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1. Introduction 
Plants have been use as a source of medicines that form the backbone of human healthcare from ancient times. 

Today, medicines from medicinal plants  form the basis of primary healthcare for majority of the people living in rural 

and urban areas [1]. Alstonia boonei De Wild (Apocyanaceae) has a history of use in traditional medicine in Nigeria for 

malaria treatment and prevention of disease [9]. Malaria is a worldwide public health concern. The World Health 

Organization (WHO) [16], reported an estimate of 207 million cases and 627, 000 deaths globally in 2012 alone. It has 

been reported that, over 70 countries are malaria endemic and globally, an estimated 3.4 billion people are at risk of 

malaria infection. Despite the substantial progress made in the treatment of parasitic diseases, malaria remains a significant 

therapeutic challenge. Malaria treatment failures are due to P. falciparum developing reduced sensitivity to Artemisinin 

based Combination Therapy (ACTs) [15], and the parasites recrudescence after treatment with ACTs [4]. Therefore, lack of 

new antimalarial drugs in the pipeline and reduced sensitivity, highlight the urgent need to search for new antimalarial 

drugs to replace the currently used or to expand the antimalarial drug arsenal.  

 

2. Materials and Methodology 

2.1 Sampling 

The fresh morphological part of the plant was collected from Eke-Avrugo Community in Igalamela-Odolu LGA 

of Kogi State identified and authenticated by Prof. M.O Nwosu of Department of Plant Science and Biotechnology 

University of Nigeria, Nsukka as Alstonia boonie De Wild (UNH No_12a). 

2.2 Materials 

The materials and reagents that were used for this study are outlined below. Alstonia boonie, Infected Plasmodium 

falciparium blood, Ethanol, methanol, n-hexane, chloroform, ethyl acetate, dimethyl  sulfoxide (DMSO), Giemsa’s 
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stain, Roswell Park Memorial Institute (RPMI) 1640 medium, gentamicin, ferric chloride, hydrochloric acid, sodium 

hydroxide, silica gel, Round bottom flasks, conical flasks, beakers, glass rod, measuring cylinder, weighing balance, test 

tubes, Rotary evaporator, glass slides, cover Slip, microscope, EDTA bottles and incubator.  

2.3 Preparation of the plants materials 

The leaves of the plant, Alstonia boonie were collected, washed and air-dried for two weeks after which they were 

grinded, subsequently sieved into powder form and stored in air tight containers for further use. 

2.4 Maceration  

A weight of 200g of the powdered plant sample was percolated in 95% ethanol (1litre) at room temperature for 2 

weeks. This was then filtered using a no.1 Whatman filter paper. The solvent was evaporated  using a rotary evaporator 

(R110) at 40
o
C. The Alstonia boonie ethanol extracts was weighted and labeled as AB-01. The ethanol extract (AB-01) was 

extracted successively with chloroform, n-hexane and ethyl acetate according to the protocols described by Fatope et al. 

[5]. 

2.5 Phytochemical Screening  

A weight of 10g of the pulverized plant sample was macerated in 50cm
3 

each of the following solvents: Ethyl 

acetate, Chloroform, n-hexane and Ethanol for one (1) week. The filtrates obtained from the solvent fractions were 

subjected to phytochemical screening. The phytochemicals screened include alkaloids, saponins tannins, flavonoids, 

steroids and glycosides [7,12,14]   

2.5.1 Test for Tannins:   

1cm
3
 each of the fractions were separately added to 1cm

3
 of distilled water in test tubes. A few drops of 10% 

ferric chloride was added and observed for  brownish green or a blue-black colouration.  

2.5.2 Test for Saponin: 

1cm
3
 each of the fractions were separately mixed with 4cm

3
 of distilled water and shaken vigorously for a stable 

persistent froth.  

2.5.3 Test for Flavonoid: (Shinoda’s test) 

Three pieces of magnesium chips was added to about 1cm
3
 each of the fractions, followed by few drops of conc. 

