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Abstract 

This study was designed to ascertain the safety profile as well as explore new 

antimicrobial agents from the methanol leaf extract of Stachytarpheta indica. The 

methanol extract was prepared and screened for its phytochemical composition, oral acute 

toxicity profile as well as challenged with common pathogenic microorganisms for its 

antimicrobial activities using standard procedures. The phytochemical analysis revealed 

the presence of various pharmaceutically active secondary metabolites like alkaloids, 

saponins, carbohydrate, cardiac glycosides, terpenoid, tannin, anthraquinones, phenolics 

and flavonoid. P. aeruginosa and S. aureus showed the best and least antibacterial 

activity respectively. The extract exhibited antifungal activity in a dose dependent manner 

with the inhibition more pronounced with A. niger than with C. albicans. The standard 

drugs ciprofloxacin and fluconazole exhibited a near 100% activity. There was no 

mortality at 8 g/kg p.o. after 24 hours and no sign of delayed toxicity or mortality after 14 

days of observation. There were no statistically significant differences (p > 0.05) 

observed in the examined organs as well as body weights in both 24 h and 14 d study. 

This research holds promise for the exploration of various potentially active secondary 
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metabolites which would help in developing pharmaceuticals especially antimicrobial 

drugs as well as recommend the short-term oral administration of the extract up to a dose 

of 8 g/kg body weight. 

Introduction 

For centuries, natural products have provided medicine for human illness and most 

of these remedies were obtained from higher plants [1]. Across the globe, medicinal 

plants are potent source therapeutic drugs of which antimicrobial agents may be obtained 

[2]. The use of medicinal plants in West Africa is probably as old as the duration of 

human settlement in the region [3, 4]. The reason for the use of herbs is because of their 

affordability, easy accessibility and effectiveness. In the last two centuries, there has 

being serious investigations into the chemical and biological activities of plants and these 

have yielded compounds for the development of synthetic organic chemistry and the 

emergence of medicinal chemistry as a route for the discovery of more effective 

therapeutic agents [5]. 

Stachytarpheta indica commonly known as snakeweed is belonging to the family 

Verbenaceae. It is a well branched herb 2-3 ft high with very long narrow spikes. The 

flowers are deep blue with white centre. They are drought tolerant suitable for 

xeriscaping. The plant has been used locally as an abortifacient and in the management 

of asthma, headache, alopecia, bronchitis, bruise, chest cold, constipation, itch, diarrhea, 

skin sore, vermifuge, dysentery, dysmenorrhea, erysipelas, fever, inflammation, liver 

disease, poisoning, tumor, venereal disease, cataract, sedative, anti-fertility, rheumatism 

among others [6, 7]. In northern Nigeria, a decoction of the leaves with natron is given 

for dysentery in humans and for similar conditions in horses [7, 8].The interest in the 

scientific investigation of Stachytarpheta indica leaves is based on the claims of their 

effective use for the treatment of many microbial infections. Therefore, research into the 

effects of this local medicinal plant is expected to enhance the use of the plants against 

diseases caused by the test pathogens. The active principles of many drugs found in 

plants are secondary metabolites [9, 10]. The toxicity profile of plants provides necessary 

information to guide natural product’s use. Therefore, basic phytochemical investigation 

of the extract for their major phytoconstituents is key. In the present study, the methanol 

extract from the plant leaf was screened for phytochemical constituents, oral acute 

toxicity and antimicrobial activity against Staphylococus aureus, Pseudomonas 

aeruginosa, Proteus vulgaris, Aspergillus niger and Candida albicans. 
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Materials and Methods  

Collection and preparation of plant materials  

Fresh S. indica leaves were collected in June 2018 from a forest in Othame village in 

Etsako East local government area of Edo State Nigeria. They were washed running tap 

water to remove earthy material before being transported in a closed sterile polythene 

bag to the laboratory for further analysis. They were identified and authenticated at the 

Forest Research Institute of Nigeria (FRIN) Ibadan where an herbarium specimen was 

deposited. The fresh leaves were air-dried for a period of two weeks before being 

reduced to fine powder with the aid of a mortar and pestle. The powdered sample was 

stored in an air tight container until used.  

Phytochemical analysis  

Simple chemical tests to detect the presence of secondary metabolites were done in 

accordance with standard methods [11-13].  

Preparation of extract  

500 g of the pulverized material was extracted with 2.0 L of methanol by maceration 

at room temperature for 72 hours. The methanol extract of S. indica (MESI) was 

concentrated to dryness using a rotary evaporator at 40°C under reduced pressure. The 

concentrated extract was air dried, weighed, stored in an air-tight glass container before 

being preserved in a refrigerator at −4°C until ready for use. 

