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ABSTRACT

Objectives: To investigate the antimicrobial and cytotoxic activities of crude methanol
extract of Curculigo pilosa (Schum and Thonn) Engl. (Hypoxidaceae) rhizomes and its
solvent soluble fractions and to analyze the most active fraction by Gas Chromatography
Mass Spectrometry (GC-MS) technique.
Place and Duration of Study: Department of Chemistry and Department of Microbiology,
School of Natural and Applied Sciences, Federal University of Technology, Minna, Nigeria
in June, 2012.
Methodology: Shade air-dried powder of Curculigo pilosa rhizomes was extracted with
methanol by Soxhlet extraction. Crude methanol extract of Curculigo pilosa root (CCPM)
and the solvent soluble fractions namely: n-hexane (CPH), chloroform (CPC), ethylacetate
(CPE), n-butanol (CPB) and residue (CPM) were obtained. Phytochemical constituents of
the most active fraction (methanol residue) of Curculigo pilosa rhizomes were determined
using GC-MS technique.
Results: The antimicrobial activity of some solvent fractions tested except n-hexane
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fraction appears to be promising with Minimum Inhibitory Concentration (MIC) ranging
from 0.09–6.25 mg/mL. However, ethyl acetate and n-butanol fractions showed
antibacterial activity against highest number of bacterial strains. The results revealed that
methanolic residue was more potent than derived fractions. Cytotoxicity assay results
indicated weak cytotoxic activity of the crude C. pilosa methanol root extract as displayed
by its LC50 (764.07μg/mL). The qualitative phytochemical evaluation indicates the
presence of chemical constituents such as flavonoids, terpenoid, saponins, tannins,
alkaloids, cardiac glycosides, steroid and anthraquinone. The quantitative analysis of its
metabolites depicts alkaloids (12.80±0.49), saponins (54.49±0.33), flavonoids
(44.88±0.36), tannins (69.49±0.65), phenols (50.40±0.34), oxalates (10.95±0.63),
cyanides (44.87±0.70) and phytate (15.00±0.05). The major phytocomponents identified
by GC-MS analysis in the combined fractions of C. pilosa methanolic residue indicated
that there were different types of high and low molecular weight compounds. In particular,
it revealed the presence of 3-eicosyne (8.98%), pentadecanoic acid (2.41%)
hexadecanoic acid (31.18%), octadecanoic acid (1.52%) 9-octadecenoic acid (24.42%),
linoleic acid ethyl ester(3.93%), androstan-3-one (5.90%), 1-phenanthrenenmethanol
(5.78%), 1,2-benzenedicarboxylic acid (4.59%), hexanedioc acid (13.38%), 8,11-
octadecadienoic acid (9.02%), nonadecane (3.52%), ethanol-2, 2-oxybis (20.75%),
propane-1-(1-methylethoxy) (8.05%) and 2, 6,10-dodecatriene-1-ol (5.14%).
Conclusion: In this study, some of the phytocompounds identified are biologically
important and may have contributed to the observed antimicrobial activity, hence their
therapeutic significance which may support the ethnomedicinal uses of C. pilosa in the
treatment of venereal diseases in humans.

Keywords: Curculigo pilosa; cytotoxicity; GC-MS analysis; brine lethality bioassay;
antimicrobial activity.

