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ABSTRACT 
Cissus quadrangularis from the Vitaceae family is a widespread perennial climber prevalent in tropical and subtropical regions of Africa. In Zimbabwe, the square stemmed (quad) plant is mostly found in open woodlots mostly climbing mopane trees. This plant has been extensively used in traditional medicine for various conditions but mostly as an anti-helminthic, hence the local name muvengahonye. The  aim of this study was to confirm the metabolomic profile of pharmacological relevance, the acute oral toxicity profile, the anti-helminthic as well as the antibacterial activity of the plant. Phytochemical analysis was done using classical wet chemical tests. The OECD guideline 425 was used to evaluate the acute oral toxicity using Sprague Dawley rat models. The antibacterial activity was confirmed using the macrodilution broth test following CLSI guidelines with doxycycline as the control and the anthelminthic evaluation was conducted against Pheretima Posthuma earthworms with 20mg Albendazole as a standard. The metabolomics revealed the presence of significant pharmacologically active secondary metabolites including polyphenols, flavonoids and alkaloids. The lyophilised extract demonstrated  antibacterial activity comparable to doxycycline against gram positive Staphylococcus Aureus as well as gram negative Escherichia coli. The acute oral toxicity study confirmed that C. quadrangularis is nontoxic with an LD50 above 2000mg/kg.  The anthelmintic activity demonstrated that the plant was effective in rendering both paralysis and death to the Indian earthworm (Pheretima Posthuma) with time frames comparable to albendazole. Our findings validate the use of the plant in traditional medicine as an effective and biologically safe  anthelminthic treatment 
.. 
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Introduction

