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ABSTRACT
Introduction: Respiratory tract infections (RTIs) are some of the most common and significant health-related issues seen in clinical medicine. Many studies have shown that comorbid illnesses are associated with acute respiratory tract infections. The effectiveness of available antimicrobial drugs has decreased as a result of the resistance of microrganisms to synthetic drugs. The therapeutic potential of medicinal plants as an alternative to synthetic antibiotics is currently being investigated. Ficus vogelii Miq and Boerhaavia diffusa Linn have been used in ethnomedicine for the treatment of diseases of microbial origin. 



Methodology: The pulverized leaves of F. vogelii and Boerhaavia diffusa were extracted by cold maceration with methanol and partitioned into hexane, ethyl acetate and methanol.  Antibiogram profile of clinical isolates from RTIs was determined by disc diffusion method. Antimicrobial activity of the extracts and fractions of the plants was determined by agar well diffusion. Bioassay-guided fractionation of the most active fractions was carried out using vacuum liquid chromatography (VLC).  The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) were determined by microbroth dilution. Bactericidal kinetics was done using the viable count technique. Cytotoxicity of the plant extracts was determined using the brine shrimp assay.



Results: The antibiogram profile of the microbial isolates showed that 85% of the isolates were multidrug-resistant. MIC values for both plants ranged between 1.5625 mg/mL to 25 mg/mL. Bactericidal kinetics showed a complete kill of S. aureus by the ethyl acetate fraction of F. vogelii Miq at concentrations of 12.5mg/ml and 25mg/ml in 2 hrs while a total kill of E. coli was achieved in 3 hrs by the hexane fraction of B. diffusa  The brine shrimp lethality assay revealed that the fractions of both plants were non-toxic.
Conclusion: F. vogelii and B. diffusa possess antimicrobial activities and the non-toxicity of the active fractions implies the safety of the plants as alternative drug agents to synthetic antibiotics. 
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1. INTRODUCTION
Respiratory tract infections (RTIs) are known as infectious conditions affecting the respiratory system. An infection of this type is usually classified based on its anatomical location as an upper respiratory tract infection (URI or URTI) or a lower respiratory tract infection (LRI or LRTI) [1]. The pathophysiology of these infections are very similar to that of other infectious agents. They are caused by a complex interplay between the ability of the pathogen to infect, colonize, and damage tissues and the capacity of the host to mount an effective immune response [2]. There are a number of pathogenic organisms that causes RTIs which includes Haemophilus influenzae, Klebsiella pneumoniae, Streptococcus pneumoniae, Streptococcus pyogenes, Acinetobacter spp., Moraxella catarrhalis, Pseudomonas aeruginosa, Escherichia coli, and Proteus spp, Coronavirus, Influenza virus [3-6]. Antibiotics commonly used in the treatment of these RTIs include Amoxicillin, Gentamicin, Erythromycin, Ciprofloxacin, Amikacin, Ceftriaxone, however, the misuse and poor administration of antibiotics impede therapy and fosters the development of antimicrobial resistance [7]. 
Medicinal plants, on the other hand, show potential as an alternative therapeutic agent for respiratory tract infections.  Medicinal plants are those whose organs contain active ingredients that have beneficial pharmacological effects on the body. They are used to cure or prevent diseases. The active ingredients present in medicinal plants serve as therapeutic agents used in the manufacture of drugs or pharmaceutical agents [8].
Ficus vogelii Miq belongs to Moraceae family and in the genus commonly referred to as figs [9]. It is primarily found in west and central Africa’s Guinea Savannah ecological zone and commonly known as the West African Rubber tree or Ficus lutea Vahl [10]. In the northern part of Cross River State, the Obudu people locally refer to Ficus vogelii Miq as kujung,” where they use it as food and also for medicinal purposes. The plant’s antidiabetic [10], anti-ulcer [11], anti-anemia [12], and anti-hepatotoxic potentials have all been the subject of scientific study [9]. In conventional medicine, its leaves are used to cure anemia, diarrhea, and dysentery, while in traditional medicine, it has been used in the treatment of rabies, boils, ulcers, malaria, and seizures [13,14].
Boerhaavia diffusa Linn commonly referred to as spreading hogweed (English) and Etiponla (Yoruba) is a perennial herb from the Nyctaginaceae family. It is native to tropical and subtropical areas like India, Brazil, Africa, Australia, China, Egypt, Pakistan, Sudan, Sri Lanka, the United States, Iran, and other Middle Eastern nations [15]. Ethno-medicinally, it is used as a diuretic and expectorant in Iran, as well as to treat edema, gonorrhea, hives [16]. It is also used as an expectorant and laxative in Nigeria to treat abscesses, asthma, boils, threatened miscarriage, convulsions, epilepsy, fever, and guinea worms [17,18].
From previously published reports, extracts of both Ficus vogelii Miq and Boerhaavia diffusa Linn have been shown to be active against clinical bacteria isolated from various sources [19-23] as well as fungi [24,25] but there is insufficient information on their antibacterial effect on pathogens causing respiratory tract infections. Hence, this study evaluated the antimicrobial efficacy of Ficus vogelii Miq and Boerhaavia diffusa Linn against clinical isolates from respiratory tract infections, therefore validating the use of both plants for treating respiratory tract infections. We hypothesized that extracts and fractions of Ficus vogelii Miq and Boerhaavia diffusa Linn is effective against selected clinical respiratory tract infection isolates.
2. MATERIALS AND METHODS
2.1 Plant collection and preparation: The leaves of Ficus vogelii Miq and Boerhaavia diffusa Linn were collected from the Botanical Garden, University of Ibadan, Ibadan, and Ajibode junction, Ojoo, respectively, and authenticated at the Botany Department, University of Ibadan, Ibadan, with voucher numbers UIH-23108 for Ficus vogelii Miq and UIH-23110 for Boerhaavia diffusa Linn by Esimekhuai, D. P. O. The leaves were air dried under shade at about 29oC. The dried leaves were pulverized, weighed and stored in airtight containers. 
2.2 Plant Extraction and Fractionation: Cold maceration method was used in the extraction of the powdered plants. To obtain crude methanol extract, 1000g of Ficus vogelii and 950g of Boerhaavia diffusa were transferred into glass containers respectively. Five litres (5L) of methanol was transferred into each glass container. The mixture was stirred at intervals of 2 hours and allowed to stay for 72 hours after which the solvents containing the extracts were collected using muslin bag. The above process was repeated by adding pure methanol solvent into the shaft collected. The extract obtained from each plant was further filtered using Whatmans filter paper (1 mm). The filtrate was concentrated using rotary evaporator set at 40°C. The crude methanol extract was further concentrated using a vacuum oven set at 40°C with a pressure of 700 mmHg. To obtain the methanol, ethyl acetate and hexane fractions of the crude extracts, 58 g and 22 g of the crude methanol extract of Ficus vogelii and Boerhaavia diffusa were mixed with 100 mL of methanol each and stirred thoroughly. 
Extraction by partitioning was carried out using the method described by Abu et al., (2017) [26] with slight modification in the solvents, using methanol, hexane and ethyl acetate. 
The fractions were concentrated using rotary evaporator set at 40°C. Further concentration was achieved using a vacuum oven set at 40°C with a pressure of 800 mmHg. The fractions were weighed and the percentage yield calculated.
2.3 Bioassay guided Fractionation:  Vacuum Liquid Chromatography (VLC) was carried out on the most active fractions (ethyl acetate fraction of F. vogelii and hexane fraction of B. diffusa). The fractions were weighed (7g of Ficus vogelii and 12g of Boerhaavia diffusa), absorbed with silica gel (60–200 mesh size), and allowed to dry. Whatman No. 1 filter paper was placed on the internal surface of the Buchner funnel, after which silica gel was poured into the funnel. A layer of cotton wool was placed on top of the silica gel, the dried fraction was loaded onto the funnel, and a filter paper was placed over the extract. Two hundred and fifty milliliters (250 mL) of different ratios of solvents (hexane 100, hexane/chloroform 80:20, 60:40, 40:60, 20:80; chloroform 100, chloroform/ethyl acetate 80:20, 60:40, 40:60, 20:80; ethyl acetate 100, ethyl acetate/methanol 80:20, 50:50, 40:60; and methanol 100) were poured. After a solvent mixture had been poured, the vacuum pump was switched on, and the eluent was collected in clean tubes and labeled appropriately. The solvent combination ratios were determined in percentage.
The fractions obtained were spotted on thin-layer chromatographic plates and chromatographed with a mobile phase of hexane/ethyl acetate at a ratio of 6:4. The fractions were pooled based on their TLC profiles after viewing them under the ultraviolet lamp. The fractions obtained using these separation techniques are known as VLC fractions.
2.4 Phytochemical Screening: Qualitative phytochemical screening was carried out on the crude extract and fractions obtained from both plants using standard chemical procedures for the presence of secondary metabolites according to the following standard procedures, as described by Sofowora (2008) [27]. Quantitative phytochemical screening was determined using methods described by Ebrahimzadeh et al., (2008) and Krishnaiah et al., (2009)[28,29]. 
2.5 Microorganisms: Clinical microbial strains of Pseudomonas aeruginosa (2), Klebsiella pneumoniae (3), Escherichia coli (2), Staphylococcus aureus (2), Acinetobacter baumanii (1), Moraxella catarrhalis (3) Serratia mercenses (1), and Hafnia alvei (1) were obtained from the Department of Medical Microbiology, University College Hospital, Ibadan, Nigeria. Control strains (Escherichia coli ATCC 11775, Staphylococcus aureus ATCC 29213 and Pseudomonas aeruginosa ATCC 27853) were obtained from Molecular Microbiology Laboratory of the Department of Pharmaceutical Microbiology, University of Ibadan. The strains were identified with the Microbact and API systems by the respective clinical laboratories and their identities were confirmed using a panel of biochemical tests including; Gram stain, growth on appropriate selective media, oxidase test, catalase test, coagulase test, motility test, citrate utilization, hydrogen sulfide production, after which they were archived in nutrient broth containing glycerol cryovials at 4℃ in the laboratory and subculture in 5ml of nutrient broth for 18 hours at 37℃ prior to carrying out any test or assay.


