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Abstract Reinforcement of the body with exogenous

antioxidants have been shown to mitigate the negative

effects of African trypanosomiasis on the host and con-

tribute greatly to their survival. This study was therefore

conducted to evaluate the effects of oral administration of

Vitamin E on the early stage of Trypanosoma brucei brucei

infection. To achieve this, parasite free healthy rats were

acclimatized for 2 weeks before they were divided into

three groups. Two of the groups were infected by

intraperitoneal inoculation of 1 9 104 parasites/rat and

monitored for the presence of Trypanosoma brucei brucei.

Blood samples were collected from the infected rats from

the second day post infection to detect the presence of

parasites. Vitamin E treatment started day 4 post infection

at the onset of parasitaemia. Parasites were monitored till

the end of the study. The blood glucose level was deter-

mined using a glucometer; the lipid profile, liver and kid-

ney biomarkers, electrolytes and protein were determined

by colorimetric method using commercial kits. Haemato-

logical parameters were analysed using a sysmex haema-

tology analyser. The results of this study showed that the

infection adversely affected the biomarkers examined

showing its negative effect on liver, kidney, haematologi-

cal parameters and host electrolyte balance. Treatments

with Vitamin E was however able to mitigate the negative

effect of this infection. In conclusion, the treatment was

able to ameliorate the anaemia and organ damage caused

by Trypanosoma brucei brucei, extend the life span of the

treated rats and greatly delay the time taken to get to the

second stage of the infection.
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Introduction

African trypanosomiasis associated with Trypanosoma

brucei species is one of the major factors responsible for

rural underdevelopment in many sub-Saharan African

countries (Franco et al. 2018). The disease affects both

human and animals with pronounce negative effect on

human settlement and income-generating ability of the

communities where people depend mostly on hunting,

livestock rearing, farming and fishing (Tesfaye et al. 2012).

This disease has also become a threat to food security in

sub-Saharan Africa due to vast arable land that are ren-

dered uncultivable (Gaithuma et al. 2019). Human African

trypanosomiasis and Animal African trypanosomiasis have

been linked to socio-economic burden of the affected

countries where it is estimated to result in an annual eco-

nomic loss of about $5 billion (Stijlemans et al. 2017;

Simarro et al. 2012).

In both animals and humans, African trypanosomiasis is

characterised with fever, anaemia, headache, generalized

weakness, severe pruritus with scratching, skin lesions,

mobile or rubbery lymphadenopathies, tenderness, oedema,

malaise, weight loss, musculoskeletal pains and invasion of

organs such as the brain, liver, adipose tissue, the skin and

organs of the nervous system (Malvy and Chappuis 2011;
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Trindade et al. 2016; Capewell et al. 2014). The presence

of the parasites in these organs as a result of invasion has

been shown to be responsible for relapse infection of the

successfully treated patients even without further exposure

to tsetse fly (Trindade et al. 2016; Capewell et al. 2014).

Generation of free radicals and reactive oxygen species

(ROS) by the parasite and the activities of macrophage

which result in degenerative changes in cells, tissues and

organs of infected animals are among the factors associated

with the pathogenesis of African Trypanosomiasis (Edoga

et al. 2013). The reactive oxygen species (ROS) and the

free radicals generated attack the membrane lipids and

proteins resulting in their destruction and exhaustion of

endogenous antioxidants that provide protection for cellu-

lar macromolecules (Kobo et al. 2013). Trypanosomiasis

also results in immunosuppression due to the ability of the

parasite to modulate the host immune system. This in turn

affects the host ability to eliminate the parasite (Akazue

et al. 2019; Cnops et al 2015; Stijlemans et al. 2017).

To attain the goal of eradicating sleeping sickness as

disease of public health problem by 2030 (Franco et al.

2018), stimulation of the immune response against the

trypanosome may play a crucial role in attaining this goal

(Akazue et al. 2019; Bouteille and Buguet 2012; Stijlemans

et al. 2017). It is therefore conceivable that treatment with

antioxidants such as Vitamin E which possesses

immunostimulatory and antioxidant properties will

improve the host immune system, boost the endogenous

antioxidants, prevent oxidative damage, reverse the

pathologic processes, reduce mortality and the severity of

trypanosome infections (Tabel et al. 2008; Umar et al.

2008).