[bookmark: _Toc74077897][bookmark: _Toc86232240]Soil transmitted helminthiasis
Neglected tropical diseases (NTDs) are chronic and debilitating infections affecting mostly the poorest people in low-income tropical countries. They are the most common clinical conditions of the so-called ‘bottom billion’, people living in the lowest economic tier affecting over 1.5 Billion people globally. For NTDs, the World Health Organisation (WHO) still recommends preventive chemotherapy and transmission control (PCT), via a “rapid impact” package of “ancient medicines”, conventional dosage forms and delivery mechanisms through Mass drug administration (MDA). Based on WHO directives, developing countries currently promote the use of albendazole and mebendazole in at least 4 NTDs, these are basically cross veterinary drugs that have retained the same basic formulation, routes of administration and dosage forms since 1972 and this has attracted notable resistance from helminths over time1.
Soil-transmitted helminths (STHs) form one of the most important groups of infectious parasites and are the cause of serious global health problems; more than a billion people have been infected by at least one species of this group of pathogens. At a global level, the most important STHs are roundworms (Ascaris lumbricoides), whipworms (Trichuris trichiura) and hookworms (Necator americanus or Ancylostoma duodenale)2. Several studies have suggested that approximately 70% of the worm population is hosted by 15% of the human host population. These few heavily infected individuals are at a higher risk of contracting other opportunistic diseases due to overwhelmed immune systems. Under environmentally contaminated conditions, the STH species are commonly co-endemic. Generally, only the STH infections of moderate and high intensity in the gastrointestinal tract produce clinical manifestations, and the highest-intensity infections has been mostly noted in children1. A high prevalence of STHs, when combined with poor hygiene and malnutrition, is an indicator of a country's future health problems, indicating that priority be given to eradicating STHs worldwide. Helminthic infections  are usually considered together since it is common for an individual, especially a child living in a less developed country, to be chronically infected with various water borne and soil transmitted helianthins. Infected children experience malnutrition, stunted growth, mental retardation, as well as cognitive and learning deficiencies3.
[bookmark: _Toc72437529][bookmark: _Toc74077901][bookmark: _Toc86232244]Current management and prevention
 The WHO has recommended three interventions to control morbidity due to STH infections: regular drug treatment of high-risk groups for reduction of the worm burden over time, health education and sanitation supported by personal hygiene aimed at reducing soil contamination.
[bookmark: _Toc72437530][bookmark: _Toc74077902][bookmark: _Toc86232245]Sanitation
Large-scale environmental sanitation programs are complex, making interventions directly aimed at the transmission of STHs challenging to implement. These interventions directly affect the transmission of several diseases in both the public and private domains. Several factors need to be operative for an intervention to be successful. Amongst these are public investment in sewage networks and a collective will on the part of individual households to invest in a toilet and connect it to this network3. Human STHs are faecal-borne infections, and transmission occurs either directly (hand-to-mouth) or indirectly (through food and water). Sanitation in the context of economic development is the only definitive intervention that eliminates these infections. STH infections are never a public health problem where hygiene and sanitation standards are appropriate. Improvement of sanitation standards always has a repercussion on infection and reinfection levels4. In Zimbabwe, despite the marked increase in the number of latrines, no relationship was found between hookworm re-infection intensities and the availability of latrines in individual farms. A recent study in Senegal demonstrated that, despite high coverage of the program of provision of latrines, the majority of the children in a village, interviewed with a questionnaire, claimed to openly defecate elsewhere3.
[bookmark: _Toc72437531][bookmark: _Toc74077903][bookmark: _Toc86232246]Mass drug administration (MDA)
Evidence suggests that mass delivery of deworming is preferable on efficacy, economic and equity grounds for approaches that require diagnostic screening. School-based deworming also offers major advantages for untreated children and the whole community by reducing disease transmission in the community as a whole2. Frequency of regular treatment should vary according to the intensity of transmission and rates of re-infection. These factors must be considered in relation to the resources available and the cost involved in drug purchase and distribution4.  The STH infections can be classified as being of light, moderate or heavy intensity according to the thresholds established by the WHO, based on the number of STH eggs per gram of faeces. Helminthes in different areas of the world have different levels of egg output, so the thresholds proposed by the WHO are not rigid and should be adjusted for the local situation4.
The World Health organisation, assembly in 2001 endorsed a strategy for the prevention and control of schistosomiasis and soil-transmitted helminthiasis in high-transmission areas5. In the short term, morbidity was to be reduced through access to drugs (praziquantel and  other broad-spectrum anthelminthics) and good case management in all health services; regular treatment of at least 75% of school-age children by 2010; targeting other high-risk groups (young children, women of childbearing age and occupational groups) through existing public health programs and channels6.
In Zimbabwe mass drug administrations were carried out between 2016 and 2017 by the Ministry of Health and Child Care in partnership with Econet wireless (PVT) ltd, The End Fund and Higher Life Foundation. It was noted however, that MDA campaigns provide treatment to large numbers of people at risk. However, insufficient information, religious beliefs, lack of trust and even misinformation can lead to low turnout rates and hinder the MDAs effectiveness7.
[bookmark: _Toc72437532][bookmark: _Toc74077904][bookmark: _Toc86232247]Current treatments
Anthelmintics are a group of antiparasitic drugs that expel parasitic worms (Helminthes) and other internal parasites from the body by either stunning or killing them, without causing significant damage to the host8. Anthelmintics are classified based on their chemical structure and mode of action, there are only four classes of anthelmintics. The Class 1 drugs, known as the benzimidazoles (e.g. albendazole and mebendazole) were introduced in 1961 and popularised in the 197Os. These drugs bind to free beta-tubulin and inhibit its polymerization, thereby interfering with the microtubule-dependent glucose uptake by the parasite9.
Class 2 imidazothiazole drugs including. levamisole, were discovered in 1966 and act by stimulating the nicotinic acetylcholine receptors leading to the paralysis of the worms which are subsequently washed out of the intestine by peristalsis3.  The third class of drugs, generally referred to as macrocyclic lactones, were introduced in the early 1980s10. The first of such drugs was ivermectin which interferes with GABA-mediated neurotransmission resulting in paralysis and death of the helminth. These drugs act by paralysis of body-wall muscles in nematodes8.
The limited potency due to the emergency of drug resistance and safety of the three classes necessitated the search for new anthelmintics  (CDC, 2021a).  Finally in 2009, Novartis launched Zolvix®, a new class of anthelmintic referred to as the amino-acetonitrile derivatives (AADs) after 28 years of intensive research10. The AADs interfere with a unique ACR-23 nicotinic acetylcholine receptor subunit leading to the paralysis of the worms. In addition, AADs are relatively safe as evident from their low toxicity to mammals after various tests11.However reports from most developing countries highlight challenges in accessing these new dugs and their absence from most WHO initiated programs.

