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Abstract

Introduction: The plant, Bidens pilosa has wide applications ethno-botanically as an anti-inflammatory,
antimalarial, antioxidant, as well as antimicrobial tool for several decades. As an anti-bacterial, it has been
employed in the treatment of mouth and stomach ulcers in South Africa; treat hypertension and diabetes in
Brazil as well as infections in China. One of the major public health concern is the spread of infectious diseases
such as Tuberculosis (TB). Infectious diseases like TB, pose serious threats to human health, particularly in
developing countries. Therefore, there is the need for continuous development of new TB drugs and vaccines.
Objectives: This study was aimed to study the antimycobacterial activity of the extracts and constituents of the
extracts of the roots of Bidens pilosa (BP) plant.

Methods: Bioassay activity of the root extracts of Bidens pilosa led to its further purification. The root extracts
which exhibited anti-mycobacterial activity against the mycobacterium species were purified using column
chromatography in order to isolate the individual components and tested again with the mycobacterial isolates.
The crude, hexane, chloroform and methanol fractions of BP roots were tested against mycobacterial species.
Results: The anti-mycobacterial screening identified the fraction of hexane showing strong anti-mycobacterial
sensitivity against all the species used. The study led to the isolation of a compound identified as 9, 12-
octadecadienoic ethyl ester, (Ethyl linoleate).

Conclusions: The results from this study show the isolated compound from Bidens pilosa could form prospective
framework for drug development effort levelling M. tuberculosis.
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1. Introduction

One of the highly infectious diseases demanding
urgent global attention as recognized by the
World Health Organization is Tuberculosis.
Records indicate that 30% of the universal
populace is being latently affected with
mycobacterium tuberculosis[1]. Treatment
requires an intensive approach for a duration of
six months using prescribed drugs such as:
Isoniazid, Rifampicin, Ethambutol, Pyrazinamide,
Fluoroquinolone. The inability of patients to
complete dose within stipulated time, inadequate
facilities and resulting side effects have resulted
in resistance to these drugs. The resistance to
these drugs has required the need for unceasing
exploration for better drugs with no side effects.

Natural products have played vital roles in
advancing synthetic and biosynthetic chemistry,

and medicine. Research has shown that the major
source of medicine is mostly from natural
products, depending on the collaboration from
different scientific disciplines [2]. Herbal medicine
is the preferred primary health care option for
over 80% of the population around the world [3].
Bidens (Asteraceae), a genus with about 240
species and a reputation for invasiveness, is one
of the widely distributed plants; largely found in
China, America, African and Japan, but it
originated from South America [4]. Bidens pilosa
is sometimes known as Spanish needles, cobblers-
pegs, pitchforks, blackjack, ghost needle weed
etc. [5]. Bidens pilosa is locally known as abére
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oléko in Yoruba. Bidens pilosa is a common weed
that spreads widely. It has been used as spices
and tea ingredient [5]. It has been reported to
treat inflammation [6], malaria [7]; [8], microbial
infections[9], as well as tumors, [10]; essential oils
from BP has antioxidant properties [11]. The
medicinal properties of Bidens pilosa have been
recorded to be effective in treating more than 40
conditions such as digestive problems,
immunological disorders, infectious diseases, and
metabolic syndromes, whether used as a
complete plant or in isolated components [12].
Some bioactive compounds belonging to
flavonoids, terpenes, phytosterols, phenolic acids
and unsaturated fats are associated with the plant
pharmacological impacts [13];[14]). This study
was directed to investigate the anti-
mycobacterial activity of various fractions and
components from the roots of the plant Bidens
pilosa (BP) at various stages of purification
through bio-assay guided techniques, based on
the extensive potential applications of the plant.

2. Objectives

The study was targeted at evaluating the
antimicrobial properties of the root parts of
Bidens pilosa plant, against Mycobacterium
tuberculosis. The phytochemical screening were
carried out to identify the metabolites present.
Extracts of the root part of B. pilosa were
subjected to bio-assay activity. The bioactive
components were further purified using column
chromatography.

Spectroscopic analysis of isolates were carried out
using *H NMR, 13C, HMBC and mass spectrometry
for the structural elucidation of the compound.

