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RENAL AND HEPATIC DYSFUNCTIONS IN EARLY PHASE OF
EXPERIMENTAL TRYPANOSOMA BRUCEI INFECTION OF NIGERIAN

PIGS

ABSTRACT

Aim:The effects of infection with Trypanosoma brucei renal and hepatic functions in early
phase of disease were studied in experimentallgctatl pigs. The aim of this study was to
identify serum biochemical changes that could sexwédiomarkers of early renal and hepatic
dysfunctions and also serve as basis for therapewanagement of. bruceiinfections in man

and animals.

Study design: A total of 15 growing pigs aged between 6 andvighths old were used for the
study. The pigs were selected at random into tvougs. Group one was made up of seven
animals and served as the infected group. Thewpégs each infected with 1 x Aparasites in
2mls of normal saline subcutenously. The secondmr made up of six animals ,served as the

un-infected control group.

Place and duration of study:The pigs were housed in insect proof nets for twamths while the

experiment lasted.

Methodology: Blood for serum obtained through venipuncturetred anterior venacava was
used for determination of the serum total proteatisumin, creatinine and urea concentrations as

well as activities of alanine and aspartate amarstferase post infection.



Results: After infection there was a sharp increase inalfgroteins(P = .05)accompanied by
decrease in albumin but increase in globulin cotmeéons on Day 5. Increases in, serum
creatinine and Blood Urea Nitrogen(BUN) concentmasi and, activities of Alanine and

Aspartate amino transferases also occurred frosndidny.

Conclusion: It was concluded that decrease in serum albwmmtentration alongside increase
in creatinine and urea levels as well as thosdasfie amino transferase and aspertate amino
transferace are biomarkers of early onset of randl hepatic pathology and determinants of
ability to achieve self cure from anemia Th bruceiinfections of man and animals. This
underscores the relevance of erythropoietin ush@motherapy of African trypanosomiasis and
the roles of renal and hepatic intergrity in trypeoerace.
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INTRODUCTION

Variation in research results on serum biochenstadliies in trypanosomiasis is influenced by
both specie of infecting trypanosomes and animaktdpp]. Such conflicting reports pose a
problem in understanding of the pathogenesis atttbfiogy of the disease in animals and man
asT. bruceiinfected animals serve as models for sleeping sgkmn man[2 - 5]. Furthermore
observations in pigs will help provide the neededsensus of opinion on the pathology of
African trypanosomiasis and enhance its conffolbruceiis infective to all domestic animals
with the exception of avian species; and antelopgsease course due to African
trypanosomiasis had been described as being deptemaspecie of infecting trypanosome, host
and nutrition[6]. All trypanosome species exhiaittigenic variation, a phenomenon whereby

blood stream trypanosomes switch from one variarfase glycoprotein (VSG) to another and



constitute a major setback to drug control and lkbgweent of vaccine against African
trypanosomiasis[7,8].

Infections by pathogenic trypanosomes cause diseaBieh vary in severity depending on the
specie of infecting organism and susceptibilitytioé host[9]. Common clinical features of
African trypanosomiasis have been summarized brséwauthors[6,10,11]. These include
intermittent pyrexia, increased respiratory andrhesies, depression, pale mucous membranes
(anemia), subcutenous oedema, prominent jugulasepwleight loss, enlargement of lymph
rodes, hemorrhages, central nervous system disiceba corneal opacity and disturbances in
reproduction resulting to reduced libido, infetjiliand abortion; and death. In the human
infective T. gambienseandT. rhodesiensandT. brucei infection of animals, two stages of
clinical diseases have been recognized[2,12]. 8la@e the early or haematolymphatic stage
which is characterized by symptoms that occur leet@entral Nervous System (CNS) invasion
by trypanosomes and the late or meningoencephtges The early stage signs include the
development of a chancre, an inflammatory swelahghe site of tsetse bite which is followed
later by periodic pyrexia, joint pains, muscle a;hpalpable enlargement of lymph modes,
generalized oedema which also extends to appendagesnia, reduced libido, impotence,
abortion, infertility and abnormalities of electtardiogram. The late stage signs are those
associated with CNS involvement and which includaxia, convulsions and other mental
disorders.

