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Abstract 
Malaria is one of the most lethal tropical diseases in Africa affecting millions of people yearly. Malaria is associated with oxidative stress which 

has been implicated in malaria-induced anemia and other pathological changes in the body. This present study investigated the antioxidant 

activity of the ethyl acetate, butanol and residual aqueous fractions of Uapaca togoensis stem bark in Plasmodium berghei infected mice. 

Phytochemical screening and acute toxicity studies of the fractions of Uapaca togoensis stem bark was carried out using standard protocols. 

Effect of fractions on free radical scavenging activity and oxidative stress induced by Plasmodium berghei infection in the plasma of parasitized 

animals was also investigated. Flavonoids, triterpenes, glycosides, alkaloids and tannins were found present in all the fractions. Oral median 

lethal dose of the fractions was estimated to be greater than 5000 mg/kg. For the DPPH radical scavenging assay, IC50 values obtained were 0.04 

mg/mL, 0.313 mg/mL, 0.58 mg/mL and 2.30 mg/mL for ethyl acetate, butanol, residual aqueous fractions and vitamin C respectively.  At doses 

of 250, 500 and 1000 mg/kg, the butanol and residual aqueous fractions significantly reversed the effects of the oxidative stress. This was shown 

by the significant (p<0.05) reduction in MDA levels with a corresponding elevation in SOD, GSH and CAT levels. The findings from this study 

suggests that the antioxidant effects of the fractions might be an added advantage to it antimalarial activity. 
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INTRODUCTION 

Malaria remains a devastating global health problem 

associated with high mortality and morbidity most 

especially in developing countries. In 2019, malaria 

was reported to cause an estimated 229 million 

clinical cases and 409,000 deaths globally with more 

than 90% of the cases and deaths occurring in Africa 

[1]. Despite numerous control and prevention 

strategies including the use of insecticide-treated bed 

nets, artemisinin-based combination treatments, and 

indoor residual spraying interventions, malaria 

accounted for about 50% of out-patient visits, 40% of 

hospital admissions and 30% of mortalities in Nigeria 

[2]. The development and increase in appearance of 

drug-resistant parasites, insecticide-

resistant Anopheles, absence of a malaria vaccine, 

conflicts that displaces people and rapidly raising 

circulation of fake antimalarial drugs has further 
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contributed to malaria mortality and morbidity [3]. 

New and effective drugs are thus necessary to fight 

this deadly disease.  

The contribution of oxidative stress to the 

pathophysiology of malaria has been long established 

particularly in malaria-induced anemia and 

pathological changes in some organs in the body [4].
 

Recent findings have shown that compounds and 

medicinal plants with antioxidant activity may 

prevent the advancement of malarial infection and 

probably prevent its sequelae [5, 6-8]. Uapaca 

togoensis which belongs to the family 

Euphorbiaceae, is an evergreen shrub that has been 

used traditionally to cure several ailments [9-12]. 

Various parts of the plant have been documented to 

possess antibacterial, larvicidal, antifugal, 

antimicrobial activities, cytotoxic, analgesic, anti-

inflammatory acctivites, antiplasmodial, antipyreitic 

and antioxidant activities [13-21].  The present study 

was conducted to evaluate the effects of fractions of 

U. togoensis on antioxidant and lipid peroxidation 

levels in serum of experimental mice infected with P. 

berghei malaria and to identify the most effective 

fraction. 

 

MATERIALS AND METHODS 

Chemicals and Reagents 

Chloroquine, Methanol, Hexane, Ethyl acetate and 

Butanol (Sigma -Aldrich Company, USA),  

Plant Collection 

The plant was collected from Edumoga District, 

Okpokwu Local Government Area, Benue State, 

Nigeria. The plant was then identified and 

authenticated at the Department of Botany, Ahmadu 

Bello University, Zaria and voucher specimen 

number 1279 was obtained for future reference. 

