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Abstract
The emergence and spread of multidrug-resistant (MDR) bacteria to commonly used antibiotics is a severe health problem and a major
challenge to global drug discovery. Plasmid-mediated multidrug resistance is one of the most imperative tribulations in the treatment of
infectious diseases. The use of plasmid curing agents in association with antibiotics may serve as a feasible way to control the development and
spread of antibiotic resistance encoded by antibiotic resistance plasmids (R-plasmids). This has encouraged scientists to constantly search for
various plasmid curing agents and the introduction of this new approach to combat the problem of antibiotic resistance. Investigation on the
antimicrobial properties of Discorea bulbifera was carried out against certain clinical isolates. The antimicrobial activities of ethanol extracts of
this plant against some multiple resistant isolates was carried out using agar well diffusion method. In addition to antimicrobial effect exhibited
by ethanol extract of D. bulbifera, the plant extract also exhibited appreciable killing rate, leakage of potassium ions and plasmid curing of E.
coli, which was an indication of bacterial cell membrane disruption by the antimicrobial compounds present in this extract. The result of the
phytochemical screening of D. bulbifera revealed that the whole tuber contains saponins, tannins, flavonoids, terpenoids and cardiac glycosides.
This study showed that Discorea bulbifera ethanol extract exerted its cidal effects on the test cells through disruption of their cell membranes.
Each of these bioactive agents has two or more health promoting effects, and this may be responsible for their antibacterial potentials. The
results from this study has shown that resistance in Escherichia coli is plasmid mediated as a result of its loss after curing. The plasmid curing
of E. coli with Sodium dodecyl sulphate (SDS) and ethanolic extract of D. bulbifera caused the elimination of resistance plasmid and revert the
resistant strain into susceptible form.
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Introduction
Antimicrobial resistance genes (ARGs), are frequently located
on plasmids, which are self-replicating elements of DNA. They are
often transmissible between bacteria, and some have spread globally. Plasmid curing is the elimination of plasmid DNA from bacterial isolates in order to determine the relationship of multidrug
resistance with plasmid DNA [1]. Plasmid-mediated multidrug
resistance is one of the most upcoming problems in the treatment
of infectious diseases, as bacteria have reached resistance to most
of the antibiotics that are available for treatment. Antibiotic resistance in bacteria may be an inherent trait of the organism that
renders it naturally resistant, or it may be acquired by means of
mutation in its own DNA or acquisition of resistance conferring
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DNA from another source. Thus, elimination of R-plasmids makes
the antibiotic therapy effective. Novel strategies to fight antimicrobial multidrug resistance are required, so plasmid curing, and
antiplays mid strategies could reduce antimicrobial resistance
genes and sensitize bacteria to antibiotics [2]. One of the ways to
minimize plasmid transmission of antibiotic resistance is to eliminate the plasmids. This process is known as plasmid curing and
many compounds have been shown to be capable of causing this
effect [2].

Majority of the plasmid curing agents are of synthetic origin
such includes acridine dyes, ethidium bromide and sodium dodecyl sulphate, acridine orange, and acriflavine are unsuitable due
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to their toxicity or mutagenic nature. There is constant need of developing novel curing agents which are more effective and at the
same time non-toxic. Alternatively, the solution to this problem
would be the use of plant derived secondary compounds which
would show promising activity against multiple-drug resistant
bacteria and cause reversal of antibiotic resistance. The naturally occurring quinones constitute a major class of bioactive compounds which can serve as potential plasmid eliminating agents.
Recently, it was shown that 24% of non-antibacterial drugs impact
growth of members of the human microbiome. Various herbal extracts from plants like Cinnamomum verum, Zingiber officinale, Nigella sativa, Pipernigrum, Plumbago zeylenica, etc. containing phenol (eugenol), tannins, flavonoids, terpenoids, napthoquinones,
alkaloid, saponin could be used for plasmid curing [3]. Elimination of bacterial plasmids from bacterial species grown as pure
or mixed bacterial is achieved in the presence of sub-inhibitory
concentration of non-mutagenic heterocyclic compounds. Amphiphilic compounds having a planar ring system act as antiplasmid
compounds with substitution in the L-molecular region. Super
helical structure of plasmid DNA binds more to the heterocyclic
compound than linear or open circular form; So, it exhibits more
antiplasmid activity and helpful to reduce the spread of antibiotic
resistance plasmid in the ecosystem [4].
Discorea bulbifera (commonly known as the air potato, air
yam, bitter yam, cheeky yam, potato yam) is a species of true yam
in the yam family, Discoreaceae. It is native to Africa, Asia and
northern Australia. It is a perennial vine with broad leaves and
two types of storage organs. The plant form bulbils in the leaf axils

