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SUMMARY

Eighty healthy adult albino rats of both sexes weighing 150-200 grams were used to assess the
effect of oral copper sulphate (CuSQ,) supplementation on T. brucei brucei (Wamba strain) or
T. congolense (Karu strain) infections. Two studies were carried out and the rats were divided
into 4 groups of 10 rats each (per study) namely; Group A (uninfected un-supplemented
control), Group B (uninfected supplemented control), Group C (T. b. brucei infected, 1 x 10°
trypanosomes; or 7. congolense infected, 1 x 10° trypanosomes) and Group D (T. b. brucei
infected, 1 x 10° trypanosomes or T. congolense infected, 1 x10° trypanosomes and
supplemented). Each rat in groups B and D received copper sulphate solution (at 50 mg/kg
diluted in distilled water) by intra-gastric infusion daily for 10 days before and during the
course of the infection. The prepatent periods and survival times were shorter (P<0.05), the level
of parasitaemia higher (P<0.05) and anaemia more severe (P<0.05) in 7. b. brucei or T.
congolense infected un-supplemented rats than the infected but supplemented counterparts.
Copper sulphate supplementation appeared to reduce the severity of 7. b. brucei or T.
congolense infections in rats. Subsequent studies are expected to focus on the effect of copper
sulphate supplementation alone and in combination with other known trypanocides (such as
diminazene aceturate) in domestic animals.
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Livestock  trypanosomosis  represents

INTRODUCTION considerable economic problem associated
with poor milk production, emaciation,
Many haemoparasitic diseases including anaemia and sometimes death (Radostits et
anaplasmosis, babesiosis and al.., 1994). The
trypanosomosis are present and affect
livestock production in Nigeria (Losos, major species of trypanosomes responsible
1986; Egbe-Nwiyi and Chaudhry, 1994). for  livestock  trypanosomosis  are
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Trypanosoma vivax, T. congolense and T.
brucei. Sleeping sickness in man is caused
by T. brucei rhodesiense and T. b.
gambiense (Losos, 1986).

Drugs, such as diminazene aceturate
(Berenil®), used for the treatment of
livestock trypanosomosis are not usually
available to the rural livestock farmers in
Nigeria due to scarcity and high cost. In
addition, the relapse of infection in
infected animals that were treated with
diminazene aceturate or other known
trypanocides had been reported (Losos,
1986; Onyeyili and Onwualu, 1991;
Onyeyili and Egwu, 1995; Egbe-Nwiyi
and Antia, 1996). Consequently, attention
has been directed at the development of
local herbal trypanocides and the
supplementation of the nutrition to
enhance resistance and tolerance. For
instance, the level of parasitaemia in 7.
brucei infected mice was suppressed by
the administration of ethanolic extract of
root  bark of  Nauclea  Latifolia
(Madubunyi, 1995) while the level of
parasitaemia was suppressed and the
survival time of rats infected with T.
brucei was prolonged by stem bark extract
of Butyrospermum paradoxum (Rabo,
1998). Similarly, nutrition had been
reported to ameliorate the severity of
trypanosome infections in animals (Otesile
et al., 1991; Igbokwe, 1995) while rats
infected with  various  species of
trypanosomes but whose diets were
supplemented  with  oral magnesium
chloride (at 100 mg/kg body weight) were
shown to tolerate the effects of the
infections better than the infected but un-
supplemented group (Egbe-Nwiyi et al.,
2003). Sheep infected with T. congolense
and supplemented with high protein diet
withstood the effect of the infection better
than those infected but received low
protein diet (Katunguka — Rwakishaya,
1997).

