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Abstract

Trypanosome infections are commonly associated with kidney dysfunction. This study evaluated
the effects of treatment with two commonly used trypanocides [diminazene aceturate (DA) and
isometamidium chloride (IMC)] on kidney function of dogs experimentally infected with
Trypanosoma brucei. Twenty dogs were used for the study. The dogs were randomly assigned to
four groups (Groups 1, 2, 3 and 4) with five dogs per group as follows: Group 1 — Infected and
treated with 7.0 mg/kg DA; Group 2 — Uninfected Untreated Normal Control; Group 3 — Infected
Untreated Control; Group 4 — Infected and treated with 0.5 mg/kg IMC. One million T. brucei
trypanosomes were used as the infection dose, and treatment with the trypanocides was done on
Day 7 post-infection. Parasitaemia was checked daily until infection established and blood samples
for assay of serum creatinine and urea (markers of kidney function) were collected weekly for the
nine weeks of the experiment. Results showed that treatments with DA and IMC were able to
eliminate the parasites from the blood stream of the treated dogs. However, relapse of infection
was observed in two of the dogs from Group 1 and one dog in Group 4 by days 35 and 56 post
infection (PI), respectively. The infection led to significantly (p < 0.05) higher mean serum urea
levels by day 21 PI, and significantly higher mean serum creatinine levels by days 14 and 21 PI,
when compared with the normal control (Group 2). However, by day 49 Pl and beyond, only serum
urea levels was significantly (p < 0.05) higher in the Group 4 (IMC- treated) when compared to the
normal control. These findings suggest that treatment with DA stabilized serum levels of creatinine
and urea, and thus kidney function in Trypanosoma brucei infected dogs, more than treatment with
isometamidium chloride.

Keywords: Trypanosoma brucei infection; Dogs; Kidney function; Diminazene aceturate;
Isometamidium chloride.

*Correspondence: Polycarp O. Akpa; E-mail: polycarp.akpa@unn.edu.ng Phone: +2348033506623

Article History: Initial submission received: July 18, 2023; Final revised form received: December 14, 2023;
Accepted for publication: December 21, 2023; Published: December 30, 2023.



Akpa and Ukwueze, 2023; Journal of Veterinary and Applied Sciences, 13(2): 330 — 339.

Introduction

The kidneys are a major part of the urinary
system and are vital organs of the body

involved in diverse range of functions
including  homeostatic, regulatory and
excretory activities as well as hormone

production (Barajas et al. 1992). The kidney
and other parts of the wurinary system
eliminate waste products that are created
when food is transformed to energy. The
kidney also maintains the correct balance of
water and electrolytes (salts) within the body
and produces hormones (erythropoietin and
renin), which are important in maintaining
healthy blood pressure, producing blood cells
and reabsorbing salts correctly. It equally
processes Vitamin D. (Sherry, 2022). Clinically,
kidney function is evaluated by measurement
of blood/serum levels of metabolic products
such as creatinine and urea (Braun et al,
2003; Kim et al., 2020; Salazar, 2014)

Trypanosomosis is an important protozoan
disease of animals and man, which constitute
a major constraint to livestock production in
many areas of Africa, Asia and South America
(Gutierrez et al., 2006). It is probably the only
disease which has profoundly affected the
settlement and economic development of
major parts of the African continent (Wint and
Rogers, 2000). Trypanosomosis is caused by
several species of trypanosomes, including
Trypanosoma congolense, T. brucei, T. vivax, T.
evansi, T. equiperdum, etc. (Gutierrez et al,
2006). The most pathogenic trypanosome
species responsible for the disease in domestic
livestock are T. vivax, T. congolense and T.
brucei in cattle, sheep and goats, and T. simiae
in pigs. (Nantulya, 1999). In Latin America,
dogs are important reservoirs of T. cruzi
(Gurtler, 2007). Dogs are also commonly
infected with T. rangelli, a human parasite in
Latin America that is endemic for this species
(OIE, 2008). Other trypanosome species such
as T. brucei brucei and T. congolense also
infect dogs and are thus of veterinary and
economic importance (Kaggwa et al., 1984).
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The therapeutic use of trypanocides for the
treatment of and protection of domestic
animals from trypanosomosis has been the
mainstay of animal trypanosomosis control
since early 1950s (Davey, 1957). Treatment of
trypanosomosis using drugs had all along been
done with homidium chloride and bromide,
diminazene aceturate and isometamidium
chloride  (ILRAD, 1990), and recently
quinapyrine sulphate has been reintroduced
because of the need to especially combat
camel trypanosomosis (Anene et al., 2001).

