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ABSTRACT

In order to assess the role of peroxidative injury to erythrocytes in animal
trypanosomiasis, the effect of acute trypanosome infections on the susceptibility of
erythrocytes to in vitro peroxidation was studied in two experimenta models involving

Trypanosoma brucel infection of mice and Trypanosoma yivax infection of calves. In the

in vitro erythrocyte peroxidation, washed erythrocytes from the infected and control
animals were incubated with 1.5% hydrogen peroxide (v/v) and the by-products of lipid
peroxidation produced were measured spectrophotometrically as thiobarbituric acid
reactive substances (TBARS). Glutathione (GSH), the primary antioxidant involved in
peroxide neutraization in erythrocytes, was also measured in the trypanosome-infected

caves.

Trypanosoma brucel produced an acute infection in 24 mice with parasitemia
occurring 3-5 days post-infection (pi). Ten mice served as uninfected controls. Nine
infected mice died before day 5 pi and another 4 died before day 8 pi, bringing mortality
rate to 54.2%. The infection caused a significant (P< 0.025) decrease in the packed cell
volume (PCV) of the tail blood of 11 survivors on days 5. and 8 pi, when compared
with the control. The heart blood PCV of the control and infected animals were not
significantly (P< 0.05) different. The peroxidized erythrocytes of the heart blood of the
infected mice produced significantly (P 0.05) greater amounts of TBARS than those of

the controls,



which sngsested thai the mlected mice seemed fo have redaced abiline (o prevent free

radical-mediated lipid pevoxidation i the cvilwoeytes,

Trvpanosonia vivax mlection ol 6 calves cansed an acnte disease. Three calves
served as uninlected controls, Parasitacnua occurred trom dayv 2 pioin the mfected animals.
The inlection was moderalely severe with one ol the inlected animals moribund on day 13
pl. The mean PON and red blood el count ol the infected animals decrcased  signilicantly
(I 0.05) between days 6 and 13 pic whercas the mean corpuscular volume was nolt
signilicantly (1" 0.035) dillcrent when compared with the control values. The amount ol
TARS produced by the peronidized anvthrocvies ol the inlected and control calves did
nol ditler signilicantly (7 0.03). 10 was deduced that the ability of the hovine crvihrocytes

(o prevent lree radical-mediated Tipid peroxidation was not allecied by the infection.

Ervthrocyvies of healthy mice produced sienilicantly (p 0,05) srealer amounts ol
TBARS than those of healthy calves, suggesting thal bovine ervihrocvies had superior
ability to protect themsclves  against perosidation when compared with  the mouse

crvihrocytes.

Ervthrocyte GSH concentrations ol 62 apparently healthy cattle in Zaria and
Mardueurt ranged trom 21.7 1o 135, Tme 100ml RBC. The GSH concentrations and PCV
were significantly (P 0.05) and positively correlated (v 058, 0.59). but GSH and plasma

ascorbic acid (0.35-1.00mg/dl) concentrabons were nol signilicantly correlated (r--0.01).



Vi

I the T vivas-mlected calves, ervihroeyvie GSHD decreased marginally at the peak
ol the Tist wave ol parasitacmia occurring on davs =5 pic The GSI values recovered on
day 6 and improved steadily until day 12 pic which coincided with the second peak of
parasitaciua, when another shght G5 dechne ocamred. Onday 13 piy the GSTI value was
signilicantly (P 0.05) higher than the control values, Therelore, the GSIH values in the
inlected ammals scemed to improve despite the decrease in 'CV, a sifuation that difTered
from the positive correlation ol both parameters in healthy animals,  Tlence, the
ervthrocytes ol the infected animals might have enhanced GSIT regencration which would
favour the maintenance ol the antioxidant capacity ol the envthrocyies, thereby reducing

the nsk of peroxidative damage.

In conclusion, while the possibility ol peroxidative injury o ervthrocvies seemed 1o
exist moacute 1. bracet idection ol mice, it was unhhely in acote 1. vivax infection ol
calves, suggesting that the pathogencsis ol the anacmia in leypanosotniasis. in this particular

respeet, might be different in the two parasite-host models studicd.
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CHAPTER ONE
INTROBUCTION

Trypanosomiasis (01 Lypanosomosis) is i llaCIIttrl't;‘ot(!?irall discase of animals #lld
man caused by various species ol trypanosomes. U is a major constrainl (o livestogk
production in most paris of Aliica, In Nigeria, i'cccm surveys have reporicd outbreaks
and prevalence of irypanosomiasis among liveslock (Opasina and Ekwuruke, 1988;
Nawathe ¢t al., 1988; Joshua and Shanthikutmar, 1989: Tlemobade ¢t al., 1991; Onah,
1991; Ancne ¢t al., 1991a.b; Kalu, 1991; Kalu ¢t al., 1991; Ahmed, 1992; Ahmed ¢t at,,
1994; Ahmed and Agbede, 1993; Anosa et al., 1994). Some features of the disease in
antmals which cause enormous cconatnis losses to livestock fatmers melude loss of body
weight |, stunting, muscular wasting, drop in milk vicld, infertility, abortion stillbisth and
deaths. (Esurouoso, 1973, llemobade and Balogun, 19812 Stephen, 1986, Ikede ¢t al,

1988, Agyctnang ¢t al., 1994, Paling ¢t al., 1991; Sckoni, 1994).

The development of anacmia has long been recognized as a  consistent
consequence of trypanosome tnfections in animals (Fosaby, 1921). The anacmia s
causedd matnly by extravascular haemolysis in the expanded mononuclear phagocytic
system (MPS) of the trypanosome-inlected host (Anosa, 1988; Murray and Dexter,

1988; Sulman and Feldman, 1989), but intravascular hacmolysis may occur during the

ct al., 1984). Several Mechanisms have been reported to predispose the red blood cell to
phagocytosis in the MPS (Anosa, 1988; Mumay and Dexter, 1988). The immunological

mechanisms involve the proliferation and activation of macrophages and the



immunocheniical altcration of red cell membrancs assoctaled with the onset of
parasitacaia and the rise ol serum antibodics (Balber, 1974, MacKenzic ¢t al.,, 1978;

Esicvo and Saror, 1991},

In Trypanosoma brucei infection of mice, anacmia was observed earlicr than 7

days after inlection when immune response was nol expected to have commenced
(Jennings et al., 1974). Anacmia occurred in rats subjected to total body irradiation and
imfecied with T. brucet, indicaling that immunological compelence may not be essential
for the development of the anacmia (Murray and Dexter, 1988). Within 2 to 3 days of

infection of mice with T. congolense, 1, vivax or 1. brucei (Mwivay ¢t al., 1979) and rais

with T. brucei (Murray, 1979), the presence of hacmeolysin was detected in the plasma of
the hosts. The haemolysin may include biologically active substances produced by the
trypanosomes such as proteases (Londsdole-Eccles and Grab, 1986), phospholipases
(Mellor, 1985), ncuraninidascs (Egievo, 1979, 19X3: lingstler atd Schauer, 1993) and a

heat stable trypsin sensitive substance (Huan et al., 1975).

Because boodstrcam forms of 1. bruged fack catlatase (Fulton and Spooner, 1956)
and glutathione peroxidase (Meshnick ¢t al,, 1978), cnormous amounts of hydrogen
peroxide accumutate in the trypanosomes (Meshnick ¢t al., 1977) and may [_we refeased
into the extracclular (luid before and durug trypanolysis. In the cultivation of T. brucei,

T. equiperdum, 1. evanst, 1. thodesiense and T. gambicnse, it was seporied that there

was need to elinminate activated oxygen produced by the trypanosomes (Baltz et al.,
1985). During trypanosome infections, activated macrophages may be producing
activated oxyaen (Kicbanoff, 1982; Schwacha and Locgering. 1992) which may difluse

into the extracetular fHuids. Amch (1984) showed that blood and hepatic glutathione



leveds decreascd and the susceptibility of erythrocytes 1o oxidative hacmolysis increased
during the carly acute phase of T. bruced gambicnse infection of rats, which suggested
that the infection might bave imposed an oxidative stress on the erythsocyies of the
infected rats.

In canle, 1. vivax and T. congolense could couse acute anacmia (Murray and

Dexter, 1988), but ‘I, bruce oflen caused mild chronic anacmia (Ikede and Losos, 1972).
However, L. brucei caused a severe acule inlbciiun i mice (Jeomings ¢t al., 1974). It is
well recognized that the pathogencsis of anacinia in trypanosomiasis vatics with the
species of wrypanosonies, the species ol the host and the duration of the inlceciion (Jkede
et al., 1977 Becesuse of the complexity of the nechanisms of grythroeyle damage in
irypanosomiasis {(Anosa, 1983a), there was need to investigate ervthrocyte peroxidation

during the acute discase in animals.

The purpose of the present study was therefore 1o invesligale the susceptibitity of

erythrocyles 10 in vitre perosidation during acute I, brucei and T, vivax infeclions of
mice and cattle respectively, i order to provide some evidence of the possibifity of
peroxidase damage of erythrocytes during acute animal trypanosomiasis,

The theee phases of the study were:
a) Eflcct of acuie T. brucel infection of mice on the susceptibility of erythrocyies to

in vitro peroxidation

b) Erxythrocyte glutathione and plasma ascorbic acid concentrations in apparenily
healthy cattle, to provide baseline data on these antioxidants.
c). Effect of acute T. vivax infection of cattle on erythrocyte glutathione and

susceptibility o in vitro peroxadation.



CHAPTER TWO

LITERNTURE REVIEW

2.1 PATHOGENIC TRYPANOSOMES AND THEIR TRANSMISSION

The pathogenic trypanosomes of domestic animals and man and their preferred
hosts are as tollows (Soulsby, 1982):
Trypanosoma vivax: Ruminants, horscs, camels:
T. congolense: Ruminants, horses, dogs, cats;
1. brucei: Ruminants, horses, dogs, cals, pigs:
T, oevansi (1. hippicum): Camels, horses, pies, dogs, cals;
T. cquiperdum: Horses, donkeys:
T. equinum: Equings;
T. sumtac: Pigs, camls,
1. suis: Pigs:
T, uniforme: Ruminants

T. gambiense, T. rthodesicnse, 1. cruzi: man.

Based on the nature ol their lite eycle and transmission, (rypanosomes may be
classilied as stercorarian or salivarian (Sicgmund, 1979). The stercoranan (rypanosomes
(T. cruzi) lollow a cycle of development in an insect vector (Kissing bug, Triatoma sp.)
with the infective form being transmitted o the mammalian host in the facces oarf the
vector; whercas the salivanan trypanosomes (1. vivax, T. congolense, T, brucei, T.

simiae, 1. rhodesicnse, T. gambiense) follow a cyele of development in tsetse fHics



(Glossina sp.) and the infective {(metacvelic) forms are ransmilicd to the mamanalian

hosty through the vectors salidva during the bites of the llics (Stegmund, 1979).

L equiperdum is transmitted mechanically by coitus. ‘L. vivax and T, evansi may
be ansntled mechanically by horse Thes- “Fabamdae and Stomoxys (1 I.om‘c. 1947
Mwongel et al., 1981). Transplacental fransmission nf T.ovivax 1‘Iuminanls (Thede ;\_ml
Losos, 1972a; Ogwu ¢t al., 1986) and tansmission of ‘T, brugei to cats and dogs fly
be transmitted mechanically by syringe inoculation, For experimental purposces, lahoratmj
rodents casily develop and maintain infcctions with afl the irypanosome species after

T. vivax was established by supplementing rais with sheep serum (Desowitz, 1963),
2.2 COURSE OF TRYPANOSOME INFECTIONS IN ANINMALS

Trypanosoniasis has been divided into acute and chronic phases (Anosa, 1988;
Murray and Dexier, 1988). After deposition of the infective forms of trypanosomes in the
subcutancous lissues of the host by the vector, the trypanosomes multiply at the site of
inlection 10 produce a chancre and invade the blood strcam cither directly or through the
Iymphatics (Losos, 1978). The acule phase Degins with the nise in parasitacmia and
dechine in packed cell volume, The peaks of the parasitacmic waves are  usually high
within this acute pertod and the degree of anacimia corelades closely with the intensity and
duration of the parasitacruia (Dargie et al., 1979a,b; Esievo et al., 1982; Murray and

parasitacmia and more severe anacnda than T, brucei in ruminants (Murray and Dexter,



1988). The acuie infection canses death within one week in rodents whereas, in

rununants, the animal may dic within a few weeks to several months (Anosa, 1988).

The animals which progress info chronic phase usvally have lower parasitacmia
and less severe anacimia than those that die in the acute phase (Anosa, 1988). The chronic
phase is characterized by low transient parasitaeinia or apal‘asitacmia and the anitnals
involived maintain low packed cell valume (Murray and Dexter, 1988). Death may occur

during this late stage or the animal recovers through scll-cure (Uzoigwe, 1986).
2.3 MECHANISMS OF CELLULAR INJURY IN TRY PANOSOMIASIS

Trypanosome infections initinde  pathological mechanisins which cause celiular
njury resulting in anacmia, leucopenia, thrombocytopenia and tissue inflammation and
damage. There are reviews on the pathogenesss of the havmatological changes (Anosa,
1988; Mwray and Dexter, 1988; Suliman and Feldman, 1989; Igbokwe, 1989; Esicvo
and Saror, 1991) and some aspects of the pathogenesis of the ftissue lesions in

Veenchdaal, 1978: Borcham, 1978; Mormison ¢f al., 1978).

Many factors and mechanisms act in concert to cause cellufar injury in
frypanosomnasis. {t is dillicult to identify the pritary and sccondary mechanisms and the
sequence in which they play their roles in the pathogenesis of the disease. This section
presents an overview of the concepts on the mechanisms of celtular injury during

trypanosome inleclions.



2.3.1  Immunelogical mechanisms

In trvpanosomiasis, there is an extensive proliferation of macrophages (Ikede and
Losos, 1972; MacKenzie and Cruichshank, 1973; Mackenzie ¢t al., 1978; Anosa and
Isoun, 1983) which have been sh.own v be consderably activaled (Anosa and Kancko,
1983¢). The macrophage proliferation may be due 1o the massive intravascular presence
of living, dying and dead trypanosomics and immune complexes (Murray and Dexter,
1988). The activation of macrophages may be mediated by iymphokines, antigen-
artibody complexes and complement fragment C3b (Allison, 1978). Phagocvlosis of
crythrocyles, lcucocytes, platelets and some hacmatopoietic cells in trypanosome-inlecied
animals has been documented (Mackenzie and Cruickshank, 1973; Anosa ¢t al., 1992).
The celis become susceptible 1o phagocytosis alier alteration of thew cell membrane partly
by immunological mechanisms. lmmunogiobulin: M, TgG, wnmune  compleses and
copiploment tragment C3 were demwonsteated on erythrocyies of infected animals
(Kobayashi et al., 1976; Facer et al.,, 1982; Amolc ¢t al., 1982}, The lgh and IgG had
antibody activity against  trypanosome  antigens.  Trypanosomal  antigens were
demonstrated on the surface of erythrocytes of krypanosome-infected sheep (MacKenzie

et al., 1978). U was, therefore, suggested that soluble trypanosome antigens might

adsorbed on erythrocytes with subsequent opsontzation of antibody and complement
(Murray and Dexter 1988). Autoantibodics against eryvthrocytes of infected animals have
been reported (MacKenze and Boreham, 1974, Kobayakawa et al., 1979). Coaling of
kucocytes, phuclets and other cells with typanosome antigens, antibody, immune

complexes and  autoantibodics may cause their damage and predispose them to

phagocytosis (MacKenzie et al., 1978; Kaaya ¢t al., 1979; Assoku and Gardiner, 1985).



Also, imune compley Tormation in trypanosomiasis may lead (o the release of
phamacologically aclive substances (MacKenzie and Boreham, 1974). 1t seems that the
iminune complexes absosb and activate Hageman factor (Factor XII) which then activates
prekallikrein to Kallikeein (Borcham and Wright, 1976; Borcham, {978). Kal]ii«reins. are
chemotaciic and act on Kininogen to form kinins (bradykinin and kallidin) which probably
combine with acidic groups on mucopolysaccharides and glycoprotein component of
blood vessel walls {0 increase permeabilily (Borcham, 1978). Immune complexes also
cause aggregation and degranulation of platclets leading to release of serotonin which is a

vasodilator (Slot ¢t al., 1977, Zwart and Vecnendaal, 1978).

