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ABSTRACT

I'he plasma lactose concentrations in- apparently normal Zebu adults and calves
were determined to establish normal values. The adult Zebu had a mean plasma lactose
concentration of 0,211 £ 0021 mM which was signilicantly (P<0.05) lower than that
recorded inocalves (L4401 0120 mND. Inoan experiment to establish its
pharmacokinetics. it was shown that intravenously administered lactose was very rapidly
eliminated from the body and did not accumulate in the body of the normal calves even
upon repeated dosing. The 1, for lactose in Zebu calves was caleulated to he 5.140 +
(.290 h and mean Ke was 0,138 £ 0.008 h'. The V, and C, for lactose were 179.150 +
25230 ml/Kg and 24 750 + 4.000 ml/Kg/h. respectively.

Ihe effect of Trypanosoma vivax infection on the pharmacokinetics of lactose in
the Zebu cattle was further investigated. 1. vivax infection in Zebu calves significantly
(p<0.005) increased the mean t,, and reduced the mean Ke to 7.600 + 0,150 hr and 0.091
+0.002 ', respectively, resulting to the accumulation of lactose in infected animals upon
repeated dosing. The V,and C; were not significantly affected by the infection,

The 1. vivax (Samaru strain) used in this experiment caused a mild infection. The
pre-patent period lasted between 2 and 3 days post-infection (pi) and parasitemia peaked
between days 4 and 5. pi. Lactose infusion. somehow, sustained the parasites in the blood
of the lactose-infused infected animals such that parasites were still detectable in their
blood even on days when the trypanosomes disappeared from the blood of the infected

uninfused group. Lactose therapy however, ameliorated the T vivax - induced anaemia



viid

m infected calves. Duaring the period of lactose infusion the packed cell volume (PCV)
ol the lactose-treated infected group recovered by a mean percentage of 0.010 + 3.200%
which was xignilicaml'l}' (p=0.025) different from the 7.500% 2.900% drop in PCV
recorded in the infected uninfused group during the same period. A similar response was
observed with the total erythroey te counts of both these two infected groups in the same
period.

1. vivax - induced leucopenia was also ameliorated in lactose-infused infected
calves during the period of infusion.  The lactose-infused infected group showed a
recovery of 25 100% while the infected uninfused group recorded a further drop 17.100%
in total leucoevte count during this period. A percentage drop in plasma total proteins of
975 1 1.420% was recorded in the infected uninfused group while an increase of 3.750
+1.040% was recorded in lactose-treated infected calves, The concentration of serum
free sialic acids in the infected, lactose-infused group was consistently higher than pre-
infection levels throughout the duration of experiment, while in the uninfused infected
group it fell to pre-infection levels on the days parasites could not be detected in the blood
stream.

It was thus concluded that lactose ameliorated the 1.vivax induced anaemia,

leucopenia and by poproteinemia in inlected Zebu calves.
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CHAPTER ONE
INTRODUCTION

Mrican trypanosoniasis s caused by tse-tse transmitted trypanosomes. The
cardimal sign and diseases promoting Factor of Africa bovine try panosomiasis is anaemia
(Hornby. 1921, Fiennes, 1954, Murray. 1974) which is usually accompanied by
leucopenta (Lsievo and Saror 1983, Anosa, 198K, Tpbokwe and Anosa. 1989),

In the carly stages of the disease the onset and severity ol the anaemia are directly
related to the appearance and level ol the initial parasitacmia (Dargice et al., 1979: Maxie
ct al.. 1979 Fsievo el al..1982: Sckoni et al.. " 1990¢). The anacmia in this period is
principally hacmolvtic (Mamo and Holmes, 1975, Tlolmes. 1976) and erythroceyvte
destruction is maimnly due to phagoceytosis by the expanded and active mononuclear
phagocytic system (MPS) (Jennings et al.. 1974: Saror. 1980: Anosa and Kaneko 1983
a: by Increased erythrophagocvtosis (Mackenzie and Cruickshank, 1973) and, thus
reduction of erythrocyte half-life (Mamo and Holmes, 1975: Dargie et al., 1979; Esievo
et al.. 1982) are therefore important factors in the development ol the anaemia observed
in the early stages of frypanosomal infections.

Erythrophagocytosis is a two-step mechanism (Kuster and Schauer, 1981: Muller
et al., 1983: Kelm and Schauver, 1986; Kelm et al.. 1986a) which requires pre-treatment
ol the red cells with sialidase (EC 321, 18) (Muller et al.. 1983). The sialidase
hydrolyses the surface sialic acids of the red cells, thus exposing D-galactoside residues
on the surface of the cells. The first step of the erythrophagocytic process involves

binding between the exposed D - galactoside residues on the surfaces of the desialylated



red cells and a beta-D-galactose specilie leetin on the surlace of macrophages. The
regulatory factor Tor this step s the amount of sialic acids released from the ervthroeyte
surface by the enzyme (Muller et al.. 1983: Kelm et al.. 1986b). The second step requires
that the binding step be completed and appears to need the presence of certain
complement subtances of the serum (Kuster and Schaver. 1981)

'hus desialylation ol red blood cells in vitro with bacterial sialidase caused
increased seguestration of these cells from the blood stream of rabbits by the MPS
(Muller et al.. 1981 as well as increased their binding to and subsequent phagocytosis in
vitro by rat peritoneal macrophages (Mualler et al., 1983 Keln et al.. 1986y, Both these
processes were inhibited by beta-glveosidically bound beta - 1 - galactoside residues
(Kolb and Kolb- Bacholen, 1978 Nagamua and Kolb, 1979: Schlepper - Schafer et al..
1980 Kolb et al..1980: Muller et al.. 1981). Lactose has been used to successfully inhibit
the sequestration of radio-labelled erythroey tes pre-treated with bacterial sialidase (rom
the blood stream of rabbits (Muller ¢t al., 1981).

Sialidases from trypanasomes (Esievo. 1979: 1080: Pereira, 1983: Pereira and
Hotl. T986: Peretra etal.. 1991 ) have been shown to cleave olf erythroeyte surtace sialic
acids in a number of host species (Durocher et al., 1975: Seaman ¢t al.. 1977: Esievo et

al.. 1982). Specifically, it was shoswn that Trypanosonia vivax produced stalidase (Esievo,

1979: 1980y which removed the sialic acid coat of red cells, thus exposing more -
I g A
palactoside residues on the surfaces of these cells (Omage ¢t al., 1995). Which in turn

increased their binding to macrophages. especially liver macrophages (Ibrahim et al.,



1OOS) supporting an inercase e the mate of their sequestiation from the blood stream
(Lsicvo and Saror. 1991 ),

Ihe devastating effeets of try panosomiasis on human and animal populations has
stimulated intensive research into the control and elimination of the disease. The curative
and prophy lactic chemotherapy of African try panosomiasis, however. presents problems
of host toxicity and acquired parasite resistance to the drugs in use (Whiteside, 1962). The
probiem of chemotherapy of (ry panosomiasis is further complicated by the similarities
in the hiochemical pathwayvs and biomolecules between the mammalian host and
protozoan parasite (Whiteside, 1962). These problems necessitate a novel approach to the
management ol trypanosomiasis, Present chemotherapy is mainly directed against the
parasite - to reduce parasitacmia 1o a level that can be handled by the body's immune
system. An alternative approach could be to improve the body’s ability to defend itself
against the invading parasite. It is suggested that if the anemia caused by try panosomiasis
can be slowed down or prevented the body may be better able to fight off the infection.

I'he present investigation is an attempt at contributing to the rapidly accumulating
knowledge on the chemotherapy of African bovine trypanosomiasis. Since anaemia is
penerally held responsible for the rapid degenarative processes in the disease (Hornby,
1921: Fiennes, 1954; Murray, 1974), retardation of the rate of development of anaemia
in the early stages of the disease, using lactose. may concommittantly retard the
degenarative processes. Since the binding step of the erythrophagoceytic process is the
rate-limiting step (Muller ¢t al.. 1983b) lactose may be able to reduce the rate of

sequestration of desialvlated red cells during the infection. Plasma Kinetics data are



essential in the formulation of an effective chemotherapeutic regime so the plasma
kineties of lactose in health and during infection will be necessary to determine the
treament regime

Lactose was selected amongst other compounds with similar activity (e.g.
asialofetuin) because 1t 1s normally synthesised in the mammalian body and being a low
molecular weight carbohvdrate would not elicit antigenie reactions in the mammalian
host, 1t is hoped that any tindings from this work may then be ol help in the Tormulation
ol future chemotherapentic agent or principle agamst the Advican try panosomes. ' The aims

of this rescarch may then be outlined as follows:

a). to establish the normal levels and plasma-Kinetics of lactose in normal healthy
cattle:
) to establish the effect(s) of I, vivax infection on the plasma-kinetics of lactose in

infected cattle: and
C). to establish the effect(s) of lactose infusion on the cowrse of trypanosomal

anaemia during 1, vivax infection ol cattle.



CHAPTER TWO
LITERATURE REVIEW

2.1 Afvican Trypanosomiasis: an Overyiew

Fhe important (rypanosomes that cause Alrican (rypanosomiasis in man and
animals belong 1o the subgroup Salivanta (Hoare, 1964) and are transmitted by inoculation
into the host through the saliva of the vector, Glossina spp. when feeding (Ford, 1971).

[he most significant of these include 1. vivax. 1. congolense. and the trypanosomes in

the brucei subgroup: L. brucei. I gambiense. 1. rhodesiense. 1. equiperdum and 1.
cvansi (Hoare, 1964, Losos 1979),

Potentially pathogenic infections caused by African trypanosomes start when the
vector deposits metacyelic forms in the subcutancous tissues ol a host.  The primary
reaction at the site of infection is the development of a chancere (Gordon and Willet, 1958:;
Woodruff. 1974: Losos. 1979).  From this site, the trypanosomes are disseminated
throughout the host to colonise and multiply in selected tissue micro-environments which
include the circulating blood. capillary beds. and the loose connective tissue stroma of
various organs and tissues (Luckins and Grav, 1978: Losos, 1979). Alrican trypanosomes
have been divided into two broad groups: the hematinie trypanosomes (Losos et al.. 1973:
Ssenyonga and Adams, 19750 Banks, 1978: Morrison et al.. 1979) which are found
mainly in the plasma of the host and these include 1. congolense and 1. vivax. the other

eroup ol trypanosomes invade the tissues and thus are found both intra-and

extravascularly (Hoare, 1972; Woodruff. 1974: Losos. 1979); members of this group



include 1. brucet. T evansi, | pambicnse, | rhodesiense and 1. equiperdum.

Fhe pathological changes that ocenr during Afiican try panosomiasis are dependent
on several factors some of which includer the virulence of the strain ol parasite.
susceptibility of the host, and the period of the infeetion during which samples were taken
(Stephen. 1966: Roberts and Gray., 1978: Morrison et al.. 1978: Murray and Morrison,
1979). An interplay of these factors gives rise to various patterns of the disease: thus
peracute. acute, sub-acute and chronic infection have been abserved. The discase has
been divided into thiee distinet. but overlapping. phases based on the presence or absence
of the parasite in the host and on clinical and pathological findings (Muwrray et al.. 1979,
Anosa. 1988), The first phase. which may last from few dayvs to several wecks. begins
with the presence of typanosomes in the blood after the incubation period.  The
parasitacmia 1s high and Huctuates, in ammals that show acute or chronie pattern of
infection and is accompanied by rapidly developing pancytopenia and changes in the
blood chemistry. Death may occur in acute cases due to the severe pancytopenia and
other deleterions changes (Anosa, T988). This phase represents the period in which the
host delence 1s still not well organised to tackle the infection and the host may die unless
the virulence of the parasite is fow. The onset of the anacmia in this phase is directly
related to the level of parasitacnia (Dargic et al.. 1979: Maxie et al.. 1979: Isievo ¢l al..
1982). The anaemia is mainly hacmolytic (Mamo and Holmes. 1975; Holmes, 1976) and
is caused by erythrophagocytosis by the expanded active mononuclear phagocytic system
(MPS) (Murray, 1974: Saror. 1980: Esievo et al., 1982: Anosa and Kaneko, 1983 a:b).

There is some level of intravascular hacmolysis related to production  of haemolytic



lactors by iy panosomes (Hhian et al o 19750 Tzard and Holmes. 1976; Tizard ¢t al..
1978) and also to reduction m the level of seram haptoglobin in acute 1. vivax infection
in cattle (Fsievo et al.. 1984).

I the second phase ol the discase the host defence mechanisim has been mobilised
oo level adequate 1o depress parasitaemia: though not enough to cure the disease. This
phase which may last several months, presuming the survival of the host through the first
phase. 1s characterised by transient low grade and scanty parasitacnias and persistent low
grade anacmia and leucopenia (Anosa, 1988). With the tissue-invading try panosomes,
extravascular localisation occurs during this stage and the parasites establish in
extravascular sites and are less numerouns in the blood (1Losos, 1979),

I he parasites disappear completely from the blood and tissues in the third phase
ol the discase (Murray et al., 1977). The leucoeyte, erythrocyte and thromboceyte levels
slowly begin to recover towards pre-infection levels and other pathological changes are
slowly reversed (Murray et al., 19790 Anosa. 1988). In this period the host defence

mechanism is well and fully established.

2.2 The Trypanosome
2.2 General features

Trypanosomes are flagellate protozoa belonging to the class Zoomastigophora,
order kinetoplastida (Hoare. 1964), They possess a characteristic kinetoplast, an organelle
situated near the base of the flagellum. Some trypanosomes are pathogenie while others

are quite harmless (Hoare, 1972). All are hacmoflagellates but some invade other tissues



in the vertebrate host (Hoare, 1972 Tosos et al. 1973: Losos, 1979), Their transmission

15 performed by an intermediate invertebrate vector, Ly panosoma eqiperdum is however.
mainly transmitted hy coitus (Homes 197200 Adrican ty panosomiasis is caused by the
(ry panosomes transmitted by the Tse-tse [y (Ford. 1971). these include the (rypanosomes
ol the brucei subgroup: 1. congolense and 1. vivax. African sleeping sickness is caused
by 1. thodesiense and 1. gambiense while 1. vivax. 1. congolense and 1. brucei are
responsible for bovine trypanosomiasis. Another human try panosomiasis found in the
South and Central Americas is caused by 1. eruzi (Hoare, 1972).

[ he life cvele of try panosomes comprises ol stages ol deselopment in the vector
and host. In the vector the parasites undergo morphological tanstformations ¢ loare, 1972)
in the alimentary canal. The production of metatry panosomes ocewnrs in the hind gut (e.g.
1. cruzi) or involves the migration of the flagellates from the gut to the proboscis and/or
salivary glands, where development is completed (e.g. 1. rhodesiense, 1. gambiense. 1.
brucei. T. congolense and 1. vivax). The former trypanosomes constitute the
stercorarians and the latter make up the salivarians. When the metatrypanosomes are
transfered to a mammalian host, they also undergo morphological changes with the result
that long slender and short stumpy trypanosomes are found in the infected hosts,

Lrypanosoma cruzi is found in the human host as leishmanial and try panosomal lorms

(Hoare. 1972 Woodrufl. 1074,



2.2.2  Intermediary metaholism in the try panosomes

Fhe oxidation of carbohydrates. fatty and amino acids by the genus
Lrypanosoma ts incomplete or absent (Bosvman and Flyon, 1976: THIL 1976). The
African salivarian trypanosomes causing human and animal trypanosomiasis are
metabolically Tnghly adapted in both their mammalian and insect vector hosts: while the
stercorarian 1. cruzi appears 1o be more primitive and less metabolically modified by its
host-parasite relationship (Trigg and Gutteridge, 1977).  There is. thus considerable
diversity among the different subgenera not only in their lile-eycle but also in their
brochemical properties: for examiple, in their pathwavs for terminal oxidation of reducing

cguvalents

Eleetron transport systems: At least two dilterent hydrogen transport sy stems exist in
trypanosomastidae (Bowman, 1974). The blood stream forms of the Try panozoon species
have no detectable cytochromes. their oxygen-uptake is eyanide-insensitive and they
possess a unique terminal L-glveerol-3- phosphate oxidase (Grant et al.. 1961: Fulton,
1969, Bowman ¢t al.. 1972). In contrast. the oxygen-uptake of the blood steam form of
1. cruzi is evanide-sensitive, indicating the presence ol a cyvtochrome system, and lacks

an L-glveerol-3-phosphate oxidase of the eytochrome mdependent type (Von Brand and
oxidise NADH using the CN-insensitive and eytochrome-independent L-glycerol-3-

phosphate oxidase, while 1. cruzi utilises a eytochrome system. The culture form of the



salivarian specics, however, utilises o extochrome dependent system (Von Brand and

Fobie, 1948: Grant ¢t al.. 1961)

Carbohydrate metaholism:  AlL the members of Ty panozoon and Schizotry panum
subgencra are partial acrobic lenmenters (Von Brand., 1967). The blood stream form of
L. thodesiense oxidises glucose to pyruvate, which is not further metabolised, and little
CO, s produced in the process and about 9% of glycerol accumulates (Grant and Fulton,
1957).  The short stumpy stage accumulates much less pyruvate from glucose, but
signilicant amounts of COLL acetate and succinate are formed (Flyvon and Bowman, 1973).
I'his diflerence has been attributed to the absence i the Tong slender forms of a functional
mitochondrion and tricarboxy lic acid (TCA) exele. Though several enzymes of the TCA
cyele have been detected in these forms they Tack the essential enzyme, pyruvate
decarboxylase (Shaw ¢t al.. 1964). In the stumpy form a mitochondrion and the
decarboxvlases of pyruvate and alpha-oxoglutarate have developed: pyruvate metabolism
is. however, still limited probably due to the low activity of citrate synthetase and
succinate dehydrogenase (Flynn and Bowman. 1973). The blood - stream forms of T.
cruzi are. however capable ol oxidising about 50% of glucose to CO, with accumulation
ol acetate. succinate and some lactate (Ryley. 1956), Thus. the metabolism of glucose in
1. cruzi is much more complete than in 1. rhodesiense, The culture form (insect midgut)
of 1. rhodesiense converts about hall of metabolised glucose to CO, and 8% to acetate
and suceinate. Furthermore, the culture form. unlike the blood-steam form, does not

accumulate glycerol, possibly because a eytochrome system has replaced the L-glycero-3-



phosphate oxadase (Guiteridge and Coombs, 1977) The culture form of 1. cruzi differs
from its blood stream counterpart i producing less COL and about thrice as much
succinate.

Ihe major pathway Tor glucose metabolism in 1. rhodesiense and probably other
salivarian species. is the classical glycolytie pathway, with little or no hexose mono-
phosphate (1IMP) pathway contribution (Grant and Folton, 1957). In the stercorarian
species m addition to glycolvsis the TINIP pathway also plays a significant role (Bowman

11

ctal. 1963) contributing hetween 28% 1o 40%0 of the metabolic process (Mancilla and

Naquira. 1964)

Lipid metabolism:  Acctate and glyveeral are imcorporated into total lipids and into
saturated and unsaturated fatty acids (I'As) by the culture form. but not the blood-stream
form of 1. thodesiense (Venkatesan and Ommerod, 1976), Both forms can however
absorb. interconvert and esterify preformed Oy, and C g saturated and unsaturated FAs.
Thus, the de povo I'A svnthesis in the blood stream forms is temporarily suppressed and
hence they depend on the host for preformed FAs (Gutteridge and Coombs, 1977).
Palmitic acid oxidation is not significant in both the blood stream and culture forms. This
is not surprising, especially in the blood-form which lacks a mitochondrion. The culture
form oxidises some FA, but this provides little of the energy needs of the parasite. In 1.
rhodesiense the main sterol in the blood - form is cholesterol and in the culture form it is
creosterol (Threlfall ¢t al.. 1965).  The culture form of L. cruzi has predominantly

cholesterol (Von Brand ¢t al.. 1959) with traces of ergosterol. It was suggested that



cholesterol was absorbed. by the blood torm ol 1. rhodesiense. intact from the host blood

while ergosterol might be formed endogenousty by the culture form.

Amino acid metabolism:  Blood stream stages of 1. rhodesiense can synthesisze alanine.,
elyveine, serine, aspartic acid and plutamic acid from carbohydrates (Gutteridge and
Coombs, 1977) The culture torms ol L. cruzi can produce alanine. aspartate, glutamate,
glveine. evsteine and threonine from serine (Godirey, 1976) while the culture form ol 1.
brucei is able to convert proline to alanine and aspartic acid (Evans and Brown, 1972).

e culture form of 1. brucei oxidises proline as a major source of energy (Evans

and Brown, 1972); while threonine is a major source ol acetate for lipid synthesis in the

1and 1Locruzi (Wood and Schiller. 1975). Neither the long

cultire torms of 1. brue

slender nor the stumpy blood sticam forms ol T thodesiense are able to oxidise glutamic
and aspartic acids, alanine or proline, however when it adapts to culture conditions, the
parasite is characterised by high rates of proline and glutamate supported oxidation
(Giutteridge and Coombs. 1977). The blood stream I gambicnse catabolises all the
aromatic amino acids, i.e. phenyl alanine. tyrosine and tryptophan (Stibbs and Seed,
1975h). The culture form ol 1. cruzi oxidizes glutamate. aspartate and alanine 1o a
considerable extent (Zeledon, 1959).