In accordance with the World Health Organization (WHO), the recommended drugs for use in public health interventions to control STH infections still remain as:
a. Albendazole (400mg) tablets given in a single dose, reduced to 200mg for children between 12 and 24 months.
b. Levamisole (40mg) tablets given in a single dose by weight (2.5mg/kg). The drug Levamisole at a dose of 80mg has been successfully used in primary school–age children2.
c. Mebendazole (500mg) tablets given in a single dose.
d. Pyrantel pamoate (250mg) tablets given in a single dose by weight (10mg/kg). A combined preparation of pyrantel-oxantel has been proved to be more effective than pyrantel alone in treating T. trichiura infection3.
[bookmark: _Toc72437536][bookmark: _Toc74077905][bookmark: _Toc86232248]Traditional remedies
The use of plants and their extracts for the treatment of a variety of human and livestock gastro-intestinal parasites have been in existence for a long-time. Some of the earliest known medicinal anthelmintic plants include Carica papaya, Ficus species and Ananas comosus. In Southern Africa, the most potent treatment however is Cissus quadrangularis (C quadrangularis) known locally as muvengahonye (literally translated to mean anti-worm). Until recently, anti-parasitic activity of most medicinal plants was based on anecdotal evidence, but there is currently an increase in the number of scientific studies aiming to verify, validate, quantify and determine the safety of these plants8. In Zimbabwe, despite the fact that C quadrangularis has been used in the treatment of parasitic diseases of both man and livestock for centuries, there has not been much corroborated systematic scientific validation of its anthelminthic efficacy and biosafety. The use of the plant continues unabated and the practice is still prevalent due to cultural reasons as well as the relatively high cost and inaccessibility of the existing chemotherapeutics12.
 
Cissus quadrangularis
Cissus quadrangularis, also known as veldt grape, adamant creeper, or devil’s backbone, is a plant that belongs to the grape family and is native to Zimbabwe13. The succulent climbing herb is used traditionally to treat several ailments including asthma, joint pains, diabetes, menstrual cramps and as an antihelminthics by many traditional healers in Zimbabwe. The stem and the roots are used in powder form and are taken as an infusion in beverages or added to porridge and taken first thing in the morning14.

                    [image: 150+ Cissus Quadrangularis Stock Photos, Pictures & Royalty ...]
Figure 1: C quadrangularis plant, aerial parts
[bookmark: _Hlk201047186]The plant’s therapeutic reputation is highly regarded in Zimbabwean traditional practices for many ailments  including anti-helminthic, bone health and malignancy 15,16. The plant’s role in promoting bone healing has gained particular attention, as it has been shown to accelerate the healing process of fractures by stimulating the growth of new bone tissue17. This property has made C. quadrangularis an important herb in both traditional and modern medical practices, especially in the field of orthopedics18. Today, the plant is being increasingly incorporated into modern herbal medicine formulations, where it is standardized into extracts and supplements for therapeutic use, reflecting a blend of ancient wisdom with contemporary scientific19. 
This study therefore aimed to validate the traditional safety, and efficacy claims of  C. quadrangularis in alleviating helminthiasis.  

    
Materials and methods
Materials, equipment and facilities
All chemicals, associated reagents, equipment and facilities for the in-vivo laboratory animal toxicity investigations and the bioactivity assays were obtained from the University of Zimbabwe, Faculty of Medicine and Health Sciences laboratories 
 
 Cissus quadrangularis Plant material collection and preparation 
Plant material was collected from Chief Sai village in Gokwe South district, 370km to the South-west of Harare. In observing the rules for Zimbabwe's Sustainable Harvesting of Traditional Medicinal Plants, the material was collected from 5 different plants. The plant material was authenticated as C. quadrangularis by the National Herbarium and Botanical Garden in Harare, Zimbabwe. The stems were thoroughly washed using clean water to remove debris and other contaminants, shade dried at room temperature to constant weight for three weeks and then pulverized using mortar and pestle. The pulverized material was ground into a fine powder using a coffee grinder (Hamilton Beach Coffee Grinder Model- 80410). 
The phyto-extraction was done by adding 500g plant powder into 1000ml of 95% (v/v) hydro-ethanolic mixture in a 2-litre sterile amber bottle and macerated for 48 hours, with 3 minutes physical shaking twice a day. A muslin cloth was used to obtain a filtrate from the solution, which was further clarified by filtration using Whatman filter paper number 1. The filtrate was then evaporated under vacuum and low pressure (Rotavapor® R-300, Buchi, Switzerland), followed by lyophilization (Lyovapor l-200, Buchi, Switzerland) under 140Pa pressure and -50 °C. The lyophilized extract was stored in an airtight sample bottle, at 4oC in a refrigerator until required. The phyto-extraction was also repeated by adding 500g plant powder into 1000ml distilled water. The following stages were exactly the same.

