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Abstract 
Background: Malaria is a serious global health problem affecting people in developing countries. The increasing resistance of plasmodium parasite 

to currently used antimalarial drugs has made the search for more efficacious drugs urgent. 

Aim: To screen the methanol aerial parts extract and fractions of Vernonia cinerea for antiplasmodial activity in Plasmodium berghei infected 

mice.  

Methods: Phytochemical evaluation and oral acute toxicity studies were carried out using standard protocols on both the extract and fractions of 

Vernonia cinerea. The suppressive, curative and prophylactic models were used to evaluate the antiplasmodial effect of the extract while curative 

model was used to evaluate fractions of Vernonia cinerea at doses of 250, 500 and 1000 mg/kg in Plasmodium berghei infected mice.  

Results: There were presence of phytochemicals such as carbohydrates, flavonoids, saponins, tannins, alkaloids, steroids and triterpenes and cardiac 

glycosides in the extract and its fractions. The oral median lethal dose of the extract and fractions were estimated to be ˃ 5000 mg/kg. The extract 

produced a significant decrease in parasitaemia levels at p<0.05 when compared to negative control in the curative model. And, hexane fraction 

produced a dose dependent decrease in parasitaemia clearance than ethyl acetate, butanol and aqueous fractions. 

Conclusions: This study suggests that methanol aerial parts extract of V. cinerea possess antiplasmodial activity that could be due to the 

phytoconstituents found present in the plant. The hexane fraction showed a better curative activity than other fractions. 

KEYWORDS: Acute toxicity; Phytochemical; Antiplasmodial studies; Vernonia cinerea  

  

1.0 INTRODUCTION 

 Malaria is an important public health 

problem globally, with almost half of the 

world population exposed to the risk of 

infection [1]. According to [2], an estimated 

247 million cases of malaria occurred out of 

which 619 000 deaths was recorded globally 

in 2021. The World Health African Region 

bears the largest burden of malaria morbidity 

as it accounted for 234 million cases (96 %) 

in the same year. From this figure, Nigeria’s 

malaria morbidity rates stand at 27%. Twenty 

nine (29) countries accounted for about 96 % 

of malaria deaths while four (4) countries in 

Africa accounted for just over half of all 

malaria mortality in 2021, and Nigeria is 

having a death rate of 31 %. This implies that 
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African countries are having highest 

morbidity and mortality in 2021. 

Herbal renaissance is a visible phenomenon 

all over the globe with about two-third of the 

world’s plant species having medicinal value 

[3]. Millions of people worldwide rely on 

herbal medicines from biological sources for 

their healthcare management [4]. Besides, 

most Nigerians prefer to solve their health 

problems consulting traditional medical 

practitioners [5]. Medicinal plants are 

indispensable in our daily lives [6] with 

reputation of wide usage [7]. Extracts from 

plants are promising sources of new 

antimalarial compounds [8]. Discovering 

new antimalarial compound is more than ever 

a priority from plants as possible alternative 

candidates [9], hence the need to embark 

upon vigorous and concerted research in 

medicinal plants to treat malaria infection.  

Vernonia cinerea, is a plant used in folkloric 

medicine for the treatment of malaria in 

Nigeria, but for which there are no scientific 

proof of its efficacy. The present study 

therefore, intends to provide information 

about the phytochemicals, acute toxicity and 

antiplasmodial activities of Vernonia cinerea 

aerial parts. 

2. MATERIALS AND METHODS 

2.1 Plant Collection 

Fresh aerial parts of Vernonia cinerea was 

collected from Bogari village, Zaria Local 

Government Area, Kaduna, Nigeria. It was 

identified and authenticated after comparing 

with an existing specimen at the Herbarium 

Section Department of Botany Faculty of 

Life Sciences, Ahmadu Bello University, 

Zaria, by Mal. Sunusi Namadi (Botanist) and 

Voucher Specimen number ABU 0289 was 

collected for future references. The parts 

collected was air-dried at room temperature 

under shade to a constant weight, powdered 

using a wooden mortar and pestle and then 

packaged in a clean airtight container before 

use.  

2.2 Extraction, Fractionation and 

Phytochemical screening 

The method described by [10] was adopted, 

one kilogram (1 kg) of the comminuted plant 

material was extracted with 5 litres of 70 % 

methanol using maceration apparatus at room 

temperature for one week. The filtrate was 

evaporated to dryness on a water bath, the 

concentrated extract was kept in an airtight 

container and stored in a desiccator until 

needed. 

The methanol extract (30 g) was suspended 

in 300 mL of water, boiled to ensure 

complete dissolution and filtered; the filtrate 

was transferred into a separating funnel and 

partitioned thrice with 600 mL of n-hexane, 

ethyl acetate and butanol successively. The 

resultant fractions; hexane fraction (HF), 

ethyl acetate fraction (EAF), butanol fraction 

(BF) and residual aqueous fraction (AF) were 

collected into a clean and dried conical flasks 

individually, concentrated over a water bath, 

transferred into sample bottles and labelled 

appropriately. Portions of the extract and 

fractions were used for qualitative 

phytochemical analysis [10, 11, 12, 13]  

2.3 Quantitative phytochemical screening  

of crude methanol extract and fractions of  

aerial parts of Vernonia cinerea 

Phytochemicals in the extract and fractions 

were quantified by using different standard 

procedures according to various authors with 

modifications as follows: 

Estimation of total alkaloids 

The content of alkaloids was quantified by 

spectrophotometric method which was based 

on the reaction between alkaloid and 

bromocresol green (BCG). 0.5 ml of the 

extract and its fractions at a concentration of 

0.25 mg/ml each were added to 1 ml of 2 N 
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HCl. The resultant solutions each were 

transferred into separating funnels, 5 ml each 

of BCG solution along with 5 ml of 

phosphate buffer were added. The mixtures 

were shaken vigorously with 1 ml of 

chloroform and each collected in 10-ml 

volumetric flasks, and further made to 

volume with chloroform. [14, 15]. The whole 

experiment was conducted in three replicates 

for the test samples A set of reference 

standard solutions of atropine (100, 80, 60, 

40 and 20 µg/ml) were treated the same way 

as described earlier with the samples. The 

absorbance for tests and standard solutions 

were determined against the blank at 470 nm. 

