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ABSTRACT
This study investigated the haematological and biochemical changes associated with a 
combination therapy of artemether and diminazene aceturate on experimental Trypanosoma 
brucei infection in albino rats. Thirty five male albino rats were used for the study. The groupings 
and their specific treatments were as follows: Group A- infected and treated with diminazene 
aceturate (DA) at the dose of 7.0 mg/kg body weight (bw) once on day 7 post-infection (pi); Group B 
– infected and treated with artemether (AM) at the dose of 3.2 mg/kg bw on day 7pi and 1.6mg/kg 
bw on days 8,9,10 and 11pi; Group C – infected and treated with DA at the dose of 7.0 mg/kg bw 
once on day 7pi and AM  at the doses of 3.2 mg/kg bw on day 7pi plus 1.6mg/kg bw on days 8,9,10 
and 11pi; Group D – infected and treated with DA at the dose of 3.5mg/kg bw once on day 7pi and 
AM at the doses of 3.2 mg/kg bw on day 7pi and 1.6mg/kg bw on days 8,9,10 and 11pi; Group E 
–infected and treated with DA at the dose of 1.75mg/kg bw once on day 7pi and AM at 3.2mg/kg bw 
on day 7pi and 1.6mg/kg bw on days 8,9,10 and 11pi; Group F – infected, untreated and Group G – 
uninfected, untreated. Red blood cell (RBC) counts, haemoglobin concentration (HBC) packed cell 
volume (PVC) total white blood cell (TWBC) counts, serum alanine amino-transferase (ALT) 
aspartate amino-transferase (AST), alkaline phosphate (ALP), urea and creatinine were assayed at 
specified intervals during the 70-day experimental period. Infection with trypanosomes led to 
decrease in erythrocytic parameters and TWBC counts, and elevations in serum ALT, AST, urea and 
creatinine which were reversed by treatment in rats in groups A and D but not in groups B, C and E. 
It was concluded that a combination of DA (3.5mg/kg bw once) and AM (3.2 mg/kg bw on day 1 of 
treatment and 1.6 mg/kg bw for 4 consecutive days) was able to reverse all haematologic and 
biochemical changes in trypanosomes-infected rats at rate comparable to the standard diminazene 
aceturate dose of 7mg/kg. It was concluded that the combination of 3.5 mg/kg of diminazene 
aceturate with artemether as used in group D may constitute an effective treatment regimen to 
reduce the occurrence of toxicity and resistance.
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Trypanosomosis is a haemoparasitic 

infection of man and animals, caused by 

trypanosome parasites belonging to the 

genus Trypanosoma [1]. Its transmission 

can be mechanical, when the parasite is 

transferred directly from an infected host to 

another without undergoing further 

development in the vector [2] or cyclical, 

when the parasite develops in the digestive 

tract of the vector [3].

Diminazene aceturate is a diamidine 

compound recommended for use as a 

t h e r a p e u t i c  a g e n t  a g a i n s t  a n i m a l 

t rypanosomosis .  I t  has  been  used 

s u c c e s s f u l l y  i n  t h e  t r e a t m e n t  o f 

trypanosomosis of dogs and livestock [8]. 

However, several cases of toxicity have 

been associated with its administration in 

animals [9] and the parasite is also fast 

developing resistance to the drug [10]. 

Combination chemotherapy appears the 

only way out of the present challenge in the 

absence of new drugs against the disease 

[11].

INTRODUCTION

A lot of pathological changes are associated 

with trypanosomosis in man and animals 

but, the severity of these changes, are related 

to the strain of the invading parasites and 

response of the host animal [4, 5]. Among 

the changes associated with trypanosomosis 

are alterations in the physiology of the host 

a n i m a l  c l i n i c a l l y  m a n i f e s t i n g  a s 

haematological and biochemical changes in 

the body system of the infected animal [6]. 

Reversal of these parameters to normal 

values are part of the signs of recovery by 

the infected animal [7].

Artemether, a derivative of artemisinin is an 

isolate from Artemisia anua which has been 

used effectively against malaria parasites 

the world over [12]. It inhibits protein and 

nucleic acid synthesis in plasmodium 

parasites resulting in high schizontocidal 

action against the blood forms of the 

parasite [13]. Artemether has been reported 

to reduce the motility of trypanosomes in-

vitro, as well as days of aparasitaemia after 

in-vivo administration in trypanosomes 

infected mice [14].

MATERIALS AND METHODS

Experimental Animals

Thirty-five adult male albino rats weighing 

between 150 and 250 grams were procured 

from the Zoology Department of the 

University of Nigeria, Nsukka and used for 

the study. The rats were housed in the 

Animal House of the Department of 

Veterinary Physiology and Pharmacology, 

University of Nigeria, Nsukka and allowed 

to acclimatize for 7 days before the 

commencement of the study. They were fed 

on pelleted commercial feed (Grand Cereals 

Limited Jos, Nigeria) from Grand Cereals 

Limited throughout the period of the 

experiment and provided with clean 

drinking water,ad libitum.

Presently, there is little or no information on 

a combination therapy of artemether and 

diminazene in animal trypanosomosis 

hence this study which investigated the 

haematological and biochemical changes 

associated with a combination therapy of 

artemether and diminazene aceturate on 

exper imenta l  Trypanosoma brucei 

infection in rats.
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Infection of Experimental Animal

Trypanosome parasites

Experimental Design

Drugs

Group A:  Infected and treated with 

Diminazene aceturate at dose of 7.0mg/kg 

body weight once on day 7 post infection.

Trypanosomes for infection of the 

experimental animals were suspended in 
5

normal saline and 1.25 x 10  trypanosomes 

were used to infect each experimental rat in 

the infected groups through the intra-

peritoneal route. The trypanosomes were 

quantified using the rapid matching method 

of Herbert and Lumsden [16].

Trypanosoma brucei used in the experiment 

was  obta ined f rom the  Veter inary 

Parasitology Department of the University 

of Nigeria, Nsukka. The parasite was 

ident ified using i ts  morphological 

characteristics on a Giemsa stained thin 

blood film preparation [15].