of the twining stems, and tubers beneath the ground. It typically
climbs to the top of trees and has a tendency to take over nature
plants. Discorea bulbifera is a monocotyledonous, dioecius, herbaceous perennial vine. Its annual stems, which arise from tubers,
twine counterclockwise [5]. Discorea bulbifera is a vigorously
twining, long-stemmed perennial vine with non-spiny stems to
20m or more in length, freely branching above; internodes round
or slightly angled in cross section and they twine counterclockwise. Plant has two types of storage organs. The plant forms bulbils in the leaf axils of the twining stems, and tubers beneath the
ground. Tubers are like small, oblong potatoes with bitter taste.
Conspicuous aerial tubers (called bulbils) are pale, round to globose in shape, up to 13cm wide and in inflorescence that give D.
bulbifera the common name “air potato.” The leaves are attractive,
alternate, broadly heart-shaped, attached by long petioles. Leaves
10-15x7.5-10cm, ovate-suborbicular, base deeply cordate, apex
acuminate to shortly caudate, membranous, glabrous, basally
9-11-ribbed; petiole to 20cm long. Flowers rarely occur in D. bulbifera; where occurring, they are small, pale green and fragrant,
and arising from leaf axils. Male flowers in slender, axillary panicled spikes, pendulous, to 18cm long; bracteoles ovate, acute [6].

Their skin is purplish black or earth colored, usually coated
with abundant small feeding roots, but smooth in some cultivated varieties having flesh of white to lemon yellow, sometimes
marked with purple flecks and very mucilaginous. A few root and
root scars present in tubers, outer surface dark brown, inner yellow to light brown; odour- indistinct; taste-bitter [7] Figure 1.

Figure 1: Discoreabulbifera [8].

Materials and Methods
Source and collection of plant samples
Tubers of Discorea bulbifera Linn (Aerial yam) were obtained
from Akungba-Akoko, Ondo-State, Nigeria. Several tubers of D.
bulbifera were harvested, packed in clean sterile manila papers,
labelled with a voucher specimen and transported to the Labora002

tory of Department of Microbiology, Adekunle Ajasin University
Akungba, Ondo State for analysis.

Authentication of plant samples

The plants were authenticated at the Department of Plant
Science and Biotechnology, Adekunle Ajasin University, Akungba
Akoko, Ondo State, Nigeria.
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Preparation of plant samples: Plant materials were first
washed thoroughly with sterile distilled water and appropriately
air dried at room temperature for two weeks to ensure the samples lose most of their moisture content [8].
Preparation of plant ethanolic extract: The tuber of Dioscorea bulbifera was collected and washed well in tap water first
and then with the distilled water. The cleaned tubers were sliced
and allowed for the complete shade drying. 200 grams of clean
dried sample was soaked in 400ml of absolute ethanol making ratio of 1:2 and kept for four days [9].

Extraction of plant material: Extracts were collected and
concentrated under reduced pressure using rotary evaporator at
40°C, then reconstituted with 20%dimethysulphoxide (DMSO).
The stock extracts were kept in the refrigerator at 4°C for further
use [10].

Standardization of plant extracts: At aseptic condition, the
extracts were reconstituted by adding 1g of each extract to 2.5ml
of DMSO and 7.5ml of sterile distilled water, making it 100mg/
ml. For each extract, 5ml of distilled water is measured into three
sterile bijou bottles. In bijou bottle A, 5ml from the 100mg/ml bijou bottle was drawn and added, making it 50mg/ml. The serial
concentration was prepared to get concentration of 50mg/ml,
25mg/ml and 12.5mg/ml respectively [11].