2.6 Antibiotic Susceptibility Testing: The susceptibility pattern of the clinical isolates was investigated using the disc diffusion method. Standard single antibiotic discs which includes Amikacin (AK) 30µg, Gentamicin (CN) 10µg, Ciprofloxacin (CPR) 5µg, Ceftazidime (CAZ) 30µg, Ceftriaxone (CRS) 45µg, Augmentin (AMC) 30µg, Erythromycin (E) 15µg, Penicillin G (P) 10µg were used for the antibiogram profiling of the test isolates. Overnight broth cultures of test isolates were inoculated into nutrient broth and dilutions corresponding to 0.5 McFarland equivalence turbidity standard. They were used to inoculate the surface of sterile Mueller Hinton agar plates using sterile cotton tipped applicators to form a bacterial lawn. The seeded plates were allowed to dry for about 10 minutes after which the single antibiotic discs (Oxoid) was firmly placed on the surface of the inoculated agar aseptically using a pair of sterile forceps. The discs were pressed down gently to ensure maximum contact. The plates were incubated at 37°C for 24 hours. The diameter of the zones of inhibition were measured and the interpretation was done according to the Clinical Laboratory Standards Institute (CLSI) 2020 edition [30].
2.7 In Vitro Antibacterial Screening of the Plant Extracts and VLC Fractions: The susceptibility test was carried out by the agar well diffusion method as described by Coker et al., 2021 with slight modification [22a]. The extracts and VLC fractions were dissolved in 40% dimethylene sulfur oxide (DMSO) to give varying concentrations. Bacterial suspension adjusted to the 0.5 McFarland standard was inoculated into Mueller Hinton agar plates with the aid of a sterile cotton tipped applicator. Equidistant wells of 8 mm were bored in the agar with the use of a sterile cork borer. The holes were filled with the appropriate concentrations of the prepared extracts (6.25 mg/mL to 100 mg/mL) and VLC fractions (12.5 mg/ml to 50 mg/mL). The plates were left on the work bench for an hour to allow the extracts and VLC fractions to diffuse into the agar before incubating at 37℃ for 24 hours. The antibacterial activity of the crude extracts and VLC fractions against the test organisms was evaluated by measuring the diameter of the zones of inhibition. Ciprofloxacin (5µg/mL) was used as the standard drug control (positive control) while 40% DMSO as the negative control. The experiment was done in duplicates.
2.8 Determination of the Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of the extracts and fractions: The micro-dilution broth assay was carried out to determine the MIC of the extracts and fractions from both plants [31,22b]. Serial two-fold dilutions of the extracts and VLC fractions were made in Tryptone Soy broth (TSB) in microtitre wells to obtain concentrations ranging between 0.391 and 50 mg/mL (extracts) and 0.391–12.5 mg/mL (fractions). Each well was filled with 100µL of each concentration, 95 µL of TSB, and 5 µL of bacterial suspension adjusted to the 0.5 McFarland standard. Wells containing 195µL of TSB and 5 µL of bacterial suspension served as fertility (negative) controls and Ciprofloxacin (5µg/mL) was used as the control drug (positive control). The plates were covered with sterile covers, agitated with a shaker and incubated at 37℃ for 24 hours. After which, about 50µL of tetrazolium chloride salt (2mg/mL) was added to each of the wells and re-incubated at 37℃ for 30 minutes. A purple color indicated the presence of viable bacteria. The lowest concentration that prevented this change was taken as the MIC.
To determine the MBC, a loop full of the inoculum from the wells showing no visible growth was inoculated on Muller Hinton Agar and incubated at 37℃ for 24 hours. The lowest concentration showing no growth was taken as MBC.
2.9 Time-Kill Assay: Bactericidal Kinetics was determined using the viable count technique following an already described procedure [22b]. An overnight broth culture of each isolate in 5 mL of tryptone soya broth (TSB) was obtained. The isolates used were E. coli and S. aureus. The broth cultures of actively growing cells were diluted and 0.1 mL of the 10-2 dilution was used to inoculate 3.9 mL TSB containing 1 mL of the extract at a final concentration equivalent to the MIC of each isolate. The resultant mixture, containing extract, culture and broth, was serially diluted and 100 µl of the 10-3 dilution was used to inoculate plates of tryptone soya agar (TSA) at different time intervals beginning at 0 minutes, 30 minutes, 1 hour, 2 hours, 3 hours, 6 hours, 12 hours and 24 hours. The inoculum was evenly spread with the aid of a sterile glass spreader after which the plates were left for a few minutes to dry. The plates were then incubated at 37℃ for 24 hours. The entire procedure was repeated for extract concentrations containing 2 times the MIC and 4 times the MIC for each test isolate as well as controls without extract. After incubation period, the colony forming unit (CFU) was counted using Stuart Scientific Colony Counter and a graph of the log of CFU per mL was plotted against time.
2.10 Cytotoxic Assay: This assay was carried out as described by Idowu et al., 2022 with a slight modification [32]. 70mg Brine shrimp eggs were hatched in a shallow rectangular plastic container containing 250 mL of natural seawater and allowing a ray of light pass through the plastic container, by placing it next to a window. The hatched larvae were collected with a dropper pipette from the lightened side of the container after 48 hours. 20 mg of the crude extracts and most active fractions were measured and dissolved in 2 ml of DMSO to make the stock solution. Using a graduated syringe, 0.2 mL was taken from the stock and brought up to 2 mL by adding 1.8 mL of sea water to achieve a concentration of 1000 ppm. The same process was repeated to create 100 ppm from 1000 ppm, 10 ppm from 100 ppm, and 1 ppm from 10 ppm. Experiments A, B, and C were created by adding 10 brine shrimp larvae into three labeled test tubes of varying concentrations with the use of a dropping pipette and then transferring 0.5 ml each of 1000 ppm, 100 ppm, 10 ppm, and 1 ppm, thus triplicating each concentration. Each of the test tubes was filled with seawater to make up the total volume of 5 mL. The number of surviving larvae was counted after 24 hours. The positive control was potassium dichromate (2mg dissolved in 2 mL of seawater) and 10 larvae, while the negative control consisted of 0.2 mL of DMSO, 4 mL of seawater, and 10 larvae. 
To determine % Mortality, the number of larvae that survived was counted under a magnifying lens, and the number of dead larvae was determined. The formula for calculating the percentage mortality is as follows:
% Mortality = Number of dead larvae            x          100
                        Initial number of larvae
To determine the Median Lethality Concentration (LC50), the AAT Bioquest Program as reported by Idowu et al. (2020) [32] was used. The LC50 was used to make inference on the cytotoxicity of the plant crude extracts and fractions. The experiments were conducted in triplicates to ensure accuracy and reproducibility.

