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ABSTRACT 

 

Biochemical evaluation of different fractions of leaf and stem bark methanol extracts of Diospyros 

mespiliformis and the inhibitory effects of the extracts on cysteine protease of the parasite were 

investigated. Aspartate aminotransferase and Alanine aminotransferase studies of the leaf methanol 

extract showed that, there was significant (P < 0.05) increase in the n-butanol and aqueous fractions. 

Also, significant (P < 0.05) increase in the serum level of Alkaline phosphatase of the infected group 

in all the fractions. AST ALT and ALP studies of the stem bark extract had significant (P<0.05) 

increase in the infected group of all the fractions and significant (P<0.05) reduction in the infected but 

treated with both low and high dose of the extract. Total Protein of the leaf extract had significant 

(P<0.05) increase in n-butanol and aqueous fractions while stem bark extract had significant (P<0.05) 

increase in ethyl acetate fractions of the infected group. The level of Serum Bilirubin, shows 

significant (P < 0.05) increase in the level of direct bilirubin in ethylacetate and N-butanol while stem 

bark shows significant (P < 0.05) increase in the level of direct bilirubin in all the fractions of the 

infected group. Stem bark extract had significance (P<0.05) increase in creatinine level in the normal 

but treated with medium dose of the extract and infected group but significance (P < 0.05) reduction 

in the infected, treated with medium dose. The mechanism of action of the leaf and stem bark 

methanol extracts exhibited competitive and non-competitive pattern of inhibition respectively. These 

plant extracts could therefore be effective therapeutic agents for the treatment and management of 

malaria. 

 

Keywords: Antimalarial, Plasmodium berghei, Biochemical parameters, Inhibition studies, Cysteine 

protease. 

 

INTRODUCTION 

Malaria remains one of the most 

dreaded human parasitic diseases in the 

tropics and subtropics, especially the 

African and Asian developing/under 

developed nations. It is still a major cause of 

mortality in children (<5 years). 
[1]

 In 

addition to its direct health impact, malaria 

imposes a huge economic burden on 

afflicted individuals and nations, through 

high health care cost, missed days at work 

or school, and reduced economic output and 

productivity. 
[2]

 Despite the success 

recorded with the Artemisinin Combination 

therapy (ACT), about 80% of most malaria 

endemic communities still rely on 

traditional herbal medicines, which are often 

more affordable, accessible and available. 
[3]

 

In view of the problems associated with 

antimalarial drug resistance and the use of 

substandard ACT’s, researchers are now 

focusing on other alternatives, including 
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investigation of medicinal plants known to 

have antiplasmodial activity. 
[4,5]

 Cysteine 

proteases are so-named due to the function 

of a catalytic cysteine, which mediates 

protein hydrolysis via nucleophilic attack on 

the carbonyl carbon of a susceptible peptide 

bond. Cysteine proteases play important 

roles in the life cycles of malaria parasites. 

Cysteine protease inhibitors block 

haemoglobin hydrolysis and development in 

Plasmodium falciparum, suggesting that the 

cysteine proteases of this major human 

pathogen are appropriate therapeutic targets. 
[6]

 A number of older studies have supported 

this concept, with the demonstration that 

cysteine protease inhibitors have potent in 

vitro and in vivo antimalarial effects 
[7]

 

Drug development has shown that, proteases 

are drug-able target and protease inhibitors, 

in clinical development are used to treat 

diabetes, thrombosis, osteoporosis, 

hypertension, cancer and infectious 

diseases. 
[8] 

 

MATERIALS AND METHODS 

Chemicals/reagents 

All assays kits were from Randox La

boratories Ltd. Ardmore, Co. Antrum UK. C

hemicals and reagents used were purchased 

from Sigma Chemical Company St. Louis 

U.S.A.  

Experimental animals 

A total of one hundred and sixty 

(160) mice of both sex weighing between 

18-28g were purchased from the animal 

house, Department of pharmacology, 

Ahmadu Bello University, Zaria. The 

animals were housed in well-ventilated cage 

and allowed to acclimatize under standard 

laboratory condition for a period of two 

weeks before commencement of the 

experiment. 

Plant material and extraction 

Fresh leaf and stem bark (blend) of 

Diospyros mespiliformis were collected 

from Zango village, Sabo LGA of Kaduna 

State in the month of June 2013 and 

authenticated in the herbarium unit of the 

Department of Biological sciences, Ahmadu 

Bello University Zaria where a voucher 

specimen with voucher number 901431 was 

deposited. The collected plants were rinsed 

in clean water and air dried at room 

temperature for two weeks. The dried leaves 

were pulverized into powder before being 

extracted.  

A portion of five hundred grams (50

0 g) of the pulverized plant leaves was 

suspended in 2.5 L of methanol for 48 h in 

large amber bottles with intermittent 

shaking. At the end of the extraction, the 

crude methanol extract was filtered using 

Whatman No. 1 filter paper (1 mm mesh 

size) and then concentrated in a water bath 

maintained at 45°C until greenish black 

residues were obtained.  

