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Abstract

Recurring epidemics of drug resistant bacter-
ial diseases such as those caused by mycobac-
teria (tuberculosis and non-tuberculous infec-
tions), staphylococci (methicillin-resistant
Staphylococcus aureus or MRSA infections)
and various Gram-negative enterobacteria
(enterobacterial infections) have reinforced
the need to search for alternative antimicro-
bials. In this context, we investigated the anti-
bacterial potential of nine different natural
products and compared them with the antibi-
otic controls, using three test bacterial
species, representing the Gram-negative
(Escherichia coli), Gram-positive (Staphylo-
coccus  epidermidis), and  Acid-fast
(Mycobacterium smegmatis) pathogen groups.
Six of the nine products showed detectable but
variable zones of inhibition (mm?2). The anti-
bacterial activity (mm2 per 100 mg) of the
extracts from the four solid natural products
was in the following order for all three
pathogen groups: Mint (Mentha arvensis) leaf
extract, 264-930>Mushroom (Agaricus bis-
porus) cap extract, 112-241>Turmeric
(Curcuma longa) root extract, 4-10>Ginger
(Zingiber officinale) root extract, 3-9. For the
liquid products, the activity measured on 100
uL aliquots was in the following order:
Eucalyptus (Eucalyptus globules) oil, 264-
1044>Mustard (Brassica campestris L. var.
brown sarson) oil, 45-96. Taken together,
these results indicated the highest activity in
Mint extract and Eucalyptus oil against all
three test organisms. However, the individual
test strains showed the following variable
order of susceptibility: Mint extract (M. smeg-
matis>E. coli>S. epidermidis); Eucalyptus oil
(M. smegmatis>S. epidermidis>E. coli). Based
on these results it can be concluded that Mint
leaves and Eucalyptus oil have an unusually
broad spectrum activity and may, therefore, be
promising sources of new broad spectrum
antimicrobials.
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Introduction

Since the discovery of the first antibiotic, peni-
cillin, in 1929, antibiotics have revolutionized
modern medicine. However, in the past few
decades, there have been increasing global
incidences of microbial infections showing
resistance to the existing antimicrobial
agents.1.2 The ensuing challenges in the treat-
ment of infectious diseases caused by the drug
resistant and emerging pathogens have inten-
sified in the 21st century.34 This phenomenon
is of great concern and has global public health
significance. Our ability to effectively combat
resistant and emerging pathogenic strains is
dependent on the development of novel antimi-
crobials. This emphasizes the continuing need
for discovering new antimicrobials. In this con-
text, as a part of the latest Public Health Action
Plan To Combat Antimicrobial Resistance, an
Interagency Task Force on Antimicrobial
Resistance (co-chaired by the United States
federal agencies CDC, FDA, NIH) has present-
ed a proposal to support development of novel
broad spectrum antimicrobials (httpz/www.cdc.
gov/drugresistance/pdf/2010/Interagency-
Action-Plan-PreClearance-03-2011.pdf).

For centuries, ancient human civilizations and
peoples of various continents have been using
natural plant-derived products to heal various
ailments, including infections.510 In certain
Asian and African countries such as India, use
of medicinal plants or their derived products
still forms a significant part of current medical
treatment and practice following traditional
medicinal systems, such as the Ayurveda in the
Indian subcontinent.!! An estimated 80% of the
population in developed nations use medica-
tions that are based on components originally
derived from medicinal plants.l2 A number of
traditional medicinal plants have been used for
their multifaceted therapeutic properties,
including anti-infective effects.!3-19 Therefore,
one viable alternative could be to identify spe-
cific promising natural products that could
serve as sources of new broad spectrum
antimicrobials. Such antimicrobials could be
harnessed to design new antibiotics,20.21 bioac-
tive supplements to antibiotics,22 or for use as
disinfectants or preservatives for preventing
the spread of resistant microbial strains.
Globally, the bacterial pathogens are responsi-
ble for the majority of the infectious diseases
such as tuberculosis, enteric diseases, and sep-
tic infections. The causative bacterial
pathogens for these diseases fall into one or
more of the three groups based on their cell wall
staining characteristics (http/Aisualsunlimit-
ed.photoshelter.com/image/10000yfHHFqEytal):
Gram-positive, Gram-negative, and Acid-fast
bacteria. Specific antibiotics are -effective
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against specific bacterial groups with some
exceptions that are designed to possess broad
spectrum antimicrobial activity. Novel broad
spectrum antimicrobials could be the choice for
the 21st century to combat emerging strains and
mixed infections. In light of this, the current
study was aimed at investigating the potential
of selected natural products as sources of such
broad spectrum antimicrobials. In this study,
the selection of the test natural products was
motivated by their reported historical use for
various ailments in traditional Indian medicine
(Table 1).

