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Abstract 

Medicinal plants contain active compounds usually present as complex mixtures though at low 

concentrations, which accounts for the medicinal properties. Therefore it is important to identify and 

characterize these compounds. This study aims to quantify and characterize the physicochemical and 

phytochemical compositions of six plants commonly used in the treatment of malaria using High-

Performance Liquid Chromatography (HPLC). These plants which are used individually or in 

combinations: Enantia chlorantha, Cymbopogon citratus, Curcuma longa, Carica papaya, Alstonia boonei 

and Mangifera indica, were extracted with hot water and the extracts characterized with HPLC using 

standard procedures. The results showed that M. indica stem bark had the highest yield with 81.48% and 

C. papaya had the lowest yield with 53.80%. Physicochemical properties of the extracts of E. chlorantha, 

C. citratus, C. longa, C. papaya, A. boonei and M. indica respectively are as follows: Melting point 90, 80, 

95, 92, 96 and 96; pH 7.43, 8.02, 6.24, 6.81, 6.41, 6.85; moisture content 18.27, 22.77, 9.96, 9.62, 3.85 and 

10.00; Total ash 1.45, 3.51, 0.34, 0.57, 9.10,10.21; refractive index 1.34, 1.34, 1.34, 1.34, 1.34, 1.34 and 

1.34. Alkaloids, phenols, flavonoids, terpenoids, tannins, coumarin were some of the antimalarial active 

phytochemicals identified. Alkaloid (Atropine) was highest in C. longa (4382.2mg/g). M. indica 

(32982.8mg/g) had the highest Rutin Hydrate content. While Quercetin was not detected in C. papaya, it 

was considerably present in A. boonei (491.1mg/g). All the analyzed six plants contain low phenol (gallic 

acid). The characterized physicochemical and phytochemical compositions of the examined plants suggests 

why the plants are effective in the treatment of malaria. The information reported herein describes the 

physicochemical and phytochemical contents of six commonly used antimalarial plants in Nigeria. It is 

expected that the information will be useful in understanding the pharmaceutical effects of how the plants 

work in the body and in the development of efficacious and safe antimalarial drugs. 
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1.0 Introduction 

Plants are major sources of bioactive compounds 

with potential for developing new and original -

antimalarial drugs [1]. These simple medicinal 

preparations often mediate beneficial responses 

due to a variety of their active chemical 

constituents [2], which are responsible for their 

medicinal properties [3]. A wide variety of plants 

belonging to several families have been identified 

through ethnobotanical and 

ethnopharmacological studies as antimalarial 

medicinal plants [4], and are used for treating 

malaria by majority of the infected populations in 

most endemic countries [5]. However, very little 

scientific data exist to validate the antimalarial 

properties of most identified medicinal plants. 

Studies to establish the identity, purity and 

quality of natural products include macroscopic 

and microscopic evaluations, physicochemical 

and chemical characteristics of the crude plant 

extracts [6]. 

 

All herbal medicines are complex mixtures of 

more than one active ingredient. The non-nutrient 

plant chemicals or bioactive components are 

often referred to as phytochemicals or 

phytoconstituents and are responsible for the 

plants’ therapeutic effects such as anti-oxidant, 

anti-microbial, anti-inflammatory, anti-

malarial activities [7-8]. The most important 

pure compounds which have exhibited 

antimalarial properties have been observed in 

plant derived phytochemicals include: alkaloids, 

terpenoids, flavonoids, coumarines, phenolics, 

polyacetylenes, xanthones, quinones, steroids, 

and lignans. Knowledge about the active 

ingredients responsible for a given therapeutic 

effect frequently serve as a model for the 

synthetic preparation of new medicines, enabling 

the plants to be modified into drugs and made 

more effective. The active phytochemicals in 

medicinal plants are generally present in complex 

matrices at low levels. Purification methods are 

therefore required for their identification and 

characterization. Quantitative analysis is an 

important tool that provides information on the 

composition and concentration of the active 

components of the plant material [9]. Inadequate 

data on the concentrations of antimalarial active 

phytoconstituents responsible for their medicinal 

functions can be remediable through research. 

Some of the analytical methods currently 

available for the quantitative determination of 

plant extracts include High-Performance Liquid 

Chromatography (HPLC) [10], High-

Performance Thin-Layer Chromatography 

(HPTLC), Ultraviolet–Visible 

Spectrophotometry and Capillary 

Electrophoresis (CE) [11]. HPLC is known for 

its high efficiency and rapid separation.  

 

Enantia chlorantha (African yellow 

wood), Cymbopogon citratus (Lemon grass), 

Carica papaya (Pawpaw), Mangifera indica 

(mango), Curcuma longa (Tumeric), Alstonia 

boonei (Pattern wood) are some of the 

predominantly used antimalarial medicinal plants 

in most of the endemic countries including 

http://www.niprdjopat.gov.net/
mailto:niprdjopat@gmail.com
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Nigeria. The knowledge of some antimalarial 

active constituents of each plant species was 

studied in order to gain insight into their 

antimalarial potentials.  

  

2.0 Materials and Methods 

2.1 Collection and identification of plant 

materials 

E. chlorantha, C. citratus, C. longa, C. papaya, 

E. chlorantha, A. boonei and M. indica plant parts 

were collected from medicinal plants growers at 

Oje, Ibadan. Identification and authentication of 

the plants were done by a plant taxonomist, in the 

Department of Botany and Microbiology, 

University of Lagos, Lagos Nigeria. Voucher 

specimens were kept for future reference at the 

herbarium unit of the Department. 

