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Abstract

The effect of administration of zinc and selenium on some biochemical parameters in Trypanosoma brucei brucei infected albino
rats was investigated. Forty-five (45) healthy rats were divided into nine (9) groups of five (5) rats each. Groups I, Il, and 11
served as control; administered with normal chow and distilled water ad libitum, zinc gluconate and selenium and Trypanosoma
brucei brucei without treatment respectively. Groups 1V, V, and VI were the pre-treated infected groups that were administered
with daily dose of 50mg per kilogram body weight of zinc, 10mg per kilogram body weight of selenium and combination of zinc
and selenium respectively for seven (7) days. Whereas group VII, VIII and 1X represented the post-infected treated groups that
were administered with daily dose of 50mg per kilogram body weight of zinc, 10mg per kilogram body weight of selenium and
combination of zinc and selenium respectively for seven (7) days. The results obtained for serum alkaline phosphatase (ALP),
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activitiesin the infected untreated group were significantly
(P<0.05) higher when compared to the pre and post-infected treated groups. The result of the liver function parameters showed
that the infected untreated control group showed a significantly (P<0.05) lower values of TP, ALB and higher values of TB and
IB when compared to the norma and combined Zn + Se control groups. All the pre and post infected treated groups shows a
significant (P<0.05) increasein TP, ALB and decreasein TB, IB when compared with the infected untreated Trypanosoma brucei
brucei control group.
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Introduction

The Liver, the largest gland is a vital organ. It has a
pivotal role in regulation of physiological processes. It
is involved in several vital functions such as
metabolism, secretion and storage. Furthermore,
detoxification of a variety of drugs and xenobiotics
occurs in liver. The bile secreted by the liver has,
among other things, an important role in digestion.
Liver diseases are among the most serious ailment.
They may be classified as acute or chronic hepatitis
(inflammatory liver diseases), hepatosis (non-
inflammatory diseases) and cirrhosis (degenerative
disorder resulting in fibrosis of the liver). Liver
diseases are mainly caused by infections, excess
consumption of alcohol, autoimmune/disorder and
toxic chemicals (certain antibiotics,
chemotherapeutics, peroxidised oil, aflatoxin, carbon-
tetrachloride, chlorinated hydrocarbons, etc.). In recent
years, researchers have used scientific methods to
evaluate the effects of medicinal plants used in
traditional medicine for the treatment of liver ailments
(Azzam et al., 2007, Luk et al., 2007, Bal and
Cowdley 2005, Mayer et al., 2005). In many cases, the
mechanisms and modes of action of these plants as
well as their therapeutic effectiveness have been
confirmed in clinical studies and several hundred
plants have been examined.

Trypanosoma brucei belongs to the order
Kinetoplastida and is considered part of the earliest
diverging eukaryotic lineages (Simpson et al., 2006).
Therefore, they are regarded as a “model organism”
for studying other aternative mechanisms by which
eukaryotes are able to perform basic functions. During
their life cycle, trypanosomes encounter the vastly
different environments of the mammalian bloodstream
and various tissues within the tsetse vector. They
respond to these by dramatic morphological and
metabolic changes, including adaptation of their lipid
and energy metabolism (Hannaert et al., 2003). There
are three sub-species of the Trypanosoma brucei,
namely; Trypanosoma brucel brucei, Trypanosoma
brucei rhodesense and Trypanosoma brucei
gambiense (Hoare, 1972). Trypanosoma brucei brucei
belongs to the sub-genus Trypanozoon, which is
responsible for causing Naganain cattle. Horses, dogs,
cats, camels and pigs are very susceptible to
Trypanosoma brucei brucel infection. Infection of
cattle, sheep, goats and sometimes pigs results in mild
or chronic infection (Mulligan, 1970). Moulton and
Sollod, (1976) showed evidence of this organisms
wide-spread in East and West sub-Saharan Africa

causing serious disease and high death rate in cattle,
sheep, and goats.

Trypanosomiasis is one of the oldest and neglected
tropical diseases (WHO, 2008) causing much trouble
to man, mainly in sub-Saharan Africa and parts of
South America. Tsetse fly, belonging to the genus
Glossina is responsible for transmitting the disease
(Trypanosomiasis), endemic in 36 sub-Saharan
African countries posing a serious setback to improved
and profitable livestock production and mixed crop-
livestock farming development in the African
continent (Adamu et al., 2008; Stevens and Brisse,
2004; Swallow, 2002). The disease is called deeping
sickness in humans, Nagana in cattle and Surra in
Camels (Welburn et al., 2006).