Materials and methods

Experimental animals

Male albino rats (Rattus Norvegious) weighing between

145 and 150 g were used in the study. They were pur-

chased from Nigerian Institute of Trypanosomiasis

Research, Vom, Plateau State, Nigeria. They were kept in

clean rat cages and housed in well ventilated, fly proof

experimental animal house in Bingham University Karu

Nasarawa State, Nigeria. Animals were humanely cared for

in compliance with the principles of laboratory Animal

care as stated by Bingham University. They were fed with

pelletized grower feed (Vital Feed, Jos, Nigeria) and water

was available ad libitum throughout the period of study.

Excess feed and water were evacuated twice daily and

replaced with fresh one to avoid contamination and

infection.

Parasite strain

Trypanosoma brucei brucei (Federe strain) were obtained

from the Nigerian Institute of Trypanosomiasis Research,

Kaduna, Kaduna state, Nigeria and maintained in the lab-

oratory by serial blood passage in rats until when required.

Animal inoculation and determination

of parasitaemia

The animals were acclimatized for two weeks before

inoculation. They were infected by intraperitoneal inocu-

lation of 1 9 104 in 0.3 ml normal saline. Parasitemia was

monitored daily from the second day after the infection by

bleeding the tail of each rat. To do this, about one drop of

blood was collected on the slide and covered with a cover

slide and then observed under 9 40 magnification of a

phase contrast microscope. Fields were examined and the

mobile parasites counted. Trypanosomes were estimated by

matching the density of parasites observed in a microscopic

field with a standard (Herbert and Lunsden 1976).

Treament with Vitamin E

Treatment with Vitamin E started as soon as the para-

sitaemia was confirmed. The Vitamin E was administered

daily to the rats orally at the dose of 300 lg/kg body

weight (Adebayo et al. 2019). The treatment continued

until the Vitamin E treated group stared exhibiting the

symptoms of the second phase of the disease before the

experiment was terminated.

Experimental design/grouping

The rats were grouped into three as shown below:

Group 1: Not infected with T. brucei brucei (Federe

strain) and not treated with Vitamin E.

Group 2: Infected with T. brucei brucei (Federe strain)

only and not treated with Vitamin E.

Groups 3: Infected with T. brucei brucei (Federe strain)

and then given 300 lg/kg body weight of Vitamin E

orally from the day parasitemia was confirmed till the

end of the experiment when the symptoms of secon stage

were observed.

Analysis of the samples

Haematological parameters were determined using the

automated haematologic analyzer (Sysmex, KX-21, Japan).

Other parameters were determined using commercial kits:

Alanine Aminotransferase (ALT), Aspartate Aminotrans-

ferase (AST), Alkaline Phosphatase (ALP), Creatinine,
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Uric acid, Bilirubin and urea Kits were obtained from

Randox; Inorganic phosphate, Sodium ion, Chloride ions

and Total protein kit from Diagnostic Kit, Albumin kit

from Agape Laboratories, Switzerland. High density

lipoprotein, Triglycerides, Total cholesterol, Gamma Glu-

tamyl Transferase (GGT) were obtained from VITRO

SCIENT, Germany. Low density lipoprotein, Potassium

ion and Carbon Dioxide kit, were obtained from Spectrum

Laboratories, Germany. Blood glucose was determine

using glucometer. All these kits were obtained from the

retailers of these companies products in Abuja, Nigeria.

The assays were performed as described by the

manufacturers.

Result

In this study, generalised decrease in the packed cell vol-

ume (PCV) was observed on day 4 post infection at the

onset of parasitaemia. Treatment with Vitamin E resulted

in gradual improvement and restoration of the PCV of the

treated rats while continuous decline was observed in the

untreated rats (Table 1). Significant decrease in red blood

cells and haemoglobin were also observed in the infected

rats compared to the control group. Just like the PCV,

treatment with Vitamin E resulted in increase in the red

blood cells and haemoglobin concentrations (Table 1).

There was an initial increase in white blood cells of all the

rats but a sharp decrease was eventually recorded in the

infected group that were not treated but increase was

observed in the Vitamin E treated group till the end of the

study (Table 1). Increase in lymphocytes were observed in

all the infected animals irrespective of whether they were

treated or not (Table 1).