Phytochemical Screening of cissus quadrangularis
In a 50ml round bottomed flask, 2g of the lyophilized hydro-ethanolic extracts of C.quadrangularis   were dissolved in 25ml of distilled water and subjected to various phyto-screening techniques to confirm the presence or absence of relevant phytoconstituents of pharmacological interest. In another 50ml round bottomed flask, 2g of the lyophilized distilled water extracts of C.quadrangularis   were dissolved in 25ml of distilled water and subjected to various phyto-screening techniques to confirm the presence or absence of relevant phytoconstituents of pharmacological interest. The following qualitative tests were conducted on the aqueous extracts.
 
Detection for alkaloids by the Iodine test 
The Iodine test was used to determine the presence of alkaloids. In this assay, to 3ml of the lyophilized extract solution, a few drops of iodine solution were slowly added along the sides of the test tube. The presence of alkaloids was then identified by the appearance of a blue colour, which disappears on boiling and reappears on cooling31.


Detection of tannins by the Braymer’s test 
The simplified Braymer’s test was used to detect the presence of tannins. To 1ml lyophilised extract solution, 3 drops of a 10% Ferric chloride solution were added. The presence of tannins was confirmed by conversion of the solution to a blue-green colour31.
 
Detection of flavonoids by the Ammonia test 
Flavonoids were detected by means of the Ammonia test where 5ml dilute ammonia solution was added to 5ml of the lyophilised solution followed by a few drops of conc. H2SO4. The emergence of a yellow colour confirmed the presence of flavonoids20.

Detection of Glycosides by the Keller-Killani test 
The presence of glycosides was done by the Keller-Killani test32. To 1mL of the lyophilised solution, 1.5mL glacial acetic acid was added and a few drops of 5% ferric chloride were added as well as conc. H2SO4 (along the side of test tube). The presence of glycosides was confirmed by the emergence of a blue coloured solution in mixture acetic acid layer.

Detection of Phenolic compounds by the Gelatin test 
Phenolic compounds were detected using the Gelatin test. In this assay, 2ml the lyophilised extract solution was added to 5ml of a 1% gelatin solution and 5 drops of a 10% NaCl were further added. Phenolics were identified by the appearance of a white precipitate21.

Detection of saponins by the simplified foam test
The simplified foam test was used to determine the presence of saponins. In this assay 2ml of the extract was added to 20ml distilled water. The mixture was shaken in a graduated cylinder for 15 minutes. The presence of saponins would be confirmed by the formation of form with a head height of at least 1cm22.

Detection of carbohydrates by the starch test
The starch test was used for the detection of carbohydrates. To 3mL aqueous extract, 5mL 5% KOH solution was added.  The presence of carbohydrates would be confirmed by the formation of a cinary colouration23.


[bookmark: _Toc157026289]Detection of proteins and amino acids by the Millon’s test 	
The Millon test was used for the detection of proteins. To 2mL aqueous extract, a few drops of Millon’s reagent were added. A white precipitate confirmed the presence of proteins24. 

Detection of fats by the spot test/ stain test
The spot test/ stain test was used to determine the presence of fats. Lyophilised plant extract is pressed in between two filter papers. Oil stain on the paper would confirm the presence of fats25.

Determination of the Antibacterial Activity of cissus quadrangularis

Test microorganisms
The bacterial species, which are gram positive Staphylococcus Aureus as well as gram negative Escherichia coli and Klebsiella pneumoniae were obtained from the University of Zimbabwe Department of medical microbiology in Harare, Zimbabwe. The antibacterial, evaluation laboratory studies were performed according to CLSI guidelines.