The total alkaloids concentration was 

expressed as mg atropine equivalent (AE) / g 

dry weight (DW) of each sample. 

Estimation of saponins content 

The extract and fractions each were dissolved 

in 50 % aqueous methanol to get 

concentrations of 0.25 mg/ml and 0.5 ml each 

were taken in three test tubes. Vanillin 

reagent (0.25 ml; 8 %) each was added 

followed by H2SO4 (2.5 ml; 72 % v / v). The 

standard solution of diosgenin at a 

concentration of 0.1 mg/ml (100 µg/ml) was 

prepared and further serially diluted to get 80, 

60, 40 and 20 µg / ml, and given the same 

treatment as the test samples. All the reaction 

mixtures were mixed well and incubated at 

60 oC in a water bath for 10 min. After 

incubation, the reaction mixtures were cooled 

and their absorbances at 544 nm were read 

against a blank that does not contain samples 

nor the standard [16]. The total saponins 

concentration was expressed as mg diosgenin 

equivalent (DE) / g dry weight (DW) of each 

sample. 

 

Estimation of total tannins content 

The extract and fractions (0.5 ml) each at a 

concentration of 0.25 mg/ml were taken in 

three test tubes, and the contents of each 

mixed with Folin–Ciocalteau’s reagent (0.5 

ml) followed by the addition of saturated 

sodium carbonate (Na2CO3) solution (1 ml) 

and distilled water (8 ml). The reaction 

mixtures were allowed to stand for 30 

minutes at room temperature. Their 

absorbances were measured and recorded at 

725 nm using a UV-visible 

spectrophotometer. Also different 

concentrations of standard tannic acid (100, 

80. 60, 40 and 20 µg/mg) was prepared 

serially and given same treatment as the test 

samples, the absorbance of various tannic 

acid concentrations were also determined. 

[17, 18]. The tannins content was expressed 

as mg tannic acid equivalent (TAE) / g dry 

weight (DW) of each sample. 

Estimation of total flavonoids content 

0.5 ml each of extract and fractions at a 

concentration of 0.25 mg/ml were taken in 

three test tubes, volumes were made up to 3 

ml with methanol. Then, 0.1 ml AlCl3 (10 %), 

0.1 ml of potassium acetate and 2.8 ml 

distilled water were added to each 

sequentially and vigorously shaken. 

Absorbance was recorded at 415 nm after 30 

minutes of incubation. A set of reference 

standard solutions of quercetin (100, 80, 60, 

40 and 20 µg/ml) were prepared and treated 

in the same manner as described earlier. The 

absorbance for tests and standard solutions 

were determined against the reagent blank at 

415 nm of [19]. The total flavonoids in the 

test samples were calculated and expressed as 

mg quercetin equivalent (QE) / g dry weight 

(DW) of each sample. 

Estimation of total phenols content 

Total phenolic content of extract and 

fractions were determined by the Folin–

Ciocalteau method; 0.5 ml of aliquot of the 

samples each at a concentration of 0.25 

mg/ml were taken in three test tubes, 0.5 ml 

of Folin-Ciocalteau reagent was added to 

each tubes and the contents mixed 
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thoroughly. Then 2.5 ml of sodium carbonate  

(2 %) each were added, mixed and allowed to 

stand for 30 minutes. Standard solution was 

serially prepared (100, 80, 60, 40 and 20 

µg/ml) and given the same treatment as 

described above. The absorbances were 

measured at 760 nm in a UV-visible 

spectrophotometer [17]. The total phenolic 

content was expressed as mg gallic acid 

equivalents (GAE) / g dry weight (DW) of 

each sample. 

Estimation of total steroids / triterpenes 

content 

These were measured 

sphectrophotometrically by Liberman 

Buchard method in the extract and fractions. 

0.5 ml each of this solutions was taken in 

three test tubes of each sample,  chloroform 

was added to make up their volume to 5 ml, 

this was followed by addition of 2 ml each of 

Liberman Buchard reagent (0.5 ml of conc 

H2SO4 in 10 ml of acetic anhydride) and 

mixed well. The tubes were covered with 

black paper and kept in dark conditon for 15 

minutes. The absorbances were 

spectrophotometrically measured at 640 nm. 

Cholesterol was used as a reference standard 

at a concentration of 0.1 mg/ml (100 µg/ml), 

this stock solution was serially diluted to get 

80, 60, 40 and 20 µg/ml, and given the same 

treatment as the samples [20]. The steroids / 

triterpenes content was expressed as mg 

cholesterol equivalents (CE) / g dry weight 

(DW) of each sample. 

2.4 Experimental Animals 

Adult Swiss Albino mice of both sexes 

weighing between 16 - 29 gm were obtained 

from the Animal House of the Department of 

Pharmacology and Therapeutics, Ahmadu 

Bello University, Zaria. They were housed in 

well ventilated cages, fed with their normal 

feed and water ad libitum and maintained 

under standard laboratory conditions. 