23 Distribution and Epidemiology of

African Trypanosomiasis

Alrican human trypanosomiasis is restricted to the tse-tse infested areas of Africa,

reaching as far as latitude 147 N in West Alrvica and as far south as the north-east corner



of Botswana, in the Okavango delta (Woodaf1, 1974y The 1. gambiense infection is

found mainly in the western hall of tropical Afvica. while the 1. rhodesiense disease is

restricted to the castern third of the continent (Ady. 1965: Ormerod, 1967: Ford, 1971),
Bovine try panosomiasis exists not only inall arcas infested by the tse-tse 11y (Ford. 1971)
but also in arcas owtside the flv-belts (Momet. 1954: Mormet and Morel, 1956).
IEpidemiological surveys (Hnsworth, 1953: Shaw, 1958: Lawrence and Bryson, 1958:
Glover, 1965) Indicated a preponderance o 1. Congolense infection in Last Africa and
a 1. vivax infection in West Africa.

The two parasites that cause the human disease differ markedly in their
epidemiology, largely because of differences in the virulence to mammalian hosts
(Woodrull. 1974y, The I. gambiense depends essenstially on a man-fly-man cycle (Ford.
1971) because it is unable to maintain adequately high parasitacmia in animals that
normally serve as reserviors ol infection (Asheroft, 1959a0 br Desowitz. 1960). The
extreme virulence of 1. thodesiense (Hoare, 1972) makes the human patient too ill to
leave his home (Woodrufl, 1974) that the parasite depends lor survival on an ungulate-
(Iy-ungulate evele with man being usually an adventitions victim (Baker. 1974) when he

impinges on this evele. Glossina palpalis. and G. tachinoides are the species chiefly

responsible for transmitting 1. gambiense. while G. morsitans, G. pallidipes, and to a
lesser extent, G, Swavnnertom transmit . thodesiense (Ford, 1971 Davies, 1977).
Animal try panosomiasis is transmitted principally by the Glossina spp: bovine

trypanosomiasis is transmitted mainly by G. brevipalpis, G. longipalpis, G. fusca, G.

austeni and the five species mentioned above (Davies. 1977). In the northern Sahelian
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Zone horse Hies and to a lesser extent. stable (lies and keds transmit ‘1. evansi to drome

davies and equines (CAT TO8RY. in the vainy season thete is concentration of animals and
msect swarms along permanent or lemporary water-causes or pools and this makes
conditions more tavourable for mechamcal transmission. 1n tse-tse-free areas mechanical.,
non eyvelical tamsmission can reduce the incidence ol disease.  These mechanical vectors
can also transmit L. vivax from cartle infected during transhumance in arcas subject to
ooding by large rivers and lakes (CAT, 1988).

Zebu in the northern Sudanese tropical wooded savannas get exposed to tse-1se
ol the Nemorhina subgenus at water courses which grovide refuge to the flies during the
dry season,  The animals generally get infected with 1. vivax. but when they get exposed

to Gome submorsitans populations the antmals may get infected with 1. congolense and

1. brucei in addition to 1. vivax (Davies. 1977). When they return to the sahelian
pastures in the rainy scason, the infected zebu are a source ol L. vivax infections. The
(rvpanosome is maintained through mechanical transmission by the abundant horse flies.

[n the tropical wooded southern sudanese savannas. sedentary and transhumant
cattle are exposed to_G. m. submorsitans in the dry season (Davies, 1977; CAT, 1988).
In the rainy season. cattle that graze in the wooded savannas, within the network of
riverine forests. encounter Gomorsitans that is present throughout the savanna at that
time of the vear. Further south. the subequatorial savannas and equatorial forest-savanna

mosaics. are exclusively infested by the subgenera Nemorhina and Austenina (Ford,

1971) so only trypanotolerant breed can survive in these areas,



24 Pathogenesis of Afvican Try panosomiasis
241 Invasion of tissues and blood from site of infecetion

Natural or artificial subceutancous injection of the 1. brucei subgroup cause a
chancre-like skin lesion due to the muluphication ol the parasites in the connective tissues
(Losos, 1979). A similar multiphication ol 1. congolense has been demonstrated at sites
ol injections (Luckins and Cray, 1978)  There is no available information on the

behaviour of I vivax at the site ol infection. but because the metaeyelie forms of all
speeies are injected by the vector into the subcutancous tissues. it has been suggested that
the metacycelics and the microenvironment of the subeutaneous tissues interact in
establishing ifections (Losos, 19790 From the site of infection the trvpanosomes invade
the blood-stream. either directly or through Ivmphatics, causing parasitacmia.

Other than at the initial site ol infection 1. congolense is found only in the blood
vessels in domestie and laboratory animals (Losos et al., 1973; Banks, 1978; Ssenyonga
and Adam. 1975). 1. vivax is also primarily a parasite of the blood, although,
occasionally the trypanosome has been found outside blood vessels (Bungener and
Mehlitz. 1977y This may have arisen from passive, rather than active, transport of 1.
vivax into the tissues as a result ol hacmorthages (Losos, 1979). The small number of 1.
vivax localised in the tissues cause much less damage and inflammatory reaction than do
organisms of 1. brucei subgroup (Losos, 1979). With the L. brucei group there is
imvasion of a wide range of tissues by large numbers of parasites.  Post mortem
examinations (Morrison ¢t al.. 1979) revealed the presence of parasites in fluid taken from

the peritoneal. thoracic and pericardial cavities, sinovial fluid. cercbrospinal [luid.
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agueous humour and subcutancous edema fuid. The parasites have a pre-dilection for
certain tissues and organs and so canse more severe damage in these. Severe lesions have
heen reported in the heart. ONSCeves, shin skeletal mnsele, Kidney . testicles and pituitary
gland (Tkede and Losos, 1972 NMurray. 1974 NMorrison ¢t al.. 1979),

All infections caused by (ry panosomes are characterised by uctuations in the
level of parasitacnia, with periodic peaks. Ininfeetions caused by all species. the levels
ol parasitaemia are highest and the peaks most frequent carly in infection (Losos, 1979;
Lsievo et al.. 1982: Esievo and Saror, 1983: Sekoni et al.. 1990¢). A majority of natural
ifections in domesticated animals are charapeterised by parasitacmias that last for weeks
or months. The levels and patterns of parasitacenin observed depend on the species and
strain ol trypanosomes and on the species of animal infected.  Sekoni et al. (1990¢)
demonstrated that the mean parasitaemia was higher and more chronie in cattle infected
with 1. congolense than in cattle infected with 1. vivax.

2.4.2 The role of trypanosome species or strain and trypanotolerance in
parasitacmia

Irom series ol experiments (Stephen, 1966: Roberts and Gray 1978; Morrison et
al.. 1978: Murray and Mortison, 1979) it has become elear that the susceptibility of a
breed of cattle. of a strain of mouse. or of an individual within a breed or strain is directly
related 1o the capacity to reduce or control the level of parasitemia. Saror and his co-
worker (1979) have shown that the more trypanotolerant Ndama breed of cattle has a
greater capability to control parasitemia than the susceptible Zebu breed. It has been

established that different strains ol 1. congolense vary in virulence in cattle (Siegmund,



1973 Naorrison et al., 1981 There appears to be a correlation between the level and
duration of parasitemia and the extent of the pathogenicity of the trypanosome strain
milder and more acute than that by 1. congolense 2295 which showed a higher and more

chronic parasitemia in Zebu bulls (Sckoni et al.. 1990¢)

243 Trypanosome metabolism in pathogenesis of Afvican (rypanosomiasis

[nvestigators of the pathogenic mechanisms in iy panosomiasis have implicated
the metabolic activity of the try panosonies (Von Brand, 1973; Stibbs and Seed. 1975a:
1976: Newton, 1979): products from trypanosomes due to either secretion or eytolysis
(Leetlang et al. 19762 Tizard et al.. 1978b: 1979: Esievo, 1979: 1980) and activation of
the release of certain components by the host (Boreham, 1968: 1070: 1979: Zwart and
Veenendaal, 1979).

The metabolic activity of a parasite might aflect its host in two ways: by depleting
essential putrients and Jor producing  toxic metabolites.  The high motility of
trypanosomes in the blood depends upon adequate supplies of glucose and Voorheis
(1969) has suggested that the continual demand for glucose by the parasite in acute
infections may result in decreased glucose metabolism in the host's peripheral tissues
leading to a condition resembling diabetes mellitus. 1t has however been suggested that
depletion of carbohydrate reserves in the host results in the breakdown of liver function
and the onset of lethal hypoglycemia: while Von Brand (1973) maintained that the

hy poglycemia was more likely due to breakdown in hepatic or endocrine mechanisms



controlling the metabolism ol carbohydrate reserves than a direet result of the massive
consumption ol glucose by the try panosomes.

Another aspeet of the high ghicose consimption by blood - stream try panosomes
is the production of pyruvate by the orpanisms and the accumulation of this metabolite
in the blood of experimental animals (Coleman and Von Brand. 1957 Grant and Fulton.
1957) is i direet relation with parasitenia. This condition may lead to depletion of alkali
rescrves, acidosis and lowered altinity of hacmoglobin for oxyeen (Newton. 1979). 1t has
been suggested that deficient oxyeenation of hacmoglabin, coupled with mechanical
blockage of the circulation, leads to cellular death by anoxia. Goodwin and Guy (1973)
have suggeested that high concentrations of pyruvate in tissue fluids may be associated
with the observed changes in the structure of connective tissues. The fibroblasts in
infected animals contain lipid droplets, cease to produce collagen fibres, and thus may
become detached into the surrounding tissue Huid (Goodwin et al.. 1973), It seems
likely that the high pyruvate concentrations in tissue fluids leads to increased lipid
synthesis and accumulation in the fibroblast and this may be responsible for or at least
contribute to. the degenerative changes observe in connective tissues of inflected rabbits
(Goodwin and Guy. 1973).

244 The role of trypanosome products in  pathogenesis  of  African
try panosomiasis

Haemolytic factors:  Tizard etal. (1979) hy pothesised that when try panosomes are lysed

by immune cytolysis in vivo they release active phospholipase Al which acts on

endogenous phosphatidyl choline to generate free fatty acids (FFAs). the most significant



ol which are linoleic and palmitic acids. Phospoholipase Al is capable. in conjunction
with FFAs. of cansig damage to cells and of degranulating mast cells (Condrea et al..

1964). Although FEAs cause hacmolysis i vitro Chizard et al.. 1977) they do not do so

FIPAS bound to serom albumin aie not extolyte. they remain capable ol influencing
[ymphocytes: Tinoleie acid s a potent immune suppressive agent ( Lizard ¢t al.. 1978b:
Assoku and Tizard, 1978) and palmitic acid is capable of acting as B-lvmphocyte
stimulant (Hazlett and Tizard, 1978). Another hacmolytic factor produced by T, brucei

(Huan ¢t al.. 1975115 a protein capable of damaging erythrocytes.

Sialidase (neuraminidase) and sialie acids: 1t has been shown that try panosomes

produce sialidase in vitro (Esievo, 1979) and in vivo (Isievo, 1980) and that the level of

this enzyme is directly proportional to the number of parasites (I:sievo, 1983). This
enzyme has been shown to eleave off ervthroeyte surface sialic acids in a number of host
species (Seaman ct al.. 1975; I'sievo ¢t al., 1982). The life span of the desialylated
ervthroeytes is reduced by their increased binding to, and eventual phagoceyvtosis by liver
and peritoneal macropahges in vito (Kuster and Schaver, 1981: Muller et al.. 1983) and
in vivo (Durocher ¢t al. 1975 Jancik ¢t al.. 1978) thus leading to anaemia in those
animals (I'sievo ¢t al., 1982). The severity ol annemia in try panosomiasis has been shown
to depend on level and duration of the initial peaks of parasitacmia (Dargie et al.. 1979b:

Maxie et al.. 1979: Esievo ¢t al.. T982: Sckoni et al.. 1990¢). Proteolytic enzymes are also



known to remove vatiahle fractions of the ervthroeyte surface sialic acids in the form of
glycopeptides (Cook et al.. 1960) and such proteases have been reported to be released

by trypanosomes ( Fizard et al . 1978)

2.4.5  Host metabolism in Afvican try panosomiasis

Serum and tissue fluid albumin levels fell steadily during the cowrse of 1. brucei
infection in rabbits, and levels of non-protein nitrogen rose (Goodwin and Guy, 1973):
Newport et al.. (1977) obsersed a significant (all in the levels of 7 (threonine., serine,
valine, isoleucine, leucine, tyrosine and try ptophan) out of the 18 amino acids investigated
during 1. gambiense infection of laboratory animals.  Tryptophan (Trp.) and tyrosine
(Ivry levels were most affected: Trv, (30%% of control level) and Trp. was almost
undetectable. Goodwin (1970) had carlier suggested that catecholamine metabolism was
defective in African trypanosomiasis.  This was later confirmed by the observation that
lowered serum Tyr resulted in concomitant fall in levels of derivative catecholamine
pools in the brain (Wurtman et al., 1974), 1t is known that depression of catecholamine
biosynthesis results in changes in sleep or activity patterns (Jouvet. 1969); body
temperature (Svensson, 1971), glyeogen and lipid metabolism and possibly cause mental
depression (Schildkraut, 1965). 1t is possible that the observed fall in serum Trp. could
result in decreased svnthesis of niacin and serotonin by the host, leading to pellagra-like
syndrome, changes in sleep patterns and depression (Stibbs and Seed, 1975a).

Transamination of Tvr. vields p-hydroxyphenylpyruvate - a known inhibitor of

adrenalin synthesis. High concentrations of this metabolite have been found in urine, but



not in blood. ot milected animals (Sobbs and Seed. 1975h: 19763, Similarly. deamination
of Trp. vickds a vanety of pharmacologically active compounds. one of which is indole

cthanol (tryptopholy. There is evidenee that tryptophol ¢an cause sleep. convulsions and

.

1969). Tryptophol has also been reported 1o cause immunodepression in laboratory
rodents (Ackerman and Seed. 1976).

Kinins were found to be released in rabbits amd cattde infected with L. brucei and

humans infected with L. rhodesiense (Boreham, 19682 1970) while levels of alpha-globin
precursor. kininogen. decreased. The enzymes that act on Kininogen to form kinins.
kallikreins, rise in the plasma and urine of L broeei mlected rabbits ( Boreham. 1979) due

o activation by try panosome antigen (Boreham and Woght, 1976a.h).

Changes in Plasma Profeins: [here are contlicting reports on the effect of
try panosomiasis on serum levels of total proteins,  Decreased levels of total serum
proteins have been reported in calves (Fiennes et al.. 1946). zebu bulls (Sekoni et al..
1990¢) and in sheep (Anosa and Isoun, 1976) infected with 1. vivax or . congolense.
Normal levels were reported in sheep mdected with L, vivax (Chukson, 1968) while
increases were recorded in three goats infected with 1. vivax or 1. congolense (Anosa
and [soun. 1976). Reports on the effects of the disease on serum albumin levels are also
conflicting (Clarkson. 1968: Anosa and [soun, 1976: Tabel, 1979). Esievo et al. (1984)

reported the almost complete depletion of serum hepatoglobin in bovine T. vivax

imfection.



Decrease in the Tevel of complement C3in the seram ol humans with sleeping
sickness (Greenwood and Whittle, 1976): 1. rthodesiense infected monkevs (Nagle et al..
1974). 1. congolense infected cattle (Kobayvashi and Tizard, 1976) and a "7srl1™ protein
similar to C3in 1 vivax infected calves (Clarkson et al., 1975) have been reported. The
C3 levels i 1. vivax infected cattle have correlated with the distinet {Grst and second

waves of parasitacmia (Label 1979) A decline in the total hemolyvtic complement

activity i both 1 vivax and 1. copgolense infections has been observed. Reduction of

complement activity and serum level of €3 may be partially due to considerable
consumption of complement component by immune complexes in fighting the repeated
parasitacniias, and or the activation of complement by try panosomal material like surface
glveaproteins (Musoke and Barbet, 1977: Niclson et al., 1978). The release of the
anaphylatoxins C3a and CSa may cause dilatation and may enhance capillary permeability
(Mulle-Eberhard. 1968) thus explaining the extensive edema in infected cattle.
Hypocomplementacmia potentially deranges the immune system. Tabel (1979) and
Rurangirwa ¢t al. (1979) have shown that immunosuppression plays a part in bovine
Iy panosomiasis

Ihe TpGoantibodies. which are directed against the common antigens, were
reported to increase to various degrees during trypanosomiasis in cattle (Desowitz, 1959;
Luckins, 1972: Clarkson ¢t al . 1975b). There is however no evidence that this increase
was from enhanced synthesis due to polyelonal activation of B-cells as observed in 1.
brucei inlected mice (Hudson et al.. 1976). Increases in serum levels of [gM have been

reported in natural (Luckins, 1972) and experimental (Clarkson et al.. 1975b: Luckins,



19760: Kobavashi and Fizand, 19760 infection of eattle either with 1. vivax or 1.
congolense and in humans sulfering from sleeping sickness (MassevelT et al.. 1972).
Lackins (19763 howesers seported o drop 1o subnonmal fevels afier the inital rise in two
Zebu bulls experimentally infected with 1. congolense.  There is evidence that some
homogenates ol try panosomes contain a mitogen for B-lvmphoeytes (Esuruoso, 1976;
Corsini ¢t al.. 1977y and cause a polyvelonal synthesis of immunoglobulins: however. 1.

congolense homogenates lack mitogenie activity Tor lympaoceytes ol mice, guinea pigs. and

vats (Manstield et ol 1976). The increased level of Tehin 1 vivax infection in cattle

may be satistactortly explained by elevated levels of antibodies to 1. vivax antigens.

Immunosuppression:  Holmes et al (19740 have stodied immune-responsiveness of
cattle during try panosomiasis. Their lindings show that there is extensive prolilerative
activity, in the first 3 - 4 months alter infection, in lymphoid organs of cattle
evidence of depletion of Ivmphoid organs has been found. The Ivmph nodes ol such
animals are small. fibrotic and relatively acellular: there is marked reduction in the
paracortical arcas and the bhymphoceytic tolhicles are small and inactive.

I he possible immunosuppressive ellect of try panosomiasis was reported by Parkin
and Hornby (1930) who observed a loss of resistance 1o intercurrent infections,  Since
then many secondary infections have been associated with trypanosome infection

(Fiennes. 1954). Holmes et al. (1974) showed that secondary humoral response to

polyvalent clostridial vaccine in L. congolense - infected cattle was lower than in



uninfectied controls, thus providing adireet evidenee of the immunosuppressive eltect of
rypanosomiasis. Lhe complete hmmoral nnresponsiveness observed in laboratory rodents
Voweeks alter mdection (Freeman et al. 1974 Mansticld and Bagasra, 1978) has been
attributed cither (o the polyelonal exhavstion of B-cells by a mitogenic factor of
trypanosomal origin (Esuruoso. 1976: Assoku and Tizard, 1978) or to depressed
suppressor cells and ‘or suppressed helper T-cells (ayvawardena and Waksman, 1977:
Mansticld and Bagasias 1978) Nanslicld and Bagasia (1978) hy pothesised  that
profiferating Becell clones fail to switch from 1gN (o ToGosynthesis and that the
suppressor T-cell function is lost or depressed. Corsini et al. (1977) as well as others
proposed that a trypanosomal mitogen from 1. brucet is responsible for the unregulated
proliferation and et synthesis of B-Cell clones and that clonal exhaustion eventually
results in the observed suppression of B-cell function. Another theory that has gained
popularity s that put forward by Javawardena and Waksman (1977) and supported by
Corsini et al. (1977) which proposes the generation of suppressor cells during
trypanosomiasts.  They suggested that non-specilic suppressor T-cells are stimulated
direetly by try panosomes to produce suppressive factors that act through macrophages.
Fhe presence of such suppressor macrophages, as well as suppressor T-eells, in the
spleens of T brueei - infected mice has been demonstrated (Lardley and Jayawardena,
1977).

Polyelonal activation resulting in clonal exhaustion (Greenwood. 1974 ab:
Assoku ¢t al.. 1977: Askonas ¢t al.. 1979 may not be a major mechanism of

immunosuppression in bovine try panosoniiasis sinee it has been shown (Rurangirwa et



al. TO83) that cattle chronieally lected witle | congolense responded to vaccination
better than those with acute infection. Tt has been Turther suggested (Fsievo and Saror.,

1991y that although the hy pergammaglobulinacmian observed in 1. brucei (Musoke et al

TO8T) and 1. congolense (Masake ¢t al. 1983) infections in cattle was due to the
production of specilic antibodies against the numerous variable antigen  types.
immmasuppression may be due o antgeen competition between the iy panosome and the
heterologous test antigens (Nantulva et al., 1982). This hypothesis is supported by the
observation that the degree ol immunosuppression depends on the level of parasitacmia

(Bahtz et al., 1981; Rurangirwa et al., 1983).

