


Influence of Host Diversity on Antibacterial Potency of Phragmenthera capitata (Mistletoes) Ethanolic Shoot Extract on Microbes of Public Health Significance


Abstract
The rising cost of conventional antibiotics and the evolution of resistant microbial strains promote the search for effective and cheap novel plant-based antibiotic substitutes. Based on the foregoing, a study was carried out to investigate the antibacterial activity of the ethanolic leaf extracts of giant African Mistletoe (Phragmenthera capitata) growing on five different host trees against Escherichia coli and Staphylococcus aureus. Fresh leaves of Mistletoe were collected from specific host trees in peri-urban locations within Eket Local Government Area in Akwa Ibom State, Nigeria. The leaves were air-dried, pulverized, Macerated and Extracted using standard scientific protocol. Results indicated significant differences in antibacterial activity among mistletoe extracts from different host trees. The extract from C. sinensis exhibited the highest inhibition zones (4.33 mm for S. aureus and 11.33 mm for E. coli), while mistletoe from C. nitida had the least inhibition (2.67 mm and 3.33 mm, respectively). Phytochemical analysis revealed variations in secondary metabolite composition across host sources, with alkaloids present only in mistletoe from C. sinensis. These findings confirm that host diversity influences the antibacterial potency of P. capitata, supporting its ethnomedicinal use as a potential source of bioactive compounds for antimicrobial applications. However, this study recommends that future research efforts should be geared towards isolating the key bioactive compounds driving variations in antibacterial activity, exploring their mechanisms of action, and evaluating their potential for pharmaceutical applications.
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Introduction
The Loranthaceae family of mistletoe plants grows on a variety of tree hosts. In contrast to the majority of ordinary parasitic life forms, which are known to have a wealth of nutrients such as carbohydrates, protein, fat, fiber, energy value, and ash, they are used extensively in animal feed formulations and human nutrition across the globe. In various cultures and among numerous individuals worldwide, these special parasites contain beneficial biologically active compounds that support their use in the treatment of a variety of acute and chronic illnesses, such as diabetes, hypertension, epilepsy, infertility, and arthritis (Simeon et al., 2013; George et al., 2023a). For example, some tribes in Burkina Faso use the decoction of certain species of mistletoes in traditional medicine to treat cardiovascular disease and asthma, while the Fulani and Hausa tribes in northern Nigeria specifically use these plants to treat certain human and animal disorders like dysentery, diarrhea, stomach aches, and cancer (Deeni and Sadiq, 2002; Carre et al., 2004; Boly et al., 2016). 
Additionally, the ethno-use of mistletoes in folk medicine around the world has drawn research attention, some of which have supported the practice by demonstrating that various species of mistletoe contain a wide variety of bioactive compounds with significant pharmacological and therapeutic qualities (Deeni and Sadiq, 2002; Kirby, Perry and Kirby, 2016; George, et al. 2023b). Despite the plant group's potential for pharmaceutical use, they are classified as hemi-parasitic life forms, or partial parasites, because, despite being chlorophyllous and capable of photosynthetic activity, they use specialized structures called haustoria to extract a sizable amount of water and nutrients from the tissues of their susceptible host plants at the distal organs (stems and branches). Despite the fact that certain species of mistletoe have been demonstrated to be host specific, in various settings and environments, especially woods and woodlands, others may parasitize a broad variety of hosts (Hawksworth, 1983; Norton and Carpenter, 1998). 
With a broad host invasion in the region, Phragmenthera capitata is well-known and found in the West Africa subregion, especially in Nigeria and Cameroun (Dibong et al. 2011). Although Phragmenthera capitata infestations on economic tree species are common in the study area, particularly on certain fruit and economic trees like Citrus, Persea americana, and Kola nitida, little is known about how host diversification affects mistletoe's medicinal effectiveness. In order to determine the degree to which host diversity enhances Phragmenthera capitata antibacterial capabilities against pathogenic strains of two clinical isolates (Eschericia coli and Staphylococcus aureus), this study was designed.