Fractionation of crude extract 

The crude extract of D. 

mespiliformis was subjected to liquid-liquid 

partition to separate the extract into different 

fractions. The reconstituted extract (250ml) 

was placed in a separatory funnel and 250ml 

of ethylacetate and n-butanol solvents were 

added sequentially as a 1:1 (v/v) solution 

and rocked vigorously. 
[9]

 The sample was 

left standing for 30min for each solvent on 

the separatory funnel until a fine separation 

line appear which was eluted sequentially. 

The process was repeated thrice in order to 

get adequate quantity of each fraction. The 

ethylacetate, n-butanol as well as the 

aqueous residue fractions were evaporated 

to dryness in a water bath to obtain the three 

fractions (grams) respectively 

Acute toxicity study 

The median lethal dose (LD50) was 

conducted in order to select a suitable dose. 

This was done using the method described 

by 
[10]

 in the initial phase, mice were divided 

into 3 groups of 3 mice each and were 

treated with the extracts at 10, 100 and 1000 

mg/kg body weight orally. They were 

observed for 24 h for signs of toxicity, 

includi4ng death. In the final phase, 3 mice 

were divided into 3 groups of one mouse 

each, and were treated based on the findings 

in the first phase. The LD50 was calculated 

from the results of the final phase as the 

square root of the product of the lowest 

lethal dose and the highest non-lethal dose, 
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that is, the geometric mean of the 

consecutive doses with 0 and 100% survival 

rates were recorded. 

Animal grouping 

80 mice for leaf extract and 80 mice 

for stem bark extract were used for this 

determination. The mice were randomly 

divided into sixteen (16) groups each (leaf 

and stem bark extract), with five animals per 

group. Group 1: Non infected and not 

treated (Normal control). Group 2: Non 

infected and treated with medium dose 

(ethyl acetate fraction) leaf and stem bark 

methanol extracts (200 and 100mg/kg). 

Group 3: Non Infected and treated with 

medium dose (n-Butanol fraction) leaf and 

stem bark methanol extracts (200 and 

100mg/kg). Group 4: Non Infected and 

treated with medium dose (Aqueous 

fraction) leaf and stem bark methanol 

extracts (200 and 100mg/kg). Group 5: 

Infected and administered 0.2ml normal 

saline (infected group). Group 6: Infected 

and treated with standard Chloroquine 

(5mg/kg). Group 7: Infected with parasite 

and treated with (ACT) Artemisinin 

Combination Therapy (10mg/kg). Group 8: 

Infected and treated with low dose ((ethyl 

acetate fraction) leaf and stem bark 

methanol extracts (100 and 50mg/kg). 

Group 9: Infected and treated with medium 

dose (ethyl acetate fraction) leaf and stem 

bark methanol extracts (200 and 100mg/kg). 

Group 10: Infected and treated with high 

dose ((ethyl acetate fraction) leaf and stem 

bark methanol extracts (400 and 200mg/kg). 

Group 11: Infected and treated with low 

dose ((n-Butanol fraction) leaf and stem 

bark methanol extracts (100 and 50mg/kg). 

Group 12: Infected and treated with 

medium dose ((n-Butanol fraction) leaf and 

stem bark methanol extracts (200 and 

100mg/kg). Group 13: Infected and treated 

with high dose ((n-Butanol fraction) leaf 

and stem bark methanol extracts (400 and 

200mg/kg). Group 14: Infected and treated 

with low dose (Aqueous fraction) leaf and 

stem bark methanol extracts (100 and 

50mg/kg). Group 15: Infected and treated 

with medium dose (Aqueous fraction) leaf 

and stem bark methanol extracts (200 and 

100mg/kg). Group 16: Infected and treated 

with high dose (Aqueous fraction) leaf and 

stem bark methanol extracts (400 and 

200mg/kg). 

Parasites 

The chloroquine sensitive 

Plasmodium berghei used in this study was 

obtained from, Nigerian Institute of Medical 

Research (NIMR), Yaba, Lagos, Nigeria. 

The parasite was maintained by 

subpassaging into healthy mice on a weekly 

basis throughout the duration of this study 

using the method. 
[11,12]

 P. berghei infected 

red blood cells were intraperitoneally 

injected into the mice from the blood diluted 

with Phosphate Buffered Saline (PBS) so 

that each 0.2ml administered per kg body 

weight contains approximately 10
6
-10

7
 

infected red cells 

Experimental infection 

A donor mouse with rising 

parasitemia of 20% was sacrificed and 

blood was drawn in heparinized syringe and 

diluted in phosphate buffered saline. 

Infection was initiated by needle passage of 

the parasite preparation from a donor mouse 

to healthy mice via intraperitoneal route. 
[11]

 

Each mouse received 0.2 ml of the diluted 

infected blood. 

Antiplasmodial studies 

Test on early malaria infection (4-day 

suppressive Test) 

The Peter’s 4-day suppressive test 

against chloroquine sensitive Plasmodium 

berghei (NK 65) infection in mice was 

employed. 
[13]

  
 

Average Suppression =  
APC − APT

APC
  × 

100

1
 

 

APC = Average parasitemia in the control. 

APT = Average parasitemia in the test 

group. 

