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ABSTRACT 
The antitrypanosomal efficacy of Alstonia boonei and its combination with diminazene 
aceturate was assessed using mice experimentally infected with Trypanosoma brucei. An acute 
toxicity test to determine the lethal dose of the aqueous extract was carried out. Adult mice 
(126) of either sex were used. The study was conducted in three experiments each using 36 
mice divided into 6 groups of 6 mice each. Group 1 was uninfected control while groups 2 to 6 
were inoculated intraperitoneally with 1 x 106 trypanosomes. In experiment 1, mice in groups 
3 to 6 were treated respectively, with 40, 80, 160 and 320 mg/kg body weight of the extract 
while group 2 was untreated. In experiment 2, groups 5 and 6 were treated with 3.5 and 7 
mg/kg body weight of diminazene aceturate respectively. In experiment 3, combinations of 
diminazene aceturate and A. boonei at doses of 3.5 + 80 mg/kg and 7 + 40 mg/kg respectively, 
were administered. Parasitaemia, body weight and packed cell volume were monitored. 
Significant reductions in parasitaemia were achieved in A. boonei extract treated mice when 
compared with control. Diminazene aceturate (7 mg/kg) cleared blood parasites 24 to 48 h post 
treatment. Combination of A. boonei and diminazene aceturate cleared parasites from blood 
of treated mice without relapse. Combination of diminazene aceturate with A. boonei in 
treatment of trypanosome infection of mice appeared to improve the outcome of treatment. 
 

Keywords: Alstonia boonei, Diminazene aceturate, Trypanosoma brucei, Mice, Combination 
therapy. 

 
================================================================ 

 
INTRODUCTION 
Trypanosomosis is a parasitic disease caused by species of flagellated protozoan parasites belonging to 
the genus Trypanosoma, which inhabit blood plasma and various body tissues and fluids of hosts [1]. The 
disease is transmitted mainly by tsetse flies (Glossina spp). Important trypanosome species that cause 
disease in livestock include Trypanosoma brucei, T. vivax, T. congolense, T. simiae and T. evansi .  
The disease is generally an acute to chronic infection characterized by anaemia, weight loss, reduced milk 
yield, impairment of immune function, reproductive disorders and death if appropriate treatment is not 
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instituted [2]. Animal trypanosomosis is rated the most devastating and widespread disease in Africa 
retarding the growth of the livestock industry in a third of the continent [3]. 
 
Use of trypanocidal drugs such as diminazene aceturate, isometamidium chloride and homidium salts is 
the principal method of control for animal trypanosomosis in most African countries, in the absence of a 
vaccine against the disease [4]. These drugs have been in use for decades with no new trypanocides being 
introduced to replace them [5]. In the past 35 years, only cymelarsan and eflornithine are new 
commercially available trypanocides [6]. The former is licensed for use in camel and buffalo 
trypanosomosis caused by T. evansi while the latter is associated with toxicity and prohibitive cost. The 
prolonged use and misuse of the few available trypanocides have resulted in the emergence of drug-
resistant parasites [5] which is a serious problem in the control of trypanosomosis. 
 
In an attempt to discover more effective, less toxic and cheaper trypanocides, research interest in plants 
for their antitrypanosomal activities is currently gaining prominence [7, 8, 9]. For instance, aqueous 
extracts of Acalypha hispida leaves, Alstonia boonei bark, Annona senegalensis root, Morinda lucida 
leaves and Picralima nitida seeds have been tested for their in vivo trypanocidal activity in rodents 
infected with Trypanosoma brucei [10, 11, 12] and were found to possess some antitrypanosomal 
potentials. Nweze et al [13] showed that crude ethanolic extracts of Buchholzia coriacea exhibited 
antitrypanosomal activity against T. brucei but not T. congolense in experimental infection in mice. 
Alstonia boonei De wild is a large deciduous evergreen tree belonging to the family Apocyanaceae and is 
widely distributed in the continents of Africa, Asia and America [14]. Alstonia boonei is known as ‘Egbu-
ora’ in Igbo language. The stem bark has been reported to possess anti-inflammatory, analgesic and 
antipyretic activities [15]. The trypanocidal activity of A. boonei has been investigated and its stem bark 
decoction reduced the level of parasitaemia in mice suffering from trypanosomosis [16]. 
    