Plant Extraction and Fractionation 

The stem bark obtained from the tree was then 

cleaned, cut into small pieces and dried in the 

laboratory at room temperature till a constant weight 

was obtained. The dried stem bark was pulverized 

and 2 kg of the powdered stem bark was weighed and 

soaked in 70% aqueous methanol for 3 days at room 

temperature with intermittent and frequent agitation 

in a clean maceration jar. The solution was filtered 

and the filtrate was kept in an evaporating dish to 

evaporate to dryness. The crude methanol extract was 

then fractionated using solvents of varying polarity 

(hexane, ethyl acetate, butanol).  

To obtain the other fractions, 200 g of crude 

methanol extract (CME) was suspended in distilled 

water (500 mL). This solution was then sequentially 

partitioned with n-hexane, ethyl acetate and butanol 

in a separating funnel and yielded hexane (HFUT), 

ethyl acetate (EFUT), butanol (BFUT) and residual 

aqueous (RFUT) fractions. The hexane fraction 

obtained was very little and insufficient to carry out 

further studies. The other fractions were collected, 

dried, and stored in separate labelled air tight jars 

placed in a desiccator.  

Phytochemical Screening 

Phytochemical screening of the fractions was 

conducted to detect for the presence or absence of 

secondary metabolites using the method as described 

by Trease and Evans [22]. 

Inoculation of Plasmodium berghei NK65 Parasite 

The parasite strain (Plasmodium berghei NK 65) 

used in the study was obtained from the Nigerian 

Institute of Medical Research (NIMR), Lagos, 

Nigeria. The parasites were maintained by constant 

intraperitoneal injection of 0.2 mL of infected 

erythrocytes containing about 1 X 10
7
 P. berghei 

parasites into new groups of mice every 5-10 days. 

Experimental mice were inoculated intraperitoneally 

with 0.2 mL of infected blood containing about 1 x 

10
7
 P. berghei parasitized erythrocytes [23]. 

Experimental Animals 

Swiss albino mice of both sexes weighing 

between 18–22 g was used for the study. 

The mice were gotten from the the Animal 

House Facility of the Department of 

Pharmacology and Therapeutics, Ahmadu 

Bello University, Zaria. They were kept 

under standard laboratory conditions and fed 

with commercial pellet diet (Vital feed
®
, 

Nigeria) and normal water ad libitum. The 

experimental procedures involving animals 

were conducted in accordance with the 

criteria outlined in the Guide for the Care 
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and Use of Laboratory Animals by the 

National Institute of Health [24]. The study 

protocol was approved by the the Ahmadu 

Bello University, Zaria Committee on 

Animal Use and Care. 

Oral Acute Toxicity Study 

The median lethal dose (LD50) of each fraction was 

estimated in mice through the oral route using the 

method as described by Lorke [25].  Thirteen (13) 

mice were used for both the first and second phases 

of the experiment. For the initial phase, nine (9) mice 

were randomLy divided into three groups of 3 mice 

each and orally administered with the ethyl acetate 

fraction at doses of 10, 100 and 1000 mg/kg, 

respectively. Mice were observed for signs of toxicity 

and death every hour for the first 4 hours and then 

from time to time for 24 hours. In the second phase, 4 

mice were orally administered with the fraction at 

doses that were determined based on the results from 

the first phase. The first animal was orally 

administered with the ethyl acetate fraction at dose of 

1200 mg/kg. The second, third and fourth animals 

recieved the fraction at doses of 1600, 2900 and 5000 

mg/kg respectively all through the oral route.  

Observations for signs of toxicity and death was 

carried out as previously described above. The oral 

LD50 value was determined by calculating the 

geometric mean of the lowest dose that caused death 

and the highest dose for which the animal survived as 

follows: 

LD50 = √                                              

(Equation 1) 

The same procedure was used to estmate the oral 

LD50 values of the butanol and residual aqueous 

fractions. 

In vitro  Studies using 2,2-Diphenyl-1-picryl-

hydraxyl (DPPH) Radical Scavenging Assay 

The DPPH radical scavenging assay method [26] was 

used to evaluate the fractions for antioxidant activity. 