146 Pathogenesis of anaemin in African (vy panosomiasis

Anaemia has long been established as a sigmficant pathological feature of Alrican
try panosomiasis (Homby. 19212 Fiennes. 1954: Murray. 1974: Murray. 1979). It is in fact
the major discase-promoting factor ol bovine try panosomiasis. The onset ol anaemia in
trypanosomiasis corresponds with the appearance ol the parasite in the blood; its severity
depending on the level and duration of the initial peaks ol parasitacmia (Dargie ¢t al..
1979 Maxie ¢t al.. 1979; Esievo et al.. 1982). The anacmia is generally believed to be
haemolytic. occurring intravascularly very carly in the acute phase, and extensively
extravascular in the sub-acute and chronic courses of the disease. The underlving
mechanisms of anaemia have been divided into two categories (Murray et al., 1979): one
set that operate in the presence of the parasite: and the other category inelude those that

operate in the apparent absence of the trypanosomes.



Diveet hacmolysis:  The mechanisns involved i the fust category may include release
of haemolytic factors by living or dying trypanosomes. 1. brucei produces a protein

capable of damaging red blood cells (RBCs) (Hhoan et al. 1975). Major African

vivax and 1. congolense, are able to produce

try panosomes: the 1. brucel subgroup, 1.
a haemolytic factor(s) (Murray ct al.. 1979). while 1. congolense autolysates have been
shown to produce phospholipase AT CLzad and Holmes: 1970z Tizard et al.. 1978) which
releases haemolytic FEAs from endogenous phospholipid into the blood stream (Ngusen
Huan et al., 1975, Tizard ¢t al.. 1978u:b). This suggested mechanism has however been
questioned (Esievo and Saror, 1991) since FFEAs are rapidly bound by serum albumin,
thus. serum levels of FEAs have to be enormous in order to both exceed the binding
capacity of the albumin and also achieve haemolytic activity (Tizard et al.. 1978 a.b).
Thus this mechanism of erythroeyte destruction is probably insignificant in bovine
Ly panosomiasis.

It is also possible that the fever which often attends try panolytic crisis plays a role
in ervthroeyte damage and destruction. It has been shown that RBCs exposed to
temperatures a few degrees above normal body temperature for a few hours have
mereased osmotic fragility, undergo accelerated haemolysis in vitro and have a shortened
life-span in vivo {(Karle, 1969).

Tennings et al. (1974 also agreed that the rapid onset of anaemia in 1. brucei -
infected mice was due to damage to ervthroevtes as a direet or indirect result of

trypanosome infection. but they were ol the opinion that an immunological mechanism



might have been significant only at the later staees of the infection. when immune

response might have been mounted by the host.

Immune-mediated hacmolysis: Tnmunogloboling and complement substances have
been imphicated in anacmia of typanosome-infected Taboratory animals (Woo and
Kobayvashi. 1975), calves (Kobavashi et al.. 1976) and human subjects (Zoutendyk and
Giear, 1951 Barret-Connor ¢t al.. 1973) Eryvthroeytes from infected rabbits (Woo and
Kobayvashi. 1975) were lysed when brought in contact with fresh complement. suggesting
the presence ol antigen-antibody complexes. Antibodies against try panosomes have been
cluted from RBCs of infeeted vabbits and i bas been shown that try panosome antigens
are readily absorbed unto normal rabbit eryvthrocytes (Woo and Kobayashi, 1975).
Immunoglobuling and complement C3 have been demonstrated on RBCs of calves
infected with 1. congolense (Kobayashi ¢t al., 1976). The presence of complement-
dependent trypanosome antigen-antibody complexes on erythroeytes ol infected animals
likely facilitates phagocytosis by the expanded and active MPS via I'c or complement
receptors on the macrophage (Murray, 1979). 1Chas been suggested. however (Esievo and
Saror, 1991) that immunoglobolins and complement substanees act as opsonins in the
phagoceytosis of desialated RBCs produced in acute bovine trypanosomiasis (Esievo 1979;

Iisievo et al.. 1982).



Disseminated intravascular coagulopathy: Another mechanism that has been
implicated iy anacmia, although the effeet has been shown to be insignificant (Murray el
al, 10790y 4 disseminated intravascular coagulation (DIC). DIC has been deseribed in
mfected humans (Barrett-Connor et al., 1973: Jenkins et al.. 1974: Robins-Browne et al..
1975y rabbits (Boreham and Facer, 1974y and eattle (Valli et al,. 1978a), In DIC red cells
are damaged by widespread Libin deposition in the microvasculature leading to a form
ol haemaolytic anaemia termed microangiopathic hacmolytic anacmia in which the
erythroeytes appear as distorted cells which are liable to Iysis or phagoeytosis (Wintrobe,

1975]).

Hacmodilution and erythropoictic response:  The suggestion of hacmodilution as an
mmportant factor i causig anacmia in the carly stages of try panosomiasis  (Fiennes,
1954; Naylor. 1971: Holmes, 1976; Villi et al.. 1978) has been strongly refuted
experimentally (Dargie ¢t al.. 1979a:b). The contribution of hacmopoietic response in the
development of trypanosomal anacmia at this carly stage ol the disease is at best
controversial: with reports of depressed haemopoiesis (Boyeott and Price-Jones, 1913
Fiennes. 1934; Naylor. 1971b: Losos and Tkede, 1972) and active erythropoiesis
(Boreham. 1968: Mackenzie and Criukshank, 1973 Jennigs et al.. 1974: Murray et al..
1974 Assoku. 1975 Holmes and Jennings. 19762 Ingh et al., 1976: Maxie et al., 1976,
[979: Saror, 1980). Other reports chart o middle course between these two extremes by
suggesting that although no obvious evidence of dyshacmopotesis was observed the

ervihropoietic response were moderate for the degree of anaemia and the number of cells



bemg removed (Davgie. 1978)0 but Tess than adequate o prevent anacmia due 1o

reticulocndothelial blockaee of on metabolism tDarpie et al.. 19790:h).

Erythrophagoeytosis:  In the carly stages ol bovine try panosomiasis. perhaps the most
signilicant: mechanism  for anacmia is the one involving the expanded and active
mononuclear  phagoevtic  svstem which  is observed  in trypanosomiasis,
Frythrophapoeytosis in animal try panosoniiasis has been observed in 'L congolense -
inlected sheep (Mackenzie and Craikshank, 1973 1. vivax - infected goats (Saror, 1980)
and . comgolense - infected cattle (Fiennes, 1954 Naylor, 1971a; Losos ¢t al.. 1973:
Valli and Forsberg, 1979). Erythrophagoeyvtosis can be caused by coating ol erythroeyte
surfaces with trypanosome antigen (Jennings, 1976) leading to interaction with anti-
try panosome antiboadies and subsequent sequesttation of the atlected evvthroeytes by
erythrophagocytosis. Such antigenic material has been demonstrated on the surlaces of
sheep erythroeytes (Mackenzie et al.. 1978). Another process has been suggested. which
mvolves the production of sialidase by 1 vivax (Fsievo, 1979) and the cleavage of
erythroeyte surface sialic acids during bovine try panosomiasis (Esievo et al., 1982). This
exposes new antigenic sites against which antibodies may be produced and thus making
the aftected erythroeyvtes suitable for phagoceytosis,

Sialidase-treated ervthroeytes from different species have been found to be rapidly
sequestrated from the blood stream by the Tiver and spleen (Durocher et al.. 1975:
Aminoll et al.. 1977; Jancik ¢t al.. 1978) In vitro studies have shown that Kupftfer's cells

and peritoneal macrophages interact more strongly with desialylated erythroeytes than



with intact ones (Durocher et al o 19752 Tancik et al. 1978: Kolb and Kolb-Bachofen,
1978 Kuster and Schauer, 19812 Muller et al., 1981, 1983). Only recently Omage ¢t al.
{1995) showed that more ervihroeytes from 1. vivax infected Zebu calves bound to rat
peritoneal macrophages than did those from un-infected calves.

Frvpanosomes produce sialidase in vivo (Esievo, 1979): and in vitro (Esievo,
1980: Pereira. 1983: Percira and Hofl. 1986: Fngstler et al.. 1991: Engstler and Schauer,
1993y and this enzyme has heen shown o cleave ol red cell surtace sialie acids in a
number of host species (Durocher et al., 1975 Scaman ct al.. 1977: 'sievo et al.. 1982).
thus making them more prone to erythrophagocy tosis.

I'rvthrophagoeytosis is a two-step process (Kuster and Schauer. 1981: Muller et
al.. 1983 Kelm et al, 1986a. Kehm and Schauer. 1986) and requires pre-treatment of the
erythroeytes with sialidase. The first step involves the binding of the desialylated red cell
o the macrophage surface via a beta-D-galactose specilie lectin on the macrophage
surlace.  The second step requires that the first step be completed and it involves the
engulling ol the attached red cell. Vs later step appears o require the presence of
certain complement substance of the serum (Kuster and Schauver, 1981). The rate limiting
step of the overall process is the binding step and the only factor regulating this step
appears 1o be the amount ol sialic acids released from the surface of the erythroceytes
(Muller et al.. 1983: Kelm et al. 1986b). Experiments with rabbits (Muller ¢t al.. 1981)
and 1. vivax - infected Zebu calves (Ibrahim et al.. 1995) have shown that a beta-
calactosy l-specific Teeting seems 1o be involved in the mechanism ol sequestration of

desialylated ervthrocytes in vivo. Thus. sialidase exposes penultimate beta-galactose




testdues of the ervthroeyte membrane in ey panosomiasis (Omage ¢t al.. 1995) and
mteraction of these cells with a beta-galactose-specilic lectin on the liver and spleen
macrophages (Ihrahim et al.. 1995) results in the rapid sequestration ol the sialidase -
treated covthrocs tes fromy the Bloodsstream. The imvolvement of immunoglobulins and
complement factors ol the elassical and alternative pathways have been excluded from the
engullment process (Muller et al.. 1983), Thus the phagocytosis of bound desialylated
red cells by the macrophage is a function of only their number and binding strength to the
macrophages (NMuller ¢t al.. 1983).

[he binding ol desialy lated erythroey tes to macrophage surlaces is inhibited by
beta-glyeosidically bound beta-D-galactosy | residues (Kolb and Kolb-Bachofen, 1978:
Nagamura and Kolb, 1979; Kolb et al.. 1980; Schlepper-Schater et al.. 1980). Galactose
and related monosaccharides as well as lactose have been shown to inhibit similar
processes in vitto (Kelm and Schauver. 1980). Lactose and asialoletuin prevented the
sequestration ol bacterial stalidase-treated erythroeytes from the blood-stream of

experimental rabbits (Muller el al.. 1981).

'h

. Pathology of African Trypanosomiasis
2.5.1  Clinical pathology

Unlike the trypanosomes of the 1. brucei group 1. congolense (Hornby, 1949;
Losos et al.. 1973) appears to be a parasite ol the plasma. Large numbers of the parasite

have been found in the blood vessels of the brain, heart and skeletal muscles (Losos et al..

1973). Ihe changes usually  observed are  anaemia,  emaciation  and



polioencephalomalacia, probably caused by the accumulation of typanosomes in the
cerchral vessels (Goodwin, 1974), Other elinical changes are pyrexia. weakness. lethargy.
dull rough hae coats. pale mucons membrane (probably due to the severe anacmia).
enlarged superficial Ivmph nodes and jugular pulsations (Murray, 19742 Murray ¢t al..
1979)). The uneven distribution of the paasites. which show o preference Tor swarming
in the smaller blood vessels of selected organs (Goodwin, 1974). probably causes
disturbances in the microcireulation,

I he pathogenesis of 1. vivax mdections ditfer in some respecets from that of 1.
congolense infections (Losos and Tkede, 1972). The organism is fairly evenly distributed
throughout the circulivtory svstem. In such animals there is evidence of massive terminal
thrombosis in relatively Targe blood vessels. There is also loss of weight and condition.
anacmia and disturbances ol plasma proteins (Sckoni, 1990: Sekoni ¢t al.. 1990a: 1990h:
1990¢). Trypanosomes of the T brucei subgroup localise in solid tissues particularly in
the loose connective tissue stroma (L osos, 1979). Two stages of the disease in man are
recognised (Woodrull, 1974y the carly or blood-lymphatic stage and the later.
meningoencephalitic stage. The carly stage is marked by a moderate anaemia,
splenomegaly. hepatie dysfunction, myocarditis and reproductive disorders ( Woodrutf.
1974). Inthe later stages the CNS is involved and there is marked lethargy and eventual

brain damage.



2.5.2  Gross pathology

Increases in the weights of certain organs of | vivax and 1. congolense - infected
cattle were observed very carly in the infection (7 dayvs) (Losos and Mwambu, 1979),
b ]

Spleen increased by 5070 liver by 25% and kidneys by 60%a: and increase in the weight

of the heart (15%0) was also observed in the 1. congolense infection (Losos and Mwambu,
1979y Ata later stage of intection (60 daysy weights of Tymph nodes mercased by 5025
in L. vivax infection but not in 1. congolense infection (in fact a decrease in weight was
observed in these cases). Further inereases were observed in the weights of the liver
(50%%) while the kidney attiempted @ return to normality (increase was only by 25%): the
adrenals also increased inweight by 25%,,

Calves infected with 1. congolense had muceh less body Tat and body flesh and a
aveater proportion ol visceral to carcass weight. There was atrophy of the thymus gland
(Valli et al.. 1978by and the heart was more globose and heavier and tended to have less
fat around coronary vessels. Lungs from infected calves did not collapse completely and
were slightly larger (Valli ¢t al., 1979b). The liver and spleen were grossly enlarged. The
Kidnevs were also shightly heavier. The most prominent change in the haemopoietic
system was marked conversion of the Tat to hacmopoiesis in the femoral marrow with

almost all but a small central area of medullary fat converted to haemopoiesis in most

antmals (Valli et al.. 1978h).



253 Thstopathology

Fhymic and splenie changes:  Thymic fobules were small and there was a prominent
reduction in cortical width. Inter-lobular septa were mfiltrated with far and frequently
with cosinophils: there swas also o noticeable reduction in density of Iyimphoceytes in both
the cortex and medullary arcas (Vallt ¢l al.. 1979h).

Morrison and Nurroy (1979) identificd two distinet phases in splenic cellular
changes durmg 1. congolense inlection of mice. In the carly proliferative phase a peak
of proliferative activity occurred coincident with the Tirst peak of parasitemia, this phase
is characterised by marked increases in plasma cells and a corresponding decrease in the
percentage of small and medivm Tvmphocytes. and this oceurs in both the white and red
pulp of the spleen i the st ten davs (Valli et al, 1978b). In the Tater depletion phase
there s further increase i content of erythroid cells and increase in numbers of large

macrophages and granuloeytes often with prominent hemosiderin accumulation,

Lymphoid changes: Unlike the spleen the Iymph nodes of 1. congolense infected mice
(Morrison and Murray. 1979) show only minor changes belore day 20 of infection.
I'herealier, however. marked proliferative activity starts in the follicular cortex and
numerous plasma cells appear in the medutlany cortex. These changes become more
pronounced as the infection progresses.  The follicles ol infected calves were generally
larger than those in control animal (Morrison et al.. 1979) though the cell density within

the germinal centres was lower, and in many cases there was follicular hyalinosis and

fewer mitoses in infected animals than in controls,  The area normally occupied by



35
thymie-dependent small lvimpocstes had a marked increase in stromal collagen and a
dense collection of Targe macrophages, often with prominent hemosiderin accumulations
(Morrison and Murrav, 1979) Focal plasmacytosis oceurred around small vessels in the
medullac, and the postcapillany venuoles were prominent with high vesicular endothelium.
In 1. brucei infections, during which the organisms enter the tissues and are present in
Iymph (Lambertand Houba, 19740 Ssenvonga and Adam. 1975). the changes observed
in the [vimph nodes are much more severe and oceur much earlier than with 1. congolense

(Murray et al.. 1974).

Hepatic changes:  The liver changes consisted of hepatocellular atrophy with sinusoidal
dilatton and  endothelial and Kkuptler - cells proliferation. periportal  Ivmphoid
accumulation oceurs but is not prominent. and no areas ol necrosis are usually present
(Valli et al.. 1979b). In L. rhodesiense infection of man parenchymatous degeneration

which are associated with liver dystunction are observed (Woodrufl. 1974),

Renal changes © Renal changes usually consist ol lymphoid aggregates occasionally
mcluding germinal - centres around arcuate arterioles and occasionally in juxtaglomerular
locations (Valli et al.. 1979h). There is a moderate overall atrophy of tubular epithelium
without arcas of necrosis and a generalised increase in glomerular size and mesengial
density (Murray et al.. 1975). Temosiderin may be present in basilar arcas of proximal
tubules and within the mesengial arcas of the glomeruli (Nagle et al., 1974). A ditluse

and global increase in glomerular cellularity and a decrease in luminal area, due to



clogging of capillaries by hemosiderin - bearing macrophages. are also observed (Nagle

et al, 1970 Lambert and Houba, 1970 NMurray et al., 1975).

Adrenal Gland Changes: An increase in cortical width. which is largely due to increase
i wicdth ol the zona fasiculata, of the adrenal gland is observed in inleeted animals (Valli
ctal.. 19790y, There is also increased nuelear density of the zona fasiculata indicating

that the colls withing althouph more nmnerons, ae simatler,

Cardiac changes:  The heart s one ol the most severely  allected organs in
trypanosomiasts (thede and Losos, 19720 1975 Murray, 1974 Morrison et al.. 1979),
Fhere is diffuse myocarditis (Morrison et al.. 1979) which in most terminal cases is held
responsible for death. Lesions are mitially found beneath the epicardium and endocardium
and are more severe in the atria than in the ventricles, In more advanced cases the entire
myocardium is involved; there is marked distortion and degeneration of myocardial fibres
and in some sites necrosis is apparent (Morrison ¢t al., 1979). The lymphatics in the
epicardium are distended and contain numerous macrophages and polymorphonuclear
leukoceytes and sometimes lymphocytes and oy panosomes (Murray, 1974: Galvao-Castro
et al.. 1978) In some cases the lymphatics are completely occluded by thrombi that
contain fibrin as well, Furthermore, there often is severe necrosis of both arteries u.nd
veins in the epicardium (Morrison ¢t al.. 1979). An overall increase in the number of
mycocardial nuelei per unit arca. with the nuclei enlarged and more vascular, was

observed in some cases (Valli et al.. 1979h),



Pulmonary changes:  Changes i the lungs consists of a marked and consistent increase

m width of alveolar walls with increasd numbers ol inflammatory cells within the alveolar

al. 19790 consisted of a mild dilatation of the pernivascular spaces and inereased number
of Ivimphocytes in these arcas. The capillary Tumina was untformly dilated and contained
haecmosiderin-bearing macrophages (Valli and Forsherg. 1979).

Fhe effects of the 1. brucei. subgroup on the brain are much more severe because
of their invasion of the CNS in large numbers (Ikede and Losos. 1972: Murray, 1974,
Morrison et al.. 1979). The invasion of the ONS by the trvpanosomes begins and
continues in the form ol a propressive leptomeningitis, after variable length of time from
first mtection. untid in the later stages reparable damage is done to the brain tissues
(Woodrull, 1974). There is widespread cellular infiltration with mononuclear leukocytes
(Valli et al.. 1979b; Mwambu and Losos. 1979) and this is more pronounced under the
piamatter (Woaodiufi, 1974) The proliferation progresses until it is general throughout
the white matter and focal arcas. Permanent and irreversible neuronal degeneration may
oceur with proliferation of glial cells and sometimes pin-point arcas ol haemorrhages

{Mwambu and [Losos, 1979),

Enterie changes:  Changes in the enterie tract consist ol a thickening ol the squamous
epithelivm of ruminal  villi in both the germinal and Kkeratinised layers (Valli ¢t al..

1979b), A greater arca of lamina propria in the intestinal villi of infected animals is



accupied by cosinophil and plasma cells (Valli and Forsberg. 1979), In addition there is
usually a mild but consistent dilation ol the central Ilvimphatics of the intestinal villi. A
mild reduction in pancreatic acinar cell size as well as in cellular area occupied by

zymogen granules may be seen

Bone marrow changes:  [he bone marrow ol infected animals 1s usually much more
cellular than that of normal animals (Valli et al., 1979h). The fat cells in infected call
marrows were only hall the size of those in controls (Valli ¢t al.. 1978a). Lymphoid
modules (and occasionally germinal centres)y are requently present i the masrows of
mfected animal and are never scen i marrows ol controls (Valli et al.. 1979).
Hemosiderin is mercased i the marrow which tends to be Targer and more coarse than in
controls - mndicating a mild degree ol myvelolibrosis.  In infected calves there were
approximately three times as many myeloids and about 15 times as many erythroid cells
(Morrison ¢t al.. 1979). Red blood cells were six times as numerous per unit area in the

marrows of infected calves, indicating capillary dilation in this tissue (Valli et al., 1978).