Post infection treatment with Vitamin E was observed to

greatly suppress the multiplication of the parasite in the rats

treated with Vitamin E. These treated rats exhibited a

slower outgrowth of parasites and lower parasitemia than

the infected controls (Fig. 1). The magnitude of the para-

sitemia was also lower in the treated group compare to the

untreated group. Both groups also reached the parasitemia

peak at the different time (Fig. 1). The treated group were

able to control and eliminate the parasite better than the

untreated group (Fig. 1). After the second parasitemia

wave, there was a decrease in the parasitaemia in the

treated group. However, the untreated group was not able

to survive the second parasitemia wave as they all died on

day 15 (Fig. 1). In general, it was obvious that treatment

Table 1 Effect of post infection treatment with Vitamin E on selected haematological parameters of Trypanasoma brucei brucei infected rats

Parameters Groups

Control (not infected) Infected ? no Vitamin E Infected ? Vitamin E

Baseline (day 0) 35.33 ± 0.58 33.73 ± 0.75 33.47 ± 0.61

Day4 post infection 34.33 ± 0.57 32.30 ± 1.35 31.30 ± 0.63

PCV (%) Last reading 34.50 ± 2.00 26.90 ± 0.36 42.73 ± 1.30

%Change (last reading- day 0) - 2.35 - 20.25 27.67

Baseline (day 0) 7.20 ± 0.23 5.23 ± 0.25 5.20 ± 0.20

Day4 post infection 7.83 ± 0.35 6.33 ± 0.58 6.93 ± 0.41

White blood cells (9 103/lL) Last reading 7.27 ± 0.64 3.43 ± 0.25 8.57 ± 0.25

%Change (last reading- day 0) 0.97 - 55.45 64.81

Baseline (day 0) 4.37 ± 0.20 4.47 ± 0.16 4.43 ± 0.06

Day4 post infection 4.27 ± 0.12 5.77 ± 0.32 5.57 ± 1.16

Lymphocyte (%) Last reading 4.83 ± 0.15 7.60 ± 0.27 6.07 ± 0.70

%Change (last reading- day 0) 10.53 70.02 37.02

Baseline (day 0) 7.73 ± 0.31 7.93 ± 0.12 7.70 ± 0.10

Day4 post infection 7.53 ± 0.30 5.13 ± 0.42 4.47 ± 0.42

Haemoglobin (g/dl) Last reading 7.87 ± 0.42 3.57 ± 0.35 10.13 ± 0.23

%Change (last reading- day 0) 1.81 - 84.99 31.56

Baseline (day 0) 6.53 ± 0.14 5.53 ± 0.15 5.52 ± 0.06

Day4 post infection 6.10 ± 0.25 4.80 ± 0.35 4.68 ± 0.24

Red blood cells (9 106/lL) Last reading 5.55 ± 0.13 3.43 ± 0.40 6.75 ± 0.22

%Change (last reading- day 0) 15.00 - 37.97 22.28

The values are expressed as mean ± standard deviation of three observations

Bold values represent percentage change between base line and last reading
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with Vitamin E was able confer an advantage on the treated

group which makes them to live longer and prolong the

period taken to get to the second phase of the infection

(Fig. 1).

T. brucei brucei infection resulted in decrease in blood

glucose (Table 2). The decrease in blood glucose was

however, more pronounced in the infected untreated group

compared to the Vitamin E treated group throughout the

study period (Table 2). When the last blood glucose was

taken in the untreated group, the glucose level has dropped

to half of the initially blood glucose level before infection

(Table 2). Even though rats treated with Vitamin E were

associated with decrease in blood glucose level, the

decrease was not as significant as that of the untreated

group (Table 2). The result also showed that the Vitamin E

treated group started recovering and displayed improve-

ment in the blood glucose level. The initial glucose level

was almost restored with the treatment before the rats

started exhibiting the second stage symptoms. The con-

sistent blood glucose level of the uninfected control group

confirmed that the infection was actually responsible for

the decrease in blood glucose in the infected groups. It also

confirmed that Vitamin E was responsible for the restora-

tion of the blood glucose level which was observed in the

treated group (Table 2).

From the results of this study, T. brucei brucei infection

resulted in significant decrease (P\ 0.05) in serum

cholesterol, triglycerides, high density lipoprotein (HDL)

and insignificant increase in low density lipoprotein (LDL)

(Table 3). This disturbance in the lipid profiles of all the

infected rats could be seen when the untreated infected

group was compare to the control (Table 3). This showed

that the infection was responsible for the disturbance.