The use of increased dosages, sanative pairs and combination therapy has been proposed as a rational 
strategy for optimizing the usefulness of the relatively old and existing trypanocides [17]. The efficacy of 
combination therapy lies in the synergistic effects of the drugs. In this work, A. boonei extract was 
combined with diminazene aceturate to see if there will be improved antitrypanosomal efficacy in mice 
experimentally infected with T. brucei. 
 
MATERIALS AND METHODS 
Experimental animals 
One hundred and twenty-six (126) out-bred albino mice of either sexes with an average weight of 16 g 
were used for the study. They were obtained from the Laboratory Animals Unit of the Department of 
Veterinary Medicine, University of Nigeria, Nsukka and kept in clean cages in a fly-proof animal house. 
They were allowed 14 days to acclimatize to their new environ before the commencement of the 
experiments. Feed (pelleted grower’s mash) and water were provided ad libitum. Blood samples were 
collected from the median canthus of the eyes and screened for the presence of trypanosomes. 
 
Trypanosomes 
Trypanosoma brucei used was a field strain originally isolated from a pig presented for slaughter at the 
Nsukka Municipal Abattoir. The parasites were maintained in laboratory mice from where experimental 
animals were first inoculated. The parasites were identified in the Department of Veterinary Parasitology 
and Entomology, University of Nigeria, Nsukka using their morphological characteristics [18]. 
 
Collection of plant materials 
Stem barks were cut from Alstonia boonei tree at Owerre-Eze Orba in Udenu Local Government Area of 
Enugu State, Nigeria. Samples of the stem bark and branches of the tree were taken to the International 
Centre for Ethnomedicine and Drug Development (Inter CEDD) Aku Road, Nsukka where they were 
identified and authenticated. 
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Extraction of stem bark 
Dried stem barks of A. boonei were ground to a coarse powder using a milling machine. The coarse 
powder was sieved to obtain fine powder that was soaked in distilled water for 48 hours and filtered with 
Whatman filter paper to obtain an amber-coloured frothy filtrate with a characteristic pleasant odour. The 
concentration of the filtrate was determined by placing 1 ml on a previously weighed clean watch glass 
and evaporating it to a constant weight. The difference in the weight of the watch glass was taken as the 
concentration of the extract per mL 
 
Acute toxicity test 
Acute toxicity test was performed according to Miller and Gregory [19]. Eighteen mice were randomly 
allotted into 6 groups (1 – 6) of 3 mice each. Six different doses (5000, 2500, 1250, 625, 312.5 and 
156.25 mg/kg) were respectively administered intraperitoneally (i.p.) to the six groups and then observed 
for signs of toxicity during a period of 48 hours. Percentage mortality was computed and plotted against 
the log dose of the extract to determine the lethal dose (LD50). 
 
Experimental design 
Thirty-six mice each were used for the three experiments. Experiment 1 studied the effect of 
administering graded doses (40, 80, 160 and 320 mg/kg body weight) of A. boonei for 3 consecutive days, 
starting from day 6 PI, in mice experimentally infected with T. brucei. Experiment 2 studied the effect of 
single treatment with different doses of diminazene aceturate (3.5 and 7 mg/kg body weight) from day 6 
PI in mice experimentally infected with T. brucei while experiment 3 was on the combined effects of A. 
boonei and diminazene aceturate, at the stated dose regimens above (3.5 + 160 mg/kg and 7.0 + 320 
mg/kg), on T.brucei infection in mice. Parameters used to assess therapeutic efficacy were parasitaemia, 
packed cell volume (PCV), live body weight and mortality rate. 
 
