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Abstract
Trypanosomosis is a serious constraint to livestock productivity in sub-Saharan Africa. Chemotherapy which is the main 
means of control is unsatisfactory because of drug resistance and toxicity. Thus, the search for alternative antitrypanosomal 
agents has become imperative. The study was aimed at evaluating the effects of astaxanthin alone or in combination with 
diminazene aceturate (DZ) on parasitaemia and haematological parameters in Trypanosoma brucei brucei–infected Wistar 
rats. Eighty Wistar rats were divided into eight groups of ten rats each and treated as follows: I, DW (uninfected and treated 
with distilled water); II, S/OIL (uninfected and treated with soya oil); III, T (infected with 106 trypanosomes/mL); IV, PreA 
[pretreated with astaxanthin (100 mg/kg)] + T; V, PreA + T + DZ (3.5 mg/kg); VI, T + A (astaxanthin); VII, T + A + DZ; VIII, 
T + DZ. Parasitaemia was monitored daily, and blood was collected for evaluation of haematological parameters at the end of 
the experiment. Parasitaemia increased progressively in the T, PreA + T and T + A groups till the termination of the experi-
ment, but was lower (P < 0.05) in the PreA group alone, compared to the T and T + A groups at days 6 and 8. There was a 
resurgence of parasitaemia in 10% of rats in the T + A + DZ group at day 7 post-treatment. The red blood cell counts, PCV 
and haemoglobin concentration were higher (P < 0.05), but lower neutrophil and total leucocyte counts (P < 0.05) in PreA 
and/or DZ groups compared to the T and T + A groups. Rats in the T and T + A groups had higher (P < 0.05) erythrocytic 
indices. Pre-treatment with astaxanthin and/or diminazene aceturate was more effective than post-treatment in decreasing 
parasitaemia and ameliorating the anaemia caused by T. brucei brucei infection in Wistar rats.
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Introduction

African trypanosomosis is one of the major factors respon-
sible for rural underdevelopment in many sub-Saharan 
African countries (Franco et al. 2018). The disease affects 
both humans and animals with pronounced negative effects 
on human settlement and income generating ability of the 
affected communities (Ojo et al. 2021). The disease has also 

become a threat to food security in sub-Saharan Africa due 
to vast arable land that is rendered uncultivable (Gaithuma 
et al. 2019). Trypanosomosis is characterised by the spas-
modic presence of the parasites in the patient bloodstream 
(which produce several changes in the blood constituents) 
and recurrent fever (Egbuji et al. 2023; Mohammed et al. 
2023). The anaemic condition normally develops in animals 
infected with the parasite, and this is accompanied by weight 
loss, decreased productivity and high mortality (Mohammed 
et al. 2023). African trypanosomes modulate the mammalian 
host immune responses (Beschin et al. 2014) by manipulat-
ing cells of the myeloid phagocytic system, including mac-
rophages, monocytes and granulocytes (neutrophils) (Stijle-
mans et al. 2015). Oxidative stress has been implicated in the 
pathogenesis of animal trypanosomosis (Saleh et al. 2009). 
Oxidative stress results in increased production of reactive 
oxygen species and depletion of tissue antioxidant reserves 
(Umar et al. 2007, 2010; Saleh et al. 2009), thus causing 
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damage to plasma membranes, thereby contributing to the 
cellular degenerative changes observed in trypanosomosis.

To date, the control of animal trypanosomosis relies prin-
cipally on the use of chemotherapeutic and chemoprophy-
lactic agents (Chekwube et al. 2014; Ukwueze et al. 2022). 
Currently, the chemotherapy of African trypanosomosis is 
unsatisfactory because of the development of resistance to 
the drugs by the parasite, toxicity to the host and cost, espe-
cially in developing countries (Ukwueze et al. 2022; Egbuji 
et al. 2023). Attention is now focused on the search for non-
toxic and readily available natural products that possess 
antioxidant properties for the treatment of trypanosomosis 
(Ibrahim et al. 2014; Egbuji et al. 2023).