Treatment with Vitamin E resulted in improvement of the

lipid profile examined (Table 3). It was observed that

serum total cholesterol, serum triglycerides, high density

lipoprotein (HDL) and low density lipoprotein (LDL) were

restored with the Vitamin E treatment (Table 3). They were

all significantly higher (P\ 0.05) than infected untreated

group. Comparison of the total serum cholesterol and high
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Fig. 1 Effect of post infection

treatment with Vitamin E on

parasitaemia level in

Trypanasoma Brucei Brucei
infected rats

Table 2 Effect of post infection treatment with Vitamin E on blood glucose (mg/dl) OF Trypanasoma brucei brucei infected rats

Group Control (not infected) Infected ? no Vitamin E Infected ? Vitamin E

Baseline (day 0) 96.17 ± 1.26 102.00 ± 2.00 110.67 ± 3.06

DAY4 post infection 105.00 ± 5.00 79.33 ± 7.37 85.33 ± 0.58

Last reading 100.67 ± 6.03 56.33 ± 0.58 98.67 ± 3.05

%Change (last reading- day 0) 4.68 - 44.77 - 10.84

The values are expressed as mean ± standard deviation of three observations

Bold values represent percentage change
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density lipoprotein (HDL) of the Vitamin E treated group

and the control showed no significant difference

(P\ 0.05). However, serum triglycerides and low density

lipoprotein (LDL) of the treated group were significantly

(P\ 0.05) higher than the control (Table 3).

T. brucei brucei infection induced significant increase

(P\ 0.05) in the serum concentration of hepatic

biomarkers (AST, ALT, ALP and GGT) assessed compare

to the uninfected control group except bilirubin (Table 4).

The increase in the serum concentration of these hepatic

biomarkers may be as a result of the damage to the liver by

the trypanosomes which probably resulted in the leakage of

these biomarkers from the liver cells cytosol into blood-

stream. However, treatment with Vitamin E resulted in

significant reduction (P\ 0.05) in GGT, ALT, AST, ALP

and Bilirubin compare to the infected group that was not

treated with Vitamin E (Table 4). When Vitamin E treated

group was compared with the uninfected control group,

there was a significant reduction (P\ 0.05) in the serum

concentration of GGT and bilirubin but significant increase

in AST and ALP. ALT was the only liver biomarker

examined that was not significantly different from the

uninfected control group at the end of the study (Table 4).

Significant increase (P\ 0.05) in serum total protein

was observed in the infected rats compare to the control

(Table 5). However, Vitamin E treatment resulted in sig-

nificant decrease in the serum total protein compare to the

infected group that were not treated. Significant difference

was also observed between the control and the treated

group (Table 5). On the other hand, the infection resulted in

significant decrease (P\ 0.05) in serum albumin but

treatment with Vitamin E resulted in increase in albumin

concentration compare with the untreated group which

showed a severe decrease in the serum albumin (Table 5).

The significant difference between the serum albumin of

the control group and the untreated infected group showed

that the infection was responsible for the loss in serum

albumin observed in the infected group and the gradual

restoration of serum protein and albumin may be due to

Vitamin E treatment (Table 5).

Significant increase in the serum concentrations of all

the kidney biomarkers examined were observed after T.

brucei brucei infection in all the infected rat compare with

the control group (Table 6). Treatment with the Vitamin E

however, resulted in rapid decrease in the serum concen-

tration of the kidney biomarkers examined (Table 6). At

the end of the study, there was no significant difference

between the control and the Vitamin E treated group. The

increase in the serum concentration of the kidney

biomarkers examined were however significant between

Table 3 Effect of post infection treatment with Vitamin E on lipid profile of Trypanasoma brucei brucei infected rats

Parameters Groups

Control (not infected) Infected ? no Vitamin E Infected ? Vitamin E

Total cholesterol (mg/dl) 139.05 ± 3.67a 96.77 ± 5.01b 136.67 ± 3.05a

HDL (mg/dl) 83.27 ± 0.71a 48.87 ± 4.96b 83.60 ± 8.71a

LDL (mg/dl) 34.61 ± 3.31a 39.80 ± 3.63a 49.12 ± 2.08b

Trigly cerides (mg/dl) 63.13 ± 1.57a 42.60 ± 2.42b 87.44 ± 10.16c

The values are expressed as mean ± standard deviation of three observations

Values with different alphabets in the same row are significantly different from each other (P\ 0.05)

Table 4 Effect of post infection treatment with Vitamin E on liver biomarkers of Trypanasoma brucei brucei infected rats

Parameters Groups

Control (not infected) Infected ? no Vitamin E Infected ? Vitamin E

GGT (U/l) 143.82 ± 4.44a 181.15 ± 5.36b 128.81 ± 4.93c

AST (U/l) 15.36 ± 0.31a 31.79 ± 2.28b 23.82 ± 0.77c

ALT (U/l) 46.96 ± 2.76a 64.24 ± 4.70b 44.79 ± 4.06a

ALP (U/l) 146.08 ± 1.77a 204.07 ± 0.83b 160.22 ± 2.24c

Bilirubin (mg/dl) 0.76 ± 0.03a 0.83 ± 0.07a 0.55 ± 0.04b

The values are expressed as mean ± standard deviation of three observations

Values with different alphabets in the same row are significantly different from each other (P\ 0.05)
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the untreated and the Vitamin E treated group (Table 6).

