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ABSTRACT

The study aimed at evaluating phytochemical components, antibacterial, antifungal, antigiardial
and antiamoebic activities of methanol extract from Bidens biternata, Silybum marianum,
Osteospermum vaillantii, Achyranthes aspera and Asphodelus tenuifolius plants. Phytochemical
analysis revealed that B. biternata was rich in total phytocomponent (24.3 + 1.2%), polyphenol
(16.3 + 1.6 mg g*) and flavonoid (9.6 + 0.66 mg g™) contents. The highest level of alkaloid content
was detected in A. aspera (9.2 £ 0.08 mg/g DW) and S. marianum (7.6 + 0.24 mg/g DW) extracts.
B. biternata extract strongly inhibited the growth of Staphylococcus aureus with an inhibition zone
equal to 29 + 1.3 mm and showed moderate antifungal activity towards Aspergillus niger (16 £ 0.3
mm) and Candida albicans (15 = 0.2 mm). Extract from A. aspera had potent antigiardial activity
against Giardia lamlia in vitro with an 1Csy = 52.91 pg/ml while the treatment of Entamoeba
histolytica with S. marianum extract resulted in a marked decrease of the parasite viability with an
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ICso = 80.37 pg/ml. The antimicrobial and antiprotozoal activities of the extracted components give
support and can strengthen the traditional uses of these plants.

Keywords: Phytochemistry; antimicrobial activity; antigiardial activity; antiamoebic activity; medicinal

plants.
1. INTRODUCTION

For centuries, people have long been living in
close association with the environment and using
its flora and fauna as a source of food and
medicine and many societies have their own rich
plant pharmacopeias. Plants are good source of
therapeutic compounds [1] and play a vital role in
health care system [2]. Biologically active
compounds such as polyphenols, flavonoids,
tannins and alkaloids were detected in some
medicinal plants [3]. The study of the bioactive
compounds has become a major area of
research in biological science and chemistry has
led to the isolation and identification of thousands
of different structures, mostly extracted from
plants and more recently from microorganisms,
with the animal kingdom contributing rather
sparsely to the total [4-6].

Bidens has been used in folk medicine as anti-
inflammatory, anti-malarial, anti-allergic, anti-
ulcer, anti-diabetic, anti-cancer and antibacterial
agent [7-10]. Silybum marianum is currently one
of the most popular medicinal plants, and
silymarin is perhaps the plant principle best
researched in recent years. Extensive clinical,
histological and laboratory data have confirmed
the efficacy of silymarin as a hepatoprotective
and antihepatotoxic agent [11,12]. There is
growing interest in its anticancer and
chemopreventive effects, as well as in its
hypocholesterolaemic, cardioprotective,
neuroactive, and neuroprotective activities [13].
Osteospermum vaillantii is frequently used by
nomadic tribes and Arabian Bedouins in Africa
and Mediterranean desert regions as a medicinal
plant for treatment of fever, stomach ailments
and liver disorders [14]. O. vaillantii have been
found to contain triterpene glycosides [15] and
saponins [14]. Ecdysterone, achyranthine,
betaine, pentatriaontane, 6-pentatriacontanone,
hexatriacontane and tritriacontane are
medicinally important chemicals detected in
Achyranthes aspera. The plant has anti-allergic,
cardiovascular, nephroprotective, antiparasitic,
hypoglyceamic, analgesic and antipyretic
properties [16]. Crude extracts from A. tenuifolius
had good antibacterial activity against Proteus
mirabilis and a very good susceptibility to
Klebsiella pneumonia and Pseudomonas
aeruginosa [17]. In previous phytochemical

studies, Asphorodin 1, a triterpenoidal
diglycoside was isolated from A. tenuifolius. This
isolate shows a potent inhibitory activity against
lipoxygenase enzyme [18].

The present work was conducted to determine
some of the major classes of the secondary
metabolites in five wild medicinal plants growing
around Albaha area. In addition, the study aimed
at assessing the antibacterial, antifungal,
antigiardial and antiamoebic activities of the
extracted components from these plants.