Test organisms and source of test microorganisms

The test organisms used were standard strains of bacteria
and clinical isolates. They include Bacillus subtilis, Staphylococcus
aureus, Streptococcus pyogenes, Escherichia coli, Proteus mirabilis,
Shigelladysentriae, Pseudomonas aeruginosa, Klebsiella pneumoniae and Salmonella typhi. These organisms were obtained from the
stock culture in the Laboratory of the Department of Microbiology,
AdekunleAjasin University, Akungba-Akoko, Ondo State, Nigeria.
Standardization of test organisms: Slants of the various
test organisms were sub cultured at aseptic condition, using a
sterile wire loop, approximately one isolated colony of each pure
culture was transferred into 9ml of sterile nutrient broth and incubated for 24hours. After incubation, 0.1ml of the broth culture
was transferred into 9.9ml of sterile distilled water contained in
each test tube using a sterile needle and syringe, and then mixed
properly. The broth now serves as a source of inoculum containing
approximately 106cfu/ml of bacterial suspension [12].

Antibacterial screening of the extract

All the test organisms were sub-cultured onto sterile Mueller
Hinton agar plates and incubated at 37°C for 18-24 hours. Five
distinct colonies for each organism were inoculated onto sterile Mueller Hinton broth and incubated for 3-4hours. All inocula
were standardized accordingly to match the 0.5 McFarland standards, and this standard was used for all susceptibility tests. All
the extracts were reconstituted accordingly into the following
concentrations; 100, 50, 25, 12.5mg/ml, using Dimethl sulphoxide (DMSO). The susceptibility testing was investigated by the
003

agar diffusion method according to the method of Osuntokun and
Oladele [13]. All experiments were performed in duplicates [13].

Plasmid isolation

Bacterial cells were grown on nutrient agar and harvested
with 200 L of buffer 1A (400Mm Tris, 200Mm Na EDTA and acetic
acid to pH 8.0). The cells were then vortex and 400L of lysing solution (4 % SDS, 100 Mm Tris) were added, centrifuged at 14,000g
for 5min. the supernatant were collected in fresh Eppendorf tubes
and 700L of chloroform were added and vortexed. After which it
was left on ice for 1 hour and centrifuged at 14,000g for 5 minutes.
The aqueous layers were collected in fresh Eppendorf tubes. To
500L of aqueous layer, 1ml absolute ethanol was added and tubes
keep in ice for 1 hour. Tubes were centrifuged again at 14000g for
5 minutes and the supernatant were decanted. The pellets were
washed in 70% ethanol and air-dried. Afterwards, 100 L of buffer
3C was added to the pellets [14].

Plasmid profiling

The E. coli culture were inoculated in nutrient broth and placed
at 37°C for 24 hours. E. coli culture (0.5mL) was transferred in a
microfuge tube and same volume of phenol: chloroform: isoamyl-alcohol (25:24:1) were added. The phenol was saturated with
Tris EDTA buffer (10mM Tris, 1mM EDTA with final pH7.5) before
mixing with chloroform and Isoamyl alcohol. The microfuge tube
containing mixtures were vortexed at the maximum speed for
one minute. Then the tubes were centrifuged at 12,000rpm for 5
minutes. After centrifugation, the upper aqueous phase (0.45mL),
leaving the interphase intact, were collected in another microfuge
tube containing 0.5mL isopropanol. The microfuge tubes were
mixed well and centrifuged immediately at 12,000rpm for five
minutes [15].

Gel electrophoresis: The resultant plasmids were separated
using gel electrophoresis. Agarose gel (0.8%) in 1X TBE buffer
were prepared and placed in Gel electrophoresis tank containing
1X TBE buffer. The current was supplied about 85V for 15 minutes
and the resulting bands were visualized under UV trans illuminator and compared with 100bp and 1kb ladder [16].