Reproductive organ changes: 1 .ow production trait, especially male sterility 15 one of
the symptoms of bovine trypanosomiasis. Genital fesions have been reported in sheep
and goats infected with 1. vivax (Isoun and Anosa, 1974: Anosa and Isoun, 1980) and in
sheep. rabbit and mice infected with 1. brucet (Ikede, 1979; Tkede and Akpavie, 1982:
Anosa and Kaneko, 1984) and in cattle infected with 1. vivax and 1. congolense (Sekoni,

1990, Sekoni et al., 1990a). Trypanosome - induced abortion has also been reported in

zebu cattle (Nuru, 1974; Ogwu, 1983). Genital lesions can lead to deterioration of seminal



chianactenistios and eventually o cessation ol spermiatogenesis when the testes themselves
are involved (Lagerlof, 1936: Rao, 1971 Kumi-Piaka et al. 1980; Tkede et al.. 1988.
Sckont et al., 1988; 1990b).

Working with bulls infected with I, vivax and . congolense, Sekoni et al.
(1990a), found testicular degeneration ranging in degree from the mild to the severe:
complete destruction of all cellular structures within the interstitial tissues and
seminiferous tubules was recorded in one bull.  Ipididvmal. seminal vesicular and
prostrate gland degencration as well as decreases in eptdidymal sperm reserves were
observed. No lesions were observed in the cowper's glands. while only one animal had
maoderate degeneration of the ampullac. In the same experiment another group of bulls
mdected with 1. congolense showed the same lesions in more severe and extensive forms.
These degenerative changes appear to be ireversible alter a particular stage since
chemotherapy could not result in regeneration of damaged testicular machinery in 1.
vivax and 1. congolense - infected bulls (Sekoni, 1990) and 1. brucei - inlected rabbits
(Tkede and Akpavie. 1982) as well as L. brucei and I, vivax infected sheep (Akpavie,

1987).

time of cjaculation (indicative of reduced libido) decreased semen volumes and sperm
concentration in cjaculated semen; as well as increase in morphologically abnormal
spermatozoa (Sekoni et al., 1988): the changes were more severe in the T, congolense
infection.  Abnormalities observed (Sekoni et al.. 1990b) in the sperm morphology

included sperm head abnormalities., detached heads, proximal eytoplasmic droplets, distal



10
extoplasmic droplets, midpicce abnormalities. and sperm-tail abnormalities.  Sperm
morphological abnormalities have been correlated  with infertility and possible sterility

(Blom. 1950, Saacke et al.,

1968). Reduced libido and impotence has been reported in
humans with sleeping sickness (\Woodiad 1. 1974).

Abnormal estrous eyeles and degeneration of the female genitalia have been
reported in infections by various pathogenic tryvpanosomes i livestock. 1. vivay
imlection caused silent estrous, irrepular estrous, and temporary anestrus in sheep
(Adenowo, 1989) and anestrus of up to 6 months in chronically infected Zebu heilers
(Ogwu et al. 1984y 1. congolense infection ol Boran cows (I uckins et al . 1986,
[lewelyn et al . TO88) caused anestrus of up to 100 days and irregular or short estrous
cyveles and anestrus in goats (Mutayvoba et al., T988).

The structure and function of the ovaries are affected by trypanosomiasis. 1.
vivay - induced cystic degeneration (Vohradsky, 1971) and arrest ol ovarian function
(Opwu et al.. T984) have been reported i cattle. Infection with 1. congolense caused
stoppage of cyclical activity of the ovaries ol Boran cows (Luckins ¢t al., 1988) and
development of atrophic ovaries with multiple tollicular eystic degeneration and total
absence of corpora lutea in Zebu heifers (Ogwu and Njoku, 1991). Other effects of
bovine trypanosomiasis on the female genitalia include Maccidity and atony of the uterine
horns (Ogwu et al., 1984), massive endometrial mononuclear cell infiltration, glandular
atrophy. periglandular cell infiltration. myometrial atrophy and libroplasia in the uterus

(Ogwu and Njoku, 1991).



ey panosome - induced reproductise problems sueh as abortions during various
stages of pregnancy. birth of weaklings, premature births, birth of anacmic offsprings. low
birth weight and neonatal call” mortalities  have been reported in 1. vivax and 1.

congolense - infected cattle (Ogwu et al.. 1986: Ogwu and Njoku, 1991: Anene ¢t al..

1991y and in 1. rhodesiense ilected swomen { Woodrufl, 1974,

2.0 Chemotherapy of Afvican try panosomiasis

[reatment of Alrican trypanosomiasis involves the use of therapeutic drugs.
injected parenterally into the patient. These treatments primarily aim to limit loses due to
these diseases. Although attempts o vaceinate with killed or irridiated trypanosomes
(Kligler and Wertzmann, 1926) have given promising results in laboratory animals, i the
ficld this method is unrelinble. This is due to the complex host immune reaction and
antigenic varation of the parasite (Cross and Johnson, 1976: Cross, 1977: 1978a:b: Barry
and Hajduk. 1979).  So in the absence of an elfective immunisation technique,
prophylactic tryvpanocidal drugs are used to protect human and animal populations
(Fiennes. 1952: 1933a:b: 1960).

Development of very effective drugs between 1940 and 1960 (Fiennes, 1960) has
led to the wide use of trypanocides to control African try panosomiasis: however, since
1961 no new trypanocide has passed the experimental stage (CTAL 1989). So the drug
treatment of trypanosomiasis is dependent on a limited number of products. Suramin and
pentamidine are used for prophylaxis and treatment of early stages of the disease in man:

while oreanic arsenicals such as try parsamide and melaming | compounds for advanced



cases. when trypanosomes have ivaded the CNS (Whiteside. 1962y, The draps used in
veterinary medicine generally fall into four chemical Lanilies (CTA. 1989): urea
compounds  (e.g. Suramin), phenanthridiom compounds  (Ethidium. - Novidium,
Prothidiom and Trypamidinm). quinapytamine compounds (Antrveide) and aromatie

amidine compounds (Berenily.

2.6.1  Mechanism of Action of Trypanocides

Study of biocheniical modes of action of antimicrobials has led to identification
ol six key arcas of metabolism as targets Tor drug action (Franklin and Snow, 1975;
Gutteridge and Coombs, 1977); encrgy metabolism. membrane function, colactor
svnthesis. protein synthesis and cell wall synthesis. The selectivity ol the drugs for the
microbial systems is dependent on five actors (Gutteridge and Coombs, 1977) which
include: the ability of the drug to selectively permeate or concentrate in the parasite, to
attack a target present only i the parasite, to diseriminate between isolunctional targets
in the parasite and the host. and o block a target that is of greater importance to the
parasite than to the host. Another [actor is the selective activation of the drug only in the

parasite.

Drugs interfering with encrgy metabolism: Organic arsenicals, such as tryparsamide.
act by inactivating sulphydryl groups of proteins and enzymes (Gale ¢t al., 1972 Franklin
and Snow. 1975) thereby inactivating the enzymes. It has been suggested that the organic
arsenical trypanocides inactivate trypanosomal pyruvate Kinase (Newton, 1974) hence

inhibiting the glycolytic pathway which is the chicef energy source for blood-stream



Adrcan trypanosomes (Von Brand. 1967 Voorheis, 1969). The selectivity of the
arsenieals appears 1o rest meopart on their preater permeability into the try panosomes, in
part on the greater seasitivity ol the iy panosomal pyravate Kinase to inhibition, and in
part on the greater dependence ol trypanosomes on glyeolysis for ATP synthesis
(Gutteridge and Coombs. 1977).

Fhe mode of action of Sturamin s sull obscure, 1t is. however known to inhibit
many enzymes (Coombs, 1976). In try panosomes the remarkable sensitivity of the unique
enzyme L-alpha-glycerophosphate oxidase to Suramin is believed to be responsible for
its selective destruction of trypanosomes in the blood of hosts (Gutteridge and Coombs,
1O77y. This oxidase is responsible for regencration of NAD during glyeolysis in the

parasite,

Drugs interfering with nucleic acid synthesis:  The trypanocides of the phenanthridine
group act by interlering with synthesis ol nucleie acids,  Eihidium was reported to
selectively inhibit trypanosomal DNA and RNA syvnthesis (Stephen, 1958; Stephen and
Williamson. 1958), later reports (Gale etal.. 1972: Newton, 1974: Franklin and Snow,
1975: Gutteridge and Coombs. 1977) indicated that DNA and RNA polymerases were
inhibited due to intercalation ol the drug with DNAL The aromatic diamidines such as
Pentamidine and Berenil also aet by hibiting nucleie acid synthesis (Bauer, 1958

Fulton. 1960), The drugs bind. though not by intercalation, to the DNA (Gutteridge and

Coombs. 1977).



Fhough the phenmthridines and iromatic dinmidines exert o very specilic effect
on Kinctoplast DNA syathesis at lower ding concentrations (Frankline and Snow. 1975
Borstand Fairlamb. 1976) it is unlikely that this interaction is related 1o their (rypanocidal
action (Gutteridge and Coombs, 1977), since it is improbable that Kinctoplast DNA is
transeribed and translated in the blood torms of the parasites (Borst and Fairlamb. 1976).
Further more, the drugs bind to DNA from whatever source (Franklin and Snow. 1975).
thus the selectivity of these drugs seems to be a function ol permeability (Gutteridge and

Coombs. 1977y where the drugs penetrate into the parasite but not into the host cells.

Drugs interfering with protein synthesis: — The quinapyramine trypanocides, ¢.g.
Antryeide. act by inhibiting protein synthesis in the parasite (Ormerod. 1951), Antryeide
seems to act by displacing Mg~ and polyamines from the eytoplasmic ribosomes of
trypanosomes (Newton, 1974; Franklin and Snow, 1975; Gale et al.. 1975) and this results
in the aggregation and inactivation of the ribosomes thus blocking protein svnthesis
(Hanas et al.. 1975: Gutteridge and Coombs. 1977). The selectiy ity ol the drug depends

on selective permeability.,

2.0.2 Problems and prospects in chemotherapy of tey panosomiasis

Resistance has been reported to occur against all these drugs and development of
resistance (o one compound is often accompanied by cross-resistance to others
(Whiteside, 1962). L. cruzi infections are characterised by their resistance to all drugs in

general use for the treatment of African trypanosomiasis.  Tests with a nitrofuran



derivative, however, scemed to b cncouraging (Haberhorn et al.. 1970). The need for
new trypanocides, therefore, is very real and wrgent.

Ihe chemist's achievements have heen limited by his lack of information about
the nature of primary drug-binding sites on sensitive eells and about the essential
teactions he should aim to block (Whiteside, 1962). The obvious approach to the problem
ol developing new drues inelude: detailed comparison ol homologous cnzvmes in host
and parasite. unique cell components or metabolic pathways in parasites sought. Efforts
in these directions have met with little success. Reasons for this failure are many, but in
the particular case of chemotherapy of trypanosomiasis the main bottle-neck has been the
difficulty of obtaining parasite material in the quantities required for biochemical research
(Whiteside. 1962),

Salivarian species of Lrypanosoma can only be grown continuously in vitro in the
culture torm (Weimmann, 1959). The medium generally used is complex and contains
blood constituents: however, some progress towards a completely defined medium for
growth ol 1. brucei has been made (Cross and Manning. 1973}, Blood stream forms can

not be cultured in vitro: the best that has been achieved is an increase in parasite numbers

of eight 1o ten-fold in the presence of L-cells maintained in tissue culture medium. Very
limited success has been achieved in growing amastigotes of 1. brucei in non-cellular |
media ( Trager, 1939: Lemma and Schiller, 1964; Pan, 1971).

However, in the absence of cultures ol trypanomastigotes forms the effects of
drugs have been studied on a number of systems (Whiteside, 1962): mcluding non-
pathogenic flagellates which can be readily grown on defined media. culture forms of

1



laboratory sirains of pathogens. blood-stream forms cither in vitro as washed suspension
ol non-dividing parasites, and enzvmes and other cell constituents isolated  from
parasites.

Fhere are many angles from which chemotherapy can be attacked. Isoenzymes
with different drug sensitivity are now being found in parasites and mammalian cells.
Nutritional studies are beginnimg to reveal metabolic deliciencies  in iy panosomes:
greater understanding ol these deliciencies may lead to the development of new
metabolite analogues. The Kinetoplast of trypanosomes is regarded as a specialised area
ol a unigue type of mitochondrion which plays a vital role in the developmental cvele ol
try panosomes: in the 1. brucei group the presence of kinetoplast DNA appears 1o he
mandatory for the development of the parasite in culture and in its insect vector.,
Inhibition ol the synthesis of kinctoplast DNA by acridines. phenanthridines and
diamidines gives rise to "dyskinetoplastic” organisms which are unable to infect the insect
vector (Newton. 196006).

Another well established characteristic of the trypanosomes is their ability to
undergo antigenic  variation in the mammalian host (Gray, 1965;).  Successiul
immunisation against African trypanosomiasis has been impossible because of the
apparently unlimited capacity of these trypanosomes for changing their antigenic
character (Gray, 1965). Detailed knowledge of the chemical nature of these antigens and
ol factors controlling their synthesis may reveal brochemical mechanisms sufliciently
different to those lunctioning in host cells for them o become targets for

chemotherapeutic attack. Restriction of antigenic variation would give host defence



mechanism a better chance ol controlling infections and wonld possibly permit the
development of a technigue of imunization

Other biochemical pecudiaritics of try panosomes which. on further investigation,
may provide sites lor the action ol sclective mhibitors include the branched electron
transport pathway (T 1972y and the hiosynthetic and biodegradative reactions involved
m the changes w lipid aud sterol composition of (e panosomes during their developmental

cyeles (Newton et al.. 1973).

2.7 L.actose
2.7.1  Lactose Metabolism in Mammals
I actose (beta-D-galactopyranosyt (heta-1-H-D-Glucopy ranoside) is found in the

free state in appreciable quantity only in the nmilk, and it is a major energy source for

imfants (Smith ¢t al., 1985). Lactose is also found as the carbohydrate components of

glycolipids in the membrances of cells where they serve as surlace antigens. Laclose is
a better nutrient in milk than glycose for infacts because it is slowly hydrolysed in the
imtestine (Smith ¢t al.. 1985) by the mucosal brush-boarder enzyme, Lactase (B-
galactosidase), resulting in a steady energy supply and a comparatively constant blood
glycose level between feeding (schaalsma and MeDonald, 1983). Lactose is also believed
to assist in the development ol a favourable envivonment i the intestine resulting in the
development ol lactric acid flora, which may inhibit the growth of pathogenic fora
(Schaafsma and McDonald. 1983). The disaccharide is also believed to accelerate

calcium-uptake in the intestine (Allen. TO82).



Lactose can however be toxie in lactose intolerant individuals. Lactose intolerance
i infants 1s due to congenital absence or inadeguacy of intestinal lactase. while in adults
it is due to the natural decline in Lactase activity as the individoal matures (Bowman and
Brand. 1985) - especially with reduced intake of dairy products. In Lactose intolerance
Lactose is not digested in the siall intestine and is passed into the colon. The sugar is not
absorbed in the colon and is acted upon by bacterial Inctase. The monosaccharide products
are partly metabolised. but poorly absorbed, hence the solute content of the colon is
increased. This results in osmotic shift of water into the colon with consequent severe and
chronic diarrhoea,

Lactose is excreted in the urine and urinary out-put is high in infants and pregnant
or lactating women: and increases in adults following a long-term exclusive milk diet
(Pillegi and Szustkiewicz, 1974).

Lactose is synthesised in the manmary glands from uridine Diphosphate-galactose
and glucose in a reaction catalysed by Lactose synthetase (smith et al., 1985). Lactose
synthetase 15 an enzyme complex containing galactosyl transferase and a modifier sub
unit (stryer, 1981). During pregnancy. galactosyl transferase is synthesised and stored in
the mammary gland. but there is little moditicr submit. At paturition. abrupt changes in
the levels of some hormones elicit the synthesis of large amount of moditier submit and
the resulting lactose synthetase complex then forms large amounts ol lactose (stryer.
1981). Galactosy] transferase is present in most tissues where it participates in the

svnthesis of the cartbohydrate moiety of glyveoproteins.



2.7.2 Chemistry and uses of Iactose

I actose oceurs as oo white powder which is odourless and has a faintly sweet taste
(Zadow, 1991y 1t is stable in air but readily absorbs odours. 1t is very slightly soluble in
alcohol and is insoluble in chloroform and ether. Aqgueous solution of the sugar is neutral
to litnus paper. Due to the free hydrosyl group at the anomerie carbon, it exists in two
forms: The alpha- and beta-torms (Zadow, 1991). This feature makes lactose a reducing
sugar and thus it gives positive reaction with fehling's solution.,

[he disaceharide s extracted from whey, The whey is subjected to various
treatments (liming. heating and Gliation) (o obtain the "Nother hiquor™ (Zadow, 1991).
[ he mother liquor is concentrated. refiltered and the flrate allowed to erystallise. The
lactose crvstals are then centrifuged off.

Lactose has found wide use in baby food, conlectionery and pharmaceutical
imdustries. Lactose is a uselul carrier for flavours and colours and hence it is used in
products such as sachet walers, seasoning and baked goods: the confectionery industry
uses lactose to obtain desired end product properties relying on lactose to alter the
crystallisation characteristics ol other sugars (Zadow, 1991) In the pharmaceutical
industry lactose is used as diluent and binder in tablets and as a placebo in drug trials
(Bentley, T984).

More recently (kolb and kolb-Bachofen, 1978, Nagamura and Kolb, 1979, Kolb
et al.. 1980: Schlepper-Schater et al., 1980 Kelm and Schauer, 1986) Lactose and other
B-galactoside compounds have been used to inhibit erythrophagocytosis of desialylated

RBCS by rat peritomeal macrophages. The rapid sequestration of homologous



desialylated erythroeytes from the blood stream ol rabbits has been considerably in

hibited by intravenonsty administered Tactose tmaller et al., 1981)



CHAPTER THREL

MATERIALS AND METHODS

AN | Introduction

I his rescarch was designed to establish whether lactose would be able to slow
down the rate ol development of anacmia during Try panosoma vivax infection ol Zebu
calves. Since Tactose was 1o be nsed as a possible chemotherapeutic agent. it was
necessary (o establish its plasma Linetics properties in Zebu calves in the presence and
absence of 1. vivax infection. It was also important to establish the normal level of lactose

in healthy Zebu cattle sinee lactose 1s normally produced in mammals and is occasionally

found m plasma in appreciable gquantitics,

3.2 Materials
All chemicals used in this experiment were reagent grade (see appendix 1), The

Isber

strain ol Saccharomyces

ensis used for the partial fermentation of plasma
sumples in this work was obtained from the department of Microbiology, Ahmadu Bello
University Zaria: and the fermentation specificity contirmed.  The 1. vivax (Samaru

strain) was obtained from a natural infection in a local Zebu cow.,

33 Ioxperimental Design

I he experiment was divided into three distinet phases as follows:



S50 Phase 1z To Establish Fhe Novmal Levels of Lactose in Apparvently Healthy
Zebu Cattle

1) Animals: Phirty=six (30) adult cattle and ten (10) calves, all of the Zebu
breed were randomly selected from o herd certified healthy and not previously exposed
to the nisk of trypanosome inlection. The animals were residents of the environment and

were, thus, already acclimatized. They were being grazed daily and supplemented with

cotton seed and groundnut hay. Salt ick and water were supplied ad libitum.

i) Collection of samples: Five mulhilitres of blood were collected from each

animal. by jugular venepuncture. into tubes containing Ethylene Diamine Tetra Acetic
actd (FDTAY as anticoagulant. A pottion of the collected bload was used for the
determination of basic hacmatological parameters.  The plasma was harvested, by
immediately centrifuging the remaining samples at 3.000 g for 15 minutes and stored at

-20°C until required tor analy sis.

i) Analvsis of samples:

(a) Percentage packed cell volume (PCV) was determined by the standard
microhaematocrit method.

(hj The lactose concentration in the plasma was determined by method of Wahba
(1963) (see appendix 1) after partial fermentation of plasma samples, 1o remove
interfering substances. using S. carlsbergensis by the method deseribed by Horowitz et

al.. (1951) (see appendix 11).



A320 PHASE I To Establish the Normal Plasma Kineties of Lactose in
Healthy Zebu Calves

1) Animals: Seven zebu calves, 12-18 months old. weighing 70 to 80 kg and with no
previous record of exposure 1oty panosomal infection. were purchased from an area
known to be tsetse free. On ariival the animals were acelimatized and vaccinated against
anthrax. black quarter. bovine  pleuropneumonia and rinderpest. Daily grazing was
suppiemented with cotton seed and pround oot hay . Water and salt lick were provided

ad libitum.

i) [reatment: he calves were divided into two groups ol three and four animals
cach. The animals in the first group of three calves were each given, intravenously, a
single dose of 0.5 g lactose/kg body weight as a solution in physiological saline (0.9%
NaCly at an infusion rate of approximately 9 mbmmute.  Five millilitres blood were
collected at specitied time intervals (30-60 minutes intervals) from the jugular vein on the
other side opposite the site of inlusion of Tactose solution, into EDYTA- tubes, A portion
of the blood was used for determination of the haemogram. The rest was centrifuged at
3.000 g to harvest the plasma, which was stored at - 20°C",

[ he animals in the second group of four calves were each given repeated doses of
0.5 ¢ lactose/kg body weight as described above. Three doses at four-hourly intervals
were administered per day. Five millilitres ol blood samples were collected at specilied

time intervals as carlier deseribed. Plasma was harvested and stored at - -20°C.,



1) Analysis ol samples: Plasma lactose concentration was determined for all

collected samples as stated carlicr. POV was determined by the haematoerit method: total
red blood cell (RBC) and leukocy te counts were done using the new improved Neubauer

hacmocytometre. Total plasma protein was estimated using the Hand refractometre.,

) Preparation ol lactose solution: I actose solution lor infusion was prepared
in physiological saline (0.9% NaCTy A 50" solution was prepared with warming. and
sterilised at 15 Ibhs/sq in. pressuwre tor 5 mimutes. The solution was allowed to cool to

room temperature slowly. The solution was warmed 10 37% just before infusion into the

animals.