Zinc (Zn) isamicronutrient and a very abundant trace
element in the body with diverse roles in biological,
clinical and globa public hedth (Dala Rosa et al.,
2012; Hambidge et al., 2010; Zhou et al., 2007). It is
an important trace element for all forms of life, and
acts as important component of biological antioxidant
systems (Debjit et al., 2010; Sahin and Kucuk, 2003).
A lot of enzymes use zinc in one form or the order to
achieve their biological function, and as such, are
involved in numerous aspect of cellular metabolism.
Due to its interaction with numerous enzymes as a co-
factor, they are necessary for growth, optimum
performance and modulation of immune system (Zago
and Oteiza, 2001). In addition, Zinc is important as
they perform roles in the structure and function of
biological membranes (Bettger and O"Dell, 1993), it
has been shown to have an antioxidant potential and
also exert critical physiologica role in regulating the
structure and function of cells (Powell 2000; Sidhu et
al., 2004). Zinc is specifically needed for the complete
formation and function of the antioxidant enzyme;
copper-zinc superoxide dismutase (CuzZnSOD) and
various metallothioneins (Disllvestro, 2000). It
performs a vita role in the antioxidative defense of
cells (Bonnefont-Roussel ot, 2004).

Seenium (Se) is an important component of
antioxidant enzymes such as glutathione peroxidase
(GPx), thioredoxin  reductase (TrxR) and
iodothyronine deiodinases (IDD). It is also a natura
antioxidant  (Tapiero e al.,, 2003) and
immunostimulant (Beck et al., 2003; Broome et al.,
2004; Kiremidjian-Schumacher et al., 1994). Recently,
research on selenium has increased greatly due to its
vital function in antioxidant seleno-proteins for
protection against oxidative stress initiated by excess
reactive oxygen species (ROS) and reactive nitrogen
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species (RNS) (Rayman, 2012). Its activity helps to
maintain membrane integrity, protects prostacyclin
production and decreases the likelihood of propagation
of further oxidative damage to biomolecules such as
lipids, lipoproteins and DNA with the associated
increased risk of didtysease conditions such as
atherosclerosis and cancer (Néve, 1996).

M aterials

Chemicals/Reagents

All assay kits for aanine aminotransferase (ALT),
aspartate  aminotransferase  (AST), akaine
Phosphatase (ALP), total protein, abumin and
bilirubin were purchased from Randox laboratories
Ltd® (Northern Ireland, UK), Ardmore, Co. Antrum
UK.

Experimental Animals

A total of fifty four (54) healthy albino rats of both
sexes, weighing between 200 — 2509, were used for
the experiment. The rats were purchased from the
Department of Pharmacology animal house, Ahmadu
Bello University Zaria, Nigeria. The animals were
kept in well-aerated laboratory cages and alowed to
adjust to the laboratory environment for a period of
two weeks before commencement of the experiment.
They were fed with standard feed (Vita Feeds, Jos,
Nigeria) and water was provided ad libitum.

Trypanosome Isolates

Strain of Trypanosoma brucei brucei was obtained
from the stabilates that was cryopreserved in a Vector
in Parasitology Studies Department, Nigerian Institute
for Trypanosomiasis Research (NITR), Kaduna,
Nigeria.

M ethods

Induction of Parasitaemia

The parasite was maintained by serial passage in a
donor rat. The infected blood from the donor rat was
collected and diluted with phosphate buffered saline
(PBS). The number of parasites in the diluted blood
was determined (Herbert and Lumsden, 1976) and
0.1mL of blood containing approximately 1 x 103
trypanosomes was inoculated intraperitoneally into
each rat in the infected groups.