Plasmid curing

The isolates that was observed to harbour plasmid was subjected to plasmid curing. The chemical agent used for the plasmid
curing was SDS and Discorea bulbifera extract. Escherichia coli isolates was cultured in Mueller Hinton agar for18 hours at 37°C in
duplicate test tubes. Loopful culture (0.5McFarland) was inoculated in a microfuge tube containing freshly prepared 1mL TSB. The
microfuge tube was placed on thermostat with set temperature
of 45°C for 18 hours as mentioned previously [17]. E. coli culture
was inoculated in test tubes (Triplicate) containing 10 % SDS and
100mg/ml of ethanolic extract of Discorea bulbifera in Mueller
Hinton agar on different plates. The tubes were placed at 37°C for
24 hours. The curing of plasmid in the isolate was confirmed by
antibiotic sensitivity testing using ethanol extract of Discorea bulbifera [18].
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Secondary metabolites screening of Discorea bulbifera
extract
Preliminary test / Preparation test: Discorea bulbifera
filtrate were prepared by boiling 20 g of the fresh Discorea bulbifera
extract in distilled water. The solution was filtered through
a vacuum pump. The filtrate was used for the phytochemical
screening for flavonoids, tannins, saponins, alkaloids, reducing
sugars, anthraquinones and anthocyanosides [19].
Quantitative method of analyses

A.
Saponins: About 20 grams each of dried Discorea
bulbifera extract were ground and, put into a conical flask
after which 100ml of 20 % aqueous ethanol were added. The
mixture was heated using a hot water bath. At about 55°C
for 4 hours with continuous stirring, after which the mixture
was filtered, and the residue was re-extracted with further
200ml of 20% ethanol. The combined extracts were reduced
to 40ml over a water bath at about 90°C. The concentrate was
transferred into a 250ml separatory funnel and 20ml of diethyl
ether were added and then shaken vigorously. The aqueous
layer was recovered while the ether layer was discarded.
The purification process was repeated three times. 60ml of
n-butanol were added. The combined n-butanol extracts were
washed twice with 10ml of 5% aqueous sodium chloride.
The remaining solution were heated in a water bath. After
evaporation, the samples were dried in the oven to a constant
weight; the saponin content was calculated as percentage of
the starting material [20].
B.
Flavonoids: About 10g of the Discorea bulbifera sample
were extracted repeatedly with 100ml of 80% aqueous
methanol, at room temperature. The whole solution was
filtered through Whatman filter paper No 42. The filtrate was
later transferred into a crucible and evaporated into dryness
over a water bath; the dry content was weighed to a constant
weigh [21].
C.
Cardiac glucosides: Legal test and the killer-kiliani
was adopted, 0.5g of the extract were added to 2ml of acetic
anhydrate plus H2S04[22].

D. Tannins: About 500mg of the Discorea bulbifera sample
were weighed into a 50ml plastic bottle. 50ml of distilled water
was added and shaken for 1 hour on a mechanical shaker.
This was filtered into a 50ml volumetric flask and made up
to the marked level. Then, 5ml of the filtrate was transferred
into a test tube and mixed with 2ml of 0.1M Fe Cl in 0.1M Hcl
and 0.008M potassium ferrocyanide. The absorbance was

measured at 120nm within 10 minutes. The tannins content
was calculated using a standard curve of extract [23].

E.
Alkaloids: Five grams of the Discorea bulbifera sample
were weighed into a 250ml beaker and 200ml of 10% acetic
acid in ethanol was then be added, the reaction mixture
were covered and allowed to stand for 4 hours. These were
filtered and the extract was concentrated on a water bath to
one-quarter of the original volume. Concentrated ammonium
hydroxide was added dropwise to the extract until the
precipitation is complete. The whole solution was allowed to
settle, and the precipitate was collected, washed with dilute
ammonium hydroxide and then filtered; the residue being
the alkaloid, which was dried and weighed to a constant mass
[24].
F.
Phlobatannins: About 0.5 grams of each Discorea
bulbifera were dissolved in distilled water and filtered. The
filtrate was boiled in 2% HCl, red precipitate shows the
present of phlobatannins [25].

