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ABSTRACT 
 
Haematological abnormalities are implicated in malaria and many 
pharmacologic agents used in the treatment of malaria in the tropics. The 
present study investigated the effects of Concomitant administration ACTs 
(artesunate-amodiaquine) with ciprofloxacin on splenic size and 
haematological indices of adult mice exposed Plasmodium berghei berghei. This 
triple regimen is commonly used in the treatment of febrile illnesses in our 
environment, the South-south region of Nigeria. Sixty (60) adult mice and 
Plasmodium berghei berghei were used in this investigation. The drugs were 
administered orally based on recommended therapeutic dosages of 4 mg/kg 
body weight of Artesunate, 10 mg/kg body weight of amodiaquine and 9 
mg/kg body weight of ciprofloxacin in combination, ACT, and ciprofloxacin for 
3 and 5 respectively. The results of this investigation showed remarkable 
alterations in haematological indices of untreated Plasmodium berghei berghei 
infected mice when compared with the normal control. Our findings indicate 
that treating P. berghei berghei infected mice with ACT only improves 
haematological indices more than ciprofloxacin only and ACT-ciprofloxacin 
combination. The weight and length of the spleen in experimental mice were 
significant ((P≤0.05) higher compared to the normal controls. All animals in 
the ACT only treatment group were observed to have recovered from the effect 
of P. berghei berghei as seen by the size and appearance of the spleen when 
compared with mice treated with ciprofloxacin only or ciprofloxacin plus ACT. 
Our findings suggest the need for haematoprotective agents along with the use 
of this triple regiment during and after treatment of malaria. 
 
Key words: Artesunate-amodiaquine, ciprofloxacin, combination therapy, 
malaria, haematological indices, splenomegaly. 

 
 
INTRODUCTION  
 
Malaria infection today occurs mostly in tropical and 
subtropical countries, particularly sub-Saharan Africa and 
Southeast Asia. According to the World Health 
Organization, malaria is prevalent in over 100 countries 
and each year more than 300 million cases of malaria are 
diagnosed, and more than 1.5 million die of the disease 
(WHO, 2008). In recent years, malaria has become more 
difficult to control and treat because malaria parasites 
have become resistant to drugs, and mosquitoes that 
transmit the disease have become resistant to 

insecticides. There is a changing trend in the management 
malaria and combined drug therapy is fast replacing 
mono-therapeutic approaches in the management of the 
diseases, which constitute the most diagnosed cause of 
febrile illness in Nigeria. 

African countries have recently stepped up their 
antimalarial efforts, and are deploying strategies to 
contend the new face of malaria. One of these strategies is 
the use of artemisinin-based combination therapies 
(ACTs) which have proven to be very effective against 
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malaria in sub Saharan Africa, and some African countries 
with resistant forms of P. falciparum have started 
instituting the ACTs as first line malaria treatment 
(Oyakhirome et al., 2007). Moreover, the artemesinin-
based combination therapy (ACT) is the current WHO 
recommended modality of malaria chemotherapy (White, 
1999). Artesunate plus amodiaquine combination is one 
ACT recommended by the World Health Organization 
(WHO) for use in malaria control programmes and a first 
line treatment for African patients with uncomplicated 
malaria (WHO, 2005). Artemisinin-based combination 
therapies are reported to be highly efficacious (Smithuis 
et al., 2006; Dorsey et al., 2007, Ratcliff et al., 2007; Zongo 
et al., 2007) as first-line therapies for uncomplicated 
malaria in most countries where malaria is endemic. 

Bacterial infections can coexist with severe malaria, 
especially in the tropics (Maitland, 2010). Rosenthal et al. 
(2010) advocated the that blood cultures should be 
obtained from patients with shock or other signs of sepsis 
despite appropriate antimalarial therapy, and that these 
patients should receive broad-spectrum antibiotic 
therapy (Rosenthal, 2010, Adekunle et al., 2007; Berkley 
et al., 2005). Quinolones, particularly pefloxacin and 
ciprofloxacin, are antimicrobial agents with potent 
antimalarial activity which might prove useful in the 
treatment of less rapidly aggressive human malaria 
(Salmon et al., 1990). Ciprofloxacin is a broad-spectrum 
antibiotic that is active against both Gram-positive and 
Gram-negative bacteria. It functions by inhibiting DNA 
gyrase, a type II topoisomerase, and topoisomerase IV 
(Drlica and Zhao, 1997) enzymes necessary to separate 
bacterial DNA, thereby inhibiting cell division. 