Anaemia is a consistent feature of pancytopeni&ryipanosomiasis of man and animals[1,6].
However self cure from anemia in early phase has lassociated with antigenic diversityTof
bruceisubspecies especially,. brucei bruceinfective to animals. Since not all antigenic istsa

exhibit this phenomenon, there are some uniquereifices in pathophyiology of haematological



derangement if. bruceiinfections . The kidneys and liver play criticales in erythropoietin
biosynthesis and erythropoiesis[13]. Even thouglthglagies involving these organs are
commonly reported in trypanosome infections, thelies in pathophysiology of anaemia has not
been adequately investigated.

The aim of this study was to identify serum bioclehchanges that could serve as biomarkers
of early renal and hepatic dysfunctions and alseesas basis for therapeutic managemerit.of
bruceiinfections in man and animals.

MATERIALSAND METHODS

A total of 15 growing pigs aged between 6 and 12m® old were used for the study. The
animals were mixed breeds and aged as descrigedKlahn[14]. The animals were purchased
from local pig farms within Zaria area and acclinimed for two months before the
commencement of the experiment. During the acdiaateon period, the pigs were dewormed
using ivermectin (Kerprom&g, Deventer, Holland) a broad spectrum antihelmingtithe dose

of Ime/50kg body weight and administered subcutaneodsig. animals were also administered
orally, with amprolium chloride, a broad-spectrumtieoccidial. Diazintdf® (Diazinon
dimpylate), a broad spectrum acaricide was occalljoadministered topically for ectoparasite
control fortnightly at the dose of 100ml/2000 lgref water.The animals were housed in insect
proof pens. The pens were thoroughly washed watemcontaining antiseptic and sprayed with

acaricides. The animals were fed growing pig raie described by Eusebio[15].
Parasites Used

Trypanosoma brucei,NITR/Federe strain obtained from the Nigerian busé for

Trypanosomiasis Research, Vom was used. The parasms isolated from cattle and



characterized biologically using resistance to haiserum|[16] after which it was cryopreserved
in liquid nitrogen. From here they were subpasdamece into rats and then into a donor pig

before inoculation
Experimental Groupsand Infection of Animals
The pigs were selected at random into two groups.

Group 1: This was made up of seven animals given identitplmers 04, 05, 06, 08, 10,
13 and 14 and served as the infected group. Tdeepere each infected with 1 x%10
parasites in 2mls of normal saline subcutenouBlgsage was calculated as described by

Lumsden[17].

Group 2: This was made up of six animals given identity narst2, 03, 07, 09, 11 and

12 which served as the un-infected control group.
Daily Parasitaemia

Wet blood films taken daily from the ear veins afected pigs was examined under x 40
objective of a light microscope. 100 microscop&lds were examined before the result was

declared negative when parasites were not observed.

Separation of Serum

Blood for serum was obtained through venipunctifréghe anterior venacava using 19 gauge
hypodermic needles and 10ml syringes. The sitéh®wenipuncture was asceptically prepared
by cleaning with 70% ethanol. Blood samples fenum separation were collected into clean

test tubes containing no anticoagulant and wei@valll to coagulate at room temperature for



approximately 30 minutes and the clot gently rendowgth the help of a thin glass rod. After
this the sample was centrifuged at 3000G for 10utes using an MSE centrifuge (CEK-300,
Gallenkamp, England). Sterile pipettes were use@inove the separated serum into chemical-
free and sterile plastic specimen bottles and timenediately transferred into a deep freezer at —

20°C for storage before use.

Serum biochemical techniques

Determination of the serum total proteins, alburoneatinine and urea concentrations in the pigs
was carried out using Kodak DT60 auto-analyser t(Bas Kodak Co, New York) Serum
globulin was determined as a difference betweamseotal protein and albumin level.

The activities of alanine and aspartate aminotexast in the pigs were determined using
commercial kits as described by Heetyal .[18].