Biochemical studies 

Assessment of Aspartate Aminotrans

ferase (AST) and assessment of Alanine 

Aminotransferase (ALT) were determined 

by the method. 
[14,15]

 Serum activity of ALP 

was determined by the method. 
[16]

 Serum 

total and direct Bilirubin was determined by 
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the method. 
[17]

 Total protein was 

determined colorimetrically according to the 

method. 
[18]

 Serum albumin was determined 

by the method. 
[19]

 Urea concentration was 

assessed using the method. 
[20]

 The 

colorimetric method was used to determine 

serum creatinine concentration. 
[21]

 

Isolation of cysteine protease  

The malaria parasite was separated 

by Triton X-100 temperature-induced phase 

separation procedures, using the protocol 
[22] 

with slight modifications. Briefly, 0.5 % 

Triton X-100 in Tris-buffered saline was 

added to the parasites and incubated at 4
o
C 

for 90 min. The supernatant was collected 

after centrifuging at 10,000 x g for 30 min at 

4
o
C and was layered on 6 % sucrose 

containing 0.06 % Triton X-100 followed 

by incubation at 37°C for 5 min. The 

cytosolic phase was collected after initial 

centrifugation at 900xg for 5 min at 37
o
C 

and precipitated with cold acetone. The 

pellets from each preparation was 

suspended to 6 ml in 50 mM phosphate 

buffered saline, pH 7.2 

Determination of total protein 

The protein concentration was 

quantified according to the method 

described by 
[23]

. The assay is based on the 

principle that the maximum absorbance of 

an acidic solution of Coomassie blue G-250 

shift from 365nm to 595nm when binding of 

the dye to protein occurs. Both the 

hydrophobic and ionic interactions stabilize 

the ionic form of the dye, causing a visible 

color change. Coomassie Brilliant Blue G-

250 (25 mg) was dissolved in 12.5 ml 95% 

ethanol. To this solution, 25 ml 85% (w/v) 

phosphoric acid was added. The resulting 

solution was diluted to a final volume of 

250 ml. Protein solution (0.1 ml) was 

pipetted in test tubes. Five milliliters of 

protein reagent was added to the test tube 

and the contents mixed by vortexing. The 

absorbance at 595 nm was measured after 2 

min and before I hr against a reagent blank 

prepared from 0.1 ml of the appropriate 

buffer and 5 ml of protein reagent. The 

weight of protein was plotted against the 

corresponding absorbance resulting in a 

standard curve used to determine the protein 

in unknown sample. 

Protease inhibitor assay 

Protease inhibitor activity was 

assayed according to the method of 
[24]

 

using N-Benzoyl - DL - arginine - p -

nitroanilide (BApNA). An aliquot of 500µl 

was preincubated for 10min at 37
o
C with 

500µl papain (0.5mg/ml) prepared in 

100mM phosphate buffer, P
H
 6.8, 0.3mM 

EDTA and 2mM cysteine-HCL. The assay 

was initiated by the addition of 1ml 

substrate solution (1% (w/v) incubated for 

20mins at 37
o
C, and 2ml of trichloroacetic 

acid (TCA, 20% w/v) was added to stop the 

reaction. After 20min at room temperature, 

the mixture was centrifuged at 10,000 for 

10min and absorbance of the supernatant 

was measured at 410nm. 290ul of 50mM 

Tris-HCL (P
H
 7.6) and 200µl of 1.25mM 

BApNA were added to the previously 

preincubated cysteine protease enzyme 

(papain) and incubated extract for 10min. 

After 30min at 37
o
C, the reaction was 

stopped by adding 150µl of acetic acid 

(30%). The resulting colour was measured 

at absorbance of 405nm. 

Statistical analysis 

The data was analyzed by the 

analysis of variance (ANOVA). The results 

were expressed as mean ± Standard 

Deviation (SD) except where otherwise 

stated. P value less than 0.05 were regarded 

as significant (P< 0.05). 

 

RESULTS 

The results in table 1 and 2 shows 

the Effect of Different Fractions of the Leaf 

and Stem bark Methanol Extracts of 

Diospyros mespiliformis on Liver Function 

which indicates significant (P < 0.05) 

increase in the level of Aspartate 

aminotransferase (AST) and Alanine 

aminotransferase (ALT) in the n-butanol 

and aqueous fractions. Also, significant (P < 

0.05) increase in the serum level of Alkaline 

phosphatase (ALP) in all the fractions of the 

infected group. AST ALT and ALP studies 

of the stem bark extract had significant 
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(P<0.05) increase in the infected group of all the fractions.  
 

Table 1: Effect of Different Fractions of the Leaf Methanol Extract of Diospyros mespiliformis on Liver Function 

Treatment/

Dose 

AST (IU/L) ALT (IU/L) ALP (IU/L) 

(n=5) Ethyl 

Acetate 

Fraction 

N-

Butanol 

Fraction 

Aqueous 

Fraction 

Ethyl 

Acetate 

Fraction 

N-

Butanol 

Fraction 

Aqueous 

Fraction 

Ethyl 

Acetate 

Fraction 

N-

Butanol 

Fraction 

Aqueous 

Fraction 

Normal 

Control 
(NC) NC + 

200mg/kg 

42.66± 

6.71
c

 
30.55± 

1.57
a

 

42.66± 

6.71
bc

 
36.03± 

3.94
ab

 

42.66± 

6.71
d

 
41.74± 

3.86
d

 

43.61± 

3.21
b

 
31.03± 

5.35
a

 

43.61± 

3.21
b

 
36.87± 

5.21
ab

 