Extracts from nine natural products were test-
ed against the three bacterial types (Gram-
positive, Gram-negative, and Acid-fast) using
model test species representing the three cat-
egories of pathogenic bacteria commonly
associated with infectious diseases. To our
knowledge, such a broad spectrum antimicro-
bial activity of these selected products, partic-
ularly against mycobacteria, has not been
reported.
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Materials and Methods

Natural products and their ethyl
acetate extracts

A total of 9 natural products comprising 8
plant-derived products and one dairy product
Indian yogurt were investigated. The scientific
and common names of the products along with
their traditional medicinal use are listed in
Table 1. The plant-derived natural products
were obtained from the local Indian American
(Bombay Grocers, Cincinnati, OH, USA) and
International (Jungle Jims, Cincinnati, OH,
USA) grocery stores and included four prod-
ucts in liquid form (oil or aqueous
extract/juice) and four as solids; the latter
were converted into liquid organic extracts. All
products except the mushroom caps and the
Indian yogurt were imported products from
India. Among the oils used in this study,
Eucalyptus oil is an essential oil obtained by
steam distillation of leaves and twigs of the
source plant species. Mustard oil and Neem oil
are fixed oils obtained by expression of the
crushed seeds of the source plant species fol-
lowed by clarification. The following amounts
(range 2.5-200 g) of the individual natural
products in solid form, decided depending on
the bulkiness and/or dry versus wet status of

the product, were used for extraction: Ginger
root powder 50 g dry weight (dw), Turmeric
root powder 50 g (dw), dried Mint leaves 2.5 g
(dw), fresh Mushroom caps 200 g wet weight.
Mint leaves and Mushroom caps were shred-
ded using a mechanical grinder/mixer (The
Black and Decker Corporation, Towson,
Maryland, USA) before extraction. Ethyl
acetate was used as the extraction solvent con-
sidering its known broad potential for recover-
ing organic components from complex matri-
ces such as the plant natural products. Each
product was extracted with an appropriate vol-
ume of ethyl acetate sufficient to submerge
the product and the process was repeated three
times. The triplicate extracts were separated
by filtration using Whatman paper 40, and
dried under low vacuum in a rotary evaporator
until completely dry. The dried residue was
recovered using a minimum amount of the
same solvent, transferred to a 2 mL glass vial
and evaporated under nitrogen gas to complete
drying. The dried extract residue was weighed
to estimate the recovery and re-dissolved in a
defined amount (1 mL) of the same solvent.
The final concentration in the suspension was
calculated (Table 2). This mother suspension
was filter sterilized using 045 um sterile
Nalgene syringe filter units (Fisher Scientific,
Pittsburgh, PA 15275, USA) and used as the

Table 1. List of natural products used in the study.

Adrak
Haldi

Ginger
Turmeric

Zingiber officinale
Curcuma longa

Root
Root

Zingiberaceae
Zingiberaceae

Article

test suspension in the antibacterial activity
assays. The original preparations (4 oz size
each) of the liquid natural products, namely
Neem oil, Mustard oil, Eucalyptus oil, Basil
juice and Indian yogurt-liquid part (home-
made) were used directly in the assay without
further concentration or dilution.