The 35 male adult albino rats were weighed 

and randomly assigned to seven groups (A – 

G) of five rats each, as follows;

Group B:-   Infected and treated with 

Artemether  at the dose of 3.2 mg/kg on day 

7 post-infection and at the dose of 1.6mg/kg 

body weight on days 8, 9, 10 and 11 post 

infection.

RArtemether injection (Pauco ) (Jin Ling 

Pharmaceutical, China), and diminazene 
R

a c e t u r a t e  ( D i m i n a z e )  ( PA N T E X 

HOLLAND) were used in this experiment.
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Group F:    Infected and Untreated

Group E:-   Infected and treated with a 

combination of Diminazene aceturate at the 

dose of 1.75mg/kg body weight on day 7 

post-infection and Artemether  at 3.2mg/kg 

body weight on day 7 post-infection and at a 

dose of 1.6mg/kg body weight for the 

following 4 days.

Group C:-   Infected and treated with a 

combination of Diminazene aceturate at the 

dose of 7.0mg / kg body weight once  on day 

7 post- infection, and Artemether  at the dose 

of 3.2mg/kg body weight on day 7 post-

infection and 1.6 mg /kg daily for the  

following 4 days.

Group D:-   Infected and treated with a 

combination of Diminazene aceturate at the 

dose of 3.5mg/kg body weight once on day 7 

post-infection and Artemether at a dose of 

3.2mg per kg body weight on day 7 post- 

infection and 1.6mg/kg body weight for the 

following 4 days.

Group G:    Uninfected; Untreated

Blood Collection

Blood for haematological and biochemical 

tests were collected from the retro-bulblar 

plexus of the medial canthus of the eye into a 

sample bottle containing ethylene diamine 

tetra-acetic acid (EDTA).

Blood was also collected from the tail vein 

of the rats for determination of onset, level 

and clearance of parasitaemia.
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Parasitaemia* in rats infected with Trypanosoma brucei and treated with 

a combination of artemether and diminazene aceturate

Days post infection GROUPS

A B C D E F

1 0/5 0/5 0/5 0/5 0/5 0/5 0/5

2 0/5 0/5 0/5 0/5 0/5 0/5 0/5

3 3/5 0/5 3/5 4/5 2/5 0/5 0/5

4 5/5 5/5 5/5 5/5 5/5 5/5 0/5

5 5/5 5/5 5/5 5/5 5/5 5/5 0/5

6 5/5 5/5 5/5 5/5 5/5 5/5 0/5

7+ 5/5 5/5 5/5 5/5 5/5 5/5 0/5

8

 

4/5

 

5/5

 

5/5

 

4/5

 

5/5 5/5 0/5

9

 

0/5

 

5/5

 

0/5

 

0/5

 

0/5 5/5 0/5

10

 

0/5

 

5/5

 

0/5

 

0/5

 

0/5 5/5 0/5

11

 

0/5

 

All Dead

 

0/5

 

0/5

 

0/5 4/4 0/5

12

 

0/5

 

All Dead

 

0/5

 

0/5

 

0/5 4/4 0/5

13

 

0/5

 

All Dead

 

0/5

 

0/5

 

0/5 3/3 0/5

14

 

0/5

 

All Dead

 

0/5

 

0/5

 

0/5 All Dead 0/5

28

 

0/5

 

All Dead

 

0/5

 

0/5

 

3/5 All Dead 0/5

42

 

0/5

 

All Dead

 

1/5

 

0/5

 

5/5 All Dead 0/5

56

 

0/5

 

All Dead

 

3/5

 

0/5

 

4/4 All Dead 0/5

70

 

0/5

 

All Dead

 

3/5

 

0/5

 

All Dead All Dead 0/5

 

+ Commencement of treatment 

 

* Number of parasitaemic animal in the group/total number of animals in the group 

A – Infected, treated with DA (7.0mg/kg), B – 
infected, treated with AM , C – infected, 
treated with AM and DA (7.0mg/kg) D – 
infected,  treated with  AM and DA 
(3.5mg/kg) E. Infected, treated with AM and 
DA (1.75mg/kg), F – infected, untreated, G – 
uninfected, untreated.

Haematological tests were conducted on 
samples to determine RBC count, haemoglobin 
concentration, PCV, total white blood cell 
count, at fortnightly.

Finally, serum from the blood was used to 
d e t e r m i n e  t h e  l e v e l s  o f  a l a n i n e 
a m i n o t r a n s f e r a s e  ( A LT ) ,  a s p e r t a t e 

Parameters Monitored

aminotransferase (AST), alkaline phosphatase 
(ALP), urea and creatinine. 

Haematological Techniques
The total RBC and WBC count were done by 
the haemocytometer method, using the 
improved Neubauer Counting Chamber [17]. 
The PCV was determined by microhaematocrit 
method [18].

Haemoglobin concentration was determined 
b y  t h e  c y a n o m e t h a e m o g l o b i n 
spectrophotometric method as described by 
Coles [17].
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Statistical Analysis

d. S e r u m  c r e a t i n i n e  l e v e l s  w e r e 
determined following the modified Jaffe 
method [22]

c. Serum urea levels were determined 
following the modified Berthelot- Searcy 
method [21].

The Red Blood Cell Counts 

RESULTS

The results of the red blood cell (RBC) counts 
are presented in Table1.  Values of red blood 
cell count decreased in rats in groups 
A,B,C,D,E and F after day zero. There was 
significant (p<0.05) reduction in RBC counts of 
groups A,B,C,D,E and F when compared to that 
of rats in Group G on day 7 post-infection. 
There was no significant difference among the 
RBC counts of rats in Groups G,A,C,D and E 
from day 14 to day 42 post infection. The mean 
RBC counts of rats in Group E was significantly 
lower (p<0.05) than those of Groups G,A,C and 
D on day 56 post infection. The RBC counts of 
rats in Groups G, A and D were significantly 
higher than those of Group C rats on day 70 

One way analysis of variance (ANOVA) and 
Duncan's post hoc were applied in the analysis 
of data.  Results were presented as means and 
standard errors of the parameters, in tables, 
graphs. Values of P<0.05 were considered as 
statistically significant. 