Experimental Design

A total of forty-five (45) rats were used. The rats were
randomized into nine (9) groups consisting of five (5)
rats per group. Groups I, Il and 11l served as control
while group IV, V and VI served as pre-treated
infected rats that were administered with daily dose of
50mg per kilogram body weight of zinc gluconate
(Ambali et al., 2011), 10mg per kilogram body weight
of selenium (Rayman, 2012) and combination of zinc
gluconate and selenium respectively for seven (7)
days. Groups VII, VIII and IX served as post-infected
treated groups that were administered with daily dose
of 50mg per kilogram body weight of zinc gluconate
(Ambali et al., 2011), 10mg per kilogram body weight
of selenium (Rayman, 2012) and combination of zinc
gluconate and selenium immediately after parasite was
sighted in the blood for seven (7) days.

Grouping and Treatment
Control groups:

Group | (NC): Normal rats fed with normal chow and
distilled water ad libitum

Group Il (N+ Zn +Se): Normal rats treated with zinc
gluconate + selenium

Group Il (TC): Trypanosoma brucei brucei infected
untreated rats

Pre-infected treated groups:

Group IV (Pre +Zn): Trypanosoma brucel brucei
infected rats + zinc gluconate

Group V (Pre + Se): Trypanosoma brucei brucei
infected rats + selenium

Group VI (Pre + Zn +Sg): Trypanosoma brucei brucei
infected rats + zinc gluconate + selenium

Post-infected treated groups:

Group VII (Post + Zn): Trypanosoma bruce brucei
infected rats + zinc gluconate

Group VIII (Post + Se): Trypanosoma brucei brucei
infected rats + selenium

Group IX (Post + Zn +Se): Trypanosoma brucei
bruce infected rats + zinc gluconate + selenium

Collection and Preparation of Sera Samples and
Biochemical Analysis

At the end of the experiment, chloroform-inhalation
anesthesia was performed on al experimental animals.
The anesthetized animals were bled by cardiac
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puncture. The blood samples were collected into
anticoagulant free tubes, centrifuged at a speed of
3000 r/m for 15 minutes and the resultant serum
harvested into plain sample bottles for biochemical
analysis. Alanine aminotransferase (ALT), aspartate
aminotransferase (AST), akaline Phosphatase (ALP),
total protein (TP), albumin (ALB), total Bilirubin
(TB), direct bilirubin (DB) and indirect bilirubin (IB)
concentrations were determined using Randox kits.

Data Analysis

Results were expressed as mean + standard deviation
(SD). The data obtained were analyzed using anaysis
of variance (ANOVA) (SPSS program, version 20
SPSS Inc., Chicago, IL, USA for windows Computer
software Package). The difference between the
experimental groups were compared using the Duncan
Multiple Range Test. Vaues of P less than 0.05
(P<0.05) were taken as significant.

Results

Effects on Liver Marker Enzymes

Table 1 presents the effects of pre and post infection
administration of zinc and selenium on liver marker
enzymes in norma and Trypanosoma brucei brucei
infected rats. The result shows that there were no
significant (P>0.05) difference in serum levels of
AST, ALT and ALP in animals administered Zn + Se
without infection compared to the normal control.
There was a significantly (P<0.05) higher valuesin the
serum activities of AST, ALT and ALP in
Trypanosoma brucei brucei infected untreated control
when compared to the normal and Zn + Se control
groups. The pre and post infected treated groups
showed significantly (P<0.05) lower values in serum
activities of AST, ALT and ALP compared to the
infected untreated control group (Table 1).

Table 1: Effect of Pre and Post Infection Administration of Zinc and Selenium on Liver Marker Enzymes in

Trypanosoma brucei brucei Infected Wistar Albino Rats.

Group AST (U)
NC 33.50+4.85°
N+ Zn +Se 35.00+3.58%
TC 51.33+3.01°
PRE +Zn 35.5+0.83%
PRE + Se 44 50+4.22°
PRE + Zn+Se 38.00+3.85"
POST + Zn 41.20+5.58>
POST + Se 42.16+6.01°
POST + Zn+Se 36.83+2.53%

ALT (UN) ALP (U/)
33.30+1.75° 120.17+3.67°
34.67+2.16% 123.83+4.14°
52.83+4.11° 258.67+12.43°
36.17+0.79% 204.83+1.91°
35.12+2.89% 217.33+6.19%
31.50+1.83? 168.50+4.42°
45.33+2 47° 213.00+2.29%
46.33+3.03° 231.17+3.56"
40.83+1.76° 200.50+2.32°