Materials and Method
Study Area
The present study was conducted within Eket, within the communities surrounding Heritage Polytechnic, Ikot Udota village. The specific locations where susceptible plant hosts were found include Ikot Udota, Ataidung, Ikot Udoma and Ikot Usoekong along the southern flank of Eket Local Government area. Being one of the major cities found within the southern region of Akwa Ibom State, Eket is situated at 4.64oN latitude, 7.92oE longitude. With about 153 meters elevation above sea level, Eket is named among the oil producing Local Government Areas in Nigeria with mean annual rainfall of about 3119 mm and normal rainfall intensifying from June to October. The area is marked by both dry and wet seasons and with January as the driest month of the year. The area falls within the tropical climate zone and the plant cover comprises mainly of trees, shrubs, farmlands and oil palm plantations (Mbong et. al., 2023).
Sampling Protocol
A thorough search for mistletoes growing on kola nut (Cola nitida), Avocado (Persea americana), Grape (Citrus aurantifolia), Orange (Citrus sinensis), Pear (Dacroydes edulis) was carried out. The plant parasites were found and obtained from the following villages: Ikot Udota, Ikot Usoekong and Ata idung Afaha in Eket Local Government Area, Akwa Ibom State from the infested host during the rainy season in June, 2023.  The plants were duly collected according to the methods of  Oboho, et. al. (2023) and were properly identified and authenticated by a Taxonomist in the Department of Science Laboratory Technology Herbarium, Heritage Polytechnic Eket as Phragmenthera capitata.

Preparation of the sample
The leaves along with stem of mistletoe were cut into bits with knife and air-dried for one week to remove moisture, after which they were pulverised separately based on the host groupings with the aid of Electric pulverizer (Mettle-1200) according to the methods of Okon, et. al. (2013) and preserved in labelled Ziploc bags and stored in an airtight container.

Maceration and Extraction
Exactly 120g of powdered plant material was macerated with 600ml of 99% ethanol (Analytical grade) in a 1000ml air tight container. The set up was allowed to stand for 72hours.  The plant material was separated into filtrate and residue using a sieve. The resulting filtrate was further screened using Whatman No. 1 filter paper, conical flask and vacuum pump to eliminate residual plant material in the filtrate, the resulting filtrate was concentrated by vaporization in a water bath, according to the methods of Peter, et. al. (2023). 
Preparation of Clinical Isolates and Inoculation
Stock cultures of pathogenic strains of Escherichia coli and Staphylococcus aureus were obtained from the Microbiology laboratory unit, Emmanuel General Hospital, Eket, Akwa Ibom State. Identity of the bacterial isolates was further confirmed using bacteriological procedures involving cultural characteristics, microscopy and biochemical tests, such as indole, methyl-red, Voges Proskauer, citrate utilisation, catalase and coagulase production, according to the methods of Cheesbrough (2010); Edem et al. (2013); Mbong, et. al. (2020a). 

Antibacterial Assay
The antimicrobial assay was done using the disc diffusion method. The stock crude extract for each plant was poured into five sterile Petri–dishes each and nine 6mm whattman No.1 paper disc were submerged in each of the five Petri-dishes, and aloud for 30 minutes to become fully impregnated by the crude extract, after which they were removed and air dried for an hour under strict aseptic condition. Thirty nutrient agar plates labelled in triplicate for each plant extract were inoculated with 0.5ml McFarland standard preparations of the test organisms (Escherichia coli and Staphylococcus aureus) in triplicates for each of the plant extract. Three plant extracts impregnated disc each were appropriately placed on the thirty plates containing cultures of the test bacteria. The plates were then incubated aerobically at 37°C for 18 hours, after which the antimicrobial activity of the plant extracts were measured by the diameter of the inhibition zone around each disc. The inhibition zone is the clear area where no growth of the microorganisms occurs due to the presence of the plant extract. The larger the inhibition zone, the more effective the plant extract is against the microorganism.
Preliminary Phytochemical Screening of Plant Extracts
The concentrated extract of Phragmenthera capitata from different hosts were subjected to standard phytochemical analysis for different constituents. Qualitative phytochemical analysis detected the presence of secondary metabolites in leaves of Phragmanthera capitata. Colouring and precipitation reactions methods of Sofowora (1993) and Harbone (1998) and Jigna et al. (2006) were employed. Each metabolite test was qualitatively expressed as present (+) or absent (-). Specific metabolites screened for included alkaloids, flavonoids, tannins, phenols, anthocyanins, coumarins, limonoids, sterols, and saponins. 
Statistical Analysis
Host-related mistletoes extract inhibition zones were recorded from each groups and this value were subjected to one-way analysis of variance to assess significant differences within and between the groups according to the methods described by Okon, et al. (2019) and Mbong, et al. (2020b). Significant differences were separated using Least Significant Differences test (LSD) via Statistical Package for Social Sciences (SPSS, Version 20.0; IBM Corporation, Armonk USA).