Haematological abnormalities are considered a 
hallmark of malaria, and reported to be most pronounced 
complication in malaria infection, probably as a result of 
the higher levels of parasitaemia found in these patients. 
Haematological abnormalities that have been reported to 
consistently accompany infection with malaria include 
anaemia, thrombocytopenia, splenomegaly, mild-to-
moderate atypical lymphocytosis and rarely disseminated 
intravascular coagulation (Facer, 1994, Perrin et al., 
1982). Although haematologic changes associated with 
malaria infection are well recognized, specific changes 
may vary with the level of malaria endemicity, 
background haemoglobinopathy, nutritional status, 
demographic factors and malaria immunity (Price et al., 
2001; Ngole et al., 2010). George and Ewelike-Eze (2011) 
reported that anaemia is the most common 
haematological abnormality in malaria infection, and 
reported 92%, followed by thrombocytopaenia (52%) 
and leucopaenia (18%) respectively. Therefore it seems 
necessary that not only the disease should be recognized 
but also the presence of the haematological abnormalities 
be sought. 

The present study investigated the effects of combining 
one of the ACTs (artesunate-amodiaquine) with 
ciprofloxacin on the splenic size and haematological 
indices of adult mice exposed to malaria parasites. This  

 
 
 
triple combination is a very common management 
modality for febrile illness in Nigeria, where malaria-
typhoid co-infection is the commonest diagnosis. 
 
 
MATERIALS AND METHODS  
 
Experimental animals 
 
Sixty (60) experimental adult mice obtained from the 
animal house of the Faculty of Basic Medical Sciences, 
University of Uyo, Nigeria, were used for this research 
work. The animals weighed between 30 – 35 g each. The 
animals were kept in plastic cages with stainless steel 
mesh at the bottom that made faeces and feed droppings 
from the feeding trays inaccessible to the experimental 
animals. Feeding of rats was ad libitum. Experimental 
animals had access to drinking water from water bottles 
fitted with stainless steel spout.  The animals were fed ad 
libitum with Guinea grower feed and keep at room 
temperature of 28.0 ± 2°C. 
 
 
Inoculation of animals with malaria parasites 
 
Malaria parasites Plasmodium berghei berghei was 
obtained from the Parasites Unit of the Animal House of 
Faculty of Basic Medical Sciences, University of Uyo. The 
parasites were inoculated into 2 mice and the level of 
parasitemia was assessed after 5 days, by slide 
preparation using the method described by Greenwood 
and Armstrong (1991). On the 5th day, parasitaemia level 
was found to be very high. After the achievement of high 
level of parasitaemia in the mice, blood samples were 
collected from them and 1 ml of the infected blood was 
mixed with 10 ml of normal saline from where 0.3 ml of 
the mixture (equivalent to 0.3 ml of blood) was 
administered to each animal intraperitoneally. The 
diluted parasitized blood was then inoculated into the 
mice. The animals were housed in cages, maintained on 
commercial feed and tap water for entire duration of the 
study (Adekunle et al., 2007). By the 7th day, thick blood 
film slide was prepared and the level of parasitaemia was 
assessed using the method described by Greenwood and 
Armstrong (1991). The level of parasitemia was found to 
be high on the 7th day. However, the mice were allowed to 
stay for another 3 days making a total duration of 10 days 
before drug administration, as follows: 
 
Group 1: Normal animals receiving only food and water 
ad libitum. 
Group 2: Animals infected with malaria parasites 
receiving no treatment except food and water. 
Group 3: Animals infected with malaria parasites 
receiving Artesunate and amodiaquine only for three 
days. 
Group 4: Animals infected with malaria parasites 
receiving ciprofloxacin only for five days. 

http://en.wikipedia.org/wiki/Gram-positive
http://en.wikipedia.org/wiki/Gram-negative
http://en.wikipedia.org/wiki/DNA_gyrase
http://en.wikipedia.org/wiki/DNA_gyrase
http://en.wikipedia.org/wiki/DNA_gyrase
http://en.wikipedia.org/wiki/Topoisomerase
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Figure1. Blood smear of parasitized untreated animal compared with normal control. 