3. RESULTS AND DISCUSSION
The phytochemical screening of the crude extract and fractions obtained from F. vogelii in this study (Table 1) confirmed the presence of secondary metabolites such as saponins, tannins, flavonoids, anthraquinones, steroids, terpenoids, alkaloids, and phenol, which corroborates the result of previous studies carried out by Igile et al., (2015), Coker et al., (2021), and Coker and Adeniyi-Aogo (2021) [10,22a,21]. The screening revealed the absence of cardiac glycosides in agreement with the reports of Coker et al., (2021) and Coker and Adeniyi-Aogo (2021) [22a,20], but at variance with Igile et al., (2015) [10]. While the methanol fraction contained all phytochemicals screened for except cardiac glycosides, both the ethyl acetate and hexane fractions lacked some phytochemicals, thereby emphasizing the reliability of methanol as a suitable solvent for extracting a wide range of phytochemicals present in plants as stated by Liu, (2008) and Atanasov et al., (2015) [33,34]. On the other hand, B. diffusa contained a large number of phytochemicals (Table 2) such as saponins, tannins, flavonoids, anthraquinones, cardiac glycosides, steroids, terpenoids, alkaloids, and phenol. The abundance of saponins, tannins, and flavonoids in this study is similar to a report by Gaur et al., (2022) [35]. All the phytochemicals found in the methanol fraction were also reported by Baskaran et al., (2011) [36]. Contrarily, Apu et al., (2012) [37]  reported the hexane fraction to contain all phytochemicals except tannins, as opposed to the hexane fraction of this study, which lacked tannins, cardiac glycosides, anthraquinones, and phenol. The ethyl acetate extract lacked cardiac glycosides, steroids and terpenoids, in contrast to the ethyl acetate fraction of this study, which had all phytochemicals present. The methanol extract in their study lacked cardiac glycosides, saponins, and steroids, while in this study, the methanol fraction only lacked steroids. The difference in the phytochemical constituents could be attributed to the method of extraction, as Apu et al., (2012) [37] used hot extraction using the soxhlet apparatus. From the quantitative analysis, the methanol fractions of both plants had higher values for the phytochemicals tested except for terpenoids. The alkaloid content was high for both plants (Tables 3 & 4). The presence of abundant phytochemicals in the plants could be responsible for the overall antimicrobial activities of the two plants as different secondary metabolites target different sites in bacteria making the evolution of resistance to antimicrobial agents difficult.