V) Analysis of data: I he plasma factose profiles for cach animal was prepared
hy plotting the plasma lactose concentrations against the sampling time. Semi-logarithmic
plots of the same data were prepared by plotting the concentration values on the
logarithmic scale of a semilogarithmic graph sheet the regression line was calculated
(Chatfield. 1983) and drawn. The biological hall - lile (1,,). climination rate constant
(K,). total clearance (C) and apparent volume ol distribution (V) of lactose in the
animals were cafeulated from the semi-log plots as described by Grahame-Smith and
Aronson (1992),

The t,,, was defined here as the time taken for hall the concentration of lactose in
the plasma at a given time to disappear: while the K. was the amount of lactose
eliminated from the body via all routes per unit time (hr). Total clearance was defined as

the volume ol body luid from which the lactose was eliminated per hour, while V was



the total volome of plasma in which the administered lactose needed 1o be dissolved to

cive o unilormt concentration.,

3330 PHASE HL: Effect of Trypanosoma vivax Infection on Plasma Kinetics of

Lactose and Effeet of Infravenous Lactose on Course of
Infection

). Animals: Fourteen Zebu ealves, 12-18 months old and weighing 80-90 kg
were purchased and pretreated as carlier described. The animals were divided into four

eroups. ol which two contained fonr calves each and the other two contained three calves

cach: housed and treated separately,

. Treatment: Fhe vartous groups were treated as follows:
al Group Inormal controls): — These three calves were not infected nor were they
given any lactose therapy. Five millilitres ol blood were collected every morning, at
08:00 hr (local time) for analysis of hacmatological parameters.

) Giroup 11 (Tactose controlsy: The Tour animals in this group were not infected but
cach reccived repeated doses of 0.5 g lactose/K g body weight thrice daily at four-hourly
imtervals (at the same peniod as when lactose was administered to group vy, Five
millilitres of blood samples were collected for hacmogram and plasma lactose estimation
as carlier described.

¢) Giroup HI (infected controls): Each of these three animals was infected by jugular
venepuncture with 5 ml of goat blood, infected with 1. vivax (samaru strain), containing
I x 10" trypanosomes. Five millilitres of blood were collected daily at 08:00 hrs (local

time), to monitor parasitacmia and other hacmograms. Scrum for estimation of serum



Iree sialic acids. was prepared by allowing S ml ol collected blood to ¢lot and centrifuging
at 3.000g.

d) group IV (experimental animals). These four animals were infected with 1. vivax
as described for (¢) above. On day six, post infection (pi), when infection had been
established (as indicated hy declining POV, Tactose therapy was started and lactose was
admimistered thrice datly as canlicr stated. 1 actose therapy was continned through to day
10, pi. For the first two days of Tactose therapy blood samples were collected at specilied
(30 minutes - 60 minutes) intervals in between infusions and plasma harvested for the
determination ol plasma Kinetics of Tactose in infected animals. Blood for determination
of parasitacmia and haemograms was collected in DY TA-tubes, lirst thing every morning
at 08:00 hours (local tmey every day throughout the duration ol the experiment. Serum
was prepared for determination of serum free sialie acids.

I'he various treatments were stopped on the 13th day, pi.

i) Analysis_of samples: Plasima lactose concentration and all haematological

parameters were determined as carlier described. Parasitacmia was estimated by the
microhacmatocrit method of Woo (1969) at low parasitacimia and by the use ol the new
improved neubauer hacmocytometre when parasitacmia was heavy. The serum free sialic

acids were determined by method of Aminoff (1961).

) Parasites: Trypanosoma vivax, samaru strain, obtained from a patient cow at the
Veterinary Teaching Hospital. AU Zaria. was identified and purity certified. A goat

was infected with 3 ml of infected blood from the patient. Parasitaemia was monitored



and at peak parasitacmia the "infected controls™ and "experimental” calves were infected

with 5l ol blood containing 11 < 10"ty panosomes. from the donor goat.

V) Analyvsis of data: Fhe  plasma lactose  profiles were drawn and
pharmacokinetic parameters caleulated from semi-logarithmic plots as carlier described.
Percentage daily changes in PCV . total RBC and leucoey te counts. and other parameters
were caleulated tor cach group belore (DO - DoO. pi), during (D6 - DO, pi) and alter (D10

- D13, pi) lactose therapy in the groups infused with lactose as follows.

[ALR!

Where,
Py = Value of parameter on any given day

Py Value of parameter the previous day
X = Daily percentage change in parameter.
For the "experimental animals the daily percentage changes in the parameters
during the period of Lictose infusion were corrected for the contribution of lactose, in the

absence ol inlection, to changes i the parameter as tollows:

N¢ Ne . X,
where

Xc¢ = corrected daily percentage change in the parameter for the experimental
group. between two successive days,



B

e mmeorrected daily pereentage change in the parameter lor the experimental
group, within the same penod.

X, the daily percentage change in the parameter in the "lactose control™ group
within the same period.

Al comparisons were done by the students” 1-1est for comparing means lrom two

independent groups.



CHAPTER FOUR

RESULTS

4.1 "hase 1: Normal Levels of Eactose in Apparvently Healthy Zebu Cattle

Fables =1 and 4:1:2 give the normal plasma lactose concentrations of the thirty
six adult Zebu cattle and the ten Zebu calves investigated in this phase of the experiment.
respectively. In the adult cattle the plasma lactose ranged from 0.061 10 0,549 mM with
amean of 0211 £ 0021 mM. The plasma lactose levels in calves ranged {rom 0.84 to
200 mN withamean ol 144 £ 0,12 mML which was significantly (?<0.005) higher than

that observed in the adult Zebu.

4.2 I'hase 11: Plasma Kineties of Lactose in Apparently Healthy Zebu Calves

[he proliles of plasma lactose concentiations in two of the three calves given a
single intravenous dose of 0.5 g lactose per Kg. bd. wio e presented in Figs, 4:2:1 and
4:2:2. The proliles were prepared from datain Table A2-1 (in appendix 1), The plasma
lactose rose very rapidly in all the calves soon alter the intravenous infusion, reaching a
peak 15 minutes later and by the second or third hour post infusion, the levels had fallen
by a mean of approximately 58% ol the maximum plasma concentration recorded alter
mlusion. The drop in plasma lactose continued gradually therealter, until the levels fell
slightly below the pre-infusion levels though attempt was made later to normalise the
levels.

Figmes 4:2:3 and 4:2:4 show the plasma lactiose profiles of two of the four calves

administered 0.5 g lactose per kg. bd. wt. thrice at four-hourly intervals (see Table A2-2



for data). The profiles indicated that factose did not accumulate in the plasma even with
repeated dosing: the plasma lactose invariably {ell to exactly or near pre-infusion levels
prior to the nextinfusion. The pattern ol peaks and the subsequent drops in the plasma
lactose after infusion were comparable with those seen in the calves given single doses.
Figures 4:2:5 and 4:2:6 are semi-log plots of data in Tables A2-1 and A2-2. The
plasma kinetic parameters of factose in the calves were caleulated from these plots and
are presented me Fable 4:2:00 The semi-log plots indicated that the plasma kineties of
lactose in Zebu calves is a biphasic process with a distinet distribution phase and a later
climination phase. The mean biological hall=lite (1, ,) of Tactose in Zebu calves was 5.14
S 0.29 hwith a vange ol 4.20 10 6.00 b The elimination rate constant (K ) ranged from
0416 to 0105 I with a mean value of 0138 £ 0.008 k', The mean apparent volume of
distribution (V) and total clearance (C)) were. respectively, 17915 £ 2523 ml/kg and
24.75 1409 mUkge/h. The Cp values ranged from 12,25 to 37,36 ml/kg/h while 105,75
1o 220.00 ml/kg was the range for the V.
4.3 I’hase I11: The Effect of T, vivax Infections on Plasma Kinetics of Lactose
and the Effect of Intravenons Lactose on Trypanosomal Anacmia and Other

Blood Parameters in Infected Zebu Calves.

4.3.1  The effect of 1. vivax infection on plasma Kinetics of lactose in infected Zebu
calves.

I he plasma lactose profiles of the Tour lactose control calves (Figs, 4:3:1 and
4:3: 2 conlirmed the carlier observation m Figs 4:2:3 and 4:2:4, viz., that lactose does not
accumulate in the plasma of healthy calves upon repeated dosing intravenously. Figs.

4:3:1 and 4:3:2 were prepared from data in Table A2-3. The plasma lactose profiles of
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the mtected animals given imtravenons lactose imfusions (Figs, 4:3:3. 4:3:4, 4:3:5 and
4:3:6) however, mdicated that upon repeated intravenous dosing lactose aceumulated in
the plasma ol the infected animals, as in most of the cases the plasma lactose levels did
not fall back 1o the pre-infusion levels and subsequent pre-infusion levels were higher
than preceding pre-infusion levels. Infected call 2 (Fig. 4:3:4). however, was a deviant
as 1t showed a profile similar to those observed in the unintected. lactose infused control
calves (Figs. 4:3:1 and 4:3:2) indicating that i this particular call’ lactose did not
accumulate as 1t did i the other three counterparts,  The data used in preparing Figs.
d:3:3, 3l 435 and 4:3:6 and presented in Table A2-4 which also shows that the
plasma lactose levels in calves 1.3 and 4 never fell back to pre-infusion levels throughout
the remaining duration of the experiment even when lactose infusion was discontinued.
The situation was. however. different in call 2 of the same group as the plasma lactose in
this animal returned to pre-infusion level soon after lactose infusion was stopped.

Semi-logarithmic plots of the data in Tables A2-3 and A2-4 were prepared as
carlier described. On Tables 4:3:1 and 4;3:2 are presented the caleulated values for the
plasma kinetics parameters ol lactose in the healthy, uninfected control and 1. vivax
infected calves, respectively. The mean t, . for lactose in the control calves was 4.73 +
0.19 hs. which confirmed the value observed in an carlier experiment (Table 4:2:1) and
was also significantly (p=0.005) lower than that recorded in the 1. vivax - infected
animals (7,60 £ 0.15 hs). The mean K_ for the infected calves, 0.091 £ 0.002 Ir'', was
significantly (P<0.005) lower than the 0.148 + 0.006 h' recorded for the uninfected

control calves. No significant differences were observed in the V, and C; values of the
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two groups of calves. The mean V, for the infected and uninfected groups were,
respectively, 170.27 1 2292 ml/kg and 135.77 + 13.06 ml/kg. while the mean O, were
IS 41 £ 188 ml'kg/h and 20,18 & 248 ml/kg/h respectively,

4.3.2  Eftect of intravenoushy administered Lactose on 1 vivax - indoced anaemia in

Zehu ealves,

Parasitacmia: Parasites were liest detected in the blood ol infected calves i the group
not treated with lactose on day 3. picand the parasitacmia rose (o a peak on the 1ilth day.
piz after which it declined until parasites could not be detected in the blood by day 7, pi
through to day 9. pi. The parasites were again detected on the tenth day starting the
second parasitaemic wave (Fig. 4: 3: 7).

A similar pattern was observed for the mean parasitacmin ol the infected group
infused with lactose (Fig. 4:3:7). However. parasites were still detectable on the seventh
day. pi. through to day 10, pi, though the parasitaemia was not high enough to be counted
with the counting method used in this work. The second parasitaemic wave started on the
tenth day. pi. Thus parasites were detectable in this group throughout the duration of the
experiment.

I'he parasitacmia in the uninfused group peaked on day 5.pi, while in the infused
proup it peaked on day 4. The peak parasitaemia in the uninfused group was significantly
(P<0.005) higher than that of the infused group. Fig, 4:3:7 was prepared from data in

lable A2-5.



Pereentage Packed Cell Volume: Tigue 4238 shows the profiles of mean PCV for all
four groups prepared from data in Tables A2-6 and A2-7. The profiles of PCV for
mdividual calves in the Tactose - infused infected group are presented in Figs. 4:3:10,
i 43012 and 43015 1o show the responses of the PCV in individual animals to
lactose therapy . The Huctuations in POV of normal healthy uninfused calves (Fig. 4:3:8)
were within a narrow insignificant range. Though the PCV changes in the healthy group
that was infused with lactose were nitially insignificant. a mean PCV drop ol 4.3 + 3.2.%
(Table 4:3:3) was obscerved during the period ol lactose infusion.

Fahle 4:3:4 shows the daily mean pereentage changes in PCV as well as the mean

cumulative percentage changes (over the indicated periods) for the 1, vivax - infected

groups. The values for the lactose - infused group during the period of infusion were
corrected for the contribution of lactose infusion to the changes in PCV as described
carlier in chapter three. The drop in mean PCV in both 1. vivax - infected groups
coincided with the decline in the [irst parasitacmic wave. Decline in PCV appeared to
have started carlier in the lactose - infused group. The PCV in the lactose - infused group
by day 6. pi. had dropped by a mean of 195 1 4.8% which was not significantly different
from the 13.3 1 5.1% mean drop observed e the intected, uninfused group during the
same period,

[ actose infusion was started in the Tactose-ilused group on day G.pi. when the
disease had established as indicated by declining PCV, and discontinued on day 10, pi.
On day 7.pi (a day alter lactose infusion commenced) the PCV ol the lactose-infused

group actually recovered by a mean of 1.7 + 4.9% as compared to the value before
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mtusion started. shile in the uninfused group the drop in PCV continued with a Turther
drop ol 6.3 £ 3.6%. The difference between these values was significant (P<0,05). The

PCV in the infused group showed a slight mean drop of 3.2

3.3% on day 8.pi. which
was stgniicantly (P 0.005) smaller than the mean drop of 17.2 1 4.9% seen in the
uninfused group: even though parasites were sull detectable in the blood stream of the
mfused group during this period and were undetectable in the uninfused group. On day
9. pi. the uninfused group showed a mean increase in PCV ol 18.6 £ 4.6% while the
infused group showed a mean increase of only 5.5 £ 2.6% which was significantly
(P<0.005) smaller. It is pertinent, however, to mention here that parasitacmia was still
indetectable in the uninfused group on this dav while parasites were still detected in the
blood of the infused animals,  The percentage changes in PCY on dav 10, pi. for both
groups were not statistically different. 1 he cumulative percentage change in PCV for the
groups between days 0 and 10, pi. (period of Tactose infusion) indicated that there was a
net decrease of 7.5 £ 2.9.% in the uninfused group and a small but significant (P<0.025)
merease ol 0,012

t3.2% in the PCV ol the infused group.

Alter Lactose infusion was discontinued the PCY in the infused group continued
(o drop by a further mean of 5.4+ 2.3% on day T pi, which was significantly (P<0.005)
dilterent from the 2.6 + 2.6% mean increase observed i the uninfused group on the same
day. On day 12.pi. the uninfused group showed a further mean increase in PCV ol 24.9
+9.7%. while the infused group showed a mean increase of only 1.6 & 2.7% which was

significantly (P<0.005) smaller than that observed in the uninfused group.



[t should be pointed ont that the comulative change in PCV of call 2 of the infused
group oser the period of Tactose infusion was sinlar 10 those of the infected., uninfused
calves (Table A2-14) but quite different from those of its counterparts. 1t should also be
noted that it was in this call that the infused lactose did not stay in the blood even upon

repeated dosing.

433 Effect of T, vivax infection and Intravenonsly Administered Lactose on other

Blood Parameters.

For the puwpose ol this work anaemia during bovine try panosomiasis was
established by monitoring the PCV ol infected ammals. THowever, to demonstrate that the
experimental infection, emploved in this investigation, followed the established course
ol 1ovivax - infection i cattle: other blood parameters were also monttored: all the
results of which are presented in the appendix: with the exception of the serum free sialic

acid concentrations.

Total Red Blood Cell Connt: 1he prohles of the mean total RBC counts Tor all four
groups, lor the duration of the experiment, are presented in Fig A2-1 (see appendix).
Fable A2-16 (in appendix) gives the daily mean percentage chamges in total RBC count
as well as mean cumulative pereentage changes over the specilied periods. The results
indicate that the total RBC count in all four groups of calves followed a pattern similar

to what was observed for the PCV in the corresponding groups.

Total Leucoeyte Count:  he changes in mean totafl leucoces te count in all four groups

during the course of the experiment are presented in Fig A2-2 (in appendix). prepared



iy
lom Tables A2-TGand  A2-T1 Tnthe L vivax infected groups there was a steady fall
as the miecton progressed, with an attempt to normalise at the later stages of the
imtection. This decrease mtotal lencoey tes was not observed in the other (wo uninfected
groups (sce Fable A2-20).

During the period belore infusion was started the mean total leucocyte count in
the infected. wninfused group dropped by 202+ 5.0%. which was. however. not
significantly ditferent from the 17.1 1 16.7% drop recorded for the infected. infused
group. During the period of Tactose mlusion while a 251 + 26.8% recovery in the total
leucocyie count was recorded in the lactose-infused. infected group a further drop ol 7.3
F2.3% was recorded in the other infected gronp. There was a signilicant (P<0.05)
difference in these responses. The recoveries in total leucoeytes observed in both infected
groups (28.3 + 14.1% and 13.3 + 8.6% for uninfused and infused groups respectively.,

were not significantly different, during the period after lactose was discontinued.

Differential Leucoeyte Count:  The profiles of the mean absolute lymphocytes,
neutrophil. monoeyte and cosinophil counts for the two infected groups are presented in
Fig. A2-3 The Ivmphopenia in the infused group (Table A2-20) was signilicantly
(P 0.005) more pronounced than in the uninlused group. The neatropenia and
cosinopenia observed in the two infected group were at the same level. Monoceytosis was

however abserved in the lactose - infused group but not in the uninfused group. (Table

A2-21)).



Total Plasma Proteins: Frowe N0 Gnappendis T shows the profiles of mean
plasma total proteins in all tour proups: prepared o Table A2-12. In Table A2-20 can
be seen that 1. vivax - infection caused a signilicant drop (P 0.005) in the plasma total
proteins of calvess but Tactose infusion not only prevented that fall but actually cavsed a

signilicant (P<0.005) increase in this parameter.

Serum Free Sialic Acids:  The protiles ol the mean serum free sinlic acids for the two
imfected groups are presented in Fig 4314 (prepared from datacin Table A2-13). The
increase in scrum free sialic acids coincided with the rise in parasitacmia and declined
with the parasitacmia.  The levels of serum free sialic acids in the uninfused group
returned to the pre-infection value on the days when paasites could no longer be detected
in the blood. In the lactose-infused group. however. the level never returned to the pre-

infection value throughout the period ol the experiment.



Fable 41 Normal Levels of Plasmia Lactose in Appaently Healthy Adult Zebu Cattle
Anunal Plasma Lactose Animal Plasma Lactose
Numiber concentrations (mh1) Number concentration {mM)
| a.122 149 0.305
2 0510 M) (1275
} {307 2] [RNATEN
) ih.307 ) 0122
5 016 23 0.214
6 ) 166 2 0305
7 TRER 'A {1307
.3 0 315 ' 0,24
9 {122 27 0092
10 0122 28 0001
Il 0.275 X4 (LI83
Iz 0183 il (). 3060
I3 0.§22 ' NI
14 (Lool 32 0.061
15 0,244 R (.122
16 i1 0ol 3 0.092
17 0061 38 (L1R3
1% 053 W 366

MEAN i SEM 0211 002

Each value is the average of a triplicate determmation.
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Fahle o:1:2. Normal Levels of Plasma Lactose in Apparently Healthy Zebu Calves
ANINAL NUMBER PLASMA LACTOSE CONCENTRATIONS (M)

I k25

) 003

3 210

1 .57

5 .32

0 .50

7 .62

R 084

0 1.74

1 1.53
MEAN 1+ SEN 1.44 £ D12

Fach value is the average of o triplicate determimation.,
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Fable 4:2:1 Cadentated Plasma Kinetics Pavameters of Lactose i Apparently Healthy Zebu Calves,
CALF ! he V. ¢y
NUMBLR (hi th") fml ke (ml kel
I 600 0116 22008 25.53
2 §5.70 122 200 .78
: 0 00 01n 105,75 12,25
| 1.20 0165 225.29 37.36
5 40l .15} RIVERTY 3008
0 515 0135 117 50 19 88
7 | 33 1|50 [28.24 .47
MEAN 514 TR 179,15 275
1 SEEM 129 RRERALER 1 2523 4.0

Values were caleulated from semi-logarithmic plots of data e Tables A2-1 and A2-2.

t . Biological half-life for lactose
[ hmnation rate constant for lictose,
Va Apparent volume ol distributions for lactose

¢ Total clearance of lactose.
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Fable 4:3:1 Calenlated Plasma Binetics Pavameters Tor Lactose in Uninlected Control Calves.

