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Abstract

Background and Objective: Anti-biotic resistance has been increasing in prevalence, thus becoming a major medical challenge
worldwide and posing a big threat to human society. Hence, it becomes essential to search for newer drugs with lesser rate of resistance
development and lesser toxicity especially from plant resources. Materials and Methods: Mitracarpus villosus plant was obtained
within Aliero, Nigeria, while the multi-drug-resistant bacteria (Staphylococcus aureus, Klebsilla pneumoniae, Streptococcus pneumoniae
and Salmonella typhi) used were obtained from Sir Yahaya Memorial Hospital Birnin Kebbi, Nigeria. Acetone extract of the plant was
used and test organisms were taken from nutrient agar slants and sub-cultured on nutrient agar plates. The anti-bacterial activities were
conducted using agar well diffusion method. Results: The plant phytochemical composition shows the presence of saponins, tannins,
alkaloids, terpenoids, steroids, anthraquinones, flavonoids and phenols. The result for the anti-bacterial activity reveals that, the zones
of inhibition at extract concentration of 120 mg mL™" were 5.89%+0.38 mm for S. aureus, 5.22%£0.19 mm for S. pneumoniae,
6.89+0.70 mm for K pneumoniae and 6.11£0.70 mm for Sa/monella typhi. The higher the concentration of the plant extract the
higher the activity and atlower concentration, the activity reduces significantly. Conclusion: The results obtained revealed that, M. villosus
has anti-bacterial activity against the tested multi-drug-resistant micro-organisms, which was attributed to the presence of some of the
phytochemicals in the plant extract.
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INTRODUCTION

Anti-biotics are chemical substance which serves as
agents to kill or inhibit the growth of micro-organisms'. For
many years, anti-biotics have been used to treat many
bacterial diseases. One of the central themes of success in
human therapeutics in the 20th century was the discovery
and development of anti-biotics and anti-bacterial
agents. However, the usage of anti-biotics and anti-bacterial
chemotherapeutics is becoming more restricted, because
bacteria are capable of developing resistance soon after their
introduction?and most anti-biotics have side effects®. Over the
years, there is a decrease in microbial susceptibility to exiting
anti-microbial agents, responsible for drug resistance which is
exerting global problems today. In fact the theme of World
Health Day 2011 was “no action today no cure tomorrow”.
Antibiotic resistance has been increasing in prevalence*. The
extraordinary genetic capacities of microbes have benefitted
from man's overuse of antibiotics to exploit every source of
resistance genes and every means of horizontal gene
transmission to develop multiple mechanisms of resistance for
each and every antibiotic introduced into practice clinically,
agriculturally or otherwise®. The successful use of any
therapeutic agent is compromised by the potential
development of tolerance or resistance to that compound
from the time it is first employeds.

Anti-biotic discovery, modes of action and mechanisms of
resistance have been productive research topics in academia’
until recently, in the pharmaceutical industry. As natural
products, they provide challenging intellectual exercises and
surprises with respect to their chemical nature, biosynthetic
pathways, evolution and biochemical mode of actioné,

To overcome the problem of resistance of anti-biotic,
medicinal plants have been exclusively studied as alternative
treatment for diseases® and many efforts have been made to
discover new antimicrobial compound from various kind of
plants'®. Chemical studies of medicinal plant provide valuable
material with enormous therapeutic potential and heal
many infectious diseases®''. According to the World Health
Organization, 80% of people in developing countries still
depend on local medicinal plants to fulfill their primary health
needs'. Besides that, there is a global consensus on the
benefits of phytopharmacy and at present, medicinal plants
occupy a key position in plant research and medicine.

Since anti-biotic resistance has been increasing in
prevalence and becoming a major medical challenge
worldwide and posing a big threat to human society, ranging
from rise in the number of anti-biotic resistant bacteria
to emergence of new types of resistance (particularly in
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Gram-negative bacteria, e.g., £ coli and Klebsiella
pneumoniae), high cost of treating infectious diseases and
market failure in antibiotic development, there is need to
necessitate a search for novel antibacterial agents from plants
extracts which are abundant, accessible and cheaper
especially in the rural areas that might resolve the antibiotic
resistance.

