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ABSTRACT

The mechanism that mediate recognition and subsequent sequestration of erythrocytes
during bovine trypanosomiasis in Trypanosoma vivax infected calves with and without
lactose infuson was investigated. Saidase induced exposure of carbohydrate on
erythrocytes following remova of gdic acid with increasing parasitemia, were
examined using an in vitro cdl binding assay that alows spontaneous formation of cell
contacts.

The results obtained indicate a preferential recognition of erythrocytes taken from
the T. vivax infected animas, as compared to those from non-infected animals by rat
peritoneal macrophages. This recognition manifested itsedf by adhesion of the
complementary cells in the form of rosettes and hence could explain partly the removal
of erythrocytes from circulation during bovine trypanosomiasis. Adhesion was shown
by inhibition studies with monosaccharides and oligosaccharides. The inhibition pattern
of D-gaactosc > Lactose > Maltose > D-glucose > Mannosc was observed.

freshly isolated rat peritoneal macrophages in vitro strongly bound desiaylated
erythrocytes of caves infected with Trypanosoma vivax. A consistently higher level of
binding was observed in the lactose infused infected calves adduced to a consistent
presence of the trypanosome parasite in the peripheral circulation of the lactose - infused
caves. A concomittant higher level of free serum sdic acid concentrations was aso
observed in the lactose-infused infected calves throughout the experimental period.
Correlation studies showed a strong positive association (P<0.001) between serum sidic

acid and rosette formation.

An initid but non-significant (P>0.05) increase in free serum sdic acid
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concentration was observed in both infected groups of caves and this coincided with
increased parasitemia. The initid increase coincided with increased rosette formation
and increased parasitaemia. Parasitaemia in both groups of infected calves continued
to rise after the establishment of patent infection and peaked 5 days alter infection.
While trypanosomes flourished in numbers large enough to be counted throughout the
period of the study in the infected calves that were injected with lactose, they were
too scanty to be counted by day 8 alter infection in the infected calves that were not
injected with lactose.

These observations demonstrate that phagocytosis of erythrocytes early in
bovine trypanosomiasis may partly be due to the cleavage of ddic acid, exposure of
p-galactosc residues and binding of the erythrocyte by perhaps p-galactose specific
lectin on the host macrophages. The persistent parasitaemia, higher concentrations of
free serum gdic acids and higher binding and resetting observed in the lactose
infused infected calves strongly suggest more desidylation of the erythrocytes, inspite

of the lactose infusion.


http://p-galacto.se
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CHAPTER 1
INTRODUCTION

‘I'rypanosomiasis is a severe discase in animals and man causcd by protozoan
Trypanosoma parasites mostly transmiticd by tsctse flics, Glossina species.  Different
species of the genus Trypanosoma infect cattle, sheep, goats, pigs, horses, donkeys,
camels and many types of wild animals and man, The discase occurs in scatiered foc
throughout the subsaharan tsctse belts of Alrica, an arca ol some 10 million square
kilometers and it restricts cattle rearing, in many  arcas of the continent (Tropical
Discascs, 1990). In highly tscise infected areas, it is extremely diflicult to keep livestock
at all and cven human habitation may be threatened.  The pathogenic animal
trypanosomes are transmilted cyelically, mechanically or by coitus (Hoare, 1972; Anosa,
1983; Rocder er al., 1984; Schoni, 1994)., The discases caused in amimals are
collectively called Nagana, while in human beings they are known as sleeping, sickness
(Apted, 1970; Tropical Discases, 1990; Engstler and Schauer, 1993), Some 50 million
people and 25 million cattle in Africa are at risk of infection with these trypanosomes
(Turner, 1982; Tropical Discases, 1990).  Scven million cattle dic annually ol
trypanosomiasis throughout  a large portion of sub-saharan Africa  (Lngstler and
Schauer, 1993).

The potentials for appreciable increascs o livestock production in many parts of
Altica and Nigerta in particular 1s hampered by manpower and ammal discases.  Many
discases in Africa such as rinderpest, East Coast Tever (ECE) and tselse-transmitted
trypanosomiasis allcet animals,  Trypanosomiasis has remaincd a major lorce militating
against livestock production in tropical Africa including, Nigeria, where the discase 1s

endemic.,



The most comumonly occurring pathogenic Irypanosomes in ammals  are
Trypanosoma congolepse, T. brucei and T. vivax which affccl caitle, buflalo, sheep,
goals, pigs, donkey, horses, camcls, cats, dogg and laboratory animals. Others arc 7.
evansi wWhich affects dogs, bulfalo, camels, horses, sheep and goals, 7. equinuem which
affects dogs and horscs, 7. equiperdum alfects horses, while 7% swis and T simiae cause
discase in pigs. Laboralory animals such as rats, mice, rabbits and guinca pigs arc highly
susceptible. 7. brucei thodesicnse and 7.5, gambiense aflects humans. (Loare, 1972,
Tachibana ef af.,, 1988; Drun et uf., 1989, Tropical Discases, 1990). 7\ vivax causes the
most itnportant form of trypanosomiasis in farm animals in West Aftica (Soulsby, 1982),
particularly in Northern Nigeria (Lecflang, 1978).