1. INTRODUCTION

Globally, plants are used medicinally and often are good sources of many potent and
powerful drugs to treat microbial infections [1,2]. About 25% of prescribed drugs in the world
originate from plants [3]. Nigerian biodiversity has been described as rich sources of
medicinal plants for indigenous uses and practices [4, 5] and it could be a potentially source
for innovative and sustainable solutions to drug discovery and development in modern
society [6,7]. Medicinal plants of genus Curculigo have emerged as a good source of the
traditional medicines. Some uses of these plants in the traditional medicines have been
validated by pharmacological investigation [8]. Curculigo pilosa is used in the management
and treatment of venereal diseases and candidiasis in humans in Nupe ethnomedicine.
Curculigo pilosa (Schum and Thonn) Engl. belongs to the family of Hypoxidaceae (Common
name: – Golden eye grass, African crocus); Local Nigerian names: – [Nupe – Echidungi;
Hausa – Baka, ekuaku, Dooyar kureegee; Yoruba – Epakun]. It is an herbaceous plant with
stout, erect vertical, cylindrical rhizomes bearing a cluster of grass-like leaves to 60 cm long
and yellowish solitary flower shoots to 20 cm at the end of the dry season [9]. Curculigo
pilosa is a plant that has up to 45 cm high with a vertical, cylindrical rhizome, 0.9-9.4 x 0.7-
1.8 cm as shown in Fig. 1, leaves pseudopetiolate, lanceolate to ovate, erect or reflexed,
5.0-26.0 mm broad. Leaf lamina plicate thinly pilose with whitish to yellowish hairs. Scape
terete, sparsely pilose, subterranean, 0.5-1.5 cm long. Flowers solitary, 1.2-2.5 cm in
diameter are as shown in Fig. 2. Perianth segments acute, 8.8-15.0 x 2.5-3.5 mm; Filaments
filiform, 1.84.0 mm long. Anthers 2.5-3.0 mm long.
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Fig. 1. Curculigo pilosa plant with flowers

.

Fig. 2. Rhizomes of Curculigo pilosa obtained from Edozhigi forest, Niger State,
Nigeria
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2. MATERIALS AND METHODS

2.1 Collection of Plant Samples

Fresh rhizomes of C. pilosa were collected based on ethnobotanical information from
Edozhigi forest along Bida-Wuya Road, Niger State, Nigeria. The sample was collected in
month of June, 2012. Plant was identified and authenticated by Dr. Jemilat A. Ibrahim, a
plant taxonomist at the National Institute of Pharmaceutical Research Development, Idu-
Abuja.

2.2 Preparation of Samples

The fresh rhizomes of C. pilosa collected from the forest were thoroughly washed with
distilled water, air-dried at room temperature under shade and prepared according to
methods described by Edeoga et al. [10]. It was then pulverized into uniform powder
manually. The sample was then sieved (40 mesh sizes), weighed, bottled, sealed, labeled
and kept for analysis.

2.3 Extract Preparation

The pulverized C. pilosa rhizome (300 g) was place in a thimble before it was placed inside a
soxhlet extractor and extracted with methanol (9500 mL) 48 h at 68ºC. Resulting solution
was then concentrated under reduced pressure 35ºC using a rotary evaporator (Büchi
Rotavapor, R-205; Quickfit, England) and evaporated to dryness under vacuum. The extract
was weighed and labeled as the crude methanol extract of C. pilosa (CCPM) and then used
to calculate percentage recovering.

2.4 Qualitative and Quantitative Analyses of the Crude Methanolic Extract of
C. pilosa

Standard methods for qualitative analysis were used to screen the crude methanol extract
for their phytoconstiteunts as described as follows: reducing sugar [11]; flavonoids [12];
cardiac glycosides, steroids, tannins, saponins and terpenoids [13]; steroidal nucleus [14];
and anthraquinones, alkaloids [12]. Standard methods were used for quantitative analysis of
tannins and saponins [15]; flavonoid [16]; alkaloids [17] and oxalate [14].

2.5 Partitioning of the Crude Methanolic Extract of C. pilosa

The crude methanol extract was partitioned into n–hexane, chloroform, ethylacetate and n–
butanol; the fractions were collected [18].

2.5.1 Activity of the solvent soluble fractions of C. pilosa

The antimicrobial activities of the various solvent soluble fractions of the crude methanolic
extract of the rhizomes of C. pilosa were carried out in Department of Microbiology, Federal
University of Technology Minna, Niger State.
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2.5.2 Media preparation and maintenance of bacteria

The organisms were maintained on nutrient agar plates at 4ºC in the refrigerator and were
revived for bioassay by sub culturing in fresh nutrient broth (Oxoid Ltd, Basingstoke,
Hampshire, England) for 24 h before being used.