Determination of the minimum inhibitory concentration (MIC)
The Broth Macrodilution method was used to determine the Minimum Inhibitory Concentration (MIC) of lyophilised Cissus quadrangularis against the bacterial species chosen forthe assays. MIC determination was done through serial dilution techniques.
MIC test requirements
· Mueller-Hinton broth 
· Sterile swabs and forceps
· Pure bacterial cultures 
· Lyophilised Cissus quadrangularis 
· MIC determination test protocol 
In the procedure: The lyophilised C. quadrangularis was serially diluted with distilled water to concentrations 500mg/ml, 250mg/ml, 125mg/ml and 75mg/ml in a Mueller-Hinton broth. Each tube was inoculated with Staphylococcus aureus. The dilutions were repeated, and the tubes were inoculated with Escherichia coli. The last set of dilutions were inoculated with Klebsiella pneumoniae. Each set included a growth control (bacteria without antimicrobial) and a sterility control (broth without bacteria). The inoculated tubes were incubated under specific conditions outlined in the CLSI M07 standard. After incubation, each tube was visually assessed for bacterial growth. The lowest concentration of the lyophilised C. quadrangularis that inhibits visible bacterial growth after the incubation period was determined as the MIC. 

 Acute oral toxicity
The acute oral toxicity evaluation of C. quadrangularis lyophilized extract was done using a modified OECD technical guideline 425 (The up and down test)37. Female Sprague-Dawley rats (24) were used, which were acclimatized to the test environment for 10days prior to the commencement of the test protocols. The participating animals were fed with a commercial standardized rodent pellet from Agrofeeds® and were given water ad libitum. The animal habitat was kept at an average ambient temperature of 25°C throughout the study with a relative humidity level of 40% and an artificially controlled photoperiod of 12-h light and 12-h darkness. The animal welfare, observations and care were supervised by a practicing veterinary officer. 
In our test, sequential ordered progressions of doses were orally administered to the animals at 48-hour intervals. The animals were divided into 2 groups of 12 female rats each; the first group (group 1) received distilled water and served as the control group. The second (group 2) received incremental doses of the C. quadrangularis solution. The selected animals were marked so as to facilitate individual identification. The experimental animals were fasted for 18 hours with water prior to dosing. Initial starting doses were chosen based on related toxicological studies. The first animal received a dose of 250mg/kg body weight, which was below a randomly selected estimated LD50. When animals survived the dose, the next dose was doubled, subject to our observations of the test animals over a period of 48 hours. The C. quadrangularis was orally gavaged in a water solution in 4 different sets of doses of: 250, 500, 1000 and 2000 mg/kg body weight. The female rats were observed by a veterinary specialist for morbidity and mortality twice daily. In the absence of mortality, the rats were observed for any visible changes and clinical signs and symptoms of toxicity every 1 hour, and up to 12 hours on day 1, and thereafter, once daily up to a maximum of 14 days. The animals were also weighed daily     

Anthelminthic activity evaluation

[bookmark: _Toc86232318]Collection of test organisms
Indian Earthworms (Pheretima Posthuma) of length 6-8cm were obtained from a damp area around the University of Zimbabwe campus and brought to the animal house at the University of Zimbabwe for identification. The worms were transferred into glass bottles containing the same type of soil from where they were obtained. Before resumption of the studies, the earthworms were washed with distilled water to remove all matter and placed in phosphate buffered saline (PBS).
[bookmark: _Toc86232319]In vitro anthelminthic assay 
In the anthelminthic activity assessments, six actively moving worms were placed in petri dishes containing 10, 25, 50, 100 mg/mL of C. quadrangularis extract in PBS and PBS alone as the control group, in a total volume of 50 mL. Albendazole (20 mg/mL), was used as the reference standard. Three replications per each treatment concentration were employed. Observations were made for the time taken to paralyze and/or death of individual worms. Paralysis was said to occur when the worms do not revive even in normal saline. Death was concluded when the worms lost their motility followed by fading away of the worm’s body colour26.
                                                                                                                                                                                                                                                           
Results and discussion

Phytochemical screening
From the phytochemical screening protocols, investigations confirmed the abundance of primary and secondary metabolites of biomedical relevance with regards to malnutrition in immunocompromised paediatrics (Table.1). These molecules are abundant in hydro-ethanolic extract than in distilled water extract. All the compounds show strongest presence in the plant except for alkaloids with moderate presence.  Cissus quadrangularis has some nutritional value as shown by the presence of proteins and amino acids, fixed oils and fats and carbohydrates. Carbohydrates and proteins were also found in Cissus quadrangularis.