3. Methods

Preparation of Plant Samples

Root samples were gathered from lyana-lyesi
village in Ado-Odo Ota local government,
positioned at 6 degrees 41 minutes north and 3
degrees 41 minutes east. The samples were
subjected to a full washing with tap water for dirt
removal. Following this, the root samples were
left to air-dry for a period of 14 days. Thereafter,
the root parts were subjected to cold macerated
in 95% methanol for 7 days. The extracts were
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filtered with glass funnel through a bed of cotton
wool.

Concentration of Extracts

The collected filtrates were concentrated with the
rotary evaporator. The fractions derived from the
root of B. pilosa were concentrated, weighed, and
stored in the refrigerator for future utilization.

Fractionation of plant extracts

The dried crude methanol extracts (10 g) of root
of BP were dissolved in 1:1 chloroform and water
mixture. A separating funnel was used for this
process to obtain the chloroform and aqueous
fractions, respectively. The aqueous fraction was
kept in the fridge, while the chloroform fraction
was allowed to air-dry. To the dried solid
chloroform fraction, 100 mL of 95% methanol was
added. The solution was placed in a 250 mL
separating funnel. Hexane (100 mL) was added to
the mixture in the separating funnel and allowed
to mix. The methanol and hexane fractions were
collected separately. A total of four separate
fractions: chloroform, aqueous, hexane and
methanol fractions were obtained. After drying,
the different fractions were stored in a
refrigerator until they were needed for
subsequent use.

Phytochemical analysis of extracts of Bidens
pilosa

Analysis of the crude extracts and fractions from
the root of the B. pilosa plant involved a
phytochemical screening to determine the
presence of compounds such as phenolics,
flavonoids, glycosides, alkaloids, saponins,
terpenoids, anthraquinones, cardiac glycosides,
phlobatannins, and tannins, following established
protocols. [15]; [16].

Antimicrobial activity of root fractions of B.
pilosa

In order to assess the effectiveness of the extracts
against specific disease-causing microorganisms,
the antimicrobial assay of the B. pilosa root
fractions was conducted through the Agar
diffusion method targeting the listed pathogens:
Staphylococcus  aureus, Salmonella  Typhi,
Candida albicans, Trichophyton rubrum according
to the procedure described by [17]. Sterile petri
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dishes were prepared using nutrient agar, which
act as feed for the test organisms. Swab sticks
inoculated with the test organisms or isolates at a
0.5% McFarland standard were used to seed
sterile nutrient agar plates. A sterile cork borer
was then employed to create wells approximately
9 mm in diameter in the plates. The
concentrations of the extracts were adjusted to
100, 50, 25, 12.5, 6.25, 3.125, and 1.562 mg/mL
using a serial dilution technique. The bored wells
on the nutrient agar plates, which had been
inoculated, received 0.2 mL of each extract at
varying concentrations through the utilization of
sterile 1 mL pipettes. The plant extract diffuses to
the inoculated agar plates to either inhibit or kill
the test organisms.

Following a 24-hour incubation period at 37°C,
the plates were inspected for the growth and
inhibition of test organisms. Observation of a
clear zone around the disc shows that the growth
of the test organism has been inhibited by the
extract. The extent of antimicrobial activity
displayed by the plant extract is commonly linked
to the diameter of the inhibition zone This
demonstrates that the plant extract's potency
increases with the larger size of the inhibition
zone. To ascertain the zone of inhibition, the
measurement in millimeters from one end of the
disk to the other end was taken. The minimum
inhibitory concentration (MIC) is the lowest
concentration of the diluted plant extracts that
can inhibit the growth of specific test isolates on
extracts of B. pilosa. A standard antibiotic,
Gentamycin, was utilized at a concentration of 10
ug/mL.