Biochemical Techniques
Serum harvested from blood was used to 
determine the fol lowing biochemical 
parameters:
a. Serum alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) 
activitieswere determined by the Reitman – 
Frankel colorimetric method [19].

b. Serum alkaline phosphatase activity 
was determined following the phenolphthalein 
monophosphate method [20]. 
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post-infection. All the rats in groups B and F 
died before day 14 while all the rats in group E 
died before day 70.

Results of the haemoglobin (HB) concentration 
are presented in Table 2. Values of haemoglobin 
concentration decreased in rats in groups 
A,B,C,D,E, and F.  The mean HB of rats in 
Groups A,B,C,D,E and F on day 7 post-
infection were significantly lower than that of 
Group G rats. There was no significant 
difference in the HB of rats in Groups A,C,D,E 
and G between day 14 and 42 of the experiment. 
The mean HB of rats in Groups C and E did not 
vary significantly on day 56 post infection but 
were significantly lower than that of Groups G, 
A, and D. The mean HB of rats in Groups A,D 
and G on day 70 post infection were 
significantly higher than that of Group C rats. 
All the rats in groups B and F died before day 14 
while all the rats in group E died before day 70.

The Haemoglobin Concentration  

The results of the packed cell volume (PVC) are 
presented in Table 3. Values of the packed cell 
volume decreased in rats in groups A,B,C,D,E 
and F. The mean PCV of rats in Groups 
A,B,C,D,E, and F were significantly lower than 
that of Group G rats on day 7 post-infection. 
There was no significant difference among the 
PCV of rats in Groups A,C,D and E on day 14 
post infection. On day 28, the mean PCV of 
Groups G, A, D, and C rats were significantly 
higher (p<0.05) than that of Group E rats.  On 
day 42 post infection the mean PCV of rats in 
Groups G, A, and D were significantly higher 
(p<0.05) than those of Groups C and E. On day 
56 post infection, the mean PCV of rats in 
Group G was significantly higher (p<0.05) than 
those of Groups A,C,D and E. There were no 
significant differences (p>0.05) between 
Groups C and E as well as between Groups A 
and D on day 56 post infection. The mean PCV 
of rats in Groups A and D were significantly 
higher (p<0.05) than those of Groups C and E 
on day 56 post infection. On day 70 post-

Packed Cell Volume 
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T h e  r e s u l t s  o f  t h e  m e a n  a l a n i n e 
aminotransferase (ALT) activity of rats are 
presented in Table 5. Values of Alanine 
Aminotrasferase increased in rats in groups 
A,B,C,D,E, and F after day zero. The mean ALT 
of rats in Groups A,B,C,D,E and F on day 7 post 
infection did not vary significantly but were 
significantly higher (P<0.05) than that of Group 
G. On day 56 post infection, the mean ALT of 
rats in Group E was significantly higher 
(P<0.05) than those of rats in Groups G,A,D and 

Alanine Aminotransferase 

infection, the mean PCV of rats in Group G was 
significantly higher (p<0.05) than that of 
Groups A, C and D. All the rats in groups B and 
F died before day 14 while all the rats in group E 
died before day 70.

The White Blood Cell Counts 
The results of the white blood cell (WBC) 
counts are presented in Table 4. Values of WBC 
count decreased in rats in groups A,B,C,D,E, 
and F after day zero. The mean WBC counts of 
rats in Groups A, B, C, D, E and F were 
significantly lower than that of Group G rats on 
day 7 post-infection. The mean WBC counts of 
rats did not differ significantly (p>0.05) 
between day 14 and 28 post infection among 
Groups A, B, C, D, E, and G. The mean WBC 
counts of rats in Groups A, D, and G were 
significantly higher (p<0.05) than those of 
Groups E and C on day 42 post infection. The 
mean WBC counts of rats in Groups A,D, and G 
did not vary significantly from one another but 
were significantly higher (p<0.05) than that of 
Group C rats. The mean WBC counts of Group 
C rats were higher than that of Group E on day 
56 post infection but significantly lower than 
those of Groups G, A, and D. The mean WBC 
counts of rats in Groups G and D on day 70 post 
infection were significantly higher than that of 
Group A rats, but the mean WBC of Group A 
rats was significantly higher than that of Group 
C. All the rats in group B and F died before day 
14 while all the rats in group E died before day 
70.
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C. On day 70, the mean ALT of rats in Groups A, 
G and C were significantly lower than that of 
Group D. All the rats in groups B and F died 
before day 14 while all the rats in group E died 
before day 70.

Aspartate Aminotransferase 
T h e  r e s u l t s  o f  t h e  m e a n  A s p a r t a t e 
Aminotransferase (AST) activity of rats are 
shown in Table 7. Values of Aspartate 
Aminotransferase increased after day zero in 
rats in groups A,B,C,D,E and F. The mean AST 
of rats in Group G was significantly lower 
(p<0.05) than those of the infected groups on 
day seven post infection. On day 14 post 
infection, the mean AST of rats in Group C was 
significantly higher (p<0.05) than those of 
Groups D, E and G. The mean AST of rats in 
Group E was significantly higher than those of 
Groups A,C,D and G between day 28 and 56 
post infection. On day 70 post infection, the 
mean AST of rats in Group G was significantly 
lower (p<0.05) than that of Groups A, D and C. 
All the rats in groups B and F died before day 14 
while all the rats in group E died before day 70. 