Vdues are means + SD of five replicate determinations. Vaues with different superscript down the column are

significantly different (P<0.05).
Effect on Liver Function Parameters

The effect of pre and post infection administration of
zinc and selenium on liver function parameters in the
serum of normal and Trypanosoma brucel brucei
infected wistar albino ratsis presented in Table 2. The
result shows that the infected untreated control group
showed a significantly (P<0.05) lower values of TP,

ALB and higher values of TB and IB when compared
to the norma and combined Zn + Se control groups.
All the pre and post infected treated groups shows a
significant (P<0.05) increase in TP, ALB and decrease
in TB, 1B when compared with the infected untreated
T. brucel brucei control group. The control groups, pre
and post infected treated groups showed no significant
(P>0.05) differencein the DB (Table 2).



Table 2: Effects of Pre and Post Infection Administration of Zinc and Selenium on Liver Function Parameters in
Trypanosoma brucei brucei Infected Wistar Albino Rats.

Group TP (g/dl) ALB (g/dl)
NC 44.1741.47° 42 6741.75°

N+ Zn +Se 42.33+1.50 40.0042.26°
TC 37.83+354° 31.83+2.48°

PRE +2Zn 40.17+0.52% 37.50+1.64%
PRE + Se 30.67+2.92% 36.50+2.26"
PRE¥ZIHSe g4 4740 56" 39.83+0.47°
POST+Zn 456741757 34.67+2.26"
POST +Se 38.83+4.00% 32.00+1.67%
POST+Zn+Se 43 03+3.67° 36.83+2.32°
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TB (mg/dl) IB (mg/dl) DB (mg/dl)
a
10.88+1.12 4.36+1.33° 6.52+0.48%
10.13+1.39° 3.03+1.272 7.10+0.422
14.15+1.29° 7.07+1.30° 7.08+0.60°
11.62+1.28% 4.72+1.02% 6.90+0.85°
11.85+1.02%® 4.85+1.43% 7.00+0.847
11.01+0.65° 4.18+0.41% 6.83+0.45°
12.88+1.07° 5.25+1.48 7.63+0.38°
12.20+1.84% 5.18+0.95? 7.02+0.582
11.78+0.98% 5.78+1.312 6.00+0.31%

Vdues are means + SD of five replicate determinations. Vaues with different superscript down the column are

significantly different (P<0.05).

Discussion

Trypanosomiasis was inflicted on the rats when they
were injected with trypanosomes and therefore,
provides animal models of experimentally infected
trypanosomiasis. The parasite Trypanosoma brucei
brucel produces a very severe acute stress in the
infected rats. Trypanosoma brucei infection, like other
trypanosome infections may precipitate increased
biochemical changes in the host in response to
invading parasites and these changes in part could be
responsible for infection-induced tissue damage.

Hepatic injury is often associated with aterations in
the serum and liver levels of Agpartate
aminotransferase (AST), Alanine aminotransferase
(ALT) and Alkaline phospatase (ALP) (Arhoghro et
a., 2014). The increase in serum akaline phosphatase
activity may indicate hepatic damage probably by the
atered cell membrane permeability leading to the
leakage of the enzymes from the tissues to the serum
(Appidi et al., 2009; Akanji and Yakubu, 2000).
Alanine and aspartate aminotransferase are considered
to be sensitive indicators of hepatocellular damage and
within limit can provide a quantitative evaluation of
the degree of damage to the liver (Al-Habori et al.,
2002). Hepatic damage can affect the metabolic

processes in the body due to the role of liver in generd
metabolism. Hepatic cells appear to participate in a
variety of enzymatic metabolic activities. Enzymes are
necessary for norma celular metabolism including
that of the liver (Rgamanickam and Muthuswamy,
2008). Infection with T. brucei brucei damaged the
hepatic cells leading to a significant increase in serum
levels of AST, ALT, and ALP respectively (Table 1).
The significantly (P<0.05) higher levels of serum
AST, ALT, and ALP activities were observed in
infected untreated rats compared to the pre and post-
infected treated and control groups. These results are
in agreement with previous studies where ALT was
elevated in Trypanosoma evansi infected (Sazmand et
a., 2011) and T. brucei brucel infected (Yusuf et a.,
2012) animals. Several other studies have aso
reported elevated serum AST, ALT, and ALP (Abd
El-Baky and Salem, 2011; Allam et a., 2011;
Oluwatosin et al., 2013; Umar et a., 2007). Since
these enzymes are the major liver marker enzymes; the
elevation of these enzymes is usualy an indication of
liver damage, haemolytic conditions or partly to
cellular damage caused by lysis or destruction of the
trypanosomes (Yusuf et a., 2012). The significant
decrease in the activities of the liver marker enzymes
in al the pre and post-infected treated rats could be
attributed to the reduction in hepatic granuloma size
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and fibrosis as well as absence of necrotic hepatic
tissue in the pre and post-infected treated rats.
Apparently it appears that the membrane damage
seems to be the prime culprit for the marked increase
in the serum marker enzymes, AST, ALT, and ALP.
The pre-treated infected rats were better at reducing
hepatic damage than the post-infected treated rats.