43.61± 

3.21
b

 
40.08± 

5.99
ab

 

33.07± 

7.31
ab

 
26.33± 

4.66
a

 

33.07± 

7.31
ab

 
29.51± 

6.02
a

 

33.07± 

7.31
ab

 
31.51± 

3.62
ab

 

IM+ normal 

saline  

50.78± 

5.42
d

 

50.78± 

5.42
c

 

50.78± 

5.42
e

 

56.42± 

5.61
c

 

56.42± 

5.61
c

 

56.42± 

5.61
c

 

55.91± 

14.43
c

 

55.91± 

14.43
c

 

55.91± 

14.43
c

 

 IM+ CQ 

(5mg/kg)  

34.20± 

3.51
ab

 

34.20± 

3.51
ab

 

34.20± 

3.51
c

 

40.41± 

2.57
b

 

40.41± 

2.57
ab

 

40.41± 

2.57
ab

 

30.84± 

1.02
a

 

30.84± 

1.02
ab

 

30.84± 

1.02
ab

 

IM+ACT 

(10mg/kg)  

34.48± 

3.89
ab

 

34.48± 

3.89
ab

 

34.48± 

3.89
c

 

42.54± 

2.27
b

 

42.54± 

6.27
b

 

42.54± 

10.27
b

 

35.08± 

8.34
ab

 

35.08± 

8.34
ab

 

35.08± 

8.34
ab

 

IM + 

100mg/kg  

38.28± 

2.29
bc

 

32.68± 

9.46
a

 

28.72± 

4.95
bc

 

27.62± 

4.18
a

 

32.43± 

8.66
a

 

30.57± 

5.27
a

 

36.87± 

3.84
ab

 

34.14± 

3.82
ab

 

29.01± 

3.71
a

 

IM+ 

200mg/kg  

41.00± 

7.65
bc

 

30.44± 

6.53
a

 

22.60± 

2.33
a

 

36.11± 

2.00
ab

 

40.39± 

5.28
ab

 

32.29± 

9.08
ab

 

41.85± 

9.33
b

 

36.28± 

2.70
ab

 

41.81± 

11.53
b

 

IM+ 

400mg/kg  

49.80± 

5.99
d

 

42.60± 

9.83
bc

 

25.88± 

3.61
ab

 

58.44± 

5.20
c

 

45.41± 

8.97
b

 

36.66± 

10.79
ab

 

42.30± 

4.07
b

 

40.20± 

2.10
b

 

42.09± 

7.32
b

 

Values are Means ± SD. (n=5).Values with different superscript down the columns are significantly different (p<0.05). 

NC=Normal Control, CQ=Chloroquine, IM=Infected Mice, ACT=Artemisinin Combination Therapy. 
 

Table 2: Effect of Different Fractions of the Stem Bark Methanol Extract of Diospyros mespiliformis on Liver Function 

Treatment/ 

Dose 

AST (IU/L) ALT (IU/L) ALP (IU/L) 

(n=5) Ethyl 

Acetate 

Fraction 

N-

Butanol 

Fraction 

Aqueous 

Fraction 

Ethyl 

Acetate 

Fraction 

N-

Butanol 

Fraction 

Aqueous 

Fraction 

Ethyl 

Acetate 

Fraction 

N-

Butanol 

Fraction 

Aqueous 

Fraction 

Normal 

Control 

(NC) NC + 
100mg/kg 

42.66± 

6.7
c

 

40.07± 

2.1
bc

 

42.66± 

6.71
d

 

32.57± 

2.30
bc

 

42.66± 

6.71
b

 

42.89± 

7.09
b

 

43.61± 

3.21
e

 

33.31± 

5.51
bc

 

43.61± 

3.21
c

 

36.49± 

4.75
bc

 

43.61± 

3.21
b

 

38.93± 

4.84
b

 

33.07± 

7.31
ab

 

32.67± 

2.44
ab

 

33.07± 

7.31
a

 

33.25± 

5.75
a

 

33.07± 

7.31
a

 

38.25± 

6.24
ab

 

IM 

(Infected 
group) 

50.78± 

5.42
d

 

50.78± 

5.42
e

 

50.78± 

5.42
c

 

56.42± 

5.61
f

 

56.42± 

5.61
d

 

56.42± 

5.61
c

 

55.91± 

14.43
c

 

55.91± 

14.43
c

 

55.91± 

14.43
d

 

 IM+ CQ 

(5mg/kg)  

34.20± 

3.51
b

 

34.20± 

3.51
c

 

34.20± 

3.51
a

 

40.41± 

2.57
cde

 

40.41± 

2.57
bc

 

40.41± 

2.57
b

 

30.84± 

1.02
a

 

30.84± 

1.02
a

 

30.84± 

1.02
a

 

IM+ ACT 
(10mg/kg)  

34.48± 

3.89
b

 

34.48± 

3.89
c

 

34.48± 

3.89
a

 

42.54± 

10.27
de

 

42.54± 

10.27
c

 

42.54± 

10.27
b

 

35.08± 

8.34
ab

 

35.08± 

8.34
a

 

35.08± 

8.34
ab

 

IM + 

50mg/kg  

33.93± 

3.99
b

 

25.35± 

4.25
ab

 