 
 
 
Group 5: Animals infected with malaria parasites 
receiving Artesunate and amodiaquine for three days and 
ciprofloxacin for five days. 
 
Calculated amount of the drugs was administered based 
on dosages of 4 mg/kg body weight of Artesunate, 10 
mg/kg body weight of amodiaquine and 9 mg/kg body 
weight of ciprofloxacin. All the drugs was given to the 
animals orally. 

All the experimental mice (both control and test 
groups) were sacrificed at the end of treatments and 
blood samples were collected by thoracotomy and 
cardiopuncture into appropriately labeled EDTA. The 
spleen was harvested and assessed accordingly.  
Haematological analysis was carried out within 6 h of 
sample collection, with the help automated blood 
analyzer.  
 
 
Statistical analysis 
 
All data were expressed as mean ± standard deviation 
(SD).  Analysis of Variance (ANOVA) was used to analyze 
data, while Student’s t-test was used for comparison 
between means.  P < 0.05 was considered to be 
significant. 
 
 
RESULTS  
 
Physical appearance of pretreatment infected animals 
 
Clinical examination of the experimental mice exposed to 
P. berghei berghei for ten days were compared to the 

uninfected control mice and it was observed that the 
infected animals were inactive, sluggish and were 
clustered together at the corners of the cages, while the 
normal animals were smarter and running around. The 
pinnae and tail were relatively paler in comparison to the 
normal control. Gross examination of the blood smears 
showed mild to moderate paler and there were obvious 
changes in splenic size. 
 
 
Visual appearance of blood smears of experimental 
animals 
 
The blood smears of the treated and untreated animals on 
slides compared to the normal control are shown below. 
The blood smear of the parasitized untreated mice was 
paler than that of the normal control (Figure 1). The blood 
smears of mice treated separately with ACT (Figure 2), 
ciprofloxacin (Figure 3), and ACT plus ciprofloxacin 
(Figure 4) were also paler than the normal control. 
However, blood smears of mice treated with ACT plus 
ciprofloxacin were paler than that of the mice treated 
separately with ACT and ciprofloxacin only (Figure 5).   
 
 
Gross appearance and size of spleen experimental 
animals 
 
The gross appearance of the spleen of normal untreated 
mice is shown on Figure 6.  The spleen of parasitized 
untreated mice appeared grossly larger and darker in 
colour than that of the normal mice (Figure 7).  The 
spleen of animals treated with ACT plus ciprofloxacin 
(Figure 8 and 9) were larger and darker in colour when 
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 Figure1: Blood smear of parasitized untreated animal compared with normal control 

 

Figure 2: Blood smear of experimental animal treated with ACT (Ciprofloxacin – 

amodiaquine combination) only compared with normal control 

 

 
 
Figure 2. Blood smear of experimental animal treated with ACT (Ciprofloxacin – 
amodiaquine combination) only compared with normal control. 

 
 
 
 

 

Figure 4: Blood smear of experimental animal treated with combination of ACT and 

Ciprofloxacin compared with normal control 

Figure 3: Blood smear of experimental animal treated with Ciprofloxacin `only 

compared with normal control 

 
 
Figure 3. Blood smear of experimental animal treated with Ciprofloxacin `only compared with 
normal control. 

 
 
compared to that treated separately with ACT and 
ciprofloxacin.  
 
 
The weights, lengths and widths of spleens of the 
experimental mice 
 
The mean weight of the spleen of the experimental 
animals in milligrams as shown in Table 1 were 240.20 ± 
21.49, 968.40 ± 45.4, 314 ± 23.47, 498.80 ± 41.25, 322.00 
± 20.77 for normal control, parasite untreated, ACT, 
ciprofloxacin  and ACT + ciprofloxacin respectively. The 

splenic lengths of the mice in millimeters were 18.13 ± 
0.09, 40.02 ± 0.05, 20.21 ± 0.06, 28.33 ± 0.07, 26.45 ± 0.06 
for the normal control, parasite infected untreated, 
parasite infected before treatment with ACT, ciprofloxacin 
and ACT + ciprofloxacin, respectively. The widths of the 
spleens in millimeters were 5.02 ± 0.06, 7.16 ± 0.04, 5.87 
± 0.08, 5.23 ± 0.08, 5.16 ± 0.03 for normal control, 
parasite untreated, parasite infected before treatment 
with ACT, ciprofloxacin and ACT + ciprofloxacin, 
respectively. The results showed significant (p ≤ 0.05) 
increase in the weight, length of the spleen of untreated 
parasitized mice when compared with normal control and  
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Figure 4: Blood smear of experimental animal treated with combination of ACT and 