In trypanosomiasis, complement is aclivated by the classiéal or altemate pathway
or both (Nagic ef al, 1974; Greenwood and Whiitle, [976; Nielson et al., 1978c¢).
Complemicnt activating malenials have been denved [rom trypanosomes (Musoke and
Barbel, 1977; Nielson and Sheppard, 1977; Nielson ¢t al, 1977, 1978a,b). lmmun_e
complexes also contribule in causing complement activation {(Lambert and Houba, 1974;
Nagle et al., 1974). Activation of complement leads to the formation of chemotactic
fragments (C3a, C5a, C5b67 complex), anaphylactic tragments (C3a and C5a) which

causc mast cell degranulation and C3b which enhances phagocylosis (Boreham, 1978).

Infections with T. brucei group in man (T. gambiense, T. rhodesiense) and

animals cause {remendous inllammatory reactions, and large numbers of mononuclear
cclls and few polymorphonucicar leucocyles infdirate the inflamunatory sites (Anosa,
1983a,b). Complement fixation i one of the mechanisms by which the
polymorphonuclear leucocytes are attracted 1o the sile as in Arthus reaction {Morrison gt

al, 1978). During phagocytosis of immune complexes by the polymorphonuclear



feucocytes, cnzvinies that feak from their granules as the cells dic may be cytolytic to the
surrounding tissucs (Morrison ¢t al., 1978). This mechamsm of lissue injury may nol
feature in TLovivay infections ol sheep and goals since neutrophils were not present in the

mllammatory reactions in various organs ((Anosa and soun, TOR0, 1983),

Deposils of immunoglobulin and  trypanosome  anlivens  occur between  the
muscles libres ol the heart and skeletal muscles of 1. brucei-intected mice (Galvo-Castro
¢t al, 1978). Rhesus monkeys infected with T thodesicnse developed glomerulonephritis
associated with deposits of C3, properdin and g\l in the glomeruli (Nagle et al., 1974).
Further studies have associated development ol glomerulonephritis in 1. rhodesiense and
T. gambicnse infections with deposition of immunoglobuling and complement along the
glomerular capillary wall (Lindsey ¢t al., 1978; Van Marck of al, 1983; Nagle et al.,
1O80; Ocmar et al, 1983). Immune comples deposition occumred in the renal glomeruli of
ypanosome-intected animals (Nagle cf al. 1974 Lambent and Houba, 1974; NMunay ct
al,, 1975) and il was suggested that preformed immune complexes may not be derived
trom circulation (NMorrison et al., 1978), but may be lormed by a local interaction of
antibody with typanosome antigen. Also, a delayed hypersensitivity reaction has been
reported in 1. brucer infection of rabbits aller injection of the trypanosome products into

the skin (Tizard and Soltys, 1971).

Varous autoantibodies have been detecled in the sera ol trypanosome-inlected
human and animals (I louba and Allison, 1966; [Houba ct al., 1969; Manshield and Kreier,
1972; MacKenzie and Borcham, 19745 Lindsley et al., 1974; Bruijin et al., 1987) and are
thought to be mvolved in the development ol ftissue lesions. Autoantibodies directed

against Jaminin and type 1V collagen of the glomerular basement membrane have been
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shown (0 cause both lincar and granular immune deposits with shieht inllammatory

reaction (Bruigin et al., 1987),

Pursistent antigen stimulation ol the lymphoid system i teypanosome-infected
animals 1s associated with structural and Tunctional chapgcs v the lymphoid organs. There
is marked hypoplasia of the lvmphoid organs with loss of germinal centres and thinning of
the cortex (Losos ¢t al., 1973; Brown and Losos, 1977. Masake, 1980; MNasake and
Mornson, 19812 NMorison ¢t al.. 1982: Anosa and Isoun, 1983). Polyclonal stimulation of
B-cells by trypanosomes and their antigens (Esuruoso, 1976; Nanshicld et al., 1976;
Campbell and Phillips, 1976) and some impairment in suppressor T-cell function
(Mansficld, 1978) may lead to foss of B-cell clones (Greenwoad, 1974a.b: Tudson et al.,
1976, Assoku et al., 1977 Ashonas of al., 1979), and the development of abnormal

plasma cells (Nt cells) with ballooned rough endoplasmic reticulum (Anosa, 1983a).

A serum lactor, the same as the eyvtokine responsible for tumor necrosis (Tumor
necrosis tactor, TNE), was found in trypanosome-infected rabbits to cause wasting and
was called cachectin (ILRAD, 1993). Production of TNIF by peripheral blood
monoouclear cells from cattle with acute T, vivax inlection rose to a peak 17 days afler
ifection and decayed therealier (ILRAD. 1993; Sileghem ¢t al, 1994). The resulis
suggested a corrclation between TNIY produchon and the seventy of anacmia (ILRAD,
1993). No TNF production was detected from monocytes taken from cattle infected with
a less acute stock of T. congolense (ILRAD, 1993; Sileghem et al., 1994). At 2-3 weeks
aller wlection, only a low activity of TNF was detected in the plasma ol the ‘T, vivax-
inlected cattle (Sileghem et al, 1994). Using polymerase chain  reaction assay,

complementary DNA sequences for bovine TNF were detected in the monocytes from



&

cattle infected with h(ilil T, vivax and T conpolense and the level indicated that the calicr
failure to detect TNFE duning the 'L, congolense imfection was due 1o insullivicnd sensgivily
ol unmunological method employed (ILRAD, 1993). In human Alpican trypanosomiasis,
plasma concentrations of TNEF and intesleukin-6 were clevated in patients al-ul appearcd (o

be associated with impairment of adrenocortical [unction (Reincke et al., 1994).
2.3.2 Frypanosome potent enzymes (toxins) and metabolites

Living and dead trypanosomes produce a number ol biologically aclive substances
which are involved in the causation of celiular damage. These tiypanosome coinponents

and metabolites associated with the alteration of cellidar structure and function are:
() Proteases

l’roicolylic lysosomal enzymes, both thiol-dependent and thiol-independent, are
found 1n trypanosomes (Rautenbere o al., 1982; Londsdale-biccles and Grab, 1986,
Londsdale-Eccles and Mpimbaza, 1986) and may be released into the cieculation and
tissue Huid from probably the Ragellar pockets of living rypanosomes as earlier suggested
by Vickerman and Teticy (1978) or Irom damaged or dead typanosomes. A peplidase of
parasiic ongin has been identificd in the plasma of caitle infected with T. congolense and
mice infected with T. brucei (ILRAD, 1986; Knowles ot al, 1987). The proteolytic
cnzymes in circulation may damage the vascular endothelial cells and blood ccliular
componenis especially the erythrocytes by removing tractions containing sialic acid in the
form of glycopoptides Trom the ccll membrane (Cook ¢t al.. 1960). The proteases in

tissue Huid may cause tissue damage (Seed and 1Iall, 1985). Specilic antibodies directed



against the T. congolense protease were considered (o partly lsmit the pathogenic elfects
ol the trypanosomes in teypanololerant Ndama aond Butlalo (Auathic e al., 1993).

(b)  Neuraminidascs

neuraminilase in viva durning infection which may cleave oll erythrocyte surface sialic
actd rendering the erythrocytes more prone to phagoceytosis, It was also suggested that the

neuraminidase might damage leucocytes in a stmilar way (Esievo and Saror, 1983).

(c) Phospholipascs and fice fatty acids

Trypanosomes generate relatively high levels ot phospholipases after death and
autalysis (Tizard ¢t al., 1978c¢). Phospholipases can act on cell membrane phospholtpids
to causc cocll destruction or haemolysis (Colley ¢t al., 1973). However, punficd
phospholipase Al was unable to penctrate the membrane and reach the membrane
phospholipids ¢xcept in combination with free fatty acids which act on the cell membrane |
(Condrea ¢t al., 1964). Phospholipase Al was found m large amounts in the tissue fluids
and in considerably lower amounts in the plasma of rabbits infected with T. brucei, but an
inhibitory factor, which might be an antibody, was detected later in infection (Hambrey et
al., 1980). Cutancous injection of trypanosome autolysate containing phospholipases into
rabbits increased vascular permeability and caused local inflammatory reaction (Seed,

1969, Tizard and Holmes, 1976). Also, trypanosomes i inlraperitoncal diflusion
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chambers released soluble vasoactive malterials (Tizard and Holmes, 1977). Although the
vasoaclive  substances  mught have  been complement  Lragments  produced  aller
complenent activation by trvpanosome components (Niclson ¢t al., 1978b), they might
also be products of mast cell degranufation caused by phospholipase A in the

trypanosome autolysate (Orr and Cox, 1969).

The trypanosome phospholipases act on endogenous  phosphatidylcholine o
release about 15 free fatty acids (FFA), the predominant ones being palmitic, stearic and
linoleic acids (Tizard ¢t al., 1977, 1978a.¢). Linoleic acid was shown (o have the greatest
capacily to cause hacmolysis and cyloloxicity in vitro as a resull of its detergent action on
cell membranc. In vivo, the FEFA are not likely to cavse collular injury by thar detergent
action since they are bound to plasma albumin (Tizard ¢t al., 1978b) except in situations
such as in ‘1. congolense infection where there is heavy parasitacmia in capillaries, With
the death and autolysis ol trypanosomes, and massive 1elease of phospholipase, large
amounts of FFA will be released to exceed the binding capacity of the plasma albumin
(Tizard ¢t al, 1978a) and lead to local haemolysis. It was considered that the bound FFA
might also be cylotoxic due to the aclivities of its oxidized products. The bound FFA may
modily lymphocyte function by being immunosuppressive or immunostimulatory (Assoku
ct al, 1977; Assoku and Tizard, 1978; Iazlett and Tizard, 1978). In support ol the
assoctation between pathogenicity and the possession ol activable phospholipase by
pathogenic trypanosomes is the absence ol activable phospholipase in, and hence inability

to generate FIEA by the non-pathogenic T. theilen ( Tizard ¢t al., 1978D).
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()  I'yruvate

Pyruvate , which ts an end-product of giucosc melabolism by trypanosomes, has B
been shown to accurmulate in the blood of infected animals in amounts directly
proportional 1o the number of parasites in the blood (Granl and Fulton, 1957; Coleman
and Von Brand, 1957). In L. brucet intection of rabbits, pyruvate levels in blood and
lissﬁc Huids increased by five folds (Goodwin and Guy, 1973). Although it has been |
suggesicd that the pyruvate may not reach toxic levels in the blood (Coleman and Von
Brand, 1957), it has also been suggested that pyruvate in blood may lead to acidosis and a
fowered allinity of haemoglobin for oxygen. In the lissucs, the pyruvate may be

responsibic for, or at Icast contribute to, the degenerative changes observed in the

connective tissues of the infected animals (Newton, 1978}

During the metabolism of glucose by T. gambiense, a dimer of pyruvaie was

reporled to be formed which may inhibit the trcarboxylic acid cycle in host cell
mitochondria (Seed and Hall, 1985), thereby causing encrgy deficiency in the cell. This is

explained Further in section 2.5.3.

(e} Aromatic by-products

Trypanosomcs are capable of metabolizing aromatic amino acids to form toxic by-
products whose pathopliysiotogical ceffcots have been reviewed by Sced and Hall (1985).
Phenylalanine may be catabolized to phenylpyruvate which has proteolytic activity and

may inhibit gluconcogencsis and mitochondrial function. One of the by-products of
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tryptophan catabolism is indole-cthanol (tryptophol) which may act on the cell membrane

(o cause osmotic tragility and lysis.

2.3.3  Nutritional, electrolyte and hormonal imbalances

In 1. congolense inlection of goats, there was hypercortisolism (Nutayoba and
Gombe, 1989) which might cause an anti-insulin ¢ffect and reduce glucose supply to the
tissues (Zilva and Pannall, 1984). Morcover, Na'K'-A'TPase activity has been reported to
decrcase in the brain and Kidney of T. congolense-infected rats (Nok et al, 1992a,b)
which implics that encrgy-requiring transport of metabolites such as glucose and amino
acids into tissues and the differential permeability of the cell membrane to Na' and K'
may be impaired. Inadequate glucose supply to the brain could be highly injurious. It was
suggested that inadequate energy supply in erythrocyles may alter the erythrocyle

membrane surface during infection (Jennings, 1976).

There was accumulation of cholesterol in the brain of 1. congolense-infected rats
(Nok ¢t al., 1992a). The major carrier of cholesterol from the blood stream to the tissucs
is the low density lipoprotein (LDL) (Brown and Goldstein, 1986) and LDL conlains
large amounts ol unsaturated latty acids (Heinecke, 1987). It is probable that the
cholesterol will accumulate in the brain along with greater amounts of unsaturated fatty
acids so that the possibility of peroxidative tissue injury may be enhanced. Decreased
membrane Huidity was indicated in the brain ol the inlected rats (Nok el al., 1992a)

which nught be due to cholesterol inliltration or lipid peroxidation or both.
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The loss of ditlerential permeability ol plasma membrane ol the cell suggested by
Na' K =A\TPase activily in the brain and Kidney (Nok i al, 1992a.b) and Ca’'Ng*'-
Al Pase activity in the testis and Kidney (Nok et al, 1992¢) of 1. congolense-infected rats
might have serious consequences on the viability of the cell. Since a large cellular
concenfration of K is required for (he maintenance ol pyiuvie kinase activify in glycolysis
and Lor oplimal protein synthesis (Conn and Stumpl. 1976), Toss of cellular K' as was
reported in rat trypanosomiasis (Zwemer and Culbentson, 19390 [hejiani, 1946). may be
imjurious. Decrcased activity of the Ca™'-pump is expected to lead to intlux of Ca®' into

the cell resulting in damage ol the cell (Nok ef al., 1992¢).

Trypanosomiasis was associated with pituitary Iesions (Ihede and TLosos, 1975:
Mutayoba et al, TOER)Y and it was sugecsted that gonadal. thyroid and adrenal lesions in
the discase (Fiennes, 1970; Thede and Losos, 1975, NMutayoba ¢f al., 1988; Ogwu ¢t al.,
1992) might have occmred due 1o loss ol rophic activity on larael oreans (NMutayoba el
al.. 1988). Tvpercortisolism probably caused by stress during the early phase of
try panosomiasis (Mutavoba and Gombe, 1989) may contribute in causing tissue injury

duc to its catabolic clleet on tissue profeins.

2.3.4 Fever

The undulating fever associated with trypanosomiasis may contribule in causing
erythirocyvte destruction (Anosa. 1988, NMuray and Dexter, 1988 Suliman and Feldman,
1989). This view was supporied by the observation thal exposure ol ervthrocytes to

lemperatures above the normal body  temperature increased their osmotic  Iragility,



moembrane penpeabality and decreased their plasticity such that their lile span was

decreased o vivo (harle, 1974

2.5.5  Nlicroangiopathy

Platclel agneeation may be caused by whole tivpanosomes or Inypanosome
components (Davis ¢t al. 1970 or by unmunological reactions invelving  immune
complexes (Slof et al, 1977) or platelet awtoantibodics and it may result in the release of
procoagulants. Microthrombosis due (o disseminated intravascutar coagulation has been
reported in T vivay infection ol cattle (lsoun and Eswruoso. 1972; Van den Ingh et al.,
1976a), sheep and goats (Van den Ingh ¢t al, 1976b; Anosa and Isoun, 1983).
Erythrocytes with weak membranes become fragmented as they pass through the fibrin
deposits of mcrothrombi and such Fragmented envthrocytes have been reported in 1.
brocei-infected mice (Anosa and Kancho, T983b) and 1. congolense-inlected cattle
(Murray and Dexter, 1988). The microthrombi may lead to vascular obstruction and there
may be lissue damage due 1o lissue hypoxia or anoxia which may be exacerbated by

anacmic hypoxia (Ndung u, 1991).