Diminazene aceturate s aromatic
diamidine derived from surfen (Eze et al.,
2015). The molecule is marketed as the
diaceturate salt and consists of two
amidinophyl moieties linked by a triazene
bridge: p,p- diamidiazoaminobenzene
diaceturate tetrahydrate; N-1,3-
diamidinophenyltriazene diaceturate
tetrahydrate. In aqueous solution the
compound is stable for 2-3 days (Olukunle et
al., 2008). Diminazene binds to trypanosomal
kinetoplast DNA (Newton, 1972). Diminazene
inhibits synthesis of RNA primers, resulting in
accumulation of replicating intermediates,
thereby inhibiting k-DNA replication. (Brack
and Delain, 1974). Shapiro and Englund (1990)
have shown that diminazene specifically
inhibits mitochondria type Il topoisomerase in
viable trypanosomes. Thus inhibition of DNA
replication may also occur via this
intercalation. Diminazene aceturate have
shown efficacy when used to treat canine
trypanosomosis at the dose 3.5 mg/kg in T.
brucei and in T. congolense infection, and 7
mg/kg in T. brucei brucei and T. evansi; it is
used more as a therapeutic drug (Aquino and
Thomaz, 2007).

an

Isometamidium chloride has been marketed
since 1961 as a prophylactic and therapeutic
drug. Isometamidium differs from homidium
by an additional moiety of amidinophenyl-
azoamine (Anene et al., 2001), which in fact is
part of the diminazene molecule.



Akpa and Ukwueze, 2023; Journal of Veterinary and Applied Sciences, 13(2): 330 — 339.

Isometamidium can thus be seen as a ‘hybrid
molecule’ which exhibits some of the
properties of homidium and that of
diminazene. Isometamidium is active against
T. congolense and T. vivax, T. brucei and T.
evansi infection in donkeys, horses, and
camels (Zangs et al., 1991). In the dose range
recommended for prophylactic purposes (0.5
— 1.0 mg/kg b.w), isometamidium chloride
(IMC) has been used successfully to maintain
the productivity of Zebu cattle exposed to
tsetse challenge in both village and ranch
management systems in East Africa (Moloo et
al., 1987). However, considerable variation in
prophylactic activity has been shown to vary in
cattle from 2 — 22 weeks (Peregrine et al.,,
1991). Such variation in prophylactic activity
appears to be independent of both the level of
trypanosome challenge and the presence or
absence of infection at the time of treatment
(Peregrine et al., 1988).

Trypanosoma brucei is the predominant
trypanosome species that infect dogs (Nwoha,
2013), and are known to be tissue invading
parasites that cause pathologies in internal
organs such as brain, heart, kidneys, liver etc.
(Akpa et al., 2008). The kidneys of T. brucei
infected cats have been reported to show
severe widespread glomerular and tubular
degeneration and necrosis with casts within
the Bowman’s capsule and collecting tubules
(Nfon et al., 2000). Glomerulonephritis due to
deposition of immune complexes, which
ultimately compromise normal kidney function
has also been associated with trypanosomosis
(Nfon et al., 2000). Though African animal
trypanosomosis caused by T. brucei, T.
congolense and T. evansi are mostly
characterized by elevated liver enzymes in
serum, and high levels of blood urea nitrogen
(BUN) and serum creatinine (Cr) and bilirubin
concentrations (Aquinos et al., 2002; Nwoha
et al., 2013), these parameters have not been
extensively studied in Nigerian breed of dogs
experimentally infected by T. brucei. There is
therefore the need to have a clearer picture of
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the effect of T. brucei infection on the kidney
function parameters (BUN, and Cr) of dogs
and the consequent effects of treatment with
the commonly used chemotherapeutic agents
(diminazene aceturate and isometamidium
chloride) on the kidney function of T. brucei
infected dogs. The aim of this study was
therefore to evaluate the effects of treatment
with diminazene aceturate and
isometamidium chloride on kidney function of
dogs experimentally infected with
Trypanosoma brucei.