Results

Figure 2-5 show the zones of inhibition of ethanolic extract
of Discorea bulbifera bacterial growth at different concentration
(100mg/ml, 50mg/ml, 25mg/ml and 12.5mg/ml) respectively.
The antibacterial activities were expressed as the zone of inhibition diameters (mm) produced by the plant extract. The ethanolic
extract of Discorea bulbifera inhibited some of the bacteria with
a measurable zone of inhibition. The extract had higher inhibitory activity on Staphylococcus aureus (Gram-positive bacteria) and
Bacillus cereus (Gram-positive bacteria) and with zones of inhibition of 15mm and 17mm at 100mg/ml respectively. The Table 1
also shows the MIC and MBC values. Both extracts had MIC values
ranging from 50-100mg/ml, and the MBC values of 100mg/ml.
The ethanol extract of Discorea bulbifera showed minimum inhibitory concentration of 50mg/ml to Escherichia coli, Staphylococcus aureus and Bacillus cereus. The extract also showed minimum
inhibitory concentration of 100mg/ml to Klebsiella pneumonia,
Salmonella typhi, Pseudomonas aeruginosa and Proteus vulgaris.
Only three of the bacteria isolate (Escherichia coli, Staphylococcus aureus and Bacillus cereus) showed MBC value of 100mg/ml
(Table 1). The potassium ion efflux (leakage) from multi-drug
resistant Escherichia coli cellstreated with different concentrations (100mg/ml, 30mg/ml, 10mg/ml and 3mg/ml) of ethanolic extract of Discorea bulbifera in different time ranges between
0min, 15min, 30min, 60min and 90minutes (Table 2). Each point
represents the amount of potassium ion leaked (μg/mL) from the
cells at a particular time interval in the presence of the fraction.

Table 1: Quantitative Analysis of secondary metabolites (Phytochemical) screening of Discorea bulbifera ethanolic extract.
Bioactive compounds

Peel

Saponin

21.37

32.28

Phlobatannin

1.56

1.87

Tannin
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Average concentration (mg/g)

Bulbils
4.21

4.79

Whole tuber
24

4.21
ND
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Flavonoid

6.33

9.17

5.36

Cardiac glycoside

12.37

15.9

13.13

Terpenoid

20.4

8.48

8.48

Table 2: Qualitative Analysis of secondary metabolites (Phytochemical) screening of Discoreabul bulbifera ethanolic extract.
Compounds
Alkaloid

Glycoside
Steroid

+ve
+ve
-ve

Anthraquin

+ve

Tannins

+ve

Phenol

Saponin

Flavonoid

+ve
+ve
-ve

Pyrrolizidine alkaloid

+ve

Terpenoid

-ve

Reducing sugar
Volatile oil

Cardiac glycoside

+ve
-ve

+ve

Figure 2: Antimicrobial reactivity of ethanolic extract of Discoreabulbifera at 100mg/ml against ten clinical isolates.
A= Escherichia coli
B=Klebsiella pneumoniae
C =Pseudomonas aeruginosa
D=Proteus vulgaris
E= Salmonella pneumoniae
F= Salmonella typhi
G= Bacillus cereus
H= Staphylococcus aureus
I= Staphylococcus typhi
J= Salmonella gallimarum

Figure 3: Antimicrobial reactivity of ethanolic extract of Discoreabulbifera at 50mg/ml against ten clinical isolates.
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Figure 5: Minimum inhibitory concentration (mg/ml) of ethanolic extract of Discoreabulbifera.

The potassium ion leakage of 100mg/ml concentration of the
extract for 15min was 1.26µg/ml, and 1.40(μg/ml) at 90 minutes. The highest effect of potassium efflux was exhibited by the
100mg/ml concentration of the extract, having ranges of 1.22 to
1.40. The 3mg/ml concentration has the least reactivity of 0.21 at
90minutes. The rate of potassium ion leakage assay showed that
the percentage of ion leakage increases with increased concentration and duration. The quantity of ion leaked out of the cells also
depict the sensitivity of the bacteria isolates to the extract. Figure
6 shows the extent and rate of kill of Escherichia coli by ethanol extract of Discorea bulbifera at different concentrations of 40mg/ml,
20mg/ml and 10mg/ml. The microbial killing kinetic of different
concentrations of ethanolic extract of Discorea bulbifera on multidrug resistant Escherichia coli in different time ranges between

15min, 1 hour, 3 hours and 6 hours. The rate of the organism killed
by 10mg/ml concentration in 15min was 4.24 while the rate of
cell killed at 30min rose to 4.29. After 60min of contact time with
this fraction, the rate of the organisms killed was 4.34. Each point
represents the mean log10 survival of bacterial cells at a particular time interval in the presence of the fraction. After 90min of
the contact time interval, the percentage of the organisms killed
has increased to 5.12, while it rose to 5.16 after 120min of contact time. The extent and rate of kill of the fraction at 40mg/ml
concentration followed the same trend with the concentrations
aforementioned. As the concentrations of the fraction increased
with increase in time, the percentage of the organisms killed also
increased.