2. MATERIALS AND METHODS
2.1 Plant Materials and Authentication

Five wild herbaceous plants, Bidens biternata
(Lour.) Merr. & Sherff, Silypum marianum (L.)
Gaertn, Osteospermum vaillantii  (Decne.)
Norl., Achyranthes aspera L.and Asphodelus
tenuifolius Cav. were collected in March, 2016
from different localities around Albaha area. The
whole plant [shoot, root and flowers] was dried
under shade for three weeks. The collected
species (50 plant samples from each species)
were authenticated by Dr. Haidr A. Mohammed,
Department of Biology, Faculty of Science,
University of Albaha. Voucher specimens were
deposited at the department of Biology for further
references. The plants were selected on the
basis of their used in traditional medicine.

2.1.1 Preparation of extracts

Dried plant materials (250 g) were ground into
powders and soaked in 80% aqueous methanol
(1000 ml) for 72 hours. The extracts were filtered
under vacuum through Whatman's No. 1 filter
paper then concentrated under vacuum using a
rotary evaporator at 35C and completely dried
under a stream of air.

2.2 Quantitative Analysis

2.2.1 Polyphenols determination

Total phenols were determined using Folin
ciocalteu reagent [19]. Five ml of Folin ciocalteu
reagent (1:10 diluted) and 4 ml agueous Na,CO;
(1.0 M) were mixed with 0.5 ml of each extract.
After incubation for 15 min, the absorbance was
read at 760 nm using a double beam (Jenway
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6505) spectrophotometer (Germany). A standard
curve of gallic acid (50 - 250 pg/ml) was
constructed. Concentration was expressed as
mg gallic acid equivalent per gram (mg GAE/qg).

2.2.2 Flavonoids determination

Flavonoids were determined using aluminum
chloride (AICIl;) method [20]. 0.5 ml from each
extract was added to mixed solution of 1.5 ml of
methanol, 0.1 ml of 10% aluminum chloride, 0.1
ml of 1.0 M potassium acetate and 2.8 ml of
distilled water. The mixture was incubated for 15
min then the absorbance was measured at 415
nm. Quercetin (10 — 100 pg/ml was used as
standard.

2.2.3 Alkaloids determination

The method described by Shamsa [21] was used
for determining the total alkaloids. One mg from
each extract was dissolved in 2 N HCI (1 ml).
After filtration, the solution was transferred to a
separating funnel, 5 ml of bromocresol green and
5 ml of phosphate buffer solutions were added.
The mixture was shaken with chloroform (1, 2, 3
and 4 ml) and collected in a 10 ml volumetric
flask then diluted to the volume with chloroform.
Atropine (20 -100 pg/ml) was used as standard.
The absorbance for each sample and standard
solutions was measured at 470 nm. Alkaloid
content was expressed as mg atropine
equivalent /g of extract.

2.3 Bioassay

2.3.1 Determination of antimicrobial activity

2.3.1.1 Bacterial and fungal strains

The extracts were tested for their antimicrobial
activities against five bacterial and two fungal

strains.  The bacterial strains included,
Staphylococcus aureus (ATCC 25923),
Escherichia coli (ATCC 25922), Klebsiella
pneumoniae (ATCC 35657), Pseudomonas
aeruginosa (ATCC 27853), Proteus mirabilis
(ATCC 43071), Salmonella typhi (ATCC
19430).Two fungal strains were Candida

albicans (ATCC 7596) and Aspergillus niger
(ATCC 9763).

2.3.1.2 Antimicrobial assay

Antimicrobial activity was determined by disc
diffusion method [22]. Briefly, the test
bacteria/fungi (100 pl) were grown in fresh media
(10 ml) until they reached a count of
approximately 108 cells ml™ for bacteria, or 105

cells mI* for fungi. Bacteria were assayed on
nutrient agar and Nutrient broth, while fungi
on Sabouraud Dextrose Agar (Merck, USA).
Microbial suspension (100 pl) was spread onto
agar plates corresponding to the broth in which
they were maintained. Sterilized filter paper discs
(6 mm) were impregnated with 10 pl of the test
sample, allowed to dry and placed onto
inoculated plates. After incubation at 37 C for 24
hours, the inhibition zones were measured in
millimeters (mm). Dimethyl sulfoxide (10%
DMSO) was used as negative control for bacteria
and normal saline as negative control for fungi.