Materials and Methods

Experimental Animals: Twenty Nigerian breed
of dogs aged between 3 and 4 months were
used for the study. They were purchased from
Orie Orba market in Nsukka, Enugu State,
Nigeria. They were housed in a fly-proof
kennel at the Animal House of Department of
Veterinary Parasitology and Entomology,
University of Nigeria, Nsukka. They were
acclimatized for four weeks during which they

were dewormed and de-ticked with
ivermectin (lvomec, Merck Sharp & Dohme,
Holland) at the dose of 0.2 mg/kg

subcutaneously. They were fed twice daily
with food procured for the study and
supplemented with one prepared by the
Animal House Attendants. Water was
provided ad libitum throughout the duration
of the experiment. The dogs were screened
and confirmed negative for trypanosomes by
buffy coat method (Murray et al., 1977) before
commencement of the experiment. They were
also vaccinated with anti-rabies vaccine and
DHLPP vaccine (Forte Dodge Company, USA).

Experimental design: The 20 dogs used for
the study were randomly assigned to four
groups (Groups 1, 2, 3 and 4) of five dogs per
group. Fifteen of the dogs (those in Groups 1,
3 and 4) were infected by intra-peritoneal
administration of 1 x 10° Trypanosoma brucei,
while five dogs (those in Group 2) were
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uninfected. The infective dose was estimated
based on the method of Herbert and Lumsden
(1976). The Trypanosoma brucei used for the
study was obtained from the Nigeria Institute
of Trypanosomiasis Research (NITR) Vom,
Plateau State Nigeria. The parasites were
maintained in albino rats before infection of
the experimental animals.

Treatment with the trypanocides commenced
7 days post infection (Pl). Diminazene
aceturate (DA) [Veriben Ceva Sante Animals,
Cedex France], reconstituted by dissolving
1.05 g of the drug per sachet in 12.5 ml of
sterile water, was administered to the Group 1
dogs at the dose of 7.0 mg/kg. Isometamidium
chloride (IMC) [Trypanidium-Samirin, Merial,
Lyon France], reconstituted by dissolving one
gramme sachet in 50 ml of sterile water, was
administered to Group 4 dogs at the dose of
0.5 mg/kg. The groups and their specific
treatments were thus as follows: Group 1:

Infected and treated with diminazene
aceturate (DA) at 7 mg/kg; Group 2:
Uninfected, untreated (Normal Control);
Group 3: Infected untreated (Negative

Control); Group 4: Infected and treated with
isometamidium chloride (IMC) at 0.5 mg/kg.

Blood samples for assay of serum creatinine
and urea were collected from the dogs at day
zero (baseline values), and subsequently at
weekly intervals. The level of trypanosome
parasitaemia was evaluated on daily basis.

Methods: The level of parasitaemia was
estimated by the rapid matching method as
described by Herbert and Lumsden (1976).
Four millilitre of whole blood was collected
from each dog each time of blood sampling for
urea and creatinine assay. The blood was
dispensed into clean labeled test tubes and
allowed to stand for 45 minutes to clot. The
test tubes were later centrifuged at 3000 rpm
for 10 minutes to separate the sera from the
clotted blood. The clear serum was used to
assay the
concentrations.

for urea and creatinine

Serum urea and creatinine
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concentrations were determined by
colorimetric methods (Thomas, 1998), using a
commercially available urea and creatinine
test kits obtained from Dialab, Weiner
Neudorf, Austria.

Handling of the experimental animals during
the study: This study protocol was approved
by the Institutional Animal Care and Use
Committee of the Faculty of Veterinary
Medicine, University of Nigeria Nsukka
(Approval Reference No.: FVM-UNN-IACUC-
2019-11/31). The dogs were fed and cared for
well, and were also humanely handled all
through the study.

Statistical Analysis: Data on serum levels of
urea and creatinine were subjected to one
way analysis of variance, and variant means
were separated using Duncan’s multiple range
test. Significance was accepted at probability
level less than 0.05. Summary results were
presented as means with standard deviation.