Results of the blood urea nitrogen (BUN) levels 
are presented in Table 8. Values of blood urea 
nitrogen increased in rats in groups A,B,C,D,E 
and F after day zero.The mean BUN of rats in 
Groups A,B,C,D,E, and F were significantly 
higher than those of Group G on day 7 post 
infection. There was no significant difference 

Alkaline Phosphotase

Blood urea nitrogen 

The results of the mean alkaline phosphotase 
(ALP) of rats are presented in Table 6. There 
was no significant variation (P>0.05) in the 
mean ALP activity of rats on days zero and 7 of 
the experiment. By day 14 all the rats in Groups 
B and F were dead but there was no significant 
difference between the ALP of rats in Groups A, 
C, D, E and G. By day 70 all the rats in Group E 
were dead and there was no significant 
difference between the mean ALP of rats in 
Groups A, C, D and G. 
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(P>0.05) among the mean BUN of rats in 
Groups A, C, D and E on day 7 post infection. 
There was no significant difference (P>0.05) 
among the mean BUN of rats in Groups A, C,D 
and E  between day 14 and 42 post- infection.  
The mean BUN of rats in Groups A, C, D, E and 
G did not significantly vary (P>0.05) on day 56 
post infection. The mean BUN of rats in Groups 
G, A and D were significantly lower (P<0.05) 
than that of Group C rats on day 70 post 
infection. All the rats in groups B and F died 
before day 14 while all the rats in group E died 
before day 70.

Results of the creatinine (CRT) levels in rats are 
presented in Table 9. Values of creatinine 

Creatinine 
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increased in rats in groups A,B,C,D,E, and F 
after day zero. The mean CRT of rats of Groups 
A,B,C,D,E,F were significantly higher 
(p<0.05) than that of Group G on day 7 post 
infection. There was no significant difference 
(p>0.05) among the mean CRT of rats in 
Groups A,G,C,D and E  between day 14 and 28 
post infection. The mean CRT of rats in Group E 
and C was significantly higher (p<0.05) than 
that of Groups A, D and G between day 42 and 
56 post infection. There was no significant 
difference among the mean CRT of rats in 
Groups A, D and G between day 42 and 70 post 
infection. The mean CRT of rats in Groups G, A 
and D were significantly lower than that of 
Group C rats on day 70 post infection. All the 
rats in groups B and F died before day 14 while 
all the rats in group E died before day 70.

Table 1: The mean (±SEM) RBC (x 10 6/πl) in rats infected with Trypanosoma 
brucei and treated with a combination of artemether and 
diminazene aceturate. 

Days of Study Groups

A B C D E F G

0 7.33

±0.54

7.58

±0.46

7.30

±0.42

7.32

±0.42

7.45

±0.27

7.34

±0.56

7.45

±0.50

7 5.41a

±0.38

4.89a

±0.24

5.06a

±0.18

5.31a

±0.38

5.30a

±0.53

5.20a

±0.14

8.24b

±0.54

14

 

7.80

 

±0.74

 

All Dead

 
 

7.65

 

±0.5

 

7.65

±0.56

8.48

±0.31

All Dead 7.49

±0.87

28

 

7.19

 

±0.29

 

All Dead

 

7.03

 

±0.31

 

7.18

±0.43

7.60

±0.63

All Dead 7.61

±0.60

42

 

7.26

 

±0.30

 

All Dead

 

7.32

 

±0.63

 

6.70

±0.15

6.92

±0.37

All Dead 7.24

±0.42

56

 

7.00a

 

±0.27

 

All Dead

 

7.10a

 

±0.32

 

7.05a

±0.18

4.89b

±0.42

All Dead 7.32a

±0.25

70

 

7.20b

 

±0.36

 

All Dead

 

5.41a

 

±0.16

 

7.31b

±0.22
All Dead

All Dead 7.42b

±0.31

 

 

a b – different superscripts in a row indicate statistically significant difference at 

P ≤ 0.05.
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A –

 
Infected, treated with DA (7.0mg/kg), B – infected, treated with AM, C –

infected, treated with AM and DA (7.0mg/kg) D – infected, treated with AM and 

DA
 

(3.5mg/kg) E. Infected, treated with AM and DA (1.75mg/kg), F – infected, 

untreated, G – uninfected, untreated.
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Table 2: The mean (±SEM) Haemoglobin concentration (mg/dl) in rats infected 
with Trypanosoma brucei and treated with a combination of artemether 
and diminazene aceturate. 

Days of Study

GROUPS 

A B C D E F G

0 12.49 

±0.38

13.45 

±0.78

12.79

±0.94

13.06

±0.69

14.12

±0.31

13.87

±1.08

13.66

±0.35

7

 

11.88a

 

±0.25

 

11.55a

 

±0.69

 

11.58a

 

±0.21

 

11.78a

 

±1.48

 

11.38a

±0.47

11.52a

±0.21

14.85b

±0.39

14

 

15.12

 

±1.32

 

All Dead

 

14.16

 

±1.47

 

14.62 

 

±0.60

 

15.77

±0.87

All Dead 15.62

±0.29

21

 

15.52

 

±0.87

 

All Dead

 

14.72

 

±0.70

 

13.95

 

±2.15

 

13.28

±0.66

All Dead 14.35

±0.59

42

 

15.65

 

±0.81

 

All Dead

 

14.57

 

±0.59

 

13.83

 

±2.30

 

14.20

±0.47

All Dead 14.50 

±1.02

56

 

15.28b

 

±0.70

 

All Dead

 

11.60a

 

±0.57

 

14.67b

 

±1.80

 

11.21a

±0.59

All Dead 14.56b

±1.02

70

 

15.36b

 

±0.80

 

All Dead

 

11.41a

 

±0.59

 

15.00b

 

±1.90

 

All Dead
All Dead 14.89b

±1.02

 
 

a b –

 

different superscripts in a row indicate statistically significant difference at

P ≤ 0.05.

 

A – Infected, treated with DA (7.0mg/kg), B – infected, treated with AM, C – infected, treated 

with AM and DA (7.0mg/kg) D – infected, treated with AM and DA (3.5mg/kg) E. Infected, 

treated with AM and DA (1.75mg/kg), F – infected, untreated, G – uninfected, untreated.
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Table 3: The mean (± SEM) PCV (%) in rats infected with Trypanosoma brucei
and treated with a combination of artemether and diminazene aceturate.

