Original Article


Evaluation Of The Antibacterial Properties Of The Methanol Root Extract Of Cnestisferruginea On Methicillin Resistant Staphylococcus Aureus (MRSA)

Enwa Felix Oghenemaro1*, Jemikalajah Daniel Johnson2, Adjekuko Collins3, Oyubu L. Obaro4, Oshevire Joseph5
[bookmark: _Hlk118263495]
1*, 5 Department of Pharmaceutical Microbiology and Biotechnology, Faculty of Pharmacy, Delta State University, Abraka, Nigeria.
2Department of Medical Laboratory Science, Faculty of Science, Delta State University, Abraka, Nigeria.
3Department of Biological Sciences, Faculty of Science, University of Delta, Agbor, Nigeria.
4Department of Science Laboratory Technology, Faculty of Science, Delta State University, Abraka.

*Corresponding Author: Enwa Felix Oghenemaro

*Department of Pharmaceutical Microbiology and Biotechnology, Faculty of Pharmacy, Delta State University, Abraka, Nigeria.
Doi: 10.47750/pnr.2022.13.S08.428

This study is aimed at investigating the antibacterial properties of the root bark extract against isolates of methicillin resistant Staphylococcus aureus (MRSA), and to identify the various phytochemicals responsible for this antimicrobial effects. The root barks of Cnestisferruginea were obtained, peeled, dried and extracted with the aid of a Soxhlet apparatus using 70% methanol, and then dried and concentrated. After which the aqueous and chloroform fractions were obtained by partitioning. MRSA samples were obtained from the Pharmaceutical Microbiology laboratory and confirmed using appropriate tests.  Abstract

The antibacterial efficacy of the Methanol extracts of dried root bark of Cnestisferruginea against isolates of MRSA, were determined using sensitivity test using different concentrations of the crude extract and the various fractions. The concentrations employed were 100mg/ml, 50mg/ml, 25mg/ml, 12.5mg/ml, and 6.25mg/ml. Higher concentrations of 300mg/ml, 150mg/ml, 75mg/ml, 37.5mg/ml, and 18.75mg/ml were also employed using the crude extract for further sensitivity test.
Results obtained showed that the crude plant extract as well as the chloroform and aqueous fractions of the plant extract did not yield significant zones of inhibition indicating that the isolates were also resistant to the plant extract. Even at higher concentrations of the crude plant extract, similar results were seen. A further study was then also carried out with other test organisms comprising Staphylococcus aureus, Escherichia coli, and Proteus vulgaris, where significant zones of inhibition were seen at the different concentrations, confirming the antibacterial properties of the plant extract.
This was done for the purpose of comparison and also to establish the true identity of the root extract of Cnestisferrugineaas an antibacterial agent and also to carry out further study on various other parts of the Cnestisferruginea plant with a view of discovering which plant part will effectively be able to effectively manage MRSA isolates. 
 
INTRODUCTION
Background of Study
Man has exploited different parts of plants in managing and preventing ailments even before the advent of chemotherapeutic approaches. History has it that our ancestors discovered the healing prowess of medicinal plants through trial and error. The use of medicinal plants for therapy therefore is based on verifiable findings from over a hundred years ago. (Gurib-Fakim 2006). Majority of plant-based drugs came into existence through the isolation of pharmacologically active agents (Ramawatet al., 2008). These researches have led to the better management of some infections and ailments through the novelty of isolated compounds which have been developed into various medications such as strychnine aspirin and taxol (Agyareet al., 2012)

 As it is known, diseases arising from microbial infections often cause disabilities, mortality and adverse socio-economic effects on individuals (W.H.O. 2010). In view of this, many research work are still ongoing geared towards the discovery of new antibiotics, and this continues to be of great interest to scientists.

Statistically, about 75–80% of the population in many developing countries still uses Herbal medicine. Also, the last few years have experienced a major rise in the use of medicinal plants for therapy in developed countries (Agyareet al., 2012) Their use in primary health care is often based on its easy availability and because they are of better cultural acceptability with fewer side effects (Mahomoodally 2013). They are often cheap or obtained free of any charges (Agyareet al.,). Above all, plants are biodegradable, easy to handle and generally safe for humans and their surroundings (Akharaiyiet al., 2011).