Results

Clinical manifestations: During the course of
the infection, clinical signs of pyrexia,
depression, dullness, pale mucous membrane,
ocular discharges, corneal opacity, staggering
and aggression were observed in the dogs in
all the infected groups (Groups 1, 3 and 4), as
from day 7 post infection when the treatment
of infected groups (Groups 1, and 4)
commenced. This persisted in the infected
untreated group (Group 3) until the dogs died
before the termination of the experiment.
These clinical signs gradually disappeared in
the treated groups (Groups 1 and 4) following
treatment with the trypanocides. Dogs in the
treated groups never showed signs of central
nervous system abnormality. Depression and
anorexia were observed again in two dogs in
Group 1 (DA treated) following a relapse
infection.

Parasitaemia: Trypanosoma brucei were
found in the blood smear of the infected dogs



Akpa and Ukwueze, 2023; Journal of Veterinary and Applied Sciences, 13(2): 330 — 339.

(Groups 1, 3 and 4) by day 6 — 7 post-infection
(P1) [Table 1]. Treatment of dogs in Groups 1
and 4 commenced by day 7 Pl when all the
infected dogs became parasitaemic. The
treated dogs (Groups 1 and 4) became
aparasitaemic by day 14 Pl (Table 1). The
parasitaemia was progressive in the infected
untreated group (Group 3). By day 28 PI, four
dogs in Group 3 died and by day 56 PI all the
dogs in Group 3 were dead (Table 1). On day
35 PI, relapse infection occurred in two out of
the five dogs in Group 1 (DA treated), and by
day 63 Pl one dog in Group 1 (DA-treated) died
(Table 1). Relapse of infection also occurred in
one dog in Group 4 (IMC-treated) by day 56 P,
but no mortality was recorded in this group
(Table 1).

Serum Urea: The serum urea levels of the
Group 3 dogs (Infected untreated) was

significantly (p < 0.05) higher than those of
Groups 1 and 2 on Day 21 Pl (Table 2). From
day 49 PI to the end of the experiment, serum
urea levels was significantly higher (p < 0.05)
in Group 4 (IMC-treated) when compared with
Group 2 dogs (Uninfected untreated Normal
Control) [Table 2].

Serum Creatinine: Table 3 shows the mean
serum creatinine levels of the various dog
groups. Infection with trypanosomes led to
significantly (p < 0.05) higher serum levels of
creatinine in all the infected groups by Day 14
PI, with the significantly higher serum
creatinine levels persisting in the Group 3 dogs
up to Day 21 (Table 3). After day 21, no
significant variations were recorded in the
serum creatinine levels among the groups
(Table 3).

Table 1. Parasitaemia in Trypanosoma brucei infected dog groups treated with either 7.0 mg/kg
Diminazene aceturate (DA) or 0.5 mg/kg Isometamidium chloride (IMC).

Time Parasitaemia
(Days post Group 1 (Infected Group 2 Group 3 (Infected  Group 4 (Infected
infection) and treated with (Uninfected untreated control)  and treated with
7.0 mg/kg DA control) 0.5 mg/kg IMC
0 A5/5 A5/5 A5/5 A5/5
1 A5/5 A5/5 A5/5 A5/5
2 A5/5 A5/5 A5/5 A5/5
3 A5/5 A5/5 A5/5 A5/5
4 A5/5 A5/5 A5/5 A5/5
5 A5/5 A5/5 A5/5 A5/5
6 P 3/5 A5/5 P 4/5 P 4/5
7 P 5/5 A5/5 P 4/5 P 4/5
14 A5/5 A5/5 P 4/5 A5/5
21 A5/5 A5/5 P 4/5 A5/5
28 A5/5 A5/5 M 4/5 A5/5
35 R 2/5 A5/5 M 4/5 A5/5
42 R2/5 A5/5 M 4/5 A5/5
49 R2/5 A5/5 M 4/5 A5/5
56 R2/5 A5/5 M 5/5 R1/5
63 M 1/5 A5/5 M 5/5 R1/5

[A = Aparasitaemia; M = Mortality; P = Parasitaemia; R = Relapse]

Numerator = Number of dogs either aparasitaemic, parasitaemic, relapsed or dead as indicated.
Denominator = Number of dogs in the group.
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Table 2. The serum urea levels (mg/dl) of Trypanosoma brucei infected dog groups treated with
either 7.0 mg/kg diminazene aceturate (DA) or 0.5 mg/kg isometamidium chloride (IMC).