Result
Antimicrobial activity of Mistletoes (Phragmenthera capitata) from different host plants against Escherichia coli, Staphylococcus aureaus, and also the phytochemical properties of the plant extracts were recorded and the results are shown in Table 1, 2, and 3 respectively.

Table 1: Antibacterial activities of Mistletoes from different Plant Host on E. coli
	Extract
	Diameter of Jnhibition Zones (mm)
	Antibacterial
Potency

	
	Disc A
	Disc B
	Disc C
	Mean (±S.E)
	

	EMA
	7
	8
	7
	7.33±0.333
	++

	EMK
	3
	3
	4
	3.33±0.333
	+

	EMG
	10
	11
	10
	10.33±0.333
	+++

	EMO
	12
	12
	10
	11.33±0.667
	+++

	EMP
	9
	10
	11
	10.00±0.577
	+++


Key: EMA = Extract of Mistletoes from Avocado sample; EMK = Extract of Mistletoes from Kola nut sample; EMG = Extract of Mistletoes from Grape sample; EMO = Extract of Mistletoes from Orange sample; EMP = Extract of Mistletoes from Pear; +++ = Very High; ++ = High; + = Low.





Table 2: Antibacterial activity of Mistletoe from different Plant Host on S. aureus
	Extract
	Diameter of Jnhibition Zones (mm)
	Antibacterial
Potency

	
	Disc A
	Disc B
	Disc C
	Mean (±S.E)
	

	EMA
	5
	3
	4
	4.0 ± 0.5774
	++

	EMK
	3
	2
	3
	2.6 ± 0.3333
	+

	EMG
	3
	3
	3
	3.3 ± 0.0000
	++

	EMO
	5
	4
	4
	4.3 ± 0.3333
	++

	EMP
	4
	3
	4
	3.6 ± 0.0000
	++


Key: EMA = Extract of Mistletoes from Avocado sample; EMK = Extract of Mistletoes from Kola nut sample; EMG = Extract of Mistletoes from Grape sample; EMO = Extract of Mistletoes from Orange sample; EMP = Extract of Mistletoes from Pear; +++ = Very High; ++ = High; + = Low.
Table 3: Host dependent Phytochemical Profile of Mistletoes (Phragmenthera capitata) 
	 
	Phytochemicals (Secondary Metabolites) Tested

	
	Alk.
	Phe.
	Fla.
	Tan.
	Ant.
	Cou.
	Lim.
	Sap.
	Ste.

	EMA
	-
	+
	+
	+
	+
	-
	-
	-
	+

	EMK
	-
	+
	+
	+
	-
	-
	-
	-
	+

	EMG
	-
	+
	+
	+
	+
	-
	-
	-
	+

	EMO
	+
	+
	+
	+
	-
	-
	-
	-
	+

	EMP
	-
	+
	+
	+
	+
	-
	-
	-
	+


Key: Alk.= Alkaloids; Phe.= Phenols and polyphenols; Fla.= Flavonoids; Tan.= Tannins; Ant.=  Anthocyanins; Cou.= Coumarins; Lim.= Limonoids; Sap.=Saponins; Ste.=Sterols; + = Presence; - = Absence.   