31.97± 

5.83
a

 

35.29± 

6.50
bcd

 

38.49± 

6.97
bc

 

30.27± 

2.26
a

 

42.09± 

3.97
b

 

45.71± 

3.51
b

 

39.65± 

2.95
ab

 

IM+ 
100mg/kg  

34.51± 

5.52
b

 

21.89± 

5.90
a

 

38.47± 

2.63
ab

 

31.85± 

2.77
b

 

34.70± 

2.50
b

 

38.37± 

2.04
b

 

39.51± 

5.67
ab

 

40.89± 

2.84
ab

 

44.65± 

2.41
bc

 

IM+ 

200mg/kg  

25.69± 

5.92
a

 

30.73± 

5.40
bc

 

42.97± 

4.23
b

 

23.65± 

1.78
a

 

26.03± 

0.71
a

 

42.05± 

7.37
b

 

31.81± 

3.25
a

 

35.23± 

2.96
a

 

49.97± 

2.63
cd

 

Values are Means ± SD. (n=5).Values with different superscript down the columns are significantly different (p<0.05). 

NC=Normal Control, CQ=Chloroquine, IM=Infected Mice, ACT=Artemisinin Combination Therapy. 

 

Table 3 and 4 shows significant 

(P<0.05) increase in n-butanol and aqueous 

fractions in the level of Total Protein of the 

leaf extract while stem bark extract had 

significant (P<0.05) increase in ethyl acetate 

fractions of the infected group. 

Table 5 and 6 shows the Effect of 

Different Fractions of the Leaf and Stem 

bark Methanol Extracts of Diospyros 

mespiliformis on Serum Bilirubin. Table 5 

shows significant (P < 0.05) increase in the 

level of direct bilirubin in ethylacetate and 

N-butanol while table 6 shows significant (P 

< 0.05) increase in the level of direct 

bilirubin in all the fractions of the infected 

group. 
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Table 3: Effect of Different Fractions of the Leaf Methanol Extract of Diospyros mespiliformis on Serum Total Protein and Albumin 

Treatment/Dose Total Protein (G/L) Albumin (G/L) 

(N=5) Ethyl Acetate 

Fraction 

N-Butanol 

Fraction 

Aqueous 

Fraction 

Ethyl Acetate 

Fraction 

N-Butanol 

Fraction 

Aqueous 

Fraction 

Normal Control 44.72±9.36
ab

 44.72±9.36
bc

 44.72±9.36
b

 16.60±9.70
a

 16.60±9.70
a

 16.60±9.70
a

 

NC + 200mg/kg 

IM  
(infected group)  

38.67±12.88
a

 

54.99±4.17
b

 

47.96±4.44
cd

 

54.99±4.17
e

 

43.65±7.21
b

 

54.99±4.17
c

 

32.00±5.10
d

 

29.00±5.70
cd

 

36.20±6.06
b

 

29.00±5.70
b

 

18.60±3.78
a

 

29.00±5.70
b

 

IM+ 

CQ(5mg/kg)  
36.06±6.74

a

 36.06±6.74
ab

 36.06±6.74
ab

 17.80±1.92
a

 17.80±1.92
a

 17.80±1.92
a

 

IM+ ACT 
(10mg/kg)  

36.16±10.94
a

 36.16±10.94
ab

 36.16±10.94
ab

 23.60±8.50
abc

 23.60±8.50
ab

 23.60±8.50
ab

 

IM + 100mg/kg  37.05±9.49
a

 31.10±5.35
a

 30.92±10.87
a

 19.20±3.90
ab

 16.80±2.68
a

 19.00±6.69
a

 

IM+ 200mg/kg  39.56±10.42
a

 36.44±3.28
ab

 33.40±7.93
ab

 23.40±3.05
abc

 17.80±4.44
a

 21.40±4.22
ab

 

IM+ 400mg/kg  46.40±15.14
ab

 40.56±5.19
abc

 39.44±5.08
ab

 25.60±3.05
bcd

 21.20±3.83
ab

 22.40±7.30
ab

 

Values are Means ± SD. (n=5).Values with different superscript down the columns are significantly different (p<0.05). 

NC=Normal Control, CQ=Chloroquine, IM=Infected Mice, ACT=Artemisinin Combination Therapy. 

 

Table 4: Effect of Different Fractions of the Stem Bark Methanol Extract of Diospyros mespiliformis on Serum Total Protein and 

Albumin 

Treatment/Dose Total Protein (G/L) Albumin (G/L) 

(N=5) Ethyl Acetate 

Fraction 

N-Butanol 

Fraction 

Aqueous 

Fraction 

Ethyl Acetate 

Fraction 

N-Butanol 

Fraction 

Aqueous 

Fraction 

Normal Control  44.72±9.36
ab

 44.72±9.36
abc

 44.72±9.36
a

 16.60±9.70
a

 16.60±9.70
a

 16.60±9.70
a

 

NC + 100mg/kg 

IM (Infected 
group) 

43.88±12.77
ab

 

54.99±4.17
c

 

45.00±6.68
abc

 

54.99±4.17
c

 

61.72±8.16
b

 

54.99±4.17
b

 

33.60±4.45
b

 

29.00±5.70
b

 

27.80±6.38
bc

 

29.00±5.70
c

 