Ciprofloxacin compared with normal control 

Figure 3: Blood smear of experimental animal treated with Ciprofloxacin `only 

compared with normal control 

 
 
Figure 4. Blood smear of experimental animal treated with combination of ACT and 
Ciprofloxacin compared with normal control. 

 
 
 

 

 

 
 
Figure 5. Blood smear of experimental animal treated with combination of ACT and ciprofloxacin 
compared with that treated with ciprofloxacin alone. 

 
 
the treated mice. The width of the spleen increased 
significantly (p ≤ 0.05) only in the parasite infected 
untreated group.  
 
 
Haematological indices 
 
Table 2 show the results of some haematological indices 
(Hb, PCV, RBC, WBC, Figureless and lymphocytes counts, 
MCHC and MHC) of adult mice (normal and parasitized 
controls) untreated and mice exposed to malaria 
parasites before ACT (artesunate-amodiaquine), 

ciprofloxacin, ACT + ciprofloxacin treatments. The results 
of haemoglobin contents were 11.28 ± 0.93, 3.86 ± 0.77, 
11.25 ± 0.77, 9.50 ± 0.99, 9.13 ± 2.37 for normal control, 
parasitized control, ACT, ciprofloxacin and ACT + 
ciprofloxacin treatment groups, respectively. The Hb 
concentrations of the parasitized control group when 
compared with the normal control, the different 
treatment groups were significantly (p ≤ 0.001) 
difference. 

The results of haematocrit or percent packed cell 
volumes (PCV) as presented in Table 2 were 48.24 ± 3.49, 
17.30 ± 4.29, 46.50 ± 4.53, 43.8 ± 6.19, 38.20 ± 11.82 for  
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Figure 6. Appearance and size of spleen of normal experimental animal not exposed to Plasmodium 
berghei berghei or drugs. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Figure 8:  Splenic size of experimental animal exposed to Plasmodium berghei berghei 

and treated with ACT ( artesunate-amodiaquine combination)  only  

 
 
Figure 7. Appearance and size of spleen of parasitized untreated experimental animal.  

 
 
 
normal control, parasitized untreated, treatment with 
ACT only, ciprofloxacin only and ACT plus ciprofloxacin 
respectively. There was a significant (p ≤ 0.05) difference 
in the haematocrit level of the parasitized untreated 
group when compared with the normal control. There 
were no significant (p ≤ 0.05) changes in the haematocrit 
levels of the infected mice treated ACT or ciprofloxacin 
only when compared with the normal control, while the 

group treated with ACT plus ciprofloxacin showed 
significant decrease.   

The WBC counts recorded in this work were 12.32 
±2.52, 2.80 ± 0.02, 5.05 ± 1.14, 10.6 ± 1.01, 13.83 ± 4.28, 
for  normal control, parasitized untreated, treatment with 
ACT only, ciprofloxacin only and ACT plus ciprofloxacin 
respectively. These values indicated significant (p≤0.05) 
reduction in the WBC count of infected untreated mice 
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    Figure 8:  Splenic size of experimental animal exposed to Plasmodium berghei berghei 

and treated with ACT ( artesunate-amodiaquine combination)  only  

 
 
Figure 8. Splenic size of experimental animal exposed to Plasmodium berghei berghei and 
treated with ACT (Ciprofloxacin – amodiaquine combination) only. 

 
 

 

   

 
 
Figure 9. Splenic size of experimental animal exposed to Plasmodium berghei berghei 
and treated with artesunate-amodiaquine combination and ciprofloxacin. 

 
 
 

when compared with the normal control. When compared 
with the normal control, there was significant (p≤0.05) 
decrease in WBC count of the infected mice treated with 
ACT only, but insignificant (p ≥ 0 .05) alterations in 
groups treated with ciprofloxacin only and ACT plus 
ciprofloxacin.    