 

2.2 Processing and extraction of plant 

materials 

Preparation and extraction of plant materials was 

done at the Ethno-Survey Unit, Research and 

Training Department, Nigeria Natural Medicine 

Development Agency, Federal Ministry of 

Science and Technology, Lagos, Nigeria. Plant 

parts were dried at 380C in a solar sun dryer 

machine [12] locally designed and produced in 

2013 by the Natural Medicine Development 

Agency, Lagos. The dried plant parts were 

separately ground to powder using an industrial 

grinding machine, weighed (Shimadzu electronic 

balance ATX224), labeled and stored in airtight 

bottles at room temperature. Hot water extraction 

of 80, 35, 35, 50, 50, and 50 g of powdered E. 

chlorantha, C. citratus, C. papaya, M. indica, C. 

longa and A. boonei respectively was done in a 

solute-solvent proportion of 1g: 15 mL. The plant 

material was homogenized and left to macerate at 

room temperature with intermittent shaking for 

72 h to allow for complete extraction and obtain 

concentrated extracts. Each of the six separate 

mixtures were then filtered using a muslin cloth. 

The filtrate collected in six separate, labeled 

flasks were placed in an oven at 44oC to dry. The 

percentage yield for dried extract obtained was 

determined using the formula: (Weight of extract 

recovered / Initial weight of powdered sample) X 

100. The extracts were then labeled and stored in 

airtight containers at room temperature of about 

27oC till further analysis. 

 

2.3 Physicochemical properties of the plant 

extracts 

The extracts from the six plants were analyzed for 

some physicochemical parameters according to 

the methods described by the World Health 

Organization [13]. 

Description: This included evaluation of each 

extract by colour, shape, and special features 

including odour, texture and melting point. 

Determination of pH range: The pH of different 

formulations in 1% w/v (1g: 100 ml) and 10 % 

w/v (10g: 100ml) of water soluble portions of 

each powdered extract was determined using 

standard glass electrode pH meter HI2209 

manufactured in England. 

Determination of moisture content: This was 

done by placing 1.0 g of each powdered extract in 

http://www.niprdjopat.gov.net/
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an accurately weighed moisture disc, allowed to 

dry at 1050C for 3 h in an oven, cooled in a 

desiccator for 30 min and weighed. The loss of 

weight was calculated as the content in percent of 

air-dried material. 

Determination of total ash: Two grams of each 

powdered extract was placed separately in a 

previously ignited (3500C for 1 h) and tarred 

crucible accurately weighed. They were spread in 

an even layer in the crucible and the material 

ignited by gradually increasing the heat to 5500C 

for 5 h in a maffle furnace until it was white, 

indicating the absence of carbon. They were then 

cooled in a desiccator and weighed. Total ash 

content for each sample was calculated. 

Determination of refractive index: Refractive 

index for each powdered extract was measured 

using Abbe Refractometer model number 10450 

produced in England.  

Solubility: Solubility of the extracts were 

checked by dissolving a sample of each powdered 

extract in water, chloroform, ethanol and diethyl 

ether. 

 

2.4 Phytochemical screening  

The six crude extracts were each qualitatively 

analyzed for the presence of important 

phytochemical constituents including steroids, 

saponins, tannins, terpenoids, alkaloids, 

flavonoids, phenols, carboxylic acids and 

quinones [14-16]. High-performance liquid 

chromatography quantification of phenols (gallic 

acid), alkaloids (atropine), flavonoid (rutin 

hydrate and quercetin) contents of the plant 

extracts was carried out [17-19].  

The phenolic content of the extract was 

determined from 1.0 g of each plant powder 

dissolved in methanol. The analysis was 

performed on an HPLC system equipped with a 

C-18 column. Samples were each filtered prior to 

injection in the sample loop. Gallic acid, one of 

the major phenolic acids was used as standard 

[20-22], with methanol/acetonitrile (40:60) as the 

mobile phase. A calibration curve of the gallic 

acid standard was plotted from the HPLC and 

used to determine the amount of gallic acid 

(phenol) present in each sample. The separated 

gallic acid constituents were detected by a UV 

detector as they migrate down the column. The 

resulting detector signals were plotted against 

time as the chromatograms.  

For the Alkaloids and Flavonoids determination, 

1.25 mL each of the standard solutions were 

pipetted and mixed together in a sample bottle to 

form mixed standards of Atropine sulphate 

(alkaloid), Rutin hydrate and Quercetin 

(flavonoids) of 50 μg/mL concentration and made 

up to 5 mL with 1.25 mL of methanol. The 

solution was filtered using a milipore filter of 

0.45 μm and 20 μL of the filtrate injected for 

HPLC analysis and the chromatograms obtained 

with aid of Chemstation software. One gram each 

of the pulverized samples were weighed and 20 

mL of methanol added and sonicated for 5 min 

after which they were made up to 50 mL with 

methanol. These solutions were allowed to stand 

for 3h to enhance exhaustive extraction. The 

http://www.niprdjopat.gov.net/
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solutions were then filtered using whatman filter 

paper of 1100 mm. The filtrates were allowed to 

stand for 30 min and later filtered again using 

0.45 micromolar (μm) filter. Twenty microliter 

(μL) of 1:10 dilution of the solutions were 

injected for HPLC analysis. The amount of each 

constituent present was detected using the 

internal standards in the machine. Calculation of 

concentrations/amount detected in each sample 

was done using the formula:   

Peak Area (in units of mAU) of Sample X 

Concentration of Standards X Volume of Diluent 

Used / Peak Area (in units of mAU) of Standard 

X Weight of Sample 

Where: mAU is the milli-Absorbance Units. 