Over several years of antibiotic existence, the misuse and inappropriate dosing have led to the microorganisms, becoming resistant to the once effective agents. This adaptation by the microorganisms has been achieved by several mechanisms of resistance (Oluwatuyiet al., 2004). The resistance of microorganisms to existing antibiotics has increased in recent times and has necessitated an increase in scientific researches into finding new antibiotics and modifying the existing antibiotics (Bin Zaman et al., 2017).
Cnestisferruginea Vahl ex DC. is a widely distributed perennial shrub which is found across the savannah region of tropical West Africa. It has a typical height of about 3.0–3.6 m. It has pinnate leaves and reddish-brown fruits. The plant flowers between January to March (Atereet al., 2009).
Medicinal plants have long been used over the years as remedies to treat, manage and control man's ailments. They are known to contain large varieties of chemical constituents that possesses important therapeutic properties which are applied in the treatment of these ailments.
Cnestisferruginea which is a widely distributed perennial shrubs has been found to exhibit various therapeutic activities. The roots of Cnestisferruginea has been used in times past as a laxative, aphrodisiac and in the treatment of some skin infections.

Various parts of this plant have been experimented to possess antibacterial properties against a wide range of bacteria including the Methicillin resistant Staphylococcus aureus. And as such the roots of Cnestisferruginea should contain antibacterial properties that will prove useful to man. Several parts of the plant have been experimented to serve various medicinal purposes including; as a laxative, as an aphrodisiac agent, in the treatment of some skin infections, sore throat, migraine and sinusitis. It has also been used in combination with other plants in a decoction in the management of gonorrhea, syphilis and rheumatism by herbalists in eastern Nigeria (Nascimentoet al., 2000). The roots of C. ferruginea is used as a laxative, aphrodisiac, remedy to ovarian disorders, abortion complications, treatment for some skin infections, sore throat, migraines and sinusitis (Ha A.2017). It is used in combination with other plants in a decoction in the management of gonorrhea, joint and waist pains, arthritis, rheumatism, stroke and syphilis by herbalists in Eastern Nigeria (Okwuet al., 2009). Biological and pharmacological activities of the plant include anti-inflammatory and anti-nociceptive properties (Isholaet al., 2011), antioxidant (Ita, 2017), hypoglycemic (Adisaet al., 2011), aphrodisiac (Toyinet al., 2012), antimicrobial (Acheamponget al., 2018) and laxative activities (Yakubu M, 2011). This study, therefore, seeks to explore the antimicrobial properties of Cnestisferruginea.

MATERIALS AND METHODS
Materials
Materials and equipment used for this research include test tubes, beakers, petri dishes, measuring cylinders, bijou bottles, sterile swab sticks, wire loop, corkborer, sterile syringes (2mls and 5mls), cotton wool, masking tape, aluminum foil, Bunsen burner, test tube rack, spatula, autoclave, Soxhlet apparatus, separating funnel, triple beam balance, digital weighing balance, rotary evaporator, hot air oven, refrigerator.

REAGENTS
Reagents used for this research work include; methanol, chloroform, methylated spirit, sterile water, distilled water, Mayer reagent, Dragendorff's reagent, Fehling's solution, sodium hydroxide, sulphuric acid (H2SO4), hydrochloric acid (HCl), olive oil.
Solvents used for this research work were all of analytical grade, while the reagents used were obtained from the pharmacognosy and traditional medicine laboratory.

Bacteriological Media
Nutrient broth, Mueller Hinton Agar.

Bacterial Isolates
Fifty samples of Methicillin Resistant Staphylococcus aureus isolates used for this study were obtained from the pharmaceutical microbiology laboratory in the faculty of pharmacy, Delta state university Abraka.

EXPERIMENTAL
Collection and Identification of Cnestisferruginea
The roots of Cnestisferruginea were gotten from Oria Abraka Delta, state. Identification and authentication of the plant specimen were then carried out in the Department of Botany herbarium by Mr Michael O.E were a voucher number ‘DELSUH111” was obtained. The roots were then washed with water and then the barks were peeled off with the aid of a sterilized knife, and then they were air dried.

Extraction of the Plant Specimen
Methanol (70%) was used to extract the peeled bark sample of the roots of Cnestisferruginea. About 350g of the plant sample was extracted using a Soxhlet apparatus, and was then allowed to dry with the aid of a rotary evaporator at 45°C, after which the extract was concentrated in an oven.

