent years have witnessed the role of plant-secondary metabolites (PSMs) as
the inhibitors of ABC transporter system and hence play a role in reversing antimi-
crobial resistance. Secondary metabolites, such as terpenoids, function as substrate
for P-gp (in cancer cells) and its orthologue (in parasites), and for other ABC trans-
porter systems such as AtrB (in fungi) and NorA efflux pump ( in Staphylococcus
aureus) and thus serve as inhibitors of ABC transporters (Andrade et al. 2000;
Smith et al. 2007; Wink et al. 2012). During our search of literature, we noticed an
important and exhaustive recent review on the current theme published by Wink
et al. (2012) describing various PSMs that were reported to reverse the resistance
in cancer cells and microbes to cytotoxic and antimicrobial agents, respectively.
We encourage interested readers to go through that “must read” article to get better
insight into the subject. Since our present compilation deals with the antimicrobial
potential in plant-natural products, we intend to summarize here, from the existing
literature, the potential role of PSMs in reversing antimicrobial resistance in some
of the medically important microorganisms such as Staphylococcus aureus (including
methicillin-resistant S. aureus), Mycobacterium tuberculosis (including multidrug
resistant (MDR) strains) and other medically important microorganisms. Table 5.3
summarizes the PSMs, their source of isolation and their activity on ABC transporters
of target microorganisms.

5.7 Antiviral Potential in Plant Natural Products with Special
Reference to HIV and Influenza Virus

Despite the passage of almost three decades since the discovery of Human
Immunodeficiency Virus (HIV) and AIDS, the field of Medicine is still struggling
to find any effective cure for this disease syndrome. Many researchers sought plant
natural products for anti-HIV activity.

Several classes of the plant natural products, including terpenoids, flavanoids
and alkaloids have been reported to possess anti-HIV activity (in vitro) that possibly
targeted reverse transcriptase/integrase/protease/viral fusion etc. We encourage
interested readers to read the articles by Tan et al. (1991), Pengsuparp et al. (1995),
and Cowan (1999) for detailed description of various plant species reported to
possess ant-HIV activities and also for their reported targets of action.

During our search of recent literature, we noticed numerous new reports describ-
ing various other plant species having anti-HIV potential and those can be utilized
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Table 5.4 Plant species reported to possess anti-HIV activity in the recent literature

Plant species References

Aegle marmelos Sabde et al. (2011)
Asparagus racemosus Sabde et al. (2011)
Coleus forskohlii Sabde et al. (2011)
Rubia cordifolia Sabde et al. (2011)
Ocimum sanctum Linn. Rege et al.(2010)
Tinospora cordifolia (Willd) Miers. Ex Hook.f. &Thoms Rege et al. (2010)
Avicennia officinalis Linn. Rege et al. (2010)
Rhizophora mucronata Lam. Rege et al. (2010)
Azadirachta indica Awah et al. (2011)
Bubine alooides (L.) Willd. Klos et al. (2009)
Leonotisleonurus (L.) R.Br. Klos et al. (2009)

in future to prepare novel anti-HIV compounds. Readers are also encouraged to read
arecent review article by Filho et al. (2010) where the authors described a list of 275
species of medicinal plants that were studied for the activity on HIV-1-protease.

A recent study was done by Sabde et al. (2011) directed towards assessment of
anti-HIV activity of various extracts prepared from Indian medicinal plants as
immunomodulators. Ninety-two extracts were prepared from 23 plants. Anti-HIV
activity was measured in a human CD4+ T-cell line, CEM-GFP cells infected
with HIV-1NL4.3. Nine extracts of eight different plants significantly reduced
viral production in CEM-GFP cells infected with HIV-1NL4.3. Aegle marmelos,
Argemone mexicana, Asparagus racemosus, Coleus forskohlii, and Rubia cordifolia
demonstrated promising anti-HIV potential and were investigated for their active
principles.

A recent review by Singh et al. (2011) described numerous plant species possessing
anti-HIV activity, their active ingredients, assay model used and the mechanism(s)
of action. Table 5.4 describes few more recently reported plant species to harbor
anti-HIV potential.

Recent years have witnessed a tremendous health-threat through recent HIN1
influenza pandemic. Although officially declared in August 2010 as the end of pan-
demic by World Health Organization (WHO), the threat has not disappeared for its
revisit (Shahid 2012). Keeping in mind the global burden of such a disease, research-
ers are continuously searching the natural products for their action against influenza
virus. During the search for recent literature, we found some published studies that
reported for the anti-influenza activities in plant extracts. Some of those studies will
briefly be mentioned in this section. Shin and colleagues (2010) tested various
Korean medicinal plants for their potential activities against influenza viruses and
reported a promising plant species, Agrimonia pilosa, for its activity against all
three subtypes of human influenza virus, including HIN1 and H3N2 influenza A
subtypes and influenza B virus. Moreover, authors reported strong inhibitory effect
(in ovo) of the extract on HON2 avian influenza virus when tested in embryonated
eggs. The plant species reported by Shin et al. (2010) could be a promising candi-
date for drug development against the influenza viruses. Haidari et al. (2009)
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reported the anti-viral activity in pomegranate polyphenol extract (PPE) against
H3N2 influenza virus. Similarly, the catechins in the green tea have been reported
to possess anti-viral activity against influenza virus (Song et al. 2005).

In a recent study by Sood et al. (2012), the authors described anti-viral activity in
the crude extracts of leaves and bark of Eugenia jambolana Lam. against the highly
pathogenic avian influenza (HSN1) virus.

In nutshell, probably the nature has provided us the cure for most of the diseases
in our environment, and it is our duty to search for cure of those ailments. To that
end, natural products from the medicinal plant species should extensively be
searched for as to combat these life-threatening illnesses.

Acknowledgement The technical support provided by Tomy Kaitharath is deeply appreciated by
the authors.
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