Astaxanthin is a xanthophyll carotenoid, commercially 
available as a nutritional supplement in many countries, 
including the USA, Sweden, Japan and South Korea (Choi 
et al. 2011; Ambati et al. 2014). Its products are available in 
the form of capsules, soft gels, tablets, powders, biomass, 
creams, energy drinks, oils and extract (Ambati et al. 2014). 
Like other carotenoids, astaxanthin plays important func-
tions in regulating immunity and disease aetiology (Park 
et al. 1998, 2010). Astaxanthin possesses tenfold the anti-
oxidant activity of zeaxanthin, lutein, canthaxanthin and 
β-carotene and 100 times more comparable to α-tocopherol 
(Park et al. 2012; Ambati et al. 2014). It is conceivable that 
the administration of dietary astaxanthin alone or in combi-
nation with diminazene aceturate may prevent the relapse of 
infection that occurs following treatment with diminazene 
aceturate, decrease parasitaemia and anaemia in trypano-
some-infected animals.

The aim of the study was to evaluate the effects of asta-
xanthin alone or in combination with diminazene aceturate 
(DZ) on survivability, parasitaemia and haematological 
parameters in Trypanosoma brucei brucei–infected Wistar 
rats.

Materials and methods

Experimental animals

Eighty (80) male adult Wistar rats, weighing between 180 
and 210 g, were used for the experiment. The animals were 
obtained from the Animal House of the Nigerian Institute 
of Trypanosomosis Research (NITR), Vom, Plateau State. 
They were transported to the animal house of the Depart-
ment of Veterinary Pharmacology and Toxicology, Ahmadu 
Bello University, Zaria, Kaduna State, and were allowed to 
acclimatise to laboratory conditions for 14 days before the 
commencement of the experiment. The rats were housed 
in plastic cages with wood shavings as bedding, which was 
changed weekly. They were fed with a pelleted starter mash 
(Chikun Feed®) and water ad libitum.

Trypanosome parasites

Trypanosoma brucei brucei (Federe strain) was obtained 
from the Nigerian Institute for Trypanosomosis Research, 
Kaduna. The parasite was maintained by serial passages 
in other donor rats. Parasitaemia was monitored daily by 
preparing a wet mount and viewed under the light micro-
scope (Olympus® CH23, Germany) at ×400 magnification.

Inoculation of rats

The infected blood from a donor rat (when the parasitae-
mia was 2.5 × 105) was collected and diluted with physi-
ological saline. Each rat was inoculated with a suspen-
sion containing 3 or 4 trypanosomes per microscopic field 
at ×100 magnification (approximately 106 trypanosomes/
mL) as described by Adeyemi et al. (2012).

Experimental design

Eighty (80) experimental rats were randomly allotted into 
eight groups (I, II, III, IV, V, VI, VII and VIII) of ten ani-
mals each and treated as follows:

Group I (DW): distilled water (2 mL/kg), per os, only.
Group II (S/OIL): soya oil (2 mL/kg), per os, only.
Group III (T): intraperitoneally infected with 106 trypa-
nosomes/mL.
Group IV (PreA + T): pretreated with astaxanthin 
(Source Naturals, Santa Cruz, CA, USA) at 100 mg/kg 
(Choi et al. 2011), per os, for 3 weeks, infected with 106 
trypanosomes/mL. Astaxanthin administration contin-
ued for the remaining part of the experiment.
Group V (PreA + T + DZ): pretreated with astaxanthin, 
per os, for 3 weeks, infected with 106 trypanosomes/mL 
and administered with diminazene aceturate (Berenil®, 
Hoechst, Germany) at 3.5 mg/kg, intraperitoneally. 
Astaxanthin administration continued for the remain-
ing part of the experiment.
Group VI (T + A): infected with 106 trypanosomes/mL, 
intraperitoneally and treated with astaxanthin for the 
remaining part of the experiment.
Groups VII (T + A + DZ): infected with 106 trypano-
somes/mL, treated with diminazene aceturate (3.5 mg/
kg), intraperitoneally, followed by oral administration 
of astaxanthin (100 mg/kg) for the remaining part of 
the experiment.
Group VIII (T + DZ): infected with 106 trypanosomes/
mL and administered with diminazene aceturate 
(3.5 mg/kg), intraperitoneally.
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All animals were monitored daily for parasitaemia and 
death. The groups treated with diminazene aceturate alone or 
its combination with astaxanthin were monitored for relapse 
of infection after treatment.

Determination of survivability and parasitaemia

Survivability of the rats was determined by calculating the 
difference between the day of infection and the day the ani-
mal died (Aremu et al. 2018). Parasites in the blood were 
estimated every other day by examining wet blood smears 
at ×40 magnification using the rapid “matching” method of 
Herbert and Lumsden (1976).