2.5.3 Antimicrobial screening by agar well diffusion technique

The agar well diffusion method was employed for the screening of antimicrobial activities of
the soluble fractions [19-22]. In this method nutrient agar medium was prepared and poured
into sterile Petri dishes (90 mm diameter) and allowed to solidify and labeled properly. Sterile
cork borer (4 mm) was use; five holes will be bored on the surface of the agar medium
equidistant from one another. Various concentrations of the soluble fractions (200, 100, 50,
25 mg) were reconstituted in 5.0 ml of sterile distilled water and vortexes for homogeneity to
make final concentrations of 2,000, 1,000, 500 and 250µg/ml respectively. 0.5 ml of the
soluble fractions and control solution at different concentrations was each introduced into the
holes and allowed to fully diffuse at room temperature, after which was inoculated with the
bacterial culture. The plates will be incubated at 37ºC for 24 h. The extract and the control of
the radial growth were then observed after incubation. The resulting zones of inhibition were
being measured with a millimeter ruler, surrounding bacterial growth. For each bacterial
strain, methanol was use as negative control.

2.5.4 Determination of minimal inhibitory concentration (MIC)

The minimum inhibition concentration (MIC) values were studied for the bacterial strains
which were sensitive to the extract in disc diffusion assay. MIC values were determined
using micro-well dilution assay method [19-22]. A serial doubling two-fold dilution of either
extract was prepared in a micro liter tray over the range 10-0.075 mg/ml in 100 µl nutrient
broth. The broth was supplemented with ethanol absolute at a concentration of 0.5% in order
to enhance extract solubility. Overnight broth cultures of each strain were prepared from 18
h broth cultures and suspensions were adjusted to 0.5 McFarland standard turbidity. An
aliquot 100 µl of the inoculum was added to diluted extract. The final volume in each well
was 200 µl. The plate was covered with a sterile plate sealer. Positive and negative growth
controls were included in every test. The tray was incubated aerobically at 30°C according to
bacteria for 18-24 h. The MIC is defined as the lowest concentration of the extract at which
the microorganism tested does not demonstrate visible growth in the broth. Bacterial growth
was indicated by turbidity.

2.6 Brine Shrimps (Artemia salina L) Lethality Bioassay

Brine shrimp lethality bioassay was use to predict the presence of cytotoxic activity in the
extract [23,24]. Brine shrimp eggs were obtained from Prof M.O. Fatope, Department of
Chemistry, Sultan Qaboos University, Muscat, and Sultanate of Oman. They were hatched
in natural seawater obtained from the Bar Beach, Ikoyi, and Lagos, Nigeria and incubated for
48 h in 3.8 g/l seawater under light. The stock solution was prepared by dissolving 0.02 g
extract in 2 ml dimethyl sulphoxide (DMSO). 1.8 ml of the brine was added to 0.2 ml of the
stock to give 1000 ppm solution. One milliliter of each stock solution (50, 500, and 5000
μg/ml) was put into a test tube and made up to 5 ml with filtered sea water to give overall
concentrations of 10, 100 and 1000μg/ml (ppm). After hatching, the larvae of brine shrimp
nauplii were collected and they were used for the brine shrimps lethality test using the
method described by McLaughlin [25] with slight modification. Ten brine shrimp larvae were
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then placed in each of the test tubes. Ten nauplii were drawn into each vial using Pasteur
pipettes and placed in a test tube containing 4.0 ml of brine solution and 0.5 ml of plant
extract concentration and made up to 5 ml with brine solution. They were not given food
because the hatched brine shrimp can survive up to 48 h without food [26], as they still feed
on their yolk during this period [27]. The control vials containing 5 ml of brine solution with
two drops of DMSO and ten nauplii and all experiments were done in triplicates. After 24 h of
incubation at room temperature under light, the content of each vial was then examined, the
number of surviving larvae counted using a magnifying lens and recorded and the
percentage of death calculated. Larvae were considered dead if they did not exhibit any form
of movement during several seconds of observation. Extracts are regarded as nontoxic if its
LC50 is greater 100μgmL-1 in brine shrimp lethality assay [25]. The mortality percentage and
LC50 (lethal concentration for 50% of the population) were determined using statistical
analysis and the graph of Logarithm of concentration against percentage lethality [28].