This clearly showed that the Vitamin E was responsible for

the difference in the serum levels of the kidney biomarkers

examined.

T. brucei brucei infection resulted in significant

decrease in serum bicarbonate, inorganic phosphate, chlo-

ride, potassium and sodium compared to the uninfected

control (Table 7). Treatment with Vitamin E, however,

resulted in improvement in the serum bicarbonate, inor-

ganic phosphate, chloride, potassium and sodium (Table 7).

That is, generalised decrease in the serum electrolytes were

reversed by the treatment. This is supported by significant

increase observed in the Vitamin E treated group compare

to the untreated group. This showed that Vitamin E was

able to reverse the negative effect of the infection on serum

electrolytes (Table 7).

Discussion

The packed cell volume (PCV), haemoglobin levels and

red blood cell (RBC) count reduced significantly with the

onset of parasitaemia in the infected groups compared to

uninfected rats. The initial increase observed in white

blood cells and lymphocytes was not sustained as they both

fell as the disease progresses. These observations indicates

the characteristics of anaemia and immunosuppression

which are the main features of African Trypanosomiasis

(Adieme et al. 2014; Ekanem and Yusuf 2008; Akanji et al.

Table 5 Effect of post infection treatment with Vitamin E on serum total protein and albumin of Trypanasoma brucei brucei infected rats

Parameters Groups

Control (not infected) Infected ? no Vitamin E Infected ? Vitamin E

Total Protein (g/dL) 0.49 ± 0.02a 0.97 ± 0.04b 0.57 ± 0.01c

Albumin (g/dL) 0.45 ± 0.028a 0.23 ± 0.005b 0.51 ± 0.01c

The values are expressed as mean ± standard deviation of three observations

Values with different alphabets in the same row are significantly different from each other (P\ 0.05)

Table 6 Effect of post infection treatment with Vitamin E on kidney biomakers of Trypanosoma brucei brucei infected rats

Parameters Groups

Control (not infected) Infected ? no Vitamin E Infected ? Vitamin E

Urea (mg/dl) 4.38 ± 0.06a 8.14 ± 0.98b 4.65 ± 0.05a

Uric acid (mg/dl) 5.84 ± 0.02a 7.13 ± 0.25b 5.97 ± 0.16a

Creatinine (mg/dl) 0.32 ± 0.02a 0.84 ± 0.03b 0.40 ± 0.01a

The values are expressed as mean ± standard deviation of three observations

Values with different alphabets in the same row are significantly different from each other (P\ 0.05)

Table 7 Effect of post infection treatment with Vitamin E on serum electrolyte of Trypanasoma brucei brucei infected rats

Parameters Groups

Control (not infected) Infected ? no Vitamin E Infected ? Vitamin E

Inorganic phosphate (mg/dl) 1.47 ± 0.10a 1.03 ± 0.18b 2.02 ± 0.10c

Chloride (mmol/l) 100.07 ± 1.05a 89.20 ± 2.69b 112.83 ± 1.61c

Potassium (mmol/l) 5.61 ± 0.06a 2.90 ± 0.09b 4.60 ± 0.29c

Sodium (mmol/l) 114.89 ± 6.39a 75.79 ± 11.84b 111.14 ± 4.99a

Bicarbonate (mmol/l) 6.90 ± 0.17a 4.00 ± 0.05b 8.48.0 ± 0.39c

The values are expressed as mean ± standard deviation of three observations

Values with different alphabets in the same row are significantly different from each other (P\ 0.05)
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2009; Ukpai and Nwabuko 2014; Longdet et al. 2014;

Samuel et al. 2016). The trypanosome induced anaemia

and immunosuppression have been linked to compromise

in host immune capability and oxidative stress induced by

trypanosome and macrophageal activities (Taylor and

Authie 2004; Mbaya et al. 2009; Eze et al. 2013). The

induced oxidative stress resulted in production of large

amounts of peroxides and free radicals which depletes the

endogenous antioxidant reserves of the animals. This

deprived the cells of the antioxidant protection and pre-

disposed the membrane lipids and proteins to oxidation

resulting in their destruction. This is probably the basis for

the observed oxidative haemolysis of the erythrocytes and

hence the anaemia (Eze et al. 2013; Adamu et al. 2015).