Bacterial strains and culture
conditions

The test bacterial species/strains, namely E.
coli DH5 (ATCC 53868), Staphylococcus epider-
midis  Fussel (ATCC  14990), and
Mycobacterium smegmatis mc(2)155 (ATCC
700084) were used as surrogates of the three
bacterial staining groups: Gram-negative,
Gram-positive, and Acid-fast bacteria, respec-
tively. All strains were obtained from American
Type Culture Collection (ATCC), Manassas,
VA, USA. The strains were routinely main-
tained by subculturing on agar media plates
using trypticase soy agar (BD Difco™, Becton
Dickinson & Co., Spaks MD, USA) for E. coli
and S. epidermidis and Middlebrook 7TH1( agar
with OADC enrichment (BD Difco™, Becton &
Dickinson Co., Spaks MD, USA) for M. smeg-
matis. Master stocks for long-term frozen stor-
age (-80°C) were prepared using the respec-
tive broth media supplemented with glycerol
(15% final concentration).

Treat diarrhea, colic infections, nausea, arthritis

Indigestion, ulcerative colitis, osteoarthritis,
atherosclerosis in some animals

Mint Pudina

Mushroom Mushroom

Mentha arvensis

Agaricus bisporus

Lamiaceae Leaf

Agaricaceae Cap of mushroom

Treat stomach ache and other digestive disorders,
chest pain, teeth whitening, diuretic

Cholesterol regulation, some species possess
antifungal, antibacterial, antiviral, or antimicrobial
properties as a defense mechanism

Neem oil Neem

Mustard oil Sarson

Azadirachta indica

Brassica

Meliaceae Seed

Brassicaceae Seed

campestris L. var.
brown sarson

Treat various skin disorders (i.e. leprosy, skin ulcers,
chicken pox, acne), pest repellant

Treat skin disorders, Internal congestion,
sore-throat, pneumonia

Eucalyptus oil Nilgiri

Basil juice Tulsi

Eucalyptus globules

Ocimum sanctum

Myrtaceae Leaf/twig

Lamiaceae Leaf

Treat diabetes, coughs and the common cold,
congestion, bronchitis, bad breath; can be used
to revive someone who has fainted;

insect repellant

Used to clear the bronchial tube, treatment for
fever and the common cold, coughs, sore throat,
respiratory disorder, kidney stones, heart
disorder, diarrhea, stress, mouth infections, skin
disorders, teeth disorders, insect bites,
headaches, eye disorders

Indian yogurt Dahi

- Liquid part
of the yogurt

Strengthens immune system and digestive
health, adequate consumption can minimize
bladder and vaginal infections in women, remedy
for yeast infections
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Preparation of inocula

The three test strains were freshly cultured in
their respective broth media at 37°C using 200
rpm until mid-log phase to obtain 120 reading
on the Klett-Summerson photometer. A work-
ing stock of the cell suspension (1x107 colony
forming units/mL) was prepared by centrifuga-
tion (10,000xg for 15 min) and resuspension
in 1xPBS (0.01 M), pH 7.4 (Sigma, St. Louis,
MO, USA). The cells were monodispersed by
repeated passaging through 26 Gauge BD
syringe needle (Becton Dickinson & Co.,
Franklin Lakes, NJ, USA), and the cell suspen-
sions stored at 4°C till use. The cell viability of
the working stock was verified based on stan-
dard plate count method using the respective
agar media.

Antibacterial activity assay

Antibacterial activity of the products/extracts
was measured in terms of zone of inhibition of
growth in an agar well diffusion assay using
each of the three test bacterial species: E. coli,
S. epidermidis, and M. smegmatis. A negative
control (saline for the liquids and ethyl acetate
for the extracts) and a positive control (an
appropriate antibiotic) were used for compari-
son. The antibiotics effective against the test
species were obtained from Sigma and used as
the following working stocks: amikacin (5
ug/mL) for E. coli, cefoxitin (5 ug/mL) for S.
epidermidis, and doxycycline (1 ug/mL) for M.
smegmatis. Agar plates for the assay were pre-
pared using the appropriate agar medium,
namely trypticase soy agar for E. coli and S.
epidermidis; Middlebrook 7TH10 agar (MBA) for
M. smegmatis, reconstituted according to the
manufacturer’s instructions. A defined amount
of the cell suspension (100 uL of the 1x107
CFU/mL working stock) of E. coli, S. epider-
midis, or M. smegmatis was spread on the
assay plates using sterile cell spreaders.
Uniform defined size wells (8§ mm) were made
in the agar plates. An aliquot (100 uL) of the
extract or liquid product or the antibiotic stock

solution was placed in the test well, filling it to
two-thirds of its capacity. The actual mg
amounts per 100 uL volume of the natural
product extracts are shown in Table 2. The
final antibiotic amounts used in the positive
control wells were amikacin 0.5 ug (E. coli),
cefoxitin 0.5 ug (S. epidermidis) and doxycy-
cline 0.1 ug (M. smegmatis). The negative con-
trol used was either ethyl acetate (assay plates
for solid product extracts) or saline (assay
plates for liquid products). The plates were
incubated at 37°C for 24 h (or 48 h for M. smeg-
matis). The assay was repeated three times for
each bacterial species using all 9 products/
extracts and the two controls.