2.7 Data Analysis

The percentage lethality of the extracts and fractions on brine shrimps was calculated from
the mean of larvae that survived in the treated tubes and controls. The numbers of dead
nauplii was divided by initial number of nauplii (10) and multiply by 100. Finney’s probit
analysis [29] was used to determine 50% lethal concentration (LC50 value) at 95%
confidence interval as the measure of toxicity of the plant extract.

2.8 Column Chromatographic Fractionation

The silica gel was first activated in the oven for 2 h at 105ºC. The Pasteur pipette was setup
in such a way that it is straight and supported with a clamp. A small amount of glass wool
was put into the base of the pipette using a clean wire to tamp it down lightly to prevent any
of the fine particles from going through. 200 ml of n-hexane were used to slurry of silica gel
(100 g) which was then pour from the Pasteur pipette. The solvent flows slowly down the
column. 1 g of the extract was re-dissolved in small amount of methanol (10 ml) and 20 g of
activated silica gel was added. The mixture was swirl until the solvent evaporates and only a
dry powder remains. The dry powders (silica gel and sample) were place on a folded piece
of weighing paper and transfer it to the top of the prepared column. A fresh eluting solvent
mixture was added to the top of the column increasing the polarity of the solvent mixture.
Equal sized fractions were collected sequentially into vials and carefully labelled for thin
layer chromatography analysis [30]. The bioactive MeOH fraction (1.0 g) previously
embedded in silica gel was then mounted and  fractionated by column chromatography (8
mm x 10 Cm) on silica gel (70-230 mesh, Merck, Darmstadt, Germany) and successively
eluted using n-hexane: EtOAc (95: 1→ 0: 100, v/v); EtOAc: MeOH (95: 1→ 0: 100, v/v) in a
stepwise solvent system [30]. The fractions were pooled into 3 combined fractions (F10-F32);
(F33-F48) and (F49-F64) based on their TLC Profiles were used for GC-MS analysis.

2.9 GC/MS Analysis of the Combined Fractions

GC-MS analysis was carried out on a Shimadzu (Kyoto, Japan) GC-MS model QP 2010 at
National Research Institute for Chemical Technology, Zaria, according to the EN 14103
standard method [31,32]. The GC column oven temperature (70ºC), injecting temperature
(250ºC), flow control mode (linear velocity), total flow (40.8 ml/min) column flow (1.80
ml/min), pressure (116.9 kpa), linear velocity (49.2 cm/sec) and purge flow (3.0 ml/min) were
employed for this analysis. A sample volume of 8.0 µL was injected using split mode (split
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ratio of 20.0). The peak area, that is, the % amount of every component was calculated by
comparing its average peak area to the total areas. Software was used to handle mass
spectra and chromatogram. Interpretation of mass spectrum GC-MS was conducted by
comparing the database peaks of National Institute Standard and technology (NIST) library
with those reported in literature, the mass spectra of the peaks with literature data [33]. The
spectrum of the unknown component was compared with the spectrum of the known
components stored in the NIST library. Component relative percentages were calculated
based on GC peak areas without using correction factors. The Name, Molecular weight and
structure of the components of the test materials were ascertained.

3. RESULTS

3.1 Quantitative Analysis of Crude Methanolic Extract of Curculigo pilosa

The results of the quantitative analysis of the crude methanolic extract of Curculigo pilosa
(Table 1) shows that the plant contained some metabolites.

3.2 Partitioning of the Crude Methanolic Extract of Curculigo pilosa into
Solvent Soluble Fractions

Crude methanol extract was partitioned into different solvent soluble fractions starting with a
least polar solvent, n-hexane; all the soluble compounds were dissolved into different solvent
based on the polarity (Table 2).