The free radicals have also been linked to the immuno-

suppression in the infected animals besides the well-known

exhaustion of immune system by the ever changing vari-

able surface glycoprotein of the trypanosomes (Abubakar

et al. 2005). Treatment of the infected animals with Vita-

min E, however, resulted in the improvement of the

haematological parameters examined. This is an indication

of recovery from the anaemia induced by the T. brucei

brucei infection (Oparah et al. 2017). The recovery may be

attributable to the antioxidant activity of Vitamin E which

resulted in the scavenging of the trypanosomes and mac-

rophageal -generated free radicals. The scavenging of free

radicals by vitamin E might have protected the cell mem-

branes from oxidation by stabilizing and maintaining their

selective permeability (Herrera and Barbas 2001; Traber

and Atkinson 2007). The increase in white blood cells in

the treated group also indicates improved immunological

response in Vitamin E treated rats. This probably enhanced

their ability to fight the invading parasites and eliminate the

free radicals that are responsible for anaemia and

immunosuppression (Eze et al. 2013; Adeyemi and Sulai-

man 2012; Ekanem and Yusuf 2008; Abubakar et al. 2005;

Umar et al. 2001a, b).

Vitamin E treated rats were less susceptible to T. brucei

brucei infection compare to the untreated group. This may

be linked to the enhanced host ability to eliminate the

parasite from circulation as well as altering specific factors

on the parasite that help in its resistance to host immune

system. (Gjini, Haydon, Barry and Cobbold 2010). This

resulted in a partial protection against the disease in

comparison with the untreated group at the early stage of

the disease. It also increase the period taken by the animal

to get to the second stage of the disease.

The onset of parasitaemia on day 4 post infection led to

a reduction in the blood glucose in the infected groups

compare to the uninfected group, which is similar to the

results reported by Abuessailla et al. (2017); Sazmand et al.

(2011) and Takeet and Fagbemi (2009). This reduction

may be due to the parasites’ need for glucose for their

cellular metabolism since the feeding rate of the animal did

not diminish at the initial stage of the disease (Opperdoes

et al. 1986). This hypoglycaemia in T. brucei brucei

infection has been linked to the fact, that the only source of

ATP for replicating bloodstream T. brucei brucei is the

catabolism of glucose through glycolysis (Smith et al.

2017; Creek et al. 2015; Mazet et al. 2013). In fact, it has

been observed in some studies that the rate of glucose

utilisation in mammal by T. brucei brucei is about 50-fold

higher than that of mammalian tissues (Mazet et al. 2013;

Nwagwu and Opperdoes 1982). This may be responsible

for the hypoglycaemia observed in this study(Abubakar

et al. 2016; Mishra et al. 2017). Bloodstream form (BSF) of

the parasite isolated from the mammal are known to die

within few minutes of glucose starvation which shows the

importance of glucose to their survival and the establish-

ment of infection (Seyfang and Duszenko 1991). The

hypoglycaemia observed in this study may not be ascribed

to increased metabolic rate in the host as proposed by

Takeet and Fagbemi (2009). This is because liver and

kidney biomarkers examined in this work clearly showed

compromise of liver and kidney functions. However,

treatment with Vitamin E resulted in improved blood glu-

cose compare to the untreated infected group. This can be

linked to the ability of Vitamin E to boost the immune

system and therefore improve the capacity of the host to

clear the parasite. The reduce parasite load in the circula-

tion make more glucose available to the host (Abubakar

et al. 2016; Mishra et al. 2017). On the other hand, the

glucose level of the untreated group continues to fall until

they started showing signs of the second stage of the dis-

ease they were sacrificed. The treatment with Vitamin E

however extended the period before the symptom of the

second was observed to over 40 days before the research

was terminated.

T. brucei brucei infection resulted in significant

decrease in serum cholesterol, triglycerides, high density

lipoprotein(HDL) and low density lipoprotein (LDL) which

is in conformity with the findings of Adamu et al. (2008),

Bala et al. (2012), Adam et al. (2009) and Abdulazeez et al.