 

2.5 Ethical Consideration 

Ethical approval on the use of experimental 

animals was obtained (ABUCAUC/2020/32) 

from the Ahmadu Bello University Zaria 

Committee on Animal Use and Care. The 

protocols were duly followed in accordance 

with the regulations for the Care and Use of 

Laboratory Animals as acceptable 

internationally by National Institute of Health 

[21]. 

2.6 Acute Toxicity Studies 

Healthy adult female nulliparous and non-

pregnant Swiss albino mice were used for the 

acute toxicity test. Animals were kept under 

standard conditions for 5 days prior to dosing 

to allow for acclimatization to the laboratory 

conditions. Five animals (n=5) were fasted 

without food for 3 hours prior to dosing but 

have access to water ad libitum. The acute 

toxicity was performed according to up and 

down procedures of Organization for 

Economic Cooperation and Development 

(OECD} guidelines. Initially, the extract was 

administered to one animal in a single dose of 

2000 mg/kg by oral route using a feeding 

tube. After administration, food was withheld 

for another 3 hours. The animal was observed 

once during the first 30 minutes after dosing, 

then periodically, during the next 24 hours. 

As the animal survived, the remaining four 

mice were given the same dose and observed 

similarly and daily thereafter for a total of 14 

days for any clinical signs of toxicity or 

mortality. 

After, the extract was administered to one 

animal which food was withheld for 3 hours 

before administering a single higher dose of 

5,000 mg/kg. After administration, food was 

withheld for a further 3 hours. The animal 

was observed once during the first 30 minutes 

after dosing, then periodically, in the next 24 

hours. As the animal survived, two additional 

animals were given the same dose and 

observed similarly. When both animals 
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survived, then all animals were observed for 

a total of 14 days for any clinical signs of 

toxicity or mortality OECD guidelines 425 

[22]. The dose of 5,000 mg/kg body weight 

was administered to the animals for the acute 

toxicity evaluation of the fractions 

2.7 Malaria Parasite 

Chloroquine sensitive strain of Plasmodium 

berghei was obtained from the Department of 

Microbiology, Nigerian Institute of Medical 

Research (NIMR), Yaba, Lagos. The parasite 

was maintained by continuous re-infection 

intraperitoneally in mice every 4 days by 

injecting 0.2 ml of infected erythrocytes 

containing approximately 1 x 107 P. berghei 

parasitized erythrocytes [23].  

2.8 Parasite inoculation 

Blood from a donor mouse infected with P. 

berghei was used to infect a clean mouse. 

Each mouse used in the experiment was 

inoculated intraperitoneally with 0.2 ml of 

infected blood containing about 1 × 107 P. 

berghei parasitized erythrocytes. This was 

prepared by determining both the percentage 

parasitaemia and the erythrocytes count of 

the donor mouse and diluting the blood with 

isotonic saline in proportions 1: 9 (infected 

blood: normal saline) [9]. 

2.9 Grouping of animals 

Based on the outcome of acute toxicity test, 

three doses (5, 10 and 20 %) of the LD50 

were selected for the in vivo antiplasmodial 

study of the extract. For every model 

(suppressive, curative and prophylactic), 

twenty-five mice were grouped into five 

groups of five animals. Group I mice were 

treated with distilled water; 10 ml/kg, which 

served as the negative control, groups II, III 

and IV mice were treated with graded dose of 

extract and mice in group V were treated with 

the standard drugs; chloroquine, 5 mg/kg was 

used for suppressive and curative studies and 

Pyrimethamine; 1.2 mg/kg was used for 

prophylactic study. 

2.10 Antiplasmodial Model 

Suppressive Test (4-day early infection) 

The Peters 4-day Suppressive test was used 

to evaluate the schizonticidal activity of the 

extract against early P. berghei infection in 

mice. The method as described by Peters and 

Robinson [24] was employed. Twenty-five 

mice were weighed and randomly divided 

into five groups of five mice each. Each 

mouse received standard inoculum of 0.2 ml 

of infected blood containing 1 x 107P. 

berghei through the intraperitoneal route at 

the commencement of the experiment (day 

1). Two hours after parasite inoculation, 

graded doses of the extract per day orally was 

given to the test mice in groups II, III and IV, 

respectively. While groups I (negative 

control) and V (positive control) received 

distill water (10 ml/kg) and chloroquine (5 

mg/kg), respectively. Treatment was through 

the oral route and lasted for four days starting 

from the day of infection (day 1). On the fifth 

day, blood samples were taken from the tail 

of each mouse. Thin blood films were made 

on slides, air-dried, fixed in absolute 

methanol and stained with 3 % Giemsa 

solution at pH 7.2. The slides were examined 

under the microscope and parasitaemia were 

determined by counting the number of 

parasitized erythrocytes in 10 random fields 

using ×100 oil immersion lens. Percentage 

parasite suppression relative to the negative 

control group was calculated for each dose 

using the formula below [25]. 

 

Prophylactic test 

The repository activity of the extract was 

assessed by using prophylactic model test. 

Twenty-five mice were weighed and 

randomly divided into five groups of five 

mice each. Groups II, III and IV were 
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administered with graded doses of the 

extract/day, groups I and V were 

administered with 10 ml/kg of distilled water 

as negative control and 1.2 mg/kg/day of 

pyrimethamine as positive control. 

Administration of the extract and drug 

continued for four consecutive days, on the 

fifth day, the mice were inoculated with 0.2 

ml of infected erythrocytes containing 

approximately 1 x 107P. berghei infected 

erythrocytes [27]. Parasitaemia levels were 

assessed by preparing blood smears seventy-

two hours later. Percentage chemo 

suppression relative to the negative control 

was determined for each dose as previously 

described [25].  