Days of 

Study

 

GROUPS 

 

A

 

B

 

C

 

D

 

E

 

F

 

G

0

 

41.25

 

±3.71

 

39.75

 

±1.44

 

39.00

 

±2.04

 

39.00

 

±0.71

 

40.75

 

±2.29

 

39.00

 

±1.63

 

40.00

±1.91

7

 

30.50a

 

±1.26

 

30.25a

 

±0.85

 

29.50a

 

±2.87

 

29.50a

 

±2.0

 

31.00a

 

±0.71

 

31.75d

 

   

±0.63

 

40.25b

±1.38

14

 

34.50

 

±0.50

 
All 

Dead

 
35.75

 

±0.25

 
36.25

 

±1.18

 
34.25

 

±1.11

 
All Dead

 

39.25

±1.25

28

 

36.50a

 

±0.29

 
All 

Dead

 
36.75a

 

±1.25

 
38.25a

 

±1.44

 
33.75b

 

±2.17

 
All Dead

 

39.50a

±1.32

42

 

37.50a

 

±1.04

 
All 

Dead

 
36.25b

 

±0.85

 
38.25a

 

±1.25

 
35.00b

 

±0.58

 
All Dead

 

40.00a

±1.08

56

 

37.50a

 

±1.06

 
All 

Dead

 
34.17b

 

±1.80

 
37.50a

 

±0.80

 
34.08b

 

  

±0.62

 
All Dead

 

40.00c

±1.5

70

 

37.62a

 

All 

Dead

 
36.50a

 

±0.84

 
38.62a

 

±1.20

 

All Dead

 

All Dead

 

40.52b

±0.62 

a b c–
 
different superscripts in a row indicate statistically significant difference at 

P ≤ 0.05.
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A – Infected, treated with DA (7.0mg/kg), B – infected, treated with AM, C – infected, treated 

with AM and DA (7.0mg/kg) D – infected, treated with AM and DA (3.5mg/kg) E. Infected, 

treated with AM and DA (1.75mg/kg), F – infected, untreated, G – uninfected, untreated.
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Table 4: 
 

The mean (± SEM) WBC (x10 3/πl) in rats infected with Trypanosoma 
  

brucei
 

and treated with a combination of artemether and diminazene 
 

  
aceturate.

 

Days of 

Study  
GROUPS 

 

A  B  C  D  E  F  G  

0  12.68  

±0.35  

13.08  

±0.53  

13.35  

±0.25  

13.22  

±0.46  

12.80  

±0.46  

13.25  

±0.39  

12.95  

±0.39  

7  8.65a  

±0.67  

8.33a  

±0.84  

8.25a  

±0.27  

8.57a  

±0.63  

8.45a  

±0.23  

8.13a  

±0.22  

13.63b  

±0.40  

14  12.55  

±0.53  

All 

Dead  

12.25  

±0.60  

11.93  

±0.19  

12.23  

±0.89  

All 

Dead  

13.00  

±0.67  
28  13.50  

±0.49  

All 

Dead  

12.65  

±0.79  

12.85  

±0.77  

12.70  

±0.64  

All 

Dead  

13.08  

±0.33  

42  13.45a
 

±0.53
 

All 

Dead
 

11.98b
 

±0.44
 

13.28a
 

±0.54
 

10.75b
 

±0.70
 

All 

Dead
 

12.80a
 

±0.30
 

56
 

13.48a

 
±0.32

 

All 

Dead
 

11.41b

 
±0.21

 

13.30a

 
±0.23

 

9.25c

 
±0.18

 

All 

Dead
 

13.24a

 
±0.32

 
70

 
12.68a

 
±0.22

 

All 

Dead
 

10.16b

 
±0.16

 

13.40c

 
±0.13

 

All Dead
 

All 

Dead
 

13.48c

 
±0.24

 

 
a b c–

 
different superscripts in a row indicate statistically significant difference at 

P ≤ 0.05.
 

A – Infected, treated with DA (7.0mg/kg), B – infected, treated with AM, C – infected, treated 
with AM and DA (7.0mg/kg) D – infected, treated with AM and DA (3.5mg/kg) E. Infected, 
treated with AM and DA (1.75mg/kg), F – infected, untreated, G – uninfected, untreated.
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Table 5: The mean (± SEM) ALT activity (u/l) in rats infected with Trypanosoma 
brucei and treated with a combination of artemether and diminazene 
aceturate. 

Days of Study

GROUPS 

A B C D E F G

0 40.83

±6.33 

30.06

±5.54

30.83

±6.31

28.93

±0.62

26.32

±5.68

26.05

±4.89

28.55

±1.48

7

 

122.97 a

 

±3.81

 

125.82 a

 

±3.46

 

117.99 a

 

±5.95

 

109.30 a

 

±6.04

 

121.95 a

±3.42

117.30 a

±6.56

31.32 b

±10.02

14

 

46.14

 

±1.30

 

All

 

Dead

 

55.69

 

±4.94

 

42.60

 

±7.32

 

37.70

±5.46

All Dead 30.90

±6.48

28

 

22.01

 

±3.30

 

 

All Dead

 

24.52

 

±1.85

 

31.23

 

±9.78

 

43.49

±9.93

All Dead 24.11

±2.23

42

 

21.75

 

±3.10

 

All Dead

 

24.02

 

±1.59

 

30.73

 

±9.86

 

43.55

±9.96

All Dead 23.67

±2.23

56

 

29.45a

 

±3.68

 

All Dead

 

37.75a

 

±1.90

 

24.00a

 

±1.03

 

64.11b

±6.24

All Dead 22.82a

±2.57

70

 

41.05a

 

±4.22

 

All Dead

 

42.60a

 

±7.32

 

117.99b

 

±5.95

 

All Dead
All Dead 30.90a

±6.48

 

a b –

 

different superscripts in a row indicate statistically significant difference at 

P ≤ 0.05.
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A – Infected, treated with DA (7.0mg/kg), B – infected, treated with AM, C – infected, treated 

with AM and DA (7.0mg/kg) D – infected, treated with AM and DA (3.5mg/kg) E. Infected, 

treated with AM and DA (1.75mg/kg), F – infected, untreated, G – uninfected, untreated.
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Table 6: The mean (± SEM)ALP activity (u/l)in rats infected with 
Trypanosoma brucei and treated with a combination of artemether and 

diminazene aceturate. 