MATERIALS AND METHODS

Plant sampling and authentication: The plant Mitracarpus
villosus was obtained from Aliero town, Kebbi state, Nigeria
in July, 2018. The plant sample was identified and
authenticated in the Botany unit, Biological Sciences
Department, Kebbi State University of Science and
Technology, Aliero, Nigeria and was found to belong to the
family Rubiaceae with a voucher number 139.

Multi-drug-resistant clinically isolated bacteria: The
multidrug-resistant  bacteria  (Staphylococcus  aureus,
Klebsilla pneumoniae, Streptococcus pneumoniae and
Salmonella typhi) were obtained on 14th August, 2018 from
Sir Yahaya Memorial Hospital, Birnin Kebbi, Nigeria. Sensitivity
tests were conducted on the test organisms, to confirm their
multi-drug-resistance.

Preparation of plant sample: The whole plant sample was
cleaned and air dried at room temperature for 7 days. The
completely dried sample was crushed to coarse powder by
grinding with wooden mortar and pestle. The ground sample
was use for the preparation of acetone extract.

Preparation of extract: The acetone extract of the plant was
obtained according to the method described by Adamu et a/'
with slight modification. A 200 g of the dried powder of the
plant sample was dissolved in 500 mL acetone. The mixture
was gently stirred, tightly covered with cotton wool and
aluminium foil and was allowed to stand for 72 h at room
temperature. The extract was decanted and filtered through
muslin cloth. The filtrate obtained was allowed to evaporate
at room temperature with continuous weighing until a
constant weight was obtained. The plates were incubated in
an incubator at 37°C for 24 h to get sub-cultures of the
isolates.

Preparation of inoculums: After the sub-culturing, to
prepare the bacterial inoculums, the sub-cultures were then
inoculated on fresh nutrient agar plates using sterile cotton
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swabs at 37°C for 24 h. The pure cultures on the nutrient agar
plates were used as the inoculums.

Qualitative phytochemical screening: About 5 g of the plant
extract was dissolved in 40 mL of distilled water and then
subjected to phytochemical screening using the method of
Mbatchou and Kosoono'™. The presence of flavonoids,
phenols, tannins, saponins, alkaloids, terpenoids, steroids and
anthraquinones were tested.

Determination of anti-bacterial activity: The Agar well
diffusion method of Pelczar used. The
Mueller-Hinton agar media were prepared according to the
method described by Joklik and Willett's. The prepared agar
plates were inoculated with the test organisms. Four wells
(holes) were made into the set agar in Petri-dishes containing
the inoculums using a sterile syringe of 10 mm diameter. The
different concentration (75, 100 and 120 mg mL™") of the
extract were prepared. A 0.25 mL (5 drops) volume of each
prepared concentrations of the extract was dispensed into
the different agar wells in the media followed by incubation
at 37°C for 24 h. Cloxacin was used as the positive control
while the solvent (acetone) was used as negative control.

et al® was

Measuring zones of inhibition: After the incubation period,
the plates were observed for zones of inhibition (indicated by
clear zones) around the wells. The anti-bacterial activities of
the extract were accessed by measuring the diameter of the
zone of inhibition in millimeter around the wells using a
transparent measuring ruler. The actual zone of inhibition was
calculated by subtracting the diameter of the well from the
measured diameter.

Determination of minimum inhibitory concentration
(MIC): The minimum inhibitory concentrations of the plant
extract were determined, according to the Clinical and
Laboratory Standards Institute (CLSI) guidelines. About 6 test
tubes were labelled 1-6, to test tubes 2-6 1 mL of sterile
nutrient broth were added, 1 mL of the extract were added to
test tube 1 and test tube 2. Doubling dilution was done from
tube 2-5 to have extract concentrations (in mg mL™") of 120,
60, 30, 15 and 7.5, respectively. Test tube 6 contains 1 mL of
sterilized nutrient broth (serving as control for the sterility of
the medium). Afterwards, 0.1 mL of a 0.5 McFarland standard
of the test organisms in normal saline (0.85% NaCl (w/v))
were inoculated into the test tubes 1-5, shaken and

incubated at 37°C  for 24 h. Minimum inhibitory
concentration is defined as the lowest concentration (in
ug mL™") of an anti-biotic that inhibits the growth of a given
strain of bacteria'.