23.20±5.93
ab

 

29.00±5.70
b

 

IM+CQ(5mg/kg)  36.06±6.74
a

 36.06±6.74
a

 36.06±6.74
a

 17.80±1.92
a

 17.80±1.92
ab

 17.80±1.92
a

 

IM+ ACT 

(10mg/kg)  
36.16±10.94

a

 36.16±10.94
a

 36.16±10.94
a

 23.60±8.50
ab

 23.60±8.50
abc

 23.60±8.50
ab

 

IM + 50mg/kg  42.52±7.59
a

 48.40±2.73
bc

 61.12±5.22
b

 23.40±9.81
ab

 24.80±9.01
abc

 18.80±3.35
a

 

IM+ 100mg/kg  40.80±4.01
a

 38.80±4.23
ab

 57.48±8.26
b

 16.80±8.14
a

 20.80±6.61
abc

 15.20±1.92
a

 

IM+ 200mg/kg  45.32±3.75
ab

 54.04±10.30
c

 57.92±6.21
b

 29.00±10.12
b

 26.00±8.06
abc

 17.20±3.90
a

 

Values are Means ± SD. (n=5).Values with different superscript down the columns are significantly different (p<0.05). 
NC=Normal Control, CQ=Chloroquine, IM=Infected Mice, ACT=Artemisinin Combination Therapy. 

 

Table 5: Effect of Different Fractions of the Leaf Methanol Extract of Diospyros mespiliformis on Serum Bilirubin 

Treatment/Dose Ethylacetate Fraction N-Butanol Fraction Aqueous Fraction 

(n=5) DIR BIL(g/L) IND BIL(g/L) DIR BIL(g/L) IND BIL(g/L) DIR BIL(g/L) IND BIL(g/L) 

Normal Control  
4.57±0.65

bc

 1.29±0.65
a

 4.57±0.65
bc

 1.29±0.65
a

 4.57±0.65
a

 1.29±0.65
ab

 

NC + 200mg/kg 

IM (Infected group)  
4.80±1.15

b

 

5.75±1.25
c

 

1.21±0.24
a

 

1.89±1.57
a

 

4.42±1.07
bc

 

5.75±1.25
c

 

1.70±0.67
a

 

1.89±1.57
a

 

4.23±3.26
ab

 

5.75±1.25
b

 

2.00±1.54
ab

 

1.89±1.57
ab

 

 IM+ CQ (5mg/kg)  
3.45±0.87

ab

 1.15±0.15
a

 3.45±0.87
ab

 1.15±0.15
a

 3.45±0.87
a

 1.15±0.15
b

 

IM+ ACT (10mg/kg)  
3.76±1.71

b

 2.91±1.07
a

 3.76±1.71
ab

 2.91±0.07
a

 3.76±1.71
a

 2.91±1.07
bc

 

IM + 100mg/kg  
4.12±1.24

b

 1.28±1.16
a

 2.80±1.41
ab

 3.04±1.34
a

 4.35±3.73
ab

 0.56±0.12
a

 

IM+ 200mg/kg  
2.10±0.69

a

 1.58±1.34
a

 3.08±1.78
ab

 2.09±1.09
a

 3.77±1.80
a

 2.15±0.99
abc

 

IM+ 400mg/kg  
2.20±1.14

a

 1.58±0.98
a

 2.07±0.79
a

 1.91±0.62
a

 2.97±0.12
a

 3.87±1.34
c

 

Values are Means ± SD. (n=5).Values with different superscript down the columns are significantly different (p<0.05). 

NC=Normal Control, CQ=Chloroquine, IM=Infected Mice, ACT=Artemisinin Combination Therapy. 

 

Table 6: Effect of Different Fractions of the Stem Bark Methanol Extract of Diospyros mespiliformis on Serum Bilirubin 

Treatment/Dose Ethylacetate Fraction N-Butanol Fraction Aqueous Fraction 

(n=5) DIR BIL(g/l) IND BIL(g/l) DIR BIL(g/l) IND BIL(g/l) DIR BIL(g/l) IND BIL(g/l) 

Normal Control  
4.57±0.65

b

 1.29±0.65
a

 4.57±0.65
b

 1.29±0.65
a

 4.57±0.65
b

 1.29±0.65
ab

 

NC + 100mg/kg 
IM (Infected group)  

0.54±0.23
a

 

5.75±1.25
c

 

2.26±0.67
ab

 

1.89±1.57
ab

 

0.42±0.24
a

 

5.75±1.25
c

 

1.94±0.65
ab

 

1.89±1.57
ab

 

0.40±0.16
a

 

5.75±1.25
c

 

0.56±0.43
a

 

1.89±1.57
ab

 

IM+ CQ (5mg/kg)  
3.45±0.87

b

 1.15±0.15
a

 3.45±0.87
b

 1.15±0.15
a

 3.45±0.87
b

 1.15±0.15
a

 

IM+ ACT (10mg/kg)  
3.76±1.71

b

 2.91±1.07
b

 3.76±1.71
b

 2.91±1.07
b

 3.76±1.71
b

 2.91±2.07
b

 

IM + 50mg/kg  
0.74±0.34

a

 0.98±0.68
a

 1.20±0.52
a

 0.92±0.33
a

 0.36±0.11
a

 1.86±0.48
ab

 