Calculations

For calculating the net area of the zone of
clearance, the following measurements were
taken: well diameter in millimeter (mm); total
diameter of the zone of clearance (including
the well) in mm. These diameters were con-
verted first into radii and then into areas using
the formula: area=3.14xr? where r is the
radius of the zone (r=half of the diameter).
The net area of the zone of clearance was cal-
culated by subtracting the area of the well from
the total area.

Results and Discussion

The antimicrobial activity measured as area of
zone of inhibition varied with the natural prod-
uct and with the test bacterial species (Figure 1;
Table 2). The results showed that Eucalyptus
and Mint can inhibit species of all three bacter-
ial groups (Gram-positive, Gram-negative, and
Acid-fast). The test bacterial types showed the
following order of susceptibility to Eucalyptus
oil (M. smegmatis>S. epidermidis>E. coli); the
order differed for the Mint extract (M. smegma-
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tis>E. coli>S. epidermidis). This collectively
implied that these products possess a broad
spectrum antimicrobial property. A similar phe-
nomenon was observed for Mushroom,
Turmeric, and Ginger, albeit to a lower extent.
Mustard oil, however, showed differential anti-
bacterial activity, with no detectable clearance
zone against M. smegmatis. Basil juice, Neem
oil and Yogurt liquid showed no detectable activ-
ity in the tested preparations (Figure 2).
Quantitatively, the order of the activity of the
products, assessed on equal volumes of the test
liquid/suspension (100 uL each), was as follows:
Eucalyptus oil<or>Mint leaf extract>Mustard
seed oil>Ginger root extract=Turmeric root
extract=Mushroom cap extract (Figure 1).
However, when compared in terms of unit mass
of the test extracts (per mg of the extract/moth-
er suspension), the four solid product extracts
showed the activity against all three test strains
in the following order: Mint leaf extract>
Mushroom cap extract>Turmeric root extract>
Ginger root extract (Table 2). Collectively, these
results showed that Eucalyptus oil and Mint
extract possess the highest activities (Figure 1,
Table 2) against all three test strains, albeit to a
varying extent.

The assay also allowed quantitative compari-
son of the antibacterial activity of some of the
crude extracts (extracts with known mg con-
centrations) with those of the respective pure
test antibiotic controls (Table 2; Figure 1). For
instance, Mint extract (10 mg) had approxi-
mately 3.5-fold activity against M. smegmatis
as compared to 100 ng of doxycycline, 2.7-fold
activity against S. epidermidis compared to 500
ng cefoxitin and 5.2-fold activity against £. coli
compared to 500 ng of amikacin. The other
solid products at their test concentrations
showed relatively lower activity than the
antibiotic controls.

There have been past reports in the literature
documenting the medicinal properties of the
tested products or their source plants, including
antimicrobial effects. For example, Eucalyptus
is used by traditional medical practitioners in

Table 2. Concentrations of the natural product extracts (mother suspensions) and their relative antibacterial activity per unit mass.

