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Abstract 

Anaemia has been reported to be the key feature of trypanosomiasis and is used as the primary indicator of when to 
treat the infection. Therefore, this study was designed to evaluate the anti-anaemic potential of the hydro-ethanolic 
extract of Waltheria indica in albino rats with parasitaemia – induced anaemia. Three groups of 6 rats each were 
challenged with Trypanosoma brucei brucei to induce anaemia and treated with 300mg/kg bw orally for 5 days, 
3.5mg/kg Berenil® once intraperitoneally and distilled water. All the rats developed anaemia, manifested by 
significantly reduced values of Packed Cell Volume (PCV), Haemoglobin (Hb)concentration and Red Blood Cells (RBC) 
count within 5 days of infection compared with the pre-infection values. Treatment with Berenil and Waltheria indica 
hydro-ethanolic extract at 300mg/kg bw led to remarkable improvement in the values of the PCV, Hb and RBC, however, 
the restoration was significantly (P < 0.05) higher in the animals treated with the ethanol extract of the plant. Results of 
the study also indicated the absence of the effect of both parasitaemia and treatment on the levels of erythrocyte indices 
(Mean Cell Volume, Mean Cell Haemoglobin and Mean Cell Haemoglobin Concentration) of the infected rats. Therefore, 
the plant could be of use in the management of African sleeping sickness and other ailments related to anaemia.  
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1. Introduction

Anaemia refers to a condition in which the haemoglobin content of the blood is lower than normal as a result of a 
deficiency of one or more essential nutrients [1], heavy blood loss, parasitic infections, acute and chronic infections [2], 
and congenital haemolytic diseases [3].  

The incidence of anaemia is higher in the third world than in developed countries due to the presence of many 
aggravating factors such as nutrition, low socio-economic status, and high prevalence of blood parasites such as 
Plasmodium and Trypanosoma and helminthic infections. Women are known to be susceptible to anaemia during 
pregnancy as a result of high demand from the developing foetus [4]. Anaemia is among the top ten causes of death in 
childhood. The World Health Organization (WHO) estimates that the highest proportions of individuals affected by 
anaemia are in Africa [5].  

Over the years, medicinal plants have been recognised to be of great importance to the health of individuals and 
communities. In many developing countries, herbal medicines are assuming greater importance in primary health care 
and their international trade has increased. However, the markets in these countries are not adequately regulated and 
many herbal products in circulation are unregistered by national regulatory bodies [6]. 
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African trypanosomes are extracellular parasites that survive in the blood stream of the host. Anaemia has been 
reported to be the key feature of the disease and persists after the first wave of parasitaemia when parasite numbers 
have declined to low or undetectable levels. Anaemia rather than parasitaemia is best correlated with productivity and 
is used as the primary indicator of when to treat the infection [7].  

Anaemia is one of the numerous ailments claimed to have been successfully treated with plant materials by traditional 
medical practitioners [8]. 

Waltheria indica (Sleepy morning) is short-lived shrub popular among traditional healers in the treatment of skin 
diseases, malaria and typhoid fever, sickle cell anaemia, and epilepsy [9]. However, no scientific data has been published 
to show the anti-anaemic activity of the plant in Trypanosoma brucei brucei infected animals.  

Since resistance to trypanosomiasis has been shown to be determined by at least three main characteristics, namely, 
the ability to control parasitaemia, the ability to develop an effective immune response and the ability to resist the 
development of anaemia [10], the main objective of this study was to investigate the anti-anaemic potential of the hydro-
ethanolic extract of Waltheria indica in rats with parasitaemia-induced anaemia, with the hope of producing an 
effectively potent plant that is alternative to available synthetic haematinics.  

2. Material and methods 

2.1. Plant Collection and Identification 

This research was conducted between July 2015 and April, 2019 in the Parasitology and Biochemistry Laboratories of 
the Usmanu Danfodiyo University Sokoto, Nigeria. The plant used in this study was collected from Dabagi Farm of the 
Usmanu Danfodiyo University, Sokoto and transported to the Botany Unit of the Usmanu Danfodiyo University, Sokoto, 
for identification. A voucher specimen of the plant was deposited in the herbarium of the Department where it was 
identified.  