IM+ 100mg/kg  
0.48±0.30

a

 0.82±0.16
a

 0.38±0.08
a

 1.10±0.21
a

 0.34±0.17
a

 1.16±0.15
a

 

IM+ 200mg/kg  
0.56±0.24

a

 0.66±0.53
a

 0.48±0.15
a

 0.94±0.42
a

 0.38±0.08
a

 1.86±0.91
ab

 

Values are Means ± SD. (n=5).Values with different superscript down the columns are significantly different (p<0.05). 
NC=Normal Control, CQ=Chloroquine, IM=Infected Mice, ACT=Artemisinin Combination Therapy. 
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Table 7: Effect of Different Fractions of the Leaf Methanol Extract of Diospyros mespiliformis on Serum Creatinine and Urea 

TREATMENT/DOSE CREATININE(mg/dl) UREA(mg/dl) 

(n=5) Ethylacetate 

fraction 

N-Butanol 

fraction 

Aqueous 

fraction 

Ethylacetate 

fraction 

N-Butanol 

fraction 

Aqueous 

fraction 

Normal Control  37.00±1.54
ab

 37.00±1.54
ab

 37.00±1.54
ab

 2.30±0.84
a

 2.30±0.84
a

 2.30±0.84
a

 

NC + 200mg/kg 

IM (Infected group)  
40.10±4.60

b

 

44.90±5.52
c

 

42.20±5.14
cd

 

44.90±5.52
d

 

39.10±2.53
b

 

44.90±5.52
c

 

2.20±0.45
a

 

3.60±2.19
ab

 

4.20±0.76
ab

 

3.60±2.19
ab

 

3.84±1.45
ab

 

3.60±2.19
ab

 

 IM+ CQ (5mg/kg)  36.90±1.64
ab

 36.90±1.64
ab

 36.90±1.64
ab

 2.32±0.81
a

 2.32±0.81
a

 2.32±0.81
a

 

IM+ ACT(10mg/kg)  40.30±1.04
b

 40.30±1.04
bc

 40.30±1.04
b

 2.56±1.17
a

 2.56±1.17
ab

 2.56±1.17
ab

 

IM + 100mg/kg  35.00±3.22
a

 35.00±1.27
a

 44.20±1.64
c

 3.38±1.80
ab

 3.70±2.14
ab

 4.74±2.48
b

 

IM+ 200mg/kg  46.40±1.47
c

 44.50±1.84
d

 34.00±2.43
a

 3.62±1.30
ab

 4.64±1.40
b

 3.62±1.60
ab

 

IM+ 400mg/kg  35.10±2.70
a

 34.30±1.92
a

 34.10±1.14
a

 4.90±2.25
b

 4.48±1.73
ab

 4.26±1.64
ab

 

Values are Means ± SD. (n=5).Values with different superscript down the columns are significantly different (p<0.05). 

NC=Normal Control, CQ=Chloroquine, IM=Infected Mice, ACT=Artemisinin Combination Therapy. 

 

Table 8: Effect of Different Fractions of the Stem Bark Methanol Extract of Diospyros mespiliformis on Serum Creatinine and Urea  

TREATMENT/DOSE CREATINIE (mg/dl) UREA (mg/dl) 

(n=5) Ethylacetate 

fraction 

N-Butanol 

fraction 

Aqueous 

fraction 

Ethylacetate 

fraction 

N-Butanol 

fraction 

Aqueous 

fraction 

Normal Control 37.00±1.54
ab

 37.00±1.54
ab

 37.00±1.54
bc

 2.30±0.84
a

 2.30±0.84
a

 2.30±0.84
a

 

NC + 100mg/kg 

IM (Infected group)  
50.60±7.19

d

 

44.90±5.52
c

 

53.60±3.30
e

 

44.90±5.52
c

 

46.60±6.77
e

 

44.90±5.52
d

 

4.34±1.23
b

 

3.60±2.19
ab

 

4.60±2.88
b

 

3.60±2.19
ab

 

3.50±1.17
ab

 

3.60±2.19
ab

 

 IM+ CQ (5mg/kg)  36.90±1.64
a

 36.90±1.64
ab

 36.90±1.64
bc

 2.32±0.81
a

 2.32±0.81
a

 2.32±0.81
a

 

IM+ ACT(10mg/kg)  40.30±1.04
b

 40.30±1.04
b

 40.30±1.04
bc

 2.56±1.17
a

 2.56±1.17
a

 2.56±1.17
a

 

IM + 50mg/kg  42.20±5.14
bc

 35.90±3.01
a

 32.20±1.44
b

 3.92±1.31
ab

 3.50±1.03
ab

 2.92±0.73
a

 

IM+ 100mg/kg  45.20±2.64
c

 46.40±3.23
cd

 28.50±2.82
a

 4.60±2.88
 b

 4.20±0.97
b

 4.60±2.46
b

 

IM+ 200mg/kg  41.10±5.09
b

 44.60±2.10
c

 40.20±4.70
bc

 4.06±1.55
b

 3.28±0.61
ab

 4.10±2.88
b

 

Values are Means ± SD. (n=5).Values with different superscript down the columns are significantly different (p<0.05). 
NC=Normal Control, CQ=Chloroquine, IM=Infected Mice, ACT=Artemisinin Combination Therapy. 