2.3.2 Antigiardial and antiamoebic assay

2.3.2.1 Parasite isolate

Giardia lamblia and Entamoeba histolytica
trophozoites were maintained in Roswell Park
Memorial Institute (RPMI) 1640 medium
containing 5% bovine serum. For the assay,
trophozoites were tested in their log phase of
growth [23].

2.3.2.2 Growth inhibition assay

The assay was performed following the
procedure described by Cedillo-Rivera and
Munoz [24] using sterile 96-well white clear-
bottom plates. Stock solutions were prepared
with DMSO (5 mg/ml), following serial two-fold
dilutions in 1.5 ml volumes of culture medium
in Eppendorf tubes to afford different
concentrations. The tubes were inoculated with
the parasites to achieve an inoculum of 5 x 10*
trophozoites/ml. As positive control, tubes with
metronidazole were similarly inoculated. Tubes
of culture medium with DMSO and the same
inoculum were used as the negative control.
After incubation for 48 h at 37<C, trophozoites
were detached by chilling and 50 pl of each
culture tube was subcultured into 1.5 ml of fresh
culture medium and incubated for 48 h at 37<C.
The final number of parasites was determined
by counting in a haemocytometer, and the
percentage of trophozoites growth inhibition was
calculated by comparison with controls. The 50%
inhibitory concentration (ICso) was defined as the
concentration of the extract that inhibited growth
by 50%.

3. RESULTS AND DISCUSSION

3.1 Phytochemical Components

Table 1 shows the percentage yields and the
major secondary metabolites; polyphenol,
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flavonoid and alkaloid in the studied plant
species. The richest plant species of
photochemical content was B. biternata (24.3 +
1.2%) followed by S. marianum (20.1 + 1.3%),
A. aspera (13.3 = 0.26%), A. tenuifolius (8.5 *
0.94%) and O. vaillantii (4.2 * 0.64%). The
amount of polyphenol, flavonoid and alkaloid was
clearly varied among the plant species. The
highest level of total polyphenol (16.3 +1.6 mg g
') and flavonoid (9.6 + 0.66 mg g™*) was found in
extract of B. biternata while the amount of
polyphenol in the other species was in the range
of 35 + 016 - 134 + 11 mg g*
O. vaillantii extract had very low amount (1.1 £
0.04 mg g ") of flavonoid. Sukumaran et al. [25]
have reported that total phenol content in the
stem (0.16 mg g*) of B. biternata is higher than
in root (0.15 mg g %), mature leaf (0.042 mg g )
and young leaf (0.04 mg g™). Previous
phytochemical studies on Bidens showed that it
is a rich source of bioactive constituents such

as polyacetylenic glycosides, aurons, auron
glycosides, p-coumeric  acid  derivatives,
flavonoids and flavonoid glycosides,

sesquiterpenes, phenylpropanoid glucosides,
diterpenes [26-28].

S. marianum (13.4 + 1.1 mg g™) and A. aspera
(13.2 +0.92 mg g ™) showed nearly equal amount
of polyphenol contents. Vaknin et al. [29] proved
that S. marianum sprouts are rich in polyphenols
and demonstrate  antioxidative  capacity.
Phytochemical studies on A. aspera revealed the
presence of glycosides, oleanolic acid, alkaloids,
saponins, indole acetic acid, polyphenol,
ecdysome, and flavanoids in various parts of
the plant [30]. A. tenuifolius contained moderate
amount of polyphenol (11.4 + 0.82 mg g™*) and
flavonoid (6.3 + 0.05 mg g™) as compared with
the other species. Faidi et al. [31] have isolated
five phenolic derivatives for the first time from
antimicrobial bioactive butanol extract of the
narrow-leaved asphodel (A. tenuifolius Cav.,
Asphodelaceae). However, scientific interest in

antiinflammatory, antimutagenic, and

anticarcinogenic properties [32,33].