Copper (Cu) is one of the most available
minerals in animals and it is necessary for
normal metabolism in the body (Kaneko,
1989). The deficiency of this important
trace element had been reported to result in
nutritional anaemia because of its
involvement in haemoglobin synthesis and
poor immune responses in both man and
animals (Schalm et al., 1975; Kaneko,
1989; Suttle and Jones, 1989) while higher
traces of it were present in the
trypanotolerant Keteku than the
trypanosusceptible White Fulani cattle
(Awolaja et al., 1997). On the other hand,
large oral dose of copper (Cu) caused renal
damage (Kaneko, 1989; Radostits et al.,
1994).

This study was therefore designed to
determine the effect of low oral copper
sulphate supplementation on the severity
of trypanosome infections in rats.

MATERIALS AND METHODS

Experimental animals

Eighty healthy adult albino rats of both
sexes weighing between 150-200 grams
obtained from the Department of Human
Pharmacology, University of Maiduguri,
Nigeria, were used for the study. The rats
were maintained- on a standard diet
(ECWA Feeds LTD, Jos, Nigeria) and
housed in clean plastic cages maintained at
room temperature (30-35°C). Clean water
was provided ad libitum.

Trypanosomes

Trypanosoma congolense (Karu strain)
and 7. brucei brucei (Wamba strain) were
obtained from the Nigerian Institute for
Trypanosomiasis Research (NITR), Vom,
Nigeria. FEach species was passaged
serially in donor rats.
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Trypanosome infection

The experimental rats were infected with
tail blood from the donor rats containing 1
x 10° T. congolense or T. b. brucei.
Blood samples were diluted with cold
normal saline (pH 7.4). Forty rats (20 for
T. congolense and 20 for 7. b. brucei) were
infected with the parasites by the
intraperitoneal route while the remaining
forty rats served as uninfected un-
supplemented or supplemented controls.
Parasitaemia was first detected by the wet
mount method while the level of
parasitaemia was estimated using the
haemocytometer method (Schalm et al..,
1975).

Copper sulphate

Five grams of copper sulphate (BDH
Chemicals Ltd., Poole England) were
weighed, dissolved in 100ml of distilled
water and administered to the rats intra-
gastrically (Waynforth and Flecknell,
1992). Each rat in groups B and D
received O.Iml (5 mg/frat) of the CuS04
daily for 10 days before and during the
course of the infection.

Experimental design

Two studies were carried out and the
eighty rats (40 per study) used were
divided as follows into 4 groups of 10 rats
each: Group A, uninfected un-
supplemented; Group B, uninfected
supplemented; Group C, infected with T.
b. brucei (1 x 10° trypanosomes) or 7.
congolense (1 x 10° trypanosomes) and
un-supplemented; Group D, infected with
T. b. brucei (1 x 10° trypanosomes) or T
congolense (1 x 10° trypanosomes) and
supplemented.
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Determination of Packed Cell Volume
The packed cell volume (PCV) of the tail
blood of the rats was determined every 4
days by the microhaematocrit method
(Schalm et al., 1975).

Post mortem examination of carcasses
The infected rats that died from the disease
and the uninfected rats humanely
sacrificed at the end of the experiment
were subjected to necropsy (Igbokwe,
1989). The liver and spleen were carefully
removed, washed, weighed and gross
lesions (if any) were recorded. The
survival time of each rat from infection to
death was noted.

Statistics

The data obtained were summarized as
means standard deviations and analysis of
variance (ANOVA) and students’ t-test
were used to analyse the data (Chatfield,
1983).

RESULTS

The mean prepatent periods and survival
times were shorter (P<0.05) in both 7. b.
brucei and T. congolense infected un-
supplemented rats (group C) than in the
infected but supplemented group D (Table
I). The onset of parasitaemia was earlier
and progressively higher (P<0.05) in

T. b. brucei or T. congolense infected un-
supplemented animals (group C) than in
the infected but supplemented group D
(Figs. | and 2). Mortality was also earlier
in both T. b. brucei and T. congolense
infected un-supplemented rats. The 7. b.
brucei infected un-supplemented and T.
congolense infected un-supplemented rats
could not go beyond days 16 and 38 post
infection (P1) respectively.
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TABLE I: Mean (= S.D.) prepatent periods and survival times of rats infected with Trypanosoma
brucei brucei and T. congolense with or without copper sulphate supplementation