Curative Test 

Curative test was used to evaluate the 

schizontocidal activity of the 70 % methanol 

extract against established P. berghei 

infection in mice. Twenty-five mice were 

weighed and randomly divided into five 

groups of five mice each. Each mouse was 

inoculated intraperitoneally with 0.2 mL of 

blood containing approximately 1 x 107P. 

berghei infected erythrocytes on the first day 

of the experiment. Seventy-two hours after 

infection, goups II, III and IV animals 

received graded doses of the extract per day, 

group I received 10 ml/kg of distilled water 

and group V received 5 mg/kg per day of 

chloroquine for four days. On day 8 of the 

experiment, thin blood films from the 

animals’ tails were prepared and stained with 

3 % Giemsa solution [26]. Percentage chemo 

suppression relative to the negative control 

was determined for each dose as previously 

described [25].  

 

After the eighth day, the animals were 

continued to be fed and giving water ad 

libitum and observed for 28 days. Any death 

that occurred during this period was noted to 

determine the mean survival time as shown in 

the formula below [28]. 

Similarly, in rodent malaria infections, body 

weight loss is also a parameter to put into 

consideration. Each mouse was weighed to 

determine the effect of the extract on their 

body weights. The body weight of each 

mouse in all groups was taken before 

infection (D0) and after treatment (D28). And 

each mouse was weighed using sensitive 

electrical balance. The average body weight 

changes of extract treated groups were 

compared with the control groups. The 

average body weight change of each 

treatment group was calculated using the 

following formula;  

Average Weight Change = Average Weight 

of a Group after Treatment − Average Weight 

of that Group before Treatment [9].  

The model with highest percentage chemo 

suppression result was adopted for all the 

fractions. In this studies, curative model gave 

result that is comparable to the standard, 

hence it was used to evaluate the in vivo anti-

plasmodial activities of the fractions. 

 2.11 Statistical Analysis 

Results were presented as tables and graphs, 

data generated were expressed as mean ± 

Standard Error of Mean (± SEM) and 

analysis was carried out using one-way 

analysis of variance (ANOVA), followed by 

Bonferroni’s post hoc test for the average 

parasitemia. P-value less than 0.05 was 

considered significant after differences 

between means assessed at 95 % level of 

significance.  
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3. RESULTS AND DISCUSSIONS 

3.1 Extract and fractions of aerial parts of 

Vernonia cinerea 

Plants are rich sources of valuable bioactive 

metabolites with medicinal properties, 

phytochemical screening is an indispensable 

procedure as well as an important approach 

in profiling these active constituents of either 

whole plant or their parts after extraction 

[29]. Extract and fractions of V. cinerea 

depict different percentage yields and colours 

that are characteristic to these 

phytochemicals.  The concentrated extract of 

methanol from powdered aerial parts of 

Vernonia cinerea was dark golden brown in 

colour, yield and percentage yield are 58.33 

g and 5.83 % respectively. The fractions; n-

hexane, ethyl acetate, n-butanol and residual 

aqueous; their colours, yields and 

percentages were shown in Table 1. 

3.2 Results of phytochemical in Extract 

and Fractions of the Aerial Parts of 

Vernonia cinerea 

To study pharmacological activity of novel 

drugs, it is important to get information 

regarding the metabolites which is generally 

provided by qualitative phytochemical 

screening of the plant extracts [30]. In this 

study, qualitative test was performed with 

ME of aerial parts of V. cinerea and its 

fractions (HF, EAF, BF and AF). The 

phytocontituents in ME include; 

carbohydrates, reducing sugars, saponins, 

glycosides, phenolics, flavonoids, tannins, 

alkaloids and triterpenoids (Table 2). The 

research work of [31] on V. cineria showed 

slight variation in the phytochemicals 

revealed by this study, this may be due to the 

type of extractive solvents used during 

extraction procedures and time of collections. 

Qualitative evaluation of fractions showed 

the presence of triterpenoids (HF), 

carbohydrates, reducing sugars, glycosides, 

alkaloids, steroids and triterpenes (EAF), 

carbohydrates, reducing sugars, saponins, 

glycosides, phenolics, flavonoids, tannins 

and alkaloids (BF) and carbohydrates, 

reducing sugars, saponins, phenolics, 

flavonoids and alkaloids (AF) (Table 2). 

3.3 Quantification of Phytochemicals in 

Methanol Extract and Fractions of 

Aerial parts of Vernonia cinerea  

Preliminary phytochemical screening was 

found to be indispensable as it assists further 

in quantitative analysis of these 

therapeutically important compounds [30]. 

The healing properties of medicinal plants 

are usually linked with the presence of 

phytochemicals in the medicinal plant and 

they differ in type and concentrations from 

one plant to another, this account in part for 

the difference in pharmacological effects of 

these plants [23]. In this study, the quantities 

of phenolic compounds, flavonoids, 

alkaloids, tannins and saponins were 

determined sphectrophotometrically in ME 

and fractions (EAF, BF and AF) of aerial 

parts of V. cinerea.  ME showed highest 

content of phenolic compounds expressed in 

terms of mg gallic acid equivalent per gram 

of extract, this is followed by BF, then AF 

while EAF is the least in this respect. The 

total flavonoids estimation indicated in terms 

of qurecetin equivalent in mg per gram of 

extract with maximum value content 

observed in ME followed by BF, then AF 

while EAF is the least. BF showed highest 

contents of alkaloids, tannins and saponins, 

this was followed by ME which alkaloids and 

tannins contents is higher than that of AF, 

however, saponins content of AF was higher 

than ME. In all these quantitative 

phytochemical evaluations, EAF showed 

lowest contents of all secondary metabolites 

quantified (Table 3). 
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% 𝑆𝑢𝑝𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 