Alkaloid content was relatively high in methanol
extract of both A. aspera (9.2 + 0.08 mg g™) and
S. marianum species (7.6 + 0.24) as compared
with the other three species (0.6 £ 0.03 - 4.6 £
0.07 mg g'l). Extracts of O. vaillantii (0.6 + 0.03
mg g'l) and A.tenuifolius (1.6 + 0.05 mg g
!y showed low amount of alkaloid contents.
Earlier phytochemical study on A. aspera
revealed the presence of flavonoids, saponins,
steroid and terpenoids in the root and
inflorescence [34,35]. Betaine and achyranthine
are the principal alkaloids identified from
A. aspera [36].

3.2 Antimicrobial Activity

In vitro antimicrobial activity of methanol extracts
from five plants was investigated. The test was
done on five bacterial strains, S. aureus, E. coli,
P. aeruginosa, K. pneumonia and S. typhi and
two fungal strains, C. albicans and A. niger
(Table 2). Methanol extracts of B. biternata and
A. tenuifolius exhibited good antibacterial activity
against S. aureus and E. coli, respectively, and
moderate activity towards the other tested
strains. In contrast, methanol extracts of
S. marianum and O. vaillantii showed either no or
very poor activity towards all tested pathogens.
Extract from A. aspera displayed high activity (24
+ 0.9 mm) against C. albicans, moderate activity
towards K. pneumonia (17 £ 0.5 mm) and P.
aeruginosa (18 = 0.2 mm) and weak activity
against S. aureus (10 £ 0.5 mm), E. coli (12 £ 0.6
mm) and A. niger (11 £ 1.1 mm).

The study carried out by Reddy et al. [37]
revealed that the ethanolic extract of leaves of B.
biternata showed effective zone of inhibition
against gram negative (Escherichia coli) and
gram positive (Staphylococcus aureus, Proteus
vulgaris, Pseudomonas aeruginosa and Bacillus

polyphenols isolated from plants has been subtilis) strains. Faid et al. [31] who used butanol
aroused due to evidence indicating antioxidant, as extractive solvent demonstrated that
Table 1. Yield percentage, total polyphenol, flavon  oid and alkaloid contents in selected
medicinal wild plants
Plant extract Yields Total polyphenols Flavonoids Alkaloids
(%) (mg /g DW) (mg/g DW) (mg/g DW)

B. biternata 243+1.2 16.3+1.6 9.6 £0.66 4.6 £0.07

S. marianum 20113 134+11 6.3 £0.05 7.6+0.24

O. vaillantii 4.2+0.26 35+0.16 1.1+0.04 0.6 £0.03

A. aspera 13.3+0.94 13.2+0.92 3.3+£0.07 9.2+£0.08

A. tenuifolius 8.5+0.64 11.4 +0.82 3.2+£0.08 1.6 +0.05
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Table 2. Anti-microbial activity of methanol extrac

ts from selected medicinal wild plants

against five bacterial and two fungal strains

Inhibition zone (mm)

Bacterial strains

Fungal strains

S E K SA P C A.
B. Biternata 29+1.3 17+04 18+0.7 16 +0.2 17+08 15+0.2 16+0.3
S. Marianum 5+0.4 9+0.2 0 6+0.3 8+0.2 0 0
O. Vaillantii 7+0.3 0 6+0.2 0 0 0 0
A. Aspera 10+ 0.5 12+06 17%05 12+0.4 18+0.2 24+09 11+11
A.tenuifolius 15+1.2 28+15 17+1.2 19+0.9 17+08 16+06 17+0.4
DMSO 0 0 0 0 0
Normal saline 0 0

Key: S = Staphylococcus aureus, E = Escherichia coli, P = Pseudomonas aeruginosa, K = Klebsiella pneumonia,
SA= Salmonella typhi, C = Candida albicans, A = Aspergillus niger. No activity = 0, low activity = < 15 mm,
moderate activity = 15 — 20 mm, high activity = 21 — 25 mm and very high activity = > 25 mm

extracts of A. tenuifolius exhibited significant
antifungal activity against Candida albicans,
Candida parapsilosis and Candida krusei and a
considerable level of antibacterial activity
towards Escherichia coli (minimum inhibitory
concentration (MIC) = 729 pg/ml) and
Pseudomonas aeruginosa (MIC = 156 pg/ml).