 

3.0 Results  

3.1 Percentage yields of the extracted plant 

materials  

The hot water extract used was able to extract 

components of the 6 plants studied in varied 

quantities (Table 1). M. indica stem bark had the 

highest yield with an extractive value of 81.48%, 

while the Unripe fruits of C. papaya had the 

lowest yield of 53.8%.  

 

3.2 Physicochemical properties of extracts 

Physicochemical properties of C. papaya, C. 

longa, M. indica, E. chlorantha, A. boonei and C. 

citratus extracts investigated are shown in Table 

2. Total ash contents was as high as 10.21% in C. 

citratus, but 0.34% in M. indica. Compared to 

choloroform, ethanol and diethyl ether, water was 

a more universal solvent for the extracts with all 

except C. papaya extract completely dissolving 

in it within minutes.  

 

3.3 Phytochemical composition of extracts 

Results obtained from the qualitative 

determination of phytochemicals of the hot water 

extracts of A. boonei, C. papaya, C. citratus, C. 

longa, M. indica and E. chlorantha showed 

saponin, alkaloid, flavonoid, phenol and lactones 

were present in all the extracts, while some other 

constituents including tannins, terpenoid, steroids 

and quinones quassinoids were found to be 

present in some of the extracts, but absent in 

others as shown in Table 3. 

HPLC quantitative analysis showed the 

concentration of phytochemicals in the plant 

species varied considerably (Table 4). Of the 

extracts quantified, M. indica and A. boonei had 

the highest Rutin Hydrate content. While 

Quercetin was not detected in C. papaya, it was 

considerably present in A. boonei. The analysis 

also showed Alkaloid (Atropin sulphate) was 

higher in C. lounga and C. papaya. Low total 

gallic acid (phenol) was detected in all six 

extracts evaluated. Extracts had the same total 

peaks for flavonoids and alkaloid but this varied 

for gallic acid. Figure 1 shows the calibration 

curve of gallic acid constituent of the samples, 

Figure 2 shows HPLC chromatograms of the 

mixed standards (atropine sulphate, rutin and 

quercetin), while Figures 3 (a-f) shows the HPLC 

chromatograms of alkaloids (atropine sulphate) 

and flavonoid (rutin hydrate and quercetin) 

contents of hot water extract of C. papaya, C. 

http://www.niprdjopat.gov.net/
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longa, A. boonei, M. indica, E. chlorantha and C. 

citratus. 

 

Table 1: Percentage yield of plants extracted  

Plant samples Powder  (g)   Water (mL)    Yield (g) Yield (%) 

Enantia chlorantha (Stem bark) 80 1200  57.45 71.81 

Cymbopogon citratus (leaves) 35 525  21.28 60.80 

Carica papaya (unripe fruits) 35 525  18.83 53.80 

Mangifera indica (Stem bark) 50 750  40.74 81.48 

Curcuma longa (roots) 50 750  30.65 61.30 

Alstonia boonei (Stem bark) 50 750  36.13 72.26 

 

Table 2: Physicochemical properties of plant extracts 

S/No Description CP CL MI EC AB CC 

1 Colour Clay-ash Orange-

yellow 

Creamy-

yellow 

Bright 

yellow 

Pale yellow Olive 

green  

2 Odour Sweet 

fragrance 

Repulsive Pleasant 

smell 

Repulsive Characteristic  

 

Sweet 

fragrance 

3 Shape Lumpy Shapeless Shapeless Shapeless Shapeless Shapeless 

4 Texture Rough  Fine Fine Fine Fine Fine 

5 Melting point Burn at 

90oC 

Burn at 

80oC 

Burn at 

95oC 

Burn at 

92oC 

Burn at 96oC Burn at 

101oC 

6 pH 7.43 8.02 6.24 6.81 6.41 6.85 

7 Moisture (%) 18.27 22.77 9.96 9.62 3.85 10.00 

8 Ash (%) 1.45 3.51 0.34 0.57 9.10 10.21 

9 Refractive 

Index 

1.34 1.34 1.34 1.34 1.34 1.34 

10 Solubility Tests 

a. Water Insoluble Soluble Soluble Soluble Soluble Soluble 

b. Choloroform Insoluble Partially Partially Insoluble Insoluble Partially 

c. Ethanol Insoluble Partially Insoluble Partially Insoluble Partially 

d. Diethyl ether Insoluble Soluble Insoluble Partially Partially Insoluble 

CP: Carica papaya, CL: Curcuma longa, MI: Mangifera indica, EC: Enantia chlorantha, AB: Alstonia 

boonei, CC: Cymbopogon citratus  

http://www.niprdjopat.gov.net/
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Table 3: Results from the qualitative determination of phytochemicals present in the extracts. 