Pathogenic apimal trypanosomes arc causative agents of the most common
livestock discascs which have an impottant cconomic impact on many African counlrics,
Thesc diseascs usually causc debilitating symptoms manifested by anacnia and cachexia
which may result in death (Sckoni, 1994). The cconomic losses resulling from death of
the affected animals, or stunting, debilitation and poor reproductive performance have
not been well quantificd, but must be staggering. Ilemobade and Balogun (1981) have
shown that pigs infected with 7' simiae cxhibited impaired feed conversion elliciency,
growth failure, poor carcass traits and extremcly high and uncconomic feed cost per unit
of weight gain apart from the anacmia of the infcction.

Allccled animals geacrally show poor growth rates, low milk yiclds, reduced
capacity for work, poor reproductive performance (ILRAD, 1986) and al slaughier,
carcasses arc of low weight and poor quality, hence leading to Lrge cconomiy losscs.

The animals also show a wide range of reproductive disorders which  include
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degeneration of the hypothalamus, pituitary glands and gonads with consequent
disruptions in the secretions and plasma concentrations of the hormones necessary for
normal reproductive processes in both sexes (Sekoni, 1994). These reproductive
disorders in animals are also of significant economic imporiance, especially in sub-
saharan Africa, where the discase is endemic.

In amimals, trypanosomiasis may be peracute, in which case the
ammal dies within a few houss or it may be acute, sub-acute or chronic, In chronic form,
the animal is vsually emaciated, anaemic with low total plasma proteins and infermittent
pyrexia (Apted, 1970, Akol and Murray, 1981; Esievo ef al., 1982a; Boch et al., 1984;;
Sekoni, ef al., 1990).

Anaemia, a clinical feature in animal trypanosomiasis (Fiennes, 1954; Mackenazie
and Cruickshank, 1973; Mamo and Holmes, 1975; Kobayashi et al., 1976) has long been
established as a major pathological feature of animal trypanosomiasis (Fiennes, 1954;
Losos and Tkede, 1972) caused by 7. brucei, T\ congolense or T. vivax infection. The
anaemia is hemolytic in origin but the mechanism of hemolysis is the subject of
numerous investigations as reviewed by Esievo and Saror (1991). Of the numerous
factors advanced as being responsible, emphasis has been given to erythrophagocytosis
and the reduction of erythrocyte life-span due to the effects of trypanosome sialidases
{neuraminidase) on surface sialic acid on the red blood cells as reviewed by Esicvo and
Saror (1991).

Sialic acid occurs as the terminal sugar on the glycoconjugates on the surfaces
of erythrocytes of mammals where they mask ligands or recognition sites on the surfaces
of erythrocytes and also give a general shield on the cell surfaces by their negative charge

(Mulier e al., 1981; Esicvo ef al., 1986; Kelm, ef al., 1986ab; Engstler and Schauer,
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1993). Removal of this terminal sialic acids results in the exposure of subterminal
[}-plycosidically bound galactose residucs which then binds with the fi-ID-galactose
specific lectin on macrophages (Kolb and Kolb-Bachofen, 1978; Kuster and Schauer,
1981; Kelm and Schauer, 1986; Mohr ef af., 1987). This attachment leads to
erythrophagocytosis (Kelm ef of., 1986a). This attachment of erythrocytes to lectin on
the macrophages which leads to crythrophagocytosis can be inhibited or prevented by
other saccharides similar to galactose (Kolb and Kolb-Bachofen, 1978, Ashwell and
Morell, 1978; Muller er «f., 1981, 1983a; Mohr et af,, 1987) thus keeping the
erythrocytes longer in circulation.  The above investigations were accomplished using
commercially-produced bacterial sialidase (neuraminidase).  With the production of
sialidase by 77 vivaxy (Esicvo, 1979, 1983) the development of severe anacimia in Zcebu
cattle has been associated with a significant reduction in erythrocyte surface sailic acid
concentrations during the acute phase of experimental 7. vivax infection (Lsievo ef ul.,
1982a). Thus during bovine trypanosomiasis, sialidase 1s produced by 77 vivax which
cleaves crythrocyle surface sialic acids, rendering the crythrocyles more prone 1o
phagocytosis by the expanded mononuclear phagoceytic system (reticuloendothelial
system) perhaps duc to some physico-chemical damages on such cryvthrocytes (Esievo
et al., 1982a). Therelore, erythrocytes, surface sialic acids and trypanosome stalidase
have significant  roles in the  pathophysiology and  pathogencsis  of  animal
trypanosomiasis (Esievo and Saror, 1991). It is imporiant therelore to investigate if the
anacmia obscrved during bovine trypanosomiasis 1s duc to the removal of erythrocyle
surface sialic acids, cxposure of  [-galactose and subscquent removal of such
desialylated  crythrocyte  from  circulation by f3-D-galactose  specilic  lecting  on