Preliminary assessment of bioactivity in plant
samples

Bioactivity screening was carried out on the crude
methanol extracts and fractions of the BP plant as
part of the preliminary analysis. Testing for
antimicrobial effectiveness was carried out on
standard MTB (H37R-v) and multiple clinical MTB
strains, including those resistant to rifampicin, as
per the guidelines provided by FMOH (2010)[18].
Some of the pathogens include Staphylococcus
aureus, Salmonella typhi, Candida albicans,
Trichophyton  rubrum and  Mpycobacterium
tuberculosis (Hs7Rv). Agar dilution proportion
method was employed for susceptibility testing of
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Mycobacterium tuberculosis, following the
methodology outlined in an earlier study [19].
Antimycobacterial activity of B. pilosa fractions
The effectiveness of various fractions obtained
from the root of B. pilosa against drug-susceptible
Mycobacterium tuberculosis DS-MTB and drug-
resistant Mycobacterium tuberculosis DR-MTB
was determined in terms of antimycobacterial
activity in Table 4 [20].

Isolation of fractions

There were four partitioned fractions from the
crude methanol extracts of the plant. For each
part of the plant, there is the aqueous,
chloroform, methanol, and hexane fractions.
Bioassay-guided fractionation was carried out on
the  partitioned fractions  against the
Mycobacterium tuberculosis, at every stage of the
purification process of the plant parts. Further
purification was carried over a silica gel (70-230
mesh) column (120.0 cm) diameter, 2.4 cm and
successively eluted with solvents of increasing
polarities, starting with n-hexane to 100%
methanol, in order to obtain pure isolates.

NMR analysis

For a precise spectrum recording, a 20 mg sample
was dissolved in 0.5 ml of deuterated chloroform
(CDCI3), and subsequent 1H and 13C NMR spectra
were acquired using a Bruker DRX500 NMR
instrument set at 500 MHz. Trimethyl silane (TMS)
served as the internal standard, with chemical
shifts (6) presented in parts per million (ppm) and
coupling constants (j) specified in hertz (Hz).

4. Results

Phytochemical Screening of root of B. pilosa.
Some of the secondary metabolites identified
from the root of BP, when subjected to qualitative
phytochemical screening showed the presence of
the following compounds: terpenoids, quinones,
alkaloids, quinones, tannins, cardiac glycosides
and flavonoids.

Tablel: Phytochemical assessment of B. pilosa
root fractions

Constituents/ Methan Hexane Chloro-

Fractions ol form
Tannins + - +
Saponins - - -
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Flavonoids + - + DS-MTB (1-5) DR- |H | P
Alkaloids + + + MT | 37 | va
Quinones + + + B Rv | lu
Glycosides + - - + e
Cardiac + + + + Plant 1 2 3 451 2
Glycoside Extract/Fracti
Terpenoids + + + + on
Phenols - - + -

Steroids - + + - Chloroform R R S R R|[R R|S
Key: +=trace -=not detected fraction of BP
root
Table 2: Antimicrobial activities of B. pilosa root Hexane S S S S S|S S|S
fraction by agar well diffusion Test fraction  BP

Plant Staphylo Salmo Cand Trichop root

fracti coccus nella ida hyton Methanol R R R R R|[R R|R

ons aureus Typhi  albic  rubrum fraction of BP

ans root

Chlor 7.33¢ 7.33®>  8.00° 0.00° Crude extract [R R R R R|R R|R

o- of BP root

form Control S S S S S|{S S|S 0.

Meth 14.33° 15.33* 15.33 8.33° 00

a-nol a 2

Hexa 8.00¢ 8.00° 9.67° 0.00° Keys: DS-MTB — Drug susceptible Mycobacterium

n-e tuberculosis; DR-MTB — Drug resistant

Crud 10.67° 8.33° 833" 8.00° Mycobacterium  tuberculosis; H37Rv =

e Mycobacterium tuberculosis strain; S = Sensitive;

P. <0.0001* <0.000 <0.00 <0.0001 R = Resistant. Control drugs: susceptible —

Valu 1* 01* * Rifampicin (40 mg); resistant - Levofloxacin (200

e mg), P value<0.05 is significant.