Data analysis: The data collected for the anti-bacterial
activities were subjected to one way analysis of variance
(ANOVA) and statistical difference between the means were
separated using New Duncan’s Multiple Range Test at p<0.05
with the aid of a statistical package (IBM SPSS Statistics 20).

RESULTS

The phytochemical composition of the Mitracarpus
villosus extract shows that saponins, tannins, alkaloids,
terpenoids, steroids, anthraquinones, flavonoids and phenols
were present (Table 1).

Table 2 presents the anti-biotic sensitivity of the test
organisms so as to confirm their multidrug resistance. The
results indicated that cloxacin was effective against all the test
organisms (K. pneumonia, S. aureus, S. pneumoniae and
Salmonella typhi).

The result for the anti-bacterial activity of M. villosus
extract (Table 3) reveals that, activity against all the test
micro-organismswas exhibited at each extract concentration.
It was observed that the higher the concentration of the
plant extract the higher the activity. Thus, at lower
concentration of the extract, activity of M. villosus reduces
significantly. The extract exhibited highest growth inhibition
on K. pneumoniae (6.891+0.70) and lowest on S. pneumoniae
(5.22£0.19) at 120 mg mL~". Compared to the control drug
(Cloxacin), the activity of the plant extract is significantly very
low even at the highest concentration of 120 mg mL=".

Table 4 presents the minimum concentration of the
extract at which anti-bacterial activity is observed. The
concentration of 15 mg mL~" is the minimum at which the
growth of Klebsiella pneumoniae and Salmonella typi was
inhibited. But, 30 mg mL~" was the minimum extract

Table 1: Phytochemical composition of Mitracarpus villosus extract
Phytochemicals
Flavonoids +
Alkaloids
Saponins
Tannins
Terpenoids
Steroids
Phenols
Anthraquinones
+: Present

Observation

+ 4+ o+ o+ o+
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Table 2: Sensitivity test results of the test organisms

Antibiotic (50 mg mL™")

Test organisms A P CH CL E S G T AM
Klebsiella pneumonia - - - + + - - + N
Staphlococcus aureus - - + + + + + +
Streptococcus pneumonia - - - + + - - - -
Salmonella typhi - - + + - + + + -

+: Effective, - Resistant, A: Augmentin, P: Penicillin, CH: Chloramphenicol, CL: Cloxacin, E: Erythromycin, S: Sivooflaxacin, G: Gentamicin, T: Tetracycline, AM: Amoxicillin

Table 3: Anti-bacterial activities of Mitracarpus villosus plant extract

Zone of inhibition (mm)

Test organisms Cloxacin (75 mg mL™")

Extract (75 mg mL™")

Extract (100 mg mL™") Extract (120 mg mL™")

Staphylococcus aureus 21.11+0.70¢
Streptococcus pneumoniae 23.00+1.764
Klebsiella pneumoniae 20.44+5.87¢
Salmonella typhi 22.55+291¢

3.89£0.70° 5.20%0.55° 5.89£0.38°
2.44+0.84° 4.00+0.58° 5.22+0.19
411£1.26° 5.67+1.53° 6.89%0.70°
3.11£0.84° 5.22+0.51° 6.11%£0.70°

Values are presented as Mean = Standard deviation of triplicates. Values carrying different superscripts from the control (Cloxacin) for each row are significantly different

(p<0.05) using ANOVA and Duncan multiple range test

Table 4: Minimum inhibitory concentration (MIC) of Mitracarpu svillosus plant

extract
Test organisms MIC (mg mL™")
Staphylococcus aureus 30
Streptolococcus pneumoniae 30
Klebsiella pneumoniae 15
Salmonella typhi 15

concentration for the inhibition of the growth of
Staphylococcus aureus and Streptolococcus pneumoniae.