=  
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑎𝑟𝑎𝑠𝑖𝑡𝑒𝑚𝑖𝑎 𝑖𝑛 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑎𝑟𝑎𝑠𝑖𝑡𝑎𝑚𝑖𝑎 𝑖𝑛 𝑒𝑎𝑐ℎ 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑔𝑟𝑜𝑢𝑝

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑎𝑟𝑎𝑠𝑖𝑡𝑒𝑚𝑖𝑎 𝑖𝑛 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝑋 100 

 

𝑀𝑒𝑎𝑛 𝑆𝑢𝑟𝑣𝑖𝑣𝑎𝑙 𝑇𝑖𝑚𝑒 =  
𝑆𝑢𝑚 𝑜𝑓 𝑠𝑢𝑟𝑣𝑖𝑣𝑎𝑙 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑎𝑙𝑙 𝑚𝑖𝑐𝑒 𝑖𝑛 𝑎 𝑔𝑟𝑜𝑢𝑝 (𝑑𝑎𝑦𝑠)

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑖𝑐𝑒 𝑖𝑛 𝑡ℎ𝑎𝑡 𝑔𝑟𝑜𝑢𝑝
 

 

 

Table 1: Percentage Yield from Extract and Fractions of the Powdered Aerial Parts of 

Vernonia cinerea 

Extract/ Fractions Colours  Yields (g) % yield (w/w) 

Methanol (ME) Dark golden brown 58.33 5.83 

n- Hexane (HF) Green 6.91 23.03 

Ethyl acetate (EAF) Brownish green 2.85 9.50 

Butanol (BF) Orange brown 9.16 30.53 

Aqueous (AF) Dark brown 11.08 36.93 
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Table 2: Qualitative Phytochemical Results of Aerial Parts of Vernonia cinerea Extract and 

Fractions 

 

Tests ME EAF BF AF HF 

Carbohydrates      

Molisch Present Present Present Present Absent 

Fehling Present Present Present Present Absent 

Saponins      

Froth Present Absent Present Present Absent 

Anthracenes      

Borntragers Absent Absent Absent Absent Absent 

Modified Borntragers Absent Absent Absent Absent Absent 

Cardiac glycosides      

Keller Killiani Present Present Present Absent Absent 

Flavonoids      

Shinoda Present Absent Present Present Absent 

Tannins      

Lead sub acetate Present Absent Present Absent Absent 

Ferric chloride Present Absent Present Absent Absent 

Bromine water Present Absent Present Absent Absent 

Alkaloids      

Dragendoff Present Present Present Present Absent 

Mayer Present Present Present Present Absent 

Wagner Present Present Present Present Absent 

Sodium hydroxide Present Absent Present Present Absent 

Steroids and triterpenes      

Leiberman Burchard Present Present Absent Absent Present 

Salkowiski Present Present Absent Absent Present 

Triterpenoids Present Present Absent Absent Present 

 

Note: ME=methanol extract, HF=hexane fraction, EAF= ethyl acetate fraction, BF=butanol 

fraction and AF=aqueous fraction 

Table 3: Quantitative Phytochemical Results of Aerial parts of Vernonia cinerea Methanol 

Extract and Fractions 

Extract/ 

Fractions 

      

 Phenolics Flavonoids Alkaloids Tannins Saponins Steroids / 

Triterpenes 

ME 3.06 79.56 7.90 1.83 34.19 2.06 

EAF 0.21 6.06 1.17 0.92 7.46 0.77 

BF 2.65 29.61 12.63 3.16 113.86 - 

AF  0.95 10.66 5.70 1.64 93.46 - 

HF - - - - - 8.41 
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3.4 Acute Toxicity Results on the Aerial 

Parts of Vernonia cinerea Methanol 

Extract and Fractions 

Administration of the ME and fractions of the 

aerial parts of V. cinerea in mice did not 

produce any behavioural signs of toxicity. 

There was no death noted at the oral tested 

dose up to 5000 mg / kg, instead, a clear 

weight increase was observed. The oral 

median lethal dose value of extract and 

fractions of V. cinerea were thus estimated to 

be greater than 5,000 mg / kg in test mice 14 

days’ post treatment period (Table 4). 

Generally, in the evaluation of acute toxicity, 

if the LD50 value of the test chemical is more 

than 3 times of its minimum effective dose, 

the substance is considered as a good 

candidate for further investigation [33]. 

Therefore, the finding implies that the LD50 

value of V. cinerea extract and fractions are 

beyond three times of their minimum 

effective (250 mg/kg) dose. This also showed 

that a lethal dose of 50 % is greater than 5,000 

mg/kg, which is why plant products are 

frequently considered to be safe and have 

fewer adverse effects than synthetic ones 

[34]. The absence of death after 

administering 5000 mg/kg body weight of 

extract and fractions in the acute toxicity test 

also suggest nontoxic nature of the plant, this 

is an observation supported by the toxicity 

scale principle, which states that any 

chemical showing an LD50 greater than 5000 

mg/kg is practically nontoxic [35]. Hence, 

the overall finding indicated that both ME 

and fractions are tolerable and safe after oral 

administration which validates the safe use of 

the plant by traditional medical practitioners. 

 

 

 

 

3.5 In vivo Anti Plasmodial Studies of 

Methanol Extract and Fractions of 

Aerial Parts of Vernonia cinerea 

3.5.1 Effect of methanol extract of aerial 

parts of Vernonia cinerea on P. 

berghei infected mice using 

suppressive, prophylaxis and curative 

models 

Malaria is caused by protozoan parasite 

belonging to the genus Plasmodium, this 

infection is preventable and curable, yet it 

remains a significant tropical disease with 

high mortality rate [36], this is attributed to 

emergence and spread of drug resistant 

parasites, insecticide-resistant Anopheles, a 

geopolitical unrest that increases travel and 

rapid raising in distribution of counterfeit 

antimalarial drugs [37]. The ME of the aerial 

parts of V. cinerea was investigated for 

antimalarial effect using three models. 