HCl, shaken vigorously and observed for the development of a pink, orange, or red to purple colouration. 

2.5.4 Test for Cardiac Glycosides:  

1cm
3
 of concentrated sulphuric acid was gently poured on the walls of an inclined test tube containing 1cm

3
 each 

of the fractions separately. 10% Ferric chloride solution was added in drop wise and a brown ring was observed. 

2.5.5 Test for steroids:  

To test the presence of steroid phytochemicals, 1cm
3
 each of the fractions were separately dissolved in 10cm

3
 

chloroform and equal volume of concentrated sulphuric acid (H2SO4) added by sides of test tube. The upper layer turned 

red and sulphuric acid layer turned yellow with green fluorescence. This indicated the presence of steroids. 

2.5.6 Test for Alkaloids:  

Preparation of Wagner’s reagent: This was prepared by dissolving 1.0g of I2 crystals and 3.0g of KI in distilled water 

and making up to the mark in 50cm
3
 volumetric flask.  

Test: 4cm
3
 of 1% hydrochloric acid was added to 1cm

3
 each of the fractions in separate test tubes, mixed and the solutions 

warmed in a warm bath. The presence of turbidity or precipitate after the addition of 1ml of Wagner’s reagent confirmed 

the presence of alkaloid.   

2.6 Malaria parasite assay  

2.6.1Preparation of Test Solution  

A stock solution of 10mg/cm
3
 of the extract and fractions were prepared by dissolving 0.02g of the dried extract 

and fractions separately in 2cm
3
 of 1% Dimethyl sulphoxide (DMSO). The following concentrations 0.5mg/cm

3
, 

1.0mg/cm
3
, 2.0mg/cm

3
 and 5.0mg/cm

3
 were prepared from the stock solutions of each of the extract and fractions by serial 

dilution. Artemetther lumefantrine anti-malaria drug was used as Positive control prepared in the same way as test 

solutions. RPMI 1640 and 1%DMSO don’t affect the development of P. falciparum in the culture medium [8]. 

2.6.2 Sourcing of Malaria Parasites for the Assay 

Confirmed malaria parasites infected blood sample of patients were collected from Hematology Department 

Bayero University Hospital, Kano. The samples were immediately transferred into K3-EDTA disposable plastic sample 

bottles corked and transported to the Microbiology laboratory at Bayero University in a thermo flask containing water 

maintained at 4
o
C as demonstrated by Dacie and Lewis [2]. 

2.6.3 Separation of the Erythrocytes from the Serum of the Blood Samples       

50% dextrose solution (0.5cm
3
) was added to each of the blood samples (5cm

3
) defibrinated, and then centrifuged 

at 2500rpm for 15minutes in a spectra merlin centrifugation machine. Supernatant layers were separated from the 
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sediments. The latter was diluted with normal saline [1] and centrifuged at 2500rpm for 10minutes. The resulting 

supernatants were discarded. Samples with higher parasitaemia (above 0.5%) were diluted with fresh malaria parasite 

negative erythrocytes [6].  

2.6.4. Determination of Plasmodium falciparum initial count. 

The method described by Dacei and Lewis was adopted. Using a clean dropper pipette, a small drop of the 

defibrinated erythrocyte blood sample above was smeared on microscopic slide and stained by Giemsa’s staining 

techniques. The mean number of erythrocytes appearing as blue discoid cells containing life rings of the parasite (that 

appeared red pink) was estimated as the initial count of the parasite before incubation. 