2.2. Plant Extraction 

Whole plant of Waltheria indica was cut into pieces, air-dried (under shade to avoid destruction of the active 
components) at room temperature and pulverized using mortar and pestle. Forty grams (40g) of the powdered form of 
the air-dried sample was exhaustively extracted with 1000ml of water and ethanol (50% v/v). It was then left to stand 
for 24hours after which it was sieved first with cotton wool and then with Whatmann size 15cm filter paper. The filtrate 
was dried, weighed and stored until required, a 4.8% yield w/w [11].  

2.3. Rat Inoculation and Induction of Anaemia 

Trypanosoma brucei brucei were obtained from stabilates maintained at the Nigerian Institute of Trypanosomosis and 
Onchocerciasis Research (NITOR) Vom Jos, Plateau State.  

Twenty-four (24) healthy albino rats, purchased from the animal house of the Usmanu Danfodiyo University, Sokoto, 
were allowed to acclimatize and subjected to the same physical conditions. At the end of the acclimatization period, 
parasite infected blood obtained from the tail of an infected rat with high parasitaemia, and appropriately diluted with 
phosphate buffered saline, was inoculated intraperitoneally into 18 uninfected rats. The mixture was found to contain 
3 to 4 parasites per view of the microscope (x 100 magnification) and approximately 1 x 106 trypanosomes per ml of 
blood.  

2.4. Administration of Treatment 

Six (6) infected rats received 300mg/kg body weight at the peak of parasitaemia. Administration was done orally and 
continued for five (5) days consecutively. Another group of 6 rats were treated with full dosage of Berenil® (3.5mg/kg) 
once intraperitoneally, to serve as positive control. The last group of six rats was left untreated to serve as negative 
control. 

2.5. Haematological analyses 

Assessment of haematological parameters started before challenge with the parasites, at the peak of parasitaemia (five 
days post inoculation), immediately after death (for the untreated rats) and then 24 hours and 7 days after the 
termination of treatment [12]. Blood was collected from the tail veins of each rat in all groups (before and after infection) 
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and used for the determination of Packed Cell Volume (%), Haemoglobin concentration (g/dl), Red Blood Cell counts 
(106/mm), Mean Cell Volume (fl), Mean Cell Haemoglobin (pg) and Mean Cell Haemoglobin Concentration (g/dl)12. 
Determination of haematological parameters and erythrocyte indices was done using the automated haematologic 
analyzer SYSMEX KX21, a product of SYSMEX Corporation, Japan as described by [13]. 

Percentage drop in haematological parameters was calculated, for each parameter as follows: 

%= 100 x (X2 - X1)/X1 

where: 

 X2: value after the infection 
 X1: value before infection 

Percentage Restoration was calculated, for each parameter as follows: 

%= 100 x (X2 - X1)/X1 

where: 

 X2: value after treatment 
 X1: value before treatment (at the peak of parasitaemia) 

2.6. Statistical Analysis 

Mean haematological parameters (PCV, Hb, RBC) and erythrocyte indices (MCV, MCH and MCHC) were statistically 
analyzed using one way ANOVA and Correlation Analysis. Post-test analysis was done using the Duncan’s Multiple Range 
Test. Values of p < 0.05 were considered as statistically significant. In all cases data was entered into computer and 
analyzed using SPSS (Version 20.0) statistical package.  

3. Results  

3.1. Determination of Anaemia 

Results of the study showed that all the infected rats had significant (p < 0.05) drop in the values of PCV (%), Hb (g/dl) 
and RBC (106/mm) within five days of infection when compared with the normal uninfected rats and pre-infection levels 
(Fig. 1). The significant decrease in the values of these parameters is an indication of anaemia in all infected animals. 
Percentage drops were recorded and shown in Table 1.  