Statistical Analysis

The data analysis was done using Graph Pad Prissiovie4.0 Software (Microsof?). All data
were expressed as mearSEM. Values between infected and control animagsewcompared
using student t — test. Daily values within theectéd group were compared using one way
Analysis of Variance (ANOVA) and Tukeys Multiple @parism Test. In all cases values of

P<0.05 were considered significant.

Results
The pigs were readily infected with bruceiwith marked parasitaemia and clinical disease
even though they were local pigs and therefor@ tikminants, were expected to display levels

of trypanotolerace The mean total proteins concentrations of the alsimvare 63.0 9.5 (g/L)



and 67.0_+0.0 +2.1 (g/L) for the infected and control groups exsjpvely while the total
proteins concentrations of all animals on day (Qgeahfrom 51.0 to 75.0 (g/L). After infection
the mean total protein concentrations of the if@ajroup progressively increased in the first
week to 67.5 3.8 (g/L) by day 5(P = .05) after which it progeely dropped to 63.2 8.7
(g/L) on day 17 (Fig. 1). The total proteins howewereased thereafter to 69.0140(g/L) by
day 21 followed by fluctuating decreases to 652Z.5-(g/L) by day 40, the values still apparently
above those of day 0. During this period, totalt@roconcentrations of control animals showed
slight decreases within normal range.The serumnailtbconcentrations of all experimental
animals ranged from 31.0 to 45.0 (g/L) by day Olavkiose of infected and control groups was
39.0 +4.0 and 40.0 6.0 (g/L) respectively. After infection the serwbumin concentrations
increased slightly to 39.5 3.7 (g/L) by day 5 in the first week of infectioffig. 2). Thereafter
the albumin concentrations showed fluctuating el@ses to 33.7 6.6 (g/L) by day 40. During
this period, the serum albumin concentrations oftr@d animals dropped slightly within normal
range. The mean globulin values of experimentdl @mtrol groups of the pigs was 24.@24
and 27.0 #4.9 (g/L) respectively on day 0 while the variatia the values for all the animals on
the same day was between 23.0 and 34.0 (g/L). Hemefter infection, the globulin levels of
infected group slightly increased to 34.%2(g/L) on day 11 in the second week of infection
and then slightly declined in values above thosgrefinfection in subsequent days followed by
the second peak increase to the maximum value b8 4 1.5 (g/L) (P < 0.05) by day 21.
Thereatfter, the serum globulin values dropped shghtly to 36.2 +2.6, 32.9 +4.2 and 32 .0 +
6.6 (g/L) on days 27, 33 and 40 respectively. Thasecases were however not statistically
significant (P> 0.05) (Fig. 3). The mean globulwvels of control animals ranged within normal

level.



The serum creatinine values of all experimentainahranged from 72.0 to 88.0 (mmol/l) on day
0 while the mean values for infected and controligs on the same day was

81.0 +12.5 and 67.2 8.9 (mmol/l) respectively. After infection, theeatimine values
increased only slightly in the first week with ather increase to 86.2 8.5 (mmol/L) on day 5
(Fig.4) which was not statistically significant (F>:05). Thereafter, the creatinine values
progressively dropped to 66.0 8.2 (mmol/L) on day 17 which was followed by fueth
fluctuating drops to 65.2 5.9 (mmol/L) by day 40 which was slightly belowegnfections
values. During this period, no significant changescurred in the serum creatinine
concentrations of the control group. The serum wa@aentrations of all experimental animal,
ranged from 2.5 to 4.7 (mmol/L) on day O while timean concentrations for infected and
control groups were 3.6 +.0 and 3.6 4.7 (mmol/L) respectively. After infection, thersm
urea concentrations of the infected group incregsedressively and peaked at 4.112 (m
mol/L) on day 17. This was followed by slight drép 3.7 +0.7 (mmol/L) on day 21 and a
second peak increase to 4.3130 (mmol/L) by day 27 (Fig.5). These increaseseweot
statistically significant (P>0.05). Thereaftdretconcentrations progressively dropped to 3.7 +
1.0and 3.3 40.7 (mmol/L) on days 33 and 40 respectively. Terus urea concentrations of
control group however, varied within normal rangg b careful observation showed a more

overall increase in urea concentrations compardatioof creatinine in the infected group.