2.6.5 Preparation of Plasmodium falciparum Culture Medium 

Venous blood (2cm
3
) from the main vein of white healthy rabbits pinnae was withdrawn using a disposable 5cm

3
 

syringe (BD 205 WG). This was defibrinated by allowing it to settle for at least one hour [2]. The defibrinated blood was 

centrifuged at 1500rpm using spectre merlin centrifuge for 10minutes and the supernatant layer was collected in a 

sterilized tube. The sediment was further centrifuged at 1500rpm for five minutes, and the supernatant layer was added to 

the first test tube. The sediments were discarded and the serum collected was supplemented with the salt of RPMI 1600 

medium (KCl 5.37mM, NaCl 10.27mM, MgSO4 0.4mM, NaHPO4 17.73mM, Ca(NO3)2 0.42mM, NaHCO3 2.5mM, and 

glucose 11.0 mM. (BDH Ltd, UK) as demonstrated by Devo et al[3]. The medium was sterilized with 40μg/cm
3
 

gentamicin sulphate [13]. 

2.6.6 In-Vitro Assay of the Activity of the Extracts and Fractions on Plasmodium falciparum Culture 

A 0.1cm
3
 of test solution and 0.2cm

3
 of the culture medium were added into a tube containing 0.1ml of 0.5% 

parasitaemia erythrocytes and mixed thoroughly. The sensitivity of the parasites to the samples was determined 

microscopically after incubation for 48 hours at 37°C. The incubation was undertaken in glass bell jar containing a lighted 

candle to ensure the supply of  required quantity of CO2
 
about 5% O2 gas, 2% and nitrogen gas 93% as demonstrated 

by [10]. 

 2.6.7 Determination of the Activity 

At the end of the incubation periods 48 hours, the sample was centrifuged to remove the culture media and a drop 

of the sample (red blood cell only) was smeared on microscopic slides and stained by Giemsa’s staining techniques. The 

mean number of erythrocytes appearing as blue discoid cells containing life rings of the parasite (that appeared red pink) 

was estimated and the average percentage elimination by the samples was determined. The activity of the test samples was 

calculated as the percentage elimination of the parasites after incubation period of 48 hours, using the formula below; 

    Where, % = Percentage activity of the test sample;  N = Total number of parasites eliminated by the sample; Nx 

= Total number of parasitized RBC.  

Note: RBC = Red Blood Cells [10] 

 

3. Results 

The results of all the experiment conducted are presented as given below: 

Table 1: Results of ethanol extract and its macerated fractions 

Fractions Colour of the solution 
Weight of Extracts 

(g) 

Percentage yield 

(%) 

AB-01 Deep green 21.662 10.83 

AB-01-01 Deep green 1.1 5.08 

AB-01-02 Dark green 1.6 7.39 

AB-01-03 Light yellow 1.5 6.92 

AB-01 = ethanol extract, AB-01-01 = Ethyl acetate fraction from ethanol extract. AB-01-02 = Chloroform fraction from ethanol 

extract. AB-01-03 = hexane fraction from ethanol extract. 

Table 2: Results of phytochemical screening of the various fractions of plants 

Phytochemicals Ethyl acetate 

fraction ABA 

Chloroform 

fraction ABC 

Ethanol fraction 

ABE 

Hexane fraction 

ABH 

Tannins -ve -ve +ve -ve 

Saponins -ve +ve -ve +ve 

Flavonoid -ve +ve +ve NI 

Steriods +ve +ve +ve +ve 

Alkaloids +ve NI +ve -ve 

Cardiac glycoside +ve +ve +ve +ve 

 +ve = present; –ve = absent; NI = not intense 
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Table 3: Results of Antimalarial activity of fractions from the leaves of Alstonia boonie 

Fraction Concentration 

(mg/cm
3
) 

Average No. of  parasite 

before incubation 

Average No. of 

parasite after  48hrs 

Percentage elimination at the 

end of incubation (%) 

AB-01 0.5 44 20 54.54 

 1.0 44 14 68.18 

 2.0 44 12 72.72 

 5.0 44 10 77.27 

AB-01-01 0.5 44 22 50.00 

 1.0 44 18 59.90 

 2.0 44 12 72.72 

 5.0 44 8 81.81 

AB-01-02 0.5 44 23 47.73 

 1.0 44 20 54.54 

 2.0 44 17 61.36 

 5.0 44 12 72.72 

AB-01-03 0.5 44 26 40.90 

 1.0 44 18 59.90 

 2.0 44 13 70.45 

 5.0 44 9 79.55 

 