Parasitaemia was monitored daily by examination of tail blood by wet mount and buffy coat methods 
[20]. Levels of parasitaemia were estimated using the rapid matching method [21]. The mice were 
weighed using an electronic weighing balance. The microhaematocrit centrifugation method was used for 
the determination of the PCV [22]. 
 
Statistical analysis 
Data generated were analyzed by one-way analysis of variance (ANOVA) using the SPSS software 
package. Variant means were separated using Duncan’s multiple range tests. Significance was accepted at 
5 % level of probability. 
 
RESULTS 
An LD50 value of 668.5 mg/kg body weight was obtained for A. boonei in mice.  
The results of parasitaemia in mice treated with the extract alone are presented in Table 1. Parasitaemia 
was first detected in the infected mice between 2 and 6 days post infection (pi). Parasitaemia was 
sustained in infected mice with mortality of 66.7 % by day 28 pi in infected untreated control group. 
Following treatment with the aqueous extract of A. boonei, there was a relative but varied clearance of 
parasites (aparasitaemia) from the blood of treated mice up to 8 days pi when parasite clearance was 100, 
83, 67 and 50 % in the groups treated with 0.9 mg/kg, 1.8 mg/kg of the extract or 3.5 mg/kg and 7.0 
mg/kg of diminazene aceturate respectively (Table 1). Mortality was 67, 67, 50, 67 and 83 % in the 
infected/untreated group and those treated with 0.9 mg/kg, 1.8 mg/kg of the extract and with diminazene 
aceturate at 3.5 mg/kg and 7.0 mg/kg respectively, by day 28 PI. 
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Table 1: Parasitaemia of T. brucei infected mice treated with varying doses of A. boonei extract and diminazene aceturate 
_______________________________________________________________________________________________________________ 
Days  Experimental groups 

_________________________________________________________________________________________________ 
post infection Uninf/unt Inf/unt  Inf/ext40 Inf/ext 80 inf/ext160 inf/ext320 inf/da3.5 inf/da7 
_____________________________________________________________________________________________________________________ 
0  0/6  0/6  0/6  0/6  0/6  0/6  0/6  0/6 
2  0/6  0/6  0/6  0/6  0/6  1/6  0/6  0/6 
3  0/6  3/6  2/6  2/6  4/6  4/6  0/6  1/6 
6*  0/6  6/6  6/6  6/6  6/6  6/6  0/6  2/6 
7  0/6  5/5  3/6  5/6  5/6  4/6  4/6  4/6 
8  0/6  5/5  0/6  1/6  2/6  3/6  4/6  4/6 
9  0/6  5/5  4/6  2/6  3/5  3/6  4/6  4/6 
10  0/6  5/5  5/6  5/6  3/4  5/6  0/6  0/6 
11  0/6  5/5  6/6  3/6  3/4  3/6  0/6  0/6 
12  0/6  5/5  5/6  3/6  3/4  6/6  0/6  0/6 
15  0/6  5/5  6/6  5/6  4/4  5/5  1/6  0/6 
16  0/6  5/5  6/6  5/6  4/4  5/5  0/6  0/6 
17  0/6  5/5  5/6  5/5  4/4  4/4  0/6  0/6 
20  0/6  4/4  4/6  4/4  2/2  4/4  1/6  0/6 
23  0/6  3/3  4/6  4/4  2/2  3/3  1/6  0/6 
28  0/6  2/2  2/6  3/3  2/2  1/1  1/6  1/6 
_____________________________________________________________________________________________________________________ 
* Commencement of treatment; Numerator = number of infected mice with parasitaemia; Denominator = total number of mice in a group.
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On the other hand, following treatment with diminazene aceturate parasites were cleared from the blood 
by 10 days pi in the 3.5 and 7 mg/kg body weight groups. There was no mortality in the group treated 
with diaminazene aceturate at 3.5 mg/kg while a mortality of 16.7 0 % was recorded in the 7.0 mg/kg 
treatment group. 
 