The RBC counts obtained in this study is presented in 
Table 2 and were 7.22 ± 1.13, 2.43 ± 0.63, 6.39 ± 1.58, 
4.99 ± 0.35, 4.14 ± 1.02 for normal control, parasitized 

untreated, treatment with ACT, ciprofloxacin and ACT + 
ciprofloxacin, respectively.  The results of RBC counts 
showed significant (P ≤ 0.05) decrease in infected 
untreated group compared with normal control. There 
was significant reduction in RBC counts of infected mice 
treated with ciprofloxacin only and ACT plus 
ciprofloxacin, while there was an insignificant (P ≥0.05) 
reduction in the group that was treated with ACT when 
compared with normal control.   
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Table 1. Mean value for splenic weight, length and width of experimental    mice treated with ACT, ciprofloxacin 
and ACT plus ciprofloxacin, with that of untreated controls. 
 

      

Groupa 
Weight of spleen  (mg) 

Length of spleen 
(mm) 

Width of 

Spleen (mm) 

Normal control 240.20 ± 21.49 18.13 ± 0.09 5.02 ± 0.06 

Parasitised untreated *968.40 ± 45.4 *40.02±0.05 *7.16 ± 0.04 

ACT (AM+AS) only */**314 ± 23.47 *20.21±0.06 5.87 ± 0.08 

Ciprofloxacin only */**498.80 ±41.25 */**28.33±0.07 5.23 ± 0.08 

ACT (AM+AS) + ciprofloxacin */**322.00 ±20.77 */**26.45±0.06 5.16±0.03 
 

ACT = artemisinins-based combined therapy, AM = amodiaquine, AS = artesunate, a = mean ± SD of 12 determinations. * = 
p ≤ 0.05 (Normal control);  ** = p≤ 0.05 (Parasitized untreated). 

 
 
 

The Platelet counts as shown in Table 2 were 997.4 ± 
54.6, 342.60 ± 23.80, 742.50 ± 58.69, 742.5 ± 58.70, 
671.70 ± 25.60, for normal control, parasitized untreated, 
treatment with ACT, ciprofloxacin and ACT + 
ciprofloxacin. The platelet counts of infected untreated 
animals were significantly (p≤ 0.05) reduced when 
compared with the normal control. When compared with 
the normal control, there were significant (p≤0.05) 
reductions in Platelets counts of the infected mice treated 
with ACT, ciprofloxacin and ACT + ciprofloxacin. 

The percentages of lymphocytes obtained in this study 
as shown in Table 2 were 90.22 ± 5.60, 19.04 ± 2.30, 
44.30 ± 6.50, 88.00 ± 4.10, 87.10 ± 3.10 for normal 
control, parasitized untreated, treatment with ACT, 
ciprofloxacin only and ACT plus ciprofloxacin 
respectively. The parasitized untreated mice showed 
significant (p≤0.05) reduction in lymphocytes compared 
with the normal control, Mice treated with ACT showed 
significant (p≤0.05) reduction in lymphocytes when 
compared with normal control, while the groups treated 
with ciprofloxacin only and ACT + ciprofloxacin did not 
show significant (p≥0.05) changes. 

The mean corpuscular volume (MCV) obtained in this 
study as shown in Table 2 were 66.64 ± 6.79, 71.34 ± 4.20, 
62.85 ± 1.20, 61.10 ± 2.12, 76.8 ± 2.66 for normal control, 
parasitized untreated, treatment with ACT, ciprofloxacin 
and ACT + ciprofloxacin, respectively. The values obtained 
showed insignificant (p≥0.05) increase in MCV obtained 
for parasitized untreated mice compared with normal 
control. When compared with the normal control, there 
were no significant reductions in MCV obtained for mice 
treated with either ACT or ciprofloxacin, while the ACT + 
ciprofloxacin group showed an increase. 

The mean hemoglobin corpuscular haemoglobin (MCH) 
obtained in this study are shown in Table 2 and the values 
were 15.62 ± 1.70, 16.04 ± 1.07, 15.20 ± 0.14, 15.80 ± 
0.17, 18.57 ± 3.10 for normal control, parasitized 
untreated, parasitized and treated with ACT, ciprofloxacin 
and ACT + ciprofloxacin, respectively. There were no 
significant (P≥0.05) differences in the MCH values 
obtained. 