Prepatent period Survival time
Treatment group (days) (days)
T.b. brucei (infected/supplemented) 7.0+£0.9 21.2+29
T. congolense (infected/supplemented) 12.3x1.5 55.2+3.2
T.b. brucei (infected/unsupplemented) 4.1+0.9 13.4x1.5
T. congolense (infected/unsupplemented) 8.1x0.7 38.4+6.0
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Fig. 1. Mean parasitaemia level of T.b. brucei infected rats with or without oral
copper sulphate supplementation
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Fig. 2. Mean parasitaemia of T.congolense infected rats with or without oral
copper sulphate supplementation

The packed cell volume (PCV) of the
uninfected controls (groups A and B) did
not differ significantly (P>0.05) from each
other but differed significantly (P<0.05)
from the T. b. brucei and T. congolense
infected groups (C and D) (Figs. 3 and 4).
In the T. b. brucei infected un-
supplemented and supplemented rats; the
PCV started decreasing from days 8 and
12 PI respectively. The PCV value was
lower (P<(0.05) in T. b. brucei infected un-
supplemented than the infected
supplemented rats (Fig. 3). The PCV
started decreasing from day 20 PI in T.
congolense infected groups (Fig. 4) and
the value of the infected un-supplemented
rats became significantly lower (P<0.05)
than that of the infected supplemented
animals between days 24-36PI.
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The copper sulphate supplementation
exhibited no appreciable effect on the PCV
values of the uninfected supplemented rats

(group B).

The liver and spleen weights of the 7. b.
brucei and T. congolense infected rats
increased significantly when compared
with those of the uninfected controls
(groups A and B).  Therefore, the
hepatomegaly and splenomegaly were
higher (P<0.05) in both T. b. brucei and 7.
congolense infected un-supplemented than
the infected supplemented rats (Table II).
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Fig. 3. Mean packed cell wolume of rats infected with T. b. brucei (with or
without oral copper sulphate supplementation) and their controls
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Fig. 4. Mean packed cell wolume of rats infected with T.congolense (with or
without oral copper sulphate ‘supplementation) and their controls

TABLE II: Mean (+S.D.) Liver and spleen weights (g/100 g body weight) of control
rats and T. b. brucei with or T. congolense infected rats with or without
oral copper sulphate supplementation

Liver weight Spleen weight
Treatment groups (g/100g body weight) (g/100g body weight)
T.brucei brucei infected
Supplemented (n=10) 6.6+0.7"2.1)* 2.7+03"(1.6)
Unsupplemented (n=10) 10.1 £0.8°(3.3) 4.8+0.3°(2.8)
T. congolense infected
Supplemented (n=10) 6.5+04"(2.2) 28+02"2.3)
Unsupplemented (n=10) 9.8+ 1.0°(3.3) 49+04°@.1D)
Uninfected controls
Supplemented (n=10) 3.1+£02° 1.7£0.2%
Unsupplemented (n=10) 3.0+02° 12+02°

n = number of rats in each group; *Number of times organ weight increased
“eyalues in rows with different superscripts are significantly different (P<0.05).
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DISCUSSION

This study has shown that prepatent
periods and survival times were shorter in
T. b. brucei or T. congolense infected un-
supplemented rats when compared with
similarly infected rats that received oral
copper sulphate supplementation.  The
reduction of the above two parameters in
the infected but un=supplemented groups
may not be infective-dose related, as all
the infected groups received similar
numbers of the parasites. Similar
observations were made in previous
studies (Egbe-Nwiyi, 2002; Egbe-Nwiyi et
al., 2003). In addition, the shorter
prepatent periods and survival times may
not be attributed to the nutritional status of
the host or the virulence of the species of
the trypanosomes used but rather to lack of
mineral supplementation in them. This is
based on the premise that each group of
the rats was exposed to the same quantity
and quality of feed and water and the same
strain of the species of the trypanosome.