Menghani et al. [38] studies on petroleum ether,
benzene, chloroform, ethyl acetate and methanol
extracts of A. tenuifolius proved that the plant
has potential antimicrobial activities. Several
investigators have also reported that the different
parts of the plant A. aspera exhibited equipotent
activity against fungal strains Candida albicans,
Aspergillus flavus, Cryptococcus neoformans,
fusarium sp. and Sclerouum sp. [39-41].

3.3 Antigiardial Activity

Table 3 displays the results of in vitro antigiardial
activity of methanol extracts against G. lamblia
trophozoites as compared to the positive control.
The tested plant extracts at all levels of
concentrations inhibited growth of Giardia
trophozoites with different rates. Extracts of
A. aspera had high activity while the other
extracts showed moderate to weak activity
against the parasite. At concentrations 500, 250
and 125 pg/ml, extract of A. aspera exhibited
89.7, 85.4 and 74.5% cell death, respectively.
The calculated 1Cg value (52.91 pg/ml) of this
extract was much lower than that of the other
extracts.

According to the criteria of Amaral et al. [42], who
established extracts with IC 5 < 100 pg/ml as
highly actives; extract of A. aspera was very
active towards the protozoan, being as an
outstanding when compared with the other

extracts. The results obtained by Zhang et al.
[43] demonstrated that an aqueous ethanol
extract of Artemisia argyi inhibited the
aminoacylation activity of LeuRS from G. lamblia
(GlLeuRS). Johns et al. [44] who studied 36 plant
species representing different families have
revealed that 21 species extracts were lethal or
inhibited growth of Giardia trophozoites at 1000
ppm; 7 species were lethal at 500 ppm
concentration.

Table 3. Anti-giardial activity of methanol
extract from selected medicinal wild plants

Concentration (ug/ml)

Mortality (%)

500 250 125 I1Csq
B. biternata 50.3 44.1 28.6 224.64
S. marianum 66.5 56.7 44.8 161.79
O. vaillantii 64.7 55.9 40.1 172.74
A. aspera 89.7 854 74.5 52.91
A. tenuifolius  51.0 425 30.3 219.82
Positive 95.2
control

3.4 Antiamoebic Activity

Methanol extracts of the studied plants were
screened for in vitro activity against E. histolytica.
Crude extracts showed different degrees of
antiamoebic activity. At high concentration level
(500 pg/ml) the mortality percentage was in the
range of 59.1 — 70.0% while at low level (100
pg/ml) it was ranging from 30.1 — 58.2%. The
calculated ICg, values ranging from 80.37 to
344.62 pg/ml. The strongest level of inhibition
was recorded by extract from S. marianum with
an ICso = 80.37 pg/ml. Referring to Amaral et al.
[42] criteria, this finding suggested that
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S. marianum methanol extract could have ability
for killing E. histolytica.

However, forty-five crude extracts from selected
medicinal plants were screened by Tona et al.
[45] against E. histolytica. The results indicated
that 35 species demonstrated an antiamoebic
activity and 10 were inactive. In another study,
benzene and ethyl acetate extracts from the root
bark of Adina cordifolia strongly inhibited the
growth of E. histolytica trophozoites with ICsq
values of 2.92 and 2.50 mg/ml, respectively [46].