CALL (. K. V, ey

NUMBIR th (h') fml ky) (mlkeh)

] 160 0151 173 56 26.21

2 5.28 g:132 110 38 163

3 4 38 (1. 159 13625 21.75

1 4.70 0148 122.88 1813

MEAN 1,73 0n IR 135,77 2018

1 SEM LN ) IRIXIS RN i 248

Values were caleulated from semi-logarithmie plots ol data in Table A2-3



.Iiﬂll' 1::3:2

Calenlated Phsma lometios Pacameters tor Factose |

/2

VIv

ax - indectied Calves.

CALL ( [N Vi &

NEINMBER {h th') tmlke) tml kg s
| 7.50 10w 15111 11.00

. 7.30 L.O95 11470 10 84

3 760 0 21304 19 38

A g 0n 087 b ) e i iy B

MEAN 760 04| 17027 151

+SEM JL ¢ 0,002 2283 .88

Vilues were calenlated from semi-locarithmic plots ol data in Table A2+




Fahle 4:3:3 Fhe Dails Mean Poreentace Chonges and Comulative Mean Percentage Changes in PCV
and Total RBC Counts of Healthy, Lactose-Infused Control Zebu Calves over the Period

ol Lactose Intusion.

POST - INFUSION TINE(DAYS) »

| > : 1 CUMULATIVEP
FRCENTAGE
CHANGE'

MEAN PERCENTAGI
CHANGE IN PO

(n 0.75 5.70 110 0. 13

-

MEAN PERCENTAGH
CHANGLE IN TOTAL
RIBCCOLINTS

(=44 .00 K10 420 i sh -<4.20

Positive and negative signs indicate increases and decreases, respectively

* These values represent the net percentage changees tor all the animals over the period considered.
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Tahle 4:3:4,

nd Mean Cummulative Percentage Chan

-

sinPCV o

Vivar-Infected Zebu Calves Before

PERCENTAGE CHANGE IN PCV BEFORF PERCENTAGE CHANGE IN PCV DURING PERCENTAGE CHANGE IN PCV
LACTOSE INFUSION (MEAN = SEAY LACTOSE INFUSION (MEAX = SEMND AFTER LACTOSE INFUSION WAS
STOPPED (MEAN + SEM)
wst-infec 2 : B 3 6 Cup- 7 § 9 I Cup- 1 I2 13
Time (Days) ere erc Cuperc
_ g3 f=tz = 3 STTEIN ST I 472 186 118 | -7 2.6 2191 | +84
_ =17 =28 =].6 3 =[5 =5 et . =49 =40 =48 Faf =3¢ +9.7 =2 13
_
_ﬁ I . -0 +3.6 S0 ~10.0 SJu s e 32 -4 8 =40 +0) 5 4 A6 54 132
| Lactosc-infused | = =4 =13 +I9 =48 pa, B4 £33 =3.2 +32 2.3 317 5. =
t Group in=4) ip {p (p<0.0 | (p<0 (p<0 ip= (=t (pet (p<t _
_ 0ons W% 5) 00%) 003) 025) b 0es) 005) )
Cuperc = Mean -entage change in POV over the period indicated. Positive and negative signs indicate imcreases and decreases,

respectively

Co

mparison was done down the columns and values with d

Terent superscripts are satistically difl

:nl ot the confidence limits indicated
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CHAPTER FIVE

DISCUSSION

[he plasma lactose concentrations in the adult healthy animals exhibited a wide
variation (Tables 400 and 421200 The Tow values recorded in the adult Zebu indicated
that Jactose is not a major constituent ol the plasma.  This was not surprising as
lactogenesis ocewrs princtpally i the mammany slands and henee free Lactose is Tound in
seen in the calves might have been due to the fact that these were young animals that had
only recently been weaned from a predominantly milk diet (Smith et al.. 1985). In infant
humans urinary ont-put of lactose is higher during the nursing period or soon after
weaning (Pillegei and Szustkiewicz, 19740 In adult females urinary lactose s higher
during pregnancy and lactation or following a long-term exclusive milk diet.  These
reports presuppose that plasma levels may be concomitantly higher under the conditions
mentioned. The normal adult human urine contain approximately 12-40 mg lactose per
day (Date, 1958): considering that human adult voids 600 to 2500 ml urine per day (Smith
et al . 1985), the average lactose out-put comes to about 1.67 mg lactose/ 100 ml urine.
Ihe normal human inlant excretes up to 1.5 mg lactose/ 100 ml of urine.  Though no
corresponding values for raminants have come to the author's notice, it is possible that
these observations are also applicable.

Adminmistered lactose is excreted i the urine mainly unchanged. indicating the
absence ol the lactase enzyme at sufliciently high levels in the plasma to cause hydrolysis.

Ihe rapid rise in plasma lactose observed upon admimistration was indicative of rapid



distrtbution in the vasenlar system from the site ol administration, The initial rapid fall
seen alter the concentration peaked (Figs, 4:2:1, 3:2:2.4:2:3 and 4:2:4) represented the
period of distribution of Tactose into the extracellular spaces. as indicated in the semi-
logarithmic plots in figs. 4:2:5 and 4:2:6. This phase was followed by a more gradual
climination phase. 1he non-accumulation of lactose upon repeated dosing was due to the
apid elimination of factose (pethaps in the urine) which indicated that elimination of
lactose. possibly by the Kidnevs. is an elficient process.

[he mean G of S04 0029 hand Ke of 0138 £ 0.008 ! indicated that for
lactose 1o be effectively used as a therapentic agent as it was administered i the
experiment. repeated doses must be given at fairly frequent intervals. Perhaps this was
why Muller etal . (1981) Tound it necessary 1o administer lactose in another species of
ruminant (rabbit) at tour - howrly intervals (o maintain a plasma concentration that
reduced the rate of sequestration of injected radio-labelled homologous desialylated
erythroeytes from the blood stream.

[ he apparent volume ol distribution for lactose fell within the range ol V, tor
substances that are lairly well distributed (Grahame-Smith and Aronson, 1992) indicating
that lactose was fairly well distributed in the body Hinds,

Trypanosoma vivax infection in Zebu calves led to accumulation of lactose in the
blood stream upon repeated dosing. 1t also significantly increased the biological half-life
(1, and reduced elimination constant (Ke) of lactose in the calves. The slower rate of
climination of lactose. and hence its accumulation, may be attributed o a number of

factors all of which are a direct consequence of the infection. Trypanosome infection
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causes generahsed degenerative changes inorgans and tissue. including the kidneys (Valli
ctal.. 1979h). However, since the duration of the experiment may not have been enough
to cause such significant degenerative changes. the more likely factor contributing to the
mereased 1, of lactose i infected animals may be the proliferation of  the
reticuloendothelial system which oceurs during animal try panosomiasis (Valli and
Forsberg, 1979 Tepmings et al.. 1974 Muras, 19742 Jennings. 1976: Saror, 1980: Esievo
et al., T9R2: Anosa and Kaneko, 1983a: by, In a bid to fight off the infection the splenic
macrophage and hepatic kuptter's cells proliferate and more monocytes released into
circulation.  This feads to an overall inercase in the number of the cells ol the
mononuclear phagoceytic system (MPS) in the body . These cells have been shown to have
beta-D-galactoside specilic lectins on their surlfaces (Kuster and Schauer. 1981: Muller
etal, 1983: Kelm et al.. 1980a; Kelm and Schauver. 1986: Ibrahim ¢t al.. 1995) through
which they bind desialvlated ervihroeytes (Kuster and Schauer, 1981; Omage et al.,
1995h) as well as heta-galactoside compounds such as lactose (Kolb and Kolb-Bachofen,
1978 Kolb et al: 1980: Kelm and Schaver. 1986). 1t is probable that in infected calves
lactose got bound to the macrophage surlaces and the amount of bound lactose was bound
to be higher in the infected than the uninfected animals: thus making lactose, albeit
temporartdy, unavailable for excretion.  Thus the rate of elimination ol lactose from the
intected animals became lower and lactose accomulated,  The inability of lactose to
accumulate in calf 2 of the infected group could only be attributed to individual variation.

I'he overall results indicated that the infected animals developed a mild infection.

This was consistent with results of carlier works done with another 1. vivax strain (Y-58)



- Zebit calves (Fsievo et al 1982 and bulls (Schoni et al. 1990).  This may be
attributed to various factors which inelude host resistanee. virulence of the trypanosome
strain (Anosa. 1988),

The pre-patent period in the infected. uninfused group was three days post-
mfeetion. while it was two days in the infused group. The parasitemia peaked on day 4.
after infection, for the infected. infused grovp: and day 5 for the uninfused group.  This
rapid appearance and rise i the number of parasites mav he due 1o the heavy parasite
dose (11 8 107 parasites per antmal) given to the animals at the time of infection. The
persistent presence of parasites in the blood of the lactose - infused group between day
7 and day 10 after infection: contrary 1o the sitnation in the uninfused group: was
attributed to the lactose in circulation. The energy demands ol trypanosomes in the blood
stream  depends upon adequate supplies ol glucose (Voorheis. 1969) and other
carbohydrates. Though the ability ol try panosomes to utilise lactose Tor energy and
survival was not investigated in this work it is conceivable that the presence of lactose in
circulation provided additional source of nourishment enaugeh o sustain the parasite even
at the height ol the body's ability to control the parasites. Alternatively, perhaps lactose
in some vet obscure way interfered with the destruetion of trypanosomes by the body's
defence mechanism. The decline in PCV and total RBC count in the infected groups
coincided with the decrease in parasitemia. reaching the lowest values 8 days alter
infection in the uninlused group. atter which an attempt at normalising the PCV and total
RBC count was made.  These results e in agreemoent with those obtained in carlier

experiments (Esievo et al., TO8T: Sekont et al.. 1990). The cumulative mean percentage
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drop in POV and total RBC count inthe period before Tactose therapy was commenced
(Day 0 - Day 6o piy for ot infected groups swere statistically the same.

I he ditference between the mean cumulative percentage changes in PCV of the
infused and unmtused groups during the period of Tactose infusion (Day 6 to Day 10, pi)
in the infused  group was significant (P<0.025): with the uninfused group recording a

further mean drop of 7.5 + 2.9% while the infused group recorded a marginal recovery

}
ol 0.01 1 3.2% The difference in mean cumulative percentage change in the PCV alier
Jactose infusion was statistically significant (- 0.01) In the uninfused group a recovery
of 8.4+ 12.0% was recorded while in the inlused group a further drop of 13.2 + 2.2% in
the PCV was recorded m the same period

Ihe percentage chimges in total RBC comntin the two infected groups tollowed
a similar pattern as described for the PCV,

Irypanosomes produce sialidase (Esievo, 1979: 1980; Pereira, 1983; Pereira and
Hofl, 1986: Engstler et al.. 1991 Fngstler and Shauer, 1993) which 1s known to remove
the masking siahic acid coat which exists on the surfaces of animal erythrocytes
(Durocher et al.. 1975: Scaman et al., 1977, Esievo et al., 1982). Recently it was observed
in cattle infected with 1. vivax that the destalvlated erythroeyvtes have on their surfaces
newly exposed galactoside residues (Omage et al.. 1995y Farlier reports showed that
exposed galactosides bind to beta-galactoside - specific lecting on the surface of
macrophages (Kuster and Schauver. 1981 Muller ¢t al.. 1983) and are eventually

phagoeyvtised. Such desialvlated erythroceytes had been found to be rapidly sequestrated

from the blood stream (Durocher et al.. 1975 AminofT et al., 1978: Muller ¢t al., 1981).



Fhus during the comrse of Fvivax infection the sialidase that the parasite produced
(Tisievo, 19790 TOR0) increased with the nomber of parasites (Fsievo. 1983) and hence
hydrolysed more sialic acids from the swrtace of erythroeytes (Fsievo ¢t al., 1982) as
parasttemia inereased. Further evidence in support is the steady increase in the serum free
sialic acids with mercasing parasitenmia and more marked anacmia observed by Esievo et
al. (1982 and contirmed m this work.

Frs throphagoceytosis is o two - step process (Kuoster and Schauver, 1981 Muller et
al., 1983: Kelm et al., 1986a: Keln and Schauer, 1986), involving an initial rate-limiting
step ol binding of desialylated ervthroeytes to macrophage surface. and a subsequent
phagocytic step which requires the presence ol certain serum complement substances.
Ihe rate-limiting binding step has been shown to be inhibited - vitro by beta-
glycosidically bound beta-D-galactoside residues (holb and Kolb-Bachoten, 1978:
Nagamura and Kolb, 1979 Kolb et ol 1980 Schlepper-Schater et al.. 1980). Lactose
has been shown to perform this inhibitory role in vitro (Kelm and Schauer, 1986) and in

vivo in rabbits (Muller et al.. 1981). Thus the prevention of further fall in PCV and total

RIBC count of the infected lactose-treated group of cattle recorded in this study was
attributed to the inhibitory role ol eirculating Tactose in preventing the binding of the
desialylated erythroey te in circulation to macrophage tor sequestration, thereby apparently
prolonging the life span of these cells as previously reported by Muller et al., (1981). This
finding is even more significant in view ol the existing parasitaemia (Vig. 4.3.7) and thus
circulating active trypanosomal sialidase. as evidenced by high levels of serum free sialic

acids (Fig. 4:3:14) during this period of infusion.  In the absence of lactose in the
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vpintused group POV and total RBC counts, however, continued to fall even when the
parasites were no longer detectable in the blood and with greatly reduced activity ol
try panosomal sialidase as indicated by low levels of serum free sialic acids during this
same period.

I he significant drop in POV and total RBC count recorded i the lactose-treated
infected group i the period soon alter the discontinuation ol lactose infusion further
supports the role attributed o Tactose in preventing sequestration ol desialylated
ervthroevtes during the pertod of infusion.  This rapid drop. without an attempt to
normalize, may have been due to the fact that during the period of infusion, parasites, and
hence sialidase. were still present: expectedy these would cominually remove the
enythroevte-surface sialic acids, thus accumulate, in circulation, desialy lated erythroceytes
which may not be sequestrated by the macrophages due to the inhibitory role of lactose.
In support of this is the further decline of POV and total RBC ¢count as soon as the
inhibition was removed. Also in the uninfused group, within the same period the attempt
at recovery in the PCV and total RBC count was partially suceessiul. probably due to the
short period of absence of parasites from the blood. hence low sialidase activity.

Ihe canse of anaemia in the carly stages of animal trvpanosomal inlection has
been attributed. principally. to ervthrophagoeytosis and reduced eryvthroeyte life-span
(Mackenzie and Cruikshank, 1973: Mamo and Holmes, 1975: Dargie et al.. 1979b; Esievo
et al. 1982 Fsicvo and Saror, 1991, Immumological involvement at this carly stage may
not be significant (lennings ¢t al.. 1974) since the host may not have mounted enough

immunological response (Lsievo and Saror, 1991). Since the severity and duration of
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anacmizx canly i the infection i a major contributony factor to the general deterioration
of condition in discased antmals (Homby . 1921: Fiennes, 1954: Murray, 1974; Esievo et
alo TOR2D Schonr o all 199000 ¢y an carls prevention ol anaciia may prevent other
deletertous ellects ol the discase. [t s pertinent to note that the relative resistance to
trypanosomal infection by the N'dama breed of cattle, as compared with the Zebu. has
been assoctated with the higher concentration of sialic acids (I'sievo ¢t al., 1986) and
more hydrolviically resistant stalic acids (Shugaba et al. 1994y on the surlaces ol their
erythroeyvtes. Perhaps. an agent such as lactose when used as an adjunct in try panocidal
drugs may improve elfectiveness and elficiency ol therapy, since lactose can provide
additional protection to the animal by retarding the development ol anacimia,

I'he Teucopenia recorded carly ininfection in this work was in agrecment with
carlier reports (Valli et al.. 1979: Esievo and Saror. 1983 Tgbokwe and Anosa, 1989).
Farlier researchers (Anosa and Tsoun. 1983 Esievo and Saror, 1983) yeported that the
leucopenia was due to lvmphopenia, neutropenia and cosinopenia. though monocytosis
also occurred.  Similar results were observed in this study. The cosinopenia was
presumably due o depression of (the granulocyte precursors in the bone marrow by
try panosome toxins (Anosa, 1983y, The persistent neutropenia at low parasitemia was
attributed (Fsievo and Saror, 1983 to the slow mechanism ol neutrophil sesponse in cattle
(Valli et al.. 1979). Neutropenia in L. vivax infection was postulated to be caused by the
depression of granulocyte precursors in the bone morrow coupled with trapping of
neutrophils in the spleen due to hypersplenism (Anosa. 1983). Monocytosis was observed

in the lactose- infused infected animals abut not in the uninfused animals.  Though
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monocytosis has been consistenthy reported inamimal teypanosomiasis  (Isoun, 1975:
Anosa and Tsown, TORO: Esievo and Saror, 1983 Anosa. 1988) there are few reports in
which this was not recorded (Tebokwe and Anosa, 1989). Monoeyvtosis was recorded in
the infused croup but not in the ininfused group in this experiment. 1 is not elear
whether this difference was due to lactose infusion in the infused group.

It has been suggested that the carly leucopenia observed in the course of bovine
trypanosomiasis may be influenced by massive amounts ol trypanosome  antigens
(Mackenzie etal.. 1978) and plasma try panosomal sialidase (Isievo, 1979), The possible
role of sialidase in the process was, perhaps, further supported by the report that viral
sialidase. which is antigenically similar 1o trypanosomal sialidase (Isievo, 1983): cleaves
stalic acids from lencocyvtes and thus divert such desialyvlated leucoevies form the lymph
nodes and spleen to the liver for destruction (Woodrult and Woodruft, 1976). The
amelioration of leucopenia by lactose i the lactose-infused group observed in this
experiment suggests that the sequestration ol desialylated leucoceytes by liver kupffer cells
may be quite similar to the process ol erythrophagocyvtosis which was also inhibited by
lactose-infusion,

1.ovivax infection caused a significant drop (p=0.005) in plasma total proteins in
the infected uninfused group. Lactose therapy of infected animals however prevented this
Lall and went further to cause a significant increase in the plasma total proteins.  There
have been contlicting reports ol changes in plasma total proteins that occur during
ruminant trypanosomiasis: with some reports ol increases (Anosa and Isoun. 1976:

lgbokwe and Mohammed. 1992). and decreases (Kalu et al., 1989, Sckoni et al., 1990),
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In view ol the results obtained in the present stady it is pertinent 1o note that during
try panosomiasis the proteinuria (Bruijn, 1987) and hepatocellular damage (Ingh et al..
1976: Saror. 19802 Anosa and lsoun. 1983) that occur could lead to reduced albumin
levels tAnosi. T988) also Lsievo et al. (1984) have |('|!n||ud l]\.‘}‘llk‘lit!ll ol serum
haptoglobin in acute bovine trypanosomiasis.  The reason for lactose's sceming ability to
prevent the try panosome-induced fall m plasma total proteins can only be speculated
upon: might it be that lactose in cireulation provided an additional source of metabolie
energy for the parasites thus making it less necessary for the parasite 1o utilise the proteins
and/or amino acids in the blood of the host: or more likelv, that Tactose having
amchorated anacmia also slowed down degenerative changes in tissues and organs,
especially the liver, thus causing minimal changes in the metabolic activities of such
tissues and organs?

The levels of serum Tree sialic acids during the course of 1. vivax infection
increased concomitantly with increasing parasitemia and declined as the parasitemia
decreased. In the lactose infused group the stalic acids level in the serum was persistently
higher than the pre-infeetion level throughouot the perniod ol the experiment. This situation
was not observed in the uninfused group. This diflerence was attributed to the persistent
presence of parasites in the blood of the infused animals even on days when parasites
could not be detected in the blood of the imintused animals. An additional factor which
may be significant. is the recent report (Engstler and Schauer, 1993) that try panosomal
sialidase is activated by di- and tricarboxylic acids and some saccharides, especially by

lactose.
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Lovivas produces sialidase (Fsievo, 1979: 1980) which depletes the ervihroeyte
surface sialic acids in infeeted animals (Bsievo et al, 1982), Although sievo et al.
(1982) recorded depleted erythroeyte - surlace sialic acids of 1. vivax (stock Y-58)-
miccted Zebu calves they observed an increase. but not the expected concomitant
stgnificant mcrcase meoserum hree siahe acidss Kiaemer (1966) had suggested tha
stalyfransferases present in ealf thyroid gland (Spiro and Spiro. 1908) regenerated sialic
acids on the surlaces of cells: thus the tirn-over of serum free sialic acids may be guite

high, and as such free sialic acids are being metaboheally utilized as soon as they are

being produced.
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CONCLUSIONS AND RECONMMENDATIONS

[he plasma lactose concentration in adult Zebu cattle was very low while that in
Zebu calves was significantly higher. 10 is, however, pertinent to note that in both groups
ol Zebu the concentrations of Tactose recorded indicated Tactose 1s not a major constituent
ol plasma such as glucose.  The plasma kineties of Tactose in healthy Zebu calves
indicated that Tactose was Lairly well and rapidly distributed in the body as well as being
rapidly climinated. to the extent that it did not accomulate in the blood even upon
cepeated dosing at four - howly intervals

1. vivax inlection in Zebu calves prolonged the biological hall=life of lactose.
infuscd intravenous!v, by reducimg the rate of its elimination from the infected animals.

thereby leading 1o accumulation ol Tactose upon repeated dosing in these animals.