The results of parasitaemia in mice treated with the combination of A. boonei extract and diminazene 
aceturate are presented in Table 2. Parasites were cleared from blood of all treated mice by 9 and 8 days 
pi in the groups treated with 3.5 mg/kg diminazene + 80 mg/kg extract and 7.0 mg/kg diminazene + 40 
mg/kg extract respectively. No relapse parasitaemia was recorded within the 28 days observation period 
in surviving animals for all groups but mortalities of 50 and 66.7 % occurred in groups treated with 3.5 
mg/k Diminazene + 80 mg/kg extract and 7.0 mg/kg diminazene + 40 mg/kg extract respectively. 
 
The results of PCV are presented in Tables 3 and 4. The PCV of the infected untreated mice was 
significantly (p<0.05) lower than that of the control by day 14 pi. Following treatment with A. boonei, no 
significant (p>0.05) difference occurred between PCV of uninfected and treated groups by day 14 pi 
except in group treated with 160 mg/kg of the extract that had a significantly (p<0.05) lower PCV. From 
21 to 28 days pi, PCV was significantly (p<0.05) lower in extract treated groups compared to the 
uninfected/untreated control. Treatment with diminazene aceturate alone resulted in significant (p<0.05) 
improvement in PCV of mice on day 14 pi which was comparable to that of control by day 21 pi (Table 
3). After treatment with combination of extract and diminazene aceturate no significant (p>0.05) 
difference in PCV was detected on day 14 pi between the groups. On day 28 pi, PCV was significantly 
(p<0.05) lower in the infected/untreated groups and that treated with diminazene aceturate at 3.5 mg/kg 
but was not significantly (p>0.05) different in the other treatment groups when compared with the 
uninfected/untreated control. 
 
Tables 5 and 6 show the mean body weight, respectively, of infected mice treated with A. boonei alone 
and combinations of diminazene aceturate plus A. boonei. Following treatment with A. boonei extract, 
there was no significant (p>0.05) difference in mean body weight of all the groups. Also, after treatment 
with combinations of A. boonei and DA, body weights were similar in all groups except that it was 
significantly (p<0.05) lower in group 2 when compared to group 6 on day 21 pi (Table 6). 
 
DISCUSSION  
Parasitaemia with T. brucei infection was established 2 to 6 days post inoculation. The infections had 
relatively short prepatent periods and ran acute courses with parasitaemia terminating in death of infected 
mice. These findings agree with the report of Kubata et al. [23] who reported a similar prepatent period of 
2 days and others [5, 24, 25] who reported a prepatent period of 3 to 8 days. Immune status of animals, 
infective dose and parasite strains [23] may be responsible for length of prepatent period. 
 
Trypanocidal effects were observed as significant reductions in parasitaemia on administration of aqueous 
extract of A. boonei at the tested doses. For unknown reasons, perhaps toxicity, duration of parasite 
clearance was inversely proportional to the dose. At 40 mg/kg body weight, time of parasite clearance 
was shortest while at 320 mg/kg body weight, it was longest. Mortality rate of 50 – 83 % in treated mice 
was comparable to that of the infected untreated control (67 %). 
 
Treatment with diminazene aceturate alone eliminated the parasites in a dose-dependent manner. The 
combinations of extract and diminazene aceturate appeared to produce some trypanocidal action as there 
were no post treatment relapses within the 28 day experimental period. This could be due to the combined 
trypanocidal activities of diminazene aceturate and A. boonei. However, higher mortalities (33.3 – 66.7 
%) occurred in treated groups when compared with the infected untreated control. 
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Table 3: Mean packed cell volumes (%) ± SE of T. brucei infected mice treated with A. boonei extract and diminazene aceturate 
_____________________________________________________________________________________________________________________ 
Days       Experimental groups 