Anaemia is a constant phenomenon in
African animal trypanosomosis (Anosa,
1988; Murray and Dexter, 1988) and it
signals and determines the severity of
infection in an infected host (Losos, 1986;
Radostits er al., 1994). The anaemia
observed in the present study appeared to
be more severe in the infected un-
supplemented animals and this might have
been contributed by the higher levels of
parasitaemia encountered in these groups
of animals. Murray and Dexter (1988)
showed that the height of parasitaemia
determine the degree of anaemia in
African trypanosomiasis depending on
several biological factors including the
virulence of the strain of the trypanosomes
used, the nutritional status and the age of
the host. Therefore, in the present study,
the copper sulphate supplementation
seemed to have played a key role in the
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differences  observed  between  the
supplemented and  un-supplemented
infected groups with respect to anaemia
and other vital parameters. For instance,
copper plays an important role in the
synthesis of haemoglobin (Schalm, et al.,
1975).

The liver and spleen were enlarged in both
T. b. brucei and T. congolense infected
supplemented  and  un-supplemented
animals and these observations agree with
Anosa (1988). However, the two organs
were more enlarged in 7. b. brucei or T.
congolense infected un-supplemented rats
and this is in consonance with the findings
of Egbe-Nwiyi et al. (2003). The greater
degree of enlargement of these organs in
the T. b. brucei or T. congolense infected
un-supplemented  rats  might  have
contributed to the more severe anaemia
experienced by these groups than their
infected but supplemented counterparts.
Enlarged liver and spleen have been
reported to contribute significantly to the
level of anaemia in African animal
trypanosomosis through increased
erythrophagocytosis in the spleen and liver
(Anosa, 1988). The phagocytic activity of
the organs especially the spleen is
increased during trypanosomiasis and
Murray and Dexter (1988) have shown
that the enlarged spleen traps and destroys
normal and abnormal red cells. Although,
the spleen increased many times in the
present study, the increase is less than the
12 times in 7. brucei infected rats, 11
times in 7. congolense infected rats
(Brown and Losos, 1977), 3 times in 7.
brucei infected rats, 5 times in T.
congolense infected rats (Igbokwe and
Nwosu; 1997) and 25.9 times in T. brucei
infected mice (Anosa and Kaneko, 1984)
reported in previous studies. The
difference in splenic enlargement observed
between this and previous studies may be
related to the dose and virulence of the
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strains of trypanosomes used as well as the
nutritional status of the‘hosts.

Copper sulphate' supplementation did not
exhibit any §ignificant influence on the
PCV of 'the uninfected supplemented rats
throughout  the  observation  period.
Consequently, copper sulphate
supplementation appears to reduce the
pathogenicity of trypanosome infections in
rats probably through its role ini generation
of immune response (Suttle and Jones,
1989). The positive effect of copper
sulphate supplementation in reducing the
severity of trypanosome infection in the
present study may be corroborated with
the fact that copper is one of the trace
elements and higher levels of trace
elements were reported in  the
trypanotolerant Keteku than the
trypanosusceptible White Fulani cattle
(Awolaja er al., 1997; Oladele and Antia,
2000). Therefore, in an apparent absence
of any of the conventional trypanocides,
mineral supplementation (especially with
copper sulphate) may be of assistance in
trypanosusceptible animals likely to be
exposed to trypanosome infection or tsetse
challenge.

In conclusion, oral copper sulphate
supplementation has no significant effect
on the PCV but seems to reduce the
severity of trypanosome infections in rats
as evidenced by the shorter prepatent
periods and survival times, higher level of
parasitaemia, more severe anaemia and
higher degrees of splenomegaly and
hepatomegaly in the trypanosome infected
un-supplemented rats.
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