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Curculigo orchioides rhizome extracts were evaluated for antibacterial activity against pathogenic
strains of Gram-positive (Staphylococcus aureus and Staphylococcus epidermidis) and Gram-negative
(Escherichia coli, Pseudomonas aeruginosa and Salmonella typhimurium) bacteria. Because the steam
distilled preparation was found to be the most active amongst the different extracts, its antibacterial
activity against the aforementioned strains was compared to the standard antibiotics gentamycin,
ampicillin, doxycycline and erythromycin. Only the clinical isolate of S. aureus showed more sensitivity
towards water extracts than the standard strain. Also, the steam distilled fraction was more effective
against Gram-positive strains than Gram-negative strains. Therefore, the steam distilled extract from C.
orchioides has a potential application as an antiseptic for the prevention and treatment of antibacterial
infections, and the present findings support its traditional local uses.
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INTRODUCTION

Curculigo orchioides Gaertn (Hypoxidiaceae) is popularly
known as black musali in India. The rhizome, as well as
the tuberous roots of the plant has been extensively used
in indigenous systems of medicine in India, Pakistan and
China for the treatment of various diseases, including
cancer, jaundice, asthma and diarthrosis wound healing
(Dhar et al., 1968). The juice extracted from the rhizome
has also been used as a tonic to overcome impotency
(Chopra, 1956). C. orchioides is a small geophilous, per-
ennial herb with long cylindrical rhizomes. The plant is
found from near sea level to 2300 m, especially in moist
laterite soil. The active compounds that have been report-
ed are flavones, glycosides, steroids, saponins, triterpe-
noids and other secondary metabolites (Misra et al,
1984; Misra et al., 1990; Xu et al., 1992). Therefore, the
plants have long since been deemed a valuable source of
natural products for maintaining human health. The use
of plant extracts and phytochemicals, both with known
antimicrobial properties, can be of great significance to
therapeutic treatments. Therefore, such plants should be
investigated to better understand their properties, safety
profiles and levels of efficiency against pathogenic micro-
bes.

*Corresponding author email: nageshinvitro@yahoo.co.in.

Gram-positive bacteria, such as Staphylococcus aureus,
are mainly responsible for postoperative wound infection,
toxic shock syndrome and food poisoning (Halcon and
Milkus, 2004). Gram-negative bacteria, such as Escheri-
chia coli, are present in the human intestine and cause
lower urinary tract infections, and septicemia (Ehrlich et
al., 2005). To the best of our knowledge, there are no
reports on antimicrobial activity of C. orchioides. Hence,
we report here the effect of various extracts of C. orchioi-
des on pathogenic strains of Gram-positive bacteria (S.
aureus and Staphylococcus epidermidis) and Gram-
negative bacteria (E. coli, Pseudomonas aeruginosa and
Salmonella typhimurium) by zone inhibition assays. Their
effects were compared to various antibiotics, namely
gentamycin, ampicillin, doxycycline and erythromycin,
which have different mechanisms of action on bacteria.

MATERIALS AND METHODS
Plant extract

Fresh rhizomes of C. orchioides were collected from B.R. Hills,
Karnataka. The specimens were identified in the Department of
Botany Manasagangotri, University of Mysore, Mysore. The rhizo-
mes (200 g) were ground finely in a mortar and pestle with addition
of water, and were subjected to steam distillation (Paech and Tracy,
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Figure 1. Preparation of extracts

1995; Mandal et al., 2007). The steam distilled fraction (Fraction-I,
0.763 g) was collected and the residue was resuspended in water
and filtered. The filtrate was evaporated under a vacuum to produce
the water extract (Fraction-1V, 2.0 g). The residue was air-dried and
incubated overnight in chloroform (200 ml), filtered and re-extracted
twice with chloroform (2 x 100 ml). All chloroform extracts were then
combined and the solvent was evaporated to produce the chloro-
form extract (Fraction-Il, 1.0 g). The residue which remained after
chloroform extraction was then extracted with methanol to produce
the methanol extract (Fraction-1ll, 3.8 g) (Figure 1).