 

Figure 1 Mean Values of PCV (+), Hb (g/dl) and RBC (x 106/mm) of Rats pre and post infection Infection with T. brucei 
brucei parasites 
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Table 1 Percentage Decline in PCV (%), Hb (g/dl) and RBC (x 106/mm) of Infected Rats following Infection with T. 
brucei brucei 

Rat Grouping 
% Decrease  

PCV (%) Hb (g/dl) RBC (106/mm) 

Untreated 28.52 25.22 27.13 

Extract(300mg/kg) 30.82 26.83 33.33 

Standard (3.5mg/kg) 31.56 28.77 14.79 

3.2. Relationship between Haematological Parameters and Parasitaemia Level 

Drops in haematological parameters were recorded with increase in parasite density in all infected experimental 
animals. The drop in haematological parameters significantly (P < 0.01), and inversely correlated with the parasitaemic 
condition of the infected rats (Table 2). 

Table 2 Correlation of Levels of Parasitaemia and Haematological Parameters of T brucei brucei Infected Animals at the 
Peak of Parasitemia 

Parameter  Parasitaemia Level 

PCV (%) Level peak of Parasitaemia Pearson Correlation -0.759** 

 Sig. (2-tailed) 0.000 

Hb (g/dl) Level peak of Parasitaemia Pearson Correlation -0.753** 

 Sig. (2-tailed) 0.000 

RBC (106/mm) Level peak of Parasitaemia Pearson Correlation -0.756** 

 Sig. (2-tailed) 0.000 
**. Correlation is significant at the 0.01 level (2-tailed) 
*. Correlation is significant at the 0.05 level (2-tailed) 

3.3. Relationship between Parasitaemia Level and Erythrocyte Indices 

Mean post infection levels of erythrocyte indices at the peak of parasitaemia (MCV, MCH and MCHC) did not significantly 
(P > 0.05) differ from those of the normal uninfected rats and with the pre-infection values in all the infected 
experimental animals (Fig. 2). Similarly, the results of statistical analysis using Pearson Correlation indicated a weak 
inverse and non-significant (P > 0.05) relationship between the level of parasitaemia and the erythrocyte indices of the 
infected rats (Table 3). 

 

Figure 2 Mean Erythrocyte Indices of Rats Pre and Post Infection with T. brucei brucei parasites 
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Table 3 Erythrocyte Indices of T brucei brucei Infected Rats and their Correlation with Parasitaemia Five Days Post 
Inoculation 

Erythrocyte Indices Parasitaemia 

MCV (fl) 
Pearson Correlation 0.014 

Sig. (2-tailed) 0.921 

MCH (pg) 
Pearson Correlation -0.067 

Sig. (2-tailed) 0.628 

MCHC (g/dl) 
Pearson Correlation -0.225 

Sig. (2-tailed) 0.102 

3.4. Anti-Anaemic Effect of the Ethanol Extract of Waltheria indica following Treatment of Rats on T. brucei 
brucei Induced Anaemia 

Following treatment, there were increases in PCV (%), Hb (g/dl) and RBC (106/mm) levels of the treated groups of rats 
(Table 4). However, the PCV (%), Hb and RBC counts in the untreated Group continued to decline to more than 66.67% 
of their pre-infection values culminating in the death of the rats in this group, suggesting that the death of the untreated 
animals is correlated with severe anaemic condition of the rats. Although treatment with both Berenil and Waltheria 
indica led to remarkable improvement in the values of the PCV, Hb and RBC, the restoration was significantly (P < 0.05) 
higher in the plant extract treated group. Analysis using Pearson Correlation of the parasitaemia level and the PCV, Hb 
and RBC counts of the infected and treated animals 24 hours and 7 days post treatment indicated significant (P<0.05) 
indirect correlation of these parameters with the level of parasitaemia (Table 5). 