The mean corpuscular haemoglobin concentrations 

obtained as showed in Table 2 were as follows: 23.42 ± 
1.06, 22.69 ± 1.38, 24.20 ± 0.17, 2 3.60 ± 0.36, 24.27 ±1.60 
for normal control, parasitized untreated, treatment with 
ACT only, ciprofloxacin only and ACT + ciprofloxacin 
respectively. The values obtained did not show significant 
(P≥0.05) changes.  
 
 
DISCUSSION 
 
Malaria is one of the killer diseases in Nigeria, especially 
the lower Niger regions/state where malaria infection is 
endemic. Various treatment regimens has been developed 
to cope with this situation and in recent times multi-drug 
therapies have been adopted as the most effected means 
of treating malaria. In this study we examined the 
influence of ACT, ciprofloxacin and their combination on 
haematological indices and splenic parameters such as 
weight, size and length on malaria infected mice.   

The clinical manifestations of sluggishness, inactivity 
and coming together at the corners of the cages by the 
pretreatment infected mice, when compared to the 
untreated control group, may be due hyperparasitaemia. 
This is in consonant with the report of Centre for Disease 
Control and Prevention (CDC, 2010) on the clinical 
manifestations of malaria. When the parasite develops in 
the erythrocyte, numerous waste substances such as 
hemozoin pigment and other toxic factors accumulate in 
the infected red blood cell and released into the blood 
circulation when the infected cells are hemolyzed to 
release invasive merozoites. The hemozoin and other 
toxic factors such as glucose phosphate isomerase (GPI) 
activate macrophages and other cells to produce 
cytokines and other soluble factors which act as pyrogens, 
producing fever, which manifest as chills and want of 
warmth and lethargy. Paleness of the pinnae and tail of 
the parasitized mice may be due to reduced haemoglobin 
and other haematological imbalances, which correlates 
with the report of Boon et al. (2006a).   

This study showed differences in color among the 
spleens of the different groups of mice, indicating that 
parasite infection can cause changes in the physical 
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Table 2. Haematological indices of Plasmodium berghei berghei infected mice on ACT, ciprofloxacin and ACT + ciprofloxacin treatment, normal and malaria control groups. 
 

 

    

   Groupa 

 

 

Haemoglobi
n 

(g/dL) 

 

Red blood 
cells 

(× 103 µL) 

 

 

Haematocrit 

(%) 

 

White blood 
cells 

(× 103µ L) 

 

 

Platelets 

×103µL 

 

 

Lymphocyt
es 

(%) 

 

Mean 
corpuscular 

Volume (FL) 

Mean 
Corpuscular 

Haemoglobin 
(Pg) 

 

Mean Corpuscular 

Haemoglobin 

Concentration 
(g/dL) 

 

Normal 
control 

 

11.28±0.93 

 

7.22±1.13 

 

48.24±3.49 

 

12.32±2.52 

 

997.4±54.6 

 

90.22±5.60 

 

66.64±6.79 

 

15.62±1.70 

 

23.42±1.06 

Parasite 

untreated 
*3.86±0.77 *2.43±0.63 *17.30±4.29 *2.80±0.02 

342.60±23.8
0 

*19.04±2.30 71.34±4.20 16.04±1.07 22.69±1.38 

 

ACT (AS+AQ) 

**11.25±0.7
7 

6.39±1.58 **46.50±4.53 */**5.05±1.14 
742.50±58.6

9 
*/**44.30±6.

50 
62.85±1.20 15.20±0.14 24.20±0.17 

Ciprofloxacin  

only 
**9.50±0.99 

*/**4.99±0.
35 

**43.8±6.19 **10.6±1.01 742.5±58.70 
**88.00±4.1

0 
61.10±2.12 15.80±0.17 23.60±0.36 

ACT  

+ 
Ciprofloxacin 

**9.13±2.37 
*/**4.14±1.

02 
*/**38.20±1

1.82 
**13.83±4.28 

671.70±25.6
0 

**87.10±3.1
0 

76.8±2.66 15.57±3.10 24.27±1.60 

 

ACT = artemisinins based combined therapy, AM = amodiaquine, AS = artesunate,a = mean ± SD of 12 determinations.                     
 * = p ≤ 0.05 (Normal control); ** = p≤ 0.05 (malaria control). 