Table 1: Qualitative screening of C. edulis secondary metabolites
	Test
	Presence in hydro-ethanolic extract
	Presence in distilled water extract

	Alkaloids
	++
	+

	Flavonoids
	+++
	+

	Saponins
	+++
	+

	Proteins and Amino Acids
	+++
	+

	Fixed oils and fats
	+
	+

	Phenolic compounds
	+++
	+

	Tannins
	+++
	+

	Carbohydrates
	++
	+

	Glycosides
	+
	+


(-): Indicates the absence of the phytochemical 
 (+): Indicates the presence of the phytochemical 
(++): Indicates moderate presence of the phytochemical
(+++): Indicates strong presence of the phytochemical 

Plant-derived medicines have been developed based on traditional knowledge27. Plants possess medicinal properties due to specific phytochemicals that elicit specific physiological responses in the human body. Medicinal properties are found in various parts of plants, which are often extracted as crude drugs. Many of these crude plant derived drugs are collected in smaller quantities by local communities and folk healers for local use, while others are collected in larger quantities and traded in the market as raw materials for various herbal industries due to their medicinal properties28,29. Other studies on C. quadrangularis have revealed the presence of several phytochemical constituents, including ascorbic acid, carotene, anabolic steroidal substances, calcium, β-sitosterol, δ-amyrin, δ-amyrone, flavonoids, triterpenoids and various secondary metabolites30,31. C. quadrangularis extract has also been shown to contain various chemical constituents such as gallic acid derivatives, steroids, iridoids, flavonoids, stilbenes, and triterpenes. These constituents play a major role in the plant’s pharmacological activity. Several studies have investigated the activity of different extracts of C. quadrangularis against numerous pathophysiological effects32. The anticancer activity of C. quadrangularis extract has been demonstrated in previous studies. It has been shown to significantly inhibit tumour growth and induce cell death, as observed through phase contrast microscopy33. Methanolic extract of Cissus was found to inhibit lipid peroxidation and free radical production, while increasing antioxidant enzymes such as catalase, superoxide dismutase, and glutathione peroxidase, as well as reduced glutathione in rat erythrocyte and liver systems34. When given at a dose of 500 mg/kg for 10 days, the methanolic extract of Cissus was shown to have a comparable ulcer-protective effect to the drug sulcral fate in rats35. Furthermore, the extract was found to increase mucin secretion, mucosal cell proliferation, glycoprotein secretion, and lifespan of the mucosal cells36. Phenolic acids, such as caffeic acid and ferulic acid, are abundant in C. quadrangularis and are renowned for their antioxidant and anti-inflammatory properties. Caffeic acid has been shown to neutralize free radicals and reduce the oxidative damage to cells, which is a critical factor in preventing chronic diseases such as cancer, heart disease, and neurodegenerative conditions. In Cissus quadrangularis, flavonoids such as quercetin and kaempferol have been identified, and these compounds exhibit potent antioxidant and anti-inflammatory activities. Studies have shown that quercetin, a major flavonoid in C. quadrangularis, can reduce oxidative stress, protect against tissue damage, and modulate inflammatory pathways by inhibiting pro-inflammatory cytokines37.  C. quadrangularis contains triterpenoids such as betulinic acid, which have demonstrated significant anti-inflammatory and antioxidant properties. Betulinic acid and related compounds also have potential anticancer effects, contributing to the plant’s growing interest in cancer treatment research. These compounds have been found to inhibit the proliferation of cancer cells and induce apoptosis, making them valuable candidates for cancer therapy38. In C. quadrangularis, alkaloids such as cissampeline have been identified. These compounds have shown a range of biological activities, including antimicrobial, antioxidant, and anti-inflammatory properties. Alkaloids play a crucial role in traditional medicine by contributing to the plant’s effectiveness in treating conditions such as bone fractures, arthritis, and other musculoskeletal disorders39. Cissus quadrangularis contains significant amounts of carbohydrates, proteins, fats, vitamins, and minerals, such as vitamin C, calcium, and phosphorus40.  