Table 1: Qualitative phytochemical screening of the crude extract and fractions of Ficus vogelii leaves.
	Parameters
	Hexane Fraction
	Ethyl acetate Fraction
	Methanol Fraction
	Crude Methanol Extract

	Saponins
	++
	++
	+
	++

	Tannins
	-
	-
	+
	+

	Flavonoids
	-
	-
	+
	+

	cardiac glycosides
	-
	-
	-
	-

	Anthraquinones
	-
	-
	+
	+

	Steroids
	++
	++
	+
	+

	Terpenoids
	+
	+
	+
	+

	Alkaloids
	++
	++
	++
	++

	Phenol
	-
	-
	+
	+


	
KEY:  (++): Abundance of metabolite (+): Presence of metabolite   (-): Absence of metabolite



Table 2: Qualitative phytochemical screening of the crude extract and fractions of Boerhaavia diffusa leaves.
	Parameters
	Hexane Fraction
	Ethyl acetate Fraction
	Methanol Fraction
	Crude Methanol Fraction

	Saponins
	+
	++
	++
	++

	Tannins
	-
	++
	++
	++

	Flavonoids
	+
	++
	++
	++

	cardiac glycosides
	-
	+
	++
	+

	Anthraquinones
	-
	+
	+
	+

	Steroids
	++
	+
	-
	+

	Terpenoids
	+
	+
	+
	+

	Alkaloids
	+
	+
	+
	+

	Phenol
	-
	+
	+
	+



KEY:  (++): Abundance of metabolite (+): Presence of metabolite (-): Absence of metabolite

Table 3: Quantitative phytochemical screening of the leaf fractions of Ficus vogelii 
	Sample 
	Alkaloid content (%w/w)
	Flavonoid content (%w/w)
	Saponin content (%w/w)
	Tannin content (%w/w)
	Terpenoid content (%w/w)
	Total phenol  (%w/w)

	Hexane fraction
	9.7
	0
	3.4
	0
	0.75
	0

	
	
	
	
	
	
	

	Ethyl acetate fraction
	9.5
	0
	6.3
	0
	0.75
	0

	
	
	
	
	
	
	

	Methanol fraction
	16.85
	1.59
	4.7
	1.06
	0.45
	0.86



Table 4: Quantitative phytochemical screening of the leaf fractions of Boerhaavia diffusa 
	Sample 
	Alkaloid content (%w/w)
	Flavonoid content (%w/w)
	Saponin content (%w/w)
	Tannin content (%w/w)
	Terpenoid content (%w/w)
	Total phenol  (%w/w)

	Hexane fraction
	7.75
	0.45
	0.04
	0.00
	1.00
	0.00

	Ethyl acetate fraction
	7.20
	1.59
	1.00
	1.24
	0.80
	0.77

	Methanol fraction
	7.80
	0.97
	1.65
	0.92
	0.35
	0.61








The antibiogram profile of the isolates from respiratory tract infections (Table 5) showed that 85% of the isolates were multidrug-resistant, that is, resistant to three or more different classes of antibiotics. Few of the isolates showed resistance to Amikacin (30%) and Ceftriaxone (45%), while a high rate of resistance was observed for Penicillin V (100%), Ceftazidime (60%) and Gentamicin (60%). This result is closely related to the antibiogram profile reported by Ahmed et al., (2018)[38], where the respiratory isolates had a lower rate of resistance to Amikacin (4.5%) and a high rate of resistance to 3rd generation cephalosporins, Cefotaxime (65%), and penicillin (Ampicillin Sulbactam, 72.3%). Furthermore, in relation to a study carried out by Ahmed et al., (2018) and Ullah et al., (2022) [38,39], Pseudomonas aeruginosa, Klebsiella pneumoniae, and Escherichia coli all demonstrated resistance against Penicillin G (an antibiotic belonging to Penicillin) which aligns with the findings of this study. Majority of the respiratory isolates tested showed resistance to at least three different classes of antibiotics tested against them, which infers multi-drug resistance. This could be related to the current decline in the effectiveness of conventional antibiotics being used in the treatment of respiratory tract infections. Several factors have also been said to foster antibiotic resistance, such as the misuse and overuse of antibiotics as well as poor infection prevention and control (Stojanovic et al., 2022) [7]. According to Okeke,  (2010) [40], monitoring antimicrobial susceptibility profiles and limiting antimicrobial dispensation could be substantial strategies for preventing the spread of antimicrobial resistance.