Determination of haematological parameters

Blood samples were collected in labelled sample bottles 
containing ethylenediaminetetraacetic acid (EDTA) as anti-
coagulant for the determination of haematological param-
eters such as packed cell volume (PCV), haemoglobin (Hb) 
concentration, red blood cell (RBC), platelet and absolute 
and differential leucocyte counts using the automated hae-
matologic analyser (Sysmex, KX-21, Japan) as described 
by Dacie and Lewis (1991). Erythrocytic indices of mean 
corpuscular volume (MCV), mean corpuscular haemoglobin 
(MCH) and mean corpuscular haemoglobin concentration 

(MCHC) were calculated from the value of PCV, Hb concen-
tration and RBC count as described by Schalm et al. (1975).

Results

Effect of treatment on the survivability of rats

There was a significant (P < 0.05) decrease in the survivabil-
ity of rats in the infected untreated and the group post-treated 
with astaxanthin alone when compared with all other treat-
ment groups. The survivability of rats in the groups pre- and 
post-treated with astaxanthin and/or diminazene aceturate 
was significantly (P < 0.05) lower than those of astaxanthin 
pretreated alone (Fig. 1).

Effect of treatments on the level and resurgence 
of parasitaemia

Parasitaemia was first observed on day 2 post-infection; and 
by day 4 post-infection, all the rats in the infected groups came 
down with parasitaemia. The level of parasitaemia dropped 
to zero at day 6 post-infection in all groups treated with dimi-
nazene aceturate alone or in combination with astaxanthin 
(Fig. 2). However, there was a resurgence of parasitaemia in 
10% of the rats in the group post-treated with astaxanthin and 
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Fig. 1   Effect of astaxanthin and diminazene aceturate on the surviv-
ability of Wistar rats experimentally infected with Trypanosoma bru-
cei brucei. Means with different superscript letters (a, b, c) are sig-
nificantly (P < 0.05) different. Values are mean ± SEM of N = 5. Keys: 
DW, distilled water; S/OIL, soya oil, T, Trypanosoma brucei brucei; 
PreA + T, pretreated with astaxanthin and infected with Trypanosoma 
brucei brucei; PreA + T + DZ, pretreated with astaxanthin, infected 

with Trypanosoma brucei brucei and treated with diminazene acetu-
rate; T + A, infected with Trypanosoma brucei brucei and treated 
with astaxanthin; T + A + DZ, infected with Trypanosoma brucei 
brucei, treated with astaxanthin and diminazene aceturate; T + DZ, 
infected with Trypanosoma brucei brucei and treated with dimina-
zene aceturate
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administered with diminazene aceturate at day 7 post-treatment 
(Table 1). The level of parasitaemia in the infected untreated 
and the groups pre- and post-treated with astaxanthin alone 
progressively increased till the termination of the experiment, 
but was significantly (P < 0.05) lower in astaxanthin pretreated 
than in the infected untreated or astaxanthin post-treated 
groups at both days 6 and 8 post-infection (Fig. 2).

Effect of treatments on total red blood cell count

The RBC count of rats in the group pretreated with astaxan-
thin alone or in combination with diminazene aceturate was 

significantly (P < 0.05) higher when compared to other treat-
ment groups. There was a significant (P < 0.05) increase in 
the RBC count of rats in the group post-treated with astaxan-
thin and administered with diminazene aceturate in compari-
son to infected untreated, astaxanthin post-treated and the 
group administered with diminazene aceturate alone (Fig. 3).

Effect of treatments on packed cell volume

There was a significant (P < 0.05) increase in the PCV of 
rats in the group pretreated with astaxanthin and admin-
istered with diminazene aceturate in comparison to all 
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Fig. 2   Effect of treatment with astaxanthin and diminazene aceturate 
on the level of parasitaemia of Wistar rats experimentally infected 
with Trypanosoma brucei brucei. Means on the same day with differ-
ent superscript letters (a, b) are significantly different (P < 0.05). Val-
ues are mean ± SEM of N = 5. Keys: DW, distilled water; S/OIL, soya 
oil; T, Trypanosoma brucei brucei; PreA + T, pretreated with astax-
anthin and infected with Trypanosoma brucei brucei; PreA + T + DZ, 

pretreated with astaxanthin, infected with Trypanosoma brucei brucei 
and treated with diminazene aceturate; T + A, infected with Trypano-
soma brucei brucei and treated with astaxanthin; T + A + DZ, infected 
with Trypanosoma brucei brucei, treated with astaxanthin and dimi-
nazene aceturate; T + DZ, infected with Trypanosoma brucei brucei 
and treated with diminazene aceturate