DISCUSSION

The phytochemical composition of the M. villosus
acetone extract indicated the presence of terpenoids,
flavonoids, tannins, saponins, alkaloids and phenols. These
metabolites are reported to have anti-bacterial activities in
their pure form and are responsible for the anti-bacterial
activities of many plants extracts'®'®. In a research reported by
Sani et al?°, hexane extract of M. scaber, contains all these
tested metabolites, except alkaloid. In comparing, the
contrariety of this phytochemical composition in terms of
alkaloid content might be due to the differences in species of
the plant, environmental conditions and geographical
locations of the places where the plant materials were
obtained, the use of different solvents, procedure in the
extraction or method adapted for detection of these
metabolites?%?,

The anti-bacterial activity of plant extracts earlier linked
to the presence of tannins, alkaloids, flavonoids or
saponins?, tannins have been reported to inhibit growth
of micro-organisms by precipitating microbial pattern and
making nutritional proteins unavailable for them?2. Similarly,
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the possible mechanism of action of tannins have been linked
to interference with energy generation by uncoupling
oxidative phosphorylation or interference with glycoprotein
of cell surface?>23. The results indicated that, M. villosus has
good antibacterial activity against the tested resistant
bacterial isolates. Hence, the anti-bacterial activity of the
plant extract might be attributed to the presence of these
active metabolites?*. This result is also in accordance with the
result previously reported by Oghenejobo eta/* and Sani',
that the plant extract has antibacterial activity on these tested
organisms.

Plant species used as medicines have received a great
attention in recent times due to the side effects and the
serious issues of resistance that pathogenic micro-organisms
develop against conventional anti-biotics. Anti-microbials of
plant source are also quite active in the treatment of
infectious diseases while simultaneously easing the numerous
side effects often associated with synthetic anti-microbials'®.
The primary benefit of using plant medicines is that
they are relatively safer and cheaper than their synthetic
counterparts®, In addition, plant medicine is a complex
combination of different phytochemicals acting by different
mechanisms, which makes it difficult for pathogens to develop
resistance®.

According to WHO'™, medicinal plants would be the best
source for obtaining variety of drugs. For this reason,
researchers are increasingly turning their attention to herbal
products, looking for new leads to develop better drugs
against multidrug resistant strains. A huge number of
medicinal plants have been recognized as valuable resources
of natural anti-bacterial compounds. Considerable numbers of
studies have been conducted on the anti-bacterial activity of
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medicinal plants which showed promising effectiveness
against multi-drug resistant microorganisms after antibiotics
failed to eliminate them'®%,

Minimum inhibitory concentration (MIC) is defined as the
lowest concentration of any substance/antibiotic (ug mL™")
that inhibits the growth of a given strain of bacteria'. Hence,
the results for the minimum inhibitory concentration of the
plant extract, reveals the MIC value (mg mL™") at which the
test organisms were sensitive.

CONCLUSION

This research study discovered that Mitracarpus villosus
whole plant extract has the ability to inhibit the growth of
the multidrug-resistant clinically isolated bacterial strains
(Staphylococcus  aureus,  Streptococcus — pheumoniae,
Klebsiella pneumoniae and Salmonella typhi). Furthermore,
the plant has very promising anti-bacterial activity and thus
can be beneficial for the treatment of various infectious
diseases cause by these resistant bacteria. This finding can
serve as lead to researchers for the development of effective,
safe, readily available and affordable antibacterial drug.

SIGNIFICANCE STATEMENT

This research study discovered that Mitracapus villosus
can be used for the treatment of bacterial infectious diseases
especially those cause by the tested strains. As the current
situation of antibiotic resistance is dingy and resistance
mechanisms are pandemic, this creates a huge clinical and
financial burden on the healthcare system worldwide. If it
continues, it may result in pathogens that evade all existing
therapeutic agents. The prevalent dissemination of antibiotic
resistance genes should provide sufficient caution for
implementation of new antibiotic alternatives more especially
from plant resources. Hence, this research can be beneficial as
a guide in the search for new antibacterial agents. Novel
mechanisms and innovative bold solutions must be obtained
by researchers in order to slow down the rate of resistance. If
not, the pre-antibiotic era awaits next generation.
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