Table 1. Quantitative analysis of crude methanolic extract of Curculigo pilosa

Phytoconstituents Result (mg/100g dry wt.)
Alkaloids 12.80±0.49
Saponins 54.49±0.33
Flavonoids 44.88±0.36
Tannins 69.49±0.65
Phenols 50.40±0.34
Oxalates
Cyanides

10.95 ±0.63
44.87±0.70

Phytate 15.00± 0.05
Analyses were mean of three replicates ± standard deviations

Table 2. Percentage yield of the partitioned solvent soluble fractions of Curculigo
pilosa

Solvent soluble fraction Percentage yield
n-Hexane soluble fraction 4.72
Chloroform soluble fraction 17.04
Ethylacetate soluble fraction 20.97
n-Butanol soluble fraction 25.63
Residue 29.38
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Table 3. Antimicrobial activity of C. pilosa extract (mm)

Extracts Escherichia coli Staphylococcus aureus Pathogens Streptococcus feacalis Salmonella typhii Candida albicans
250 500 1000 2000 250 500 1000 2000 250 500 1000 2000 250 500 1000 2000 250 500 1000 2000

CPH _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
CPC _ _ 4 4 _ _ _ 4 _ _ _ _ _ _ _ 4 _ _ _ 3
CPE _ _ 5 5 _ _ 2 6 _ _ 7 11 _ _ _ _ _ 5 10 15
CPB _ _ 8 11 _ 5 9 10 _ _ 6 12 _ _ 4 9 5 8 17 21
CPM
CLO

_ 3 10 13 _ 8 10 13 _ _ 5 12 _ _ 6 11 7 11 19 25
30

CIP 28
Key: CPH = n-Hexane fraction, CPC = Chloroform fraction, CPE = Ethyl acetate fraction, CPB = n Butanol fraction, CPM = Methanolic residue, CLO = Clotrimazole, CIP = Ciprofloxacin
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3.3 Antimicrobial Activity of C. pilosa Extract

The solvent soluble fractions were tested for their antimicrobial activity. The bacterial
properties are expressed in millimeter (mm) zones of inhibit of ion against some pathogens as
showed in (Table 3 above). The present investigation proved that residue showed more
activity against all tested pathogens with maximum activity (25 mm) against Candida albicans.
The present investigation proved that, the residue portion of the plant extract showed activity
against all tested pathogens with maximum activity (25 mm) against Candida albicans as
shown in (Table 3). The ethyl acetate  extract of C. pilosa showed highest activity against
Candida albinca (15 mm) followed by Staphylococcus faecalis (11 mm), with Staphylococcus
aureus (6 mm) and E. coli (5 mm). Generally the activity of the ethyl acetate soluble portion
was not active at lower concentration of the extracts. The fraction does not show any activity
against Salmonella typhi. The result from this investigation has showed that the methanol
soluble portion extract was more active against the isolates compared to the other extracts.

3.4 Cytotoxic Activity of C. pilosa Extract

The (Table 4) shows the result of Brine shrimp lethality bioassay of crude methanolic extract
after 48 h which revealed that the C. pilosa root exhibit weak cytotoxic activity against brine
shrimp nauplii (larvae) with LD50 (50% mortality) value found to be 764.07, 602.62 and
664.23ppm respectively. The 90% mortality (LD90) calculated for the crude extract was
2682.57, 3335.89 and 2141.02ppm respectively.

Table 4. Cytotoxicity of the crude methanolic extract of C. pilosa

Concentration % Mortality
1000ppm
1 50
2 60
3 50
500ppm
1 20
2 30
3 40
100ppm
1 20
2 20
3 10
10ppm
1 0
2 0
3 0

3.5 Column Chromatographic Fractionation of the Methanolic Residue of the
Rhizomes of C. pilosa

Based on the most significant antimicrobial activity results obtained for the C. pilosa
methanolic residue, it was then fractionated using column chromatography to give three
combined fractions namely: (F10-F32), (F33-F48) and (F49-F64) which were analysed using GC-
MS spectrometer (Tables 5-7). The constituents identified in the present study belong to the
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class of saturated and unsaturated fatty acids and to the categories of aliphatic acid esters,
fatty esters, aldehydes, aliphatic hydrocarbons and the terpenes family.