Table 1   Parasitaemia, clearance 
and resurgence of parasitaemia 
in rats infected with T. b. brucei 
and treated with astaxanthin and 
diminazene aceturate

Numerator – Number of parasitaemic animals in the group, Denominator – Total number of rats surviving 
in the group
DW Distilled water, S/OIL  Soya oil, T Trypanosoma brucei brucei, PreA+T Pretreated with astaxanthin 
and infected with Trypanosoma brucei brucei, PreA+T+DZ  Pretreated with astaxanthin, infected with 
Trypanosoma brucei brucei and treated with diminazene aceturate, T+A Infected with Trypanosoma bru-
cei brucei and treated with astaxanthin, T+A+DZ  infected with Trypanosoma brucei brucei, treated with 
astaxanthin and diminazene aceturate, T+DZ  Infected with Trypanosoma brucei brucei and treated with 
diminazene aceturate
a indicates day of treatment with diminazene aceturate
b indicates day of resurgence of parasitaemia

Days post-
infection

DW S/OIL T PreA + T PreA + T + DZ T + A T + A + DZ T + DZ

0 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
2 0/10 0/10 3/10 4/10 3/10 5/10 2/10 5/10
4 0/10 0/10 10/10 10/10 10/10a 10/10 10/10a 10/10a

6 0/10 0/10 5/5 7/7 0/9 4/4 0/8 0/10
8 0/10 0/10 5/5 6/6 0/9 3/3 0/8 0/10
10 0/5 0/5 0/0 1/1 0/4 0/0 1/3b 0/5
12 0/5 0/5 0/0 0/0 0/4 0/0 0/2 0/5
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other treatment groups (Fig.  4). The astaxanthin pre-
treated, astaxanthin post-treated and administered with 
diminazene aceturate and the group administered with 

diminazene aceturate alone had significantly (P < 0.05) 
higher PCV when compared to the values obtained in 
infected untreated and astaxanthin post-treated groups.
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Fig. 3   Effect of treatments with astaxanthin and diminazene acetu-
rate on erythrocyte count of Wistar rats experimentally infected 
with Trypanosoma brucei brucei. Means with different superscript 
letters (a, b, c, d) are significantly (P < 0.05) different. Values are 
mean ± SEM of N = 5. Keys: DW, distilled water; S/OIL, soya oil; T, 
Trypanosoma brucei brucei; PreA + T, pretreated with astaxanthin 
and infected with Trypanosoma brucei brucei; PreA + T + DZ, pre-

treated with astaxanthin, infected with Trypanosoma brucei brucei 
and treated with diminazene aceturate; T + A, infected with Trypano-
soma brucei brucei and treated with astaxanthin; T + A + DZ, infected 
with Trypanosoma brucei brucei, treated with astaxanthin and dimi-
nazene aceturate; T + DZ, infected with Trypanosoma brucei brucei 
and treated with diminazene aceturate
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Fig. 4   Effect of treatments with astaxanthin and diminazene acetu-
rate on packed cell volume of Wistar rats experimentally infected 
with Trypanosoma brucei brucei. Means with different superscript 
letters (a, b, c, d) are significantly (P < 0.05) different. Values are 
mean ± SEM of N = 5. Keys: DW, distilled water; S/OIL, soya oil; T, 
Trypanosoma brucei brucei; PreA + T, pretreated with astaxanthin 
and infected with Trypanosoma brucei brucei; PreA + T + DZ, pre-

treated with astaxanthin, infected with Trypanosoma brucei brucei 
and treated with diminazene aceturate; T + A, infected with Trypano-
soma brucei brucei and treated with astaxanthin; T + A + DZ, infected 
with Trypanosoma brucei brucei, treated with astaxanthin and dimi-
nazene aceturate; T + DZ, infected with Trypanosoma brucei brucei 
and treated with diminazene aceturate
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Effect of treatments on haemoglobin concentration

Figure 5 shows the effect of treatment on Hb concentra-
tion. The Hb concentration of rats in the group pretreated 
with astaxanthin and administered with diminazene acetu-
rate was significantly (P < 0.05) higher when compared to 

other treatment groups. The astaxanthin pretreated and the 
group post-treated with astaxanthin and administered with 
diminazene aceturate had higher (P < 0.05) Hb concentra-
tion in comparison to the concentration obtained in infected 
untreated, astaxanthin post-treated and the group adminis-
tered with diminazene aceturate alone.