Table 5: Antibiogram Profile of the Clinical Isolates
	Clinical Isolates
	CRS
	P
	CAZ
	AK
	CPR
	E
	AMC
	CN

	K. pneumoniae1
	S
	R
	R
	S
	R
	R
	R
	R

	K. pneumoniae2
	R
	R
	I
	S
	R
	R
	S
	I

	P. aeruginosa1
	S
	R
	R
	S
	I
	I
	S
	S

	P. aeruginosa2
	S
	R
	R
	R
	I
	I
	S
	S

	A. baumanii
	R
	R
	R
	R
	R
	R
	R
	R

	M. catarrhalis1
	S
	R
	I
	S
	S
	R
	S
	S

	M. catarrhalis2
	R
	R
	S
	S
	I
	I
	R
	R

	H. alvei
	I
	R
	R
	R
	R
	R
	R
	R

	E. coli ATCC 11775
	R
	R
	S
	S
	R
	I
	S
	R

	P. aeruginosa ATCC 27853

	R
	R
	S
	S
	I
	I
	S
	R


 KEY: R – Resistant I – Intermediate S – Sensitive	 CRS – Ceftriaxone P – Penicillin V CAZ – Ceftazidime  AK – Amikacin CPR – Ciprofloxacin E – Erythromycin	AMC – Augmentin	CN – Gentamicin.


F. vogelii Miq has been proven to have antibacterial activity on both Gram-positive and Gram-negative bacteria  [20-22a]. In this study as seen from Table 6, the ethyl acetate fraction exhibited the highest antibacterial activity against the MDR respiratory isolates while the crude methanol extract showed a considerable level of activity, with no zones of inhibition against some isolates. The hexane extract showed the least antimicrobial activity in the inhibition of the microbial isolates (Table 6), which conforms with the results reported by Coker & Adeniyi-Aogo (2021) [21]. Acinetobacter baumanii showed high resistance to the crude extracts and fractions. The findings infer that extracts of F. vogelii contain bioactive compounds with antibacterial activity against MDR respiratory isolates. B. diffusa crude extracts exhibited appreciable activity (Table 7), with the hexane fraction showing the highest activity, followed by the crude methanol extract, while both the ethyl acetate and methanol fractions showed fair activity. From the VLC fractionation of the ethyl acetate fraction of F. vogelii, 15 fractions were collected, and on the basis of TLC profiling, they were pooled together to give 7 fractions. From the VLC fractionation of the hexane fraction of B. diffusa, 15 fractions were collected, and on the basis of TLC profiling, they were pooled together to give 9 fractions. The MIC and MBC were determined for ethyl acetate VLC fractions of F. vogelii  (EFFV 2 and 5) and hexane VLC fractions  of B. diffusa (HFBD 7 and 9). The MIC values of the active fractions ranged between 0.781mg/mL and 6.25 mg/mL for the two plants while the MBC values were between 3.125mg/mL and 25 mg/mL (Table 8). The significant activity observed with hexane and methanol fractions is in comparison with the results reported by Baskaran et al., (2011) [36]. Several studies have proven the antibacterial potential of B. diffusa against pathogenic bacteria ([37,19,23]). The quantity of bioactive alkaloids (9.5 - 16.85% w/w) in F. vogelii correlated with the bactericidal activity of the plant. The presence of secondary metabolites in the two plants could be responsible for the medicinal properties of the plants. Alkaloids have been reported to produce potent antimicrobial activity by inhibiting essential enzymes and distrupting cell membrane integrity. Flavonoids and terpenoids have been isolated from a variety of plants and have demonstrated antibacterial activity against Gram negative and Gram positive organisms. Flavonoids bind irreversibly to cell walls and extracellular soluble proteins thus resulting in bactericidal effects (22b).
 

















Table 6: Antibacterial Activity of crude methanol extract and fractions of F. vogelii Miq on 
clinical isolates
	Isolates
	Crude Methanol Extract (mg/mL)
	Methanol Fraction (mg/mL)
	Ethyl Acetate Fraction (mg/mL)
	Hexane Fraction
(mg/mL)
	Cipro
 (5 µg/mL)
	DMSO

	
	100
	50
	25
	12.5
	6.25
	100
	50
	25
	12.5
	6.25
	100
	50
	25
	12.5
	6.25
	100
	50
	25
	12.5
	6.25
	
	

	
	Zones of Inhibition (mm)