macrophages. It is also important fo investigate if this process of ervthrophagocylosis
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can be inhibilcd /2 vive thorcby incrcasing the survival time of the desialylaicd

erythrocyles in circulation.  There is no mformation on this aspecls in bovine

trypanosomiasis. This study was thercfore designed to:

1. cstablish the exposurc ol galaclose on crythrocyle surface during
trypanosome  infcction;

2. cxaming the rclationship between crythrophagocytosis in - bovine
trypanosonasis, desialylation of caytleocytes by sialidase produced by the
invading trypanosome and the exposure of [i-D-galactose residucs as the
subterminal sugar and 1’y subscquent trapping by rat peritoneal macrophage;
andl,

3. examine and compare the inhibilory effect of lactore when used in an /1 vifre
celf binding assay and when repeatedly infused intravenously to 7. vivax

infected calves.



CHAPTER 2
REVIEW OF LITERATURE

Across much ol tropical Alrica, callle, goats, sheep and camels provide
smallholder farmers with two of their most important sources of food - milk and meat
(ILRAD, 1989a). Livestock also provide fertilizer and tractive power for callivation. Al
whatever level of production, livestock provide millions of familics with better mutrition,
family income and cmpluymcﬁt opportunities, draft power and improved agricuiture,

There is an imbalance in the growih of human population when compared with
food production, particularly livestock production where in Altica {or instance, [LRAD
(1989a) reported that the human population has an average annual increase of 3 percent
whilc the cattlc production has risen little with an annual increase of only a hitle over 2
percent.

The prablems of beefl production in developing countrics are extremely diverse.
'This is more pronounced in a couniry like Nigeria with various climatic and ceological
differences ranging from hot savannah zonc where livestock production is based on
pastoral system, to humid zoncs with rainfall in the south where utilization of abundant
pasturc resources and water is liniied by tse-tse-fhics and social land pressures (Nurw,
1982). Onc of the most iimportant constraints on Jivestock productivily in tropical
environment is discase (LLRAL, 1989b).

The adverse cffects of East Coast fover (IECF), rinderpest, trypanosonniasis and
other livestock discases on food and agriculiural production must be reduced as quickly
and as c(fectively as possible. In Nigeria, for fnslance, with {he eradication ot sontrol

of major cpidemic diseascs such as Rinderpest and ool and Mouth discase, livestock
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production s now faced with insidious economic discases such  as  mastitis,
trypanosomiasis, streptothricosis, endo- and ectoparasites and reproductive discases like
brucellosis leading to breeding incfliciency and infertility (Nuru, 1982). In Nigenia,
trypanosomiasis and streptothricosis are of great cconomic importance in the loss of
valuc of hides, premature culling of potential beel bulls and cven death or slaughter of
cmaciated beasts.

Trypanosomiasis is a livestock discase that is of major cconomic importance mn
Africa (ILRAD, 1989b) himiting the growth of beef cattle industry since only the
trypanotolerant breeds can thrive m those arcas heavily infested by tsetse flies (Nury,
1982). Efforts to increase livestock production in many arcas south of the Sahara
depend on improving methods used to control trypanosomiasis.  Effective animal
production is dependent on prevention and/or treatment control of detrimental discases
including trypanosomiasis. Therefore, in planning, for increased catlle productivilty in
tropical Alrica a principal requirement is tor mlormation to predict accurately the
uscfulness of production systems, management levels, discase situations, nutrittonal
resources and major breed types for ditlerent ecological zones (Trail, 1984).

The protozoan parasites  (frypanosomes) that  causes  (rypanosomiasis  aie
transmitted by the bite of tsetse flies to domestic animals in which severe and olien Latal
infections may develop.  Trypanosomiasis 1s one of the few scrious cattle discascs that
cannot be ctlcctively controlled by veterinary practices (Oldficld, 1983) and it 1s mdeed
a more important problem than human sleeping sickness (Willet, 1970).