0

2

4

6

8

10

12

14

16

18

DW S/OIL T PreA+T PreA+T+DZ T+A T+A+DZ T+DZ

Ha
em

og
lo

bi
n 

co
nc

en
ce

nt
ra

�o
n 

(g
/d

L)

Treatments

a a

b 
c

d

b

c
b

Fig. 5   Effect of treatments with astaxanthin and diminazene aceturate 
on haemoglobin concentration of Wistar rats experimentally infected 
with Trypanosoma brucei brucei. Means with different superscript 
letters (a, b, c, d) are significantly (P < 0.05) different. Values are 
mean ± SEM of N = 5. Keys: DW, distilled water; S/OIL, soya oil; T, 
Trypanosoma brucei brucei; PreA + T, pretreated with astaxanthin 
and infected with Trypanosoma brucei brucei; PreA + T + DZ, pre-

treated with astaxanthin, infected with Trypanosoma brucei brucei 
and treated with diminazene aceturate; T + A, infected with Trypano-
soma brucei brucei and treated with astaxanthin; T + A + DZ, infected 
with Trypanosoma brucei brucei, treated with astaxanthin and dimi-
nazene aceturate; T + DZ, infected with Trypanosoma brucei brucei 
and treated with diminazene aceturate
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Fig. 6   Effect of treatments with astaxanthin and diminazene acetu-
rate on erythrocytic indices of Wistar rats experimentally infected 
with Trypanosoma brucei brucei. Means with different superscript 
letters (a, b, c, d, e) are significantly (P < 0.05) different. Values are 
mean ± SEM of N = 5. Keys: DW, distilled water; S/OIL, soya oil; T, 
Trypanosoma brucei brucei; PreA + T, pretreated with astaxanthin 
and infected with Trypanosoma brucei brucei; PreA + T + DZ, pre-
treated with astaxanthin, infected with Trypanosoma brucei brucei 

and treated with diminazene aceturate; T + A, infected with Trypano-
soma brucei brucei and treated with astaxanthin; T + A + DZ, infected 
with Trypanosoma brucei brucei, treated with astaxanthin and dimi-
nazene aceturate; T + DZ, infected with Trypanosoma brucei brucei 
and treated with diminazene aceturate; MCV, mean corpuscular vol-
ume; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscu-
lar haemoglobin concentration
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Effect of treatments on erythrocytic indices

There were significant (P < 0.05) increases in MCV, MCH 
and MCHC of rats in infected untreated and astaxanthin 
post-treated groups when compared to other treatment 
groups. The MCV and MCH of rats in the group pretreated 
with astaxanthin alone or in combination with diminazene 

aceturate were significantly (P < 0.05) lower compared to 
those of astaxanthin post-treated and/or diminazene acetu-
rate groups. A significant (P < 0.05) decrease was recorded 
in the MCV of rats pretreated with astaxanthin and admin-
istered with diminazene aceturate when compared with pre-
treated with astaxanthin alone (Fig. 6).
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Fig. 7   Effect of treatments with astaxanthin and diminazene aceturate 
on platelet count of Wistar rats experimentally infected with Trypano-
soma brucei brucei. Means with different superscript letters (a, b, c, 
d, e, f) are significantly (P < 0.05) different. Values are mean ± SEM 
of N = 5. Keys: DW, distilled water; S/OIL, soya oil; T, Trypanosoma 
brucei brucei; PreA + T, pretreated with astaxanthin and infected with 
Trypanosoma brucei brucei; PreA + T + DZ, pretreated with astaxan-

thin, infected with Trypanosoma brucei brucei and treated with dimi-
nazene aceturate; T + A, infected with Trypanosoma brucei brucei 
and treated with astaxanthin; T + A + DZ, infected with Trypanosoma 
brucei brucei, treated with astaxanthin and diminazene aceturate; 
T + DZ, infected with Trypanosoma brucei brucei and treated with 
diminazene aceturate
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Fig. 8   Effect of treatments with astaxanthin and diminazene aceturate 
on absolute leucocyte count of Wistar rats experimentally infected 
with Trypanosoma brucei brucei. Means with different superscript 
letters (a, b, c) are significantly (P < 0.05) different. Values are 
mean ± SEM of N = 5. Keys: DW, distilled water; S/OIL, soya oil; T, 
Trypanosoma brucei brucei; PreA + T, pretreated with astaxanthin 
and infected with Trypanosoma brucei brucei; PreA + T + DZ, pre-

treated with astaxanthin, infected with Trypanosoma brucei brucei 
and treated with diminazene aceturate; T + A, infected with Trypano-
soma brucei brucei and treated with astaxanthin; T + A + DZ, infected 
with Trypanosoma brucei brucei, treated with astaxanthin and dimi-
nazene aceturate; T + DZ, infected with Trypanosoma brucei brucei 
and treated with diminazene aceturate
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Effect of treatments on platelet count