 

Figure 3 Haematological Parameters of T. brucei brucei infected Rats at the Peak of Parasitaemia and after Treatment  

Table 4 Percentage Restoration of Haematological indices of T. brucei brucei infected rats after Treatment\ 

 % RESTORATION  

Animal Group PCV (%) Hb (g/dl) RBC (106/mm) 

Untreated -66.0657 -67.7658 -66.6563 

Extract(300mg/kg) 21.77419 13.34107 46.54255 

Standard (3.5mg/kg) 6.332556 1.696833 13.98964 
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Table 5 Results of Pearson Correlation of Parasitaemia Level and the Haematological Parameters of the Infected and 
Treated Animals 

  Parasitaemia Post Treatment 

Parameter  24 Hours 7 Days 

PCV (%) Post Treatment Pearson Correlation -0.446** -0.436** 

 Sig. (2-tailed) 0.006 0.008 

Hb (g/dl) Post Treatment Pearson Correlation -0.423* -0.531** 

 Sig. (2-tailed) 0.01 0.001 

RBC (106/mm) Post Treatment Pearson Correlation -0.519** -0.639** 

 Sig. (2-tailed) 0.001 0.001 

** Correlation is significant at the 0.01 level (2-tailed) 
* Correlation is significant at the 0.05 level (2-tailed) 

3.5. Effect of the Administration of the ethanol Extract of W. indica on Erythrocyte Indices  

Significant differences (p > 0.05) between the infected and control animals for MCV, MCH and MCHC values were not 
found following parasite inoculation (Fig 4). 

 

Figure 4 Mean Values of Erythrocyte Indices of T brucei brucei Infected Rats Pre- and Post-Treatment 

Table 6 Pearson Correlation analysis of Erythrocyte Indices of T brucei brucei Infected animals with Parasitaemia 24 
hours and 7 days post Treatment 

Erythrocyte Indices 24 hours PT 7 Days PT 

MCHC (g/dl) 
Pearson Correlation 

Sig. (2-tailed) 

0.288 

0.088 

-0.170 

0.321 

MCH (fl) 
Pearson Correlation -0.131 0.540** 

Sig. (2-tailed) 0.445 0.001 

MCV (pg) 
Pearson Correlation -0.195 0.438** 

Sig. (2-tailed) 0.255 0.007 

**Correlation is significant at the 0.01 level (2-tailed) 
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Also, no statistical significance (P > 0.05) was observed, between treated and control animals in the values of these 
parameters, after treatment. Thus, indicating the absence of the effect of both parasitaemia and treatment on such 
parameters. However, statistical analysis indicated the values of MCV and MCH of the treated animals to significantly 
correlate (P <0.05) with the level of parasitaemia 7 days post treatment (Table 6). 

4. Discussion 

Haematological parameters and erythrocyte indices remain the tools used by researchers to assess the development of 
anaemia in parasite-infected animals [14; 15;16;17;18].  

The reduced values of PCV (%), Haemoglobin concentration and RBC counts observed in this study following infection 
have been reported by other workers [19;20;21;22;23]. However, the findings disagreed with those of [24] who 
recorded no perceptible changes in any of the three blood parameters. The reduction could be attributed to the fact that 
anaemia is a significant feature of trypanosomiasis and its aetiology according to Yusuf et al., [22] may be haemodilution, 
osmotic and mechanical fragility of RBCs, extravascular haemolysis, decrease lifespan of RBCs and dyshaemopoiesis.  

In the current study, the significant correlation of haematological parameters tested and parasitaemia contradicted the 
findings of Noyes et al., [25] who found no significant interaction between parasitaemia and trypanosome induced-
anaemia from natural tsetse challenge depressed PCV in cattle and in sheep in field studies. However, similar 
correlations were reported in mice [26], dogs [27] and cattle [28;29;30;31] following infection with trypanosomes.  

In the untreated rats, there seem to be a strong correlation between the severity of anaemia and death. Death started 
when the levels of haematological parameters dropped beyond 67% of their pre-infection values, suggesting the 
influence of severe anaemia as a possible contributory factor of the death of the animals in this group. A significant 
linkage between parasitaemia and PCV in cattle, sheep and goat populations has also been reported [32]. 