Tsetse tlies inhabit about 10 million square kilometers or roughly one third of the
African continent, an arca containing some ol Africa’s best watered and most fertile

land. In these vast arcas that are otherwise suitable for livestock production, the
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presence of tsetse flics limits the  production of most breeds of cattle and small
ruminants except those kept under close vetermary supervision and given Trequent and
costly drug treatment or the use of trypanotolerant breeds of cattle. Therelore, a lage
proportion of livestock on the continent is kept in tsetse-Iree arcas, most of which are
fragile, and and increasingly over-grazed (ILRAD, 1989a). As a result of this, the human
population suffers from malnutrition duc mainly fo lack of animal protein, while
agriculture which is heavily dependent on fertilizers in many places remains in the
primifive state of shilting cultivation duc to lack of cattle manure (Hornby, 1952; Willet,
1970; Hoare, 1972;). About 75 percent of Nigerian land is known to be infested by
tsetse flics and only trypanotolerant breeds can thrive in these arcas,

Tsetse {ly (Glossima) belongs to the insect order of Diptera, family Muscidac,
sub family  Stomoxydinac.  Other Diptera especially species of Stomoxys and the
Tabanidac, that live by blood sucking, can participate i the transmission  of
trypanosomes from one host 1o another (Ford, 1971). There are 34 species, sub-species
and races of Glassina now recognized.  There are 3 subgeneric groups of iscise, (ilossin
Jusca, Glossina morsitans and Glosmna palpalis (Ford, 1971). The fusca group as a
whole live in humid environment, the palpalis group is gencrally conlined to walter side
habitats and the morsitans group is associated with more and ‘Savannah’ type vegetation
(Ford, 1971).

The rypanosomes (1rypanosoma) are Hagellated protozoa belonging to the
class  zoomastigophorca, lamily Tryvpanosomidac and  order  kinctoplastida  (or
Protomonadina). The Kinctoplastida represent a prominent order of flagellated protozoa
containing several species threatening man and his domestic animals, cspecially among

the gencra Trypanosoma and Leishmania (Engstler ef af., 1995). They have single
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flagellum and the genus includes a number of species which are dangerous parasites to
man and domestic animals, though many of the sam¢ and other gpecics are non-
pathogenic in wild animals (Itoarc, 1972). Trypanosoma vivax uscd in this study is a
specic belonging to the B scetion salivaria and subgenus Duttonella which arc
represented by monomorphic {forms with a free {lagellum.

The role of tsctse-flics as vectors of Nagana is closcly related to the sources of
their food, represented primavily by wild ungulates, a large proportion of which are
symptomless carriers of trypanosomes that arc pathogenic to domestic animals, Most
of the available information about Nagana involves bovines and there are over 100
million head of catlle in tropical Aftica (WHO, 1969; Hoare, 1972) henee (hey are
economically the most important hosts affected by trypanosomiasis.

The discase varics according to the degree of challenge by (sctse and {he
resistance of different breeds of cattle {o infection. In northern Nigenia for ingtance, (he
Muturu and N’dama breeds are tolerant of the discasc while the Zebu cattic arc highly
susceptible. However, due to itmproved conditions of husbandry, catlle exposcd to tsetse
can be protected by prophylactic and therapeutic drug treatiment,

Thus, in this review, African leypanosomiasis is examined. The contribution of
past rescarch work on the anacmia obscrved in wypanosomiasis particulily the role of
erythrocyte surface sialic acids, sialidases and galactose cxposure on the sequoestration

of crythrocytes by a process of crythrophagocytosis necd 1o be cxamingd.

2.1 METABOLISM OF TRYPANOSOMES
The mefabolic activity of a parasile may affects its host in two ways; by depleting

gsscutial nutricnts and/or producing toxic metabolites (Newton, 1978). The mode of
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nutrition of trypanosomes is of the saprozoic type aided by pinocytosis. Carbohydrates,
especially glucose fulfil most of the esscntial requirement for irypanosome metabolism.
Thic arnount of glucuse consumed per hour by blood stream forms of Afiican pathogenic
typanosome for instance is equivalent to 50 - 100 percent of their body weight and they
dic within a few minutes when deprived of this supar jn vitro (Drand, 1951; 1966)
becausc of their low cndogenous cncrgy rescrve (Opperdocs ef al,, 1976). The
irypanosome utilize the sugar that is available to them in the host’s blood under natural
conditions while in culturcs it is incorporated in the media,