Table 4. Anti-amoebic activity of methanol
extracts from selected medicinal wild plants

Concentration (pg/ml)
Mortality (%)

500 250 125 ICs0

B. biternata  60.2 51.6 422 237.62
S. marianum 73.0 61.2 58.2 80.37
O.vaillantii 60.1 40.0 30.1 329.62
A. aspera 69.4 553 405 196.37
A. tenuifolius 59.1 49.2 37.2 344.62
Positive 95.2

control
4. CONCLUSION

Phytochemical analysis revealed variation

among the studied species in their chemical
components. B. biternata contained high amount
of total phytocomponents, polyphenols and
flavonoids. Methanol extracts from B. biternata
have been identified to posses’ antibacterial and
antifungal activities. A. aspera and S. marianum
extracts showed remarkable antigiardial and anti-
amoebic activities against G. lamblia and E.
histolytica  trophozoites, respectively. The
obtained results may offer a scientific basis for
traditional uses of these plants for treatment of
many diseases. In addition, these findings
demonstrated that the wild medicinal plants of
Albaha area have potentials as source of
antimicrobial  antigiardial and antiamoebic
agents. However, the obtained results may
strength the traditional uses of these plants in
folk medicine.

CONSENT
It is not applicable.

ETHICAL APPROVAL

It is not applicable.

ACKNOWLEDGEMENT

The present research is a part of a project
funded by the Deanship of Scientific Research,
Albaha University, KSA (Grant No. 70 - 1436).
Financial support of the Deanship is gratefully
acknowledged.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Petrovska BB. Historical review of

medicinal plants’ usage. Pharmacogn Rev.
2012;6(11):1-5.

2. Okigbo RN, Mmeka EC. An appraisal of
phytomedicine in Africa. KMITL Sci
Technol J. 2006;6(2):83-93.

3. Bugno A, Nicoletti MA, Almodoévar AAB,
Pereira TC, Auricchio MT. Antimicrobial
efficacy of Curcuma zedoaria extract as
assessed by linear regression compared
with commercial mouthrinses. Braz J
Microbiol. 2007;38:440-5.

4, Fujii Y, Shibuya T, Nakatani K, Itan IT,
Hiradate S, Parvez MM. Assessment
methods for allelopathic effect from leaf
litter leachates. Weed Biology and
Management. 2004;4:19-23.

5. Duke SO, Dayan FE, Romagni JG,
Rimando AM. Natural products as sources
of herbicides: Current status and future
trends. Weed Res. 2000;40:99-111.

6. Nazir T, Uniyal AK, Todari NP. Allelopathic
behaviour of three medicinal plant species
on traditional agriculture crops of Garhwal
Himalaya, India. Agroforest System.
2007;69:183-187.

7. Sandra MN, Clara L, Colin WW. A review
of antimyocobacterial natural products.
Phytother. Res. 2000;14:303-322.

8. Parimalakrishnan S, Akalanka D, Anton S,
Arul GD, Manavalan R, Sridhar N. Studies
of anticancer and antipyretic activity of
Bidens pilosa whole plant. Afr. Health Sci.
2006;6(1):27-30.

9. Masako H, Yoshiyuki S. Antinflammatory
and antiallergic activity of Bidens pilosa L.
J. Health Sci. 2006;52:711-717.

10. Maicon RK, Karina BF, Tatiana S, Luiz
PLW, Maria HR, Edlayne G, Joana DF,
Danilo WF, Rozangela CP. Study of the
antitumor potential of Bidens pilosa



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Ahmed et al.; BJIMMR, 18(11): 1-8, 2016; Article no.BIJMMR.29803

(Asteraceae) used in Brazilian folk
medicine. J. Ethnopharmacol. 2008;117:
69-75.

Fukuzaki T, Kobayashi S, Hibi T, lkuma Y,
Ishihara J, Kanoh N, Murai A. Studies
aimed at the total synthesis of
azadirachtin. A modeled connection of C-8
and C-14 in azadirachtin. Org Lett.
2002;4(17):2877-2880.

Nicolaou KC, Sasmal PK, Koftis TV,
Converso A, Loizidou E, Kaiser F, Roecker
AJ, Dellios K, Sun XW, Petrovic G. Studies
toward the synthesis of azadirachtin, part
2: Construction of fully functionalized
ABCD ring frameworks and unusual
intramolecular reactions induced by close-
proximity effects. Angew Chem Int.
2005;44(22):3447-52.

Rangaswamy NS, Promila. Morphogenesis
of the adult embryo of A. indica. A. Juss. Z
Pflanzenphysiol. 1972;67:377-379.