Days of Study GROUPS

A

 

B

 

C

 

D

 

E

 

F G

0

 

89.70

 

±13.21

 

58.79

 

      

±8.23

 

64.90

 

±17.20

 

55.25

 

±11.25

 

62.04

 

±13.11

 

58.75

±18.02

48.05

±13.07

7

 

62.05

 

±17.24

 

59.25

 

±8.30

 

38.55

 

±6.74

 

70.52

 

±19.02

 

64.40

 

±24.22

 

66.15

±18.75

55.05

±11.39

14

 

40.95

 

±13.68

 

All Dead

 

40.90

 

±13.70

 

41.45

 

±13.78

 

34.35

 

±6.95

 

All Dead 34.35

±6.95

28

 

55.30

 

±18.96

 

All Dead

 

41.42

 

±7.93

 

42.25

 

±13.26

 

42.25

 

±7.43

 

All Dead 53.18

±16.94

42

 

66.04

 

±15.05

 

All Dead

 

51.15

 

±8.20

 

75.90

 

±13.21

 

58.79

 

±8.23

 

All Dead 55.25

±11.25

56

 

59.08

 

±8.17

 

All Dead

 

44.35

 

±12.45

 

63.70

 

±18.72

 

49.50

 

±3.29

 

All Dead 42.60

±5.68

70

 

66.04

 

±15.05

 

All Dead

 

51.15

 

±8.20

 

75.90

 

±13.21

 

All Dead

 

All Dead 55.25

±11.25

 

A – Infected, treated with DA (7.0mg/kg), B – infected, treated with AM, C – infected, 

treated with AM and DA (7.0mg/kg) D – infected, treated with AM and DA (3.5mg/kg) 

E. Infected, treated with AM and DA (1.75mg/kg), F – infected, untreated, G – 

uninfected, untreated.
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Table 7:  The mean (± SEM) AST activity (u/l) in rats infected with  
 

  Trypanosoma brucei  and treated with a combination of artemether and 

  diminazene aceturate.  

Days of Study  GROUPS  
A  B  C  D  E  F  G

0  95.56  
±12.67

 

91.29  
±5.17

 

79.33  
±7.23

 

69.35  
±6.29

 

75.60  
±14.45

 

86.62  
±7.34

 

71.47

±5.10

7
 

307.88
a

 
±10.26

296.56a

 
±1.60

 

303.62a

 
±

 
9.85

 

294.69a

 
±6.00

 

306.72a

 
±11.61

310.37a

 
±5.60

63.79b

±8.86

       
  

14
 

77.72a

b

 ±1.33
 

All 

Dead
 

81.04a

 ±5.89
 

60.09b

 ±7.45
 

60.32b

 

 
±10.19

 

All Dead
 

67.30b

±8.86

28

 
82.64a

 ±7.41

 

All 

Dead

 

77.95a

 ±5.91

 

77.86a

 ±5.86

 

122.85b

 ±5.00

 

All Dead

 
69.30a

±8.21

42

 

86.20a

 ±5.43

 

All 

Dead

 

77.60a

 

 

±5.05

 

84.20a

 ±3.03

 

121.35b

 ±7.64

 

All Dead

 

67.49a

±6.53

56

 

95.64a

 ±6.41

 

All 

Dead

 

80.95a

 ±5.91

 

77.86a

 ±5.86

 

171.35b

 ±17.64

 

All Dead

 

71.31a

±7.64

70

 

88.20a

 
±7.43

All 
Dead

87.60a

 
±5.05

84.20a

 
±3.03

All Dead

 

All Dead

 

63.32b

7.64

a b – different superscripts in a row indicate statistically significant difference at 

P ≤ 0.05.

A – Infected, treated with DA (7.0mg/kg), B – infected, treated with AM, C – infected, 

treated with AM and DA (7.0mg/kg) D – infected, treated with AM and DA (3.5mg/kg) E. 

Infected, treated with AM and DA (1.75mg/kg), F – infected, untreated, G – uninfected, 

untreated.
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Table 8:  The Mean (± SEM) BUN levels (mg/dl) inrats infected with 

  Trypanosoma brucei  and treated with a combination of artemether and 

  diminazene aceturate.  
 

Days of Study  

 
GROUPS  

A
 

B
 

C
 

D
 

E
 

F G

 
0

 

17.93
 

±0.66
 

17.59
 

±1.30
 

19.04
 

±1.44
 

19.13
 

±1.37
 

19.54
 

±0.89
 

19.42

±1.71

17.78

±1.86

 7
 

23.67b

 ±1.12
 

24.05b

 ±1.23
 

22.98b

 ±1.20
 

24.05b

 ±0.43
 

24.82b

 ±0.38
 

23.88b

±0.45

19.52a

±0.89

 14

 

19.55
 ±1.00

 

All Dead
 
18.75

 ±0.89

 

19.38
 ±0.50

 

19.15
 ±0.97

 

All Dead 17.53

±1.20

 28

 

19.55

 ±0.90

 

All Dead

 

18.75

 ±0.87

 

19.38

 ±0.78

 

19.15

 ±0.67

 

All Dead 17.53

±0.90

 42

 

20.18

 ±0.48

 

All Dead

 

20.07

 ±1.06

 

19.55

 ±0.98

 

19.92

 ±0.49

 

All Dead 19.67

±1.58

 
56

 

19.13

 
±0.98

 

All Dead

 

19.48

 
±1.26

 

19.68

 
±0.67

 

19.70

 
±0.76

 

All Dead 19.80

±0.90

 

70

19.13a

 

±0.42

All Dead

 

29.48b

 

±1.59

19.68a

 

±0.24

All Dead

 

All Dead 19.80a

±1.39

a b – different superscripts in a row indicate statistically significant difference at 

P ≤ 0.05.

A – Infected, treated with DA (7.0mg/kg), B – infected, treated with AM, C – infected, 

treated with AM and DA (7.0mg/kg) D – infected, treated with AM and DA (3.5mg/kg) E. 

Infected, treated with AM and DA (1.75mg/kg), F – infected, untreated, G – uninfected, 

untreated.
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Table 9: The Mean (±SEM) Creatinine levels (mg/dl) in rats infected with 
Trypanosoma brucei and treated w ith a combination of artemether and 
diminazene aceturate.