In blood where there is abundance of carbohydrate, the hacmatozow
trypamastigotes do not metabolize glucose completely bul break it down lo
pyruvaic, which is cxcreted into the blood of the host. Here the parasites can do wilthout
the requisite ¢nzymes and their mitochondrial system 1s weakly developed. In the gut
of the insect vector with lower glucose content which dimninishes progressively as the
blood meal is digested, the trypanosomes adopt a more cconomical method for obtaining
energy by cnlarging the mitochondrion and synthesizing 1t’s cnzyme which enables it 1o
fully wutilizc pyruvate to lhiberaic cnergy. Trypanosomes contain glycosomes,
microboddics containing most of the cnzymes of the glycolytic system {Opperdocs ancd
Borst, 1977, Borst et al., 1983;) and scveral additional enzymes (Opperdocs ef al., 1981,
Hammond et al., 1981; Opperdocs and Coliem, 1982). They also conlatn a fally acid
f-oxidation sysicm and cnzymes of plasmalogen biosynthesis (Borst ef af, 1983).
According 1o Opperdoes amdd Borst (1977), these enzymes in blood strcam T, brucei
breakdown glucose o glycerol-3-phosphate (G-3-P) and 3 phosphoglycerate (3-PG)
which passcs into the cytoplasm. G-3-P is oxidized by molecular oxygen in thie outer

mcmbranc of the mitochondrion and the dihydroxyacctone phosphate producced is
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shipped back 1o the glycosome for recycling. The 3-PG is converied to pyruvaie in the
cytoplasmic matrix, with hiuked phosphorylation of adenosine diphosphate (ADP) and
the pyruvate is cxcreted by (he trypanosomes. Hill (1976) obscrved that there is no
functional tricarboxylic acid cyclc and no cytochromes in rypanosomes.  Only (wo
molccules of adenosine triphosphate (ATP) are produced per moiccule of glucose,
Dixon (1966) similarly obscrved that lactate dehydrogenase is abscat and reduced
nicotine amide adenine dinucleotide (NADI) is reoxidized by a unique glycerophosphate
oxidase syatem congisting of glycerol-3-phosphate oxidase with a shuttlc between the
glycosome and the undeveloped mitochondrion. Investigations (Gulteridge and Coombs,
1977, Gutteridge and Rogerson, 1979) showed that no ATP is produced by the oxidase
system and that the system is not sensitive to cyanide but it is inhibited by hydroxamic
acids like salicyl hydroxamic acid (SAHM). In aging trypanosomes, when parasitacmia
begins to {all, DBowman and li'lyrin (1977) reporied that 2-oxoglularate can replace
glucose for cnergy supply to the trypanosomes fo some extent,

Pyruvale produced by the trypanosomes 18 readdy uscd by host tissucs, it
accumulates in the blood in amounls dircetly proportional 1o the numbers of parasiles
prescit in laboratory infections (Grant and Fullon, 1957). Iiigh concentrations of
pyruvate could lead to depletion of alkali reserves, acidosis, and a Towered alTinity ol
hacmoglobin for oxygen (Newton, 1978). Hacmatic trypanosomes like 7. congolense
and 7. vivaxr do ot produce as much pyruvatc per molecule of glucose mctabolized as
compared to 7. brucei which is hamoral and infections with these parasites are not

characternized by cxtensive inflammatosy, degencralive and necrotic changes (Newton,

1978, [~ 176583 )




Blood forms of 7. brucei are also capable of ingesting and digesting proleins
(Langreth and Balber, 1975). The availability of ingestible proteins, amino acids and
other nutrient has been suggested (de Raadt and Sced, 1977) (o be an important factor
in defermuning when, during an infection, Irypanosomes begin to develop in the
cerebrospinal fluid (CSF). The parasites may have access to the CSF threughout an
infection (Peruzzi, 1928) but be unabie to grow until it has been enriched by proteins and
other nutrients from degencrating tissucs.  In (he present study, lactose, a disaccharide
of glucose and galactose was injected intravenously into calves  infected with

Trypanosoma vivax as a possible inhibitor of erythrophagocytosis.

2.2 CYCLE IN MAMMAL.

The course of development of trypanosomes in mammalian hosts is initiated by
the metatrypanosomes introduced by the insect vector either passively by contamination
of the mammal’s mucous membrane or skin (in the case of stercorarian species like 7.
lewssi and 7. eruzi) or aclively by their inoculation through the bite (in the case ol tsetse-
bome salivarian species) (Hoare, 1972). The metatrypanogsomes then find their way into
the bloodstream or tissues, where they are transformed inlo trypomastigofes possessing
the charactenistic structure of the specics to which they belong,

The pattern of multiplication in the mammalian host, as well as the stages in
which it takes place vary considerably in different groups and/or species of
trypanosomes,  Multiplication in the stercorarian is discontinuous being cither lhimted
to a reproductive period (for example in 7. cruzi) giving, rise to adult trypomastigolces in
both cases, which do not divide any morc in the bloodstrecam and constitute the

established phase of the infection. In the salivarian, there is no special reproductive



13
period but the trypanosomes mulliply more or less continuously throughout the infection
(ITvare, 1972).