Animals procurement and treatment 

Twenty five (25) healthy wistar albino rats of either sex (non-pregnant females) 

weighing within 180-220 g were obtained from the animal house facility of the 

Department of Pharmacology, Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo 

University Sokoto, Sokoto State, Nigeria. They were housed in plastic cages and fed with 

standard laboratory animal food pellets. Animals were exposed to natural lighting 

conditions and were handled in accordance with international principles guiding the use 

and handling of experimental animals. However, food was withdrawn 4 h before the start 

of the experiment. 
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Twenty-four (24) hour single dose and 14 days extract administration 

The procedure outlined by Ogbiko et al. [14] with slight modification was adopted. 

The rats were assigned to four groups of 5 rats per group. The treatment groups A, B, C 

and D received via oral route methanol leaf extract of S. indica (MESI) resolubilized in 

10% tween 80 at a dose of 1, 2, 4 and 8 g/kg bwt respectively. Group E (the control 

group) received 10 mL/kg of 10% tween 80 via the same route. After all administrations, 

the animals were observed for toxic manifestations for the next 4 h and subsequently 

were observed intermittently for signs of morbidity and mortality. Animals that survived 

after the 24 hours duration was observed further for 14 days for any sign of delayed 

toxicity. Body weights were taken before extract administration and after 24 h and 14 

days duration. Animals that survived were exposed to chloroform anesthesia via 

inhalation for extraction of the kidney, liver, heart, and spleen. 

Observation and examination methods 

Signs for toxic manifestations like abnormal motor activity, alteration in water or 

food intake, writhing, straub reaction, sedation, diarrhoea, piloerection, opisthotonus, 

exophthalmos and tremors were observed for in all groups [15]. 

Collection of the Microorganisms 

Hospital strains of Staphylococus aureus, Pseudomonas aeruginosa, Proteus 

vulgaris, Aspergillus niger and Candida albicans were collected from any of vaginal, 

urine, scars among others specimens.   

Confirmation of test organisms 

Biochemical analysis methods as described by MacFaddin [16], Fobres and Sham 

[17] and Leboffe and Pierce [18] were carried out on each of the test bacteria isolates for 

confirmation. The Bergey’s Manual of Systematic Bacteriology [19] was used for 

species authentication. The fungi isolates of Aspergillus niger and Candida albicans was 

identified via macroscopic and microscopic observations as well as germ tube test and 

chlamydospore production on cornmeal agar fortified with Tween 80 polysorbate. 

Antimicrobial activity  

Testing for antibacterial activity 

The agar well diffusion method described by Kavanagh [20] as modified by Ogbiko 

et al. [21] was employed to assess the antibacterial activity of the prepared extracts. 0.6 
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ml of standardized bacterial stock suspensions of 10
8
-10

9
 colony forming units per ml 

was thoroughly mixed with 60 ml of sterile nutrient agar. 20 ml of the inoculated nutrient 

agar were distributed into sterile petri dishes. The agar was left to set and in each of 

these plates, 7 cups, 10mm in diameter, were cut using a sterile cork borer and the agar 

discs were removed. Five alternate cups were filled with 0.1ml of the MESI extracts with 

20 mg/mL, 40 mg/mL, 60 mg/mL, 80 mg/mL, and 100 mg/mL concentration prepared in 

DMSO using micropipette while the sixth and seventh cups contain DMSO (negative 

control) and the standard drug ciprofloxacin (20 µg/mL) in DMSO respectively. All cups 

were allowed to diffuse at room temperature for two hours. The plates were then 

incubated in the upright position at 37°C for 18 hours. Three replicates were carried out 

for each extract against each of the test organism with the zone of inhibition was the 

inhibitory parameter adopted. 

Testing for anti-fungal activity 

The same method as for bacteria was followed. Instead of nutrient agar media, yeast 

and mould extract agar was used. The inoculated medium was incubated at 25°C for two 

days for Candida albicans and three days for Aspergillus niger. This was carried out in 

triplicate for each fungus. Antibiotic susceptibility was carried out on DMSO and the test 

drug (fluconazole) to serve as negative and positive control respectively [21, 22].  

Statistical analysis 

All data are represented as the mean ± standard error of mean (S.E.M.).The one-

factor analysis of variance with Dunnett’s post hoc testing for group differences was 

employed. Differences were considered to be significant when p-values were less than 

0.05. 