PHYTOCHEMICAL ANALYSIS
Test for saponin: 2ml of plant extract was measured into a test tube, and then 2ml of water was measured and 


PARTITIONING OF METHANOLIC PLANT EXTRACT
About 30g of the concentrated plant extract of the root bark of Cnestisferruginea was redissolved in equal volumes of methanol and distilled water (100ml volume) and then partitioned thoroughly with chloroform (200ml x5) in a separating funnel.
The resulting aqueous and chloroform phases were then concentrated by drying in a rotary evaporator and their respective yields in grams were then noted with little modification as described by Enwa et al 2016.

BIOCHEMICAL ANALYSIS.
Bacteriology and biochemical test were carried out as described by Oghenemaro et al (2022)

PREPARATION OF SUB- CULTURES
Nutrient Agar was prepared according to manufacturer's specifications and then transferred into bijou bottles which were then autoclaved at 121°C for 15 minutes. Upon complete sterilization the bottles were then kept in a slanted position and then allowed to cool and solidify.
After solidification, the different strains of methicillin resistant Staphylococcus aureus were then inoculated into the bijou bottles containing the slant nutrient agar and then incubated at 37°C for 24 hours.

SENSITIVITY TEST OF METHICILLIN RESISTANT STAPHYLOCOCCUS AUREUS TO CNESTISFERRUGINEA
Preparation of Over Night Broth Culture
Nutrient broth was prepared according to manufacturer's specifications and then transferred into a media bottle after which it was sterilized in an autoclave at 121°C for 15 minutes. Upon complete sterilization, the broth was then transferred into sterilized bijou bottles that have been properly labelled. Upon cooling, the MRSA strains of bacteria were then inoculated into each of the labelled bijou bottle and then incubated at 37°C for 24 hours with the aid of a wire loop.

Sensitivity Test
Mueller Hinton Agar was prepared according to manufacturer's specifications after which it was transferred into a media bottle and then sterilized in an autoclave at 121°C for 15 minutes, and then allowed to cool. Upon cooling it was then transferred into petri dishes which were labelled according to the numbers of MRSA strains of bacteria, and also into an additional petri dish which served as negative control, after which they were allowed to solidify. Upon solidification, the test organisms from the broth culture were then inoculated on the surfaces of the agar plates with the aid of sterile sticks by swabbing all over the entire surface of the agar plate. Six holes were then bored (punched) on each agar plate using a cork borer and each hole was labeled according to the different concentrations of the crude, chloroform, and aqueous fractions of the plant extract (100mg/ml, 50mg/ml, 25mg/ml, 12.5mg/ml, 6.25mg/ml), and also according to the positive control (Ciprofloxacin).
Twofold serial dilutions representing the different concentrations of the various fractions as well as the positive and negative control were then transferred into the holes in the agar plate according to the labelled concentrations respectively and were then incubated at 37°C for 24 hours. This test was carried out in triplicate after which the zones of inhibition diameter for each concentration were measured.

Sensitivity Test with Escherichia coli, Staphylococcus aureus and Proteus vulgaris for Comparison and Establishment of Antibacterial Property of Plant Extract
Preparation of Overnight Broth Culture
Nutrient broth was prepared according to manufacturer's specifications and then transferred into test tubes and covered with foil paper. The test tubes were then transferred into a beaker and sterilized in an autoclave at 121°C for 15 minutes. Upon sterilization, the test tubes were then allowed to cool after which the different strains of bacteria; Escherichia coli, Proteus vulgaris and Staphylococcus aureus were then inoculated into the individual test tubes with the aid of a wire loop, which had been properly labelled. Upon inoculation, the test tubes were then incubated at 37°C for 24 hours.

Sensitivity test
Mueller Hinton Agar was prepared according to manufacturer's specifications, after which it was transferred into a media bottle and then sterilized in an autoclave at 121°C for 15 minutes. Upon sterilization the media bottle was then allowed to cool after which it was transferred into petri dishes that had been properly labelled according to the organisms and according to the different concentrations (100mg/ml, 50mg/ml, 25mg/ml, 12.5mg/ml 12.5mg/ml, 6.25mg/ml).
The Mueller Hinton agar was then allowed to solidify after which a cork borer was used to bore holes on the agar in accordance with the labelled concentrations and also an additional hole for the positive control.
Twofold serial dilutions representing the different concentrations of the crude extract were then transferred into the holes in the agar plate according to the labelled concentrations respectively, after which the plates were incubated at 37°C for 24 hours. Upon complete incubation the zones of inhibition diameter for each concentration were then recorded.