TESTS CP CL MI EC AB CC 

Tannins - - + - + - 

Saponin + + + + + + 

Alkaloid + + + + + + 

Flavonoid + + + + + + 

Terpenoid - + + + + - 

Phenol + + + + + + 

Steriods - + - - + - 

Quinones - + + + + + 

Quassinoids - + - + + + 

Lactones + + + + + + 

CP: Carica papaya, CL: Curcuma longa, MI: Mangifera indica, EC: Enantia chlorantha, AB: Alstonia 

boonei, CC: Cymbopogon citratus  

 

Table 4: HPLC quantified chemical constituents present in plant extracts 

Phyto-constituents Extracts Total 

peak 

nos 

Component 

peak no 

Qty (mg/g) 

Flavonoids Rutin Hydrate 

 

CP 06 01 508.53 

CL 11 01 552.40 

MI 14 03 32982.80 

EC 13 01 541.40 

AB 21 02 2597.80 

CC 04 01 955.30 

Quercetin CP 06 05 0.00 

CL 11 04 99.60 

MI 14 08 31.68 

EC 13 03 0.44 

AB 21 04 491.10 

CC 04 02 0.007 

Alkaloid Atropin 

 

 

 

 

 

 

 

 

 

CP 06 06 1122.90 

CL 11 06 4382.20 

MI 14 09 0.13 

EC 13 04 96.52 

AB 21 05 0.001 

CC 04 03 44.29 

CP 71 59 0.002 

 

http://www.niprdjopat.gov.net/
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Phyto-constituents Extracts Total 

peak 

nos 

Component 

peak no 

Qty (mg/g) 

Phenol  

  

 

Gallic acid 

 

CL 82 67 0.12 

 MI 96 75 0.001 

 EC 108 94 0.002 

 AB 72 59 0.001 

CC 104 85 0.001 

CP: Carica papaya, CL: Curcuma longa, MI: Mangifera indica, EC: Enantia chlorantha, AB: Alstonia 

boonei, CC: Cymbopogon citratus  
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Figure 1: HPLC standard calibration curve for phenol (gallic acid)  

Figure 2: HPLC chromatograms of the mixed standards (atropine, rutin hydrate, quercetin)  

Figure 3a: HPLC chromatograms of alkaloids (atropine Sulphate flavonoid (rutin hydrate and quercetin) 

content of water extract of Carica papaya 

http://www.niprdjopat.gov.net/
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Figure 3b: HPLC chromatograms of alkaloids (atropine Sulphate), flavonoid (rutin hydrate and quercetin) 

content of water extract of Curcuma longa 

Figure 3c: HPLC chromatograms of alkaloids (atropine Sulphate), flavonoid (rutin hydrate and quercetin) 

content of water extract of Alstonia boonei 

http://www.niprdjopat.gov.net/
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Figure 3d: HPLC chromatograms of alkaloids (atropine Sulphate), flavonoid (rutin hydrate and quercetin) 

content of water extract of Mangifera indica 

Figure 3e: HPLC chromatograms of alkaloids (atropine Sulphate), flavonoid (rutin hydrate and quercetin) 

content of water extract of Enantia chlorantha  

http://www.niprdjopat.gov.net/
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Figure 3f: HPLC chromatograms of alkaloids (atropine Sulphate), flavonoid (rutin hydrate and quercetin) 

content of water extract of Cymbopogon citratus 

 

4.0 Discussion 

The selected plants examined in this study are 

commonly used antimalarial options in Nigerian 

folk medicine [23-27]. Extraction is an important 

step in the processing of plant materials for the 

recovery of their bioactive constituents. In this 

work, just as in Seow et al., [28], high yields of 

hot water extracts obtained is likely as a result of 

the thoroughly pulverized samples into powdered 

particle sizes pre-extraction. Extraction solvents 

have been reported to have an effect on the 

extraction yield and the content of bioactive 

compounds [29-31]. 

 

In accordance with Ibrahim et al. [32], extracts 

recovered from the samples varied in colour, 

odour and texture, indicating difference in the 

composition of the extracts. Establishing identity 

and purity of medicinal plants is of utmost 

importance to establish their quality. 

Physicochemical criteria including moisture and 

ash content reported in this study indicated a safe 

level of ‘cleanness’ of the hot water extracts. 

Total ash values represents the total amount of 

material remaining after ignition. It gives 

information relative to the drugs adulteration with 

inorganic matter and also reflects the care taken 

in preservation, and the purity of crude [33].  

 

Preliminary phytochemical analysis is an 

important process helpful in determining the 

chemical constituents of plant materials and 

http://www.niprdjopat.gov.net/
mailto:niprdjopat@gmail.com
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locating the source of pharmacologically active 

chemical compounds [28]. Phytochemicals 

revealed in this study corroborates other studies: 

E. chlorantha – alkaloids, saponins [34]; C. 

citratus – Alkaloids; C. papaya – alkaloids, 

phenol, flavonoids, saponins, steroids and tannins 

[35-36]; M. indica – phenols, terpenes, saponins, 

tannins, steroids [37]; Curcuma species – phenol 

[38-39]; A. boonei – saponin, alkaloids, tannins 

and steroids [40-42]. Work done so far have 

reported a large number of phytochemicals as 

important antimalarial-active substances that can 

play a role in the development of new 

antimalarial drugs [43].  

 

According to Edeoga et al., [44], alkaloids, 

flavanoids, tannins and phenolic compounds are 

the most important of the bioactive compounds of 

plants. Phenols, alkaloids, and flavonoids have 

been previously reported to have antiplasmodial 

properties [45-50].  The present investigation 

quantified varying contents of phenol (gallic 

acid), alkaloid (atropine sulphate) and flavonoids 

(rutin hydrate and quercetin) of plant extracts 

studied. Fanta et al., [51] also reported HPLC 

analysis revealed the presence of quercetin, rutin, 

and gallic acid in different extracts of Carissa 

edulis Valh (Apocynaceae) Leaves. The 

phytoconstituents present in the plant extracts 

studied herein could also contribute to their 

antiplasmodial activity.  

