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Abstract-Twenty rats were made diabetic by treatment with alloxan monohydrate (10 % solution,
100 mg/kg body weight). Ten diabetic and ten non-diabetic rats were intraperitoneally infected with
the same infective doses of Trypanosoma brucei brucei (Lafia strain). The uninfected controls were
ten diabetic and ten non-diabetic rats. The prepatent period was shorter in the diabetics (3.5 ± 0.5 days)
than the non-diabetics (4.2 ± 0.4 days). Although the infected diabetic and non-diabetic rats had
comparable levels of peak parasitaemia, the diabetics had significantly (P < 0.05) higher parasitaemia
before this peak. The survival time was shorter (P < 0.05) for the infected diabetics (12.1 ± 3.2 days)
than for the infected non-diabetics (14.8 ± 1.7 days). The infection did not affect the level of diabetic
hyperglycaemia, but caused a more severe anaemia in the diabetics than the non-diabetics, with the
percentage decreases in packed cell volume in the diabetics being higher (P < 0.05) from days 3 to
12 post-infection. In conclusion, the pathogenic effects of trypanosome infection may be more severe
in rats having alloxan-induced diabetes. @ Inra/Elsevier, Paris.
Trypauosoma brucei brucei / rat / diabetes
Résumé - Infection par Trypanosoma brucei brucei aggravée chez des rats présentant du diabète induit par de l’alloxan. Vingt rats ont été rendus diabétiques par un traitement avec de l’ alloxan
monohydrate (solution à 10 %, 100 mg/kg de poids corporel). Dix rats diabétiques et dix rats non dia-

bétiques ont été infectés par voie intrapéritonéale avec la même dose de Trypanosoma brucei brucei
(Lafia strain). Les témoins non infectés étaient répartis en dix rats diabétiques et dix rats non diabétiques. La période prépatente a été plus courte chez les diabétiques (3,5 ± 0,5 j) que chez les non diabétiques (4,2 ± 0,4 j). Bien que les diabétiques aient présenté des pics de parasitémie de niveau comparable, les diabétiques ont eu une parasitémie significativement (p < 0,05) plus importante avant ce
pic. Le temps de survie a été plus court (p < 0,05) pour les diabétiques infectés (12,1 ± 3,2 j) que pour
les diabétiques non infectés (14,8 ± 1,7 j). L’infection n’a pas affecté le niveau d’hyperglycémie
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diabétique, mais a provoqué une anémie plus sévère chez les diabétiques que chez les non diabétiques,
avec des pourcentages de diminution de l’hématocrite chez les diabétiques plus élevés (p < 0,05) du
jour 3 au jour 12 après l’infection. En conclusion, les effets pathogènes de l’infection par le trypanosome
semblent plus importants chez les rats ayant un diabète induit par l’alloxan. &copy; Inra/Elsevier, Paris.
Trypazzosoma brucei brucei / rat / diabète

1. INTRODUCTION

and both groups

The pathogenesis of African trypanosomosis is associated with an anaemia predominatly caused by extravascular haemolysis [191. Recently, low dietary energy
nutrition in animals was reported to increase
the severity of the anaemia caused by the
disease [5, 12]. Jennings [10] earlier suggested that inadequate energy supply in erythrocytes might alter the erythrocyte membrane surface during infection. Therefore,
cellular energy deficit may probably predispose to enhanced trypanosome-mediated
erythrocyte destruction.

and survival time.

Human

trypanosomosis (sleeping

compared with respect to
parasitaemia, packed cell volume (PCV)

sick-

ness) is endemic in parts of Africa [4] where
some people may be diabetic, and therefore,
of both disease conditions could
exist. Transmembrane glucose transport [11!I
and intraerythrocytic glycolysis 113] normally activated by insulin, may be impaired
in diabetes characterized by insulin deficiency; thereby causing decreased cellular
glucose utilization. Parenteral administration of alloxan monohydrate induces diabetes in animals by destruction of beta-cells
of pancreatic islets of Langerhans [17].
Infection of such diabetic animals with Tryparcosoma brucei hrucei, a model for human
concurrence

2. MATERIALS AND METHODS

2.1. Animals
male albino rats, weighing I 10 ± 10 g
obtained from the National Institute for
Trypanosomiasis Research (NITR, Vom, Nigeria) and fed a commercial diet (ECWA feeds,

Forty

were

Jos).).