A 0.1 mM solution of DPPH in methanol was 

prepared by dissolving 39.4 g of DPPH in 1L of 

methanol and this served as the blank (control). Five 

serial dilutions (0.01, 0.02, 0.03, 0.04 and 0.05 

mg/mL) of the fractions (EFUT, FBUT and RFUT) 

of the plant and ascorbic acid (standard antioxidant) 

were prepared using methanol as the diluent. One (1) 

mL of the prepared DPPH was added to 3 mL of the 

various serially diluted concentrations of the fractions 

and ascorbic acid and kept in the dark for 30 minutes. 

The absorbances of the various samples were 

measured at wavelength of 517 nm using a UV 

spectrophotometer. All tests were performed in 

triplicate. The radical scavenging activity was 

calculated as follows: 

Radical scavenging activity (%) 

= 
                                                

                     
      

(Equation 2) 

The obtained percentages were plotted against the 

various concentrations for each sample and IC50 

values were estimated by non-regression line 

analysis. 

Effect of Fractions on Antioxidant Enzymes and 

Oxidative Stress Markers in P. berghei infected 

Mice 

The study was carried out using sixty-six (66) mice 

of both sexes. Each mouse was infected by 

intraperitoneal injection with 0.2 mL of mice blood 

containing approximately 1 x10
7 

parasitized 

erythrocytes. Three days after inoculation (72 hours), 

thin blood smears were made from a tail cut of each 

mouse, fixed for 5 minutes using methanol, stained 

with 10% Giemsa stain in Phosphate buffer, pH 7.2 

and examined microscopically under oil immersion 

(x100) for assessment of parasitemia. Mice with 

established parasitemia were then divided into eleven 

groups of six animals each and treated as follows:  

Group I = Distilled water 10 mL/ kg, Groups II, III 

and IV = 250, 500 and 1000 mg/kg EFUT, Groups V, 

VI and VII = 250, 500 and 1000 mg/kg BFUT, 

Groups VIII, IX and X = 250, 500 and 1000 mg/kg 

RFUT and Group XI = CQ 5 mg/kg. 

The fractions were orally administered once daily for 

4 consecutive days. On the seventh day, the mice 

were starved overnight and sacrificed under 

chloroform anesthesia and blood collected.  

Animal sacrifice and collection of blood specimen  

Blood samples were collected through cardiac 

pucture into sterile plain bottles and centrifuged for 

15 minutes at room temperature using 2,500 rpm to 

obtain the serum. The obtained serum was used for 

the analysis of superoxide dismutase (SOD), catalase 
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(CAT), glutathione (GSH) and malondialdehyde 

(MDA) levels. 

Determination of Superoxide Activity 

To determine the levels of superoxide dismutase, the 

method of Mishra and Fridovich (1972) was 

employed. To 0.5 mL of serum in a test tube, 1.5 mL 

of phosphate buffer pH 7.8 was added and mixed 

thoroughly followed by centrifugation for 5 minutes. 

The supernatant (0.2 mL) was transferred into 

another test tube where 2.5 mL of phosphate buffer 

and 0.5 mL of adrenaline (0.011 mL epinepherine) 

were added. The absorbance of the test tube at 480 

nm wavelength was read at interval of 30 seconds for 

3 minutes against the blank. SOD was calculated in 

units as the amount necessary to cause 50% 

inhibition of the oxidation of adrenaline to 

adrenochrome during one minute. 

Determination of Catalase Activity 

The method as described by Aebi’s [27] was 

employed to measure the level of catalase. To a test 

tube containing 2.8 mL of 50 mM potassium 

phosphate (buffer pH 7.0), 10 uL of serum was 

added. To initiate the reaction, 0.1 mL of freshly 

prepared 30 mM hydrogen peroxide (H202) was added 

and the decomposition rate of H202 was measured at 

240 nm for 5 minutes on a spectrophotometer. One 

unit of CAT activity represented the amount of 

enzyme that destroyed 1 µmole H2O2/min and was 

calculated using the formula: 

Activity (unit/mL enzyme) = 
                     

          
   

(Equation 3) 

Where: 