Infusion of lactose, on the other hand. ameliorated the 1. vivax - induced anaemia.

leucopenia and hypoproteinemia during the period of mfusion. - Amelioration ol the
try panosomal anacmia lends further credence to the assertion that try panosomal sialidase,
reduced ervthroeyte life-span and erythrophagoeytosis play prominent roles in the
actiology of try panosomal anacmia in the carly stages of the disease. Lactose, however,
had the unlorunate etfect of sustaining the trypanosomes in the blood. even at periods
when the parasites should have disappeared from the blood, and so might lead to more
RBC destruction.

In this work lactose therapy was began only alter anacimia had set in. to establish
the existence ol the discase: it would be ol interest to see whether the anacmia could

altogether be prevented by commencing lactose treatment as soon as the animals were
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mfected. Iwould also be interesting 1o investigate how or why lactose sustained the
parasites i the blood: was it by acting as an additional source of nutrient for the parasite,
or by interfering. somchow. with the body's ability 1o destroy the try panosomes?

[he amclioration ol try panosomal anacimia and leucopenia by laclose is very
stpnthicant from the view-pomnt of chemotherapy ol Alrican bovine trypanosomiasis,
With further rescarch, factose has potential ol becoming part ol the common
chemotherapy of African bovine try panosomiasis - perhaps as an adjunct.

Lactose, however, proved to have some major short-comings: on the one hand
enormous quantities ol lactose were required to clicit the observed effects, while on the
other it was climinated rather rapidly from the body, Tlowever. the most serious problem
is its ability o sustain the parasite in the hlood of the infeeted animal. 11 is suggested that
another beta-D-galactoside.preferably with several galactoside residues per molecule.
which would not be eliminated as rapidly. nor required in such large quantities nor indeed
influence the body's ahility to deal with the parasite. may prove to be more effective and
efficient. Alternatively lactose could be chemically modified by attachment of a ligand
which would increase its biological half=lile in the body and reduce the amount required
for therapeutic effect. Such a complex could be administered orally (without the fear of
enzymatic degradation), intramuscularly or subcutaneously to prolong its bioavailability.

Since evidence is mounting that try panosomal sialidase plays a major role in
trypanosomal anacimia. will treatment with sialic acids containing compounds (e.g.
glycosides). acting as competitive inhibitors. prove to be effective?  Will anti-serum

prepared against trypanosomal sialidase, as suggested by Fsievo and Saror (1991), be the



long-awaited etieetive vaceine against hovine tiy panosomiasis”? These and many other
questions come to mind as a result of the findings in this experiment. It remains to be
seen what the results of attempts at answering these questions would be: and what elfects

they swould have on the treatment andior prevention of Alrican bovine try panosomiasis.
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APPENDIX 1

CHENICALS

-

i

{1,

Fthylene Diammine Fetra Acetic acid (BDI)
Sodium Chloride (Fisher Scientilic Co).
Pheny hydrazine hivdrochloride (3D
Sodinm Metabisulphite (BDID

Cilacial acctic acid (Hopkins an Williams)
Zine acetate (3D

Benzoie acud (BDI)

Cilucose (BRDILD

Factose (BDID

Stahie acid standards (YD1

Periodate (Signa)

Sodium arsenite (Analar)

2= Thiobarbiturate (BDI

Butanol (Hopkins and Williams)
Sulphuric acid (BDIH)

[vdrochloric acid (Hopkins and willims)
lodine crystals (BDID

Potassium iodide (Fast Anglia chem.)

Nutrient hroth. (Sigma)

FOUIPNIENT

[ S

Nicrohacmatocrit centrifuge - Gelman Hawksley Tid, England
Hacmocevtometer - Gelman Hawksley d, Tngland

Microscope - Erma optical works Lid., Tokyvo, Japan



! Coentrifnee

S. Water bath - Gesellsehatt fur Laborte-chmik ML and Co. W/Germany.
0. Spectronie 20

7. Hot plite = 8 & T Tumiper and Coo Thndow, Essex, England.

ESTINATION OF PEASMA LACTOSE BY COMBINED METHODS OF
HOROWITZ LT AL (1951) AND WATIBA (1965)

PRINCIPLES: Saccharomycees carlshergensis was first used to removed interfering

monosacchandes and the factose Teft in the plasma was reacted with phenvihydrazine to

give the vellow-coloured lactosazone which absorbs maximally at 370nm.

REAGENTS:
l. Stock Phenylhydrazine Solution: One gram of phenylhvdrazine hydrochloride
was dissolved in 80ml ol distilled water and Sg ol Sodium metabisulphite added.

[he contents were mised and diloted to 1O0mI with distilled water.

2, Working Phenylhydrazine Solution: [his was alwavs prepared fresh by diluting

[Oml of stock solution to 100m! with glacial acetic acid.

3 Deprateinising Solution: A 2% w'v acqueous solution of Zine acetale was
prepared
4. Standard Lactose Solution: A O.1¢ sample of lactose hvdrate was dissolved in

0.2% w/'v acgeous solution of benzoie acid.
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) Y east Extract Solufion: A 05" acqeons solntion ol yeast extract was prapared

0. Fermenting Organism: Actively growine broth culture of Saccharomvees

carlshergensis.

PROCEDURE: 1he colls inan actively growing broth cultire of 8. Carlsbergenis were
harvested and washed thrice i sterilised distlled water. 'The cells were resuspended in
sterthised distulled water toobtain an absorbanee reading of 0.6 a1 GRO/m.

Fo 2.5ml of plasma (test) and 2.5ml ol distitled water (test blank) in seperate test-
tube was add LOml distilled water and 1.5ml ol 0.5% acqueous solution ol yeast extract.
I'he tubes were plugged and autoclaved at 151hs pressure for 15 minutes. The cooled
tubes were then asceptically inoculated with 2.0ml of the above yeast suspension, and
incubated at 37°C for 24 hours. The contents of the tubes were then diluted to 20.0ml with
distilled water and centrifuged ot 3000 for 20 minutes to remove the cells, The
supernatant was fittered until clear. To 1.Om1 aliquots of the filirate were added 1.0mi 2%
(w/v) acqueous zine acctate and 1.Oml distilled  water and allowed 1o stand  for
[0minutes. The precipitate was filtered oflT The reapent blank was prepared by using
L.Oml ol distitled water instead ol the supermatant above. For the standard 1.0ml of the
working standard solution was used. All tubes were allowed o stand for five minutes and
theprecipitate removed by filtration.

From cach filtrate 0.53m] was placed in a fresh test tube and 5.0ml of the working
pheny ] hydrazine solution added. The tubes were plugged and placed in a boiling water
hath for 1 howr. The tubes were cooled and absorbance read against the reagent blank at

370nm.
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Residual Lactose Concentrattons al Specified Tine Intervals in Plasma

alter a single dose ol Tactose (0.5

lactose per Kg Body Weight)

CALIL | CALR 2 CALI 3
POST-INF PLASMA POST-INEF | PLASMA POST-INF | PLASMA
TIME (11R) LACTOSYE TINGE () LACTOSE TIMLEL () LACTOSE
CONC (M) CONC(mM) ' CONC.
(mM)
(.00 125 0.4} 2.35 0.0)0 0.03
0.30 530 .30 6,52 3.30 5.09
0.00 3.33 (1,50 3513 {).50 3.97
(.83 319 .75 5.24 0.75 332
[ 3.05 .00 4,23 i.00 2.08
1.60 2.64 .80 RIRE 1.50 216
2,10 2.36 2.50 2.67 2.00 1.82
2.60 208 3.00 2.56 2.50 1.57
310 2.08 3.50 2.6l 3.00 1.23
4.10 1.4 4,50 .88 <.,00 (1.93
310 1.81 5.50 1.88 .10 1.12
(.40 1.53 (.50 1.82 0.10 ().85
22.40 007 7.50 2.03 711} (1L.56
4830 111 850 .93 9.00) .56
72.00 (.09 234} 2.33 24.00 0.73
124,00 1.31 71.20 {97 2910 0.74
78.40 1.4) 48.00 (1.74
96.90 1.69 71.70 .95
120.30 2.20 98 .80 0.05
120.40) 1.92




Fable A2-2
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Restdual Plastin actose Concentrations at Speciliced Post-Infusion Time

Intervals atter Three Four Hourly Infusions

CALEF | CALE 2 CALE 3 CALF 4
POS | PLASKIA POS| 'l ASAIA POST PLASMA POST- PLASMA
IN] AU INI LACT INt LACT. INF LACT.
LINIL (h) CONCU FINIL th) CONC FINITE (hy CONC 1IMIE CONC
(AT} tmhly (M) th tmA1)
0.0 1.57 0.00 1.89 0.00 2. 10 0,00 0.78
|00 408 0.50) |70 (150 760 .70 10.48
.60 3.00 .20 103 [.00) 5.31 230 2.8
200 340 2.00 2.35 320 4.75 3,40 157
1.80 1.94 120 1.67 3.00) 4.17 100 1.61
4.80 ' 0] 4.80 Y 120 3.649 1 80 5.106
5.00 200 5.80 2.00 4.70 (.33 5.30 4.460
6,70 2.00 7.40 .89 5.20 5.04 6,00 2.93
7.80 .85 540 LT0 Hh.20 4.31 0.80) 2.04
840 4 18 940 2 76 7.20 3.12 7.80 1
940 2.78 24.50 2.04 8.0 7.23 8.40 7.12
25.10 1.7 48.40 .31 0 40 4.84 040 3.79
48.10 1.05 24.00 2.03 24.00 1.22
4800 .68 48.40 0,72




Table A2-3:
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Residual I actose Coneentaation in Plasma at Specified Post-Inlusion Time

Intervals of Tin-Inleeted Control Calves

CALF | CALF 2 CALEF 3 CALF 4
POSIT- PLASMA PORT- PTLANMA PO - MLASKMA POST- PLASKMA
INY. PACT, Y, LACT, INT, LAUY. INT-, LACYT.
TINEE (g CONC LENTT ¢ CONC TINLE CONC TIMI: CONC

{mhD il iht tmA (h) (i)
0.00 .32 0.00 2.68 000 | 2.40 0.00 | 2.56
(.00 113 0,60 489 050 | 583 050 | 6.94
110 338 b 0.27 1.00 4.04 1.00 5.28
2.10 2.95 2.10 514 200 | 333 2.00 3.89
3,10 2.59 310 .60 00 | 314 300 | 3.67
410 224 4,10 3.63 a0 | 273 110 | 28
4.70 368 4.80 7.64 580 [ 4.17 sou | 510
5.80 A 5.80 3.47 780 | 2.93 800 | 2.55
6.80 242 6.80 2.74 2430 | 2.04 9.00 | 539
7.80 2,01 7.80 244 2480 | 040 2420 | 2.28
24,20 .49 24,30 279 3530 | 531 2480 | 584
24,70 337 24.80 8.26 2830 | 243 2500 | 5.34
25.30 408 25.30 5.56 30.10 | 281 2810 | 2.51
26.40 3.38 28.00 2.25 3191 | 2.54 3013 | 3.75
28.10 2,68 28,50 5.85 1730 | 2.33 380 | 2.84
36,00 145 29,50 A50 ag 1 | 227
31.70 410 2050 2.84
47.30 1.22 31.80 2.40
47.50 227




Table A2-4:
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Residual Lactose Concentration in Plasma at Specified Post-Infusion Time

Intervals of 1.Vivax -Infected Calves

CALF 1 CALF 2 CALF 3 CALF 4
POST- PLASMA POST- PLASMA POST- PLASMA POST- INF. | PLASM
INF. LACT. INF. LACT. INF. LACT. TIME (h) A
TIME (h) CONC TIME (h) CONC TIME (h) CONC LACT.

{mM1) (mM) (mM) CONC

(mM)

0.00 2.43 0.00 1.25 0.00 1.74 0.00 1.56
0.25 347 0.25 3.39 0.20 2.94 0.25 2.08
0.50 4.51 0.50 2.88 0.30 3.30 0.50 2.22
0.75 3.82 0.75 2.24 0.75 313 0.75 2.40
1.00 3.47 1.00 1L75 1.00 313 1.00 2.64
1.50 3.30 1.50 1.41 1.50 3413 1.50 2.95
2.00 2.26 2.00 1.22 2.00 3.13 2.00 4.66
3.00 2.26 3.00 1.37 3.00 2.95 3.00 2.94
4.50 1.56 4.50 1.15 4.50 2.95 4.50 2.26
5.00 4.27 5.00 1.85 5.50 5.21 5.00 642
5.50 3.65 6.00 1.60 6.00 3.47 5.50 451
7.50 3.47 8.00 1.15 7.00 3.13 7.00 3.27
24.00 2.84 23.50 135 24.00 2.94 24.00 3.10
24.50 6.81 24.00 1.98 24.50 6.05 24.50 6.05
25.00 5.19 24.50 1.98 25.00 4.74 25.00 5.23
25.50 4.46 25.00 4.09 25.50 4.41 25.50 5.07
26.00 4.09 23.50 1.66 26.00 = 3.60 26.00 4.74
27.00 3.89 26.50 1.28 27.00 3.24 27.00 3.92
29.00 3.10 28.50 1.34 28.50 3.2% 28.50 3.92
29.50 5.72 29.00 2.05 29.00 5.72 29.00 6.21
30.00 6.54 29.50 1.85 29.50 7.03 29.50 5.23
30.50 5.07 30.00 1.79 30.00 4.90 30.00 5.07
31.00 4.41 30.50 1.79 30.50 4.25 30.50 3.39
34.00 3.2 33.50 1.28 33.00 3.78 33.50 5.27
48.00 3.35 48.00 1.14 48.00 3.89 48.00 2.98
72.00 3.54 72.00 1.39 72.00 426 72.00 3.52
96.00 3.76 96.00 1.2¢ 96.00 4.08 96.00 3.30
120.00 3.09 120.00 X2 120.00 3.98 120.00 3.12
144.00 4 .00 144.00 1.48 144.00 416 144.00 3.28
168.00 243 168.00 1.12 168.00 3.21 168.00 2.79




TABLE A2-5: Parasitacmias in Lactose Infused and Uninfused T.Vivax - Infected Zebu Calves
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POST-
INFECT. | UNINFUSED GROUP [X10ml BLOOD] | INFUSED GROUP [x10%ml BLOOD|
TIME
(DAYS)
MEAN =
CALF 1 CALF 2 CALF3 SEM CALF 1 CALF 2 CALF 3 CALF 4 CALF 4

0 0 0 0 0 0 0 0 0 0

by 0 0 0 0 3+ = 1+ 1+ 2+

" 4+ 4+ 4+ 4= 4+ 3+ 3+ 2+ 3+

4 9.50 11.50 1550 | 12.41.61 15.50 11.00 11.00 15.50 2.50+1.84
5 28.00 16.00 19.40 | 21.1323.58 | 10.00 29.00 29.00 2.50 10.88+6.32
6 3.74 540 2.30 3.81:0.90 5.50 0.33 .33 0.30 1.61:1.30
7= 0 0 0 0 3+ 4+ 3+ 3+ 3+

8= 0 0 0 0 3+ 4+ 4+ 4+ 4+

o* ] 0 0 0 2+ 2+ 4+ 4+ 3+

10~ 3+ 1+ 2+ 2+ 2+ 2+ 4+ 4+ 3+

11~ 4+ 2+ 2+ 3+ 0.50 0.50 3.00 3.50 1.88+0.80
12 6.50 0.10 0.10 2372207 4.00 4.00 4.50 6.50 4.3840.83
13 6.0 10.50 10.50 | 9.33:1.69 16.00 16.00 4.00 20.50 13.63+3.49
’ Parasitacmias on these days were too low to be counted by the haemocytometer.

They were estimated by microhaematocrit method were 1+ = an oceassional parasite
perfield: 2+ = 1 to 5 parasites per buffy coat area; 3+ =5 to 10 parasites per

buffy coat area; 4+ = 10 - 20 per buffy coat area.
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TABLE A2-6: The Percentage Packed Cell Volumes of Uninfected Zehn Calves [nfused and not Infused with Lactose.

SAMPLING UNINFUSED GROUP (%) INFUSED GROLUP (%)
H—..”H_m_wmv CALF CALF2 CALF3 MEANZSEM CALF1 CALF2 CALF3 CALF 4 MEAN £ SEM
1

0 23.00 | 23.00 28.00 2467+ 1.67 32.50 27.00 27.00 34.00 30.10x1.84
2 23.00 | 22.00 28.00 2433 + 1.86 33.00 27.30 27.50 32.50 30.0 £1.60
2 23.00 | 23.00 27.00 2433 +1.33 32.00 27.50 27.50 33.00 29.75+1.62
4 23.00 | 23.00 27.00 2433 +1.33 33.00 27.00 27.00 32.00 29.88+1.54
3 23.00 | 23.00 7.0 24.33+£1.33 | 32.50 27.50 27.50 33.00 30,13+41.52
6 2300 | 23.00 28.00 2467 + 1.67 33.00 27.00 27.00 33.00 30.00+1.73
7 23.00 | 22.00 28.00 2433+ 1.86 | 33.00 27.00 27.00 32.00 29.75+1.60
8 23,00 | 23.00 27.00 2433+ 1.33 32.0¢ 26.00 26.00 1750 218.00+1.37
9 23.00 | 22.00 28.00 2433+ 1.86 32.00 26.50 26.50 28.30 28.38+1.30
14 23.00 | 22.00 28.00 2433+ 1.86 33.00 26.00 26.00 28.530 28.38+1.65
i! 25.00 ¢ 23.00 28.00 1533+1.46 33.00 27.00 27.00 28.50 28.88+1.42
12 25.00 | 23.00 28.00 2533+ 146 | 32.00 27.50 27.50 29.00 29,00+1.06
13 25.00 | 23.00 2700 24.33+133 3150 27.58 2750 28.50 28.50=1.06




150

TABLE A2-7:

The Percentage Packed Cell Volumes of T. vivax - Infected Zebu Calves Infused and
Uninfused with Lactose.

POST- UNINFUSED GROUP (%) INFUSED GROUP (%)

INFECT

TIME CALF 1 CALF2 | CALF3 MEANZSEM CAL¥1 | CALFI | CALF3 | CALFA MEAN-SEM

(DAYS)

0 20.00 19.00 | 20,00 19.67 £ 034 | 2500 | 23.00 | 25.00 27.00 25.00 = 0.82
2 22.00 20.00 | 22.00 2133z 0,67 | 24,00 | 22.00 | 25.00 28.00 24.75 +1.25
3 20.00 20,00 | 21.00 2033 £0.34 1 23.00 § 22,00 | 23.00 27.00 2375+ 1.11
4 20,00 19.00 20.00 19.67 ~ 0.34 23.00 25.00 25.00 27.00 25.00 £ 0.82
5 21.00 18.00 18.00 19.00 = 1.00 | 2200 | 22,00 | 22.00 26.00 23.00 = 1.00
6 19.00 16.00 16.00 17.00 £ 1.00 | 18.00 | 21.00 | 20.00 23.00 20.50 = 1.04
7 19.00 14.00 15.00 16.00 = 1.53 | 17.00 19.00 [ 22.00 25.00 20,75+ 1.75
8 17.00 12.00 11.00 1333+ 186 | 17.00 17.00 | 20.00 21.00 18.75 + 1.03
9 19.00 14.00 14.00 15.67 2 1.67 | 19.00 18.00 [ Z2.00 2100 20.00 = 0.92
10 18.00 15.00 13.00 1533+ 146 | 18.00 18.00 19.00 11.00 19.00 = 0.57
I 18.00 15.00 14.00 1567 £ 1.20 | 17.00 | 16.00 19.00 20.00 18.00 = 0.92
12 19.00 20.00 19.00 1933+ 034 | 18.00 17.00 18.00 20.00 18.25 + 0.63
13 15.00 17.00 15.00 15.67 £ 0.67 | 16.00 | 16.00 17.00 17.00 16.50 = 0.29
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Table A2-8:

with lactose.