2.2.

Inducing diabetes

Twenty rats were injected intramuscularly (at
tails) with 10 % alloxan monohydrate (Sigma, USA) at 100 mg/kg body weight
after an overnight fasting. The fasting tail-blood
glucose concentrations were determined, before
and at intervals after alloxan treatment, using a
method by Asatoor and King [2]. The rat was
considered diabetic with a fasting tail-blood gluthe base of the

concentration of more than 8.0 mmol/L [21 ].
Infection was carried out 4 days after alloxan

cose

treatment.

2.3.

Trypanosome infection

trypanosome species, might provide insight
into whether trypanosomosis could be aggravated in diabetics.
In our pilot experiment, T. b. bruceiinfected rabbits with the same infective parasite dose died 2.7 days earlier with a more
severe anaemia if pretreated intravenously
with alloxan. In the present study, rats made
diabetic by alloxan treatment and non-diabetic rats were infected with T. b. brucei

Tail-blood from a donor rat previously inoculated with Trypanosoma brucei brucei (Lafia
strain) at NITR, Vom, was dropped in 10 mL of
cold nonnal saline and mixed. Ten diabetic and
ten non-diabetic rats were infected by intraperitoneal injection of 0.5 mL of diluted blood containing 1-.5 x 10! trypanosomes. Tail-blood from
these animals was examined and parasitaemia
was estimated from wet mounts by the method of
Herbert and Lumsden [6]. Ten diabetic and ten
non-diabetic rats served as uninfected controls.

2.4. PCV Determination
PCV
method.

was

measured

by

a

microhaematocrit

2.5. Statistics
The data were summarized as means ± standards deviations (SD). One-way ANOVA was
performed within groups and the comparison of
means between groups was by two-tailed Student’s t-test 13].

3. RESULTS
The prepatent period of 3.5 ± 0.5 days
in infected diabetics was shorter (P < 0.05)
than 4.2 ± 0.4 days in the infected non-diabetics. All the infected rats were parasitaemic on day 6 p.i. and mean parasitaemia
score was significantly (P < 0.05) higher in
n

the diabetic than non-diabetic rats (table I).).
However, there was no difference in parasitaemia between the groups on days 9 and
12 p.i.The survival time of the infected diabetics ( 12.1 ± 3.2 days) was shorter
(P < 0.05) than that of infected non-diabetics ( 14.8 ± 1.7 days).
The mean fasting blood glucose (FBG)
concentrations in the non-diabetic and diabetic rats are shown in table II. The FBG in
the infected non-diabetics was significantly
(P < 0.05) higher on day 6 p.i. and lower
on day 12 p.i. than the control values.
Hyperglycaemia was maintained in the diabetics on days 0-12 p.i. and no significant
differences occurred between the FBG values of the infected and uninfected diabetics.
The

PCV of the uninfected (conrats did not
vary significantly during the experiment,
mean

trol) non-diabetic and diabetic

but decreased (P < 0.05) in the infected rats.
The infected non-diabetics and diabetics
had comparable mean PCV on day 0, but
on days 6, 9 and 12 p.i., the PCV values
were significantly (P < 0.05) lower in the
infected diabetics than non-diabetics
(table III). The mean percentage decreases
in PCV from values on day 0 were significantly (P < 0.05) higher in the infected diabetics than non-diabetics on days 3, 6,9 and
12 p.i. (table III).