Figure 7: The microbial killing kinetic at different concentrations of ethanolic extract of Discoreabulbifera on multi-drug resistant
Escherichia coli at different time ranges.
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Figure 8: Pre-curing plasmid profile analysis of Escherichia coli.

Plasmid mediated analysis of different multi drug resistant E.
coli isolates was observed by agarose gel electrophoresis which
showed plasmid bands in different combinations (Pre-curing
plasmid profile of E. Coli) (Figure 7). Plasmid mediated analysis of different multi drug resistant E. coli isolate was observed
by agarose gel electrophoresis which do not show plasmid band
(Post-curing plasmid profile of E. Coli) (Figure 8)

The Secondary metabolites screening of Discorea bulbifera
extract (phytochemical screening) for the presence of bioactive
components in the tuber of D. Bulbifera samples are presented
in Table 1. The analysis indicated the presence of saponin, tannin, flavonoids, terpenoid, phlobatannin and cardiac glycosides.
The peels of the tubers were observed to contain higher amount
of these bioactive compounds in the following order; saponin
(32.28mg/g), followed by terpenoids(22.90mg/g), cardiac glycosides (15.90 mg/g), flavonoid (9.17 mg/g), tannin (4.79 mg/g)

and phlobatannin (1.87 mg/g) was the least among the bioactive
ingredients detected in the peel of D. bulbifera.

The susceptibility of E. coli to different concentrations
(100mg/ml, 50mg/ml, 25mg/ml and 12.5) of Discorea bulbifera
ethanolic extract forming different zones of inhibition. The reactivity of the ethanolic extract of Discorea bulbifera against multiple drug resistant E. coli before plasmid isolation and curing were
observed. The ethanolic extract inhibited the bacteria forming a
measurable zone of inhibition. The 12.5mg/ml concentration of
the extract has no reactivity against the plasmid E. coli. The concentration of 25mg/ml and 50mg/ml showed inhibition zones
of 9mm and 11mm respectively. The plant extract also inhibited
the growth of E. coli with zones of inhibition of 15mm at 100mg/
ml. The 100mg/ml concentration showed the highest reactivity
against the bacteria isolate (Figure 9).

Figure 9: Post-curing plasmid profile analysis of Escherichia coli.

Figure 10: Pre-curing reactivity of ethanolic extract of Discoreabulbifera against multiple drug resistant E. coli before plasmid isolation and
curing.
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Figure 10 shows the zones of inhibition of E. coli growth at
different concentration of ethanolic extract of Discorea bulbifera
and the reactivity of the ethanolic extract of Discorea bulbifera
against multiple drug resistant E. coli before plasmid isolation and
curing. The antibacterial activities were expressed as the zone of
inhibition diameters (mm) produced by the plant extract. The ethanol extract of Discorea bulbifera inhibited the bacteria forming a
measurable zone of inhibition. The 12.5mg/ml concentration of
the extract inhibited the bacteria growth with 15mm clear zone
of inhibition on the plasmid-cured E. coli. The concentration of
25mg/ml and 50mg/ml showed inhibition zones of 24mm and
36mm respectively. The plant extract also inhibited the growth of
E. coli with 47mm zone of inhibition at 100mg/ml. The 100mg/ml
concentration showed the highest reactivity against the bacteria
isolates.

Discussion

The varied antibacterial activity recorded for tuber of this
yam could be attributed to different metabolites constituted by
this plant parts, following the fact that these phytochemicals are
routinely described as the major antibacterial factors found in
plant [26]. Furthermore, the minimum inhibitory concentration
obtained for the ethanolic extract of this tuber in the present study
contradict the general believe that plant extracts are more effective against Gram-positive than Gram-negative bacteria [27], as
both Gram-positive and Gram-negative isolates tested against the
extract were inhibited at concentrations ranging between 50mg/
ml and 100mg/ml. The significant activity displayed by this tuber
also reinforce the hypothesis that D. Bulbifera could be explored
as potential antimicrobial drug. Moreover, [28] also emphasized
that active compounds from D. bulbifera are substrates of multidrug resistant (MDR) bacteria efflux pumps, suggesting a possible
use as an inhibitor in the fight against these strains. Although, the
mechanisms of antibacterial activity of the tuber (D. bulbifera)
is not evaluated in this present study, membrane disruption and