2.3.6  Serum lactors of unknown origin

Scra lrom cattle acutely infected with T, vivax depressed granulocyte/macrophage
colony formation in vitro (Kaaya ¢t al,, 1979). The inhibitor was found not to be a
(ry panosome material, but was a heat stable profein (Kaaya ¢t al., 1980). Plasma Irom T.
vivax mlected sheep with moderate leucopenia was mirapenfoneally injected into muce

and the plasma did not appear o depress perphieral leucocyie count in the mice,
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suggesting that any leucopotesis inhibitory Tactor in the plasma mayv be sinall in amount
ancd/or did not act for long enough tine 1o preduce an observable ellect (Igbokwe and

Anosa, 19890),
2.3.7 Trauma

Trypanasomes may cause dircel mechanical mjuy o ervthrocytes and other cells
by lashing aciion ol their pawertul locomotory flagella and microtubule-reinforced bodics
{Vichertan and Tulley, 1978). I.ir‘\,-'llu‘t.m}-'lus. roticufocytus and platelets have been
oliserved to adhere fimly to tiypanosomes through sialic acid receptors leading to cellufar
wjary (Bungener and Muller, 1976 Banks. 1979, 1980; Anosa and Kancko, 1983a;
Anosa, 1983a). Severl tny loct ol discontinuity were present on the erythrocyte
membrane at the points ol contact between tivpanoseme and ervthrocyvte (Anosa and
Kancko, 1983b). The trypanosomes may alse mihich mechanieal injury on the vascular
endothelinl cellis as well as cells of solid tissue as the ypanosomes penetrate the tissues

through the interstices.
2.4 PATIHOGENESIES OF ANAEMIA IN TRYFANOSOMIASIS

Anacmia is a consistent Leajure ol lsypanosomiasis and hacmolysis, bone matrow
dyserythropoicsis,  hacmoditution and  haemorthage have been implicated in  the
pathogenesis of the anacmia according 1o reviews by Anosa (1988), Murray and Dexter

(1988), Suliman and Feldman (1989), Iabokwe (1989) and Lisievo and Saror (1991).
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241 Haemalysis

Hacmolysis s the most important mechanisim of the anacmia caused by
ey panosomiasis, This is cupported by radioisotope studics which showed that red cell life
span was reduced T brocer infection ol mice (Jenmines of al., 1974 Anosa el al..
1977y, vabbits (Jenkins ¢t al, 1980) and rats (Jennings ¢l al, 1974, 1. vivax inlection ol
sheep and goats (Anesa and Tsoun. 1976) and ‘T, congolense inlection of cattle (Mamo
and Holmes, 1975; Holmes, 1976; Valli ¢t al, 1978; Preston et al., 1979, Dargie et al.,
1979a.b). The evidence of extravascular hacmolysis was provided by the existence of
crythirophagocytosis i the expanded and active mononuclear phagocytic system in T,
brucet infection of mice (Jennings cf al, 19746 Nuray et al, 1974 Anosa ¢t al., 1977;
fhede et al, 1977 Amole cal, 1987 Anosa and Kancko, 19830, T984). 1. congolense
infection of mice (lhede et al, 1977), sheep (Mackenzie and Cruichshank, 1973
Mackenzie et al., 1978) and catile (T osos ot al. 1973, Wellde ef al,, 1974; Valh et al.,
1979), T vivax inlection ol sheep and goats (Saror, 1980: Anosa and Isoun, 1983) and
cattle (Mwongela ¢t al, 1981) and T. ;‘hgd@ﬁjgzmg mlection ol man (Woodrull, 1973;
Woodiull et al. 1973). The erythrophagocytosis occurred mainly in the spleen and lhiver
and, 1o a lesser extent, in the other parts ol the body such as the hmgs, hacmal nodes,
bone marrow and circulation (Murray et al,, 1980; Savor, 1980, Anosa and Kancho,
1983¢; Murray and Dexter, 1988) The extensive hacmostderosis in the spleen, liver,
(UVicnnes, 1933; Losos ¢t al., 1973; Anosa ¢l al.. 19772 Anosa and Isoun, 1983 Valli and
Forsberg, 1979) give Turther evidence ol extravascular red cell destruction. Some degree
of intravascular hacmolysis. however, may oceur as suggested by a report of decreased

plasma haptoglobin levels in acute T, vivax infection of cattle (Esievo ¢t al,, 1984).
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Lhe factors and mechonisms which predispose the civihroevies 10 hacmolysis
hive abicady been broadly reviewed e section 2.3 and includes: (1) immunological
mechanisms associated with the expansion of the mononuclear phagocytic system (2)
trypanosome profeases, newraminidases, phospholipases and other hacmolytic factors like
lree latty acidss (3) fever: () microangiopalhy and crvilrocyie fragmentation and (5)

trauma to red cell membrane by trypanosomes.

2,42 Dyserythropuoiesis

In the acute phase ol trypanosomiasis, there was espansion of the bone marrow
with an erythroid hyperplasia, a dvop in mvelotd-erythroid ratio and an increase in iron
uptake (Valh et al. 1978; Maxie and Valli, 19790 Valli and Forsberg, 1979; Anosa and
lsoun, 1980; Valli and Nills, 1980; Anosa ¢f al.. 1992). However, icticulocytosis was
very mld 1L congolense inlection o sheop (Mackenzie and Croickshank, 1973) and
1. brucer inlection ol goats (Iegbokwe and NMohammed, 1991), moderate in T, vivax
inlection ol cattle (Anosa ct al., 1992) and absent in T, vivax inlection of sheep and goals
(Anosa and Isoun, 19800 Tpbokwe and Anosa, 1989%). ‘The low reticulocyte response
reported i acule ruminant ypanosomiasis also suegesied inadequate  erythropoictic
response (Anosa, 1988). Judging by the rates of plasma iron tumover and red cell iron
uiilization, crythropoiesis was reported (o be increased during the parasitacmic phase of
T. congolense infection, but the erythropoictic response was moderate in relation to the

degree ol anacmia and the number of red cells removed (Dargie ¢t al., 197%a).

As iyvpanosomiasis progresses into the chronic phase, crythropoiesis is suppressed

as suggested by the absence of reticulocytosis, appearance ol microeylosis (Fiennes,
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19700, notmal or low ervithiond cell population in the bone mamow (Dargic ¢t al.,

1979b; Valh and Nlills, 1980) and hyvpolenacmia (Tartour and 1diis, 1973),

The causes ol bone marvow dvservihropeicsis me reviewed with focus on the

Lollowing tarect sites in erythiropoicsis:

() Erythroid cells

Phagocytosis of erythroid cells was demonstrated in the spleen of mice inlected
with T, brucet (Anosa and Kancho, 1983c. 1984) and in the bone marrow ol calves
inlected with “IL vivax (Anosa ¢t al,, 1992); and it was thought to have been due to
erythroid cell abnormalitics or duce (o immunological mechanisms simifar (o those which

predisposed red celis to phagoeytosis.

(b) Lryvthropoietin

The plasma from sheep with acute T, vivax inlection was tound to be
madequately eavthrogenie in mice (Iebokwe and Anosa, 1989a) and this linding suggested
fhat the erythropoictin activity in the inlected sheep plasma was depressed despite the
anacnna (Iebokwe, 1986). lshokwe (1989) had posiulated  that the trvpanosome
neuraminidase, produced by 1L vivax (Esievo, 1979, 1983) during, the parasitacmic phase,
could desialylate  plasma  erythropoictin to produce  asialoervihropoictin,  which is
biologically inactive as reported by Goldwasser et al. (1974). Furthermore, the production
ol enythropoictin may be depressed in the later phase of the discase because the hiver and

Kdney mvolved in the production (Schuster ¢t al., 1987) were damaged to some extent in
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1. vivax inlection ol sheep and goats (Van den Ingh ¢t al. 1976b: Anosa and Isoun,
1983) and cattle (Isoun and Esuruoso. 1972 Nwongcla cf al, 1981). \so, deliciencics
ol endocring hormones ol the piuitary, adrenal, thvoid and gonads, such as the
androgens, cortisone, thyroxine, epinephrine and norepinephrine, depress ervthropoictin
production (Schaim o al.. 1975). iivpothyroidism has been reported in 1. congolense
mlection of goats (Mutayoba ot al. T988. Mutayoba and Gombe, 1989) and caitle
(Ooswu et al., 1992 Abebie and Elex. 1992). There was a decrease in plasma cortisol level
dariie the tmnnal phase ol 1. congolense inlection of goats (NMutavoba ct al., 1988) and
cattle (Ogwu o al, 1992). Otesile ¢ al, (1991) reported a decrease in lestoslerone
concentiations in 1. brocel infection of young pigs. Goodwin (1970) suggested that
catecholamine  melabolism was  delective i frvpanosomiasis because  Iyrosime,  an
mporiant precisor of catecholamine was decreased by 0% of control levels an the sera
ol rabbits imdected with 1. brucet. These reponts sugocsted that endocrime imbalance may

impair ervthropoictin production in (rypanosomiasis.

(©) Hacmoglobin syvathesis

In trypanosomiasis, the presence of massive  hacmosiderin deposits in the
s 3 - ;

mononuclear phagocytic system, hypolerracmia and reduced rate ol “Fe clearance from
the plasma (Dargic ¢t al., 1979a) indicated that a propottion ol the iron carried to the
bone marrow was not incorporated into the ervilrocytes because the iron was utilized
cxtremcly  slowly  or it was  unavailable  for  hacmoglobin  synthesis  alter
crythrophagocytosis. Testosterong, erythropoietin and ascorbic acid may be important in
releasing iron lrom the reticuloendothelial sysiem (Hawrani and Green, 1967; Zucker cl

al.. 1974; Zilva and Pannall, 1984 Murray and Dexter. 1988). Therefore the plasma level
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of destosterone ((esile of al. 19913 and possibly erviiwopeictin (fgbokwe. 1986) and
ascarbic acid (Roskin and Nastivhova, 1948), which may be decrcased o trypanosome-

infected animals condd play o role in the iron sequesiration.

The decrcase in the senmm fevels of certn free amino acids which occurred in
19793 may be responsible for the reduction i the rate ol syathesis ol the globin moicty of
hacmoglobin, Globin synthests precedes hacme synthosis (Schadng of al) 1975) and it is
possible that reduced globin synthests may relard ervthropoiesis and incorporation of iron

o the red cells,
2.4.3  llaemodilution

While the ved celt mass decreased |, the plasma volume inceeased and the blood
volume remained normal during the carly phase of trypanosome inlection, suggesting
sonle meastre of hacmodiution (Anosa and Isoun, 1976: Hohnes, 1976; Maxie and
Vallk, 1979). However, Dargic ¢t al., (i979a,h) and Dargie (1980) concluded that
hacmodilution did not exist in infected aninals beeause the plasma volwine in tic anacniic
animal was overestimated. This was deduced {rom the fact that there was rapid transfer of
“Fe, used in ihe esibnaiion, fiom e plasima such that the radiolabel did not equilibrate
with the total plasima space. Other repotts on s aspect have been reviewed by Mumay -

and Dexter (1988)
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244 Hacmorrhage

I acute hacmeorthagic T, vivax inlections ol cattle, sheep and goats, eslensive
potechial and cochymotic hacmaonthages have been describad in vadous otgans (Anosa,
19830 Anosa cf al. 1992) and such hacmorthages may contribute only slightly or

mstgnihicantly to the pathogenesis ol the anacmia (Nuriay and Deater, 1988).

L £
J

8 FACTORS AFFECTING THE SEVERITY OF TRYPANOSOMIASIS

The seventy of the anacnia caused by (rypanosomiasis is a good indicator of the
severily ol the discase which is related to the vitulence ol the vpanosome as well as the

breed, ape and nutritional status of the host (Nwray and Dexter, 1988).

2510 Parasitacmin and virulence ol tey panosaine

The height of parasitacmia can determine the severity ol the anaemia in T,
congolense. T, vivax and 1. brucei infections of cattle (Nurray et al., 1979) and. perhaps
other hosts, o a dose response expetiment, it was shown that when the number of
bloodstream lorms of T brucei inoculated subcutancously into Ndama and Zebu caltle
was increased, the prepatent period was shortened and the height ol parasitacmia
increased (NMurray ¢t al., 1979). However, the infective dose of 'I'. congolense in calile
and mice allected the prepatent, bul not the height of parasitacmia (Morrison and

Murray, 1985).
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The kevel of parasttacma is related to e viralence ol the brypanosome, a factor
which is controlled by the capacily ol the parasite to muliiply and its ability to induce
immune response (Roclants and Pinder, 1987, Murray and Dexter, 1988). The virufence
of L brucet was reported Lo be Timidted by (he capacity ol (e parasite to become
plcnfnurphic (Barry ¢ ak, 1979). The rapidly dividing monomorphic forms of 1. brugei
produce high pacasitacmia and &l the host quickly: swhereas the pleomorplic isolates
produce lower parasitacmia and  we  less virnlent  (Mupray and  Dexter,  1988),
Pleomorphism produces the stumpy forms of 1. brucei which are responsible for the
induction of immune response (Sendashonga and Black, 1982) capable of controlling the

parasifacmia.
2.5.2  Breed amnd age of the host

‘the toypanotelerant Ndama and West Adican Shorthorn (Muctay ot al., 1982)
and Orma Boran cattie (fsimascl et al., 1985) and several specics of wild Bovidae (Murvay
et al., 1981) are tess susceptible to anacmia during trypanosome infections, becanse they
have Whie ability to limit the intensily and duration ol parasitacnna more than the

trypanosusceptible Zebu or Furopean breeds,

The relative tolerance of the Ndama biced of catile may be aunbatable 1o the
possession ol crythrocyte surface sialic acids in amowss seven times greater than in
trypanosusceptible Zcbu breed (Esicvo of al., 1986). The ervtbrocytes of bath Zebu and
Ndama breeds had N-acetylneuraminic acid, but the Ndama erythrocytes had an
additional unidentilicd type of sialic acid (Esievo ¢t al., 1990) which was considesed

responsible for the higher crvthrocyie surtace sialic acid concentrations in the Ndama,
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Shugaba ¢t al., (1991 showed that the Ndama ervilirocyte sialic acids had more O-acety)
than glycoly) gronps winch may be relevant (o irypanotolerimee since O-acetyl groups in

stalic acids pught hander rapid hydrolysis by ey panosome siafidase.

1 has been reported that calves of less than one yca.l‘ are more resistant - than adulls
to the elfects of bypanosomiasis (Fienones, 1970; Maxie and Valli, 1979; Wellde et al.,
TOR1; Murray b of., 1982). I was suggested that this might be because the calves
developed less severe parasitacmida (Wellde ¢4 al., 1981) or had superior ervithropoictic
response (Murray and Dexter, 1988) than the aduits, However, _\-'('mﬁg lambs and kids
were reported 1o be more susceptible (oL, congolense dection than the adults (Grillin

and Allonby, 1981), which was contradiclony to the carlier reports,
2.5.3 Notrition

Trypanosomes depend on the host’s supplics of carbohydrates, proteins, lipids
and some micronutrients. During pedods of high parasitacinia, the parasites may deplete
the host™s supplics. Vryponosomes have litle polysaccharide stores and glucose 15 the
mos! inportant exogenous substiale used by the bloodsiream form for energy (Gulleridge
and Coombs, 1977). Trausitional form of the parasite have the ability to use o-
ketoglutarate (Bienen et al., 1991). ‘The parasiles have been shown to take up and digest
protein moleeules (Browa ¢t al., 1965; Langreth and Balber, 1975). They also take up
free plasma amino acids (Gutteridge and Coombs, 1977) and exogenous lipid (Mellor and
Samad, 1989). Some of {he micronutrients which the parasite may take up from
exogenous sources are p-aminobenzoic acid, vitamns such as (hismine, folic acid,

riboflavin, cobalamine, ascorbic acid and nicotinamide (Von Brand, 1973} and nucleotide
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precursors such as hyposanthine and thyviidine (Baltz ¢t al.. 1983). The situation may be
compounded by the Bact thal rypanosomiasis causes a decrcase i feed intake by the host

1993).

The elteet of rypanoseme inlection on the enerey metaboliset of the host has not
been exiensively studied. Sced and [all (19853 reviewad the skeletal inlormationr avatlable
in maindy 1. brugel group infeclions. The enzyimes reporied to be reduced in activity in
lrypanosome  fonfections were  lructose-1,6-diphosphatase,  glucose-6-phosphatase  and
Fructose-1,6-diphosphatasc and glucose-6-phosphatase are involved in gluconcogencsis
while cytochrome oxidase is the teiminal oxidase in the eleciron fransport cha fighdy

coupled o oxidative phosphorylaiion (Conn and Stumpl, 1976),

In Microtus montmus infecled with I, gambicnge, radiolabelled phenylalanine
was not converled (o tyrosine, but was excrcled in urine as phenyipyruvale because
phenylalunine  hydroxylase activity, which catalysed conversion of phenylalanine (o
lyrosing, was  drastically veduced in (he host (Sced ot al, 1982, 1983). Also,
(rypanosomes  catabolized phenylafanine to phenvipyruvate. Seed and Hall, (1985),
therclore, suggesied that the phenylpyruvaie in circulation might inhibit  pyruvate
translocase (11alestrap et al., 1974) and pyravaie carboxylase (Patel et al., 1977) which

wore essenlial for gluconcopencsis.

of pyruvate is formed (Sced and Hali, 19835) which was shown to inhibit the uicarboxylic



acid evele w the mitochondia of rat heart (Montgomery and Webb, 1956: NMontgomery
cf al, 1956), Ultrastinctwal changes were reporied in the mtochondiia ol the liver ol
auinea pigs chronically intected with I, gambicnse and such changes may be associated

with alterations i mitochondrial functions (Tumsden et al., 1972).