Group 1 W
(Infected and Uninfected, Infected, and treated with
treated with DA) untreated untreated IMC)

0 11.07%(4.92) 8.65" (4.06) 11.83%(4.11) 10.58% (4.06)

7 8.52°(2.77) 10.66° (3.36) 8.887(1.79) 7.47° (1.61)
14 6.94°2.31 7.90° (2.01) 15.79° (9.42) 14.31° (7.77)
21 7.44° (2.02) 6.87° (2.29) 15.72° (5.32) 12.61%° (6.39)
28 8.83%(3.75) 8.50” (3.26) 13.05 7.297 (1.03)
35 9.08” (2.18) 7.70° (1.95) 8.07 9.94° (4.84)
42 8.54° (4.36) 5.63% (2.79) 7.13 12.73° (7.00)
49 7.25% (4.00) 4.34° (2.12) 3.38 13.35°(7.22)
56 7.28%° (4.85) 4.81%(2.12) - 13.98° (6.96)
63 7.63% (5.28) 5.66° (3.66) - 15.45° (6.14)

2® Different superscripts in a row indicate significant difference between the group means (p <
0.05)

Table 3: The mean serum creatinine (mg/dl) of Trypanosoma. brucei infected dog groups treated
with either 7.0 mg/kg diminazene aceturate (DA) or 0.5 mg/kg isometamidium chloride (IMC).

Group 1 Group 3 Group 4 (Infected
(Infected and Uninfected, Infected, and treated with
treated with DA) untreated untreated IMC)

0 0.45° (0.11) 0.45°(0.24) 0.42°(0.20) 0.52°(0.04)

7 0.43% (0.08) 0.43%(0.14) 0.427(0.05) 0.42°(0.07)
14 0.65° (0.09) 0.46° (0.009) 0.63°(0.18) 0.68°(0.02)
21 0.55°°(0.09) 0.47°(0.15) 0.71°(0.20) 0.43°(0.19)
28 0.37(0.08) 0.40°(0.15) 0.61 0.43%(0.12)

35 0.34% (0.07) 0.47°(0.15) 0.27 0.36°(0.05)
a2 0.30° (0.10) 0.31°(0.18) 0.39 0.37°(0.26)
49 0.29° (0.15) 0.287(0.013) 0.38 0.30°(0.20)
56 0.29°(0.17) 0.25°(.0.21) - 0.23°(0.09)
63 0.277(0.09) 0.33%(0.20) - 0.297(0.21)

25 Different superscript in a row indicate significant difference between the group means (p < 0.05)
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Discussion

The clinical signs reported for the dog groups
infected with trypanosomes in this study, is
consistent with earlier reports on canine
trypanosomosis. The pyrexia which was
observed following infection this
experiment is consistent with that reported by
Stephen (1986). Pyrexia in trypanosomosis has
been attributed to the metabolism of
tryptophan to tryptophol by trypanosomes
(Stephen, 1986). The accumulation of
tryptophol in pharmacological
animals have been reported by Stephen (1986)
to be responsible for rectal temperature
changes or feverish condition seen in humoral
antibody response to heterologous antigens.

in

doses in

The observed pale mucous membrane in the
trypanosome infected dogs in this study,
which indicates anaemia, is a consistent
finding in animal trypanosomosis. This
anaemia had been reported to be as a result
of the combined effects of excessive red cell
removal (erythrophagocytosis) by activities
and proliferation of mononuclear phagocyte
system (Anosa, 1988), haemolytic factors
(Authie and Pobel, 1990), disorders of
coagulation (Stephen, 1986), increased
plasma volume and haemodilution (Stephen,
1986).

The administration of Diminazene aceturate
(DA) (1SC)
successfully reversed these clinical signs of
trypanosomosis in the treated dogs, hence,
the return to normal of rectal temperatures
from day 14 Pl. However, towards the end of
the experiment (days 56 and 63 PI), the
pyrexia reoccurred among the treated dogs;
this is obviously due to relapse infection that
occurred in the treated groups. Relapse on
infection after treatment had earlier been
reported by Nwoha and Anene (2011) in
trypanosome infected dogs.

and Isometamidium chloride

Previous reports by Amole, et al. (1982)
showed variations in the pre-patent period
following T. brucei infection, different from
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that recorded in the present study (6 — 7
days). This may be due to the strain of the T.
brucei stock used or due to inherent traits of
the infected dogs. In this experiment, the T.
brucei infection in the infected dogs ran an
acute course as opposed to chronic disease
reportedly caused by T. congolense, T. evansi,
T. rangelli, T. cruzi, and T. caninum (Amole, et
al., 1982). The mortality in the infected
untreated control dogs within 28 days post
infection may be due to the fact that increased
parasitaemia might have overwhelmed the
immune response thereby not allowing
sufficient time for the dogs to produce enough
antibodies to fight the invading parasites.