 

Table 7 and 8 indicate significance 

(P<0.05) increase in creatinine level in the 

normal but treated with medium dose of the 

extract in the stem bark extract. 

Figure 1 and 2 shows the 

Lineweaver-Burk Plot Showing the 

Inhibitory Effects of Leaf and Stem bark 

extracts of Diospyros mespiliformis on 

Plasmodium berghei cysteine protease. The 

Leaf and Stem bark extracts exhibited 

competitive and non-competitive patterns of 

inhibition respectively. 

 

 
Figure 1: Lineweaver-Burk Plot Showing the Inhibitory Effects of Leaf extract of Diospyros mespiliformis on Plasmodium berghei cysteine 

protease (Competitive Pattern of Inhibition). 
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Figure 2: Lineweaver-Burk Plot Showing the Inhibitory Effects of Stem-bark extract of Diospyros mespiliformis on Plasmodium berghei 

cysteine protease (Non-Competitive Pattern of Inhibition) 
 

 
Figure 3: Secondary plot for the determination of Ki for Diospyros mespiliformis (Leaf extract) cysteine proteases. 

 

 
Figure 4: Secondary plot for the determination of Ki for Diospyros mespiliformis (Stem Bark extract) cysteine proteases 
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Figure 3 and 4 indicates competitive 

and non-competitive patterns with Ki values 

of 2.65M and 0.174M in the leaf and stem 

bark methanol extracts respectively. 

 

DISCUSSION 

Nature has been a source of 

medicinal agents for thousands of years and 

an impressive number of modern drugs have 

been isolated from natural sources. 
[25]

 

Assessment of liver can be made by 

estimating the activities of serum ALT, AST 

and ALP which are enzymes originally 

present at higher concentration in 

cytoplasm. 
[26]

 The infected normal saline 

group showed significant (p<0.05) increase 

compared to other groups. The significant 

elevation (p<0.05) of serum transaminases 

(AST ALT and ALP) obtained in mice is 

noteworthy as these enzymes are indices of 

hepatic injury although ALT is more liver 

specific. Enzymes are sensitive indices of 

cellular injury and are elevated above 

normal from tissue leakage before changes 

are noted with clinical and histological tests. 
[27]

 

The level of total protein in the 

infected normal saline group showed 

significant (p<0.05) increase and significant 

reduction in the normal group as well as the 

treated group. Decrease in serum proteins 

could generally be early indications of liver 

damage renal failure or nutritional 

deficiency. 
[28] 

In the intestine, conjugated 

bilirubin may be metabolized by colonic 

bacteria, eliminated or reabsorbed. 

Metabolism of bilirubin into urobilinogen 

followed by reabsorption of urobilinogen 

accounts for the yellow color of urine as we 

urinate which is a downstream product of 

urobilinogen. The stem bark methanol 

extract showed significant (p<0.05) increase 

in the infected normal saline group. 

Elevated bilirubin may also be due to 

possible obstruction in the flow of the bile 

within the liver (hepatic jaundice) or in the 

bile duct (post jaundice). 
[29]

 However, the 

elevation of bilirubin levels in the infected 

normal saline group of stem bark extract, 

may be as a result of haemolytic anemia that 

may be associated with oxidative damage to 

red blood cells or internal haemorrhage 

thus, leading to elevated bilirubin level 

(prehepatic jaundice) since bilirubin is an 

intermediate product in heam (either from 

haemoglobin or myoglobin) breakdown in 

the liver. 
[30]

 This is in agreement with the 

commonly accepted view that serum levels 

of transaminases, bilirubin and serum total 

proteins returned back to normalcy with the 

healing of hepatic parenchyma cells which 

lead to the regeneration of hepatocytes. 
[31]

 

Creatinine is a break down waste 

product formed in the muscle by creatine 

phosphate metabolism. Creatine is 

synthesized in the liver, passes into the 

circulation and is taken up almost entirely 

skeletal muscle for energy production. 

Creatinine retention in the blood is evidence 

of kidney impairment. Urea is the main end 

product of protein catabolism. Amino acid 

deamination takes place in the liver, which 

is also the site of urea cycle, where 

ammonia is converted into urea and 

excreted through urine. 
[32]

 It represents 

90% of the total urinary nitrogen excretion. 

Urea varies directly with protein intake and 

inversely with the rate of excretion. From 

the present study, it is evident that 

significant elevation in serum creatinine 

levels can be attributed to the damaged of 

nephron structural integrity. 
[33]

 However, 

the significant reduction in urea and 

creatinine levels in the normal control group 

can be attributed to the curative properties 

of the leaf and stem bark methanol extracts, 

of Diospyros mespiliformis on the 

glomerular and tubular cells which may 

improve renal function in kidney disease. 
[34]

 The mechanism of inhibition exhibited 

competitive and non-competitive patterns 

with Ki values of 2.65M and 0.174M in the 

leaf and stem bark methanol extracts 

respectively.  

 

CONCLUSION 

The results showed that, Diospyros 

mespiliformis leaf and stem bark methanol 

extracts possess antimalarial activity. This 

has scientifically validated the traditional 
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use of Diospyros mespiliformis in the 

management and treatment of malaria.  
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