The platelet count of rats in the infected untreated group was 
significantly (P < 0.05) lower than other treatment groups 
(Fig. 7). There was a significant (P < 0.05) decrease in plate-
let count of rats in the group pretreated with astaxanthin 
alone when compared to those pretreated and administered 
with diminazene aceturate. The group pretreated with asta-
xanthin and administered with diminazene aceturate had 
higher (P < 0.05) platelet count, in comparison to those post-
treated with astaxanthin and/or diminazene groups.

Effect of treatments on total and differential 
leucocyte counts

There was no difference in lymphocyte counts of rats in all 
the treatment groups.

The WBC and neutrophil counts in the infected 
untreated and astaxanthin post treated groups were higher 
(P < 0.05) than the counts recorded in other groups 
(Figs. 8 and 9). The group pretreated with astaxanthin and 
administered with diminazene aceturate had significantly 
(P < 0.05) lower WBC and neutrophil counts when com-
pared to astaxanthin pretreated, astaxanthin post-treated 
and/or diminazene aceturate groups.

Discussion

In this study, pre-treatment with astaxanthin and in combina-
tion with diminazene aceturate led to higher survivability of 
the rats compared to other treatment groups. This observation 
agrees with the results of Eze et al. (2008), who reported a 
higher survival rate in rats treated with a diminazene/selenium 
combination than those groups that had selenium and vitamin 
E supplements alone. The pathogenesis of trypanosomosis is 
associated with severe inflammation and production of radi-
cals such as nitric oxide, which affect adversely the survival 
of the host (Mbuthia et al. 2011). The prolonged survivabil-
ity of the rats pretreated with astaxanthin and/or diminazene 
aceturate may be due to the antioxidant activity of the astax-
anthin, which ameliorated the inflammatory reactions and the 
damages caused by the generation of ROS during the course 
of the infection. The survivability of rats in the astaxanthin 
post-treated group was not different from that of the infected 
untreated. This may be attributed to an increase in the number 
of circulating trypanosomes and their by-products, resulting 
in enormous generation of ROS, thereby damaging cell mem-
branes and consequently death (Yakubu et al. 2014).

Parasites were observed in the blood of infected rats as 
early as day 2 post-infection. By day 4 post-infection, all 
the infected groups developed parasitaemia. The pre-patent 
period of 2–4 days observed in this study disagrees with the 
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Fig. 9   Effect of treatments with astaxanthin and diminazene acetu-
rate on lymphocyte and neutrophil counts of Wistar rats experi-
mentally infected with Trypanosoma brucei brucei. Means with 
different superscript letters (a, b, c, d) are significantly (P < 0.05) dif-
ferent. Values are mean ± SEM of N = 5. Keys: DW, distilled water; 
S/OIL, soya oil; T, Trypanosoma brucei brucei; PreA + T, pretreated 
with astaxanthin and infected with Trypanosoma brucei brucei; 