Days of Study

 

Groups

 

A

 

B

 

C

 

D

 

E

 

F G

 

0

 

0.27

 

±0.16

 

0.44

 

±0.06

 

0.35

 

±0.09

 

0.16

 

±0.02

 

0.17

 

±0.01

 

0.26

±0.09

0.32

±0.12

 

7

 

0.78a

 

±0.06

 

0.78a

 

±0.05

 

0.72a

 

±0.08

 

0.82a

 

±0.05

 

0.80a

 

±0.07

 

0.82a

±0.05

0.33b

±0.13

 

14

 

0.32

 

±0.07

 

All Dead

 

0.39

 

±0.21

 

0.27

 

±0.13

 

0.42

 

±0.21

 

All Dead 0.24

±0.05

 

28

 

0.37

 

±0.12

 

All Dead

 

0.32

 

±0.12

 

0.33

 

±0.09

 

0.33

 

±0.09

 

All Dead 0.32

±0.13

42

 

0.28a

 

±0.03

 

All Dead

 

0.89a

 

±0.07

 

0.30a

 

±0.03

 

0.92b

 

±0.12

 

All Dead 0.28a

±0.13

 

56

 

0.24a

 

±0.12

 

All Dead

 

0.89b

 

±0.03

 

0.30a

 

±0.07

 

0.90b

 

±0.07

 

All Dead 0.25a

±0.05

 

70

 

0.28a

 

±0.03

 

All Dead

 

0.92b

 

±0.02

 

0.29a

 

±0.04

 

All Dead

 

All Dead 0.24a

±0.03

 

a b –

 

different superscripts in a row indicate statistically significant difference at 

P ≤ 0.05.

 

A – Infected, treated with DA (7.0mg/kg), B – infected, treated with AM, C – infected, 

treated with AM and DA (7.0mg/kg) D – infected, treated with AM and DA 

(3.5mg/kg) E. Infected, treated with AM and DA (1.75mg/kg), F – infected, 

untreated, G – uninfected, untreated.

DISCUSSION 

Decrease in erythrocytic parameters of infected 

animals is a consistent feature in animal African 

trypanosomosis [23]. These parameters 

significantly decreased in all the infected 
th

groups by the 7  day post-infection. This period 

apparently corresponds with the first wave of 

parasitaemia in the infected groups. This 

decrease has severally been linked to 

destruction of red blood cells (RBC) by the 

trypanosome parasites [24, 25] and was 

reversed significantly (p<0.05) after treatment 

with diminazene aceturate (7.0 mg/kg body 

weight) and a combination of diminazene 

aceturate (3.5 mg) and Artemether (Group D). 

The restoration of erythrocytic values possibly 

Leucopenia is one of the pathological changes 

associated with trypanosomosis in animals 

[ 2 8 ] .  T h i s  m a y  b e  a s s o c i a t e d  w i t h 

immusuppressive action of trypanosomes, [29, 

24]. In the present study, a combination of 

artemether and diminazene aceturate (at 

3.5mg/kg body weight) was able to restore 

leucocyte level to normal just like Diminazene 

aceturate alone (at 7.0mg/kg body weight). 

corresponds with clearance of parasites after 

treatment [26] and activation of erythropoiesis 

[27]. The group treated with Artemeter alone 

did not show reversal in erythrocytic values and 

succumbed to the disease less than two weeks 

after infection leading to total mortality.

Okonkwo E. W. et al  / J. Vet Biomed. Sci.



 A combination of Artemeter and Diminazene 
aceturate (at 3.5mg/kg body weight) was able to 
reverse all haematological and biochemical 
changes associated with trypanosomosisin rats 
at  a  rate comparable to the standard 
Diminazene aceturate dose (7.0mg/kg body 
weight) and thus can possibly constitute an 
effective treatment regimen to reduce the 
occurrence of Diminazene aceturate toxicity 
and resistance in animals. 

Conclusion 

Treatment with a combination of artemether 
and Diminazene aceturate (at 3.5mg/kg body 
weight) also reversed biochemical changes 
associated with trypanosomosis including 
elevated levels of AST, ALT ,  Creatinine  and 
blood urea Nitrogen. 

REFERENCES

2. Hall, M. J. R and Wall R (2004). Biting 
Flies: their roles in the mechanical 
transmission of trypanosomes to 
livestock and methods of their control in 
Maudin I, Holmes P.H., Miles M.A. 
(Eds) The Trypanosomiasis. (A. B. 
International U. K pp 583-593.

3. Desquesnes M., Holzmuller P, Lai D.,  
 Dargantes A., Lun Z. And J. Haplapong, 

 A Review and Perspective on Origin, 
 (2013). Trypanosoma evansi and surra:  

 History, Distribution, Taxanomy, 
 Morphology, Hosts and Pathologic 
 effects, Biomedical Research 
 International, vol. 10 194176.

4. Anosa V.O. (1988a). Haematological 
and Biochemical changes in human and 

1. Black S. J., Seed J. R., and Murphy N. 
B . (2001) .  Inna te  and  acqui red 
resistance to African trypanosomiasis. 
Journal of Parasitology, 87:1-9.

animal trypanosomiasis. Part 1 Revue d 
elevage et de medicine veterinaire des pays 
tropicaux 41:45-78.

56 

(2003). Serum biochemical changes in 
experimental Trypanosoma congolense and 
Trypanosoma brucei infections in East 
African Sheep. Veterinarski Arhiv 73 (3): 
167 – 180.

chemotherapy of animal  trypanosomiasis 
in Maudin  T., Holmes P. H., and Miles. M. 
A. (Eds). The Trypanosomiasis, C. A. B 
International, U. K. pp 583- 593.

85,196.

9. Losos, G. J and Crockett, E. (1969). 
Toxici ty of  berenil  in the dog. 
Veterinary Record.

11. Apted F.I.C. (1980) Present status of 
chemotherapy and chemoprophylaxis 
of human trypanosomiasis in the 
Eastern Hemisphere. Pharmacology 
and Therapeutics 11(2): 391-413.