Anti-bacterial assays
In the antibacterial tests against multidrug resistant strains, the lyophilised Cissus quadrangularis exhibited considerable antibacterial effects. However, it showed little antibacterial effects on Klebsiella pneumonia (Table 2). The lyophilised plant extract was comparable in activity to the commercial drug, doxycycline which was used as a positive control. 




Table 2: Antibacterial activity of lyophilised C. quadrangularis and Doxycycline

	
	
	Absorbance

	Test Sample
	
	C. quadrangularis                          Doxycycline

	Staphylococcus aureus
	
	-0,1002
	
	
	-0,2132
	
	

	Klebsiella pneumoniae
	
	0,1509
	
	
	-0,3143
	
	

	Escherichia coli
	
	-0,3101
	
	
	-0.4567
	
	



These results are in agreement with other writers who also found antibacterial property of Cissus quadrangularis against Escherichia coli and Staphylococcus aureus29.

The minimum inhibitory concentration of lyophilised C. quadrangularis for Staphylococcus aureus and Escherichia coli is 250mg/ml. For Klebsiella pneumonia, the minimum inhibitory concentration was 500mg/ml (Table 3). 

Table 3: Minimum inhibition concentrations for C. quadrangularis on Staphylococcus aureus, Escherichia coli and Klebsiella pneumonia.

	Test Sample
	
	
	
	Visibility of bacterial growth

	
	
	Concentration of lyophilised C. quadranguralis (mg/ml)
	

	
	
	500
	250
	125
	62,5
	31,25
	

	Staphylococcus Aureus
	
	Clear
	Clear
	opaque
	Opaque
	Opaque
	

	Escherichia coli
	
	Clear
	Clear
	opaque
	Opaque
	Opaque
	

	Klebsiella pneumoniae
	
	Clear
	Opaque
	opaque
	Opaque
	Opaque
	-



Flavonoids contained in large amounts in C. quadrangularis were found to exhibit antibacterial activity against pathogenic strains41. In particular, the stem and root parts of C. quadrangularis were found to exhibit strong antibacterial activity. In addition, the stem and root of C. quadrangularis showed excellent antibacterial effects against pathogenic strains such as Streptococcus mutans, Salmonella typhi, Streptococcus pyogenes, Escherichia coli, Proteus mirabilis, Staphylococcus aureus, and Pseudomonas aeruginosa42. In addition, C. quadrangularis extract showed higher antibacterial activity against gram-positive bacteria, such as Staphylococcus aureus, B. subtilis, Streptococcus species, and B. cereus compared to that against gram-negative bacteria43. 

Acute oral toxicity
The acute toxicity study was carried out as per OECD technical guideline 425. The observations, results and interpretation were done by a qualified veterinary expert. Our findings indicated that the extract at doses up to 2000 mg/kg body weight imparted neither visible signs of toxicity nor mortality in rats, suggesting its safety (Table 4). No animals were withdrawn from the study for any reason during the observation period.  

Table 4: Acute oral toxicity

	Observed parameter
	                              Dose of C. edulis in mg/kg body weight

	
	250mg
	500mg
	1000mg
	2000mg
	Control
	

	Food intake
	Normal
	Normal
	Normal
	Normal
	Normal
	

	Water intake
	Normal
	Normal
	Normal
	Normal
	Normal
	

	Death
	Alive
	Alive
	Alive
	Alive
	Alive
	

	Breathing
	Normal
	Normal
	Normal
	Normal
	Normal
	

	Diarrhoea
	Not observed
	Not observed
	Not observed
	Not observed
	Not observed
	

	Urination
	Normal
	Normal
	Normal
	Normal
	Normal
	

	Skin colour
	Normal
	Normal
	Normal
	Normal
	Normal
	

	Drowsiness
	Not observed
	Not observed
	Not observed
	Not observed
	Not observed
	

	Erection of Fur
	Not observed
	Not observed
	Not observed
	Not observed
	Not observed
	



Our results are in agreement with other studies where the LD50 of the C. quadrangularis extract was estimated to be > 5000 mg/kg body weight38. Our extracts were deemed non-toxic, based on the toxicity classiﬁcation proposed, which categorise substances with LD50 values from 500 to 5000 mg/kg as slightly toxic and those with LD50 values 5000 to 15,000 mg/kg body weight are regarded as practically non-toxic39. This therefore implies that the use of high extract concentrations to achieve the desired bioactivity effects will not pose any toxicity in C. quadrangularis based treatments. 