Bacterial strains

The Gram-positive (S. aureus SR ATCC 6571 and clinical isolate,
and S. epidermidis WHO-6) and Gram-negative (E. coli SR ATCC
10418 and clinical isolate, P. aeruginosa SR ATCC 10662 and
clinical isolate, and S. typhimurium laboratory strain) bacteria used
as test organisms were obtained from the Department of Microbio-
logy, University of Mysore. Bacteria were cultured in Nutrient broth
(Hi Media, Mumbai) at 37°C for 12 — 14 h and were maintained on
Nutrient agar slants (Hi Media, Mumbai) at 4°C.

Antibacterial assay

The extracts were dissolved in ethylene glycol, filter-sterilized (0.47
um diameter filters) and tested for antibacterial activity using the

disc diffusion method. 4 mm.+ discs were impregnated with 2 mg of
the sterile test material and placed onto the Nutrient agar surface,
spread with 0.1 ml of bacterial culture (ca. 3 x 10° cells/ml using
McFarland’s 1 as a standard). The plates were incubated at 37°C
for 12-14 h. Control discs contained ethylene glycol only. For com-
parison, the standard antibiotics gentamycin and ampicillin, which
inhibit bacterial cell wall biosynthesis, and doxycycline and erythro-
mycin, which inhibit bacterial protein synthesis, were included in the
assay. The experiments were carried out in triplicate. The results
(mean value n = 3) were recorded by measuring the zone of growth
inhibition around the discs. Statistical analysis was carried out using
Student’s ttest. (Chopade et al., 2008).

RESULTS

The antibacterial spectra showing the zones of inhibition
in millimeters and as percentages (calculated using gen-
tamicin as a positive control with 100% inhibition) for
Gram-positive and Gram-negative bacteria are shown in
Tables 1 and 2, respectively. Various extracts (Figure 1),
such as the steam distilled (Fraction-l, essential oil),
chloroform (Fraction-Il), methanol (Fraction-Ill) and water
(Fraction-IV) fractions, were tested for antibacterial
activity in in vitro systems. All of the fractions were tested
against the Gram-positive strains. For the S. aureus
reference and clinical strains, both Fractions | and IV
were active although to different extents. In the case of S.
epidermidis, all four fractions were active, albeit to
differing extents. In the S. aureus clinical isolate, Frac-
tion-IV was also active, although Fraction-1 showed more
activity than standard antibiotics (Table 1). Among Gram-
negative bacteria, Fraction-l displayed moderate activity
against E. coli (Cl) and S. typhimurium (laboratory strain),
while all other extracts were inactive. Therefore, the mini-
mum inhibitory concentration (MIC) was studied for
Fraction-I only, and the results were compared with stan-
dard antibiotics (Tables 3 and 4). It was observed that
dilution gradually altered the activity of Fraction-I in Gram
- positive bacteria to 86 and 69% against S. aureus (SR)
at 1/10 and 1/100 dilutions, respectively; however, S.
aureus (Cl) did not show a significant change (92%) at
1/10 dilution, although activity decreased to 73% at 1/100
dilution. In S. epidermidis, activity decreased with the
1/10 and 1/100 dilutions to 87 and 84%, respectively
(Table 3). The Gram-negative bacteria E. coli (SR), P.
aeruginosa (SR) and S. typhimurium (laboratory strain)
showed decreases in activity with dilution. S. typhimurium
showed no activity below the concentration of 200 pg/disc
(1/10 dilution). The activities of Fraction-I against E. coli
(SR) and P. aeruginosa (Cl) were not affected at the 1/10
dilution (Table 4). Furthermore, the steam distilled frac-
tion (Fraction-1) was more effective against Gram-positive
compared to Gram-negative strains. S. aureus (Cl) and
S. epidermidis showed 175 and 86% inhibition, respec-
tively, compared to Gram-negative strains of E. coli (Cl),
P. aeruginosa (Cl) and S. typhimurium which showed
inhibitions of 40, 29 and 55%, respectively.

However, no significant activity (P> 0.1) was shown in
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Table 1. Zone of inhibition for various extracts from C. orchioides compared to reference drugs: activity against Gram-positive bacteria.