Table 4: Results of Antimalarial activity of Positive control 

Control 
 

Concentration 

(mg/cm
3
) 

Average No. of  parasite 

before incubation 

Average Number of 

parasite after  48hrs 

Percentage elimination at the 

end of incubation (%) 

Positive 0.5 44 11 75 

 1.0 44 6 86.36 

 2.0 44 4 90.90 

 5.0 44 3 93.18 

 

Figure 1: Graphical illustration of the antimalarial activity of the plant fractions and the Standard 
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3.1 Analysis of Results 

Table 5: Results of antiplasmodial activity of positive control and resized results of antiplasmodial activity of the 

three plant samples. 

Concentration mg/cm
3 

0.5 1.0 2.0 5.0 

AB Test sample 40.90 54.54 72.72 81.81 

Positive Control 75 86.36 90.90 93.18 

Mann-Whitney U Test and Spearman’ Rank Correlation where adopted for the analysis of the results [10]. 

(ai) Mann-Whitney U Test Analysis of antiplasmodial results of Astonia boonie 

Mann-Whitney U Test is used to determine whether there is a difference at 0.05 significance level between the 

results of the positive control and the test samples. 

Mann-Whitney U Test is given by the equation 1 below: 

  

            -- eqn1, U = N1N2 + N1(N1 + 1)–R1 … eqn2 

                             2 

 

µu = N1N2 -------eqn3,       =           ------eqn4 

2 

    

X1 75.00 86.36 90.90 93.18 

X2 40.90 54.54 72.72 81.81 

X1 = results of the positive control samples, X2 = results of the test samples 

 

Step 1: Rank X1 and X2 from the lowest to the highest. 

40.9   54.54   72.72   75.00   81.81   86.36   90.90   93.18 

1          2          3          4        5         6          7         8 

  

Step 2: Separate the samples with their ranks 

X1                               Rank X2                            Rank 

75.00                  4 

86.36                  6 

90.90                  7 

93.18                  8 

40.9                            1 

54.54                          2 

72.72                          3 

81.81                          5 

Sum = 25 Sum = 11 

Step 3: N1 = N2 = 4 and R1 = 25 while R2 = 11 

Substituting the values N and R in eqn. 2, we have 

U = N1N2 + N1(N1 + 1) – R1  = (4)(4) + 4(4+1) -25      = 1                            

              2    2 

µu = N1N2   = (4)(4)   = 8 

           2             2 

 

     =        =      (4)(4)(4+4+1) =     3.46 

              12                          

                 =              =      1 – 8   = -2.02 

            3.46 

  

Test Statistics 

 HO: There is no significant difference between X1 and X2  

 Hl: There is significant difference between X1 and X2 

 Decision Rule 

 Reject HO if Zcal. > Ztab otherwise do not reject HO 

 Using a two tail test, t = 1 - Ɑ where Ɑ = 0.05,  

            2 

 t = 1 – 0.05 = 0.475    

            2 

U N1N2(N1 + N2 +1) 

               12 

U 

Z= 
U-µu 

U 

Z= 
U-µu 

U N1N2(N1 + N2 +1) 

            12 
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 Therefore, the Ztab value -1.96. 

 Conclusion since Zcal = -2.02 < Ztab = -1.96 at Ɑ = 0.05, we do not reject HO, therefore there is no significant 

difference between samples X1 and X2 at 95% confidence interval.   

(aii) Spearman Rank Correlation analysis of antiplasmodial results 

 Spearman rank correlation denoted by ˠs is used to investigate if there is any relationship between samples X1 and 

X2 and the degree of the relationship. 