Total contents of some of the phytochemicals 

reported herein is in agreement with some 

previous studies.  Chothani and Patel [52] 

reported low concentration of gallic acid 

quantified in fruit and leaves of Careya arborea. 

HPLC quantitative analyses of rutin in M. indica 

waterlily kernel extract was 2.5 mg/g dry weight 

[53]. These variations in the concentrations of 

phytochemicals reported by studies are due to a 

number of factors. Researchers studied different 

plant parts, carried out their evaluations with 

varying solvents and employed different 

techniques for quantification. Aqueous extraction 

of the plants was employed in this study based on 

how they are used locally in antimalarial 

therapies.  

 

Alkaloids have been implicated in antimalarial 

activity of many plants [54]. A number of 

alkaloids target apicoplast, an organelle in 

the Plasmodium parasite, while others such as 

benzylisoquinoline alkaloids in Cissampelos 

mucronata, a plant belonging to the family 

Menispermaceae inhibits -protein synthesis in the 

parasite [55]. Phenols are strong antioxidants in 

human and plants capable of removing free 

radicals, chelate metal catalysts, activate 

antioxidant enzymes, reduce atocopherol radicals 

and inhibit oxidases [56-57]. Gallic acid is a 

secondary metabolite present in most plants that 

are well known as powerful antioxidants, and the 

therapeutic applications for malaria treatment in 

vitro has been reported [58]. Flavonoids exhibit 

great antiplasmodial activity against different 

strains of the malaria parasite although the 

mechanism of antimalarial action is not clear. 

Some studies suggest that flavonoids impede the 
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influx of myoinositol and L-glutamine in 

erythrocytes that are infected. Some flavonoids 

increase the level of oxidation of erythrocytes and 

inhibit protein synthesis in malaria parasites [55]. 

Furthermore, flavonoids are believed to inhibit 

fatty acid biosynthesis (FAS II) in Plasmodium 

[59]. Flavonoids demonstrated a marked and 

selective potentiating effect on the antiplasmodial 

activity of artemisinin [60]. 

5.0 Conclusion 

This study identified and quantified the 

concentration of some antimalarial active 

phytoconstituents of C. papaya, C. longa, A. 

boonei, M. indica, E. chlorantha and C. citratus. 

Information presented in this study serves for the 

correct identification and characterization of each 

plant species studied. The findings indicate that 

these plants possess significant antimalarial 

active phytochemical constituents, therefore 

justifying their antimalarial use in ethnomedicine. 

Knowledge of these antimalarial active 

phytochemical constituents provided herein will 

guide their combinations for improved, more 

effective treatments against malaria. Further 

scientific attention is required to identify the 

specific classes and elucidate the chemical 

structures of the phytocontituents reported herein, 

to isolate and purify the antimalarial active 

compounds through bioactivity-guided assays, 

and to explore these important antimalarial-active 

substances for their wide applicability.  

 

Acknowledgment 

The authors appreciate the technical support of 

Bwai Macham D. of Sheda Science and 

Technology Complex, Abuja, and Olajide M. of 

Pharmaceutical Chemistry Laboratory, Faculty of 

Pharmacy, University of Lagos, Nigeria. 

References 

1. Adebayo, J. O., and Krettli, A. U. (2011). 

Potential antimalarials from Nigerian 

plants: a review. Journal of 

ethnopharmacology, 133(2), 289-302. 

2. Park, E. J., and Pezzuto, J. M. (2002). 

Botanicals in cancer 

chemoprevention. Cancer and 

Metastasis Reviews, 21(3-4), 231-255. 

3. Nkunya, H. M. H. (1996). Unusual 

Metabolites from Tanzanian 

Annonaceous Plants: the genus 

Uvari. International Organization of 

Chemistry and Sciences for 

Development, University of Zimbabwe 

Publications, Harare, Zimbabwe, 41. 

4. Willcox, M. L., and Bodeker, G. (2004). 

Traditional herbal medicines for 

malaria. British Medical 

Journal, 329(7475), 1156-1159. 

5. Zirihi, G. N., Mambu, L., Guédé-Guina, 

F., Bodo, B., and Grellier, P. (2005). In 

vitro antiplasmodial activity and 

cytotoxicity of 33 West African plants 

used for treatment of malaria. Journal of 

ethnopharmacology, 98(3), 281-285. 

6. Akbar, S., Hanif, U., Ali, J., and Ishtiaq, 

S. (2014). Pharmacognostic studies of 

stem, roots and leaves of Malva 

http://www.niprdjopat.gov.net/
mailto:niprdjopat@gmail.com


 

 
Journal of Phytomedicine and Therapeutics 2020; Vol 19(2):  498 

 

  Journal of Phytomedicine and Therapeutics     Omagha et al 

   www.niprdjopat.gov.net; niprdjopat@gmail.com  

parviflora L. Asian Pacific journal of 

tropical biomedicine, 4(5), 410-415. 

7. Negi, J. S., Singh, P., and Rawat, B. 

(2011). Chemical constituents and 

biological importance of Swertia: a 

review. Current 

Research in Chemistry, 3(1), 1-15. 

8. Doughari, J. H., Human, I. S., Benadé, A. 

J., and Ndakidemi, P. A. (2009). 

Phytochemicals as chemotherapeutic 

agents and antioxidants: Possible 

solution to the control of antibiotic 

resistant verocytotoxin producing 

bacteria. 