In the present study, the PCV, Hb and RBC were observed to improve following treatment with both W. indica ethanol 
fraction and Berenil®. However restoration was higher in animals treated with 300mg/kg of W. indica. This positive 
improvement is perhaps an indication that the plant extract is helping the animals to improve their depressed state of 
trypanosome induced anaemia. Similar improvements in these indices following treatment have been reported by [33] 
after treating albino rats with Black seed (Nigella sativa seeds). The positive anti-anaemia effect of the plant fraction 
was further confirmed by the inverse correlation of the level of parasitaemia and haematological indices. This shows 
that significant improvement in haematological parameters is associated with decline in available parasites in the 
peripheral blood of the treated animals. Earlier, resistance to trypanosomiasis has been shown to be determined by at 
least three main characteristics, namely, the ability to control parasitaemia, the ability to develop an effective immune 
response and the ability to resist the development of anaemia [10]. It may be correct to postulate that the anti-anaemic 
activity of the plant extract is tied to its trypanocidal activity. This is not surprising because Murray [9] has previously 
demonstrated the extract of W. indica to possess anti-parasitic activity against T. brucei brucei in albino rats.  

Red cell indexes, MCV, MCH and MCHC, are useful blood tests that provide haematological information about 
haemoglobin and the size of red blood cells and hence useful in the classification of anaemia. The absence of any change 
in MCV value observed in the present study, following parasite inoculation, is in contrast to the low and high MCV values 
reported by [34] and [20] respectively. However, it agrees with observations of eClinPath.com [35] who found 
unchanged MCV in Trypanosoma evansi infection in East African goats. The non – significant alterations in MCHC 
observed in this study was in contrast to the significant increases observed by Ngeranwa et al.,[34]. However, it confirms 
the statement at [36] that significantly raised MCHC values are not physiologically possible due to limitations on the 
solubility of the haemoglobin. 

5. Conclusion 

The study has highlighted the immediate and rapid decline of haematological parameters following trypanosome 
infection leading to anaemia, which significantly and inversely correlated with parasitaemia level of the infected rats. 
However, treatment with the ethanol fraction of W. indica significantly improves the values of haematological 
parameters to almost their baseline levels, even better than the standard reference drug Berenil.  



World Journal of Advanced Research and Reviews, 2021, 11(03), 291–299 

298 

Compliance with ethical standards 

Acknowledgments 

We acknowledge the contribution of Chief Technologist of Department of Biochemistry Usmanu Danfodiyo University, 
Sokoto for conducting the practical and allowing us access to the Biochemistry laboratory. 

Disclosure of conflict of interest 

The authors declare that they do not have competing interest.  

Statement of ethical approval 

The ethical approval of this study was obtained from the Ethical Committee of the Usmanu Danfodiyo University Sokoto, 
Nigeria {UDUS/R/ACA/01/.25}. 

References 

[1] DeMaeyer E, Adiels-Tegman M. The Prevalence of Anemia in The World. World Health Stat Q. 1985; 38: 302-316.  

[2] World Health Organization. The Global Prevalence of Anaemia. ISBN 978 92 4 156496 0 (NLM classification: WH 
155). 2011. 

[3] Gillespi S. Malnutrition in South Asia: A Regional Profile. UNICEF/South Asia. Kathmandu: Rosa Publication. 1997. 

[4] Cyril CD, Hyacinth EO. The Prevalence of Anemia among Pregnant Women at Booking in Enugu, South Eastern 
Nigeria”, Med. Gen. Med. 2007; 9(3): 11.  

[5] Ekor M. The Growing Use of Herbal Medicines: Issues Relating to Adverse Reactions and Challenges in Monitoring 
Safety”. Front Pharmacol. 2013; 4: 177.  

[6] Trail JCM, d’Ieteren GDM, Viviani P, Yangari G, Nantulya VM. Relationships between Trypanosome Infection 
Measured by Antigen-Detection Enzyme Immunoassays, Anaemia and Growth in Trypano-Tolerant N’dama 
Cattle”. Veterinary Parasitology. 1992; 42: 213–223.  