Table 5. Analytical parameters deduced from GC-MS spectrum first combined fractions
(F10-F32) of C. pilosa rhizomes

Line
No.

IUPAC Name Molecular
formula

Molar
mass

R.T Area
%

Fragmentation peaks

1 3-Eicosyne C20H38 278 17.467 8.98 (43), 95, 109, 123
2 Pentadecanoic acid C17H34O2 270 19.207 2.41 57, (74), 87,101, 115,

129, 143
3 Hexadecanoic acid C16H32O2 256 20.640 31.18 (75), 115 129, 143,

157,171, 185, 213
5 Octadecanoic acid C19H38O2 298 22.760 1.52 43, 57, 74, (87), 171,

185, 199, 213, 241,
255

6 9-Octadecenoic acid C18H34O2 282 23.472 24.42 41, 55, (69), 83, 97
7 7 Linoleic acid ethyl ester C20H36O2 308 24.524 3.93 41, (67), 81, 95, 263
8 Androstan-3-one C19H30O3 306 25.854 5.90 41, 55, 69, (83), 97,

111, 125, 273, 288
9 1-Phenanthrenenmethanol C20H30O 286 26.382 5.78 157, (253), 271
10 1, 2-Benzenedicarboxylic

acid
C24H38O4 390 27.235 4.59 70, 112, (149), 261

Key: () is the base peak

Table 6. Analytical parameters deduced from GC-MS spectrum second combined
fractions (F33-F48) of C. pilosa rhizomes

Line
No.

IUPAC Name Molecular
Formula

Molar
Mass

R.T Area
%

Fragmentation Peaks

1 Nonadecane C19H40 268 18.467 3.52 43, (57), 71, 85, 99
4 8, 11-Octadecaienoic

acid
C19H34O2 294 22.402 9.02 67, 81, 95, 109, 262

5 Hexanedioic acid C22H42O4 370 26.069 13.38 57, (129), 241, 327,
341

Key: () is the base peak

Table 7. Analytical parameters deduced from GC-MS spectrum third combined
fractions (F49-F64) of C. pilosa rhizomes

Line
No.

IUPAC Name Molecular
Formula

Molar
Mass

R.T Area
%

Fragmentation
Peaks

1 Ethanol-2,2oxybis C19H40 106 5.265 20.75 (45), 75
2 Propane-1-(1-

methylethoxyl)
C6H14O 102 7.384 8.05 (43), 87

5 2, 6, 10-dodecatriene-1-ol C15H26O 222 15.750 5.14 (69), 81
Key: () is the base peak

4. DISCUSSION

4.1 Phytochemical Screening of C. pilosa Extract

The present finding is in conformity with the result of the analysis of Gbadamosi and
Egunyomi [34] who reported the presence of saponins, tannins, alkaloids and a trace of
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anthraquinone in the same plant. Some researchers have also reported the presence of these
components in different families of medicinal plants to possess biological activities [35]. Some
of these compounds have been associated to antibacterial activities and thus have curative
properties against pathogenic microbes [36,37]. The presence of these secondary metabolites
in plant is responsible for their therapeutic effectiveness against wide range of diseases. Due
to this fact it is not surprising that C. pilosa is active against some of these tested pathogens.
Secondary metabolites present in C. pilosa have been reported to have medicinal advantages
to cure diseases. Many physiological activities in wide range of anti-infective action have been
assigned to tannins [38].