4. DISCUSSION
Parasitaemia appeared earlier in infected
diabetics than in non-diabetics and the parasitaemia was higher in the diabetics before
the parasitaemic peak. However, the level
of peak parasitaemia was comparable in the
infected diabetics and non-diabetics. The
persistent hyperglycaemia in the diabetics
might have hastened the initial multiplication of the parasites without affecting the
intensity of peak parasitaemia. Seed and
Sechelski [ 18] reported that continuous high
plasma glucose concentrations in T. rhodesiense-infected mice made diabetic by treatment with streptozotocin did not alter the
parasite growth curve and peak parasitaemia
during the plateau phase. Also, injection of

of glucose into T. rhodesiense-infected mice prior to peak parasitaemia did not produce any alteration in

large quantities

parasitaemia [18].
Furthermore, increasing the number of
in the inoculum was reported to
shorten the prepatent period without affecting the height of parasitaemia and time to
death after peak parasitaemia in T. b. bruceiinfected mice [15]. Therefore, a shorter
prepatent period in the diabetics was not
likely owing to a higher infective dose, since
each rat in both the infected diabetic and
non-diabetic groups received the same volume in inoculum and similar number of parasites.

parasites

The infected diabetics had a shorter survival time and more severe anaemia than
the infected non-diabetics. Since the height
of parasitaemia was similar in the infected
diabetics and non-diabetics, the greater
severity of the disease in the diabetics could
not be attributed only to any difference in
parasitaemia. The pathophysiological
changes associated with diabetes may have
aggravated the pathogenic processes in trypanosomosis. Igbokwe et al. [9] reported
that acute T. brucei infection of rats caused
impaired oral glucose tolerance. Therefore,
the infected diabetics may have more severe

cellular energy deprivation since diabetes
decreases glucose uptake and utilization in
tissues [21]including erythrocytes [13].
Reduced glucose metabolism in erythrocytes and subsequent reduction in NADH
and NADPH supplies may quicken ery-

throcyte ageing by lipid peroxidation [7]
followed by extravascular haemolysis in the
expanded mononuclear phagocytic system
associated with trypanosomosis [1]. With
reports of increased susceptibility of erythrocytes to in vitro peroxidation in trypanosomosis [8] and increased lipid perox-

REFERENCES
! 1 ! Anosa V.O., Kaneko J.J., Pathogenesis of Trypanosoma brucei infection in deer mice (peromyscus maniculatus): Light and electron micro-

scopic studies on erythrocyte pathologic changes
and phagocytosis, Am. J. Vet. Res. 44 (1983)
645-651.
1.

[2] Asatoor A.M., King E.J., Simplified colorimetric
blood sugar method, Biochem. J. 56 (1954) XLIV.
[3J Chatfield C., Statistics for Technology. A Course
in Applied Statistics, 3rd ed., Chapman and Hall,

London, 1983, pp.

134-196.

[4] Ekejindu G.O.C., Edeghere H., Olatunde D.S.,
Majaji Y., Human trypanosomiasis, a fresh profile
of

a

debilitating disease in Nigeria by serodiag-

idation in diabetes [16], the concurrence of
the infection with diabetes could possibly
exacerbate the oxidative injury to erythro-

nosis, Niger. J. Sci. 23 (1989) 45!9.
! 5 !Fagbemi B.O., Otesile E.B., Makinde M.O., Akinboade O.A., The relationship between dietary

cytes by hydrogen peroxide produced by
trypanosomes [ 14] and activated

energy levels and the severity of Trypanosnma
brucei infection in growing pigs, Vet. Parasitol. 35

macrophages [20]. Lack of mortality and
no change in the PCV of the alloxan-treated
uninfected rats precluded any apparent toxicity of alloxan as a confounding factor in
the experiment. It was reported that alloxan
caused only renal tubular necrosis at toxic

(1990)29-42.
[6] Herbert W.J., Lumsden W.H.R., Trypano.soma
hrucei: a rapid &dquo;matching&dquo; method for estimating
the host’s parasitemia, Exp. Parasitol. 40 (1976)
427-432.

[7] Hochstein P., Jain S.K., Association of lipid peroxidation and polymerization of membrane proteins with erythrocyte aging, Fed. Proc. 40 (1981)
183-188.

levels [17].