[7] Omoleke II. The "Relevance" of the African Traditional Medicine (Alternative Medicine) to Health Care Delivery 
System in Nigeria”. The Journal of Developing Areas. 2013; 47(1): 319-338. 

[8] Bala AY, Adamu T, Abubakar U, Ladan MJ. Inhibition of Trypanosoma brucei brucei by Extracts from Waltheria 
indica”. Research Journal of Parasitology. 2011; 6(1): 53 – 59.  

[9] Murray M. Anaemia of Bovine African Trypanosomosis; An Overview”. International Laboratory for Research on 
Animal Diseases, Nairobi, Kenya. 1979. 

[10] Hostettmann K. Strategy for the Biological and Chemical Evaluation of Plant Extracts”. International Conference 
on Biodiversity and Bioresources: Conservation and Utilization, 23–27 November 1997, Phuket, Thailand. 1999. 

[11] Orhue NEJ, Nwanze EAC, Okafor A. Serum Total Proteins, Albumin and Globulin Levels in T. brucei Infected 
Rabbits: Effect of Orally Administered Scoparia dulcis”. African Journal of Biotechnology. 2005; 4(10): 1152 – 
1155. 

[12] Dacie and Lewis. Practical Haematology. Science Direct. 1991. 

[13] Stijlemans B, Vankrunkelsven A, Brys, Magez L, Baetselier SP. Role of Iron Homeostasis in Trypanosomiasis-
Associated Anaemia”. Immunobiology. 2008; 213: 823–835.  

[14] Guilliams M, Bosschaerts T, Hérin M, Hünig T, Loi P, Flamand V, De Baetselier P, Beschin A. Experimental 
Expansion of the Regulatory T Cell Population Increases Resistance to African Trypanosomiasis. J. Infect. Dis. 
2008; 198: 781–791. 

[15] Liam J, L Morrison, J McLellan, S Sweeney, L Chan, CN MacLeod, A Tait, A Michael, CRT. Role for parasite genetic 
diversity in differential host responses to Trypanosoma brucei infection. Infect Immun. 2010; 78(3): 1096–1108. 

[16] Naessens J, Kitani H, Nakamura Y. TNF- A Mediates the Development of Anaemia in a Murine Trypanosoma brucei 
rhodesiense Infection , but not the Anaemia Associated with a Murine Trypanosoma congolense Infection”. Clin 
Exp Immunol. 2005; 139: 405–410. 



World Journal of Advanced Research and Reviews, 2021, 11(03), 291–299 

299 

[17] Nishimura K, Yanase T, Nakagawa H, Matsuo S, Ohnishi Y, Yamasaki S. Effect of Polyamine-Deficient Chow on 
Trypanosoma brucei brucei Infection in Rats”. J Parasitol. 2009; 95(4): 781–786.  

[18] Akinbamijo OO, Bennison JJ, Jaitner J, Dempfle L. Haematological Changes in N'Dama and Gobra Zebu Bulls during 
Trypanosoma congolense Infection Maintained Under a Controlled Feeding Regimen. Acta Tropica. 1998; 69(3): 
181-192. 

[19] Sharma DK, Chauhan PPS, Saxena BK, Agrawal RD. Haematological Changes in Experimental Trypanosomosis in 
Barbari Goats”. Small Ruminant Research. 2000; 38: 145 – 149.  

[20] Chaudhary ZI, Iqbal J. Incidence, Biochemical Haematological Alterations Induced by Natural Trypanosomosis in 
Racing Dromedary Camels. Acta Tropica. 2000; 77(2): 209 – 213. 

[21] Cadioli FA, Marques LC, Machado RZ, Alessi AC, Aquino LPCT, Barnabe PA. Experimental Trypanosoma evansi 
Infection in Donkeys: Haematological, Biochemical and Histophathological Changes. Arq. Bras. Med. Vet. Zootec. 
2006; 58(5): 255 – 260.  