Results and Discussion  

Percentage yield and phytochemical screening 

The percentage yield of the crude methanol extract was found to be 4.13%. The 

phytochemical screening revealed the presence of important phytoconstituents presented 

in Table 1. 
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Table 1. Phytochemical screening of the methanol extract of S. indica. 

Phytochemicals Observation Inference 

Alkaloids Yellow precipitate formed + 

Saponins Yellow emulsion formed + 

Carbohydrate Violet ring formed + 

Cardiac glycosides Violet ring formed + 

Terpenoid Brown ring formed + 

Tannin Green black colour not seen + 

Anthraquinones Green colour observed + 

Phenolics  Intense colouration + 

Flavonoids Yellow colour persist + 

This result validates the findings of Krishna [7] who reported the same 

phytochemicals in the methanol extract of the leaves of the plant. Secondary metabolites 

are known to impart characteristic odour, taste, colour, medicinal or poisonous properties 

on the plant [23] as well as aid in the biological actions for which they are identified in 

folk medicine [14]. 

Oral acute toxicity screening 

The result of the toxicity profile of the methanol extract of S. indica (MESI) is 

indicated in Figure 1. 
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Figure 1. Bar graphs showing the weights of organs isolated after the 14 days 

experimental toxicity study for all groups. n = 5 animals. 

Key: The weights of the (A) kidney, (B) liver, (C) heart and (D) spleen.  

After 24 h and 14 days observation period, there was no mortality or observed 

adverse reactions or mortality. The general behaviour remained the same throughout the 

time period. The LD50 which normally is the dose that will result in the death of 50% of 

the population was found to be beyond 8 g/kg hence therapeutic doses for the methanol 

extract of S. indica can be safely administered with the 0-8 g/kg range. With the animals 

surviving up to a dose of 8 g/kg, it shows that no further acute testing is required as the 

test compound is considered safe [23-25]. There were no statistically significant 

differences in the body weights of animals in all groups after the 14 days study. This 

implies that the extract helps to maintain the health status of the animals since body 

weight changes serve as sensitive indications of general health of animals as well as no 

interference with normal metabolism which would also have affected food and water 

intake [26-28].The idea of weighing organs in toxicity testing is as a result of their linked 

correlation with histopathological changes [29]. For the organ weights analysis, there 

were no statistically significant differences between the control and treated groups of the 

organs collected, however the treatment groups were found to have a slight increase their 

weight when compared to the control group. The lack of significant changes in the 

organs suggests that administration of MESI on a short term may not alter normal growth 

and development.  
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Antibacterial and antifungal activity 

The result presented in Figure 2 reveals the in vitro susceptibility of the bacterial and 

fungal isolates at different concentrations of MESI in comparison to ciprofloxacin (20 

µg/mL) and fluconazole standard (100 µg/mL) respectively. 

 

Figure 2. Antimicrobial activity (zone of inhibition) of S. indica methanol extract 

against various human pathogens in comparison with standard drugs. 

Key: Cipro = Ciprofloxacin, Flu = Fluconazole, DMSO = Dimethyl sulphoxide 

Natural antimicrobial compounds from plants act as therapeutics that can inhibit the 

growth of pathogens and have been used to overcome the side effects associated with the 

synthetic antimicrobial agents [21]. The MESI showed varying activity against the 

bacteria isolates investigated. While the best activity among the bacterial isolates 

investigated was exhibited by P. aeruginosa, the least activity was exhibited by the S. 

aureus. The result of the anti-fungal assay indicated that the fungal isolates were 

inhibited by MESI in a dose dependent manner with the inhibition more pronounced with 

A. niger than with C. albicans. Both ciprofloxacin and fluconazole exhibited a 100% or 

near 100% because it is known to contain purified compound [21]. The antimicrobial 

activity recorded is attributed to the presence of more group of phytochemicals diversity 

responsible for the synergic effects in many biological applications [21, 30]. The 
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disparity between the activities of the extracts and the standard antimicrobial drugs may 

be due to the mixtures of bioactive compounds present in the extracts compared to the 

pure compound contained in the standard antibiotics [31]. 

Conclusion 

The present study reports that S. indica is a good source of various metabolites 

responsible for the investigated antimicrobial activity in agreement with its folkloric 

claims. The study also showed that the oral administered extract of S. indica is relatively 

safe at the highest tested dose of 8 g/kg in rats. Similarly, the plants demonstrating an 

appreciable broad spectrum of microbial activity which may help in the discovering of 

new chemical classes of antibiotics that could serve as selective agents for the 

maintenance of health. These results encourage the researchers to do further in vitro and 

in vivo research that will explore the role of bioactive constituents responsible for these 

activities as well as carry out studies at molecular level. 
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