Microorgainsm Staphylococcus aureus SR Staphylococcus aureus CI Staphylococcus epidermidis
Name of drug Zone of inhibition Zone of inhibition Zone of inhibition
In mm Mean As percentage | InmmMean As percentage | In mm Mean As percentage

Gentamycin 30mcg 28.33+1.17 100 12.12+0.21 100 20.66+0.87 100
Amplicillin 10 mcg 26.14+0.67 91 4.00+0.00 00 8.13x0.12 21
Doxycycline 30mcg 27.00+0.71 95 8.16+1.81 50 18.71£0.17 88
Erythromycin Omcg 15.00+1.41 45 8.21x0.11 50 4.00+0.00 00
Fraction-1 13.66+0.77 37 18.66+0.12 175 18.33+0.87 86
Fraction-I| 4.00+0.00 00 4.00+0.00 00 8.66+0.32 34
Fraction-Ill 4.00+0.00 00 4.00+0.00 00 9.710.16 24
Fraction-IV 7.41£0.33 12 10.33+0.66 75 8.60+0.16 27
Ethylene glycol 4.00+0.00 00 4.00+0.00 00 4.00+0.00 00

SR: Standard reference, Cl: Clinical isolates.

Mean: Mean value of the diameter of inhibition zone with standard error. The diameter of paper disc used was 4 mm.

Table 2. Zone of inhibition for various extracts from C. orchioides compared to reference drugs: activity against Gram-negative bacteria.

Name of drug

Microorgainsm

E. coil SR E. coil C1 S. typhimurium P. aeruginosa SR P. aeruginosa C1
Zone of inhibition Zone of inhibition Zone of inhibition Zone of inhibition Zone of inhibition

Inmm As % In mm As % In mm As % In mm As % In mm As %

Mean Mean Mean Mean Mean

Gentamycin 30mcg 25+0.17 100 14.00+0.57 100 26.66+0.17 100 | 27.33%0.18 100 22.31+0.17 100
Amplicillin 10 mcg 17.0040.67 61 4.00+0.00 00 4.71+0.12 03 7.33+£0.12 14 4.00+0.00 00
Doxycycline 30mcg 21.33+0.67 80 4.00+0.00 00 4.00+0.00 00 4.00+0.00 00 4.00+0.00 00
Erythromycin 10mcg 16.6610.87 57 4.00+0.00 00 4.00+0.00 00 4.00+0.00 00 4.00+0.00 00
Fraction-1 9.66+0.82 26 9.66+0.00 50 13.66+0.87 40 10.33+ 0.1 25 9.66+ 0.32 29
Fraction-I| 4.00£0.00 00 4.00+0.00 00 4.00+0.00 00 4.00+0.00 00 4.00+0.00 00
Fraction-1lI 4.00+0.00 00 4.00+0.00 00 4.00+0.00 00 4.00+0.00 00 4.00+0.00 00
Fraction-1V 9.00£0.67 23 7.33+0.66 30 5.60+0.16 04 8.001£067 17 8.17£0.33 24
Ethylene glycol 4.00+0.00 00 0.00+0.00 00 0.00+0.00 00 0.00+0.00 00 0.00+ 00 00

SR: Standard reference, Cl: Clinical isolates.
Mean: Mean value of the diameter of inhibition zone with standard error. The diameter of paper disc used was 4 mm.

standard reference strains of both Gram-positive and
Gram-negative bacteria. Fraction-l (essential oil), as
noticed by Dorman and Dean (2000), showed compa-
rable activity to the standard antibiotics. It showed high-
est inhibition in Gram-positive S. aureus (Cl, 246%) and
comparable activity in S. epidermidis (83%) compared to
the standard antibiotics ampicillin, doxycycline, erythro-
mycin and gentamicin (Table 1). In Gram-negative bac-
teria, all antibiotics were active and depending on the
antibiotic ranged between 57 - 80%, while Fraction-1 sho-
wed significant (P < 0.05) activity against E. coli (Cl,
38%) and S. typhimurium (laboratory strain, 35%) as
compared to gentamycin (Table 2). The present study
suggests that the essential oil fraction from Curculigo
orchioides possesses significant (P < 0.001) antibacterial
activity at very low concentrations (20 pg/disc) against
the pathogenic Gram-positive bacterium S. aureus (Cl).