The site of muitiplication and the method of division as well as the
morphological stages involved are also charactetisiic of various groups and spocics of
mammalian trypanosomes.  In the slercorarian  subgenera  Herpetosoma  and
schizotrypanum (Davis, 1952; Hoeare, 1972) reproduction takes place cither in (a) the
mastigote stage and is confined to the tissues where the flagellates divide by cqual binary
fission (for example in 7. cruzi} or cqual multiple fission or (b) the epimastipole stape
in the bloodstrcam where the flogellates divide by uncqual binary f{ission ({or cxample
in 7. theileri) or by multiple fission which may be equal (as in 7. rabinowitschae) or
uncqual (as in 7. Jewisi). This reproduction in the bloodstream appears o be
characteristic of those specics which divide in the epimastigote stage, whereas n specics
dividing in the mastigote stage teproduction s confined to the tissues and/or capillarics
(Molyncux, 1970).

Repraduction of the salivarian normally takes place in the bloodutream by binary
division in the trypomastigote stage. The cycle of these trypanosomes includes a lissue
phasc comparablc to that in the stercoraria ({Ioare, 1972). In the stercoranan, the tissuc
phase is an integral part of the life cycle concerned exclusively with reproduction
whercas in the salivarian, the lissuc phase proceeds in the bloodsircan: irrespective of
whether the tissues are involved or not (Hoare, 1972). In the salivanan, invasion of the
tissucs by trypanosomes is responsible for lesions leading to profound pathological
changes whercas development of the trypanosomes in the stercoraria causcs no damage

lo the tissues (Goodwin, 1970).
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2.3 AFRICAN TRYPANOSOMIASIS.

Infcction by one or other of the Aftican trypancsomes is known as Aftican
trypanosomiasis. It i3 a discasc complex caused by infection with cerlain salivarian
trypanosomes and it is a scrious Hreat 10 man and domestic animals jin vast arcas of
Africa. The spectium of discases includes:

(a) Affican human trypanosomiasis known as sleeping sickness in tropical Alrica and
chagas’ discasc (or South Amcrican trypanosomiasis) in the Amcricas; and,
(b) Animal trypanosomiasis known as Nagana in tropical Alrica, Surra in Africa
north of the Sahara, in tropical and sub-~tropical arcas in Asia, as well as Central and
South America and Dourine which has practically a cosmopohtan distnbution (Hoare,
1972). In gencral, trypanosomiasis may be grouped together as zoonoses, that is discascs
causcd by parasites of animals which accidentally become establishcd in man or lhis
domestic symbionts, cattle, sheep, goats, horses, pigs and dogs. There can be as many
trypanosomiascs for a single host spccics as there are separate siraing of {rypanosomes
(Homlby, 1952). However, the scverity of infection depend on a numbcer of faclors which
includes the virulence of the strain of parasite, the innafe sesistance of (he host,
nutritional factors and the presence or absence of sccondary indections (Anosa, 1981).
Other factors include, the level or size of challenge, duration of cxposwre to the tscise-
flics, spectes and breed of the animal host and the age of the ammal. 1 all the cascs, the
pattem of pathological process mcludes crythrocyle scquestration characlerized by
anacrua, damage to tissucs including those of the reticulo-endothelial systom and the
nervous sysicin and {cver,
In both man and animals, the disease hag been reported in Tropical Afiica,

Central aud South America, the Middle East and Asia (Hoare, 1972).
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2.4 AFRICAN ANIMAL TRYPANOSOMIASIS.
There arc four groups of trypanosomes that affect domestic animals.
1. The brucei group which includes 7. brucer, which ar¢ salivanan and arc

cyclically transmitted by tsetse flics, 7. evans: and T. equinum which arc transmitied

mechanically by stomoxys and tabanids and 7. equiperdum which requires veneral

transmission.

2. The congolense group which includes 7. congolense and 7, simiae which are
salivarian,

N The vivax group which includes 77 vivax and 7. wmiforme which are salivarian;
and,

4. 7. theileria which is a large non-pathogenic species that often develops
tabanids.

However, the main specics that produce discase in livestock are 7. vivax, 7.
congolense and 1. brucei. T, vivax is of central interest in this investigation hencee it is
described below.,

7. vivax is the causative agent of one of the most important and widespread lorms
of trypanosomiasis in livestock in tropical Africa. 7% vivax is prevalent throughout the
wide arca of distribution of ils tsctsc-fly vectors, though in some localitics it is found
outside the tsctse-belt. It occurs in most parts of West, Central, East and South Africa.
It 18 pathogenic to various ungulates including cattle, sheep, goats, horses and camels,
causing the discase known as Surra. It has also cstablished itself in bovines in West
Indics, Ceentral and South America and Mauritius (Hoare, 1972).