Ahmed B, Khan RA, Al-Howiriny TA, Al-
Rehaily AJ. Osteosaponins 1 and 2: Two
new saponin glycosides from
Osteospermum vaillantii. Natural Product
Research. 2010;24(13):1258-67.
Abdel-Sattar E. Saponin glycosides from
Osteospermum vaillantii. Pharmaceutical
Biology. 2001;39(6):440-4.

Zalavadiya VI, Shah VK, Santani DD, Patel
MS, Fosi JM, Chaudhary AK. Achyranthes
aspera- plant with high medicinal
important. Research J. Pharmacology and
Pharmacodynamics. 3013;5(4):266-272.
Panghal M, Kaushal V, Yadav JP. In vitro

antimicrobial activity of ten medicinal
plants against clinical isolates of oral
cancer cases. Ann. Clin. Microbiol.

Antimicrob. 2011;10:21.

Safder M, Imran M, Mehmood R, Malik A,
Afza N, Igbal L, Latif M. Asphorodin, a
potent lipoxygenase inhibitory triterpene
diglycoside from Asphodelus tenuifolius. J.
As. Nat. Prod. Res. 2009;11(11):945-950.
McDonald S, Prenzler PD, Antolovich M,
Robards K. Phenolic content and
antioxidant activity of olive extracts. Food
Chem. 2001;73:73-84.

Chang CC, Yang MH, Wen HM, Chern JC.
Estimation of total flavonoid content in
propolis by two complementary
colorimetric methods. J Food Drug Anal.
2002;10(3):178-182.

Shamsa F, Monsef H, Ghamooshi R,
Verdian-rizi M. Spectrophotometric
determination of total alkaloids in some

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Iranian medicinal plants. Thai J. Pharm.
Sci. 2008;32:17-20.

Cock IE, Antimicrobial activity of Aloe
barbadensis Miller leaf gel components.
The Internet Journal of Microbiology.
2008;4:2.

Cedillo-Rivera R, Enciso-Moreno J,
Martinez-Palomo A, Ortega-Pierres G.
Isolation and axenization of Giardia lamblia
isolates from symptomatic and
asymptomatic patients in Mexico. Arch.
Med. Res. 1991;22:79-85.

Cedillo-Rivera R, Munoz O. In-vitro
susceptibility of Giardia lamblia to
albendazole, mebendazole and other
chemotherapeutic  agents. J. Med.

Microbiol. 1992;37:221-224.

Sukumaran P, Nair AG, Chinmayee DM,
Mini I, Sukumaran ST. Phytochemical
investigation of Bidens biternata (Lour.)
Merr. and Sheriff. A Nutrient-Rich leafy
vegetable from Western Ghats of India.
Appl. Biochem. Biotechnol. 2012;167:
1795-1801.

Yutaka S, Kazunori O, Makoto K, Hiroyuki
K, Yoshihiro M, Hiroko S. New aurone
glucosides and new phenylpropanoid
glucosides from Bidens pilosa. Chem.
Pharm. Bull. 1991;39:709-711.

Carmelita MAZ, Masaru T, Consolacion
YR. A diterpene from Bidens pilosa.
Phytochemistry. 1995;38:1449-1450.
Khemraj B, Rajeev K, Ram JS, Ram KR.
An updated review on Bidens pilosa L.
Pharm Chem. 2010;2(3):325-337.

Vaknin Y, Hadas R, Schafferman D,
Murkhovsky L, Bashan N. The potential of
milk thistle (Silybum marianum L.), an
Israeli native, as a source of edible sprouts
rich in antioxidants. International Journal of
Food Sciences and Nutrition. 2008;4:339—
346.

Mahima C, Begum VH. Effect of
Achyranthes aspera root and Terminalia
arjuna bark on aerotolerant responses in
Streptococcus  mutans.  Journal  of
Chemistry. 2012;2013:1-6.