Peter’s 4-day suppressive test was used to 

evaluate schizontocidal activity during early 

infection while the Rane’s test was used to 

study curative ability during established 

infection and the repository test was used to 

study the prophylactic activity of the plant. In 

all models, it was observed that 

determinations of percent inhibition of 

parasitemia and mean survival time were the 

most reliable parameters [25] and chemical 

compounds are considered active when 

reduction in parasitemia is ≥30 % [25]. 

The results of suppressive model at all the 

tested doses of 250, 500 and 1,000 mg/kg 

significantly (p<0.05) reduced the level of 

parasitemia compared to the negative control 

and percentage chemo suppression of ME 

were found to be 13.26, 44.67 and 13.58 % 

respectively and that of chloroquine was 

79.58 % (Table 5).  

In the classic suppressive parasitaemia assay 

performed by [38], the oral dose of 500 

mg/kg body weight of Vernonia amygdalina 

produced 62.28 % chemo suppression in 
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mice infected with P. yoelii against 35.79 % 

for Vernonia cinerea subsp vialis. 

Comparing work of these authors with the 

present research, ME result showed higher 

chemo suppressive activity, this may be due 

to the content of the phytochemicals.  

In the prophylactic model, administration of 

ME at the tested doses to infected mice 

produced dose-dependent reduction in 

parasitaemia with percentage chemo 

suppression of 7.34, 22.90 and 29.60 %. The 

doses (500 and 1 000 mg/kg) were 

statistically significant at p<0.05 when 

compared with the negative control, while 

chemo suppression of parasite by 

pyrimethamine was 51.27 % (Table 6).  

The high parasite count in the repository test 

may be attributed to the metabolism of the 

administered extract before inoculation to 

inactivate it [39], and based on the above 

assertion, the test extract cannot be used as a 

prophylactic agent because all the percentage 

chemo suppressions are below 30 %. Unlike 

the observation in suppressive model where 

percentage chemo suppression was highest at 

500 mg/kg dose level, results of this model 

was dose dependent.  

For the curative model, the ME of V. cinerea 

produced remarkable effect that is 

comparable with the standard, percentage 

chemo suppression of parasite was in dose-

dependent manner at all tested doses 

compared to the negative control group, this 

implies that antiplasmodial effect increase 

with increase in dose. And the standard drug 

(chloroquine, 5 mg/kg) produced a 

chemosuppression of 82.59 % which was 

comparable to ME at 1,000 mg/kg (71.07 %) 

(Table 7).  

The percentage chemo suppressions for 250 

and 500 mg/kg body weights are 24.38 and 

43.48 respectively. The suppressive model 

also showed a dose dependent parasitemia 

suppression, however chemo suppression 

result for 1,000 mg/kg was almost the same 

with the chemo suppression of lowest dose 

(250 mg/kg) of curative model.  

The average parasitemia of all models versus 

doses of ME of V. cinerea was graphically 

represented (Figure 1). 

 

In all the models and doses used, ME was 

found to prolong life of the animals in the 

same way as positive controls (Table 8). 

To interprete the results with mean survival 

time (MST) in all the models, ME was found 

to prolong the life of all the animals 

throughout the period of research (28.00 
0.00) the same way as the positive controls 

(chloroquine / pyrimethamine), while the 

MST of negative control (distil water) groups 

of the models (suppressive, curative and 

prophylaxis) were 11.86 0.97, 9.00  0.55 

and 9.20 0.73 respectively (Table 8). 

Higher MST in all doses of ME could be due 

to possible synergistic effects that might have 

existed among the various components. In the 

research work presented by [40], it was said 

that compound(s) or plant extract that 

prolonged survival time beyond 12 days is 

regarded as active. Due to this assertion, 

percentage chemo suppressions of ME in all 

treatment groups and models may be 

considered active, because the mean survival 

time was prolonged in all the doses, this 

implies that no death was recorded in the 

positive control and test groups up to 28th 

day post treatment, whereas all mice died in 

the negative control groups by 12th day post 

infection.   

Body weight loss is a symptom and 

manifestation of P. berghei infection in mice 

due to increase level of parasitemia [41]. This 

weight loss could be as a result of depressant 

action on the appetite, disturbed metabolic 

function and hypoglycemic effect [42]. The 

body weights of mice were found to increase 

in all models, but it was more pronounced in  
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Table 4: Median Lethal Dose Value of the Methanol Extract and Fractions of Aerial Parts 

of V. cinerea 

Animal Route of administration ME HF EAF BF AF 

 LD50 Value (mg / kg) 

Mice Oral > 5000 > 5000 > 5000 > 5000 > 5000 

Note: ME= methanol extract, HF= hexane fraction, EAF= ethyl acetate fraction, BF= butanol fraction and 

AF= aqueous fraction 

 

 

Table 5: Effect of Extract of Aerial Parts of Vernonia cinerea on 4 Days Early Plasmodium 

berghei Infection in Mice 

Suppressive Model 

Treatment Group  Dose (mg/kg) Average Parasitemia % Chemo Suppression 

DW 10 ml/kg 31.34 0.95 _ 

70 % ME 250 26.76 0.55* 13.26 

 500 17.14 1.07** 44.67 

 1000 26.70 1.63* 13.58 

CQ 5 6.32 0.81** 79.58 
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Table 6: Prophylactic Effect of Methanol Extract of Aerial Parts of Vernonia cinerea on 