Serum abumin and total protein are some of the
markers of liver dysfunction while albumin transports
bilirubin and other substances in blood (Vasudevan
and Sreekumari, 2007). Serum levels of total protein
and albumin were reduced significantly (P<0.05) in
the infected untreated as compared to normal control
groups (Table 2). However administration of zinc and
selenium to the pre and post-infected rats resulted in
elevation of total protein and abumin levels when
compared to the infected untreated rats. The increased
synthesis of protein occurs at the expense of muscle
protein catabolism and loss in body weight. The
gradual decrease in the mean values of serum total
proteins, observed in the infected untreated rats during
this study, agrees with previous findings
(Biryomumaisho et al., 2003; Katunguka-Rwakishaya,
1996), but contradicts observations made in sheep
infected with T. brucei by Taiwo et a., (2003), who
observed no change in levels of tota plasma proteins
from pre-infected values at the initia stage of the
infection, but in the later stage the levels increased
significantly above pre-infection levels. Albumin is
synthesized in the liver; therefore decrease in albumin
concentration may be attributed to the damage in the
liver where there could be less synthesis of abumin.
The result obtained here agrees with that of
Ogunsanmi et a., (1994) who studied the serum
biochemical changes in West African dwarf sheep
experimentally infected with T. brucei. They found
that the serum abumin values were markedly
decreased. The findings suggest that there might be a
hepatic and/or renal malfunction. Similar observations
were noticed by Arora and Pathak, (1995) and Y usuf
et al., (2012). The cause of the decrease in albumin is
difficult to elucidate. Albumin is a negative acute
phase protein during trypanosomiasis (Karori et al.,
2008). Its decrease could result from reduced synthesis
in the liver as part of the acute phase response, loss
through the kidney and intestine or increased
utilization by the trypanosomes as a nutrient, since
they require it for optimal survival (Coopens et al.,
1987).

Bilirubin is the main bile pigment that is formed from
the breakdown of hemein the red blood cells.

In addition, it is transported to the liver where it is
secreted by the liver into the bile. As such interference
with the normal liver functions affects its rate of
conjugation or excretion. Thus a high level of bilirubin
isused as an index for liver function and bile excretion
status (Usha et al., 2008). The present results showed
significantly (P<0.05) higher level of total bilirubin in
T. brucei infected untreated rats. The high level of
total bilirubin in infected untreated rats in this
experiment supports earlier observations in severa
trypanosome-infected animals (Adeyemi et al., 2012,
Boniface et al., 2011; Ezeokonkwo et al., 2012). The
bilirubin formed from breakdown of red blood cellsin
the reticulo endothelia cells are transported in plasma
bound to albumin (Vasudevan, and Sreekumari, 2007),
so the increase in hilirubin is suggestive of haemolytic
anaemia which may be due to the activity of
proliferating parasites. It could also be associated to
the inability of the liver to conjugate bilirubin
(Adeyemi et al., 2012). The liver detoxifies harmful
substances, secretes bile into the intestine, synthesizes
and stores up important material, hence, it is common
in clinical practice to screen for liver disease, monitor
the progression of a known disease and monitor the
effect of potentially hepatotoxic drugs (Kapoor, 2011).

Conclusion

The findings of this study have shown potential
efficacy of Zinc and Selenium in ameliorating some
negative effects of Trypanosomiasis on the liver.
Understanding the role of these micronutrients in the
pathogenesis of trypanosomiasis may help in
designing nutritional support and control programs as
a strategy to combating the effect of the disease in
areas whereit is endemic.
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