(2013). The significant decrease in serum lipids observed in

this study may be due to continuous utilization of host lipid

molecules by the trypanosomes which eventually resulted

in decreased serum lipids and cholesterol (Abdulazeez

et al. 2013). The host lipid has been shown to serve as an

important source of energy for T. brucei brucei (Van

Hellemond and Tielens 2006; Abdulazeez et al. 2013) and

play significant roles in its ability to establish infection in

animals (Van Hellemond and Tielens 2006; Abdulazeez

et al. 2013). Hypoglycemia observed in this study might

have also resulted in increased catabolism of lipids mole-

cules to meet the energy demand of the host (Van Helle-

mond and Tielens 2006; Abdulazeez et al. 2013).
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Imbalance between radical-generating and radical scav-

enging activity of the host as a result of altered host’s

antioxidant defence by the trypanosomes (Igbokwe et al.

1996; Umar et al. 2007) might have also resulted in

increased formation of oxidants (Saleh et al. 2009; Ogun-

sanmi and Taiwo 2001) which can destroy Lipid (Mishra

et al. 2017; Igbokwe 1994; Ogunsanmi and Taiwo 2001).

However, treatment with Vitamin E resulted in improved

serum lipid profile compare to the untreated group. This

may be due to its ability to degrade peroxides and free

radicals responsible for the lipid peroxidation by promoting

the host radical-scavenging activity which prevent them

from peroxidative damage by inhibiting and destroying

endogenous peroxides (Umar et al. 1999a, b).

T. brucei brucei infection resulted in significant increase

in serum AST, ALT ALP, GGT and bilirubin compare to

the control group. This may be due to hepatocellular injury

or increase red blood cells haemolysis by the try-

panosomes. Similar increase in AST and ALT activities

during Trypanosoma brucei brucei infection have been

reported by Adah et al. (1992), Kaneko et al. (2008) and

Allam et al. (2011), Yusuf et al, (2012) and Umar et al

(2000a, b) in different animals. The increase in total serum

bilirubin in infected rats in this study further indicates liver

damage by the trypanosomes (Adeyemi and Sulaiman

2012). This may be due to the inability of the liver to

conjugate bilirubin (Kapoor 2011; Adeyemi and Sulaiman

2012; Abdulazeez et al. 2013). Increased serum activities

of ALP and GGT compare with the uninfected control

group is a further confirmation of active hepatocellular

damage by the parasites since corresponding increase in

activities were also observed for serum ALT and AST. This

showed that T. brucei brucei infection resulted in the

alteration of membrane permeability; which resulted in cell

destruction leading to the release of these enzymes into the

blood which further support the earlier findings by Ekanem

and Yusuf (2008) and Ngure et al. (2008) that T. brucei

brucei infection result in tissue and organ damage. Tissue

and organ damage in African Trypanosomiasis has been

linked to attack on the cells and cellular macromolecules

by the free radicals generated by the trypanosomes (Vray

et al. 1991). The trypanosomes are also known to invade

vital organs in the body such as the brain, liver and kidney

(Akpa et al. 2008). The presence of the parasites in these

vital organs can result in the destruction of their cells. This

will result in the release of their cellular contents especially

the enzymes and biomarkers specific to the organ into the

bloodstream resulting in their elevation (Ngure et al. 2008).

Treatment with Vitamin E reduced the liver biomarker in

the serum significantly which suggests that the Vitamin E

protected the liver against the free radicals generated dur-

ing the disease. This may be due to its ability to protect the

plasma membrane and other cellular target of the oxidative

agents (Abdulazeez et al. 2013) and enhance the ability of

the animal to clear the parasite from the host body(Umar

et al. 1999b, 2008).

The disease resulted in a significant increase in the

serum total protein of the infected group before the treat-

ment commenced compared to that of the uninfected

control. The same result was also observed by Orhue et al.

(2005), Ekanem and Yusuf (2008) and Sow et al. (2014) in

rats and rabbit infected with T. brucei brucei. The increase

in serum protein observed in this study may be due to

release of tissue and organ protein arising from destruction

of their cells by the parasites resulting in the release of their

cellular content especially protein into the circulation

(Orhue et al. 2005; Ngure et al. 2008; Sulaiman et al.

2012). Haemolysis of erythrocytes which is the main fea-

ture of T. brucei infection might have also contributed to

the increase serum protein (Igbokwe and Muhammed 1992;

Omotainse and Anosa 1995). Although, the increased

serum protein might have resulted from the destruction of

parasites by the host immune system or be from mass of

parasite proteins as a result of increased parasitaemia

(Sulaiman et al. 2012). There was a significant decrease in

serum albumin of the infected group, this agreed with the

reports of Arora and Pathok (1995) and Samia et al. (2004)

who discovered a decrease in serum albumin of infected

rats and Hussain et al. 2016 who observed the same in

camels. The decrease in serum albumin may be as a result

of decreased hepatic biosynthesis (Eze et al. 2013) or

hepatocellular damage (Eze et al. 2013; Bruijn et al. 1987;