During its development in the mammalian host after a bite from tsetse, the

parasites arc restricted to the subcutancous tissucs during the first 48 hours when the
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metatrypanosomes are transformed into blood forms, which then ivade the lymph
glands and ihe blood. Apart from cyclical transinission by tsetse flics which arc the true
intermediate hosts of 7. vivax, transmission by mechanical inoculators represcented by
other blood sucking Dipicra like Tabanid flics occurs (Foare, 1972). 7\ vivax is made
up of a number of strains differing in their mode of transmission as follows: (a) strains
jn the tsetse belts which arc maintained by cyclical transmission through the natural
intcrmediatc host Glossina spp.  (b) strains in iscisc-Irce arcas of Africa which arc
transmitted mechanically by other inscets with or without loss of transmissibility by
Glossina, according to the degree of contact with tsetse present in adjacent lerritories,
and {c) strains outside Africa that depends exclusively upon mechanical transmission by
local vectors, whilc their ability to develop in Glossina has been lost ivetricvably (EHoare,
1972).

The course of infection with 77 vivax varies in diflerent hosts and according to
the strain of parasitc. The incubation period in caltle may vary between 9 to 14 days in
the case of virulent siraing and 9 o 59 days in the case of mild ones (FHoare, 1972). In
established infections, parasitacmia fluctoates considerably, the trypanosomes appearing
and disappearing from the blood at imregular infervals.  Somctinies they may be
numerous in the morning and scanly n the aftcrnoon of the same day {Van Hoof ef ul.,
1948) but as a rule there is an initial peried of parasilacnia fasting up 10 scveral monlths,
after which the trypanosomes are undetectable in the blood, or altcrnating periods of
crises and rclapses follow. In the carly slages of the infection, 77 vivax may invade the
tymph glands.

The infection in different arcas varics according Lo the strain of parasitc and the

resistance of the host. In some localities the discase may be scvere and of shott duration
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while in others it runs a chronic course (Ioare, 1972). Animals usually succumb fo the
infection if Icft untreated. Thus in Nigeda, the infection in Zebu caitle may result in 160
per cent modtality 3 to 4 months after exposure ta Iselse (Unswaortlt, 1953).

The clinical symploms of the discase depends largely upon the immune responsc
of the host. In Nigeria, the course of the discase varics with the breed of caule affccted
(Chandler, 1952; Jcsowilz, 1959). In (sctse arcas, Zcbu are highly susceptible 1o
infeetion which may run an acute cowrse with high montalily or a clironic course with
eventual recovery, but the N'dama and Muture breeds posses a high depree of tolerance,
the discasc in those breeds being transicnt and may lerminate in sclf cure. But animals
born and bred in tsetse-free Jocalilics are as susceptible as Zcbu, the discase being
chronic in the case of N'dama and acute and fatal in Muturu. In peneral, N'dama cattle
arc ablc to survive under conditions which are rapidly fawal for Zcbu. Chandler (1958)
believed that this tolerance to 7. vivax infection s an inherent property of N’dama catile
while Desowitz {1959) believed that it is due to acquired hyper-immunity. Though the
cxactl lype of immunity to 7. vivax which develop in Nigeran catle i3 not clear, it
appcars to be the premunition type (Iloare, 1972) since in N'dama cattle previous
exposure (o infection enhances thew resistance to a new challenge (Chalier, 1958).

The reaction of catlle 1o infection with T. vivax is alse influcnced by their state
of nutrition, the discase being severe in under-nourished animals and benign in those

that arc well fod (Iloare, 1972).

2.5 GENERAL PATTERN OF TRYPANOSOMIASIS.
The discasc process of animal frypanosomiases is complex and variable

depending upon thie nature and stage of the infection. The soverity of trypanosome
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infection depends on a number of factors, including the virulence of the sirain of
pacasite, the innate resistance of the host, nutritional factors and the presence or abscnce
of sccondary infections. Dilferent combinations of these faclors produce varying
severilics of discase ranging [rom subclinical infcctions with no apparent ill-health to
chronic, sub-acuie, acuic andd hypcracule discases (Anosa, 1981). The pathological
process in ali forms of animal Grypanosomiasis is probably similar (Iicnnes, 1970y,
however, with a given specics of trypanosome the severity of anacmia is relaled o the
level of parasitacmia.

Generally, trypanosome infection can be divided into two main phases, a ‘crisis’
phase and a ‘post-crigis’ or recovery phase (Anosa, 1981).

CRISIS PIHASE: This phasc follows the first appearance of parasites in blood.
During crisis, the intensity and frequency of parasitacmia are high, red cell voluines
begin to drop progressively, macrocytosis develops in most cases and leucopenia is also
present (Naylor, 1971a; Anosa ef al., 1977; Valli et al., 1978; Anosa and Isoun, 1980).
In this phase, the disease may be peracule (hyperacule), acute or subacutc (chronic) and
anintals usuvatly dic during this phasc.