Phytochemical screening of the crude extract of the root bark of Cnestisferruginea

Table 1: Result of phytochemical screening of the crude extract of the root bark of Cnestisferruginea
	Phytochemicals
	Result

	1. Saponin
	+

	1. Tannin
	+

	1. Flavonoid
	+

	1. Alkaloid
	+

	1. Reducing Sugar
	-

	1. Terpenoid and Steroid
	+


Where (+) indicates the presence of a phytochemical, and (-) indicates the absence of a phytochemical

Antibacterial evaluation of the various fractions of the root bark of Cnestisferruginea on Methicillin resistant Staphylococcus aureus (MRSA)
A zone of clearance round each well represents the inhibition and the diameter of each zone was measured in millimeter (mm) using a meter rule. The results obtained are shown in table 2

Table 2: Average Diameter of the zones of inhibition (mm) of crude extract and the various fractions (Aqueous and Chloroform) against Methicillin resistant Staphylococcus aureus (MRSA)
	[bookmark: _Hlk114639974]CODE OF ORGANISM
	CONCENTRATION IN MG/ML AND INHIBITION ZONE DIAMETER
	POSITIVE CONTROL
	NEGATIVE CONTROL

	
	100
	50
	25
	12.5
	6.25
	Control
	Control

	M1
	-
	-
	-
	-
	-
	8.30
	-

	M2
	-
	-
	-
	-
	-
	-
	-

	M3
	-
	-
	-
	-
	-
	14.00
	-

	M4
	-
	-
	-
	-
	-
	10.20
	-

	M5
	-
	-
	-
	-
	-
	-
	-

	M6
	-
	-
	-
	-
	-
	5.00
	-

	M7
	-
	-
	-
	-
	-
	2.60
	-

	M8
	-
	-
	-
	-
	-
	-
	-

	M9
	-
	-
	-
	-
	-
	11.60
	-

	M10
	-
	-
	-
	-
	-
	12.00
	-

	M11
	-
	-
	-
	-
	-
	4.60
	-

	M12
	-
	-
	-
	-
	-
	-
	-

	M13
	-
	-
	-
	-
	-
	14.00
	-

	M14
	-
	-
	-
	-
	-
	10.30
	-

	M15
	-
	-
	-
	-
	-
	-
	-

	M16
	-
	-
	-
	-
	-
	1.30
	-

	M17
	-
	-
	-
	-
	-
	12.60
	-

	M18
	-
	-
	-
	-
	-
	8.60
	-

	M19
	-
	-
	-
	-
	-
	10.00
	-

	M20
	-
	-
	-
	-
	-
	11.00
	-

	M21
	-
	-
	-
	-
	-
	-
	-

	M22
	-
	-
	-
	-
	-
	-
	-

	M23
	-
	-
	-
	-
	-
	8.00
	-

	M24
	-
	-
	-
	-
	-
	14.00
	-

	M25
	-
	-
	-
	-
	-
	5.30
	-

	M26
	-
	-
	-
	-
	-
	12.00
	-

	M27
	-
	-
	-
	-
	-
	-
	-

	M28
	-
	-
	-
	-
	-
	9.00
	-

	M29
	-
	-
	-
	-
	-
	12.60
	-

	M30
	-
	-
	-
	-
	-
	-
	-

	M31
	-
	-
	-
	-
	-
	5.00
	-

	M32
	-
	-
	-
	-
	-
	-
	-

	M33
	-
	-
	-
	-
	-
	10.00
	-

	M34
	-
	-
	-
	-
	-
	6.30
	-

	M35
	-
	-
	-
	-
	-
	11.60
	-

	M36
	-
	-
	-
	-
	-
	-
	-

	M37
	-
	-
	-
	-
	-
	1.30
	-

	M38
	-
	-
	-
	-
	-
	-
	-

	M39
	-
	-
	-
	-
	-
	12.00
	-

	M40
	-
	-
	-
	-
	-
	-
	-

	M41
	-
	-
	-
	-
	-
	10.00
	-

	M42
	-
	-
	-
	-
	-
	-
	-

	M43
	-
	-
	-
	-
	-
	5.30
	-

	M44
	-
	-
	-
	-
	-
	-
	-

	M45
	-
	-
	-
	-
	-
	14.00
	-

	M46
	-
	-
	-
	-
	-
	-
	-

	M47
	-
	-
	-
	-
	-
	-
	-

	M48
	-
	-
	-
	-
	-
	7.00
	-

	M49
	-
	-
	-
	-
	-
	-
	-

	M50
	-
	-
	-
	-
	-
	4.60
	-



Antibacterial evaluation of the crude extract of the root bark of Cnestisferruginea on other test organisms for the purpose of comparison

Table 3: Diameter of the zone of inhibition (mm) of the crude extract against selected test organisms
	S/N
	ORGANISM
	CONCENTRATION IN mg/ml AND INHIBITION ZONE DIAMETER (mm)
	POSITIVE
CONTROL
	NEGATIVE CONTROL

	
	
	100
	50
	25
	12.5
	6.25
	
	

	1
	Staphylococcus aureus
	11
	9
	10
	8
	8
	13
	-

	2
	Proteus vulgaris
	9
	9
	8
	7
	-
	19
	-

	3
	Escherichia coli
	10
	8
	7
	5
	4
	11
	-
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DISCUSSION AND CONCLUSION
Discussion
Medicinal plants are plants with one or more of their parts containing substance which can be useful as therapeutic agents. These substances which are regarded as phytochemicals are secondary metabolites which plays different important roles in the management of various disorders and ailment, and they have been widely employed in the pharmaceutical drug industry.