	K. p1
	14
	14
	11
	-
	-
	12
	11
	-
	-
	-
	13
	11
	10
	10
	-
	12
	10
	10
	11
	-
	14
	-

	K. p2
	12
	10
	-
	-
	-
	-
	-
	-
	-
	-
	12
	11
	14
	11
	10
	-
	13
	11
	10
	10
	12
	-

	K. p3
	12
	12
	-
	-
	-
	-
	12
	-
	-
	-
	-
	13
	12
	13
	-
	-
	-
	10
	12
	10
	15
	-

	E. c1
	-
	-
	10
	10
	-
	11
	10
	-
	-
	-
	12
	10
	-
	-
	-
	-
	12
	11
	11
	10
	10
	-

	E. c2
	14
	12
	10
	10
	-
	-
	-
	-
	-
	-
	12
	12
	11
	11
	10
	-
	-
	-
	-
	-
	10
	-

	P. a1
	15
	12
	12
	10
	-
	13
	10
	10
	-
	-
	-
	14
	12
	10
	-
	12
	13
	11
	10
	10
	14
	-

	P. a2
	13
	12
	10
	-
	-
	14
	12
	12
	10
	-
	14
	11
	13
	10
	-
	10
	13
	12
	10
	-
	14
	-

	S. a1
	14
	-
	-
	-
	-
	14
	11
	10
	-
	-
	16
	14
	12
	12
	-
	-
	-
	-
	-
	-
	16
	-

	S. a2
	14
	12
	12
	10
	-
	-
	-
	-
	-
	-
	13
	11
	12
	10
	10
	-
	-
	-
	-
	-
	18
	-

	A. b
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	11
	10
	-
	10
	10
	-
	-
	14
	-

	M. c1
	15
	10
	12
	12
	-
	14
	12
	10
	-
	-
	-
	-
	12
	10
	10
	11
	10
	10
	10
	-
	13
	-

	M. c2
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	11
	10
	13
	-
	-
	-
	10
	11
	-
	-
	19
	-

	M. c3
	14
	12
	10
	10
	10
	-
	-
	-
	-
	-
	14
	12
	10
	-
	10
	-
	-
	-
	-
	-
	20
	-

	S. m
	-
	-
	-
	-
	-
	-
	14
	12
	10
	10
	15
	11
	10
	10
	10
	-
	-
	-
	-
	-
	16
	-

	E. clo
	13
	-
	-
	-
	-
	-
	-
	12
	11
	11
	12
	12
	10
	-
	-
	10
	10
	-
	-
	-
	15
	-

	P. m
	14
	10
	-
	-
	-
	-
	-
	-
	-
	-
	16
	13
	12
	11
	10
	-
	12
	10
	10
	-
	18
	-

	H. a
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	12
	10
	10
	-
	-
	-
	-
	-
	-
	-
	15
	-

	E. coli ATCC 11775
	12
	12
	10
	-
	-
	12
	10
	10
	10
	-
	13
	10
	10
	10
	-
	14
	10
	-
	-
	-
	10
	-

	S. aureus ATCC
29213
	-
	11
	10
	-
	-
	14
	11
	10
	10
	10
	10
	11
	13
	10
	-
	13
	12
	10
	10
	-
	17
	-

	P. aeruginosa ATCC 27853
	10
	12
	10
	10
	-
	-
	-
	-
	-
	-
	13
	12
	-
	-
	-
	-
	-
	-
	-
	-
	17
	-


KEY: K. p: Klebsiella pneumoniae		E. c: Escherichia coli		P. a: Pseudomonas aeruginosa	S. a: Staphylococcus aureus
A. b: Acinetobacter baumanii		M. c: Moraxella catarrhalis	S. m: Serratia mercenses		E. clo: Enterobacter cloacae
P. m: Proteus mirabilis		H. a: Hafnia alvei	Cipro: Ciprofloxacin	- : no zone of inhibition          DMSO: Dimethyl sulfoxide




Table 7: Antibacterial Activity of crude methanol extract and fractions of B. diffusa Linn on clinical isolates
	Isolates
	Crude Methanol Extract (mg/mL)
	Methanol Fraction (mg/mL)
	Ethyl Acetate Fraction (mg/mL)
	Hexane Fraction
(mg/ml)
	Cipro
 (5 µg/mL)
	DMSO

	
	100
	50
	25
	12.5
	6.25
	100
	50
	25
	12.5
	6.25
	100
	50
	25
	12.5
	6.25
	100
	50
	25
	12.5
	6.25
	
	

	
	Zones of Inhibition (mm)

	K. p1
	-
	14
	16
	10
	10
	-
	-
	-
	-
	-
	12
	14
	-
	-
	-
	16
	10
	13
	11
	10
	14
	-

	K. p2
	-
	-
	14
	11
	10
	-
	12
	10
	10
	10
	15
	13
	11
	10
	10
	12
	12
	10
	10
	10
	12
	-

	K. p3
	12
	13
	13
	10
	12
	10
	13
	11
	10
	-
	-
	-
	-
	-
	-
	11
	11
	11
	-
	-
	15
	-

	E. c1
	11
	10
	10
	-
	-
	10 
	10
	-
	-
	-
	-
	-
	-
	-
	-
	14
	12
	10
	-
	-
	10
	-

	E. c2
	11
	13
	10
	11
	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	14
	10
	12
	13
	10
	10
	-

	P. a1
	10
	11
	13
	-
	-
	16
	10
	14
	12
	13
	14
	12
	12
	10
	-
	16
	13
	11
	-
	-
	14
	-

	P. a2
	11
	11
	10
	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	15
	12
	12
	11
	-
	14
	-

	S. a1
	-
	12
	10
	-
	-
	-
	-
	-
	12
	10
	12
	14
	10
	10
	11
	10
	12
	10
	11
	12
	16
	-

	S. a 2
	14
	10
	12
	12
	10
	-
	-
	13
	12
	10
	-
	-
	-
	-
	-
	14
	10
	10
	10
	10
	18
	-

	A. b
	-
	-
	-
	10
	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	14
	12
	12
	11
	10
	14
	-

	M. c1
	12
	15
	12
	10
	-
	15
	10
	14
	10
	10
	10
	12
	11
	10
	10
	15
	13
	12
	12
	10
	13
	-

	M. c2
	13
	10
	11
	13
	-
	-
	-
	-
	-
	-
	13
	10
	-
	-
	-
	-
	-
	-
	-
	-
	19
	-

	M. c3
	12
	10
	10
	-
	-
	13
	10
	11
	13
	12
	-
	-
	-
	-
	-
	15
	12
	10
	-
	-
	20
	-

	S. m
	14
	11
	10
	-
	-
	-
	-
	-
	-
	-
	12
	10
	10
	-
	-
	14
	12
	10
	10
	10
	16
	-

	E. clo
	-
	-
	-
	-
	-
	11
	10
	10
	10
	-
	13
	11
	-
	-
	-
	12
	12
	10
	-
	-
	15
	-

	P. m
	-
	14
	12
	-
	-
	10
	10
	-
	-
	-
	-
	-
	-
	-
	-
	10
	13
	11
	10
	-
	18
	-

	H. a
	-
	11
	12
	10
	-
	11
	10
	10
	-
	-
	15
	12
	13
	13
	12
	12
	10
	10
	14
	10
	15
	-

	E. coli ATCC 11775
	10
	10
	10
	-
	-
	12
	12
	10
	-
	-
	10
	10
	-
	-
	-
	13
	10
	11
	10
	-
	10
	-

	S. aureus ATCC 29213
	12
	12
	10
	10
	10
	14
	12
	10
	-
	-
	11
	10
	10
	-
	-
	15
	11
	12
	10
	10
	17
	-

	P. aeruginosa ATCC 27853
	14
	13
	10
	11
	11
	10
	10
	11
	10
	-
	12
	11
	10
	-
	-
	11
	10
	10
	12
	10
	17
	-


KEY: 	
K. p: Klebsiella pneumoniae		E. c: Escherichia coli		P. a: Pseudomonas aeruginosa	S. a: Staphylococcus aureus
A. b: Acinetobacter baumanii		M. c: Moraxella catarrhalis	S. m: Serratia mercenses		E. clo: Enterobacter cloacae
P. m: Proteus mirabilis		H. a: Hafnia alvei		Cipro: Ciprofloxacin	- : no zone of inhibition  DMSO: Dimethyl sulfoxide