X1 X2 R1 R2 R1 – R2 (d) d
2 

75.00 40.9 1 1 0 0 

86.36 54.54 2 2 0 0 

90.90 72.72 3 3 0 0 

93.18 81.81 4 4 0 0 

                         ∑d
2 
= 0 

 

ˠs =1 - 6∑d
2 
      = 1 – 6 (0)     = 1  

 n(n
2 
-1)           4(4

2
-1)             

 

 Since ˠs = 1, the degree of correlation is positively perfect. 

Test Statistics: HO: ρ = 0 (there is no correlation), Hl :ρ ≠ 0 (there is correlation) 

Decision rule: Reject HO if Zcal >Ztab at 10% level of significance 

 

Z = ˠs    n+1   = 1  4+1   = 2.24 

 

Since Zcal = 2.24 > Ztab = 1.65, we therefore rejected HO and concluded that there is correlation between X1 and X2 

at 10% level of significance. 

 

4. Discussion 

The yield of ethanol extract and its macerated ethyl acetate, chloroform and n-hexane fractions of the medicinal 

plant is shown in Table 1. Comparing the fractions, AB-01-02 has the highest weight of 1.6g while AB-01-01 has the least 

weight of 1.1g. 

The result of phytochemical screening of the various fractions of the plant is shown in Table 2. The 

phytochemicals include alkaloids, saponins tannins, flavonoids, steroids and glycosides with promising antiplasmodial 

activity. From the results, it showed that the leaves of the plant sample contain the phytochemicals screened for in one or 

more of the solvent fractions. Tannins were rarely present in the less polar solvent. Saponins were found to be present 

mainly in the less polar solvent fractions. Flavonoids and alkaloids were found in almost all the fractions while steroids 

and cardiac glycoside were found to be present in all the fractions.  

Tables 3 show the antiplasmodial activities of the fractions. Their percentage activities were investigated at 

various concentrations of 0.5mg/cm
3
, 1.0mg/cm

3
, 2.0mg/cm

3
 and 5.0mg/cm

3
. It was found that all fractions were active 

against the plasmodium parasite. The results showed that percentage elimination increases as the concentrations of the 

extract and fractions increase. These were also illustrated in graphical form. At 0.5mg/cm
3
,
 
AB-01 has the highest activity of 

54.54%. At concentration of 5.0mg/cm
3
, AB-01-01 has the highest activity of 81.81%. 

 Table 4 shows the results of antimalarial activity of the positive control. At 5.0mg/cm
3
, the percentage elimination 

activity is 93.18% and at 0.5mg/cm
3
, the percentage activity is 75%. The results of antiplasmodial activities of the positive 

control were compared with that of the plant test samples. Random sampling technique was used to resize the results of the 

antiplasmodial activities of the plants to the corresponding number of results in the positive control as shown in Table 5. 

The data analysis of the antiplasmodial results of the plant test samples with the standard samples (positive control) was 

conducted using Mann-Whitny U test and Spearman Rank Correlation. The results of the data analysis showed that there is 

no significance difference between the antiplasmodial activities of the plant samples and the positive control samples  at 

95% confidence interval. Spearman rank correlation analysis of the plant samples with the positive control samples 

showed that there is correlation and the degree of relationship is positively perfect (ˠs = 1). 

 

5. Conclusion 

This study has proven that the medicinal plant used for this study is active against Plasmodium  falciparum 

parasite. Tannins, Saponins, Flavonoid, Steriods, Alkaloids and Cardiac glycoside were found to be present in the 

medicinal plant. 
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The phytochemical screening and in vitro antiplasmodial activity of the ethanol extracts as well the fractions from 

the plant supported the use of these plants to treat malaria associated symptoms in traditional settings. Data analysis of the 

results of the extract and that of the standard (positive control) using Mann-Whitny U test indicate that there is no 

significant difference between them. Spearman rank correlation analysis of the plant samples with the positive control 

samples showed that there is correlation and the degree of relationship is positively perfect (ˠs = 1). 
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