9. Didier, F., Catherine, F., Odile, T., and 

Jean-Louis, L. (2011). Caffeoyl 

derivatives: major antioxidant 

compounds of some wild herbs of the 

Asteraceae family. Food and Nutrition 

Sciences, 2011. 

10. Jayaprakasha, G. K., Jagan Mohan Rao, 

L., and Sakariah, K. K. (2002). Improved 

HPLC method for the determination of 

curcumin, demethoxycurcumin, and 

bisdemethoxycurcumin. Journal of 

agricultural and food chemistry, 50(13), 

3668-3672. 

11. Lechtenberg, M., Quandt, B., and 

Nahrstedt, A. (2004). Quantitative 

determination of curcuminoids in 

Curcuma rhizomes and rapid 

differentiation of Curcuma domestica 

Val. and Curcuma xanthorrhiza Roxb. by 

capillary electrophoresis. Phytochemical 

Analysis: An International Journal of 

Plant Chemical and Biochemical 

Techniques, 15(3), 152-158. 

12. Kaur, P., Kumar, S., Arora, S., Chawla, 

N., and Singh, M. (2009). Influence of 

different drying techniques on quality of 

spearmint (Mentha spicata L.). Journal 

of Food Science and Technology 

(Mysore), 46(5), 440-444. 

13. World Health Organisation (2002). 

Traditional Medicine Strategy 2002–

2005; Geneva, Switzerland. 

14. Ezeonu, C. S., Eboatu, A. N., and 

Ejikeme, C. (2014). Determination of 

physical and phytochemical constituents 

of some tropical timbers indigenous to 

nigerdelta area of nigeria. European 

Scientific Journal, 10(18), 247-270. 

15. Harborne, J.B., (1973). Phytochemical 

methods. Chapman and Hall London, 

pp:113. 

16. Sofowora, E.A., 1994. Medicinal Plants 

and Traditional Medicine in Africa. John 

Wiley and Sons Ltd., New York. 

17. Singh, H. P., Batish, D. R., Kaur, S., 

Ramezani, H., and Kohli, R. K. (2002). 

Comparative phytotoxicity of four 

monoterpenes against Cassia 

occidentalis. Annals of Applied 

Biology, 141(2), 111-116. 

18. Raaman, N. (2006). Phytochemical 

techniques. New India Publishing. 

19. Brandão-Costa, R. M. P., Araújo, V. F., 

Neves, E., Correia, M. T. S., Porto, A. L. 

http://www.niprdjopat.gov.net/
mailto:niprdjopat@gmail.com


 

 
Journal of Phytomedicine and Therapeutics 2020; Vol 19(2):  499 

 

  Journal of Phytomedicine and Therapeutics     Omagha et al 

   www.niprdjopat.gov.net; niprdjopat@gmail.com  

F., and das Graças Carneiro-da-Cunha, 

M. (2016). Sub-chronic effects of a 

Phthirusa pyrifolia aqueous extract on 

reproductive function and comparative 

hormone levels in male rats. Asian 

Pacific Journal of Tropical 

Biomedicine, 6(3), 202-210. 

20. Stalikas, C. D. (2007). Extraction, 

separation, and detection methods for 

phenolic acids and flavonoids. Journal of 

separation science, 30(18), 3268-3295 

21. Kardani, K., Gurav, N., Solanki, B., 

Patel, P., & Patel, B. (2013). RP-HPLC 

method development and validation of 

gallic acid in polyherbal tablet 

formulation. Journal of Applied 

Pharmaceutical Science, 3(5), 37. 

22. Huang, X., Sun, M., & Li, G. (2015). 

Method for qualitative and quantitative 

determination of gallic acid in Herba Gei. 

Biomedical Research. 26(2), 3 

23. Awe, S. O., Olajide, O. A., Oladiran, O. 

O., and Makinde, J. M. (1998). 

Antiplasmodial and antipyretic screening 

of Mangifera indica 

extract. Phytotherapy Research: An 

International Journal Devoted to 

Pharmacological and Toxicological 

Evaluation of Natural Product 

Derivatives, 12(6), 437-438. 

24. Bhat, G. P., and Surolia, N. (2001). In 

vitro antimalarial activity of extracts of 

three plants used in the traditional 

medicine of India. The American journal 

of tropical medicine and hygiene, 65(4), 

304-308. 

25. Udeh, M. U., Agbaji, A. S., Williams, I. 

S., Ehinmidu, P., Ekpa, E., and Dakare, 

M. (2001). Screening for antimicrobial 

potentials of Azadirachta indica seed oil 

and essential oil from 

Cymbopogoncitratus and Eucalyptus 

citriodora leaves. Nigerian Journal 

of Biochemistry and Molecular Biology, 

16, 189-92. 

26. Aiyeloja, A. A., and Bello, O. A. (2006). 

Ethnobotanical potentials of common 

herbs in Nigeria: A case study of Enugu 

state. Educational Research and 

Reviews, 1(1), 16-22. 

27. Idowu, O. A., Soniran, O. T., Ajana, O., 

and Aworinde, D. O. (2010). 

Ethnobotanical survey of antimalarial 

plants used in Ogun State, Southwest 

Nigeria. African Journal of Pharmacy 

and Pharmacology, 4(2), 055-060. 