Iecause of the alterations in energy metabolism i ry panosomiasis, encrgy-rich
compounds such as pyruvate and c-ketoglutarate were not fliciently utilized: and were
excereted in the vime ol mfected anmmials (Goodwin and Ciuy, 1973 Sced of al., 1982).
The loregoing reports seem o sugpest that the tricarboxyvlic acid cevele and oxidative
phosphorviation may be inhibited, thus limiting the generation ol energy from encrgy-rich
compounds. This situation may lead to an encrgy deficit (Seed and EHall, 1985) since, for
example, more than 0% ol the energy available in glucose is released when pyruvate is
osidized o carbon dioxide and water theough the wicarboxylic acid cyvele and clectron

transport cham (Conn and Stumpl, 1976).

Increased glycogenolysis was suggested in chronic ‘1. gambiense infection of
euinca pigs and Nicrotus montanus when a large decrease in the glycogen content of the
liver was observed (Lumsden ef al, 1972, Ashman and Sced, 1973). Although the
glycopen content ol the hiver was decreased, it was not exhausted (Mercado and Von
Brand, 1960; Marciacq and Sced, 1970). However, the release of glucose into the
extracellufar {luid may be hampered by the decrease in the activity of fructose-1,6-
diphosphatase and glucose-6-phosphatase (Lumsden ¢t al., 1972; Gonzales ct al., 1974).
It has been hypothesized that the terminal hypoglycacmia (Andrews et al., 1930; Hoppe
and Chapatan, 1947) observed i some cases of trypanosomiasis may be due to a tailure

ol the endoenne mechanisms controlhng the mobilization ol carbohydrate rescrves (Von



Brand, 1973). Voorheis (1969) postulaicd that there mav be a decrease in glucose
metabolisny in the host's peripheral tissues vesembling the condition lound in diabetes
melitus. This observation 5 conststent with h_\_'pcru)rtisul.i?.m in acute 1. ¢ongolense
infcotion of goats (Mutayoba and Gombe, 1989) with the expected anti-insulin eflcct
{Zilva and Pannail, 1984). When gluicose is nof ceadily available lor melabolic energy in
ihe puripheral tissues, there may be a lendency for gluconeogenesis 1o be accelerated
leading o increascd protein catabolism, muscle wasting and loss ol body fat (Stephen,

1970).

Maclenan (1970) suggested that animals on low auiational status could becosne
less able 1o withstand the cllects of trypanosomiasis. It has been shown that nutnitional
deprivation of the tnvpanosonte-infected antmal could result in miote severe fndection even
amoig iypanolelorant breeds (Clandler, 1952; Stephen, 1966; Catloimagno ¢t al., 1987,
Reynolds and Ekwuruke, 1988). Starvation was reported to render mice more susceptible

10 T. duttoni nfeetion (Sheppe and Adams, 1957), Semi-starvation was also observed to

clicit higher parasitacmia in '{L rhodesicnse-infected rats (Singer, 1961).

Cattle under gnod husbandry were shown to be able 1o tolerate clinmical infections
(Iili, 1936). French and Hotnby (1934, 1935) reported that levels of nutrition above
maintenance had no cticet on the course of 1. congolense or 'L, brugei infechion of caltle
and sheep. Agycmang ct al., (1990) showed that cattle on high plane of nutrition (grazing
and supplemental feeding) developed anaenia to the same degree as those on low plane
of nutrition {only grazing). Although shcep on high protein digt developed higher

parasitacmia than those on a low protein dict after T. congelense infection, both groups

developed similar degrees of anaemia (Kalunguka-Rwakishaya et al., 1991) while the
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sheep on high protuin dici showed greater crvifiropoickic activitv duting infeciion and had

WG g oo ey oo dhe ik svith chemotherapy 70 davs alier infection.

Supplemental feeding with maize braw and cotton seed significanily delayed the
onsel of trypanosomiasis among Djallenke sheep exposed Lo high Isetse challenge and the
sheep also had sigmbicantly Jess incidensie ol infeciion than the sheep that received no

supplemental fecding (Hecker et al., 1991). Fagbemi ¢t al. (1990) placed growing pigs on

was more severe in young pigs on fow energy dicts than those on high energy dict. and
alter thecapy (Otesile ¢f al, 19923, recovery was slowver in the pigs on tow energy dict.
They reported (hat scrum tolal protein, albumin and (estosterone concenirations decreased
and aspartate and afanine aminotransferase increased 1o a greater estent in iatected pigs
ont low energy dicl. B was reported that glicose infusion increased the survival time of
pigs infected with ‘L. siniag (Anosa, 1988) and leeding of glucose 1o rals infected with 1.
equiperdum prolonged their lives for short period of time {Andrews ¢f al., 1930; Hoppe
and Chapman, 1947). k& scems, therefore, that the plane of energy nuisition atlects the

pathogenesis of 1rvpanosomiasis and can modulate the seventy of the lesions.

Deficicncics ol thianine, pantothenic acid and pyridoxine have been reported to
increase the susceplibility ol rais 1o 1. cruzi infection (Yacger and Maller, 1960a.¢,d). The
vitamin-deticient rals showed more marked parasitacmia of tonger duration and had more

severe myocarditis. There was a higher incidence of spontancous respiratory infeclions in
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.
on ribeitavin deitient dict did not seem 10 show signiilcant increase in susceptibiiiiy © T,
cruzl intesiton, aliiough there was a shight inaease in the severily ol indection evidenced

by cardiac damage which was attributed 1o inanilion (Vacger and Miller, 1960b),

‘The parasite multiplicd at a higher rate and the parasitaemia was prolonged in.
Gyorgy, 1943, 1947; Becker ¢f al., 1947; Lincicome, 1933). Vitamin B deficiency \Qas
shown to incrcase the susceplibility ol pigeons to 1. brucei infeciion (Sollazo, 1929;,
These reports seen o show that deficiencivs of B vilamins may increase the severily of
trypanosomiasis. | iowever, there was a dissenting, report whicl showed that deticieney of
vitamin B did pot alfect prepatent period and multiplication raic of T. cquiperdum in rais

and indicaied that the deficient rats Bved 2-6 days longer (Reiner and Paton, 1932),

An exeess of (hiapuwe in o complete diet did not alter (the resistance ol rats o L
lewasi or 1. bruced mdection and when mangancse was added o the diet, there was a
reduction i the length of U lewisi wolection by 30-5(%0 and some recovenics were
recorded after L. brucel inlection (Perla, 1941). "Irypanosusceptible catlle have been
shown to have abnormally high scrum zine levels which imay inhibit macrophage activity
and anligen presentation (Traore-Leroux ¢f al., 1985) and reduce the ability of the caitle

lo confrol parasstacnma through immune response.

mfection by the diet was reversed by vitamin E supplementation. It was demounsirated that
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the toxic factrs in the cod-liver oil were polyunsaturated fally acids. Ormerod and
Venkalesan (1982) supacsted lhat the action ol the polyunsalurated fatty acids in
imhibiling parasitacmia could be prevented by mercasing dictary intake of vitamin [ or
olher antioxidants which have the offect of preventing the formation of free radicals,
However, vitamin 15 deicient dict fed witlh 5% menhaden oif offered no profection
against 1, cruzi and ‘1. thodesicnse infections in nice (Fevander ot of.. 1989) A diet of
unexteacted cascin and cod-liver oit was reported to suppress L. congolense intection in
mice {(Keppice, 1953) and the degree ol suppression was higher than that reported by

Godlrey (1958).

From the review, it is deduced that Jow cuergy dicts may predispose animals o
more severe frypanosonnasis while profein or amimo acid and vitamins B and ¢
deticiencics may reduce immune and erytlwopoictic responses. Fusthermwore, high lipid

dicts may terminate patasitaciia,

2.6 ERYTHROCYTE GLUTATHIONE METABOLISM IN HEALTH,

TRYPANOSOMIASIS AND OTHER ANAEMIAS

Ghitathione (L-glhatamyl-cysieinyl-glycine; GSIE. a trpeptide synthesized from
slutamate, cysteine and glvcine (Llder and Mortensen, 19506), s the only anportant non-
protein sullthydsyl compound i crythrocyies (Beotier ot al, 1963). GSII redu;cs
hydrogen peroxide and lipid hydroperoxide in the presence of GSI peroxidase 1o protect
the cryttwocytes rom oxidative damage (Metzier, 1977) (Fig. 2.1). Dunng normal
erythrocyte metabolism, hydrogen peroxide is produced by mechanisms related to oxygen

transport (Carrell ¢t al., 1975). Both GSH perosidase and catalase are important in
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hivdiogei peiokide detoxificaiivi in red cells, but GSH peroxidase is more Daportant than
calalase as the iniital detoxilier of low concentrations ol hydrogen peroxide (MeCay and

King, 1980).

. - GSH disulide is Tormed afier GSH oxidation and i the disullide 15 not
immiediately reconverted (o GSEH by a reduction process, H readily diltuses out ol the red
cells into the plasma (Snivastava and Beutler, 1969). Therefore, GSET oxadation is coupied
with the oxidation of glucose-6-phosphate and  6-phosphogluconate in the pentose
phosphate pathway which provides NADPI li:r the reduction of the GSIT disulfide by

GSH reductase (Meiser and Anderson, 1983) (Fig, 2.1).

In T, broeet micetton ol mice, erythrocyte hesokinase, glucose-6-phosphate
dehydrogenase, GSIT peroxidase and reductase inercased and it was inlerpreted  that
debicicncics of these cuzyanes were unlibely lo precipitaic anacinia w the indection (Anosa
and Kancko, 1983a). Blood GSIH concentration decreased from 27.1 + 1.0 mg/dl in
controls to 241 1 13 mg/dt on day 4 post-inlection in rals inlected with ‘1. brucei

gambicnse (Anich, [984).

In man, hereditary erythrocyle GSIE absence or deficiency and GSH instability
due fo deliciencies of GSH peroxsdase and  seductase and  glucose-6-phosphate
dehydrogenase have been reported to cause mild anacnia and o mercase susceplibility o
drug induced hucmoi_vs_is (Beutler, 1957; Baucr, 1980). [lercditary GSI deliciency has
been reported in sheep (Agar, 1975). Sheep have also boon roported 1o have erythrocyle
glucosc-6-phosphate dehydrogenase aciivity similar to the level in deficient erythrocytes

of man (Maronport, 1972).



The sheep reported 1o have erythroeyte GSH deiiciency showed no evidence ol
anacmia (Agai, 1975) and no signilicant hacmolysis was delected aller administration of
axidi;d_ng drugs to such animals (Maronport, 1972). However, crythrocyte GSH
decreased under oxidative stress caused by copper poisoning in sheep (Todd and
Thompson, 1963) and in postparturient haemoglobinuria ol bulfaloes (Singan ¢f al.,

1989a,b; Rana and DBhardwaj, 1990), both associated with haemolytic anacmia.

An inverse relationship existed between erytlroeyie GSI fevel and packed cell
volume o man (Ibbou, 1974). During regencralive  anacmias, erythrocyte GSH
concentrations usually increased (Tucker and Kilgour, 1973; Agar ¢t al., 1975). This was
because the circulating young erythrocytes had higher GSH concentrations and greater
activities ol GSI1 metabolizing enzymes than older erythrocytes (Ibbott, 19745 Tucker

and Kilgour, 1973; Agar ¢t al., 1975; Gombe and Vetjee, 1976).

2.7 FREE RADICALS IN RELATION TO TRY PANOSOMIASIS

A Iree radical is a highly reactive molecule or molecular fragment having an
unpaired clectron (Slater, 1984) and can be produced from compounds having relatively
unstable bonds (Demopoulos, 1973). Free radicals are produced by homolytic bond
lission through the absorption ol radiation or by clectron-transler processes involving
non-enzymic, melal-catalyeed or enzyme-catalyvsed redox reactions (Slater, 1984). Redox
systems  in many  cells produce  superoxide  antons  (Fridovich, 1983).  Activated
macrophages and monocyles inerease their oxygen upiahe and release large amounts of
superoaide anions into the extracelular Huid through the action of NADPH oxidase

(Kichanoll, 1982; Schwacha and Locgening, 1992). During trypanosomce inlcetions, there
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15 & matked prohleration ol activated macrophages in the reticuloendothelial sysicms of
the infected animals (Ihede and Losos, 19727 Mackenzic and Cruickshank, 1973;
Mackenzic et al,, 1978, Anosa and [soun, 1983 Anosp and Kancko, 1983¢), and it is
cxﬁqclcd that they may produce superoxide antons. These antons are not particulmly
reactive and, thercfore, are capable ol ditlusing through relatively large dist:mccs;, through
cells where, in the presence ol copper or iron, they are converted 10 hydrogen peroside
and reactive hydroxyt radicals by superoside dismutase (Stater. 1984) (Fig. 2.2). It is
pertinent 10 note that reactive oxveen produced by activated macrophages and monocyies
in mafaria have been inplicated in ihe causation of infury (o adjacent tissues (Stocker et

al.. 1984y and the circulating blood componcnts (Descamps-Latscha ¢t al., 1982).

Because bloodstream torms of ‘1. brucei lack catatase (FFulton and Spooner, 1956)
and are without detectable GSET peroxidase activity (Neshnick ot al,, 1978). hydrogen
peroxide accumudates in the trypanosome to a concentration of 70 (o (Meshaiick ¢t al.,
1977), a value that is about 100-fold higher than that observed in mammalian cells

(Chance ¢t al., 1979). The cultivation of wdective fonns of . brucet, T. equiperdum, T.

evanst, T. rhodesicnse and T, gambiense m a medinm required the presence of a reducing
agent such as mercaptocthanol or thioghcerol fo stabilize phatathione which would
climinate activated oxygen species produced during parasite growth (Baltz ¢l al., 1985),
Therefore, bydrogen peroxide and activaled oxygen may be discharged into the

extraccular tluid by the parasite in infected antmals. Production of hydrogen peroxide by

Although GSH and GSH peroxidnsc. are mvolved in detoxifying hydrogen

peroxide in ervihrocyte, the system may be overwhelined (MeCay and King, 1980). The



increase in the activitics of ervihroevte GSIT peroxidase and reductase and glucose-6-
phosphate dehydrogenase in EL bincei-infected mice (Anosa aml Kancho, 1983a) could
be an induction clicited by incrcased activity of the GSI system due (o clovated peroxide
load. "this is consistcnt with the seporf of decyeased blood GSIT in T, brucet gambiense

infection of rats (Amch, 1984).

The hwdroxyl radicals, generated from hydrogen peroxide which escape the GSH
system, are scavenged by vitlamin U in the aqueous phase and vitamin E in the lipid
bilayer and the vitamin C may casily be depleted (Niki ¢l al., 1988). In addition, vitamin
C may participate in the regeneration ot vitomin £ and GSE (Willson, 1987). Vitamin C
kas been reported (o decrease in the fiver of 1. brucer-infecled guinea pigs (Roskin and
Nastiukova, 1941) and in the liver, Ludneys and adrenals of T luppicum-mnlected rats

(Nyden, 1948). The activated macrophages of the liver and the trypanosomes in the

sinusoids may be responsible for the building up of a load of hydroxyl radicals swhich could
have been responsible tor the depletion of liver vitmnin C in the above reporis and the depletion
the susceptibility of covilirocytes 1o oxidative haemolysis in T, gambiense mfeciion of rats
(Amch, 1984) was also an indication of the decline in the antioxidant capacity of the

erythrocytes during infection.

I the antioxidant delense mechanisms are weakened, free hydroxyl radicals can abstract
hydrogen atoms from deoxyribonucieic acid, nucleotide co-cnzymes, carbohydraies, protein
and Tipids in the cell to alter ¢ell metabolism (Slater, 1984). Polyunsaturated fally acids which

arc najor constituents of’ cell membranes ave particularly susceptible to free-radical-mediated



oxidation and this process ol lipid peroxidation (Fig. 2.3) could lead to disturbances in

membrane structure and function (Slater, 1984 Dutlue, 1991).