12. Woodrow, C.J., Haynes R, K, and Krishna S. 
(2005). Artemisinin. Postgraduate 
Medical Journal. 81: 71-78.

8. Holmes, P. H., Eisler, M. C., and Geevts, 
S. (2004). Current  

7. Anosa. V.O. (1980). Studies on the 
parasitaemia, Plasma volumes, leucocytic 

6. Biryomumaisho,  S,  Katunguka-
Rwakishaya, E, and Rubaire – Akiiki C. M.

animal trypanosomiasis, Part II, Revue d 
elevage et de medicine veterinaire des pays 
tropicaux 42: (2) 151 – 164.

5. Anosa V.O. (1988b). Haematological 
and biochemical changes in human and 

and bone marrow cell counts and the 
Moribund state in Trypanosoma brucei 
infection of splenectomized and intact 
mice. Zentralblatt fur veterinarmedizin 
27:169-180.

10. Abimbola A.N., Baba I.A, Yenusa E.Z., 
Omanibe S.J., and Oladimeji IH (2013). 
A n t i - T r y p a n o s o m a  e ff e c t  o f 
peristrophebicalyculata extract on 
Trypanosoma brucei brucei infected 
r a t s .  A s i a n  P a c i fi c  J o u r n a l  o f  
Biomedicines 3: 523-531.

Okonkwo E. W. et al  / J. Vet Biomed. Sci.



14. Akande, F.A. and Fagbemi, B. O. (2011). In 
vivo and in vitro effects of Artemisinin 
group of Drugs on Trypanosomes in 
Mice. Journal of Natural Sciences, 
Engineering and Techbnology. Vol 10, 
No 1.

13. Classen W, Altmann B, Cretener P. Souppart 
C., Skelton- Stroud P, Krinke G. (1999). 
Differential effects of orally versus 
parenterally administered Qinghaosu 
der iva t ive  a r t emether  in  dogs , 
E x p e r i m e n t a l  a n d  To x i c o l o g i c 
Pathology, 51 6 507 – 16

19. Reitman, S and Frankel .S. (1957). A 
colorimetric Method for determination 
o f  s e r u m  g l u t a m i c p y r u v i c 
transaminase, American Journal of 
Clinical Pathology 28:56-62.

21. Fawcett J.K., and Scott J.E., (1960). A rapid 
a n d  p r e c i s e  m e t h o d  f o r  t h e 
determination of urea. Journal of 
Clinical Pathology, 13:156-159.

18. Schalm, O.W, Jain, N.C. and Caroll, B.S. 
rd

(1975). Veterinary Haematology, 3  ed. 
Lea and Febiger, U. S. A.., pp. 471-475.

17. Coles, E.H. (1986). Veterinary Clinical 
rdPathology, 3  ed. W.B. Saunders 

Company, Philadelphia pp: 145-151.

16. Herbert W.J, and Lumsden W.H (1976). 
Tr y p a n o s o m a  b r u c e i :  a  r a p i d 
“matching” method for estimating the 
hosts parasitemia. Experimental 
Parasitology,  40 (3) 427-31.

20. Klein B., Read P.A., Babson A.L. (1960). 
R a p i d  m e t h o d  f o r  t h e 
quantitativedetermination of serum 
a lka l ine  phospha tase :  C l in ica l 
Chemistry, 6:269-275.

22. Blass K.G, Thiebert R.J, Lam L.K., (1974). 
A study of the mechanisms of the Jaffe 
reaction: Journal of clinical chemistry 
and clinical Biochemistry, 12:336-343.

15. Soulsby, E.J.I. (1986). Helminths, 
A r t h r o p o d s  a n d  p r o t o z o a  o f 

th
Domesticated Animals, 8  Edition 
London. Bailliere Tindall, pp 203-206.

26. Sulaiman, F.A., and Adeyemi, O.S., (2010). 
Changes in Haematological indices and 
protein concentration in Trypanosoma 
brucei infected rats treated with 
Homidium Chloride and Diminazene 
aceturate. EXCLI Journal 9: 39-45.

29. Abubakar, A., lliyasu, B, Yusuf, A.B, Igwe 
A.C., Onyekwelu, N. A. et al (2005). 
Anti-trypanosomal and haematologic 
effects of selected Nigerian medicinal 
plants in Wister rats. Biokemistry 
17:95-99.

24. Ekanem J.T., and Yusuf O.K. (2008). Some 
biochemical and haematological effects 
of black seed (Nigella sativa) oil on 
Trypanosoma  brucei  infected rats. 
Afr ican Journal  of  Biomedical 
Research 11:79-85.

27. Da Silva, S.A., S.A., Costa, M.M., 
Wolkmer P., Zanette, R.A., Faccio, L., 
Gressler, L.T., Dorneles, T.E., Santurio 
J.M., Lopes, S.T., and Monteiro, S.C. 
( 2 0 0 9 ) .  Tr y p a n o s o m a  e v a n s i : 
h a e m a t o l o g i c a l  c h a n g e s  i n 
e x p e r i m e n t a l l y  i n f e c t e d  c a t s . 
Experimental Parasitology. 123:31-34.

25. Taiwo, V.O., Olaniyi, M.O and Ogunsanmi, 
A.O., (2003). Comparative plasma 
biochemical changes and susceptibility 
of erythrocytes to in vivo peroxidation 
during experimental Trypanosoma 
congolense and Trypanosoma brucei 
infections in sheep. Israel Journal of 
Veterinary Medicine. 

23. Anosa, V.O. and Isoun, T.T. (1980). 
H a e m a t o l o g i c a l  s t u d i e s  o n 
Trypanosoma vivax infection of goats 
and intact and splenectomised sheep. 
Journal of comparative pathology, 
90:155-168.

28. Ogwu, D., Osor, D.I.K, Njoku, C.O., 
Ezeokoli, C.D., and Kumi-Diaka J. 
(1987). Effects of the reproductive 
s t a tu s  i n  Zebu  he i f e r s  on  t he 
immunoglobin M&G levels in bovine 
Trypanosoma vivax infection. Animal 
Reproduction Science 12:179-187.

57 
Okonkwo E. W. et al  / J. Vet Biomed. Sci.