3.45 represents the decomposition of 3.45 μmol of 

hydrogen peroxide in a 3.0 mL reaction mixture to 

produce a decrease in absorbance at 240 nm from 

0.45 to 0.40 absorbance units 

 t min corresponds to the time in minutes required for 

absorbance at 240 nm to decrease from 0.45 to 0.40 

absorbance units 

0.1 represents the volume (mL)  

Determination of Glutathione Activity  

The method described by Ellman [28] was adopted 

for the determination of glutathione activity. To 150 

µL of serum (in phosphate - saline buffer pH 7.4), 1.5 

mL of 10% trichloroacetic acid was added in a tube 

and centrifuged at 1,500 g for 5 minutes. Ellman’s 

reagent (0.5 mL) was added to 1 mL of the 

supernatant and the mixture was treated with 3 mL of 

phosphate buffer (0.2M, pH 8.0) Absorbance was 

then read at 412 nm. The quantity of GSH was 

obtained from the graph of a GSH standard curve 

plotted by taking absorbance at 412 nm on the Y-axis 

and concentration on the X-axis and expressed as 

mg/dl [28]. 

Determination of Lipid Peroxidation 

The method described by Ohkawa et al., [29] was 

employed to assess the levels of MDA in the serum. 

To 150 µL of the supernatant from the serum in a 

tube, 500 µL of deionized water was added followed 

250 µL of 1.34% thiobarbituric acid. Equal volumes 

of 40% trichloroacetic acid was then added to all the 

tubes. The mixture was shaken and incubated for 30 

minutes in a boiling water bath at a temperature > 

90
 
C. The test tubes were left to stand to cool to room 

temperature and the amount of MDA formed was 

measured as the intensity of the pink-coloured 

complex formed spectrophotometrically at 532 nm. 

The MDA level was calculated using the formula as 

shown below: 

MDA (nmol/L) = 
               

    
   (Equation 4) 

RESULTS 

 

Acute Toxicity Studies on the Fractions of U. 

togoensis 

There were no signs and symptoms of toxicity 

observed in the animals after oral administration of 

the fractions. Also, no mortality was recorded. The 

oral median lethal dose was thus estimated to be > 5, 

000 mg/kg. 

Radical Scavenging Activity of Fractions of 

Uapaca togoensis using DPPH assay 

The results from the study showed that the fractions 

of Uapaca togoensis were able to scavenge the 

DPPH free radical to various extents. The radical 

scavenging effects produced were in the following 

order: AA>NFUT>RFUT>EFUT (Figure 1).  
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Table 1: Phytochemical Constituents present in the fractions of U. togoensis 

 

EFUT = Ethyl acetate Fraction; BFUT = butane Fraction; RFUT = Residual Aqueous Fraction 

 + = present; - = absent 

 

Figure 1: Percentage Inhibition of Fractions of Uapaca togoensis in DPPH Scavenging Activity Assay 
 

AA = Ascorbic acid (Standard); BFUT = Butanol fraction, EFUT = Ethyl acetate fraction; RFUT = Residual 

aqueous fraction 
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Figure 2: Effect of fractions of U. togoensis on SOD serum levels in mice infected with P. berghei 

Values are presented as Mean ± SEM; Data analysed using one-way ANOVA followed by Dunnett’s Post-hoc test; 

DW = Distilled Water; EFUT = Ethyl acetate fraction; BFUT = Butanol fraction; RFUT = Residual aqueous 

fraction; CQ = Chloroquine; SOD = Superoxide dismutase; *= p< 0.05 compared to DW group; n = 6 
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to the negative control group as shown in Figure 2.  
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dependent increase in serum GSH levels. However, 

the significant increase in serum GSH levels 

produced by the n-butanol and residual aqueous 

fractions at the 1000 mg/kg dose was more than that 

produced by chloroquine (5 mg/kg) the standard drug 

(Figure 4).  