Although increased lipid perosidation has not been reporied in trypanosomiasis, the
process has been associaled with erythrocyte aging (Toschstein and Jain, 1981) and various
hacmolylic  anacmias  such  as  thalassenma major,  glucose-6-phosphate  dehydrogenase
deticiency, autotmmune hacmoly e anacimia (Stocks ot al. 19710 1972), paroxysmal nocturmal
hacmoglobinuna (NMengel of al.. 1967) and malaria (Clack ¢ al. 1989). Lipid perosidation has
been evaluated in biological systems by measuring its by-products such as hpoperoxides,
malondialdehyvde, conpueated dicnes, alkanals and Hheorescent products (Yagy, 1976; Satoh,
1978: Santos ¢t al, 1980; Bird ¢t al, 1983: Huomad ot al.. 1985; Wade and VanRi, 1985;

Wong ¢t al., 1987; Duthic ¢t al., 1989).
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CHAPTER THRELE

FFFECTOF ACUTE TRY PANOSOMA BRUCEDINFECTION OF NHCE

ON T SUSCEDIBHEEY OF ERYTHROOCYTES

TO N VITRO PERON DA VION

3. SUNIVEARY

iy panesona bracer produced an acute intoction momice and mortahity was obscrved
2oy abter the onset of parasitacmia which ecomrad 35 davs post-infection. \Apacmia was
observed m the sunvivors. 3 and & days postantection. When washed envibrocvies trom the

heart Blood were incubated e phasiological saline contaning 1.53% hivdiosen perosade, the
civiloovies of the mlected onee produced siombicmthe (18 005 arcaler amounts ol by
procducts of lipid poroxidation. measaesd as tobabiune acid reactive substances, than the
envthirocvies ol the conlrol mice. This observation sugeesied that the infected mice had

reduced abilie o prevent tree radical-mediated Tipid - perosidation in the  erythrocyte

membrane.

3.2 INTRODUCTION

Favthrokinetic studdies in teypanosome-inlected amimals have shown that erythrocyie
lile-span 18 reduced due o vanous mechamsms which alter the ervthroevie cell membrane
and predispose the cell to phagocyvtosis. lvsis and lragmentation (Isievo et al., 1982 Suliman
and Feldman, 1989y The immunological mechanisms have been reviewed by Esievo and
Saror (1991). Although the onset of anacmia was related 1o the Lirst wave ol parasitacmia

and pise i sorum antihoddies (Ralber, 1971 Nackensic of al, 1978) the anacinia may nol



b due ool smmunedogical mocchani=ms (v Toreay amd DS ton, T98%). Anacmia oceuned in
Frvpanosoma bracci-infected nude vats whose immune svstiems had been destroved . by
wradianion (O luvray and Droster, TOSR ) Aoy observipe anacmia i mice withim 4 dayvs aller
dection with 1 breocer, denpines of ol (197 1) sosscatad that the canls anacmia might hase

been due to non-immunological mechansins,

Trvpanosome hacmolvsins appearcd i the plasma withim 2-3 davs of inlechion in
mice and rats infected withe T, bracet (NMuvay, 1979 Nureay e al., 1979) The nature of the
hacmiolvsins s vet 1o be tullyv doadated. A active phospholipase A was rcported (o be
presant in el concentotions i o brocer (Hambiev o al, 1984), It was shown that 1.
brocel contained proteases (T ondsdate-Bocdes and Npimbaza, 1986) and o peplidase of
pavasite ongn was wlentilicd o the plsma of pice infeaed with T, broca (hnowles ¢t al.,
TO87) Whereas Toovioase was gepertad o produce nemaminidase (Fsievo, 19790 TO83),
Blomdsticam torms of o bracar <hovwed noo nosamimnbase actinly while the inscet-stage
irypanosomes had sialidase (Engstler ¢ al, 1991: Epastler and Schaucr. 1993). Neshnick et
al. (1977) showed that I, brucer produced enommons amounts ol hydrogen peroxide.
Novnal  oanmalian avtlirocytes prodoce bydrosen peroxide  and - increased  lipid
perosadation has been observed in envthrocyie aging. (Hochstemn and Jain. 19812 Chiu et al..

19849 ),

The purpose ol this study was (o investigale the susceptibility: ol erythroeytes o in

vitro peroxidation during the carly acute phase of 1. bracei inlection in mice,



3.3 MATERIALS AND METHODS
3.3.1 Experimental animals

Thirty four male albino mice aged above 8 weeks and weighing 18.7 + 3.2 were
used. They were oblained [rom the experimental animal unit of the Department of
Veterinary Physiology and Pharmacology, Ahmadu Bello Umversity, Zana. They were

housed in mctal cages, fed with commercial pellets and watered ad libitum.
3.3.2 Trypanosome infection

A stabilate of Trypanosoma brucei, Wamba strain, was obtained {from the Nigerian

Institute of Trypanosomiasis Rescarch, Vom. Thie parasite was originally isolated [rom cattle
i Wamba, Plateau State, Nigeria. Twenty four mice wete each infected by ttraperitoneal
injection with 10° parasites suspended in diluted mouse blood. The other 10 mice were

uninfected and served as control.

3.3.3 Blood sampling and analyses

The mice were bled {rom the tail 1o measure the packed cell volume (PCV) using the
microhaematocrit method (Schalm et al., 1975). Blood (1.5ml) was obtained by cardiac
puncture using cthylene diaminotetra-acetate (EDTA) as anticoagulant. The heart blood was
used to measure PCV and in vitro erythrocyle peroxidation because it provided adequate

sample quantiiy.
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3.3.4  Peraxidation of erythrocyles in vitvo

The in vitio peroxidation of crvthrocyies was meastired accoding, to the mcthod ol
Duthie ¢t al., (1989). Washed cryvibirocyics were cubated in physiological saline comtaining
1.53% hydrogen peroside (vivy and subsequently, the by-products of Hipid peroxidation were

measured spectrophotometically as tliobarbitunic acid reactive substances (1I3ARS).

Adiquots (0.25ml) of the heart Blood were washed twvice with Zml of saline solution
(1.9% NaC’ly and were finally resugpended in 2l saline solution containing hydrogen
peroxide at a concentration ol 1.5% {vwv). 'the suspension was incubaled at 37°C for 90
minulcs. Thereafter, 0.5mb of 10% trichloracetic actd was added to the suspension lo stop
reactions. ‘The suspension was centiifuged at 1L500G tor 10 mintes. ‘The superoatant was
liltered with Whatman No. 1 filter paper and 0.75l of .67% thiobarbituric acid was added
0 0,501 ol the filirate, "Uhe mixture was incubated a0 100°C Tor 20 minutes,and atler cooling

10 20°C, was read spectvophotomelrically at 535nm.
3.3.5 Statistics

Data were summarized as mean 4 standard deviations. Statistical dillerence belween
means was  assessed by paited StudentCs t-lest and  correlation coedlicient  belween
erythrocyie peroxidation value and PCV was calculated (Chattield, 1983).

3.4  RESULAS

The inlected mice were parasitaemic bebween days 3 and 5 post-infection (pi) and

the parasitacmia was high within 2 days (that is, days 5 and 7 pi). They appeared lethargic



and droopy wilhy sty hatrcoat. Nine infecied mice died overnight belore day 5 pi and
anotlier 4 dicd overnight before day 8 pic “The deaths oceusied 2 days aller the onset of
parasitacinia. Amony the survivors, T mice were bled by cardiac pt.lmcluru on day 5 pi and
onc ont day 8 pi Four ol the infected mice did not bleed Greely [rom the tail while the others

didd.

The POV and the in vitro evvthroeyie peroxidation of tlfc heart blood of the control
and infected mice are shown i Table 3.1, Also displayed on Table 3.1 is the PCV of the tail
blood which was signilicantly higher than the heart blood P'CV in both control (P<0.001)
and inecicd mice (P0.025) (Table 3.2). The tail blood PCV decreased significantly
(P 0.025) in the infected mice when compared sith the control, but the heart blood PCV of
erythrocvte  peroxidation jncreased  signibicantly (I 0.03) in the infecied mice svhen

compared with the control.

The relationship betwveen the esythrocyte peroxidation and PCV ol the control and
infocied mce is shown i Fig. 3.1. In the control and infected mice, the correlalion
voclficicnts were -0.35 and -0.16 respectively indicating insignificant (P>0.05) low negative
correlations. The scatter diagram ol erythrocyte peroxidation in the control and infected mice
shosved a low data overlap and 73% of the infected nice had values (0.9-0.20) above the

maximum valuc obscoved in the control (0.08).
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TABLE 3.1

Packad el volime amd crstimocate perossdation omeam S el the blood ol conirel and

Loy panosoima brucar-miecicd niee,
et blood
Packed cell volmme (") Frvthrocyie
peroxidation

(Absorbance Units)

Tail Mood Tt Momd
Contiol 54.2 1 3.7 3274 4.2 0.05 + 0.01°
n 14"'} (in 1) (n=10)
Inl.-\l.all' 16.7 7 o' A Il'l RIS
in 7 in 1h n 10

vl . . . . .
A iee batore mtection, Ten wore uninlected controls and 2§ seere Tater infected
I, : ; . ; ; ; " G
Fon mwice were bled an 3 davs amd one a8 davs post-inlection, The T mice were supvivors
ol 24 inlected nnice.
e ] _ ; . 2 o~
Neans bearmg the same suparsenpts in columns and rows are significantly ditlerent

¢ P 000 d P 0025, ¢ P 005, (Two tailed t-test).

i pumber o mice sampled o caleulate mean



TABLL 3.2
Statistical dillcrences bemveen the pared means ol the packed el volume ol control and

Fespanosora brocor-intocted ol ¢ TR VPR y and heant ¢CHEL THIBY blood ol mice.

atred mcans f-test (Pwo-lailed)
CIB-CHIR ool s
CTI-1T13 Pooa2s5.8
CHB-IHB I (LOS, NS
I'TH-1413 P a5 s

S, sienfican
Nb. not significant
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3.5 DISCUSSHON

The tail bload of the control miice in this study wag connparable o the contral tatl blood
POV (580 1 4%) repotied in an catlier poplation of tiee ol the same species (Ighokwe, 1986).
The mean il blood PCY in both infected and controt mice were signficantly higher than (he
heart blood PCV, pethaps, becasse of sequestralion ol erythrocytes in the capillary beds

(Schalms ¢t al., 1975).

The mfected nice had a short survival time, being uimable o contsol the first wave of
parasdacnua. Anacmita was observed in the infected mice alier companing the (il blood PCV
with the control. But the heart blood POV of the infected mice was not signilicantly different
trom the control. The reason tor this obscrvation is not readily clear. Heparinized capilfary
tubes were always blocked by the (il blood frow the 4 inlected mice that did not bleed freely
from the il and this obscsvation suggested  the presence of Bibrin deposits in the
microvasculature of the mice duc 10 mtravascular congulation (Borcham and Facer, 1974;

Suliman and Feldman, 1989}

In vitro ervthrocvie peroxidation was sigimficantly increased in the inlected mice and a
majority (73%) of the miccted mice had values above the maximum value observed in the
control showing that the test demonstrated a good discrimination between the mlecled and
conttol mice, The comrclation between the erythroeyle pecoxidation and PCV was not
significant in the control and inlected mice. However, there was some icndcnc_v for the

eryihrocyte perosidation o be lower in the blood samples with higher PCV (Fig. 3.1).

In the erythrocyie peroxidation test, the hydrogen peroxide was expected to promote the

formation of free radicals. The hvdroxyt fice radicals would mitiale o self-propagaling reaction
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ol oxidative damage (0 the polyunsaturated fally acid componenls of the erythrocyte celi
membrane. The degradation products of the peroxidation such as lipid hydroperosade and
malonafdshiyde (Stater, 1981), which were TBARS, svere theccfore estimated (Duthie ¢t al.,
1989). The increased production of TBARS by the coylhrocyies v the inlectod mice indicated a
reduced ability of the animal o prevent free radical-miediated  Tipid  peroxidation in the
arylliroeyte membrane, Thus infected mice ervthroeyles will be expected Lo exhibit inurlcascd
susceptibiliy to oxidative haginolysis. ‘The observation was in agreement with the report of
depletion of erythrocyte and liver GSH and increased susceptibifity of erythrocytes to oxidative

hacmolysis i acide ‘I brucei gambicase infection of rats (Amch, 1984).

Anosa and Kancko, (198 3a) showed that erythroeyie peroxidase and reductase activitics
increased in 1L brucel infoction of deer mice. The inercase m the activities ol the erytiwocyte
enzymes suggested an increased demand lor their Tunction to maintain GSII in the reduced
state, probably duc to a free radical load. It has been reported that ascorbic actd was depleted in
the tissucs of 1. brucci-infected guinea pigs (Roskin and Nastiukova, 1941) and T. evanst-
infected rats (Nyden, 1948). Niki ¢t al. (1988) showed that plasma ascorbic acid lunctioned as
the primary delense against free radicals in the whole blood and the ascorbic acid was rapidly
depleted i the process. The free radicals i the infected animals may anse [rom trypanosome
metabolism (Meshnick ¢t al,, l‘)??;_ Baliz ¢t al., 1985) and macrophage aclivation n the
expanded mononuciear phagocyiic system (Kichanoll, 1982; Schwacha and Loegerning, 1992).
Therefore, if there is reduclion in the capacity of the airvtheocyles of the infected mice to
prevent froe mdical-medialed membrane damage in vivo, as has beon observed i vilro,
predisposilion ol crythrocyles o peroxidation may  accelorate their aging, decrease  their
delormabidity and increase suscephibility {o fragmentation (Hochstein and Jain, 1981; Knight ¢t

al,, 1992). Lirythroeyvte fragmentation has alrcady been confirmed in [ brucei-infected deer
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I

mice (Anosa and Kancko, 1983b). Thus, ervthrocvie peroxidation may be one of the factors

which plays a rolc in the pathogenesis of the anacimia in acute Irypanosomiasis.



CHAPTER FOUR

FENTHROOY T GEUTENTHEONE AN PLASNA ASCORBIC ACID

CONCENTRATIONS INAPPARENTEY HEALTHY CATTLE

4.1 SUNNMARY

Fasthiocyie stutthione (GSH concentrations of ¢attle m Zaa and Naidugmi were
measured. In Zanin Zehn tSoboto Cadaln (o 30) aed Ndama (n Q) cattle had ervthroevie
GSED concentations ransing brom 408 1o 1351 me 100ml RBC, The range was 0.8 1o
1273 me TOOml BBy the Zoeho aned 70001035 1w TOom] R 1 Ndama, There was a
spibicant  positine  concdation (0 IR0 1 005 between the envihroovte  GSI
concentiations and POV of the canle In Nadduzwi, the Zeba (Wadiaray (n 32) cattle had
avthrocyie G concaentrations vanging from 217 1o 6 ma 100ml RBC and the values
were sieniticantly (1 0.01) and positively correlated (v 0.539) with PCV. The plasma
ascorbic acid concentrations ranged lrom 0,35 (o 10O me dl o the Wadara cattle and no
correlaton (1 =000 ) existed between these values aud the ervithrocvie GSLT concentrations,
but there was g weal msignilicant corrcltion (1 =035, P 0.05) with whole blood GSH

concentrations.
.2 INTRODRUCTION

Leythroovtes produce hvdrogen peroside  through  mechanisms  associated  with
oxyeen transportation (Carrell et al, 19780 Chin et al. 1989) In the presence ol glatathione
peronidase. the hvdrogen peroxide is rapidly converted to water and oxyvgen by glutathione

(CiSTH) which s ap antioxidant ripepbide (N TCCay and Bing, 79800 Catalase pamhicipales in
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the mcutralization ol hydrogen peroxide only when e concenteationr in the erythrocyie is (oo
arcal to be handled by the primany GSEE=dependent system (VeCay and Kinge T980). When
these processes are overwliddmeds e hvdrogen peroadde mitcracts with iton 1o :pmdut:c
hiohly reactive hydrosyd free radicals which cause Tipid  peroxidation of” the  celiufar

constitucnts, with subscquent arvilvogyie senescence and facivolysis (Cliaa ot all, 1989),

Ascorbic actd 18 an antioxidant in lhu-hlnml plasina (Frei ot al. 1989), but the
addition of ascorbic acid 0 stored whole blood vather ted 1o greatly increased  lipid
perosidation ol the blood {Kanight ol al. 1992), purhaps because ol the prooxidant
interaction ol ascorbic acid with oxyhacmoglobin and heme iron (Guatieridge ¢t al., 1979).
Also, alpha-tocopherol did not protect erviivoeyvies in viiro from the ctlects ol hyvdrogen
peroxide and phoennd hyvdrazine (e MMaeques ¢ al. 198030 Tlowever, addition ol GSIT (o
stored whole Blood hod o significant eftect in redocine fipid porosalation of the bleod

(Rauali of al., 1992).