formation of complex with bacterial cell wall are suspected mechanisms because of the terpenoids and flavonoids content of the tuber [29]. Potent bacterial killing was evident as extract concentration gets higher and time increases. This observation was similar
to the antibacterial effect of Hemides musindicus [28]. The ability
of this fraction to completely inhibit these pathogens at minimal
contact time and at low concentrations is an indication that bioactive compounds in Discorea bulbifera could be used for the development of antimicrobial compounds for treatment of infections
caused by pathogens. Such antimicrobials could be useful in combating infections caused by multidrug resistant microorganisms.

In addition to killing rate exhibited by ethanol extract of D.
bulbifera, other modes of action including leakage of potassium
ions and plasmid curing potential were studied. The fraction exhibited appreciable leakage of potassium ions and plasmid curing of E. coli (Figures 5), which is an indication of bacterial cell
membrane disruption by the antimicrobial compounds present
in this extract. The ethanolic extract exhibited appreciable potentials to cause potassium ion efflux from the test bacterium. The
concentrations of potassium ions leaked from the test bacterium
increased with increase in concentration of the fractions as well
as increase in contact time of the cells with the fractions [29]. The
cytoplasmic membrane damage caused by antimicrobial agents
could have caused the cations to be freely transported out of the
cell and thus led to the death of the cell. Potassium ion is involved
in the maintenance of a constant internal pH and membrane potential, therefore the efflux of potassium out of the membrane will
have detrimental effect on the cell functions and lead to the cell
death. The results obtained from this study showed that Discorea
bulbifera ethanol extract exerted its cidal effects on the test cells
through disruption of their cell membranes. According to Zasloff,
antibacterial agents could act by disrupting the cytoplasmic membrane of bacteria and as such cause destabilization and permeabilization. This observation supports the mode of action exhibited
by ethanol extract obtained from Discorea bulbifera [30].

Figure 11: Post-curing reactivity of ethanolic extract of Discoreabulbifera against multiple drug resistant E. coli after plasmid isolation and
curing.
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The result of the phytochemical screening of the extract of D.
Bulbifera revealed that the whole tuber contains saponins, tannins, flavonoids, terpenoids and cardiac glycosides. Each of these
bioactive agents has two or more health promoting effects, and
this may be responsible for their antibacterial potentials [31]. reported that plant extracts containing bioactive agents with antimicrobial properties have been found useful in treating bacterial and
fungal infections. Saponins were detected in the tuber of D. bulbifera in this present study with the highest concentration among
other bioactive compounds. According to [32], presence of saponin in D. Bulbifera as observed in this study, suggest that the tuber
may have hypocholesterolenic effect, in that, saponins reduces
the uptake of certain nutrient including glucose and cholesterol at
the gut through intralumeral physicochemical interactions. This
action tends to lessen the metabolic burden that would have been
placed on the liver- hypocholesterolemic effect. Saponins have
also been reported to possess the properties of precipitating and
coagulating red blood cells. Therefore, in medicine, D. bulbifera
can be applied as antibleeding agent to arrest lost of blood in case
of injuries. Vitamins and some vital minerals such as zinc and iron
are reported to form insoluble complexes with saponin [33]. This
also may have contributed to the antimicrobial activity of D. bulbifera against some pathogenic microorganism that requires these
vitamin and mineral for their metabolic processes.