The total red blood cell counts of uninfected zebu calves infused and uninfused

SAMPLING UNINEUSED GROUP (110" ml BLOOD) INFUSED GROUP (X10" ml BLOOD)

._q_.“”_u_vu CALF1 CALF2 CALF3 MEANSSEM CALF 1 CALF2 CALF 3 CALF 4 MEANZSEM
0 4.95 5.15 6.01 4.7040.66 6.94 4.98 4.80 7.35 6.0220.66
2 4.10 4.10 5.90 4.70+0.60 7.00 4.56 4.95 6.82 5.91+0.58
3 4.30 4.35 8.35 4.67+0.34 7.05 4.80 4.95 6.96 5.94+0.62
4 4.00 427 5.21 4.49+0.37 7.15 4.99 4.587 6.58 5.90=0.57
5 4.10 4.30 5.01 4.47+0.2¢ 6.96 216 4.80 6.89 5.95+0.57
6 4.10 4.20 5.96 4.77+0.57 7.13 4.95 473 6.98 5.95:0.64
7 4.21 4.00 £.96 4.7240.62 7.13 4.93 4.80 6.604 5.8840.90
8 4.10 4.45 5.0 1.5240.27 6.81 4.90 4.15 5.76 5.41:0.58
9 4.35 4.10 6.01 4.82+0.60 6.81 4.75 4.80 6.01 5.59+0.50
10 4.42 4.00 5.97 4.80=0.60 7.01 4.51 4.80 6.27 5.65+0.60
11 1.95 4.31 5.90 5052046 7.16 4.85 487 6.18 577+ .56
12 4.61 4.30 3.90 4.9540.51 6.98 4.95 4,95 6.37 5.81+0.52
13 4.335 4.33 3.26 4.65:0.31 6.01 4.90 4.85 6.25 5.65:0.46




Table A2-0: The total red blood cell counts of T. vivax - infected calves infused and uninfused with lactose.
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POST- UNINFUSED GROUP (X107 ml BLOOD) INFUSED GROUP (X10"'ml BLOOD)

INFECTIO

N TIME CALF1 | CALF2 | CALF3 | MEANSSEM CALF1 CALF2 CALF3 CALF 4 MEANASEM
(DAYS)

] 5.67 4.48 4.75 4.97+0.36 6.03 4.72 633 6.89 5.99+0.46
2 5.06 4.63 5,01 4.93+0.15 6.20 4.72 6.21 7.03 6,04:0.48
3 4.68 1.09 4.50 4.52+0.22 5.70 5.09 5,71 540 5.48:0.15
+ 4.75 4.13 4.97 4.62+0.25 5.63 6.04 6.11 5.88 5.90+0.11
5 4.05 4.45 4.15 4.22+0.12 825 5.15 5.5 5.85 5.50+0.18
6 3.95 4.20 4.15 4.10=0.08 4..50 4.25 445 4.35 4.39+0.06
7 4.30 3.70 3.89 3.96:0.18 4.05 3.75 5.65 540 4.71=0.48
8§ 3.89 .74 2.06 2.90+0.54 3.89 4.35 4.03 4.18 4.11=0.10
9 4.46 4.33 4.10 4.3040.10 4.50 4.15 5.52 4.69 4,72+0.29
10 4.05 3.15 4.25 3.82+0.34 3.60 3.54 4.46 4.14 3.94+0.22
11 4.05 325 4.50 3.93+0.36 4.09 3.75 5.00 4.96 4.45+0.32
12 .40 4.70 4.63 4.91+0.25 .28 4.35 4.50 4.60 4.43+0.08
13 4.19 4.31 3.70 4.07+0,19 4.62 3.88 4.28 3.39 4.29:0.16
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Table A2-10: Total Jeukoceyte counts of uninfected Zebu calves infused and uninfused with lactose.

POST. UNINFUSED GROUP (N1 /ml) INFUSED GROLUP (N10%/mi)

INFECTION

TIME(DAYS) CALF1 CALF2 CALF3 MEANSSEM CALF 1 CALF2 CALF 3 CALF 4 MEAN = SEM
0 8.76 14.91 15.62 13.10+2.18 10.70 10.85 7.63 14.24 10.861.35
2 8.61 14.62 15.38 12.87-2.14 10.70 10,85 7.85 14.00 10.89:1.26
3 3.2 15.75 15.95 13.30:2.55 10.33 10.80 7.55 14.35 10.76:1.40
4 8.34 15.70 16.15 13.40-2.54 10.68 10.67 1.73 14.31 10.85+1.35
5 9.52 14.00 15.00 12.84+1.69 10.68 10,75 7.90 14.01 10.84+1.25
6 9.35 5.20 13.30 12.62+1.72 11.91 10.60 8.30 14.90 11.20+1.20
7 9.65 14.85 1510 13.20=1.78 12.20 11,10 8.50 14.90 11.68+1.33
8 9.30 15.00 15.00 13.10+1.90 12.35 10.85 9.00 13,95 11.54+10.6
9 10.60 15.90 14.95 13.82+1.63 13.45 12.10 10,90 14.90 12.85+0.88
10 11.35 14.85 15.41 13.87+1.27 14.30 12.85 11.20 14.90 13.31+0.83
11 .75 15,10 12,00 13.62+1.43 14.40 12.65 11.61 14.67 13.26:0.70
12 11.00 15.32 14.88 13.73+1.37 13.75 11.10 10,00 1410 12.24+1.01
13 9.75 14.91 15.5] 13.39+1.83 12.52 10.60 8.95 14.00 11.52+1.11
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Table A2-11: Total leukocyte counts of T. vivax-infected zebu calves infused and uninfused with lactose.

POST- UNINFUSED GROUP (N 107/mi) INFUSED GROUP (X10*/ml)
INFECTION
TIME (DAYS) CALF1 | caLFr | CALF3 | MEANsSEM CALF2 | CALF3 | CALF4 MEANZSEM
0 11.058 8.60 9.40 9.68-0.72 7.00 11.35 14.35 10.26-1.64
2 12.50 6.95 10.31 9.92+1.62 6.00 8.85 10.95 8.43+1.03
3 9.90 6.70 8.91 8.50+0.95 55 4.90 8.30 9.40 6.79+1.22
4 8.75 745 8.01 8.07+0.38 4.65 6.05 8.05 11.70 7.61+1.53
5 8.20 7.80 7.64 7.88+0.17 7.30 6.25 6.75 8.75 7.26=0.54
6 .80 7.50 6.71 7.34+0.32 7.70 6.90 6.30 9.00 7.48+0.59
7 7.50 7.70 6.50 7.23+0.37 5.40 5.00 1325 9.50 6.79+1.03
8 TS 3.94 6.13 5.89+1.09 5.50 .45 5.60 6.75 4.93=-0.91
9 7.90 6.70 7.01 7.20+0.36 6.60 6.65 10,00 9.40 8.01+0.99
10 6.85 4.70 6.25 5.93+0.64 5.65 6.05 7.25 7.65 6.65+0.48
11 8.25 4.80 7.55 6.87+1.05 6.40 5.50 6.00 8.30 6.55-0.61
12 10,95 | 8.40 0.00 | 9.45+0.77 | 8.05 8.25 7.25 0,95 8.38+0.57
13 7.60 6.55 6.05 6.73-0.46 7.50 545 6.45 9.25 7.16+0.81




Table A2-12; The Plasma Total Proteins Concentration of T. vivax-Infected and Uninfected Zebu Calves that received and

did not receive Infusions of Lactose

SAMPLING | UNINSFECTED. UNINFUSED GROUP (2/dly UNINFECTED. INFUSED GROU P (24dl) INFECTED, UNINFUSED GROUP (gl INFECTED, INFUSED GROLUP (g/dl)

_.””4._..”. CALI CALF CALF MEAN = CALF | CALF | CALF CALF MEAN £ CALF CALF CALF | MEA + CALF | CALF | CALF | CALF | MEAN
1 2 3 SEM | : 4 3 SEM 1 2 3 ”

SEM I 2 3 4 = SEM
0 .10 o0 8.20 7A43-0.39 6.40 6.30 6.80 =00 6.6820.14 6.20 5.80 6.10 6.03=0.12 740 6.00 6.060 (.60 6.63+0.29
2 =00 =00 8.00 7.33:0.34 6.40 6.70 | 680 690 6.7040.11 6.9% .50 6.50 6.30:0.42 .00 6.50 6,00 6.80 6.580.22
3 =00 6.90 810 7.33-0.39 6,00 6.70 | 6.80 =0 6.80:0.11 570 470 £30 £.23+0.29 6.70 6.10 6.20 6.40 6.35:0.14
4 T30 10 840 T.o0=0.40 6.60 6.50 6.90 .00 6.75+0.12 590 4.50 540 5374032 6.00 6.10 6.50 6.50 6.43+0.11
] e (] 7.00 840 750045 6.60 6,30 | .00 .00 6.7820.13 6.10 4.50 5.60 S530+0.38 350 530 6.40 6.50 5.93+0.31
6 % .00 850 7604046 6.50 6.50 .10 .20 6.83=0.19 5.70 4.70 530 5.23+0.29 6.70 5.60 6.00 6.50 6.20+0.25
7 0. .00 8.20 7.23+0.50 6.50 6.50 7.10 7.0 6.78:0.16 6.10 4.30 510 £17+0.52 6.80 (.00 6.70 6.80 6.5810.20
8 =10 .00 5.00 7.37+0.32 640 6.50 6.10 6.70 6.6820.16 6.00 4.50 540 530034 .00 5.50 O.40 6.20 6.28:0.31
9 6.70 6.70 6.77+0.07 5.80 5.90 6.80 e L] 0.40+0.33 6.40 4.50 .70 3.63-0.46 6.00 6.70 6.20 6.55+0.29
10 0,60 6.00 0. 4720.09 600 6.10 | 6.90 ~H 6.5340.2 5.90 4.50 5.30 5.23+0.40 5.90 6.30 6.70 6.33:0.28
11 6.90 0.90 6.80<0,10 6.10 6.10 6.90 .10 6.55:0.27 6.20 4.30 550 §.33:0.55 5.60 5.90 6.30 6.2540.35
2 6.70 6.70 6.90 0.80=0.06 .40 6.00 Tid 74D 6.75:0.33 6.30 4.60 5.50 547:0.49 6.40 6.10 6.70 0.68+0.30
13 6.60 6.60 T.20 6.90-0.17 6.40 6.40 | 710 =00 6,73+0.19 6.00 500 5.50 5504029 570 590 5.80 6.1540.36




Table A2-13: The plasma free sialic acids concentration in T.

rivax-infected calves infused and uninfused with lactose.

POST-
INFECTION
TIME (DAYS)

UNINFUSED GROUP (mg/l)

INFUSED GROUP (mg/l)

MEAN=SEM

CALF2

CALF3

MEAN=SEA

156

L[]

[

2.78+0.33
2,5340.11
4.81+0.2

5.87+0.31
6.92+0.49
5.01=0.01
2.870.10
3.61=0.37
3.970.20
3.1520.40

3.76+0.49

3.04
357
4.82
6.61
9.29

6.01

2.54

3.09

3.13

4.03

357

4.01

6.35

2.23+0.52

4.69+0.34
7.19+0.36
9.20+0.74
5.72+0.87
3.78+0.68
4.80+0.20
5.72+0.50
4.97+0.90
3.97+0.90
44420014

4274031
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Fable A2-14: Daily pereentage changes in POY of T, vivax infected Zebu calyes infused
and waigdused swith lactose,

rosi- Untreated Gronp Freated Group
INFECTION
TIMIE (DAY I 2 3 MEANESEN I i 3 4 MEANSSEM

PRETREAINMENT PERIOD

2 ] +5 Ll +R.3+1.7 R 14 ] -1.7 J.ocia
3 &) 0 1.5 45426 4.2 N 8 A ANE16
1 n 5 1.8 33006 1] t13.5 ‘K8 1] +5.643.4
3 ‘8 -8 -1 ST R | 44 -12.n -12 37 -8.0+2.3
i s 11 11 10,5405 -18.2 4.5 S K4 10,0+2.9
CUMULATIVE -3.5 -16 -20.3 -13.3+5.1 -30.8 -7.4 -24).2 1.4 -19.5+4.8

CIANGE

e e e ——me ——————— |
TREATMENT PERIOD

" -12.6 -6.3 -6 ER.G -4.9 8.8 IO .7 L 41,7449
ahe LN | 208 | -17.24409 v5.7 | 48 | 34 | .32433
9 53 |6 | ¥27.3 | +18.614.0 -10.4 +4.5 | +8.6 .o | +5.5+2.6
10 +7.1 -7.1 -1.8+4.5 -4.0 HLT | -12.9 -4.043.2
CUMULA- -6.5 | 3.1 [-129 | -7.542.9 16,70 | - +3.1 A4 40.01243.2

FIVE CHANGE

PERIOD AFTER TREATMENT

L n 1] +1.7 +1.6+2.6 b L1 i AN -8.442.3
+ 8.0 PRER 1187 PRLET +89 59 53 1] +1.6+2.7

12 2.1 asa | 2w 91120 AL 56 56 150 94123

13

CUMUT A BER v183 22} (3 AP AL 0.8 111 B 194 ~13.242.2

TIVE CHANGE
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Table A2-15 Daily percentage changes in total RBC count of T yivax-infected Zebu calves infused and
uninfused with lactose
POST- UNTREATED GROUP t TREATED GROUP
INFEC-
TIONTIME | 2 3 Mean + SEM | 1 2 3 4 Mean +
(DAYS) SEA(
PRE-TREATMENT PERIOD
2 -10.8 +33 5.5 -0.7+51 +2.8 0 -1.9 +2.0 0.7+ 1.1
3 -7.5 -11.7 -4.2 -18+22 -84 +18 -8.1 -23.2 39+75
4 +|.5 + 1.0 +3.5 +2.0+ 0.8 -12 +18.7 +7.0 +8.9 -L4+41
5 -14.7 + 78 -16.5 TR+ TR -6 % 147 -39 0.5 - N=+29
6 -25 -56 0 27216 -14.3 -17.5 226 | -256 | -2i0-25
Cumm -34.0 =52 117 -{70+R7 =276 -37 =315 -38.4 --f8=7.1
Change
TREATMENT PERIOD
7 +8.8 -11.9 -6.3 -3.1+62 -9 -10.9 +27.9 +23.0 -5.2+10.5
8 -9 3 -260.0 -47.0 5: 109 +4.4 +24.1 206 | -145 -17=10.1
9 +14.7 +58.0 +99.0 +57.2+ 24 4 +11.5 -88 +328 +8.0 +10.9:8.6
10 92 -27.3 +3.7 109490 -20.5 -15.2 -197 | -12.2 -169+20
Cumm +48 -7.2 +49.4 +15.7+ 17.2 -13.7 -10.8 +20.4 +6 3 ~H=8.1
Change
PERIOD AFTER TREATMENT
11 {0 +3.2 +59 +3.0£1.7 +13.6 +59 21 | +198 | -129:£29
12 +333 | +446 | +29 | +269:125 w47 " Ls60 f-00 | 23 | 19460
13 224 83 2.0 109460 +7.9 08 | 49 | -16 31439
Cumm 109 +39.5 +6.3 +19.1 +10.3 262 +11.1 -28 +7.9 -116=60
Change
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Table A2-16: Daily Mean percentage changes and mean Cummulative Percentage Changes in total RBC count of T ¥ivax-infected Zebu calves before,
during and after lactose infusion in one Group of the infected animals.

Percentage Change in RBCC hefore Luctose Infusion {Mean + Percentage change in RBCC during, Lactose Infusion Percentage change in RBCC aftzr Lactose Infusion
SEX {Mean = SEM) was stopped (Mean + SEM}
Posi- i 2 3 4 3 6 Cup- 7 8 9 10 Cup- 1 12 13 Cup-erc
Infection ere erc
Time
{Davs)
Infected. | - -7 | -7.8 -2.0 T8O -7 -17.0 -5.1 -2735 +31.2 -10.9 ~15.7 =30 -36.9 -10.9 ~19.1
uninfuse s 30 T e e -G8 -"8 | -1.8 87 -6.2 =10% +24.42 =9.0 —172 =17 -12.5 =6.0° 103
d Group
n=3)
[nfected. | - -0.7 { -39 -84 -20.0 2238 ~-§.2 -1.7 ~10.9 -16.9 +0.6 -129 -0.9 =31 +10.6
Lactose- ot DU B 2 S S B RO RS =71 —161.6 =10.1° =8.6 =20 =8.0 2.8 =6.0° +3.9° 6.0
infused (F=<0.003 (P<001)y | (P<0.01) (P<0.005) I (P<0.01) (P<0.03)
Group
n=4)

Cuperc = Mean Cummulative percentage change in RBC Count during the period indicated. Positive and pegative signs indicate increases and decreases,
respectively. Comparison was done down the columns and values with different superscripts are satistically different a1 the confidence
limits indicated.



Lable A2-17

Pereentage clumges i the men
Lotal Tenkoeyte counts m all Groups
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Sampling

%o Changes in Mean Total | evkocyvie Counts (%s)

Tome {12y s)
Uhnntected Lnhlected Intected [nlected.
nintused infused Group Ugimbused bifused Crroup
GCiroup Ciroup

2 -2 i 2 -18

i 12 -1 -12 =34

1 +2 f -17 -2h

5 -2 1] -4 -29

O - +3 24 27

7 t1 tR -25 -34

8 0 e <10 -52

) th 18 ] -22

] an +23 -8 -35

1l il 22 249 -3

12 15 H13 -2 -8

13 02 i -1 300

Meun & SIEM | +1.67 i8.17 -21.58 3008
RS 42 44" +3.61° 12.5%

Positive and negative signs indicate increases and decreases,
respectively compared to pre-intection values. Values with

dilferent superseripts are significantly (p-(L00Sy different
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Table A2-18: Percentage changes in mean Absolute Lymphocyte. Newtrophil. Monocyte and Eoisinophil counts in T. vivax-infected Zebu calves
Infused and not Infused with Lactose.

POST-INFECTION TIAE 2 3 4 N & 7 8 G 14 it 12 11 Mean » SEM
[DAYS)
Lymphoeyies | Uninfused | ~14 [ 12 | 37 | -31 ND | 6 -36 9 30 24 | -3 | -7 | -1609s06
(%ol

intused =17 -4t -37 -36 ND -23 -1% -4 -33 ~31 -1 <26 -28.08-4.05°

{P<0.0G5)

Newrophils Uninfused 33 =27 +24 +3 WD -3k 66 -76 -68 -0 - -17 -36. 109 B8~
(%)

Injused <30 -28 -9 -6 KD -53 -R] -7 -4 - -3F -0 | -30.26+3504°
Monocyis: Uninfused - -7 =11 ic ND | 38 - -3 -G8 -6l - <540 ] -13.22116.81°
(%%)

[atused =41 =127 =132 41 ND -78 B3 ~2%7 +73 -136 -6 -1} +80.82:32.89°

8 {P<0.0003)

Eoisinophils Uninfused -5 +14 =7 64 ND - -14 -14 -39 -31 =25 =30 ) 158021078
(%)

Intused —83 +25 +4 6! ~ND =23 -3 -67 =25 =50 -17 69 | -19.55+13.63°

Pesitive and nagauve signs indicase increases and decreases respectively; mean values (for cach parameter} with different superscripts
are statisticalls different.

ND = Nat determined {prepared slides were lost by accident)
- =Not detected in slide.
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Table A2-19: The percentage changes in mean plasma taal prateing in all groops
| I L | | gri)

Sanpling Fime
112AY)

S CTIANGES IN MPAN PLASMATTOTAL PROTIINS 1200

VININFECTEIL
TININFIISED)
GROLP

UININFECTED,
INFIISEDNGROUP

INFICTED.
CININEUSE Y
feldd e

INFECTER,
INEFESEDY GROV

30 3 Sh e b b b

\

I
11
12

13

N
-1
12
4]
42
-]
-1
0
-1
-
-1
-7

1}
£2
1
£2
+2

+2
4]

-1

-2

-2
H
Hl

-11
-1
-4
-3
-14
-12
-7
-13
-12
-0
)

+7
+5
-4
+
+7
+2
7
+6
2
+9
0

Meand SIM
——— .

=267 29

1255054

07501 420

PRSI D

—

——

Pasitive and negative sigas Iadicale increases
and dogieses, respectively values with diffeney
superscripts are sigmitcantly (P<0.005) dillerent.
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Ihe miean pereentage chimges in the mean oial, absolute ditfewntal leokocy te coumts ad total plasima proteins

PARAMETERS

MEAN & SEM PERUCTNEAGE CHANGES IN THE PARAMI TERS'

Healthy, uminfused
proup

Healthy, infosed
aroup

Infected, Uninfused
grip

Infected. infused group

Tital leukoeyte

connt

ot cln7 0400 PR 24 215813 6] -300842 59
Absolue ND N AhirEs G 24,0944 05*

1y mphoey e count (1 (1. 0005)
Absolute neatrophil NI ND -36.104+9 88 =30 46 sS04
count =
Absolute monocyte ND ND 1322416.8]" FROLR2 1D ROr
connt (1 00005
Absoslute corsmophil NI NI -1SROLID 76 195541365

Total Plasina
L-Plnlclllx

2674120

97841 42"

I

$3.7541 04°

Positive and negative signs indicate increase and decreases,
respeetively, values with Giflerent supersenpts me stahsticaliy

difterent at the state confidence limit or P<0.005 ND

. Al the values are mean percentage changes froun the pre-mdection

Not determined

sabizes thiosghout the dusation of e expesiment