Jrvihrocyte G delivieney caused mild hacmolvtic anacnia it man (Bauer, 1980,
but sheep reposted 1o have fow envihirocytle GSIL showed no evidence ol anacinia { Agar,
1975). Blood and crvthrocyte GSH concentrations and their refationship with PCV in
Nigeran cattie have not heen reported. Also. there s no available report of the plasma
ascorhic acid comeentrations in Nigerian cattle. Ihbott (1973} reported that high ascorbic acid
concantrations m s.‘.‘ul!plgﬂ; reduced GSIT determumations. Since catile have adequate ascorbic
acid levels because they svnthesize ih::: vitamin in their ticsues {(Blood and Radogtits, 1989}, it
is destrable to Lind out whether the plasia ascorbic acid concentrations alfect blood and

crviluocyle GSH concentralions.
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The aims of (hic investioation were

(o) Lo mcastie llu.: notial concentrations of aivihroevle GSIL i apparentiy healthy
caltle,

(h) to determine (he relationship of the erviluocyte GSI concentrations with PCV and
age of the catile;

(<) (o measuie the normal concentrations ol plasma ascorbic acid in the cattle, and |

() o determne the relationship ol the plasma ascionbic acid concentrations  wilh

eiythrocyle GSH concentrations i the catile,
4.3 MATERIALS AND METHODS
4.3.1 Animals

Catile in Zania: Thirty nine apparenily healthy catlle ol both sexes, aged 1-5 years
and weighing about 70-300 Kg were used. "They compnised 30 Zebu (Sokoto Gudaliy and 9
Ndama cattle winch were located at Samare and Shika in Zarta respectively. They were
grazed daily, but only the Ndama reecived Sll[.)].)lCI‘l'lclllill feeding which consisted ol grain

oltals, cotton sceds and palin Kernel cahes. PCV and blood GSH were estimated with blood

sanples from each cattle. The Ndama were bled twice at one week interval,

Catile_in Maiduguri: Thirty wo apparently healthy Zebu (Wadaray catile of both

sexes, aged 8 months (0 5 years and weighing about 60-300 Ky were usced. Twenty (wo of
them were tocated on the University of Maiduguni farm and 10 were presented for slaughter
at the Maiduguri abattoir. 'The animals on the University [anm grazed daily and occasionally
recenved gram oflals. PCV, blood GSH and plasnin ascorbic acid were estimated with dblood

samiples collected from cach catile.



4.3.2  Blood sampling and analyses

Blood samples were collected in November during the early harmattan in both Zana
and Maiduguri. Five millilitres of blood collected from the jugular vein [rom cach caltle was
placed in a container with EDTA as anticoagulant. The blood samples were preserved at 4°C

and all the analyses were carried oul within 24 hours of sample collection.

The PCV was determined by the microhacmaltocrit method. The GSH determination
was done using whole blood according o the method of Beutler ¢t al. (1963) and the
erythrocyte GSH concentration was calculated from the PCV. The blood sample was
centriluged at 3,000G for 5 minules and the plasma was collected for ascorbic acid

estimation according to Roe (1937).

4.3.3 DBlood GS!H determination

Principle

The determination of blood GSH was based on the development of a relatively stable
vellow colour when 5,57-dithiobis-(2-nilrobenzoic acid) (IYINB) was added to sulthydryl

compounds.
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Procedure

Two-tenth millifitre of whole blood was added to 1.8ml of distilled water. Three
millilitres of the precipitating solution was mixed with the haemolysate. The mixture was
allowed 10 stand Tor about 5 minutes and then liltered. Two millilitres of the filtrate was
added 1o 8.0ml of the phosphate solution. One mullilitre of the DTNB reagent was added. A
blank was prepared with 8mil of the phosphate solution (3 parts (o 2 parts of distilled water)
and L.Oml ol DTND reagenl. The optical density of the sample was measured al 412 nm

against the blank using a spectrophotometer.

Standard curve preparation

A serial dilution ol the GSH stock solution was prepared in 1%0 metaphosphoric acid
as in Appendix L1, Two millilitre aliquots, after the dilution, were used for GSH
determination. The optical densitics obtained were plotted against the GSH concentrations of

the aliquots (Appendix 4.2).

Calculations

The whole blood GSH concentration (mg/dl) was calculated with the formula:

Optical density (Blood) x 5 x 25

__(_)plical densily (Standard)
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The concentration of GSH standard was 5 mg/dl. Since 0.2ml of blood was used and
the volume of the hacmolysate was Sml, the dilulion of (he blood was 1 to 25 and the

correction was inserted in the formuta by multiplying by 25.

The erythrocyte (GSH concentration (mg/10inl RIBC) was calculated with the

formula:

Blood GSH (mg/dl) x 100

POV (%)

4.3.4 Plasma ascorbice acid determination

Ascorbic acid would form a yellow coloured complex with dinitrophenyl hydrazine
{DNPLI) in strongly acid medium and it was very importang that the reaction mixture was not

allowed to become warm because heat would destroy the complex.

Procedure

One millilitre of plasma was added to dmi o Norit suspension, the mixture was
shaken vigorously {or 2 minuies and centrifuged at 3,000G for 5 minutes. The supernatant
was filtered with Whatinan No.42 ashlcss paper. Two millilitres of the filtrate was mixed
with 0.3ml of thiourea solution and 0.4ml DNPH reagent in tubes. The mixture was

incubated in boiling water for 5 minutes and cooled in crushed ice bath. Slowly and with
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constanl agilation in the ice bath, 3ml of the sulphuric acid reagent was added, mixed
thoroughly and allowed to stand Tor 10 minutes. The blank was prepared with 1.0ml of 5%
trichloracetic acid and (0.3ml of thiourea solution, incubated in boiling water for 5 minutes
and alter cooling in ice bath, 3ml of sulphuric acid reagent and 0.4ml DNPH were added.

The optical density of the sample was read at 320nm against the blank.

Standard curve preparation

A serial dilution ol the ascorbic acid stock solution was prepared  with 4%
tichloracetic acid as in appendix 4.3. One millilitre aliquot, alter dilution, was used for
ascorbic acid determination. The optical densitics obtained were plotted against the ascorbic
acid concentrations in the aliquots (Appendix 4.4).

Calculan

|

The plasma ascorbic acid concentration (mg/dl) was calculated as follows:

Optical density (Plasma) x Concentration (Standard)

Optical density (Standard)



F.3.5  Statistics

The data were summarized as mean 1+ standard deviations. Statistical ditlerences
wore assessed by pareed Stndent’s =test, Corelation and regression statishics were computed
between POV and blood or eivtlwocyvie GSIT concentrations (Chatlield, 1983), Correlation
was also evaluated between plasma ascorbic acid concentrations and blood or ervthroevte

GSIH concentrations,

4.4 RESULTS

441 Blood and erythrooyte GSH concentrations of cattle in Zarvia (Sokote Gudali

and Ndama)

The mcan PCYVL whole blood and ervtlnocyte G concentrations ol Gudali Zebu
and Ndama cattic i Zavia prescoted in Table 4.1 showed that Ndama had signiticantly
(17 0.05) bigher values than the Gudali. The covthroeyte GSH concentrations i both breeds
was 108 1o 135, Tme 100ml RBC. The range was 30.8-127 3mg/ 100ml RBC in Gudali and

70.6-135 1mg/ 100Oml RIBC i the Ndama,

There was a signilicant (P 0.01) positive correlation (r-0.84) between the blood
GSH concentrations amd the POV of cattle (g, 4.1) and the regression equation was given
as GSH (mo/dly 1.6 POV (M) = 2006, Also, a signilicant (1 (L03) and posilive corrclation
(r 11.58) custed between the ervthrocyte GSH concentrations and the PCV ol the catlle
(Fig. 4.2) and the regression equation was piven as GSH (mg/100ml RBC) = 2.6 PCV (%0)

+11.8.
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Frome the scatter diasram an Fieo B2 0 was clear that at the POV ranee ol 27-30",
the meon PN amd envtlyocyie GSET concentrations of the Gudali and Ndama were not
stietihicantly ditlerent (18 .05), The mean POV were 287 0 1.2% (0 6) and 284 1+ 1.1%
(n-3) and the mean ervthrocvie GSEL concentrations were 933+ 248 and 97.7 4
FEOme TOOmE 130 tor Cindali and Ndama respectively, Table 4.2 showed that the adult

Gudali had - siembicantly (7 0.5 higher mean POV Dlood amd ervthroeyte GSII

concentrations than the voung ones.

442 Blood and enythrooyie GSH concentrations ol eattle in Maiduguri (Wadara)

The mean POV, blood and ervthrocvte GSH concentrations of Wadara Zebu cattle
m NMaidugui are preseoted inFable 430 The mean PCY and blood GS1E concentrations
were significantly (17 0.05) higher in the adull Wadara than the voung, ones. The mean
eryvihrocyte GSIH concentration ol the adult Wadara was hioher than that of the young ongs
but there was no sienificant dittarence (1P 0.03). The ervihroevte GSH concentrations
ranged lrom 21,7 to 60.8mg 100ml RBC. The blood GSIT concentrations and PCV showed
significant (P 0.01) and posilive correlation (v 0.92) with regression equation given as GSH
(g dl) 0.7 POV ("a) - 7.8 (Fig, 4.3). The erythrocyie GSH concentrations and PCV were
significantly (I" (LOT) and positively correlated (r 0.539) with regression equation given as

GSH (mg/ 100mi RBC) = 0.7 PCV (%) + 20,4 (Fig. 4.4).

443 Comparison of the Blood and erythroevte GSHE concentrations of Gudali and

Wadara Zebu cattle

In Table 41 the mean POV, blood and crvthrocyie GSIT concentrations of the

Gudali and Wadara Zebu cattle were compared. ‘The ssadara cattle had  signilicantly
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(P 0.05) hicher mean PCV and lower mean Blood and civibrocyte GST concentrations than
the Gudali cattle. The hequency distribution ol the erstlhrocyte GSIT concentrations in both
tvpes of Zebu catle Clable 1.3) voas positively shewed and unimodal. The shewness was

more extreme among, the cattle in Zara than those in Maiduguo

A4 Phasma ascorbic acid concentrations of catfle

Table 4.0 shows the mean plasina ascorbic acid concentrations in adult and young
Wadara Zebu cattle in Ndogon. The overall mean was 065+ 0.15mg/dl and the values
vanecd Lrom .35 (o 1LOOme dl “There was no sienilicant ditlerence (I 0.05) between the

mcan values in the adult and young cattle.

Fhere wos o wealoinsigoiticant (' 0.05) negative cotrclation (- 0.33) between the
blood GSIT and plasma ascorbic acid concentrations, No o correlation (r- (L01) existed

between the ervthrocyte GSH and plasma ascorbic acid concentrations,



TABLE 4.1
Packed cell volume, Mood and ervithrocvte elutathione concentration ol Zebu (Sokoto
Gudali) and Ndama catlle in Zaria.

'O\ ("o) Bload GSLL (e b Ervthrooyte GSIH
(me 100ml RI3C)

Ceudali 28.7+ 3.4° 1840 7.4" 73.4+ 23.5°
{n-30)

Ndama 330 090" IREE T 102.6 + 16.8"
(n-9%)

Al cantle 27.81 58 2021 109 R10 1 258

alb . ) . S . .
values with dillerent superseripts are significantly ditferent (P 0.03)
n. number of animals

*Sampled twice: Mean based on 18 samples.
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TABLE 4.2

Packed codl volume, Blood and crvtiwoevte alutathione concentration ol adult and

voung Gudah Zebu cattle in Zana,

POV (7o) Blood GSH gme )
Adull Gudah 278 3_5{;' 25.5 1 5_(',"‘
> 2 years
(n 10)
Young Gudali 55 5 _;-xl‘ 14.9 1 -3.4"

-2 years
(n-20)

al N ; . w g y
"Matues with difderen superscrpts are sienibicantly ditterent (1P 0.05)

LFrvthroeyvie GSIH
(mo 100m] RIN)

91.5 + 18.8"

614 1 204"



TABLE 4.3

Packed cell volume, Blood and crviliocyte plutathione concentiations of adult and

young Wadara Zebu cattle in Maiduguii,

PO (o) Blood GSLT gz dh Favthrocyle GSH
(mg 100ml RBC

Adult Wadaea 36 4 g 7 18.6 + 7.9 16.5 1 12.6"
- 2 years

(n-18)

Young Wadara 554 4 3" 10.3 1 3.2 10.5 98"
< 2 yems

(n11)

All cattle 326 rvs 15010 7.5 439+ 1.9

ald . e : e Ry - -
"ualues with diferent suparseripls mee signilicantly ditlerent (PP 0.05)
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TABLE 4.4
Comparison ol the  packed  cell volume, blood  and  ervihrocyle  glutathione

concentrations ol Zeha cattle in Zada (Sokoto Gudali) and Naiduguri (wadara).

Erythrocyte
Ape Preed n POV (Cw) ood GSIE GSld
(el {mg 100ml
RIBC)
Adult Gudali 0 278 2.8 255156 915188t
2 years
Wadara 18 34087 1%.6 1 7.0" 16.5 1 12.6"
Young Ciudali 200 332:38"  191sa® edai 204"
= 2 years
Wadara 4 2504 30" 10.3 132" 10.5 9.8
All ages Zaria SN P 1 S N 1840 74" 73.4 1 235"
Maiduguii 32 354 95" 15.0 1 7.58" 139 117"

al — p T .
“vatues with ditferent superseripts are signilicantly dillerent (P 0.05)
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TABILE 4.5
Frequeney distiibution of the anvthrocyte elutathione concentrations of Zebu in Zania
and Maidugui

Fvtlwouyte  GSII Cinlali cattle Wiadara cattle All cattle

(mg/ 100ml RI3C)

20-39 0 ' 12 12
40 = 39 12 17 29
60 - 79 7 3 T
§0 - 99 7 0 7
1K - 129 3 ] 4

Total R{1] g G2



TABLE 4.6

Plasina and ascothic acid concentrations i adult and young Wadara Zebu cattle in

Naidugun,

Age n Plasma ascorbic acud (mg-'t!l)_
Adult 2 yewrs 18 0.69 + 0.12"

Young 2 years 14 0.59 +18"

)
-

Al cattle 0.65 015

Wiss 1 P ¥ =
Mo sigaiticant ditlercnce (I 0.03) between mcans.
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Figure 4.1

The relanonship between blood glutathione  concentrations and  the

packed cell volume of Sokoto Gudali Zebu and Ndama cattle in Zaria,

Young (o) and adult (A) Sokoto Gudali Zebu cattle

Ndama (e) catile
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Figure 4.2 The relationsiup between erythwocyte glutathione concentrations and

packed coll volume of Sokoto Gudali Zebu and Ndama cattle in Zaria.
Young (o) and aduli (\) Sokoto Gudali Zebu catile

Ndama (e} caitle
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Figme 4.3 The relationship between biood glutathione concentrations and pached

cell volume of Wadara Zebu cattle in Maidugun.
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Figure 4.4 The relationship between ervilroeyte glutathione concentrations  and

packed cell volume of Wadara Zebu cattle in Naiduguri.

Youna (0) and adult ¢ ) Wadara Zebu cattle



4.5 DISCUSSIHON

The rclationstip between the blood and erythrocyte GST concentrafions and
POV o catde had not been previousty described CAgar et al ( 1978). The
present study showad that blood GSIT concentrations and POV had strong positive
correlation while ervthrocyvte GSHE concentrations and PCY had moderate positive
corrclation among the catlle in Zaria and NMaidugon separately considered. The
corrclations in Zana cattle did not extend 1o the Nadugun cattle in the sense that the
higher POV in NMaidougo cotile did not predict higher blood and ervilwocyvte GSI
values when compared with the Zana cattic. While the Gudali and Ndama catle in
Zaria had eovthroovte GSE values ol 108135 Tme 100ml R the Wadara cattle in
NMaidugu had values of 2E7-608mg 100ml RBC and the distobution ol these values
was untmodal and positively shewed. The range of values for cattle in Zaria was similar
(o H0-1 L 3me 1otml RBC weported for Australian cattle where the distibution was

rather normal and vnimodal (Aear ef al., 1978).

The mean ervihrocvie GSIT concentration in the Wadara Zcbu (43,9
T 7mg 106l 1IBCY was sionibicantly (P 0.05) lower when compared with the values
in the Giodali Zebu (734 0 235 mg/ 100ml RBCY) and Awstralian cattle (72.0 + 18.1
g [O0mI RBC) (Agar et al., 1978). However, the mean values in the Gudali Zebu and
Australian catlle were not signilicantly (I 0.05) dilferent. Although the frequency
distibution ol the ervthrocyte GSEH values in Gudali Zebu was shewed with mode at
=59 mg 100ml RBC, only 40% of the population had values fess than 60mg/ 100mI

RBC. In contrast, 90.6% ol the Wadara Zehu had values less than 60mg/100ml RBC.