[22] Yusuf OS, Oseni BS, Olayanju AO, Hassan MA, Ademosun AA, Akele RY. Acute and Chronic Effects of Trypanosoma 
brucei brucei Experimental Infection on Bone Marrow and Peripheral Blood Cells in Wistar Rats. Scholars Journal 
of Applied Medical Sciences. 2013; 1(6): 1036-1040.  

[23] Otieno PS, Gachanja JW. Studies of Experimental Trypanosoma evansi Infection in Goats. Bulletin of Animal 
Health Production in Africa. 1976; 24: 295 – 297.  

[24] d'Ieteren GDM, Awuome K, Bokovi K, Chema S, Colardelle C, Coulibaly L, Defly A, Feron A, Grundler G, Handlos M, 
Hacker P, Itty P, Kakiese O, Leak SGA, Maehl JHH, Maloo SH, Mawuena K, Minengu M, Morkramer G, Mukendi F, 
Mulatu W, Mulungo M, Nagda SM, Nankodaba C, Ngamuna S, Ordner C, Paling RW, Rarieya JM, Schuetterle A, 
Sheria M, Thorpe W, Tikubet G, Trail JCM, Yangari G. Trypanosome infections and other factors influencing PVC 
in livestock. Proceedings of a Meeting Held 23-27 November 1987 Nairobi, Kenya. 1988. 

[25] Noyes HA, Alimohammadian MH, Agaba M, Brass A, Fuchs H, Valerie Gailus-Durner H, Helen H, Fuad I, Stephen 
K, Birgit R, Eckard W, Martin HA, Delnaz R, Naessens J. Mechanisms Controlling Anaemia in Trypanosoma 
congolense Infected Mice”. PLoS ONE. 2009; 4(4): e5170.  

[26] Nwosu CO, Ikeme MM. Parasitaemia and Clinical Manifestations in Trypanosoma brucei Infected Dogs”. Rev Elev 
Med Vet Pays Trop. 1992; 45(3-4): 273-7.  

[27] Naessens J, Leak SGA, Kennedy DJ, Kemp SJ, Teale AJ. Responses of Bovine Chimaeras Combining Trypanosomosis 
Resistant and Susceptible Genotypes to Experimental Infection with Trypanosoma congolense. Veterinary 
Parasitology. 2003; 111: 125–142.  

[28] Naessens J. Bovine Trypanotolerance: A Natural Ability to Prevent Severe Anaemia and Haemophagocytic 
Syndrome?” International Journal for Parasitology. 2006; 36: 521–528.  

[29] Murray M, Morrison WI, White law DD. Host Susceptibility to African Trypanosomiasis: Trypanotolerance. Adv. 
Parasitol. 1982; 21: 1–68.  

[30] Murray M, Dexter TM. Anemia in Bovine African Trypanosomiasis. Acta Tropica. 1988; 45: 389–432.  

[31] ILCA/ILRAD. The African Trypanotolerant Livestock Network. Indications from Results”. 1983-1985. December 
1986. ILCA, Addis Ababa, Ethiopia. 1986. 

[32] Ekanem TJ, Oluwatosin KY. Some Biochemical and Haematological Effects of Black Seed (Nigella sativa) oil on 
Trypanosoma brucei infected rats”. African Journal of Biotechnology. 2008; 7(2): 153 – 157.  

[33] Thuita JK, Kagira JM, Mwangangi D, Matovu E, Turner CMR, Masiga D. Trypanosoma brucei rhodesiense 
Transmitted by a Single Tsetse Fly Bite in Vervet Monkeys as a Model of Human African Trypanosomiasis”. PLoS 
Negl. Trop. Dis. 2008; 2(5): e238. 

[34] Ngeranwa JJ, Gathumbi PK, Mutiga ER, Agumka GJ. Pathogenesis of Trypanosoma evansi in Small East African 
Goats”. Res. Vet. Sci. 1993; 54: 283-289. 

[35] eClinPath.com. Cornell University College of Veterinary Medicine website. 2013.  