Discussion
The current result provides empirical evidence for the broad-spectrum activity of P. capitata against both Gram-positive and Gram-negative bacteria which reinforces its potential as a natural antimicrobial agent. This further verifies their uses in traditional health care systems (Simeone et. al. 2013; Yusuf et. al. 2013; George, et. al. 2023b). The findings from this study strongly support that the host tree diversity influences the antibacterial potency of Phragmenthera capitata as tested on the isolates. Generally, Extracts from mistletoe hosted by Citrus sinensis exhibited the highest inhibition zones against both Escherichia coli and Staphylococcus aureus, whereas those from Cola nitida displayed the lowest antibacterial activity. This variation in antimicrobial efficacy is not unrelated with the variation differences in the nature of secondary metabolite profiles of the individual mistletoe extracts, which are shaped by the host tree's biochemical composition (Ajuziogu et al., 2021; Kim et al., 2018). On the other hand, the observed patterns in bacterial susceptibility may also be linked to the structural differences between Gram-positive and Gram-negative bacteria. As observed, S. aureus (Gram-positive isolate) exhibited a lower sensitivity to mistletoe extracts compared to E. coli (Gram-negative isolate). This trend aligns with findings from Cushnie and Lamb (2011) who explained that gram-negative bacteria possess an outer membrane which modulates permeability; the membrane may either facilitate or restrict interactions with bioactive compounds, whereas the thick peptidoglycan layer of Gram-positive bacteria may serve as a potent barrier against plant-derived antimicrobial agent. This also agrees with the views of Ladoh-Yemeda et al., (2021). 
The phytochemical analysis of P. capitata extracts revealed notable differences in the presence of alkaloids, flavonoids, tannins, and phenolic compounds across host sources. The presence of alkaloids exclusively in mistletoe from C. sinensis may account for its superior antibacterial potency. Alkaloids have been widely reported for their antimicrobial effects, with previous studies confirming their ability to disrupt bacterial DNA replication and inhibit enzyme activity (Zorofchian Moghadamtousi et. al., 2013; Yusuf et al., 2013). Similarly, phenolic compounds and flavonoids, which were consistently present in all extracts, are known to exert antibacterial effects by targeting bacterial membranes and interfering with protein synthesis (Harbone, 1998; Urban et al., 2012).
[bookmark: _GoBack]The host-dependent variation in secondary metabolite levels can be attributed to the mistletoe's parasitic lifestyle, which enables it to absorb minerals, water, and other essential nutrients from the host plant (Lo Gullo et al., 2012; Glatzel and Geils, 2009). Previous studies have established that mistletoes tend to accumulate higher concentrations of phytochemicals than their host plants, possibly due to their enhanced transpiration rates and unique metabolic adaptations (Urban et al., 2012; Kim et al., 2018). This could explain why mistletoe from C. sinensis exhibited the highest antibacterial activity, as citrus species are known to be rich in bioactive compounds that may be transferred to parasitic plants (Anmol & Garg, 2020; Ajuziogu, et al., 2021). Concurrently, the act that mistletoe from Cola nitida displayed the puniest antibacterial activity is well noticed and concur with the findings from Yusuf et al. (2013), who noted that Viscum album growing on Cola nitida exhibited lower antimicrobial potency than those parasitizing other hosts. This points to the fact that certain host trees including Kola nitida may lack or possess limited amounts of specific nutrients or biochemical precursors essential for the synthesis of potent antimicrobial compounds in the mistletoe extract which should drive more potent and visible sensitivity effects. 
Conclusion
This study demonstrates that Phragmenthera capitata antibacterial efficacy is strongly influenced by host tree diversity. Citrus sinensis-hosted mistletoe extracts showed the strongest inhibitory zones against Staphylococcus aureus and Escherichia coli, whereas Cola nitida-hosted extracts showed the lowest activity. Alkaloids were exclusively found in C. sinensis mistletoe, which may account for its higher antibacterial activity. Phytochemical screening showed differences in secondary metabolite composition among host-dependent mistletoe extracts. The study confirms mistletoe's ethnobotanical significance as a source of bioactive chemicals by highlighting the role of host-parasite interactions in shaping the plant's therapeutic qualities. Extracts from P. capitata, especially those from C. sinensis, show potential as substitute antibacterial agents in light of the growing threat posed by bacteria resistant to antibiotics. Based on this result, future studies should focus on isolating the main bioactive substances that exhibit varied antibacterial activity, investigating their modes of action, and assessing their potential for use in pharmaceutical applications.
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