73

Also, 37.5% of the Wadora Zcbu had values less than the fower linit of 40mg/T00mi

RBC in Gudal Zebu and Australia cattle {Agar et al., 1973).

The higher PCV in Wadara Zebu compared to the PCV in Gudali Zebu did not
predict a higher crythrocyte (GSH in Wadara Zebu, indicating that the correlations
between the PCV and erythrocyte GSII concentrations were exclusive for the diflerent

Zebu poputations. The reason {or this observation is yet unclear.

The Zaria and Maidugun studies were conducted in November at the beginning
of the harmattan and the difference in weather between the two locations might not
have been very remarkable, although the locations are geographically sudan savanna
and sahel savanna respectively, Board ¢f al, (1976) had shown that environmental
lemperature and day length influcuced crythwocyte GSH concentrations of sheep and
reported that maximum concentiations occurred i midsumner and the minimum

concentralions in winier.

Genetic faclors might be involved in the variations of erythrocyte GSH values
(Board ¢t al., 1974). 1t had been shown that erythrocyte GSH concentration could be a
highly heritable trait in cattle (Kunkel et al, 1954). Although the Ndama had higher
mean erythrocyle GSH concentration than the Gudali Zebu in Zaria, when selected
Ndama and Gudali Zebu with the same PCV values were compared, there was no
dilference in the erythrocyte GSIH concentralions between the two breeds. Therelore,
the Ndama might be having higher erythrocyte GSH concentrations because of their
higher PCV values, perhaps arising from a belier leeding regimen. Esievo et al., (1986)

reported no ditference in PCV of Zebu and Ndama cattle under the same management.



NMutition might have contributed wme causing the wide varation in blood and
civthirocyte GSH concentrations. GSTT s synthesized in covthioevtes rom elutamic
actd, cvsteime amd plveme amd the oxtent too which the plasma coneentrations of {hese
aino acids mbucnce the fevel ot mitra-crythroeytic GSEL synthesis is yet o be
determined (Board, ¢ al. 1976). The crytheoeyie concentrations of the substrates for
Gt svnthesis had heen considered wportant in reenlating envthroceyte GSH levels
(Smith, 1977). The GSH in ervthrocy fes was reported 1o have a halt=lite ol 2-3 days
and ais synthesis ocowred continuously (Hochbere of al, 1964). Variations in the
activitics: of envthroevie GSTL metabolizing enzyvmes might not have aflected the
crvthirocyte GSIT concentrations because it had béen veported that activities o these
enzymes did not ditfer sigmilicantly in cattle with Tash (102me 100ml RBC) and low

(30mg 100ml 1BC) covthroovte GSTT concentrations (Agar ¢f al, 197K),

The voung cattle comsistently had Tfower POV and GSTT fevels than the adult
ones i Zaia and Maidoour, POV and GSH concentrations were reported to decline
with increasing age in calves between 1-12 weeks of age (Nabon, 1969; Smith and
Norrill, 1974). Mabon (1969) reporied that there was a vapid decling m GSHE level
because ol greater elliciency ol teed conversion. It was probable that the calves. i this
study, had inadequate protein nutrition and were diverting their amino acids 1o anabolic
processes necessary lor rapid growth, thereby reducing the amount ol amino acid
substrates available Lor GSIL syathesis and red cell production. Related reports have
shown that high wool production in sheep may divert amino acids from GSI synthesis

to wool growth (Fopkins ¢t al,, 1975: Kalla and Ghosh, 1975).



The mean plasma ascorbic acid concentrations ol the Wadara catle was
comparable to the values of 0.5-2.0 mg/dl reported in man (Varley ¢t al.,, 1976). The
weak and insignilicant negative corrclations between blood or erythrocyte GSI1 and
plasma ascorbic acid concentrations showed that plasma ascorbic acid concentrations
were not likely 1o signilicantly influence GSIH values.  Although  ascorbic acid
concentrations in the cattle were adequate lor normal individuals (Varley et al., I‘)?ﬁ),
under stress conditions when luge amounts of ascorbate are released into circulation
(McGilvery, 1979) there might be a tendency lor blood GSIH values to decrease

because ol the weak negative correlation (r = -0.35).



CHAPTER FIVE

FEFECT OF ACUTE TRYPANOSONMA VIVAN INFECTION ON CNTTLE

FIOYVTHROCYTE GEUTENTHIONE AND SUSCEPTIBILETY

TOINNITRO PEROXIDATION

s SUNIVEARY

Diing, acute Ty panosoma vivax experimental inlection ol calves, the mean
POV and red blood cell counts ol the mlected animals decreased signilicantly (1P 0.05)
between days 6 and 13 post-inlection (pr). The moderately severe normocylic anacmia
started to develop duting the st wave ol parasitacmia which occurred Trom day 2 pi
and peaked botween days 4 and 5 pic The mean covthrocvie GSHE concentration ol the
mlected calves decreased signilicantly (1" 0.03) from 384 ¢ 11 4me 100ml RBC on
day O prto 405 0 128 mg 100ml RBC on day 5 pi. As the GSLI values recovered on
dav 6 proand marganally increased therealter, another sheht decrcase (17 0.03) in GSH
concentration occumred on day 12 proat the second peak ol parasitacmita lollowed by a
sienthicant (7 0.05) mercase 10 7901+ LLomg ToOml RBC on day 13 pi In the
windected calves, the mean GSH values ranged rom 47.7 1+ 7.0 10 60.8
O 8mg 100ml BRI When washed erythroevies of the infected and uninfected calves
were separatedy challenged with hyvdrogen peroxide they produced comparable amounts
ol by-products ol lipid peroxidation as measured by thiobarbituric  acid  reactive
substances. This supeesied thal the ability ol the erythrocyles o prevenl peroxidative
injury was not reduced, becanse GSIT regencration was probably enhanced and the

antioxidant capacity ol the ervthrocytes was maintained.



52 INTRODUCTTON

In (he ceview by Muray and Dexter (1988), immunological al.l{l non-
imoumaological mechanisms swere implicated in the pathogenesis of the anacmia of
hovine trypanosomiasis. During, the carly acute phase of trvpanosome inlection when
the immunce response ol the host has not been Lully mobilized. eypanosome prolease
(Londsdale-licckes and Girab, 1986). phospholipases (Mcelor, 19835) and siahidases
(Esicvo, 1979, 19830 Fogsther and Schaver, 1993) may be involved v the non-

munisological mechanising of ervihrocyle damage.

concentration decreased between 2-3 days post-infection (Ameh, 1984). In chapter 3,
the ervilmocyles of mice with acule ‘L. bracer infection produced greater amounts of by-
products of lipid peroxidation than the sninfected control amce. These  tindings
suggested that (he Irvpanosome foctions depleted the antioxidant capacity of the

eryllwocytes.

In Zebu catide, T brucet Trequently canses a mikd and chronie anacmia (lkede
and FLosos, 19720). However, ‘L. vivax which is the most pathogenic trypanosome of
caltfe in Nigeria (Agu. 1983} olien produces an acute infection. I is well recognized
that the mechanisms of ervihroeyte destruclion in Isypanosome infeclions may vary
with (he species ol pavasite. the host and the stage of mlection (Tkede ¢f al.. 1977). This
cxperiment was, thcrcfur@ designed Lo vestigate the variations in ‘lhc susceptibility of

the erythrocytes to i vitro peroxidation dudng the carly acufe phase ol T. vivax
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infection of cattle, with the purpose of linding out whether the infection may reduce the

ability ol the ervthrocyies to protect themsehves against lipid peroxidation.

S3NMATERIALS AND METHODS

531 Experimental animals

Nine male Zebu (Sokoto Gudali) calves aged 1-1': years and weighing 70-
Q0Kg were used. They were purchased Trom Talata-Nalara, an arca known 10 be
tsetse-tree in the northwestern sahel vegion of Nigeria and were kept at the animal
house ol the Faculty of Vetennary Nedicine, Ahmadu Bello University, Zana. They
were sereened tor haemoparasitism, helminthiasis and other common inlections by
blood and faccal examinations alter which they were treated with  thiabendazole
(Merck, Sharp and Dohme, Tid TLKL). osyvietracyeline. Long acting (Plizer. Nigeria)
and sprayed against tichs with chlorfenvinphos (Plizona", Plizer, Nigeria). They grazed
for about 5 hours daily with supplemental feeding of mixed grain offals, and com
stalks. Salt licks and water were provided ad libitum. The animals were acclimatized for
about 3 months and were on zero grazing one weeh before the commencement of the

experiment.

5.3.2  Trypanosome infection

The Tryvpanosoma vivax was isolated Irom a pregnant cow in Samaru, Zaria,
Nigeria. An adult male Sahel Brown goat weighing 12Kg was infected with this

trypanosome by intravenous injection of 1.0 x 10" trypanosomes. The goat became



parasitacmic 3 davs post-intechion (po and on day 6 pic when the parasitacmia was
high, 5wl ol the infected goat Blood containing 1.1 x 107 tvpanosomes was injected
mtravenously mito cach ol the 6 experimental calves, Tlree unintected calves served as
controls. The experiment was terminated on day 13 pi by treatment ol the infected

g 5 g 5 T P = :
calves with homidivm chloride (Novidium®, Rhone Nernieus, France).
5.3.3 Blood sampling

Five millilitres ol Bood was collected daily in the moring (09.00hr) belore
feeding from the infected and uninfected calves through the jugular vein and the blood
was pul into containers with EDTA as anticoagulant. The blood samples were stored at

470 and analyses were carried out within 24 hours ol sampling.
534 Haematological evaluation

PON was estimated by a microhacmatocrtt method, Red blood cell (RBC') count
was determined using a hacmocviometer. Mean corpuscular volume was calculated
using a standard Tormula (Schalin ¢t al,, 1975). Reticuloeyies were counted from blood

stained with %6 new methyviene blue (Schalm et al., 1975).
5.3.5  Estimation ol parasitacimia
Trvpanosomes were detected in the blood samples by the microhacmatocrit

centrituge technigue and parasitacmia score was estimated as described by Woo (1969).

The trypanosomes scen in the bully coat arca ol the hacmatoent were counted and the
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parasitacimiia scores were given as Lo (occasional  ivpanosome). 20 (1-

v panosomes), 20 3=20 evpanosomes) and 46 ¢ 20 ivpanosomes).

5.3.0  Determination ol ervthroeyte GSH concentration

The GSI determimation was carried out on whole blood according to the

method of Beutler et al. (1963) atter rcaction with DTND as described in Chapter 4.

5.3.7  Pevoxidation of erythrocytes in vitro

The m vitro peroxidation of arvthrocytes was measused according 1o the method

of Duthic it al, (19892) ax described in Chapter 3.

.38 Statistics

Drata were stnmmmatized as means o standard desviations and the micans were
plotied in graphs with their standard ervor bars. Statistical ditference betwveen means

was assessed by paired Student™s t-test (Chatlickl, 1983).

5.4 RESULTS

S5.4.1  Clintcal abservations

The inlected calves maintained good appelite. but became weaker as the

infection progressed and one of them was almost moribund on day 13 pi.



542 Parasitaemia

Parasitacmia was detected in the infected calves on day 2 pi. The parasitacmia
reached a peak between davs 4 and 5 pr declined on day 7 pioand subsequently

increased cradually (o reach a sccond peak between dayvs T and 13 pi (g, 5.10A).

543  Thaenatological changes

The mean POV of the inlected calves started (o decrease on day 5 pi and
between days 6 and 13 pi. the PON values were signiticantly (1 0.035) lower than those
ol the controls (Fig. 5.113). The mean RBC counts decreased signmficantly (1" 0.05)
between dayvs 6 and 13 pi lrom the value on day O (Fig, 5.5A) Signiticant (P 0.05)
ditferences in the mcan RBC counts between the infected and control calves were
observed on davs O and 8 proand bebween dayvs 10 and 12 pic The control calves
maintained higher MOV values (41.0 = 52.510) than the infected ones (37.0 - 45.511)
(IFig. 5.218), and reticulocy tes were rare in the blood films of both control and infected

calves,

5440 Changes in whaole Blood and ersthrocyte GSH concentrations

The mean whole blood GSIH concentrations of  the confrol calves varied
between 119 0 3.0 and 151 1 0.9mg/dl 1o the mfected calves, the GSI concentration
decrcased rom 134 1 3.0me dbon day 0 10 9.8 1+ 3. lmg/dl (P 0.05) on day 5 pi and
10.2 ¢ 2.8me dl (1" 0.05) on day 12 pt respectively (Ie. 5.3A). The blood GSH

concentralions ol the nfected calves were lower than the uninlected control values



between davs 4 and 12 pi but dillerences were sienthicant (17 0.05) only on days 11

and 12 pi.

The mean anvtlivocyte GSH concenirattons ol the contral calves varied between
17.7 T and 6000 0 G8me Totml RBC, In the inlected calves the ervihroevie GSI
concentrations signihicantly (P 0.035) decrcased Trom S8+ 1T dmg 100ml RBC on
day O to 05+ 12 8me 100ml RBC on day 5 pi and this value on day 5 pi was also
sionilicantly (1 0.05) lower than the uninfected control value on the same day (Fig.
5.313). but not lower (1" 0.05) than the control value ol 7.7 1 7.0mg 100ml RBC on
day 0. The GSIEvalue recovered (0 57.2 0 T.2mg 100ml RBC on day 6 pi. Between
days B and 11 pis the values were higher than that on dav 0 as well as the uninfected
control values, but signtlicant (1 0.03) ditlerences were only found between the values
trom the infected and controls on days 8 and 9 pi. The GSHT value shghtly decrcased
(1 0.05) rom 66,0 ¢ B 2me 1OOmI RBC on day 11 pido 56,0 0 13.4 mg 100ml RBC
on dayv 12 piand subsequently rose to 791 1 14.6mg 100ml RBC on day 13 pi. The
GSH value of the infected group on day 13 pi was signiticantly (P-0.05) lugher than

the control values on all the days of the experiment.

S5 Susceptibility ol erythrocytes to peroxidation

The variations in the ervthroevie peroxidation values ol the infected and control
calves were not sienificantly (17-0.05) different (Fig. 5.4). The mean absorbance units
of TBARS produced when the ervihroeyies were challenged with hydrogen peroxide

ranged Trom 0.02 10 0.03 in the control and 0.01 (o 0.03 in the infected calves,
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Phe T vivas corsod an acute wfecnion i the calves The prepatent period was
very short, probably becanse of the hish infective dose (NMuray and Dester, TORR).
Lhe anacmm which doveloped, judging rom the decreases me the POV and RBC
counts, was moderately severe, Pueme the peal of the fiest wave ol parasitacona, the
cevthrocvte GisEh comeenteabion decreased pareinalle when compared watle the lowest
pcan solue i the ommlected animals. s the parasitacmin dechined. the ervithrooyie
GSTE value recovered and tended o imcrease. Tn the mieddle ol the peak ol the second
wave of paasitacimia, a shight diop in crvthroevte GSHT concentration was again
obscrved, which was Tollowed by a siomlicant increase i the GSH concentiations on

day 13 .

Lhe drop e crcthrocvte GSEE concentiation dueme the Tiest wave ol
parasitacimia might be related 1o the decrease in POV since ervthroeyte GSH and PCV
were postively corrclaned in healthy cantle as shown in Chapter 4. 1 is noteworthy that
oxidant stress could occur when the civeulating blood passed through the expanded
active mononucear phagocylic syslems (MPS) ol the liver and spleen where the
arvihiocytes would be m close prosamily (o tiypancsomes and activated macrophages.
Trypanosoma brucel have been shown 1o produce cnormous amounds: ol hydrogen
peronide (Meshmick ¢f al., 1977) and activated oxygen species (1aliz ¢t al. 1985),
However, there was no avinlable report (o show that ‘1. vivax produced such oxidants in
comparable amoumnts with 1. bruced. Noreover, the MPS i the mteeted antimals may
also e producing superoside antons that ditluse info the estraceliular Huid (Klebanotl,

1982; Schwacha and Locgering. 1992) and could permeate the ervithrocyvtes where they



produce hvdvosen poroade throush the action of superoside dismtase (MeCay and
o, 19RO Since the size and activity of the NIPS oy be rclated 1o the parasitacniia
(Nhurray and Dexter. 1989), the degiee of oxtdant stress conld be expected 1o increase
al peaks ol pavasitacnia, 1oveas noted that the maeinal decrcases in u'\'ll-lrnu.\'_lc (S
on davs Sand 12 pi (Ol 383y were tollowed by sharp decrcases in POV on davs 6 and
13 pi (Faes 1) Therclore: the time ol decrcase in ervilmnevie GSEL seemed 1o have
colncided with the period when itensilicd NIPS activiby was expected (o have occunred

lo catse the subsequent decreases in PO

Fhe tendency of the envthroovte GSTT concentrations to increase especially on
dav 13 pi despite the decrease in POV was probably due 1o the cmiergence ol citculating
voung nudure onvthrocsties which have  been veported 1o have  higher  GST
concentrations than older ervilmocvtes (Fucher and Kilvowr, 1973) Indeed,  the
crvthrocste GSH concentrations i does with hacmaolviie anacmia was 1-3 fimes higher
than normal (v Tacde, 1977). Duoring the acute phase ol hacmorthagic ‘1. vivay infection
ol calves, bone mamrow envthropoiesis commenced in response to the anacmia with the
release ol acticulocytes into circulition (Anosa ¢ al.. 1992), bul in the present study
reficnlocyics were rare m the mlected blood even on day 13 pr. Saror (1979) showed
that the anacona in 1 vivax indecion ol cattle was basically normocytic in the acule
shage which was i agrecment with our lindings where MOV values were within the
normal ranee (30-3610 reported incatile (Schalm et al. 1975). Therclore, any increase
in envthropoictic response in the inlected calves was not obvious. Towever, there might
have been some young malwe ervthroeyvles in circulation relcased from the bone
marrow with enhanced capacity tor GSIT regencration which could be responsible Tor

the increase e ervthrocyte GSEH.