DISCUSSION

The use of plants to treat diseases, including infectious
ones, has been extensively applied by people. Plant ext-
racts and phytochemicals, both with known antimicrobial
properties, can be of great significance in therapeutic
treatments. In the last few years, a number of studies
have been conducted in different countries to prove such
efficiency. Many plants have been used because of their
antimicrobial traits, which are due to compounds synthe-
sized in the secondary metabolism of the plant. These
products are known by their active substances, for exam-
ple, the phenolic compounds, as well as tannins. The
components with phenolic structures were highly active
against the microorganisms. Members of this class are
known to be either bactericidal or bacteriostatic agents
depending upon the concentration used (Rasooli et al.,
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Table 3. Minimum inhibitory concentration of fraction 1 (essential oil) on Gram-positive bacteria with generation as

standard reference.

Microorgainsm S. aureus SR S. aureus Cl S. epidermidis
Zone of inhibition Zone of inhibition Zone of inhibition
Name of drug In mm Mean As % In mm Mean As % In mm Mean As %
Genetamycin 30 mcg 27.33£0.74 100 10.67+0.22 100 20.33 £0.66 100
Fraction 14.13+0.12 43 17.13+£0.23 196 19-00£ 0.48 91
1/10 dilution of fraction-1 12.66+0.13 37 16.17+£0.23 192 17.13+0. 48 80
1/100 dilution of fraction-I 11.13+£0.13 30 13.66+0.13 144 16.67+0.33 77
Ethylene glycol 4.00+0.00 00 4.00+ 0.00 00 4. 00+ 0.00 00

SR: Standard reference, Cl: Clinical isolates. Mean: Mean value of the diameter of inhibition zone with standard

error. The diameter of paper disc used was 4 mm.

Table 4. Minimum inhibitory concentration of fraction 1 (essential oil) on Gram-negative bacteria with generation as standard reference.

Name of drug Microorgainsm
E. coil SR E. coil C1 S. typhimurium P. aeruginosa SR P. aeruginosa C1
Zone of inhibition Zone of inhibition Zone of inhibition Zone of inhibition Zone of inhibition
In mm As % In mm As % Inmm As % Inmm As % In mm As %
Mean Mean Mean Mean Mean
Gentamycin 30 25.3340.32 100 14.33+£0.12 100 25.10£0.19 100 25.66+0.17 100 | 22.33+0.66 100
mcg
Fraction -1 12.331£0.40 38 10.13£0.32 59 12.67£0.14 41 11.00£ 0.58 32 9.0£0.57 27
1/10 dilution of 9.71+£0.13 23 9.00 £0.13 48 10.59 +£0.03 31 9.66+ 0.33 26 10.33+0.32 35
fraction-1
1/100 dilution of | 8.00 £ 0.51 19 8.66+ 0.34 40 4.00+0.00 00 8.00+0.00 18 8.33+0.32 22
fraction-1
Ethylene glycol 4.00+0.00 00 4.00+ 0.00 00 4.00+ 0.00 00 4.00+0.00 00 4.00+0.00 00

2002). The antimicrobial activity of the rhizome may be
due to presence of phenolic active compounds in C.
orchioides (Xu et al., 1992). Furthermore, the steam-
distilled fraction (Fraction-I) was more effective against
Gram-positive and Gram-negative strains than other
fractions. The reason may be that different solvents have
varying degrees of solubility for different phytoconsti-
tuents (Majorie, 1999). Nevertheless, the present study
suggests that the essential oil fraction from Curculigo
orchioides possesses significant (P < 0.001) antibacterial
activity at very low concentrations (20 pg/disc) against
the pathogenic Gram-positive S. aureus (Cl) bacteria.
The results obtained might be considered for further stu-
dies aimed at isolating and identifying single active com-
pounds within this fraction.

The demonstration of antimicrobial activity against both
Gram-negative and Gram-positive bacteria is an indica-
tion that the plant is a potential source for production of
drugs with a broad spectrum of activity. The results of the
study also support the traditional application of the plant
and suggest the plant extracts possess compounds with
antibacterial properties that can be used as antimicrobial
agents. Further pharmacological evaluations, toxicologi-

cal studies and possible isolation of the therapeutic anti-
bacterial from this plant are the future challenges.
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