The result obtained from the qualitative Phytochemical analysis as shown in table 1 indicated the presence of alkaloid, flavonoid, tannin, saponin, terpenoid, and steroid in the crude plant extract. The finding of this study is in agreement with the report of Enwa et al, 2021 who also reported the presence of these of these phytochemicals in the crude plant extract of root bark of Cnestisferruginea.
Table 2 shows the averaged overall sensitivity of the methicillin resistant Staphylococcus aureus (MRSA) bacteria to the three fractions (crude, chloroform and aqueous) at various concentrations of the extracts (100mg/ml, 50mg/ml, 25mg/ml, 12.5mg/ml, and 6.25mg/ml). It was found out from the study that no significant zones of inhibition were observed upon complete incubation.
One could then begin to think that it is a problem arising from low concentrations of the plant extract used, and as such a further sensitivity test was again carried out, this time with higher concentrations of the crude plant extract (300mg/ml, 150mg/ml, 75mg/ml, 37.5mg/ml, and 18.75mg/ml). It was then also found out that no significant zones of inhibition were observed across all concentrations of the extract, and across all the Methicillin resistant Staphylococcus aureus isolates, as shown in table 5 (Appendix).
At this point one may begin to question the authenticity and claims of Cnestisferruginea being a plant with antimicrobial (antibacterial) properties. A further sensitivity test was then again carried out, but this time with different test organisms which included; Staphylococcus aureus, Escherichia coli, and Proteus vulgaris. At the end of the test, significant zones of inhibition were observed for the different bacteria as shown in table 3, with the highest concentration giving the highest zones of inhibition; Staphylococcus aureus (11mm), Proteus vulgaris (9mm), and Escherichia coli (10mm).

This therefore goes on to establish and verify the true claims of the root bark of Cnestisferruginea plant possessing antimicrobial (antibacterial) properties and as such is effective in the management of microbial infections. This also correlates with the work of Oghode, 2021 who tested the same plant extract on selected uropathogens comprising Staphylococcus aureus and Escherichia coli, and also documented significant zones of inhibition.

The positive control used for this study was Ciprofloxacin which showed significant activity against the methicillin resistant Staphylococcus aureus (MRSA) isolates, with the exception of a few. And this goes on to imply that the positive control (Ciprofloxacin) is a more potent antibacterial agent against Methicillin resistant Staphylococcus aureus (MRSA) compared to the plant extract.
The negative control used showed no antibacterial effect on the isolates from the results obtained from this study.

CONCLUSION
From this study conducted, it can therefore be deducted that although the root bark of Cnestisferruginea has antibacterial effects at different concentrations against a number of microbial organisms, it however does not possess any activity against isolates of methicillin resistant Staphylococcus aureus (MRSA)
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