Table 8: Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of most active fractions obtained from the VLC fractionation of ethyl acetate extract of F. vogelii Miq and hexane extract of B. diffusa Linn on clinical isolates.
	Isolates
	EFFV 2
	EFFV 5
	HFBD 7
	HFBD 9

	
	MIC (mg/mL)
	MBC
(mg/mL)
	MIC
(mg/mL)
	MBC
(mg/mL)
	MIC 
(mg/mL)
	MBC (mg/mL)
	MIC 
(mg/mL)
	MBC (mg/mL)

	S. aureus 1
	1.5625
	6.25
	3.125
	12.5
	1.5625
	6.25
	1.5625
	6.25

	S. aureus 2
	3.125
	12.5
	6.25
	25
	1.5625
	12.5
	3.125
	6.25

	E. coli 1
	3.125
	12.5
	3.125
	12.5
	1.5625
	6.25
	0.781
	6.25

	E. coli 2
	1.5625
	6.25
	3.125
	6.25
	3.125
	12.5
	3.125
	12.5

	K. pneumoniae 1
	0.781
	3.125
	6.25
	12.5
	1.5625
	12.5
	3.125
	6.25

	K. pneumoniae 2
	3.125
	12.5
	6.25
	25
	0.781
	3.125
	3.125
	6.25

	P. mirabilis
	6.25
	12.5
	3.125
	12.5
	3.125
	12.5
	1.5625
	6.25

	P. aeruginosa 1
	3.125
	6.25
	1.5625
	6.25
	0.781
	3.125
	1.5625
	3.125

	S. aureus ATCC 29213
	3.125
	12.5
	3.125
	6.25
	3.125
	6.25
	1.5625
	6.25

	E. coli ATCC 11775
	1.5625
	6.5
	1.5625
	12.5
	3.125
	12.5
	3.125
	12.5

	P. aeruginosa ATCC 27853
	3.125
	12.5
	3.125
	12.5
	1.5625
	6.25
	6.25
	25


KEY: 
K. p: Klebsiella pneumoniae		E. c: Escherichia coli		P. a: Pseudomonas aeruginosa	S. a: Staphylococcus aureus	
P. m: Proteus mirabilis	EFFV: Ethyl Acetate VLC Fraction of F. vogelii 	HFBD: Hexane VLC Fraction of B. diffusa 
 Bactericidal kinetics (Kill kinetics) showed the rate of bactericidal activity of the most active fractions (the ethyl acetate fraction of F. vogelii and the hexane fraction of B. diffusa) against selected test isolates (Fig 1, 2, 3 & 4). It showed time-dependent activity as there was a gradual reduction in the number of viable cells with time. The time-kill curve plot of the ethyl acetate fraction of F. vogelii against S. aureus showed concentrations of 12.5mg/mL, 25mg/mL and 50mg/ml achieved a total kill. The ethyl acetate fraction of F. vogelii achieved complete kill of S. aureus at 12.5 mg/mL within 2 hours (Fig 1). A total kill at 24 hours was also observed in a 50mg/mL concentration of ethyl acetate extract of F. vogelii against E. coli (Fig 2). Coker et al. (2021) [21], reported a total kill with a methanol extract of F. vogelii against S. aureus at concentrations of 6.25mg/mL and 12.5mg/mL after 24 hours. For the hexane fraction of B. diffusa, the total kill of S. aureus was achieved at 6.25mg/mL and 12.5mg/mL after 24 hours, while at 3.125 mg/mL, a gradual reduction in the number of viable cells was observed (Fig 3). The kill kinetics of the hexane fraction of B. diffusa on E. coli achieved a total kill from the third hour to the twenty-fourth hour at a concentration of 25 mg/mL, while at 6.25mg/mL and 12.5mg/mL, there was simply a reduction in the viable cells (Fig 4). 


Fig.1: Bactericidal kinetics of the ethyl acetate fraction of F. vogelii on S. aureus 1, showing gradual kill of the organism at varying concentrations with exposure to time.

Fig. 2: Bactericidal kinetics of the ethyl acetate fraction of F. vogelii on E. coli 1, showing gradual kill of the organism at varying concentrations with exposure to time.

Fig. 3: Bactericidal kinetics of the hexane fraction of B. diffusa on S. aureus 1, showing gradual kill of the organism at varying concentrations with exposure to time.

Fig. 4: Bactericidal kinetics of the hexane fraction of B. diffusa on E. coli 1, showing gradual kill of the organism at varying concentrations with exposure to time.
The in vitro cytotoxicity test carried out on the crude methanol extract of F. vogelii and B. diffusa can be reported (Tables 9 & 10) to show high toxicity as LC50 values were less than 1µg/mL. Some studies have also reported some plant extracts as having high toxicity) [41,42]. Moshi et al., (2010) [43] enumerated that plants with LC50 values below 20µg/mL have a likelihood of yielding anti-cancer compounds. Idowu et al., (2020) [32] also pointed out that toxic plant extracts have good medical applications that may not be antimicrobial, such as anti-cancer agents. The LC50 values of the ethyl acetate fraction and VLC fractions of F. vogelii are interpreted as mildly cytotoxic, implying that they probably have no obvious danger of toxicity during acute exposure, as stated by Moshi et al., (2010) [43]. The hexane fraction and VLC fractions of B. diffusa had LC50 values higher than 100µg/mL which is interpreted as non-toxic, and so it can be concluded that they both did not show any apparent in vitro toxicity, thus establishing its safety for use as an antibacterial agent (Tables 9 & 10). This conforms to the results reported by Apu et al., (2012)[37], where they reported LC50 values of 140.55µg/mL for the hexane extract of B. diffusa.