Plasmodium bergheii Infection in Mice 

 Prophylactic Model 

Treatment Group  Dose (mg/kg) Average Parasitemia % Chemo Suppression 

DW 10 ml/kg 29.16 1.15 _ 

70 % ME 250 26.40 0.97 7.34 

 500 21.24 1.48* 22.90 

 1000 20.44 0.27* 29.60 

PYR 1.2 12.08 0.82* 51.27 

 

 

 

Table 7: Effect of Methanol Extract of Aerial Parts of Vernonia cinerea on Established 

Plasmodium berghei Infection in Mice 

Curative Model 

Treatment Group  Dose (mg/kg) Average parasitemia % Chemo Suppression 

DW 10 ml/kg 29.84 1.16 _ 

70 % ME 250 22.42 0.43* 24.38 

 500 16.82 1.83** 43.48 

 1000 8.52 1.61** 71.07 

CQ 5 5.16 0.43** 82.59 

 

Values are presented as Mean SEM; n = 5, Data analysed by One-way ANOVA followed by Bonferoni’s 

Post-hoc test, Values were significantly different between tests and negative control groups at p = ≤ 0.05, 

ME = methanol extract of Vernonia cinerea, DW = Distilled water, PYR = Pyrimethamine, CQ = 

Chloroquine Note * = indicate level of significancy 
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Figure 1: The Average Parasitemia Level Versus Concentrations of ME in Each Model and 

Groups 

Keys: SDW = suppressive distil water, SME = suppressive methanol extract, SCQ = suppressive 

chloroquine, CDW = curative distill water, CME = curative methanol extract, CCQ = curative 

chloroquine, PDW = prophylaxis distil water, PME = prophylaxis methanol extract, PPYR = 

prophylaxis pyrimethamine 

 

Table 8: Mean survival time of ME of V. cinerea in antimalarial models 

Treatment 

group mg/kg 

Mean Survival Time (MST) 

Suppressive model Curative model Prophylaxis model 

DW 10 ml/kg 11.86 0.97 9.00 0.55 9.20 0.73 

250 28.00 0.00* 28.00 0.00* 28.00 0.00* 

500 28.00 0.00* 28.00 0.00* 28.00 0.00* 

1000 28.00 0.00* 28.00 0.00* 28.00 0.00* 

CQ/ PYR 28.00 0.00* 28.00 0.00* 28.00 0.00* 

Values are presented as Mean  SEM; n = 5. Note: * indicate that all the mice survive the period 

of 28 days in all the models, all the concentrations of the extract and the standards 
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suppressive and curative models than in 

prophylaxis model. Body weights of mice for 

suppressive model in 500 and 1 000 mg/kg 

were higher than those in positive control 

group. While body weights of mice in 

curative model were comparable to those in 

positive control group (Table 9).   

Increase in body weight of mice implies that 

ME may be endowed nutritionally that 

confers on it benefits such as appetite 

stimulation [41], a feature of medicinal plant 

with bitter characteristics, increase secretion 

of digestive juices and can be used as tonics 

where they play the role of improving the 

overall health [43], due to bitter nature of the 

plant, in addition to antiplasmodial effect. 

Weight increase observed to be more in 

suppressive and curative models than 

prophylactic model, may be due to the 

wearing away of the ME effect and the 

persistency of P. berghei parasites in mice 

[25].  

3.5.2 In vivo Anti plasmodial Effects of 

Fractions of ME of Aerial Parts of 

Vernonia cinerea 

Curative model gave result that is 

comparable to the standard, hence it was used 

to evaluate the in vivo anti plasmodial 

potentials of fractions. In the studies, n- 

hexane fraction (HF) gave result that is 

comparable to the standard in terms of 

average parasitemia and chemo suppression 

(Table 10 and Figure 2).   

The results of fractions revealed HF to have 

highest parasitemia suppression in a dose 

dependent manner (15.23, 28.49 and 55.03 % 

respectively), whereas EAF and BF showed 

highest activity at the middle doses of 500 

mg/kg (45.14 and 45.62 respectively), the AF 

group however, showed higher parasitemia 

suppression with 250 mg/kg dose followed 

by 1,000 mg/kg, then 500 mg/kg (15.00, 

11.94 and 10.80 %) (Table 9). And looking 

closely at these fractions, 1,000 mg/kg dose 

of HF and 500 mg/kg doses of EAF and BF 

also pass the ≥ 30 % parasitemia chemo 

suppression.  

The reduction in parasite suppression of 

fractions could be due to loss of additive or 

synergistic action among the compounds in 

the initial extract or as a result of decrease or 

difference in the types and concentrations of 

phytoconstituents in the fractions [39]. 

 

All mice treated with HF, 500 mg/kg (EAF 

and BF) and CQ survived 28 days in 

comparison to those treated with AF and 

negative control (Table 11). EAF and BF 

1,000 revealed MST of 27.60 0.24 and 

27.00 0.63 days respectively while EAF 

250, BF 250, AF 1,000,  AF 500 and AF 250 

showed MST of 22.00 0.45, 22.80 0.86, 

22.40 0.68, 23.40 0.51 and 24.40
0.24, however, mice in distil water group 

showed MST of 8.60 0.40. From the 

results of the fractions, animal in test and 

positive control groups survived beyond the 

12 days (22-28 days) while animal in 

negative (distil water) group only survived 

for 6 days’ post infection. Going by [40] 

assertion, the results of MST for extract and 

fractions are significant, hence they may be 

considered to be active.   

Weight increase was highest in HF treated 

1,000 mg/kg body weight mice, followed by 

EAF, HF and BF (500 mg/kg body weight) 

when compared with the positive control 

(Table 12). 