In toxicity evaluations, generally, unexpected fluctuations in body weight are a simple and sensitive reflection of toxicity after exposure of study animals to materials (Figure 2).

 
[bookmark: Histopathological_study]Figure 2: Observed rat weights during acute oral toxicity studies of C quadrangularis
Progressive weight loss or gain of animals is usually indicative of stress, failure to feed or a response to observed or underlying adverse health conditions. In the present study, the lyophilised extracts did not signiﬁcantly affect normal body weight growth during the study period suggesting that the extract did not alter rat growth at the concentrations investigated. 

[bookmark: _Toc86232327]Anthelminthic activity 

[bookmark: _Toc86232386]Table 5: Anthelminthic activity of C. quadrangularis stem extract
	Test substance
	Concentration (mg/mL)
	Time taken for paralysis in minutes
	Time taken for death in minutes

	C. Quadrangularis extract
	10
	45.07 ± 0.57
	62.28 ± 0.24

	
	25
	22.18 ± 0.82
	48.34 ± 0.04

	
	50
	9.29 ± 0.33
	15.54 ± 0.21

	
	100
	4.98 ± 0.65
	7.12 ± 0.62

	Albendazole
	20
	4.53 ± 0.11
	6.89 ± 0.83


 
The Cissus Quadrangularis extract showed significant preliminary anthelminthic activity against  the Indian earthworm (Pheretina Posthuma). This was confirmed through the time of paralysis and death recorded when Pheretina Posthuma worms were immersed in different concentrations of test substances (table 5). In the distilled water control, no paralysis and death were observed within the test period extending through 2 hours. The standard, 20mg/ml Albendazole used showed greatest anthelminthic activity with the recorded time of paralysis and death being 4.280±0.110 minutes and 6.645±0.485 minutes respectively. In synchrony with the results of the standard obtained, 100mg/ml of the extract showed slightly similar and comparable results with the  average time of paralysis and death being 5.02±0.040 minutes and 7.145±0.185 minutes respectively. These results show that Cissus Quadrangularis at a concentration above 100mg/ml is as efficacious as 20mg/ml Albendazole in killing the Pheretina Postuma worms.
The time for paralysis was recorded when no movement was seen in the worms even when shaken vigorously in distilled water while the time of death was recorded when no movement was seen even when shaken with warm water. (35±2°C) followed by a change in colour of the Pheretina Posthuma worms.

Conclusions

The metabolomics revealed the presence of significant pharmacologically active secondary metabolites with known bioactivity against common end points of helminthic infections. The lyophilised extract demonstrated  antibacterial activity comparable to doxycycline against gram positive Staphylococcus Aureus as well as gram negative Escherichia coli. The acute oral toxicity study confirmed that C. quadrangularis has an LD50 above 2000mg/kg, which classify the plant material as  non-toxic according to the Hodges and Sterner toxicity scale.  The anthelmintic activity studies demonstrated that the plant extracts  were effective in rendering both paralysis and death to the Indian earthworm (Pheretima Posthuma) with time frames comparable to albendazole. Based on the foregoing experiments, our findings validate the use of the plant in traditional medicine as an effective and biologically safe  anthelminthic treatment
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Observed rats weights (g) during oral  toxicty studies

 Initial weight	
250mg/kg	500gm/kg	1000mg/kg	2000mg/kg	distilled water	247	253	245	252	246	Rats weight  7th day	
250mg/kg	500gm/kg	1000mg/kg	2000mg/kg	distilled water	260	262	256	258	254	Rats weight 14th day	
250mg/kg	500gm/kg	1000mg/kg	2000mg/kg	distilled water	270	272	264	268	265	Rats weight  21st Day	
250mg/kg	500gm/kg	1000mg/kg	2000mg/kg	distilled water	286	287	280	282	281	
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