PreA + T + DZ, pretreated with astaxanthin, infected with Trypano-
soma brucei brucei and treated with diminazene aceturate; T + A, 
infected with Trypanosoma brucei brucei and treated with astaxan-
thin; T + A + DZ, infected with Trypanosoma brucei brucei, treated 
with astaxanthin and diminazene aceturate; T + DZ, infected with 
Trypanosoma brucei brucei and treated with diminazene aceturate
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findings of Chekwube et al. (2014) in rats and Kobo et al. 
(2015) in mice, who reported a pre-patent period of 5 and 
4 days, respectively. The pre-patent period of 2–4 days 
observed in this study may be related to the level of viru-
lence and the number of parasites inoculated. The number 
of parasites inoculated has been reported to influence the 
pre-patent period (Egbe-Nwiyi et al. 2017). Pre-treatment 
with astaxanthin did not affect the onset of parasitaemia and 
was unable to clear the parasites from blood, but led to a 
decrease in the level of parasitaemia. This finding agrees with 
the earlier reports of Kobo et al. (2015) in rats infected with 
Trypanosoma brucei brucei and treated with Daflon® 500 mg 
(an antioxidant) and Eze et al. (2015) in Trypanosoma bru-
cei–infected rats supplemented with dietary zinc that exhibits 
antioxidant activity. Astaxanthin has been reported to influ-
ence the host immune system and disease aetiology (Park 
et al. 1998, 2010; Kuan-Hung et al. 2016), thus altering the 
susceptibility of the host to infectious diseases. All the groups 
treated with diminazene aceturate alone or in combination 
with astaxanthin became aparasitaemic 48 h post-treatment; 
an exception was the group post-treated with astaxanthin and 
diminazene aceturate, where there was a resurgence of para-
sitaemia in 10% (that is one out of three) of the rats at day 7 
post-treatment and the rat died a day after the resurgence of 
parasitaemia was observed. This corroborates the report of 
Ezeh et al. (2009, 2016), who observed relapse infection after 
treatment with diminazene aceturate. Reports of relapse of T. 
b. brucei infection have been attributed to the presence of T. 
b. brucei in drug-inaccessible sites such as the brain, and this 
often occurs when there is a prolonged period between infec-
tion and treatment (Eke et al. 2017) such that the parasite 
migrates to brain, and after treatment recedes from the brain 
to the bloodstream (Eze et al. 2019). However, in the present 
study, the treatment was started on day 4 post-infection, when 
parasites were 3 or 4 per microscopic field, suggesting that 
the parasites may not have invaded the brain as treatment was 
started immediately. Thus, the reemergence of parasitaemia 
may not be as a result of the parasites reappearing into the 
bloodstream from the brain but may be attributed to other 
factors such as mutation, amplification or deletion, altered 
drug uptake, drug metabolism, drug target interaction or 
efflux (Eze et al. 2019). The prevalence of fake and adulter-
ated drugs may also lead to the emergence of drug-resistant 
trypanosomes (Ezeokonkwo et al. 2007).

Acute haemolysis has been demonstrated as a cardi-
nal feature in African trypanosomosis (Kobo et al. 2015; 
Ojo et al. 2021). The significant decrease in the levels of 
RBC, PCV and Hb concentration observed in the infected 
untreated rats agrees with the findings of Karaye et al. (2017) 
and Oparah et al. (2017), which may be attributed to the 
trypanosome-induced disruption of RBC membrane (Akanji 
et al. 2009). This could have resulted in subsequent hae-
molysis as reflected in the low RBC count. The decrease in 

PCV may also be attributed to reduced glutathione concen-
tration on the membrane surface of the RBC induced by the 
parasites, thus rendering the membrane liable to oxidative 
lysis (Akanji et al. 2009; Jolayemi et al. 2020; Ojo et al. 
2021). Oxidative cell damage is a prominent feature in T. b. 
brucei infections (Omer et al. 2007; Saleh et al. 2009; Kobo 
et al. 2015). The RBC, PCV and Hb concentration of asta-
xanthin-pretreated group alone and astaxanthin pretreated 
and administered with diminazene aceturate remained sig-
nificantly higher than the infected untreated group. This 
result is consistent with the report of Kobo et al. (2015) who 
observed that the pre-treatment of rats with a flavonoid mix-
ture (Daflon® 500 mg) kept the RBC, PCV and Hb concen-
tration higher than in the infected untreated rats. This finding 
could be attributed to the beneficial effect of astaxanthin as 
an antioxidant and immunostimulant that resulted in the pro-
tection of the integrity of RBCs, thereby preventing the cells 
from oxidative haemolysis. The group pretreated with astax-
anthin and administered with diminazene aceturate had the 
highest RBC, PCV and Hb concentration, when compared 
to other treatment groups. This result may be attributed to 
the antioxidant effect of astaxanthin and the trypanocidal 
effect of diminazene aceturate that eliminated the parasites 
from peripheral circulation, thereby protecting the RBCs 
from destruction by the lashing action of the trypanosome 
flagella (Oparah et al. 2017). The RBC, PCV and Hb values 
in the astaxanthin post-treated group alone were not differ-
ent from that of the infected untreated group, indicating that 
astaxanthin was better as a prophylactic than curative agent.