 

 

 

 

 

Figure 3: Effect of Fractions of U. togoensis on Serum CAT Levels in Mice Infected with P. berghei 

Values are presented as Mean ± SEM; Data analysed using one-way ANOVA followed by Dunnett’s Post-hoc test; 

DW = Distilled Water; EFUT = Ethyl acetate fraction; BFUT = Butanol fraction; RFUT = Residual aqueous 

Fraction; CQ = Chloroquine; CAT = Catalase; *= p< 0.05 compared to DW group; n = 6 
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Figure 4: Effect of Fractions of U. togoensis on GSH Serum Levels in Mice Infected with P. berghei 

Values are presented as Mean ± SEM; Data analysed using one-way ANOVA followed by Dunnett’s Post-hoc test; 

DW = Distilled Water; EFUT = Ethyl acetate fraction; BFUT = n-butanol fraction; RFUT = Residual aqueous 

Fraction; GSH = Glutathione; CQ = Chloroquine; *= p< 0.05 compared to DW group; n = 6 

 

Effect of fractions of U. togoensis on 

malondialdehyde (MDA) levels in serum of mice 

infected with P. berghei 

Figure 5 showed the effect of the fractions of U. 

togoensis on serum MDA levels. Oral administration 

of the ethyl acetate, butanol and residual aqueous 

fractions of U. togoensis also produced significant 

(p<0.05) dose dependent decrease in serum MDA 

levels compared to the control (distilled water 

treated) group. The standard drug (Chloroquine, 5 

mg/kg) significantly (p<0.05) decreased serum MDA 

levels. 

Statistical Analysis 

Data obtained were in triplicates and expressed as 

Mean ± SEM (Standard Error of Mean). One-way 

analysis of variance (ANOVA) was used to 

determine the differences between groups. 

Differences between means at 5% level (p < 0.05) 

were considered statistically significant. 
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Figure 5: Effect of Fractions of U. togoensis on Serum MDA levels in Mice infected with P. berghei  

Values are presented as Mean ± SEM; Data analysed using one-way ANOVA followed by Dunnett’s Post-hoc test; 

DW = Distilled Water; EFUT = Ethyl acetate fraction; BFUT = n-Butanol fraction; RFUT = Residual aqueous; CQ 

= Chloroquine; MDA = Malondialdehyde; *= p<0.05 compared to DW group; n = 6 
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determined by the decolorization of methanol 

solution of 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

which is purple to yellow color in the presence of 

antioxidants [26]. Radical scavenging activities are 

essential to counteract the harmful role of free 

radicals in several disease states [30]. The results of 

the study revealed that the butanol fraction showed a 

better antioxidant activity than the ethyl acetate and 

residual aqueous fractions; and this suggests that the 

fractions may possess the ability to transfer electrons 

or donate hydrogen. Some studies have linked the 

antiplasmodial/antimalarial activity of medicinal 

plants including Dodonaea angustifolia [31] and 

Alchornea laxiflora [32] to their antioxidant effects. 

Thus, the antioxidant activity exhibited by the 

fractions of U. togoensis may also contribute to the 

antimalarial action of the plant. 

The invasion of the red blood cells by plasmodium 

parasite leads to oxidative stress within the 

parasitized erythrocytes resulting in decreased levels 

of antioxidant enzymes and an elevation of lipid 

peroxidation levels [33]. Lipid peroxidation which is 

a measure of the extent of membrane destruction or 

changes in structure and function is quantified by the 

levels of MDA [34]. In the present study, animals 

that were treated with distilled water (negative 

control group) had higher levels of MDA in the 

plasma compared to the fractions pretreated animals 

and the positive control treated animals. While this 

confirmed the ability of Plasmodium berghei to cause 

high levels of lipid peroxidation and thus oxidative 

stress, the reduced levels of MDA recorded for the 

fractions reflects the potential of the fractions to 

inhibit free radical production and reduce lipid 

peroxidation in plasma. The n-butanol fraction 

however produced a better reduction in MDA levels 

than the other fractions. 