4.2 Quantitative Analysis of C. pilosa Extract

The results of the quantitative analysis of the crude methanolic extract of C. pilosa (Table 2)
shows that the plant contained some anti-nutritional properties. Saponins (54±0.33), tannins
(64.49±0.65), Phenols (50.40±0.34), cyanides (44.87±0.076), oxalates (10.95±0.34), alkaloids
(12.80±0.49) and phytates (15.00±0.05) respectively. The result of different soluble fraction
obtained from the fractionation of the crude methanol extract revealed small value of
percentage yield of n-hexane soluble fraction which may be probably due to the fact that n-
hexane is a non-polar solvent and so does not have affinity for highly polar materials such as
tannins, alkaloids, saponins, flavonoids and carbohydrates. This result is in agreement with
the finding of Rangari [39]. The result revealed that residue have high percentage yield of
29.38%, follow by the n-butanol soluble fraction (25.63%), Chloroform soluble fraction
(17.04%) with n-hexane having the least percentage yield of 4.72%. The results of the
quantitative analysis of the crude methanolic extract of C. pilosa as shown in (Table 2)
revealed that the plant contained significant concentration of tannins, phenols, saponins,
cyanides, oxalates, alkaloids and phytates which are comparable to the report of Okwu and
Nnamdi [40]. The results show high concentration of tannin 69.49±0.65 among all the
antinutrient value determined. The concentration of the value of saponin from the analysis
was 54.49±0.33.The alkaloid content was 12.80±0.49. The result showed very low
concentration of oxalate (10.95±0.63).The concentration of flavonoids (44.88) in the plant
extract.

4.3 Antimicrobial Activity of C. pilosa Extract

Curculigo pilosa is a medicinal herb that has a wide range of ethnomedical applications in
Nupe traditional medicine especially for the treatment of different diseases such as
candidiasis in humans are said to be effective. This finding also agrees with the earlier report
of this plant’s inhibition of C. albicans by Gbadamosi and Egunyomi [34]; this result supported
the use of C. pilosa in herbal medicine for disease prevention and treatment of infections. The
chloroform soluble portion was not active against Staphylococcus faecalis it inhibit the growth
of Escherichia coli, Staphylococcus aureus, Salmonella typhi, and Candida albicans and have
least activity compare to other extracts that shows zone of inhibition. The present study has
shown that extract from C. pilosa rhizomes can suppress the growth of these organisms.
Generally, the activity of chloroform soluble portion extract was active against all the
organisms. The n-hexane soluble portion of plant did not show any activity against all the
tested isolates. This result is different from the findings of analysis of same plant by Oliver [41]
which reported that oil extracted from C. pilosa have slight antibiotic action and are used in
the treatment of infections [41]. The ethyl acetate  extract of C. pilosa showed highest activity
against Candida albicans (15 mm) followed by Staphylococcus faecalis (11 mm), with
Staphylococcus aureus (6 mm) and E. coli (5 mm). Recent reports have shown that there is
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reduction in the discovery of new antimicrobials agents globally [42], coupled with alarming
cases of drugs resistant to available antimicrobials. Minimum inhibitory concentration (MIC) is
used as an index for measuring the efficacy of antibacterial agents [43]. The fraction does not
show any activity against Salmonella typhi. The result from this investigation has showed that
the methanol soluble portion extract was more active against the isolates compared to the
other extracts. The control (clotrimazole) show maximum activity at 30 mm against Candida
albicans. The activity of the residue portion extract compared favourably for Candida albicans.
This indicates that the plant extract may be better at treating candidiasis. The extracts may be
better than the control tablet since it is still in its crude form and due to the process of
extraction the plant undergo and presence of other metabolites which may not be active, will
mask some of the active compounds in the plant. Adenike et al. [44] made a similar
observation that the crude plant preparations have generally been reported to exhibit lower
antimicrobial activity than pure antibiotic substance such as ciprofloxacin.