In the fraction groups, weight gain was 

higher in HF group, this could be ascribed to 

the relative higher parasitemia clearance or 

reduced parasite burden [25] exerted by this 

fraction while other fractions experienced 

low parasitemia clearance or higher burden 

of the parasite and weight reduction. 

The ME and HF prolonged mean survival 

time as well as weight increase in the study  
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Table 9: Effect of Extract of V. cinerea on Body Weight of P. berghei infected Mice in 

antimalarial models 

                                     Suppressive Model  

TRMT Groups (mg/kg) Av Wt D0 (g) Av Wt D28 (g) Wt Dif 

(g) 

DW 10 ml/kg 17.40 0.50 13.40 3.37 - 4.00 

250 21.80 1.07 24.40 1.21 2.60 

500 19.20 0.97 23.80 1.02 4.60 

1 000 20.60 0.75 25.00 0.71 4.40 

CQ 18.00 0.55 21.20 0.58 3.20 

                                            Curative Model 

DW 10 ml/kg 20.40 0.40 19.60 0.24 - 0.80 

250 20.00 0.84 22.80 0.86 2.80 

500 20.40 1.47 24.40 0.93 4.00 

1 000 23.20 1.85 27.40 1.54 4.20 

CQ 22.40 0.87 27.20 0.73 4.80 

                                           Prophylaxis Model 

DW 10 ml/kg 20.60 1.94 6.40 3.92 - 14.20 

250 22.20 1.46 23.60 1.29 1.4 

500 21.20 2.12 24.00 1.87 2.8 

1 000 21.60 1.75 23.00 1.55 1.4 

PYR 20.40 0.68 23.40 0.81 3.0 

Values are presented as Mean SEM; n = 5. Note: TRMT = treatment, Av = average, Wt = weight, 

D0 = weight of animals before treatment, D28 = weight of animals after treatment, Dif = difference 
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Table 10: Curative In vivo anti plasmodial Potentials of Fractions of ME of the Aerial Parts 

of Vernonia cinerea on P. berghei Infected Mice 

                                                    Curative Model 

Treatment Group  Dose (mg/kg) Average Parasitemia % Chemo Suppression 

DW 10 ml/kg 25.86 1.74 _ 

CQ 5 4.44 0.30* 81.00 

HF 250 21.46 0.78* 15.23 

 500 18.50 0.60* 28.49 

 1000 10.66 0.87* 55.03 

EAF 250 24.26 0.59 11.44 

 500 13.84 1.04* 45.14 

 1000 21.70 0.76* 15.08 

BF 250 25.38 0.84 2.18 

 500 13.66 0.98* 45.62 

 1000 20.68 0.77* 19.04 

AF 250 22.58 0.67 15.00 

 500 23.50 1.14 10.80 

 1000 24.74 1.20 11.94 

Values are presented as Mean SEM; n = 5; Data analysed by One-way ANOVA followed by Bonferoni’s 

Post-hoc test; Values were significantly different between tests and negative control group at p = ≤ 0.05; 

HF = hexane fraction, EAF = ethyl acetate fraction, BF = butanol fraction and AF = aqueous fraction are 

fractions of 70 % methanol extract of Vernonia cinerea; DW = Distilled water; CQ = Chloroquine 

 

 

Figure 2: the average parasitemia level versus concentrations of fractions and standard groups. DW 

= distil water, CQ = chloroquine, HF = n-hexane fraction, EAF = ethyl acetate fraction, BF = butanol 

fraction, AF = aqueous fraction 
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Table 11 Showing MST in Fractions of 70 % ME of V. cinerea Infected P. berghei Mice 

Treatment 

group mg/kg 

Mean Survival Time 

HF EAF BF AF 

DW 10 ml/kg 8.60 0.40 

250 28.00 0.00* 22.00 0.45 22.80 0.86 24.40 0.24 

500 28.00 0.00* 28.00 0.00* 28.00 0.00* 23.40 0.51 

1000 28.00 0.00* 27.60 0.24 27.00 0.63 22.40 0.68 

CQ 28.00 0.00* 
Note: * indicated that mice in the groups survive the periods of 28 days in all the fractions and the standard 

 

Table 12: Effect of Fractions of ME of V. cinerea on Body Weight of P. berghei infected Mice 

in Curative Antimalarial model 

TRMT Group (mg/kg) Av Wt D0 (g) Av Wt D28 (g) Wt Dif (g) 

DW (ml/kg) 25.80 1.43 24.60 1.44 - 1.20 

HF 250 22.80 2.11 24.20 1.93 1.40 

HF 500 22.20 1.24 25.40 1.21 3.20 

HF 1000 22.40 2.34 26.60 1.75 4.20 

EAF 250 18.00 0.45 19.40 0.60 1.40 

EAF 500 17.60 0.24 21.00 0.32 3.40 

EAF 1000 19.00 0.95 20.00 0.55 1.00 

BF 250 18.40 1.29 19.40 1.22 1.00 

BF 500 17.60 0.81 20.60 0.68 3.00 

BF 1000 18.00 0.77 20.40 0.87 2.40 

AF 250 16.60 0.89 17.60 0.68 1,00 

AF 500 16.00 0.00 17.20 0.37 1.20 

AF 1000 16.40 0.24 17.20 0.37 0.80 

CQ 26.20 1.16 29.00 0.95 2.80 
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mice demonstrated that they have better 

curative antiplasmodial effect than the 

remaining fractions (EAF, BF and AF).  

4. CONCLUSIONS 

This research work has shown that extract of 

aerial parts of V. cinerea possess secondary 

metabolites with antiplasmodial effects 

against chloroquine sensitive strain of 

Plasmodium. This results further support the 

use of this plant in management of malaria 

fever by traditional medical practitioners. 
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