28. Seow, L. J., Beh, H. K., Sadikun, A., and 

Asmawi, M. Z. (2013). Preliminary 

phytochemical and physicochemical 

characterization of Gynura segetum 

(Lour) Merr (Compositae) 

Leaf. Tropical Journal of 

Pharmaceutical Research, 12(5), 777-

782. 

29. Turkmen, N., Sari, F., and Velioglu, Y. 

S. (2006). Effects of extraction solvents 

on concentration and antioxidant activity 

of black and black mate tea polyphenols 

http://www.niprdjopat.gov.net/
mailto:niprdjopat@gmail.com


 

 
Journal of Phytomedicine and Therapeutics 2020; Vol 19(2):  500 

 

  Journal of Phytomedicine and Therapeutics     Omagha et al 

   www.niprdjopat.gov.net; niprdjopat@gmail.com  

determined by ferrous tartrate and Folin–

Ciocalteu methods. Food 

chemistry, 99(4), 835-841. 

30. Ngo, T. V., Scarlett, C. J., Bowyer, M. 

C., Ngo, P. D., and Vuong, Q. V. (2017). 

Impact of different extraction solvents on 

bioactive compounds and antioxidant 

capacity from the root of Salacia 

chinensis L. Journal of Food 

Quality, 2017, 3-5. 

31. Truong, D. H., Nguyen, D. H., Ta, N. T. 

A., Bui, A. V., Do, T. H., and Nguyen, H. 

C. (2019). Evaluation of the use of 

different solvents for phytochemical 

constituents, antioxidants, and in vitro 

anti-inflammatory activities of Severinia 

buxifolia. Journal of food quality, 2019, 

4-5. 

32. Ibrahim, R., Abubakar, E. M., Modibbo, 

S., Misauand, L., and Bala, G. (2017). 

Percentage yield and acute toxicity of the 

plant extracts of Ceiba pentandra grown 

in Bauchi State, North Eastern 

Nigeria. Journal of Pharmacognosy and 

Phytochemistry, 6(5), 1777-1779. 

33. Purohit AP, Kokate CK and Gokhale SB. 

Pharmacognosy. 13th Edition, Nirali 

prakashan India, 2005, 256 – 259. 

Physicochemical Analysis of Medicinal 

Herbs, Eclipta Alba (L.) Hassk and 

Lippia Nodiflora (Linn.) 

34. Agbaje, E. O., and Onabanjo, A. O. 

(1991). The effects of extracts of Enantia 

chlorantha in malaria. Annals of Tropical 

Medicine and Parasitology, 85(6), 585-

590. 

35. Yusha’u, M., Onuorah, F. C., and 

Murtala, Y. (2009). In vitro sensitivity 

pattern of some urinary tract isolates to 

Carica papaya extracts. Bayero Journal 

of Pure and Applied Sciences, 2(2), 75-

78. 

36. Imaga, N. A., Gbenle, G. O., Okochi, V. 

I., Adenekan, S., Duro-Emmanuel, T., 

Oyeniyi. B., et al. (2010). Phytochemical 

and antioxidant nutrient constituents of 

Carica papaya and Parquetina 

nigrescens extracts. Scientific Research 

and Essays. 5(16):2201-5. 

37. Barreto, J. C., Trevisan, M. T., Hull, W. 

E., Erben, G., De Brito, E. S., Pfundstein, 

B., and Owen, R. W. (2008). 

Characterization and quantitation of 

polyphenolic compounds in bark, kernel, 

leaves, and peel of mango (Mangifera 

indica L.). Journal of agricultural and 

food chemistry, 56(14), 5599-5610. 

38. Itokawa, H., Shi, Q., Akiyama, T., 

Morris-Natschke, S. L., and Lee, K. H. 

(2008). Recent advances in the 

investigation of curcuminoids. Chinese 

Medicine, 3(1), 11. 

39. Dosoky, N., and Setzer, W. (2018). 

Chemical composition and biological 

activities of essential oils of Curcuma 

species. Nutrients, 10(9), 1196. 

40. Taiwo, O.B Taiwo, O.B., Kroes, B.H., 

Beukelman, C.J., Horsten, S., Horsten, 

http://www.niprdjopat.gov.net/
mailto:niprdjopat@gmail.com


 

 
Journal of Phytomedicine and Therapeutics 2020; Vol 19(2):  501 

 

  Journal of Phytomedicine and Therapeutics     Omagha et al 

   www.niprdjopat.gov.net; niprdjopat@gmail.com  

S., Horsten, S., Makinde, J.M and 

Labadie, R.P (1998). Activity of the stem 

bark extract of Alstonia boonei de Wild 

(Apocynaceae) on human complement 

and A polymorphonuclear leukocytes. 

Indian Journal of Pharmacology. 30: 

169-174. 

41. Osadebe, P.O (2002). Anti inflammatory 

properties of the root bark of Alstonia 

boonei. Nigerian Journal of Natural 

Products and Medicine. 6: 39-41. 

42. Majekodunmi, S. O., Adegoke, O. A., 

and Odeku, O. A. (2008). Formulation of 

the extract of the stem bark of Alstonia 

boonei as tablet dosage form. Tropical 

Journal of Pharmaceutical 

Research, 7(2), 987-994. 

43. Bello, I. S., Oduola, T., Adeosun, O. G., 

Omisore, N. O. A., Raheem, G. O., and 

Ademosun, A. A. (2009). Evaluation of 

antimalarial activity of various fractions 

of Morinda lucida leaf extract and 

Alstonia boonei stem bark. Global 

Journal of Pharmacology, 3(3), 163-165. 