Table 9: Brine Shrimp Cytotoxicity Assay of crude methanol extracts and most active fractions of F. vogelii and B. diffusa 
	Plant Extracts

	Concentration (µg/mL)
	Number of surviving nauplii (after 24 hours)
 
T1     T2     T3
	Total Number of Nauplii Survivors
	%Mortality
	LC50
(µg/mL)


	Crude Methanol Ficus vogelii
	1000
100
10
1
	7        7        6
8        8        8
8        9        8
10      10      10
	20
24
25
30
	33.33
20.00
16.67
0
	0.7418

	Ethyl acetate Ficus vogelii
	1000
100
10
1
	8        8        8
9        8        9
10      9        9   
10      10      10
	24
26
28
30
		20.00
13.33
6.67
0
	31.6644

	Crude Methanol Boerhaavia diffusa
	1000
100
10
1
	4        4        4
4        6        6
6        7        6
8        9        9
	12
16
19
26
	60.00
46.67
36.67
13.33
	0.3483

	Hexane Boerhaavia diffusa
	1000
100
10
1
	6        5        6
8        9        9
10      10      10
10      10      10
	17
26
30
30
	43.33
13.33
0
0
	146.2733




















Table 10 shows the result of the Brine Shrimp Cytotoxicity Assay of most active VLC fractions of F. vogelii and B. diffusa and the positive control.
	Plant Extracts

	Concentration (µg/mL)
	Number of surviving nauplii (after 24 hours)

T1     T2     T3
	Total Number of Nauplii Survivors
	%Mortality
	LC50
(µg/mL)


	EFFV 2
	1000
100
10
1
	6        6        7
6        8        7
8        8        7
8        8        8
	19
21
23
24
	36.67
30.00
23.33
20.00
	84.1126

	EFFV 5
	1000
100
10
1
	6         7        7
8         9        7
9         9       10   
10      10      10
	20
24
28
30
	33.33
20.00
6.67
0
	91.6114

	HFBD 7
	1000
100
10
1
	6        4        4
6        8        8
9        9        8
10      10     10
	14
22
26
30
	53.33
26.67
13.33
0
	187.6196

	HFBD 9
	1000
100
10
1
	5        6        5
8        7        8
9        9        9
10      10      10
	16
23
27
30
	46.67
23.33
10.00
0
	168.6485

	Potassium dichromate
	1000
100
10
1
	0        0         0
0        1         0
3        0         2
7        7         5
	0
1
5
19
	100
96.67
83.33
36.67
	0.8369


KEY:	EFFV: Ethyl Acetate Fraction of F. vogelii 	HFBD: Hexane Fraction of B. diffusa 









4. CONCLUSION
In conclusion, the fractions of F. vogelii Miq and B. diffusa Linn have been observed to possess appreciable antibacterial properties. The crude extract and fractions contain a wide range of phytochemicals that may be responsible for their antibacterial properties. The in vitro toxicity assay conducted on the most active VLC fractions confirmed their non-toxicity, thus establishing their safety for use as antibacterial agents. The crude extracts of both plants with high cytotoxicity could serve as potential anti-cancer agents, as they could possibly have anti-cancer compounds embedded in them. 
RECOMMENDATION: Further studies can be carried out on the isolation, identification and characterization of the pure bioactive compounds ot the two plants.
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Time (hours)
12.5mg/ml	0	0.5	1	2	3	6	12	24	4.3	4.08	3.9	3.3	3.6	3.3	3.3	0	25mg/ml	0	0.5	1	2	3	6	12	24	4.4000000000000004	4.38	3.48	0	0	0	0	0	50mg/ml	0	0.5	1	2	3	6	12	24	4.2	3.9	3.3	0	0	0	0	0	CONTROL	0	0.5	1	2	3	6	12	24	4.7	5.28	5.31	5.32	5.37	5.43	5.46	5.48	
Log of CFU/ml



Time (hours)
12.5mg/ml	0	0.5	1	2	3	6	12	24	5.2	5.3	5.25	5.23	5.2	5.08	5	4.72	25mg/ml	0	0.5	1	2	3	6	12	24	4.9400000000000004	4.93	4.9000000000000004	4.99	4.92	4.79	4.88	4.72	50mg/ml	0	0.5	1	2	3	6	12	24	4.7	4.45	4.6500000000000004	4.5999999999999996	4.32	4	4	0	CONTROL	0	0.5	1	2	3	6	12	24	4.97	5.03	5.1100000000000003	5.17	5.23	5.29	5.42	5.46	
Log of CFU/ml



Time (hours)
3.125mg/ml	0	0.5	1	2	3	6	12	24	4.45	5.1100000000000003	5.16	5.08	4.76	4.62	4.5999999999999996	4.4800000000000004	6.25mg/ml	0	0.5	1	2	3	6	12	24	4.4000000000000004	4.83	4.9000000000000004	4.8099999999999996	4.3	4.2	4.1500000000000004	0	12.5mg/ml	0	0.5	1	2	3	6	12	24	4.3	4.7	4.5999999999999996	4.45	4	4	3.7	0	CONTROL	0	0.5	1	2	3	6	12	24	4.4800000000000004	4.87	5.28	5.29	5.31	5.4	5.43	5.48	
Log of CFU/ml



Time (hours)
6.25mg/ml	0	0.5	1	2	3	6	12	24	5.41	5.42	5.38	5.25	5.2	5.03	4.9000000000000004	4.38	12.5mg/ml	0	0.5	1	2	3	6	12	24	5.23	5.2	5.08	5.0599999999999996	5.08	4.8099999999999996	4.4800000000000004	4.2300000000000004	25mg/ml	0	0.5	1	2	3	6	12	24	4.93	4.87	4.5999999999999996	4.45	0	0	0	0	CONTROL	0	0.5	1	2	3	6	12	24	4.97	5.03	5.1100000000000003	5.17	5.23	5.29	5.42	5.46	
Log of CFU/ml