The mode of antimicrobial activities confers on plants by
tannins, which include their ability to inactivate microbial adhesions, enzymes and cell envelope transport proteins [34], are all
indicative of the antimicrobial efficacy of the extracts of D. Bulbifera against the test microorganisms in this study. A number of
terpenoid as a bioactive compound has been isolated and have
been shown to elicit antibacterial and antiprotozoal properties.
Therefore, the considerable amounts of terpenoid in the tuber
of D. bulbifera indicated that the tuber elicit medicinal benefits.
Flavonoids are important class of polyphenols, structurally made
of more than one benzene ring, which are found in plants [35].
It has long been reported by [35] that alkaloids and flavonoids
are responsible for the antimicrobial activities in higher plants.
Therefore, the considerable amount of flavonoids detected in the
sampled tuber indicated the pharmacological properties embedded in the tuber of D. bulbifera.
Plasmids frequently carry genes for antibiotic resistance, toxigenicity and can as well confer extremophiles status on microorganisms. The functions of these plasmids have classically been correlated with phenotypical properties, including drug resistance,
carbohydrate metabolism, amino-acid metabolism, carotenoids,
colic acid derivatives, organic acids and bacteriocins production
[36]. Plasmids are useful markers in Recombinant DNA technology and as such this makes plasmids indispensable tool in Molecular Biology. The results from this investigative study have shown
that resistance in Escherichia coli are plasmid based as a result of
its loss after curing. The resistance showed by the isolates was
plasmid mediated [37]. The plasmid curing of E. coli with Sodium
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dodecyl sulphate (SDS) and ethanolic extract of D. bulbifera causes
elimination of resistance plasmid and revert the resistant strain
into susceptible form [38]. Cured derivative was found to be more
sensitive than wild type which was proved by replica plate technique. Agarose gel electrophoresis revealed presence of plasmids
in wild type strain but absence of plasmids in the cured derivative
which was the physical confirmation of plasmid curing effected by
SDS and Discorea bulbifera extracts [39,40].

Recommendation

This finding resulted in the possibility of a new type of combination between antibiotics and potential drugs effective against
plasmid encoded multiple antibiotic resistance. From the result
obtained, from the antimicrobial activity of this plant, I recommend that:
I.
Elimination of plasmid-determined antibiotic resistance
in pathogenic strains of bacteria is of great practical significance both in the treatment of bacterial infection and in microbial genetics. Already ineffective antibiotics can become
effective if plasmid encoded antibiotic resistance is eliminated
from the population.

II. Many of the ineffective or outdated antibiotics could be
revived if used in combination with such curing agents. This
would be a novel approach towards controlling multidrug resistant bacterial infections especially in hospital environment.
III. I anticipate that future research should continue in this
area, driven in large part by the need to prevent and treat resistant infections.

IV. Studies on in vivo plasmid curing will be crucial in developing methods to sensitize bacteria to existing antibiotics.
In the future, it may be that doctors prescribe a plasmid curing agent to help ensure that the antibiotics taken by the patient are effective. Alternatively, a plasmid curing agent could
be taken by an individual (e.g. on return from an area where
plasmid-mediated drug-resistance is common) as a way of restoring drug-susceptible bacteria to the gastrointestinal microbiome.
V.
The use of plasmid curing strategies in settings other
than in humans and animals should not be under appreciated.
For instance, another potential use of curing strategies could
be on farms where livestock are often exposed to antibiotics,
and harbour multiple MDR plasmids. Soil, waste water treatment, and aquaculture could all be treated with plasmid curing agents to reduce drug-resistance.

VI. Altogether, plasmid curing has come a long way, from
the use of toxic compounds to novel designer curing methods
based on incompatibility. Further research is now needed to
uncover safe and effective means to cure plasmids, particularly in the face of the global antibiotic resistance crisis.
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Conclusion
Development of bacterial resistance to multiple antibiotics
has made treatment of infectious diseases increasingly difficult
over the past few years. Many known antibiotics have now
become ineffective owing to the development and spread of
plasmid encoded high level of resistance in bacteria. However,
such ineffective antibiotics can be rendered effective if R-plasmids
encoding antibiotic resistance are eliminated from the bacterial
population. The present study affirmed the fact that plant extracts
D. bulbifera, represent a novel source for bioactive compounds
employable as new antibacterial agents and safe plasmid
curing agent. More so, it is conclusive that D. bulbifera is a rich
source of relevant bioactive agents that do not only enhances
the antibacterial properties of the tubers but also ascertain its
health promoting qualities. It is therefore recommended that
pharmaceutical industries should exploit the broad antibacterial
potentials embedded in the extract of D. bulbifera to produce novels
antibiotics of broad spectrum to circumvent the ever-emerging
trend of multiple drug resistant pathogenic microorganisms. The
present piece of work may prove to be beneficial for searching
novel potential phytotherapeutic plasmid curing agents against
multiple drug resistant bacterial strains and reversal of their
plasmid-mediated-resistance.
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