Mint leaves (dry) 2.5 0.10 1 100 100 10 62.5 264 93.0
Ginger root powder 50 1.21 1 1210 100 121 0.37 0.28 0.86
Turmeric root powder 50 1.15 1 1150 100 115 0.44 0.49 0.97
Mushroom (wet) 200 0.04 1 40 100 4 11.19 12.65 24.10
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Africa to treat tuberculosis and related respira-
tory diseases. An inhalational therapy involving
Eucalyptus oil vapors is administered for these
ailments. However, according to a recent sur-
vey,16 no laboratory studies on its activity toward
the tuberculosis pathogen (Mycobacterium
tuberculosis) have been reported. In this con-
text, it is promising that the current study pro-
vides laboratory evidence of in vitro antimicro-
bial activity of Eucalyptus oil against a related
model Mycobacterium species. Likewise, other
natural products such as Mint, Ginger, Turmeric
and Mushroom have been in use in traditional
Asian medical practice and have been docu-
mented to have a range of therapeutic proper-
ties.%1517-19 Qur results provide the scientific
basis of the antimicrobial property of these
medicinal products and in particular identify
the specific broad spectrum antibacterial poten-
tial in these products. Lack of considerable anti-
bacterial activity of certain test products such as
Neem seed oil and Basil juice in this study may
be attributed to the nature or concentration of
the specific preparations used. In this context,
it has been well documented that the antimicro-
bial property of plant products depends on the
plant part used to obtain the product and the
method of extraction.14.23.24

The antimicrobial property of the plant products
is due to the presence of specific active chemi-
cal components. Such specific antimicrobial
chemicals are acquired by plants as a self
defense mechanism to combat microbial
attacks and infections in general. These same
plant chemicals could possess antimicrobial
activities against human pathogens. This
hypothesis may possibly explain the reported
broad spectrum activities of the tested natural
plant products such as Eucalyptus and Mint
toward the three major groups of human
pathogens. This study has some limitations. For
instance, future efforts may be needed to char-
acterize the toxicity aspects of these products.
Certain products may have possible toxic prop-
erties in their native form, particularly when
used at high concentrations. Nonetheless, such
possible adverse side effects of the otherwise
promising antimicrobial natural products may
be circumvented by identification and use of
specific active chemical components. This
aspect requires further investigation.

Conclusions

In conclusion, the tested natural products var-
ied in their antimicrobial activity against the
test bacterial agents as compared to antibi-
otics. In particular, the Eucalyptus oil and Mint
extract showed the highest levels of antimicro-
bial property against all three test bacterial
groups. Considering the fact that they showed
a broad spectrum antimicrobial activity, these
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Figure 1. Comparison of the antibacterial activity of various natural products/extracts
against. E. coli (blue bar). Staphylococcus epidermidis (green bar). Mycobacterium smeg-
matis (red bar). The activity was measured as area of zone of clearance (mm?) on the agar
diffusion assay plate as described under Materials and Methods section. The antibacteri-
al activity was compared using defined amounts of antibiotics as positive control and the
vehicle (saline or ethyl acetate) as a negative control. The following antibiotics were used
as the respective positive controls: 500 ng amikacin (E. coli), 500 ng cefoxitin (S. epider-
midis), and 100 ng doxycycline (M. smegmatis). The experiment was done in triplicate
(n=3). The results are plotted as means + standard errors; the corresponding values of the
areas of zones of clearance for individual test strains are indicated below the respective
products in the graph. N, Negative control (saline or solvent); B, Positive control (antibi-
otic); E, Eucalyptus oil; B, Basil juice; M, Mustard seed oil; Ne, Neem seed oi; Y, Yogurt
liquid; Mi, Mint leaf extract; G, Ginger root extract; T, Turmeric root extract; Mu,
Mushroom caps extract.

Figure 2. Zone of inhibition of the selected natural extracts toward the test organisms F.
coli, S. epidermidis, and M. smegmatis as compared to the positive (antibiotic) and nega-
tive (solvent) controls. The respective antibiotics used as positive control were amikacin 0.5
g (E. coli), cefoxitin 0.5 ug (S. epidermidis) and doxycycline 0.1 ug (M. smegmatis). Ethyl
acetate was used as the negative control. One hundred pL of the extract or the control was
used per well. Abbreviations: N=Negative control; P=Positive control (antibiotic); Mi, Mint
leaf extract; E, Eucalyptus oil; B, Basil juice; M,Mustard seed oil.
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products may be expected to possess a broad
species-independent mechanism to inhibit a
bacterial cell. This implies that these products
may find potential applications in providing
the antimicrobial leads active against the
resistant and polymicrobial infections, or in
disinfection or preservative applications in
clinical and veterinary practice. Future efforts
to identify the specific active chemical compo-
nents with the determination of safe levels for
biological use could lead to the development or
design of broad spectrum antimicrobials from
these promising natural products.
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