Diverse letters in a single column suggest notable Table 5: 'H and 3C NMR chemical shifts for C7
distinctions among the plant extracts that were Carbon # &%C 6H Multip  Coupling
tested. *Significant at P<0.05. NMR NMR licity constant
(ppm)  (ppm)
Table 3: Minimum Inhibitory Concentration 1 173.3 -
(mg/mL) of root fractions of B. pilosa by micro- 2 33.43 2.1 dt 7.09,7.09, 14.78
tube dilution method using clinical isolates 3 2491 1.43 m
Plant Staphylo Salmo Cand Tricho 4 26.89 1.09 m
Extract/fractions coccus nella ida phyton 5 28.89 1.09 m
aureus typhi albic  rubru 6 28.89 1.09 m
ans m 7 28.89 1.09 m

Chloroform 100 100 50 100 8 33.43 1.86 dd 8.14,15.36

Methanol 100 100 100 100 9 129.41 5.16 d 7.46

Hexane 12.5 6.25 6.25 100 10 127.7 5.15 d 7.46

Crude 25 100 100 100 11 37.15 2.6 s

12 127.7 5.16 d 7.46
Table 4: Antimycobacterial activity of B. pilosa 13 129.4 5.16 d 7.46
root fractions by proportion method 14 33.43 1.86 dd 8.14,15.36
15 28.89 1.09 m
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16 31.69 1.09 m
17 21.97 1.09 m
18 13.7 0.85 m
55.26 3.95 m
13.8 1.09 m

This shows the *HNMR, chemical shift for isolated
fraction, 9, 12- octadecadienoic ethyl ester (C7).

515 §5.16

Fig. 1: Structure of compound C7:
(9, 12- octadecadienoic ethyl ester) or Ethyl
Linoleate
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Fig. 2: Mass Spectrum and structure of
(9, 12- octadecadienoic ethyl ester) or Ethyl
Linoleate

Fig.3:1H NMR spectrum (500 MHz, CDCI2) of
9,12- octadecadienoic ethyl ester
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Fig.4: HMBC spectra of compound C7
(9,12-Octadecadienoic acid, ethyl ester or ethyl

linoleate).
5. Discussion
The root fraction of B. pilosa contains

phytochemicals such as alkaloids, terpenoids, and
cardiac glycosides that are present in all fractions
(Table 1). Other metabolites identified include:
tannins, flavonoids, alkaloids, quinones, steroids
and glycosides. Flavonoids are a group of
compounds made of polyphenols. They possess
several pharmacological benefits such as:
antibacterial, anti-oxidant, boost the immune
system, lower blood sugar and the blood
pressure. Tannins were present in all fractions
with the exception of the hexane fraction.

A previous study [21] demonstrated the presence
of tannins in the root portion of B. pilosa. Earlier
studies [22] identified similar metabolites from
Bidens pilosa plant.

Antimicrobial activity of root extracts from B.
pilosa was assessed using the agar well diffusion
test to determine the zone of inhibition, with the
experiment being conducted in triplicate.
Statistical analysis using ANOVA was employed as
shown in Table 2. The determination of minimum
inhibitory concentration was carried out for
various extracts against the chosen clinical
isolates, as shown in Table 3. The hexane fraction
showed minimum inhibitory concentrations of
6.25 mg/mL against Salmonella typhi and Candida
albicans, and 12.5 mg/mL against Staphylococcus
aureus. The bio-assay conducted on different
extracts from the root sections of B. pilosa (Table
4) revealed the sensitivity of the hexane fraction
to Mycobacterium tuberculosis. Preliminary open