 
 
 
appearance of the spleen. Drugs used might have 
caused a change in splenic size and color by reducing 
or treating spleen damage. The spleen is a lymphoid 
secondary organ that plays a role in human 
immunity, especially in the process of phagocytosis 
of the malaria pigment of the parasites (Chotivanich 
et al., 2002; Engwerda et al., 2010). The spleen is 
important in blood filtration and has been reported 
to decrease parasitemia in malaria infection (Alves et 
al.,1996).  

Splenomegaly was seen in all the parasitized 
groups in comparison to the normal control. This 
finding was consistent with previous reports 
(Carvalho et al., 2007; Dkhil, 2009) showing 
splenomegaly in both P. berghei and P. chabaudi 
infected mice. Marked increase in splenic size of 

animals infected with malaria when compared the 
normal control is consistent with report of most 
authors that there is splenomegaly in malaria 
infection (Rosenthal, 2010; Boon et al., 2006b).    

The results obtained in this study showed that 
treatment with only ACT had better restorative 
effects on the appearance and size of the spleen of 
the parasitized mice when compared to those treated 
with either ciprofloxacin only or ciprofloxacin plus 
ACT. This may be explained by the fact that 
ciprofloxacin perhaps caused more red blood cell 
haemolysis than artesunate-amodiaquine.  

The spleen as a lymphoid secondary organ plays a 
role in immunity, especially in the process of 
phagocytosis of the malaria pigment due to the 
parasites (Chotivanich et al., 2002; Engwerda et al., 

2005). The spleen is important in blood filtration and 
has been reported to decrease parasitemia in malaria 
infection (Alves et al., 1996). Splenomegaly was 
observed in all treatment groups except the normal 
control. Our finding was consistent with earlier 
reports (Carvalho et al., 2007, Dkhil, 2009) that have 
showed splenomegaly in both P. berghei and P. 
chabaudi infected mice. The observation in this 
investigation study showed that treatment with ACT 
only is of better restorative effects on the appearance 
and size of the spleen when compared to 
ciprofloxacin or ciprofloxacin plus ACT. The plausible 
explanation may be that ciprofloxacin has more 
hemolytic potential on the red blood cells than 
artesunate-amodiaquine. 

Also a remarkable derangement in haematological
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indices of parasitized untreated animals was observed 
when compared to the normal control. This observation 
has already been reported (Ngole et al., 2010) in malaria 
infected children. Price et al. (2001) and Facer (1994) had 
also reported haematological alterations in malaria 
infected individuals. A reduction in the red blood cells, 
white blood cells and Platelets counts (pancytopaenia) 
recorded in this investigation confirms earlier reports 
(George and Ewelike-Ezeani, 2011; Bashiwri et al., 2000).   

The mice treated with artesunate-amodiaquine (ACT) 
only were observed to have better haematological indices 
when compared those that had ciprofloxacin only or 
ciprofloxacin plus ACT. This finding is consistent with the 
reports that artemisinin drugs cause less antimalarial 
drug-related falls in packed cells volume during treatment 
(Sowunmi et al., 2009), while quinolones increased the 
preexisting pancytopaenia. Koram et al. (2005) reported 
that artemisinin-based combinations (ACTs) are known to 
effect rapid fever and parasite clearance and the wide-
spread use of more effective antimalarial would probably 
result in significant clinical and haematological benefits. 
The World Health Organization (WHO) protocol for the 
evaluation of an antimalarial drug or drug combination 
now includes haematological recovery as an efficacy end-
point (WHO, 1996, 2002). 
 
 
Conclusion 
 
The study showed that artesunate-amodiaquine and 
ciprofloxacin combination have a better restorative 
effects on plasmodium-induced splenomegaly than only 
ACT or ciprofloxacin. However, adding ciprofloxacin to 
ACT adversely affected haematological parameters more 
than either ACT or ciprofloxacin alone. Artesunate-
amodiaquine and ciprofloxacin combination should 
therefore be considered as a better treatment modality of 
uncomplicated malaria. However, it should be considered 
that the use of this triple regimen may require other 
medications that improve the haematological parameters.  
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