The trypanocides (DA and IMC) cleared the
parasitaemia  following  treatment; an
indication that they were efficacious in the
treatment of Trypanosoma brucei in dogs at
the dose levels given. DA is routinely used as a
therapeutic agent since it is rapidly excreted in
animals (Nwoha and Anene, 2011), whereas
IMC has been used as a prophylactic drug at
the dose range of 0.5 — 1.0 mg/kg especially to
maintain productivity of dogs exposed to
tsetse challenge (Moloo et al., 1987). In this
study, relapse infection occurred at different
times with the DA and IMC; day 35 Pl and day
56 PI, respectively. Relapses could either be
due to drug resistance or as a result of the
parasites ability to cross the blood brain
barrier and invade brain tissue. Moloo et al.
(1987) established that early treatment (3 — 4
days Pl) often leads to permanent cure, and
when relapses occur in such circumstance, it is
due to drug resistance. On the other hand,
delayed treatment (days 14 or more post-
infection) often leads to relapses as the
parasite may have entered the brain tissue
from where it re-enters the vascular system
when the effect of the drug in the blood
stream would have waned. Relapses recorded
in this study are thought to be as a result of
parasite drug resistance as treatment was
instituted early in the infection (day 7 PI). This
may explain the neurological signs recorded in
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the infected untreated control towards the
end of the experiment.

There was an infection-associated elevation of
the serum levels of urea and creatinine which
was very obvious in the infected untreated
control in the present study. Serum creatinine
and urea levels are kidney function markers
and elevation of their concentration in blood
are an indication of renal impairment or
kidney dysfunction. The elevations in serum
levels of creatinine and urea recorded in the
infected untreated dog group in this study
agrees with the reports of Aquino et al. (2002)
and Nwoha et al. (2013) who recorded a
similar result in African canine trypanosomosis
caused by T. brucei brucei, T. congolense, and
T. evansi. Similarly, Barr et al. (1991) also
recorded elevated creatinine and blood urea
nitrogen in acute phase of Chagas disease
caused by T. cruzi. The rise in concentrations
of serum creatinine and blood urea nitrogen
suggests that the kidneys are losing their
functional capacity as the levels of these
substances that ought to be excreted and will
therefore not have risen in the serum, are
elevated. However, treatments with the
trypanocides earlier stabilized blood levels of
these kidney function markers, but later in the
IMC treated group (Group 4), the serum urea
levels were persistently significantly higher
than those of those groups. It is thought that
the significantly higher serum urea levels in
the IMC treated group from day 49 to the end
of the study could be as a result of the
combined effect of the relapse infection and
the longer time that isometamidium lasted in
the blood stream, being a prophylactic drug as
against a therapeutic drug that diminazene
aceturate represents.

Conclusion: Based on the results of the study,
it was concluded that treatment with
diminazene aceturate was more effective than
treatment with isometamidium chloride in
stabilizing serum levels of creatinine and urea
and thus kidney function in Trypanosoma
brucei infected dogs.

337

Acknowledgements

We thank Tertiary Education Trust Fund (TET
Fund) for sponsoring this study under the
Institution Based Research (IBR) Intervention,
and the Director, Nigerian Institute for
Trypanosomiasis Research  (NITR), Vom,
Plateau State, Nigeria for the supply of the
Trypanosoma brucei used in this study.

Conflict of interest

The authors declare no conflict of interest.

References

Akpa PO, Ezeokonkwo RC, Eze CA and Anene
BM  (2008). Comparative efficacy
assessment of pentamidium isothionate
and diminazene aceturate in the
chemotherapy of Trypanosoma brucei
brucei infection in dogs. Veterinary
Parasitology, 15: 139 — 149.

Amole BO, Clarkson JR and Shear HL (1982).
Pathogenesis of anaemia in
Trypanosoma brucei brucei
mice. Infection and.Immunity,
1060 - 1068.