The mean of serum alanine amino transferase aesiwtf infected and control groups on day 0
were 24.5 +4.4 (1.U/L) and 24.6 + 3.7 (I.U/L) respectively while those of all expeagntal

animals ranged from 19.0 to 28.0 (l.U/L) on the sasay. After infection, the serum alanine



amino transferase activities showed progressiveases to the peak value of 26.6.3 (1.U/L)

by day 5 in the first week of infection and theteaprogressively dropped to 22.0448 (1.U/L)

on day 11. This was followed by another progressincreased with a second peak activity of
27.2 +0.5 (I.U/L) on day 17 followed by apparent dropblow pre-infection activities on day
21 and then a third peak of sustained increasettoitaes slightly above those of pre-infection
until day 40 (Fig. 6). The mean serum alanine antinasferase activities for control animals

however fluctuated within normal.

The mean serum aspartate amino transferase adiatiinfected and control groups werel2.0 +
2.8 and 11.7 8.8 (I.U/L) respectively on day 0 while the adiies for all animals on the same
day ranged from 9.0 to 16.0 (L.U/L). After infeatiothe levels of serum aspartate amino
transferase showed slight progressive increaseeapoe-infection values in the first 21 days
(Fig. 7). Thereafter the aspartate amino transéeaasivities increased to attain the peak level of
18.0 +1.4 (1.U/L) on day 27 which was statistically siggant (P = .05). This was followed by a
gradual drop to 13.5 1.7 (1.U/L) on day 40. The mean aspartate amianstierase activities of

the control group only fluctuated within normal ganwithin the period.

Discussion

The level of total proteins in the infected pig®wied fluctuating increase during the period and
was accompanied by hypoalbuminaemia and hypergladmria whose fluctuation patterns
closely followed that of the changes in total pmuge Total protein may either be normal,
increased or decreased in African trypanosomiagieiding on factors such as nutritional status

of the host, host species and species of infedtyganosome[1]. Elevation in the serum total



proteins as well as albumin and globulin levelsthe pigs after infection support earlier
observations in humans, goats and rabits and menkdgcted withT. rhodesiend&9], T.
brucei [20, 21] andT. gambiensd22] respectively and pigs infected with brucei[23] .
Awoboade[24] observed thdt gambiensenfected human populations showed higher plasma
total proteins which was accompanied by decreasabiomin levels but increase in globulin
levels. The increases in total proteins in Afridaypanosomiasis is believed to arise from
hyperglobulinaemia and especially hypergamma-globamia and has been associated with
increase in immunoglobulin M (1gM)as well as delagaim which are a consistent finding in
trypanosomiases of man and animals[25]. Aloumipr@duced entirely in the liver and plays
important roles in the regulation of flow of wateetween the plasma and tissue fluids by its
effect on colloid osmotic pressure. Hypoalbuminaeon the other hand is therefore the result of
decreased protein synthesis due to hepatic dystunfizb] in trypanosomiasis but may also be
due to increased protein loss through the gut dndy, malabsorption and plasma dilution
directly or indirectly related to trypanosomiagdig/poalbuminaemia observed in this early phase
of T. bruceiinfection in the pigs suggests the early settingfinepatic pathology in the pig.

The serum creatinine concentrations only increaigtly in the first week of infection which
agree with an earlier observation by Sadinal. [26] in rhesus monkeys infected with
rhodesiense Abenga and Anosa[22] observed similar early sligitrease by week 4 ii.
gambienseinfected vervet monkeys which thereafter droppedpte-infection values while
Awobode [24] reported higher plasma creatinine leuweT. gambiens@nfected population than
their uninfected control group. Creatinine is foodnguring normal muscle metabolism and is
believed to be excreted at a relatively constatat regardless of diet, age or other factors while

its increase in serum levels is associated withditmms that impair glomerular filtration[13].