In the present study, the decrease in SOD, GSH and 

CAT levels observed in the distilled water treated 

group could be linked to oxidative inactivation of 

enzymes. Endogenous antioxidant enzymes (CAT 

and SOD) and non-enzymatic enzymes (GSH) 

provide an effective protective system against free 

radical-induced damage [8]. Treatment of the 

Plasmodium berhgei infected mice with the fractions 

significantly increased serum SOD and GSH levels. 

For CAT, only the butanol fraction produced a dose 

dependent increase in serum CAT levels compared to 

the ethyl acetate and residual aqueous fractions. The 

ethyl acetate fraction was not able to increase serum 

CAT levels. SOD is a metalloprotein enzyme that 

catalyzes the dismutation of the superoxide (O2−) 

radical into ordinary molecular oxygen (O2) and 

hydrogen peroxide (H2O2). Catalase and glutathione 

shields cells against free radical toxicity by a 

detoxification process which facilitates the 

breakdown of hydrogen peroxide to water and 

molecular oxygen. The results from the present study 

thus showed that the antioxidant defense capacity of 

plasma in the animals treated with the fractions was 

boosted and thus the host cell was protected from 

oxidative stress and cellular damage. 

Many plant phytochemical constituents including 

saponins, alkaloids, flavonoids and tannins found in 

the fractions possess good antioxidant activities and 

are good inhibitors of lipid peroxidation. Thus, the 

action of these phytoconstituents singly or in 

combination could be responsible for its antioxidant 

and antiplasmodial properties observed. 

CONCLUSION 

Fractions from the stem bark of Uapaca togoensis 

exhibited varying antioxidant (free radical 

scavenging) activities when compared to vitamin C in 

the following order: butanol fraction>residual 

aqueous fraction>ethyl acetate fraction. The results 

obtained also suggests that the fractions have the 

potential to protect P. berghei infected mice from 

oxidative stress as shown by enhanced CAT, SOD 

and GSH levels and reduced MDA levels.   
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Abstract 
Aim: The design of plastic films imbued with some self-disinfection property would be an advantage in reducing environmental pollution and the 

spread of diseases. This study aimed at investigating the suitability of antioxidants-rich Aspalathus linearis (Rooibos tea) extracts for synthesis of 
silver nanoparticles with suitable physical properties for incorporation into a plastic matrix, in order to create a self-disinfecting film. Methods: 

Rooibos tea was extracted with methanol and antioxidants-rich fractions were identified by 1, 1-diphenyl-2-picryl-hydrazyl (DPPH) antioxidant 

assay, and then used in reduction of silver nitrate to prepare silver nanoparticles. The nanoparticles were characterized by photon correlation 
spectroscopy and atomic force microscopy, and their antimicrobial activities were tested in vitro against Staphylococcus aureus (S. aureus), 

Bacillus subtilis (B. Subtilis), Salmonella typhi (S. typhi) and Escherichia. Coli (E. coli). The most bioactive formula was incorporated into 

polymethylmethacrylate before polymerization. The self-disinfecting activities of the composites were tested in vitro using S. aureus and E coli. 
Results: The fractions gave high antioxidant activities and the reduction of silver nitrate resulted in silver nanoparticles of very low 

polydispersity values (<0.3) and excellent antimicrobial activities (except with Candida albicans).  The optimized film (containing 4ml of the 

nanosolution) inhibited microbial growth for up to 48 hrs after exposure to air for 60-90 min, whereas heavy microbial growth occurred in the 
control sample. Conclusion: Being edible and non-toxic, Rooibos can be used in synthesizing nanosilver with properties suitable for creating new 

designs of self-disinfecting plastic matrices. 
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1. INTRODUCTION 

Silver nanoparticles have an excellent antimicrobial 

profile, thermostability and safety. Whereas many 

organic and inorganic agents used as drugs can 

decompose under varying conditions or lose their 

activities against some microorganism with time, this 

is not so with silver nanoparticles. In addition, their 

antimicrobial activities are exhibited even at very low 

concentrations [1]. Though the exact mechanism of 

action of silver nanoparticles is a subject of much 

conjecture, it is generally thought that they act by 

absorbing oxygen, thereby interfering with 

respiratory processes [2]. In some modern textiles, 