_______________________________________________________________________________________________________ 
 Control Control Extract  Extract  Extract  Extract   Da  Da  
 Uninf/unt Inf/unt  Inf/40 mg/kg Inf/80  mg/kg inf/ 160 mg/kg inf/320 mg/kg inf/3.5 mg/kg inf/7.0 mg/kg 
_____________________________________________________________________________________________________________________ 
0 49.3a ± 1.58 50.3a ± 1.38 51.5a ± 0.89 50.8a ± 1.25 50a ± 1.37 51.67a ± 2.03 45a ± 2.35 46.67a ± 0.88 
7 36.3a ± 2.59 36.6a ± 2.06 34.2a ± 2.34 33.2a ± 1.14 33.3a ± 3.69 39.5a ± 1.52 42.5a ± 1.03 42.5a ± 1.57 
14 35.2a ± 2.30 26b ± 1.48 32.7ab ± 2.60 32.8ab ± 1.22 29.0bc ± 1.58 32.3ab ± 1.28 46.75b ± 1.8 49.4bc ± 2.11 
21 40.2a ± 2.04 29.6bc ± 1.33 31.7bc ± 1.89 33.8b ± 1.30 29.3bc ± 1.60 28.2c ± 1.77 49.8c ± 2.04 44.8bc ± 1.39 
28 41.7a ± 0.84 32.5b ± 0.50 29.0b ± 2.17 31.5b ± 2.02 35.5ab ± 2.50 28.7b ± 2.96  
_____________________________________________________________________________________________________________________ 
abcMeans with different superscripts in the same row are significantly difference (p<0.05); Da = Diminazene aceturate. 
 
 
 
 
Table 4: Mean packed cell volumes (%) ± SE of T. brucei infected mice treated with combinations of diminazene aceturate and A. boonei 
extract 
_____________________________________________________________________________________________________________ 
Days  Experimental groups 

________________________________________________________________________________________________ 
  Uninfected/untreated  Infected/untreated 80 mgAb+3.5 Da mg/kg 40 extract+7.0 Da mg/kg 
____________________________________________________________________________________________________________ 
0  49.3a ± 1.58   53.2a ± 1.66  54.7a ± 2.48   52.0a ± 0.93 
7  36.3a ± 2.59   41.0b ± 1.38  39.8ab ± 1.99   42.3b ± 2.06 
14  35.2a ± 2.30   32.6a ± 1.08  33.0a ± 1.79   33.8a ± 1.72 
21  40.2a ± 2.04   32.2b ± 1.20  33.8ab ± 1.62   37.3ab ± 2.75 
28  41.7a ± 0.84   33.0bc ± 1.68  29.3c ± 1.86   36.0ab ± 0.00  
____________________________________________________________________________________________________________ 
Ab = A. boonei; Da = Diminazene aceturate; abcMeans with different superscripts in the same row are significantly difference (p<0.05) 
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Table 5. Mean body weight (g) ± SE of T. brucei infected mice treated with various doses of A. boonei extract or diaminazene aceturate. 
_____________________________________________________________________________________________________________________ 
Days       Experimental groups 

________________________________________________________________________________________________________ 
 Control Control Extract  Extract  Extract  Extract   Da  Da  
 Uninf/unt Inf/unt  Inf/40  mg/kg Inf/80  mg/kg inf /160 mg/kg inf/320 mg/kg inf/3.5 mg/kg inf/7.0 mg/kg 
_____________________________________________________________________________________________________________________ 
0 24.8a ± 1.99 28.8a ± 1.87 25.2a ± 2.06 27.0a ± 1.66 25.6a ± 2.24 27.0a ± 1.66 22.8 ± 1.05 22.0 ± 1.28 
7 25.7ab ± 2.40 31.6c ± 1.96 26.7abc ± 0.47 31.2bc ± 1.31 24.9a ± 1.98 29.2abc ± 1.84 23.6 ± 1.50 22.4 ± 1.25 
14 25.9a ± 2.47 31.3a ± 2.13 26.8a ± 1.91 30.1a ± 1.49 25.8a ± 2.78 27.1a ± 1.65 23.7 ± 1.52 23.0 ± 1.45 
21 25.2a ± 2.35 30.9a ± 2.16 23.4a ± 2.33 27.9a ± 1.48 26.0a ± 3.26 28.0a ± 1.41 23.1ab ± 1.21 20.9a ± 1.70 
28 24.0a ± 2.10 32.1a ± 2.10 24.6a ± 2.06 24.1a ± 2.03 30.8a ± 5.30 24.3a ± 2.8 21.2 ± 1.67 23.0 ± 1.55 
_____________________________________________________________________________________________________________________ 
abcMeans with different superscripts in the same row are significantly difference (p<0.05); Da = Diminazene aceturate. 
 