column chromatography was carried out on the
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7.50 g of BP root extract (hexane fraction).
Analyte sample for this extract was prepared by
separately dissolving in 20 mL of hexane. An initial
column chromatography analysis was performed
on the extracts obtained from the roots of B.
pilosa. The eluates collected from the preliminary
column chromatography were further screened
for bio-activity. Results obtained from this test
was used as a guide to further purification. Silica
gel 60 Fazs4 glass coated TLC aluminium coated
plates was employed to monitor the purification
process, until a single spot was observed. Eluted
fractions showing similar R values on TLC were
pooled, then concentrated wusing rotary
evaporator and allowed to dry. The compounds
on the plate were visualized using ultraviolet light
at wavelengths of 254 nm and 366 nm, as well as
iodine and vanillin. The isolates were kept in the
refrigerator for further spectroscopic analysis.
The purification of BP root extract via open
column chromatography, gave a total of seven
eluates._The bioassay activity of these eluates
identified BPR4,as the most active fraction, from a
solvent system composed of hexane, ethyl
acetate, and methanol in a 1:4:5 ratio._The last
combination obtained from BP root extract was
collected at 10% hexane. Identified bioactive
eluate, Bidens pilosa root forth extract (BPRa), was
a brown waxy substance, which was labelled C7
and kept for further spectroscopic analysis. Pure
compounds were analyzed using thin layer
chromatography on TLC plates measuring 10 cm x
5 cm x 0.25 mm and were developed with
different ratios of hexane to chloroform (8:2, 7:3,
5:5, 3:7). The compound was identified from the
interpretation of *H NMR, *3C, and HMBC. (Bruker
DRX500, USA). Topsin software was used to
process spectra obtained. The second purification
of the hexane fractions of B. pilosa root by open
column chromatography gave eight sub-fractions.
Bioassay-guided fractionation of the hexane
fractions of the root parts of BP, identified a
bioactive fraction, BPR4, to be sensitive to the
mycobacterial species. Further purification led to
the isolation of a compound - 9, 12-
octadecadienoic ethyl ester, (C7). A compound
was extracted from the root of B. pilosa using
open column chromatography from fraction
BPR4, which was derived from the hexane
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fraction of the root extract of B. pilosa. The
compound was characterized as 9,12,-
Octadecadienoic acid, ethyl ester, C2o0H3602. The
compound, C7 was found in the region, 0.85 -
5.16ppm, as shown in Fig. 3. At a chemical shift of
1.86 ppm, a doublet of doublet was identified
with a coupling constant of 8.14 Hz and 15.36 Hz,
as seen in Table 5. The methylenic protons at a
chemical shift of 5.15ppm; 5.16ppm gave
doublets with a coupling constant of 7.46 Hz. At a
chemical shift of 1.09 ppm, a lot of protons were
observed as multiplet.

13CNMR (CDC13), the chemical shift for the carbon
was from 13.7-173.3 ppm. A total of 20 carbons
with different signals were observed. The
presence of carbonyl compound was identified at
55.26ppm while the carbonyl carbon was
observed at 173.3 ppm. The chemical shift values
for the carbon atoms identified are in agreement
with literature [23, 24]. Fig.1, shows the structure
of the compound obtained from the hexane
fraction of B. pilosa root, while fig.2 identified the
mass spectrum of the compound isolated having
a mass of 308.g/mol. The two dimensional
analysis of the identified compound is shown in
Fig.4. (HMBC). Earlier studies and GC-MS analysis
identified this compound as a major component
of some selected locally grown plant seeds from
the oil samples, [25]; [26] ;[27]. Ethyl linoleate has
several benefits which includes: antioxidant,
antimicrobial, hepaprotective and
hypocholesterolemic properties, which were
identified by previous articles [28].

Conclusion

This study involved conducting extraction,
purification, and analysis of the antibacterial and
antimycobacterial properties of the root parts of
B. pilosa, as well as screening for phytochemical
compounds.

Phytochemical analysis revealed the presence of
alkaloids, terpenes, flavonoids, and cardiac
glycosides as secondary metabolites in the root of
Bidens pilosa. Analysis of antimicrobial activity
showed that the hexane fraction extracted from
the root of Bidens pilosa is effective against
certain clinical isolates. Further bio-assay
activities against Mycobacterium tuberculosis
species identified the hexane fraction more
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sensitive than other fractions. This study
investigated the extraction of bioactive
compounds from the root portions of B. pilosa
using bioassay-guided methods, as well as
assessing their biological effects.

Through phytochemical analysis, a compound
was isolated from the root portion of B. pilosa
using multiple rounds of column chromatography.
This compound was identified as: 9, 12-
octadecadienoic ethyl ester (ethyl linoleate). This
compound is a derivative of unsaturated fatty
acid, which constitute the essential fatty acids
recommended by professional societies as part of
the dietary intakes. It can also be found in some
plant oils such as: sunflower, canola, soybean,
flaxseed and corn. The unsaturated fatty acid has
exhibited antibacterial activity against infectious
diseases, contribute to the reduction of the low-
density lipoprotein (LDL), thereby reducing the
risk of stroke or heart attack, as well as a diet
supplement towards prevention of different
types of cancer.
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