Anene BM, Onah DN and Nawa Y (2001). Drug
resistance in  pathogenic  African
trypanosomes: what hopes for the
future? Veterinary  Parasitology, 96(2),
83 -100.

Anosa VO (1988). Haematological and
biochemical changes in human and
animal trypanosomiasis, Part 1, Revue
d'elevage et de Medecine Veterinaire des
pays Tropicaux, 41 (1): 65 —78.

Aquino DT and Thomaz LP (2007). Importancia
da infecgao por Trypanosoma evansi em
cdes no Brasil. Biology.

Aguino LPCT, Machado RZ, Alessi AC, Santana
AE, Castro MB, Marques LC and
Malheiros EB (2002). Haematological,
biochemical and anatomorphological

infected
36(3):



Akpa and Ukwueze, 2023; Journal of Veterinary and Applied Sciences, 13(2): 330 — 339.

aspects of experimental infection with
Trypanosoma evansi in dogs. Arquivo
Brasileiro de Medicina Veterindria e
Zootecnia, 54 (1): 8 — 18.

Authie E and Pobel T (1990). Serum hemolytic
complement activity and C3 levels in
bovine trypanosomiasis under natural
conditions of challenge and early
indications of individual susceptibility to
disease. Veterinary Parasitology, 35: 43
-59.

Barajas L, Liu L and Powers K (1992). Anatomy
of the renal innervations: Intra renal
aspects and ganglia of origin. Canine
Journal of Physiology and Pharmacology,
70:735-749.

Barr SC, Gssett KA and Klei TR (1991). Clinical,
clinic-pathologic, observation and
parasitologic observation of
trypanosomiasis in dog infected with
North American Trypanosoma cruzi
isolate. American Journal of Veterinary
Research, 56 (6): 954 — 960.

Brack C and Delain E (1975). Electron-
microscopic mapping of AT-rich regions
and of E. coli RNA polymerase-binding
sites on the circular kinetoplast DNA of
Trypanosoma cruzi. Journal of Cell
Science, 17(3): 287 — 306.

Braun JP, Levebvre HP and Watson A.D.
(2003). Creatinine in the dog: A review.
Veterinary Clinical Pathology 32: 162-

179.
Davey DG (1957). The chemotherapy of animal
Trypanosomiasis with particular

reference to the trypanosomal diseases
of domestic animals in Africa. Veterinary
Reviews and Annotations, 3: 15 — 36.

Eze JI, Agbo Al and Ugwu LO. (2015).
Comparative study on the effect of
Trypanososoma brucei brucei,
Trypanosoma congolense and mixed
infection on lipid profile of pigs.
International  Journal of Livestock
Research, 5 (9): 36 — 46.

Glrtler RE, Cecere MC, Lauricella MA, Cardinal
MV, Kitron U and Cohen JE (2007).
Domestic dogs and cats as sources of
Trypanosoma cruzi infection in rural
northwestern Argentina. Parasitology,
134:69 - 82.

Gutierrez C, Corbera JA, Morales M and
Blischer P (2006). Trypanosomosis in
goats: current status. Annals of the New
York Academy of Sciences, 1081: 300 —
310.

Herbert and Lumsden, W.H.R. (1976).
Trypanosome brucei: A rapid matching
method for estimating the host’s
parasitaemia. Experimental Parasitology,
4:427 - 428.

ILRAD (1990). Chemotherapy of
trypanosomiasis.  The International
Laboratory for Research on Animal
Diseases (ILRAD), Nairobi, Kenya.

Kaggwa E, Munya WK and Mugera GM (1984).
Pathogenicity of Trypanosoma brucei
brucei in dogs. Bulletin of Animal Health
and Production in Africa, 32: 360 — 368.

Kim J, Lee C and Kim H (2020). Biomarkers for
chronic kidney disease in dogs a
comparison study. Journal of Veterinary
Medical Science, 82(8): 1130 — 1137.

Moloo SK, Chema S, Connor R, Durkin J,
Kimotho P, Maehl-Mukendi F, Murray
MM, Rarieya M and Trail J (1987).
Efficacy of chemoprophylaxis for east
African zebu cattle exposed to
trypanosomiasis in village herds in
Kenya. In: Proc. 19" Meeting of the
International Scientific Council for
Trypanosomiasis Research and Control.
Lome, Togo, 1987, OAU/STRC, Nairobi,
Publ. No. 114, pp. 282 —287.