Faidi K, Hammami S, Salem AB, Mokni
RE, Garrab M, Mastouri M, Gorcii M,
Ayedi MT, Taglialatela SO, Mighri Z.
Polyphenol derivatives from bioactive
butanol phase of the Tunisian narrow-
leaved asphodel (Asphodelus tenuifolius
Cav. Asphodelaceae). Journal of Medicinal
Plant Research. 2014;8(14):550-557.

Zhu M, Gong Y, Yang Z, Ge G, Han C,
Chen J. Green tea and its major



33.

34.

35.

36.

37.

38.

39.

Ahmed et al.; BJIMMR, 18(11): 1-8, 2016; Article no.BIJMMR.29803

components ameliorate immune
dysfunction in mice bearing Lewis lung
carcinoma and treated with the carcinogen
NNK. Nutrition and Cancer. 1999;35:64—
72.

Rao AV, Gurfinkel DM. The bioactivity of
saponins:  Triterpenoid and steroidal
glycosides. Drug Metabolism and Drug
Interactions. 2000;17:211-235.

Sinha SKP, Dogra JVV. A survey of plants
of Bhagalpur and Santhal pargana for
saponin, flavonoids and alkaloids. Int J
Crude Drug Res. 1985;23:77-86.

Agrawal RG, Pant P, Tewari LC, Singh J,
Pandey MJ, Tiwary DN. Preliminary
phytochemical screening of medicinal
plants of hilly district of U.P. Bull Med
Ethnobot Res. 1989;10:176-86.

Kong YC, Hu SY, Lau FK. Potential anti
fertility plants from Chinese medicine.
American Journal of Chinese Medicine.
1976;4(2):105-128.

Reddy S, Lakshmi Satya B, Shivakoti C,
Venu C, Reddy PV. Evaluation of
antimicrobial activity and Bidens biternata
ehrenb leaves. Int. J. Sci. Res. Method.
2015;1(4):1-7.

Menghani E, Bhatnagar K, Saraswat P,
Soni M. Isolation and characterization of
bioactives from arid zone plants. Int. J.
Pharm. Res. Dev. 2012;4(02):113-118.
Kumar SS, Perumal P, Boopathy D,
Mukherjee PK, Suresh B. Comparative
microbiological activities of ethanolic
extracts of roots and aerial parts of
Achyranthes aspera Linn. Ancient Science
of Life. 2003;22:140-145.

40.

41.

42.

43.

44,

45,

46.

Kaur M, Thakur Y, Rana RC. Antimicrobial
properties of Achyranthes aspera. Ancient
Science of Life. 2005;24(4):1-6.

Girigaon YH, Kulkarny YR. A comparative
antimicrobial  activity of  Apamarga
(Achyranthes aspera Linn.) Patra and
Beeja. International Journal of Research in
Ayurveda and Pharmacy. 2012;3(6):876-
878.

Amaral FMM, Ribeiro MNS, Barbosa-Filho
JM, Reis AS, Nascimento, FRF, Macedo
RO. Plants and chemical constituents with
giardicidal activity. Rev. Bras. Farmacogn.
2006;16:696—720.

Zhang Y, Xue M, Bai Y, Yuan H, Zhao H,
Lan M. 3,5-Dicaffeoylquinic acid isolated
from Artemisia argyi and its ester
derivatives exert anti-Leucyl-tRNA
synthetase of Giardia lamblia (GILeuRS)
and potential  anti-giardial effects.
Fitoterapia. 2012;83:1281-1285.

Johns T, Faubertb GM, Kokwaro JO,
Mahunnahd RLA. Kimanani EK. Anti-
giardial activity of gastrointestinal remedies
of the Luo of East Africa. Journal of
Ethnopharmacology. 1995;46:17-23.

Tona L, Kambu K, Ngimbi N, Cimanga K,
Vlietinck AJ. Antiamoebic and
phytochemical  screening of some
Congolese medicinal plants. Journal of
Ethnopharmacology. 1998;61:57-65.

Igbal PF, Bhat A, Azam A. Antiamoebic
coumarins from the root bark of Adina
cordifolia and their new thiosemicarbazone
derivatives. European Journal of Medicinal
Chemistry. 2009;44:2252-2259.

© 2016 Ahmed et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/16999