Trypanosome infection in

the non-diabetics caused an initial increase and terminal
decrease in blood glucose concentrations in
agreement with our earlier report [9], but
the infection did not affect the level of diabetic hyperglycaemia, indicating that when
blood glucose concentrations are monitored
for diagnosis of diabetes in patients with
trypanosomosis, the values obtained may
not be spurious.
In conclusion, acute T. b. brucei infection was more severe in diabetic than nondiabetic rats, judging from the shorter survival time and greater decrease in PCV in
the infected diabetics.

ACKNOWLEDGEMENT
We thank C.P. Patrick for secretarial assisNITR, Vom, for supplying the trypanosome strain and rats.
tance and

[8] Igbokwe LO., Esievo K.A.N., Saros D.L, Obagaiye O.K., Increased susceptibility of erythrocytes to in vitro peroxidation in acute Try13anosoina brucei infection of mice, Vet. Parasitol.
55 (1994) 279-286.
[9] Igbokwe 1.0., Mohammed C., Shugaba A., Fast-

ing hyperglycaemia and impaired oral glucose
tolerance in acute Trypanosonut brucei infection
of rats, J. Comp. Pathol. l 18 ( 1990) 57-63.
[10] Jennings F.W., The anaemias of parasitic infections, in: Soulby E.J.L. (Ed.), Pathophysiology
of Parasitic infection, Proceedings of the 7th Inter-

!11J

national Conference of the World Association
for the Advancement of Veterinary Parasitology,
Thessaloniki, Greece, 1975, Academic Press,
New York, USA, 1976, pp. 41-47.
Kasanicki M.A., Pilch P.F., Regulation of glucose-transporter function, Diabetes Care 13 (1990)
219-227.

[ 12] Katunguka-Rwakishaya E., Parkins J.J., Fishwich
G., Murray M., Holmes P.H., The influence of
energy intake on the pathophysiology of Trypanosoma congolen.se infection in Scottish Blackface sheep, Vet. Parasitol. 59 (1995) 207-218.

[ 13] Marques F., Crespo M.E., Pantaleao 0., Bicho M.,
Insulin activation of NADH ferricyanide reductase
in human erythrocytes in mediated by the insulin
receptor tyrosine Kinase: a comparative study in
normal and diabetic states, Redox Report 2 (1996)
373-378.

[14] Meshnick S.R., Chang K.P., Cerami A., Hemc
lysis of the bloodstream forms of Tt!yl)aiiosoiiiei
brucei, Biochcm. Pharmacol. 26 (1977) 1923.
[IS] Murray M., Dexter T.M., Anaemia in bovine
African trypanosomiasis: a review, Acta Trop.
45 ( 1988) 389-432.
[ 16J Nishigaki I., Hagihara M., Tsunckawa J., Maseki
M. Yagi J. Lipid peroxide levels of serum lipoprotein fractions of diabetic patients, Biochem. Med.

25(1981)373-378.
! 17! Rerup C.C., Drugs producing diabetes through
damage of the insulin-secreting cclls, Pharmacol. Rev. 22 ( 1970) 485.
[18! Seed J.R., Sechelski J.N., Mechanism of long
slender to short stumpy transformation in the

African trypanosomes, J. Protozool. 35
572-577.

(1989)

[!9] Suliman H.B., Fcldman B.F., Pathogenesis and

actiology of anaemia in trypanosomiasis with
special reference to Trypanosoma brucei and
T. evami, Vct. Bull. 59

(1989) 99-107.

[201 Vray B., De Baetselier P., Ouaissi A., Carlier Y.,
panosoma cruzi but not Trvpannsonua brucei
y
Tr
a chemiluminescent signal in a
macropphage hybridoma cell line, Infect. Iiiimun.

fails to induce

59(1991)3303-3308.

[2!] Zilva J.F., Pannall P.R., Clinical Chemistry in
Diagnosis and Treatment, 4th edn, Lloyd-Luke
(Medical Books) Ltd, London, UK, 1984.