Increased MCV (macrocytosis) in the infected untreated 
group corroborates the findings of Abenga et al. (2005) in Tryp-
anosoma congolense infection of Nigerian puppies but con-
trasts with the report of Kobo et al. (2015) in rats infected with 
T. brucei brucei. An increase in MCV and MCH is typically 
seen in cases of haemolytic anaemias. Macrocytosis in African 
trypanosomosis usually arises from increased erythropoiesis 
in the bone marrow, with the resultant release of macrocytic 
immature red cells into the circulation, known to occur during 
the acute phase of the anaemia (Abenga et al. 2005; Oparah 
et al. 2017). The increase in the value of MCH recorded in the 
infected untreated group was probably due to free circulating 
haemoglobin arising from the haemolysis (Igbokwe and Anosa 
1989). The MCHC is a more reliable predictor in the classifica-
tion of anaemia. The increase in MCHC suggests a qualitative 
bone marrow output during the acute stage of infection. The 
significant decreases in the MCV and MCH recorded in the 
group pretreated with astaxanthin alone and its combination 
with diminazene aceturate suggest that astaxanthin reduced the 
anaemic effect of T. brucei brucei in the infected rats.

The decrease observed in platelet count in the infected 
untreated group corroborates the findings of Ezebuiro et al. 
(2012) in rabbits, Kobo et al. (2015) in rats and Oparah et al. 
(2017) in donkeys. Thrombocytopaenia could be the result 
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of damage to platelets due to haemorrhage, vasoconstriction 
or tissue damage observed in trypanosomosis (Davis 1982). 
Low platelet count may also be due to increased splenic 
sequestration of platelets or an increased destruction of the 
platelets due to disseminated intravascular coagulation reac-
tion (Kobo et al. 2015; Oparah et al. 2017). In addition, the 
thrombocytopaenia recorded in the infected untreated group 
may also be due to oxidative damage to the platelet mem-
branes, provoked by the trypanosome parasite. This may 
result in the formation of reactive oxygen species within 
the platelet membranes, thereby causing cellular lysis (Kobo 
et al. 2015). Pre-treatment with astaxanthin and diminazene 
aceturate significantly increased the platelet count better 
than other treatment groups. This result may be attributed 
to the immune-stimulatory and antioxidant effects of astax-
anthin and the trypanocidal effect of diminazene aceturate.

The significant increase in total leucocyte counts 
observed in this study agrees with the reports of Ukpai 
and Nwabuko (2014) and Abenga et al. (2017) in T. b. bru-
cei–infected rats and pigs, respectively, but disagrees with 
the findings of Kobo et al. (2015) in T. b. brucei–infected 
rats and El-Ashmawy et al. (2016) in T. evansi infected rats. 
The increase in WBC count in the infected untreated rats was 
an indication of infection and may be attributed to the abil-
ity of the body to employ its immune arsenals to combat the 
invading parasites and in the process of immune response to 
enhance more WBC production (Ukpai and Nwabuko 2014; 
Ukwueze et al. 2022). Leucocytosis which may be due to an 
increase in lymphocyte, neutrophil, monocytes or eosino-
phil counts has been implicated in trypanosomosis (Ezebuiro 
et al. 2012). It is believed to be part of an immunological 
response influenced by the ever-changing variable surface 
glycoprotein of the infecting trypanosomes (Abenga et al. 
2017; Oparah et al. 2017). Lymphocytosis could also result 
from the host’s inflammatory response due to the presence of 
the infecting organisms (Satue et al. 2014). This report sup-
ports the findings in this study where there was an increase 
in lymphocyte and neutrophil counts in the infected groups, 
when compared to the uninfected control group. Treatment 
of infected rats with astaxanthin and/or diminazene acetu-
rate caused a decrease in WBC, lymphocyte and neutrophil 
count, when compared to the infected untreated group. This 
may be due to the finding that astaxanthin, being a potent 
antioxidant with anti-inflammatory activity (Liu and Lee 
2003; Ambati et al. 2010), was able to counter the host’s 
inflammatory response induced by the parasite, thereby 
maintaining the WBC, lymphocyte and neutrophil counts 
at lower levels. Astaxanthin pretreated and/or diminazene 
aceturate groups had lower WBC, lymphocyte and neutro-
phil counts when compared to astaxanthin post-treated group 
alone, demonstrating that pre-treatment with astaxanthin was 
better at stimulating the immune system of the host than 
post-treatment.

Conclusion

This study has demonstrated that pre-treatment with astax-
anthin alone or in combination with diminazene aceturate 
increased the survivability of rats, decreased parasitaemia, 
prevented the resurgence of parasitaemia and ameliorated 
trypanosome-induced alterations in haematological param-
eters of T. brucei brucei–infected rats.
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