Like the liver, the kidneys play roles in erythrogton biosynthesis and regulation of
erythropoiesis and ability to respond to anemiardase in the serum creatinine levels therefore
signals the early setting in of renal pathology amdntual compromise of the role of the kidney
in responding to anaemia in trypanosomiasis. Esmtyease in creatinine levels in the pigs
therefore suggests there was renal pathology thoogkevere enough to impede erythropoietin

biosynthesis.

The serum urea level in the infected group showeziifating increase most part of the infection
period. These increases were consistent with tegiqus observations iii. bruceiinfected
rabbits[27] and goats [20] anl gambiense 4infected vervet monkeys [28]. Elevated serum
urea levels have been similarliy associated wittn&y diseases such as glomerulonephritis,
urinary tract obstruction and excessive proteiralalism associated with severe toxic and
febrile conditions [25]. Fever and glomerulonephriare consistent features of African
trypanosomiasis [2]. Serum alterations in ureall@verefore suggest too th@t bruceicaused
early onset of renal pathology in the infected pigswever these increases were inferior to
those described by Abenga al. [29] in acuteT. vivaxinfection in Red Sokoto goats in which
the serum urea level in the infected animals irsgdaby 50% in the second week followed by
early death of the animals. These observationsesiiglgat in the early pha3e bruceias well as

T. gambienseinfection of animals and man, the kidneys stillanet ability for effective
erythropoietic response as they are less affectddreerefore able to overcome early or crippling
effect of anaemia. Anosa[l] and Anostal., [30] had described erythropoietic response to
anaemia in African trypanosomiasis which usualtg g during the first wave of parasitaemia in

the acute or early phase of disease. These resp@rs characterized by marked erythroid



hyperplasia with reticulocytosis and gross expansiored bone marrow in the long bones in the
early phase but bone marrow hypoplasia and dropreticulocyte counts due to low
erythropoietic response in the chronic phase. Theyer concluded that superior reticulocyte
response iT. bruceiinfections suggests that erythopoietin plays aomagle in recovery from
anaemia in early phase 0f bruceiinfected animals[1], but this activity is hindered the

chronic stage due to advanced pathological changée liver and kidney.

The mean serum levels of alanine amino transfeshewed fluctuating increase from day 5 in
the infected group. Even though these increases nar significant, they were more sustained
towards the last half of the forty days observag@niod. A similar mild increase and pattern
were observed in monkeys infected withgambiensg31] while Awobode[24] reported that the
alanine aminotransferase levelslingambienséisease of humangere about twice those of the
un-infected human population. The serum aspartatenairansferase levels were however
remarkably increased towards the half of the olzem period. These observations were
however at variance with those of Olowe[32] whoomgd normal levels of alanine and
aspartate amino-transferases in a case of cong@nitgambiensenfection in an infant. These
increases however agreed with the observationsbaihga and Anosa[31] in T. gambiense
infected vervet monkeys where the serum aspanateoéransferate concentrations increased by
more than a hundred percent by week four postisie@nd tripled by the tenth week when the
animals died. Alanine and aspartate aminotranserase found primarily in tissues that have
high rates of protein metabolism especially kidnexer and muscle[13] and damage to body
cells result to alteration of membrane permeabditg consequent release of these enzymes into

the extracellular fluid. Although increase in therusm activities of these enzymes have been



described as a good marker of soft tissue dantagi,increases in trypanosomiasis have been
altributed to hepatocellular and renal damage[Blsjwever elevation in serum levels of these
enzymes may also result from trypanosome lysesalthe host's defence mechanisms[33].

It was concluded that decrease in serum albunmgerttration alongside increase in creatinine
and urea levels as well as those of alanine amarssferase and aspertate amino transferace are
biomarkers of early onset of renal and hepatic@atjies and determinants of ability to achieve
self cure from anemia in. bruceiinfections of man and animals. This underscoresrtiportant

role of erythropoietin administration in the maaagent of anemia in African trypanosomiasis

and the place renal and hepatic intergrity in aghgptolerance to the disease.
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