 
 
 
 
Table 6. Mean body weights (g) ± SE of T. brucei infected mice treated with combinations of diminazene aceturate and A. boonei extract 
_________________________________________________________________________________________________________________ 
Days  Experimental groups 

___________________________________________________________________________________________________ 
  Uninfected/untreated  Infected/untreated 80 mgAb+3.5 Da mg/kg 40 extract+7.0 Da mg/kg 
____________________________________________________________________________________________________________ 
0  24.8 ± 2.00   25.3 ± 1.74  22.8 ± 1.05   22.0 ± 1.28 
7  25.7 ± 2.40   27.4 ± 2.00  23.6 ± 1.50   22.4 ± 1.25 
14  25.9 ± 2.47   27.4 ± 2.03  23.7 ± 1.52   23.0 ± 1.45 
21  25.2ab ± 2.35   27.1b ± 2.53  23.1ab ± 1.21   20.9a ± 1.70 
28  24.0 ± 2.01   24.4 ± 3.14  21.2 ± 1.67   23.0 ± 1.55  
____________________________________________________________________________________________________________ 
Ab = A. boonei; Da = Diminazene aceturate; abcMeans with different superscripts in the same row are significantly difference (p<0.05). 
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Treatment with diminazene aceturate alone eliminated the parasites in a dose-dependent manner. The 
combinations of extract and diminazene aceturate appeared to produce some trypanocidal action as there 
were no post treatment relapses within the 28 day experimental period. This could be due to the combined 
trypanocidal activities of diminazene aceturate and A. boonei. However, higher mortalities (33.3 – 66.7 
%) occurred in treated groups when compared with the infected untreated control. 
 
Trypanosoma brucei infection resulted in significant (p<0.05) progressive reduction in PCV of infected 
mice from day 14 PI. This steady decline in PCV is an indication of anaemia. This finding is similar to 
those of other workers [26, 27, 28, 29, 30]. Anaemia is a consistent finding in trypanosomosis and has 
been attributed to accelerated destruction of red blood cells through phagocytosis by activated 
macrophages [31, 32]. 
 
Administration of A. boonei significantly (p<0.05) improved PCV to the level of the uninfected control by 
day 8 post treatment but was not sustained probably due to recrudescence of parasitaemia after initial 
reduction. Treatment with diminazene aceturate alone, improved PCV significantly (p<0.05) up to the 
level of the uninfected control group. This was due to the trypanolytic effect of diminazene aceturate. 
Combinations of diminazene aceturate and A. boonei extract at levels of 7 mg/kg DA + 40 mg/kg extract 
and 3.5 mg/kg DA + 80 mg/kg extract improved PCV to the level of the control. The observed red blood 
cell improvement was clearly superior to that of extract treatment alone but was similar to that of 
diminazene treatment. This improvement in PCV recorded was due to clearance of parasites in blood by 
these combinations. 
 
 Administration of aqueous extract of A. boonei did not lead to any significant variations in body weights 
of mice perhaps because the infection ran an acute course. In conclusion, combination of aqueous stem 
bark extract of A. boonei with diminazene aceturate cleared parasitaemia within the 28 day experimental 
period without relapse in T. brucei infected mice.  
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