Mishra et al. 2017). Utilisation of albumin-bound fatty

acids and lipoproteins (Vickerman and Tetley 1979) might

have also contributed to the decrease in plasma albumin

concentrations observed. Treatment of the infected rats

with Vitamin E resulted in decrease in total serum protein

and increase in serum albumin. This is in agreement with

the finding of Umar et al. (2001a, b) who reported previ-

ously that supplementation with Vitamin E alleviate the

organ damage associated with trypanosomiasis probably

due to initiation of the immune response and synthesis of

immunoglobulins to clear the parasites out of circulation

and minimise their negative effects (Abuessailla et al.

2017; Katunguka-Rwakishaya et al. 1999).

The increase in creatinine observed in this study may be

due to invasion of the skeletal muscle by the parasites

resulting in muscle degeneration or destruction of kidney

cells which might have impaired the ability of the kidneys

to dispose the creatinine. This result was also observed by

Ezeokonkwo et al. (2012) and Abdulazeez et al. (2013).

These changes especially in the kidneys have been ascribed

to the toxins produced by the parasite and other metabolites

produced by the host in response to the invading parasites

such as oxygen radicals and peroxides (Morrison et al.

1981) which are dangerous cellular toxins that can damage
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connective tissue, destroy biological membranes, inactivate

enzymes and cause damage of nucleic acids (Ogunsanmi

and Taiwo 2001; Saleh et al. 2009). The decrease in serum

urea, Uric acid and creatinine when the rats were given

vitamin E showed its ability to protect the kidneys during

the disease. This was also observed by Umar et al.

(1999a, b). This effect could be as a result of its ability to

act as an antioxidant and degrades free radicals and per-

oxides produced during this infection (Gutteridge 1995).

This greatly reduce the imbalance between the radical-

generating and radical-scavenging activity during the dis-

ease and therefore greatly reduced extent of tissues and

organs degeneration. Enhanced ability of the body to

eliminate the parasites might have have also contributed to

the result obtained (Gutteridge 1995; Ismaila et al. 2000;

Umar et al. 2008).

T. brucei brucei infection resulted in generalised

decrease in the serum electrolyte examined which is con-

trary to the observation of Karaye et al. (2017) in Try-

panosoma congolense and Trypanosoma brucei infected

red Sokoto bucks. This however agrees with physiological

observation that increases in plasma Na? concentration is

always accompanied with fall in K? ions. Decrease in Cl-

in the infected rats in this study agrees with observation of

Sackey (2011) in T. brucei and T. congolense infected

Savannah Brown goat but contrast the observation of

Fiennes et al. (1946). It does follow the trend that decrease

in Cl- concentration always result in decrease in

Na ? concentration as observed by Karaye et al. (2017).

The decrease in HCO-
3 concentration in this study agrees

with Karaye et al. (2017) but contrast the observation of

Ogunsanmi et al. (1994) in infected sheep. The dispro-

portionate changes in the concentration of chloride ion with

respect to sodium; inorganic phosphate and bicarbonate

ions is significant enough to be inferred that Trypanosoma

brucei brucei can result in an acid–base disturbance or

metabolic acidosis (Oparah et al. 2017). Treatment with

Vitamin E however restored most of these electrolyte

almost to the concentration observed in the control.

Conclusion

In conclusion, it was observed that treatment with Vitamin

E was able to reduce the parasitaemia, reduced the severity

of anaemia associated with T. brucei brucei infection and

enhanced immune system. This was evident in the

improved packed cell volume, reduced parasites and

increase in the white blood cells of the Vitamin E treated

group compared to untreated infected group. Treatment

with Vitamin E also improved the blood glucose concen-

tration probably due to the enhance immune capability to

eliminate the trypanosomes which resulted in reduction in

the number of parasites consuming the glucose. The

reduction in excessive consumption of host glucose by

T. brucei brucei, made more glucose available to the host

thereby preventing excessive catabolism of lipids for

energy needs which resulted in the restoration of the host

serum lipids. The treatment with Vitamin E also corrected

the acid–base disturbance and metabolic acidosis induced

by the infection by restoring the serum electrolytes.

Finally, the treatment was able to ameliorate organ damage

caused by Trypanosoma brucei brucei, extend the life span

of the treated rats and greatly delay the time taken to get to

the second stage of the infection. It can therefore be sug-

gested that vitamin E could be a useful agent in manage-

ment of Trypanosomiasis.
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