Murray M, Huan CN, Lambert PH and Gerber H
(1977). The anaemia of African
trypanosomiasis. Demonstration of a
hemolytic factor. International Scientific
Council for Trypanosomiasis Research
and Control, 15.

Nantulya VM (1990). Trypanosomiasis in
domestic animals: the problems of



Akpa and Ukwueze, 2023; Journal of Veterinary and Applied Sciences, 13(2): 330 — 339.

et

of

diagnosis. Revue
Technique (International
Epizootics), 9(2): 357 — 367.

Newton BA. (1972). Recent studies on the

mechanism of action of berenil

(diminazene aceturate) and related

compounds. In: Van den Bossche H (Ed.),

Comparative Biochemistry of Parasites.

New York Academic Press, pp. 127 -

133.

CK, Oyewunmi OB, Notidge HO, Taiwo

VO (2000). Experimental T. brucei and T.

congolense infection in cats.

Clinicopathological study. Tropical

Veterinarian 18: 220 — 227.

Nwoha RIO and Anene BM (2011). Clinical
signs and pathological changes in dogs
with single and conjuct experimental
infections of Trypanosoma brucei brucei
and Ancylostoma caninum. Journal of
Veterinary Parasitology, 24 (2): 91 —102.

Nwoha RIO, Eze 10 and Anene BM (2013).
Serum biochemical and liver enzymes
changes in dogs with single and conjuct
experimental infections of Trypanosoma
brucei and Ancylostoma caninum.
African Journal of Biotechnology, 12 (6):
618 —624.

Nwoha RIO (2013). A review on

trypanosomosis in dogs and cats. African

Journal of Biotechnology, 12(46): 6432 —

6442.

(2008).  Trypanosomiasis (tsetse-
transmitted): Terrestrial Manual. Office
Internationale des. Epizooties (OIE),
Paris, France.

Olukunle JO, Oyedoyin CT, Jacobs EB, Adeleye
EO, Omobowale TO and Arowolo ROA
(2018). Comparative assessment of the
effect of diminazene aceturate and
imidocarb dipropionate on haematology
and serum biochemical parameters of
apparently healthy Nigerian
dogs. Egyptian Journal of Veterinary
Sciences, 49(2): 75 — 81.

Scientifique
Office

Nfon

OIE

339

Peregrine AS, Moloo SK and Whitelaw DD
(1991). Differences in sensitivity of
Kenyan Trypanosoma vivax populations
to the prophylactic and therapeutic
actions of isometamidium chloride in
Boran cattle. Tropical Animal Health and
Production, 23(1): 29 — 38.

Peregrine AS, Ogunyemi O, Whitelaw DD,
Holmes PH, Moloo SK, Hirumi H,
Urquhart GM and Murray M (1988).
Factors influencing the duration of
isometamidium  chloride  (Samorin)
prophylaxis against experimental
challenge with metacyclic forms of
Trypanosoma congolense. Veterinary
Parasitology, 28(1-2), 53 — 64.

Salazar JH (2014) Overview of urea and
creatinine. Laboratory Medicine, 45(1):
e19 —e20.

Shapiro TA and Englund PT (1990). Selective
cleavage of kinetoplast DNA minicircles
promoted by antitrypanosomal
drugs. Proceedings of the National
Academy of Sciences of the United States
of America, 87(3): 950 — 954.

Sherry LS (2022). The urinary system of dogs.
MSD Veterinary Manual, pp. 191 — 192.

Stephen LE (1986). Trypanosomiasis: A
Veterinary Perspective, Pergamon Press,
Oxford.

Thomas L (1998). Clinical Laboratory
Diagnostics. 1* ed. Frankfurt: TH-Books
Veriagsgesellschaft.

Wint W and Rogers D (2000). Predicted

distributions of tsetse in Africa. Food and
Agriculture Organization of the United
Nations, Rome, Italy.

Zhang ZQ, Giroud C and Baltz T (1991). In vivo
and in vitro sensitivity of Trypanosoma
evansi and T. equiperdum to diminazene,

suramin, MelCy, quinapyramine and
isometamidium. Acta Tropica, 50(2): 101
—-110.