4.4 Cytotoxic Activity of C. pilosa Extract

For uniformity of the result, the tests were repeated three times. The in vivo lethality in a
simple zoological organism, such as brine shrimp lethality test might be used as a simple tool
to guide screening and fractionation of physiological active plant extracts, where one of the
simplest biological responses to monitor is lethality, since there is only one criterion; either
dead or alive [23-28]. Therefore, this test has been successfully used by many researchers as
a simple biological test in order to detect anti-tumour compounds [23]. There is a general
toxicity test agreement that LC50 above 100μgmL-1 is non-toxic while that below 100μgmL-1 is
indicative of toxicity [23-28]. The present result shows that the extract of C. pilosa root
exhibited no cytotoxic activity against the brine shrimp larvae at 10ppm. LD50 values < 1000
ppm have been considered significant for crude extracts [24]. A close looking at the LD50 of
the current results indicate values that are close to 1000ppm. This is an indication that the
extract of C. pilosa root is not very active against brine shrimp nauplii. According to Meyer et
al. [45] several naturally extracted products which had LC50<1000μg/mL using brine shrimp
bioassay were known to contain physiologically active principles. Although toxicity test using
BST does not give a clear depiction on cytotoxicity against cancer cell, however this method
has been reported useful for screening anticancer from plant/natural sources. The results of
the percentage mortality show that the methanolic extract had the highest percentage
mortality (60%) activity at 1000ppm. At 500ppm the plant was not very active against brine
shrimp nauplii with 40% percentage mortality compared to 60% for 1000ppm. The plant
shows just a slight activity of 20% percentage mortality against brine shrimp nauplii at
100ppm. There was not activity against brine shrimp nauplii at 10 ppm since all the brine
shrimp larvae survived and the percentage mortality at that concentration recorded zero
percent after 24 h. The non-significant lethality of the extract from the root of C. pilosa may be
an indication of the absence of potent cytotoxic compounds. The outcome of the present
study depicts C. pilosa root as lacking in anti-tumor compounds. However, the antimicrobial
results from this study have shown that extract from this plant exhibit broad spectrum activity
by inhibiting the growth of several human pathogenic bacteria and candida species at
relatively low concentrations of soluble fractions. This is indication of the broad spectrum
antimicrobial potential of C. pilosa could make this species a candidate for antibiotic
bioprospecting. The ability of the extracts from this plant to effectively suppress the growth of
both human pathogenic bacteria and fungi at relatively low concentrations further validates the
folkloric use of the plant species for the treatment of various human diseases. The observed
antimicrobial activities in this study could be attributed to the presence of phytochemicals like
saponins, tannins and phenolics [46]. Since these compounds may not have any discernible
physiological roles in the plants in which they occur, many of them have significant biological
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effects on animals. However, it is generally accepted that they play an essential role of stress
reduction in plant physiology through the interaction between the plant and its environment
[46].

4.5 Chemical Constituents of C. pilosa Methanolic Residue by GC-MS

For the identification of phytocompounds Gas Chromatography-Mass Spectrometry (GCMS)
is a reliable tool [28]. The GC-MS spectra gave a complete fragmentation pattern of the
constituents contained in the combined fractions. In present study 16 different compounds
were identified with the help of standard library search software. The major peaks are fatty
acids such as pentadecanoic acid, hexadecanoic acid and octadecanoic acid. Fatty acid
derivative such as linoleic acid ethyl ester was also found to be present in considerable
amounts. The fraction also contained hydrocarbons 3-eicosyne and nonadecane. Fatty acids
are reported to be biologically significant in the diagnosis and control of venereal diseases
such as gonorrhea and candidiasis. The presence of these fatty acids in a considerable
amount might serve to recognize the potential pharmacological importance of this plant in
disease control.

5. CONCLUSION

The plant contain various phytochemical constituents such flavonoids, terpenoid, saponins,
tannins, alkaloids, cardiac glycosides, steroids and anthraquinone. Secondary metabolites
from plants are considered as potential sources of novel antimicrobial compounds. The GC-
MS of semi-purified fraction indicate that the plant contain some chemical constituents which
may be responsible for the antimicrobial and weak cytotoxic activities reported in this work.
However, the mechanism of their actions should be further elucidated; the actual constituents
responsible for bioactivity should be isolated, identified, purify and structural elucidated. The
results indicate that C. pilosa is an important source of fatty acids and their derivatives which
are reportedly found to be active against various venereal diseases like gonorrhea and
candidiasis in human.
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