Whon the conthroovios ol the contiol and intected calves were challenged with
Iivdiogen peroside, the by-products would be thiobabiturie acid reactive substances
CLIB ARG (Duthic ¢ al, 1959y The amounts of TBARS produced by the envihrocy tes
et control and mdected calves did ot diter sienilicantiv, This Linding sugecsted that
the antioxtdant capacity ol the ervthrocvies ol the infected calves was not deranged
enotgh o altow Lor free radical damace of the envthrocvtes in vivo, It was possible that
Tovivas did ot produce Targe amounts ol oxidants and the estent ol expansion and
activation of the NP5 did pot clicit overwhelming production ol oxidants, since il was
reparted that the capacity of activated macrophages to produce oxidants was depressed

by phapocyiosis ol Tpci-coated ervithroovies (boceeringe and Schwacha, 1991).

e

In conclusion, ervthivoevie GSIT concentrations ol 1. vivas-intected  calves
tendaed 1o drop marginally at the Tiest peal of parasitacmia and there was no signilicant
mcrease in the susceptibilitn of the civihrocyvies to i vitro peroxidation. Therelore,
peroxidative injury may not be a mechanism of ervthrocyle damage at the carly phasc
ol 1. vivax mlection ol calves, because the antioxidant capacity ol the ervihrocytes in

the infected annmals was mantained.
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CHAPTER SIN

GENERAL DISCUSSION AND CONCLUSION

6.1 GENERAL DISCUSSION

Dunng the acute phase ol iy panosome inlections, the pathogenesis ol the anacmia may
vany with cach species of the parasite and the type of host mvolved (fhede et al, 1977), In the
present study, The 1. brucet inlection ol mice was very acule with high parasitacmia, in
contrast 1o the Tow fevel ol parasitacmia usually reporied i cantle with 'TL broced infection (Thede
and Tosos, 1972b: Nurvay ot al., 1979). The 'T. vivax inlection ol calves also produced an
acute mfection with high parasitacimia. but this trypanosome species was reporied not o be
capable ol ordinanly mamtainmy an infection in mice (Soulshy, TYR2: Dirie ¢t al., 1993) except

the rodent-adapted strain.

The peroxidized crvihroevies ol the 1. brucci-inlected mice produced greater amounts
ol TEARS than those of the uninfected contiols. This observation suggested that the ability of
the crythroeytes of the infected mice to prevent lipid peroxidation was reduced probably by
oxidants produced by the trypanosomes as reported by Meshnick et al. (1977) and Baltz et al.
(19285). The proliteration and activation ol macrophages could also lead 1o the genceration of
oxidants through the respiatory burst (Klebanofl, 1982; Schwacha and Locgering, 1992), but
the contribution made by the macrophages might be inmited since the mononuclear phagocytic
system would not be expected 1o have been Tully mobilized until atier 7 days pi (Jennings cf al.,
1974: Esievo and Saror, 1991). ‘The predisposition ol the erythrocyies ol the infected mice to
oxidative damage might accelerate their aging, decrcase their delormability and increase

susceptibility to ragmentation (Hochstein and Jain, 1981: Kmight ct al., 1992).
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Hacmalysins have heen tdentiticd i the plasma ol 'T bracci=lected vats at 2-3 days pi
(Nurray, 1979)0 Vhe e ol the hacmolysins is vet o be [ully mvestigated. The biologically
achive substances produced by 1. brucet which were speculated by Nurray and Dexter (1989)
o be among the hacmolysins were proteases  (Londsdale-Fecles and Npimbaza,  1980),
peptidases (bonowles et als 1987) and phospholipases (Hambrey ot al., 1984). But trypanosome
derived osidants may well be part ol these hacmolysins and could contribute in the pathogenesis
ol the anacmia caused by ‘1. brucet by increasing oxidative stress on the hosts and predisposing

the eryithroeyies 1o lipid perosidation.

In the acute T, vivax mlection of calves, the amounts ol TBARS gencerated by the
perosidized crvihirocyies ol the control and infected calves did not ditler sigmlicantly up to day
13 pi despite the sustained parasitacmia and decrease in PCV. Since the ability of bovine
crythrocyvies o protect themselves against lipid peroxidation did not secem (o be allected by T,
vivax inlection, a number ol possibilities were considered as being responsible lor the diflerence
i the experimental result Trom acute T, brucer infection ol mice. Firstly, it was probable that T.
vivax did not produce comparable amounts ol oxidants as previously reported in L. brucei by
Meshnick et al. (1977). Sccondly, it was likely that the macrophages of the mononuclear
phagocvtic system m 1, vivax infection would produce lower amounts ol oxidants than in the
1. brucet mfection. This reason was supported by the report that the spleen was enlarged 25.9
timies in T brocci-intected mice (Anosa and Kancko, 1984) and only 3 times in T. vivax
mlected sheep (Anosa and Isoun, 1983), 1t was also possible that the respiratory burst of the
macrophages wm the 'TLowvivax-inlected calves could be depressed, as the inlection progressed, by
the phagocytosis ol IgG-coated erythroeyies (Locgering and Schwacha, 1991). Thirdly, it
scomed that the ervihrocytes ol the calves had superior antioxidant capacily than those of the
mice when they were unintected. This was deduced trom the fact that the erythroeyies of the

healthy mice produced sienilicantly (I 0.05) ercater amounts of TBARS afier peroxidation



(1))

than the envihrocvtes ot the healthy calves (Table 6.1). This meant that the ability of normal

ervthrocytes o prevent lree radical-mediated damage was greater in the calves than in the mice.

The dechine i ervthrocyte GSIT concentrations ol the 1. vivax-inlected calves at the
first peak of parasitacmia was mareinal and mdicated only a slight etleet on the GSH system.
Although the dechine in crvihroeyle GSH could have been associated with the onset of PCV
decrease, because ST concentrations and POV correlate positively, the possible ellect ol the
trvpanosome nlection need o be considered. In acute 1. gambicnse inlection of rats, the blood
GSHL concentration was reported 1o be reduced  concurrently with increased  erythroeyte
susceptibility to oxidative  haemolysis (Amch, 1984). Because of the depletion ol liver
antionidants such as GSH in L. gambiense infection of rats (Amceh, 1984) and ascorbic acid in
1. brucer indection ol gumea pras (Roskin and Nastivhova, 1941). it would scem that the
rehicaloendothelial - svstems ol the liver and, perhaps, the spleen maght be where high
concentiations ol the osidants could be released by the vpanosomes and macrophages. The
sequestration ol erythrocestes i the hiver and spleen due 1o hepatomegaly and splenomegaly
respectively (Murray and Dexter, 1988). would lead 1o sustained exposure ol the erythrocytes
1o the oxidants, The decline of the erythrocyte GSI concentration in ‘I, vivax infection at peak
parasitacmia might partially have been as a result of oxidation of GSII as peroxides were
reduced by the GSIT system. This event was expected o coincide with the peaks of
parasitacmia when the macrophage activity in the MPS would be at the optimum because of

high parasite particulate load.

The erythrocyte GSII concentrations in healthy Nigerian cattle showed a wide variation
(21-7-135.1mg 100ml RBC). It was presumed that the cattle with higher GSI concentrations

might be more capable of handling oxidative stress than those with low GSH concentrations.
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Perosidation values o normal arvithrocytes of mice and calyes

Animal Species Number of Samples Frvthrocvte
Perosidation
(.\bsorbance Units)

Nlice LY 005 001"

Calves 3 0.02 + 001"

ab . . . S o
“"Nleans with dilferent supersenpts are signibicantly different at P 0,05,
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This was becavse Tucher and Kilgoue, (1973) had reported that costheoey tes ol sheep sith low
Gl concentrations were moie prone to Heinz body fonmation than those with high GSH

concenhralions,

In the 1T vivas-nlected calves, there was a lendency Lor the envthroeyles 1o show
enhanced GSI regeneration with the GSIT increasing i concentration despite fall in PCV. The
divect relationship between ervthirocyte G511 concentrations and PCY in healthy cattle was
moditicd durimg anacmia and was converted to a semblance ol inverse relationship. ‘That is, the
crvthrocyvie GSH ncrcased on days that the POV decreased especially on day 13 pi. The
enhanced GSH repencration would amprove the capacity ol the ervihrocvies o protect
themselves against peroxide load.

Young enythrocytes in circulation were reported to have é.l'calcr concentrations of GSI
than old crythrocytes because ol greater aclivities of GSTH metabolizing enzymes (Tucker and
Kilgour, 1973), Ervthropoictic response was reporied to invarably increase during the acute
phase of bovine trypanosome inlections (NMurray and Dexter, 1988), but peripheral indications
ol such a response may be absent (Anosa, 1988) as was the case in this study where the
anacmic calves showed neither reticulocytosis nor macrocviosis. Schalm et al., (1975) suggested
that where the stimulus for ervihropoiesis was not sudden and strong, reficulocytosis might not
occtr in cattle. Igbohwe (1986) also suggested that reticulocytosis did not oceur in acute T,
vivax inlection ol sheep because ol possible splenic sequestration of reticuloeytes due to
hypersplenism (Anosa and [soun, 1983) and Crosby (1963) had carlicr reported that the spleen
might normally sequester reticutocytes until they matured. Therclore young mature erythrocytes
wore expected 1o have been in circufation in the T, vivax-infected calves due (o anacmic

hypoxia that must have ¢licited some measure of bone marrow response.,
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The plasiia ascorbic acid concentrations (0.35-1.00mge b in healthy cattle as observed
i the present stady were adeqguale (Vadey ¢t al., 1976) and were not signiticantly correlated
with cither blood or envthrocyie GSH concentrations, Theretore, the plasma ascorbic acid
concentrations were not expected 1o have signilicantly moditied blood and erythrocyte GSI1
concentralions. owever, hecanse of the weak negative conrclation (r—-0.35: P 0.035) between
the plasma ascorbic acid and blood GSIT concentrations, it could be possible tor the plasma
ascorbic acid concentration o incrcase when blood GSIL decreased. Also, the stress ol the
mtection in the acute discase could fead 1o Tnge discharge ol ascorbate from the adrenal cortex
o circulation (NMcGilvery, 1979). However, il intravascular hacmolysis occurred during the
acute phase as sugeested by Lsievo et al, (1984), the ascorbic acid could become prooxidant in
the presence ol crculating won (Kaoight ot al; 1992) and promole oxidative processes in the
circulating blood. In the inlected calves. the interplay ol these later events was unlikely since the

susceptibility of the ervthrocytes to i vitro perosidation was not allected.

The nov-immunological mechanisms in the pathogenesis ol the carly anacmia in
iy panosotiasts taght diller inacute T, brucet and 1. vivax inlections. While peroxidative
injury to ervthrocvies was possible in acute I, brucei infection ol mice, it was unlikely in acute
1. vivax indection ol calves, The desialylation ol ervthrocytes by neuraminidase produced by T,
vivan (Bsicvo, 19790 1983) had been highlighted  as an important  non-immunological
mechantsm ol crvthrocyte damagse in the carly phase ol acute 1. vivax infection ol cattle
(sievo ¢t al, 1982), but this mechanism would not be expected in acute T, brucel infection
because bloodstream torms of 1. brucet did not produce neuraminidase (Engstler ¢t al., 1991).
These ditlerences indicate the need lor intensilicd rescarch mto the peculiantics ol the

pathogenesis of the anacwmia in Iryvpanosomiasis in ditlerent parasite-host systems.
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6.2 CONCLUSIONS )
Ihe 1. brucer, ongimally isolated from cattle, produced an acute infection in mice causing,
anacoita and S0.2% (13 24) mortality belore day 8 pic Intection ol calves with 1. vivax, isolated
lrom a cow, also produced anacnma betsveen days 6 and 13 pi with an nfected anmimal that was

alinost moribund on day 13 pi.

Acule 1. bruccet mlection ol mice increased the susceptibility ol the eryvthroceytes (o in vitro
peroxidation, but acute ‘T vivax infection of calves did not. These observations suggested that the
ability ol the inlected mounse enyvthrocyvie to prevent free radical-mediated lipid peroxidation was
reduced whereas that ol the mfected bovine erythrocyte was not. Thercfore, the possibility of
peroxidative imjury to ervtlrocyies existed v acute T, brucei inlection ol mice, but was ahsent in
acute 1 vivas mdection ol calves. In the uninlected controls, the bovine ervihrocyies had supenor

ability to protect themselves against i viteo perosidation than the mouse erythrocyies.

I apparently healthy cattle, erythroevte GSH concentrations gave a very wide range. It
was presumed that sinee the GSH system is the primary defense against peroxides (McCay and
King, 1980). then the pathogenic clleet of trypanosome inlections that gencrate such oxidants
may, perhaps, vary widely within the cattle population. The ervthrocyte GSI concentrations in the
cattle were positively correlated with POV (70,38, 0.59), The cautle had adequate plasma ascorbic
acid concentrations and there was no signilicant correlation between the plasma ascorbic acid and

the blood or erythrocyte GSH concentrations.

In the 1. vivax-mlccted calves, there was a marginal decline in the erythroeyvie GSH
concentrations at the first peak ol parasitacmia and this was followed by an enhanced erythrocyte
GSHD regencration because crvthiroeyte GSIL concentrations tended 1o increase as the PCV
decreasad, thus improving, the capacity ol the erythroeytes to protect themselves against peroxide

load.
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APPENDIN 4

fertal diluion ol glutathione (GSHD stod), solution
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Appendix 4.5

Comalanon coetlicients (v and regression equations in the relationship of blood and envthrocyte glutathions concentrations with packed cell volume

andd Baemoglobin concaniretions in Nigerian Wadara caule.
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APPENDIN 51

sean envthrod 0 parameters, bleod and ervthirocyvie GSH concentrations and ervthrocyie peroxidation values in 3 uninfected control calves.
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APPENDIN 8.2

Slean writhrocst: parameter . Hlood and ervthrocvte GSH concentrations and erythrocyte peroxidation vaiues in 6 T, sivas-infecied calves,
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APPENDIX 6.1

Reagents

Precipitating solution: 1.67g glacial metaphosphoric acid, 0.2¢ disodium or dipotassium EDTA
and 30g sodium chloride in 100ml of distilled water.

Phosphate solution: 0.3N disodium orthophosphate solution in distilled water,

DTND reagent: 40mg DINDB in 100ml of 1% sodium citrale.

GSH stock solution: 100mg/100ml of 1% glacial metaphosphoric acid.

Nonl suspension: 5% aclivated acid-washed charcoal solution prepared with 5% trichloracetic
acid.

DNPH reagent: 2% DNPH solution prepared with 9.0N sulphuric acid to which 250mg of
thiourea was added and dissolved. The reagent was stored in brown glass bottle and allowed to
stand for 2 days belore use.

Sulphuric acid reagent: 65% solution of concentrated sulphuric acid (w/v) was made by adding
70ml of the acid to 30ml of distilled water.

90N sulphuric acid solution: 25ml of concentrated sulphuric acid was dissolved in some
distilled water and made up to 100ml with water.

10% thiourca solution: 102 of thiourea was dissolved in S0ml absoluie ¢thanol and made up to
100ml with distilled water.

Ascorbic acid stock solution (100mg/dl): 50mg of ascorbic acid was dissolved in 50ml of 4%

Irichloracenic acid.