44. Edeoga, H. O., Okwu, D. E., & Mbaebie, 

B. O. (2005). Phytochemical constituents 

of some Nigerian medicinal 

plants. African journal of 

biotechnology, 4(7), 685-688. 

45. Kirby, G. C., O'Neill, M. J., Phillipson, J. 

D., and Warhurst, D. C. (1989). In vittro 

studies on the mode of action of 

quassinoids with activity against 

chloroquine-resistant Plasmodium 

falciparum. Biochemical 

Pharmacology, 38(24), 4367-4374. 

46. Philipson, J. D., and Wright, C. W. 

(1991). Antiprotozoal compounds from 

plants sources. Planta medica, 57, 553-

559. 

47. Christensen, S. B., and Kharazmi, A. 

(2001). Antimalarial natural products. 

Isolation, characterization and biological 

properties In: Tringali C, editor., editor. 

Bioactive compounds from natural 

sources: isolation, characterization and 

biological properties. 

48. Onifade, O. F., and Maganda, V. (2015). 

In vivo activity of ethanolic extract of 

Alstonia boonei leaves against 

Plasmodium berghei in Mice. Journal for 

Worldwide Holistic Sustainable 

Development, 1 (4), 60-68.  

49. Ettebong, E., Etuk, E. U., Ubulom, P., 

Ekpenyong, C., Okokon, J. E., and 

Udobi, C. E. (2015). Antiplasmodial and 

antidiarrhoeal activities of Dicliptera 

verticillata leaf extract. Journal of 

Phytopharmacology, 4, 73-9. 

50. Ibukunoluwa, M. R. (2017). In vivo anti-

plasmodial activity and histopathological 

analysis of water and ethanol extracts of 

a polyherbal antimalarial recipe. Journal 

of Pharmacognosy and 

phytotherapy, 9(6), 87-100. 

51. Fanta Yadang, S. A., Taiwe Sotoing, G., 

Ngatcha Zouakeu, K. S., Khan, M. A., 

Agbor, G. A., Ur-Rahman, N., & Ngo 

http://www.niprdjopat.gov.net/
mailto:niprdjopat@gmail.com


 

 
Journal of Phytomedicine and Therapeutics 2020; Vol 19(2):  502 

 

  Journal of Phytomedicine and Therapeutics     Omagha et al 

   www.niprdjopat.gov.net; niprdjopat@gmail.com  

Bum, E. (2019). Quantification of 

Bioactive Compounds and Evaluation of 

the Antioxidant Activity of Carissa 

edulis Valh (Apocynaceae) Leaves. The 

Scientific World Journal, 2019. 

52. Chothani, D. L., & Patel, N. M. (2014). 

Quantification of gallic acid in fruit and 

leaves of Careya arborea by high-

performance thin layer 

chromatography. American Journal of 

Physiology, Biochemistry and 

Pharmacology, 3(4), 1-5. 

53. Abdullah, A. S. H., Mohammed, A. S., 

Abdullah, R., and Mirghani, M. E. S. 

(2015). Identification and quantification 

of phenolic compounds in Mangifera 

indica waterlily kernel and their free 

radical scavenging activity. Journal of 

Advanced Agricultural Technologies 

Vol, 2(1). 

54. Nafiu, M. O., Abdulsalam, T. A., and 

Akanji, M. A. (2013). Phytochemical 

analysis and antimalarial activity 

aqueous extract of Lecaniodiscus 

cupanioides root. Journal of tropical 

medicine, 2013. 

55. Chinwuba, P., Akah, P. A., and Iiodigwe, 

E. E. (2015). In vivo antiplasmodial 

activity of the ethanol stem extract and 

fractions of Citrus sinensis in mice. Merit 

Research Journal of Medicine and 

Medical Sciences, 3(4), 140-146. 

56. Dillard, C. J., and German, J. B. (2000). 

Phytochemicals: nutraceuticals and 

human health. Journal of the Science of 

Food and Agriculture, 80(12), 1744-

1756. 

57. Singleton, V. L., Orthofer, R., and 

Lamuela-Raventós, R. M. (1999). [14] 

Analysis of total phenols and other 

oxidation substrates and antioxidants by 

means of folin-ciocalteu reagent. 

In Methods in enzymology (Vol. 299, pp. 

152-178). Academic press. 

58. Aldulaimi, O., Uche, F. I., Hameed, H., 

Mbye, H., Ullah, I., Drijfhout, F & Li, W. 

W. (2017). A characterization of the 

antimalarial activity of the bark of 

Cylicodiscus gabunensis Harms. Journal 

of ethnopharmacology, 198, 221-225 

59. Freundlich, J. S., Anderson, J. W., 

Sarantakis, D., Shieh, H. M., Yu, M., 

Valderramos, J. C., and  Schiehser, G. A. 

(2005). Synthesis, biological activity, 

and X-ray crystal structural analysis of 

diaryl ether inhibitors of malarial enoyl 

acyl carrier protein reductase. Part 1: 4′-

substituted triclosan 

derivatives. Bioorganic & medicinal 

chemistry letters, 15(23), 5247-5252. 

60. Liu, K. C. S. C., Yang, S. L., Roberts, M. 

F., Elford, B. C., and Phillipson, J. D. 

(1992). Antimalarial activity of 

Artemisia annua flavonoids from whole 

plants and cell cultures. Plant Cell 

Reports, 11(12), 637-640. 

http://www.niprdjopat.gov.net/
mailto:niprdjopat@gmail.com