(n)  Peracule (hyperacute) course:  This form of the discase is charactenized by
severe hacmolysis accompanicd by hydracmia and it is rapidly fatal. This has been
reported in West African cattle (Stephen, 1970).

(b) Acute Course: In this form, the hacmolysis i3 less severe in the carly stages.
There is initial hydracmia which is followed by dehydration. 1cath occurs at the time
of hacmolylic crisis.

(©) Subacute course:  The carly stages of the subacute course are similar 1o those

of the acute cowrse but hydracmia persists without dehydration.  The hacmolytic crisis



if present, does not prove fatal.
() Chronic course: The animal enters a chronic wasting discase which persist for

months and may cventually prove fatal.

POST-CRISIS OR RECOVERY PHASE: Animals that survive the crisis phasc lapsc
into a post-crisis phase during which the frequency and intensity of parcasitacmia wanc,
red cell and leucocyte values begin to recover, sometimes attaining, normal valucs, and
normocytosis and microcytosis supervencs (Naylor, 1971b; Anosa ¢t al., 1977, Valli er
al., 1978; Anosa and Isoun, 1980). IYiennes (1954) reported that this phasc may become
a wasting period characterized by ‘physiological starvation® in which inanition exists and

animals cventually dic despite abundant supplics of food.

2.6 CLINICAL MANIFESTATION.

The first evidence of infection is a rise in body temperature 5 to 7 days alter
infection.  Symptoms then develop over wecks, however lactating animals develop
symptoms more quickly with reduced milk yield. The animals occasionally go ofl feed,
become dull and lack energy. There is also a significant loss of body weight. The major
clinical symptom of the discase in cattle is anacmia and intermitient {ever which are
dircetly related to levels of parasitacmia. In less scvere cases in caltle, the hair coat
becomes staring, the superficial lymph nodes, particularly the prescapulars and
prefemorals are enlarged.  In the terminal stage of the discase, the animals becomes very
cmaciated and swellings may appear along the belly and dew lap.  The animal now
extremely weak and lethargic ofien is unable to rise and dies in a state of exhaustion

between 3 to 12 months after infection.  Tlowever, in peracute cases, cspecially with 7.
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vivax in cattle, the discasc resembles a septicacmia and the animal may dic within a
week.

Gengerally, the outcome of African trypanosomiasis in the bovine may be death,
compleie or partial recovery, or more commonly a syndrome characlerized by stunting,
wasting and persistent low grade anacmia, which have bécn termed “chronic
trypanosomiasis syndrome” (Murray, 1978).

The manifestations of collular injury in trypanosomiasis arc many and varicd and
arise in a number of different ways. Variations occur in different hosts and with
different rypanosome species. Though there may be common underlying mechanisms
of pathogencsis, different abnormalities may result because of the predominance of one
or more of the mechanisms. The main Iesions are anacmia with 1. congolense and 7.
vivax and generalized inflammation with the 7. brucei sub-group organisms. Many
different interacting and scquential cvents occur in trypanosomiasis that the actual
outcome of any particular infection will depend on which of the pathological pathways
breaks {irst. Furthermore, under ficld conditions, animals may be infecied with more
than one species of trypancsome, and the resulting pathologic consequences may lake

a varicty of forms (Ford, 1971; loare, 1972).

2.7  ANAEMIA IN TRYPANOSOMIASIS.

The cardinal sign and major discasc-promoting faclor of callle Alrican
trypanosomiasis is anacmia. It is the conscnsus that the anacmia is hacmolylic in origin,
occurring intravascularty in the acute phase and also cxtravascularly in the subacute and
chronic course of the discasc, but the mechanisim of the hacmolysis is the subject of

numcrous investigations. Dcspite it’s imporlance it has many unexplained aspects about
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which reporis frequently appear to conflict. Scveral exeellent reviews (Losos and Tkede,
1972; Clarkson, 1976; Jennings, 1976; Murray, 1978; Tabcel, 1978; lkede ef of., 1988;
Esicvo and Saror, 1991) arc available on the pathogencsis and pathology ol animal
trypanosomiasis. Numerous factors have been advanced as being responsible, such as
hacmodilution, bone marrow depression, crythrophagocytosis, hacmolysis  of
crythrocytes cither by hacmolytic factors or by immunological mecans and reduccd
crythrocyte life-span (Murray, 1978; Esicvo and Saror, 1991).

Based on the presence or abscnce of trypanosomes and on clinical and
pathological findings, Murray (1978) in a review divided the discases info thrce distinet
but overlapping phases. In the first phase which may last from 3 to 12 wecks resulling
in the death of the animal, the onsct and severity of the anacmia is divectly related to the
level of parasitacmia.  The anaemia is hacmolytic (Mamo and Tolmes, 1975; Dargie and
Alcsandro, 1978) and red cell destruction is mainly by phagocytosis by the expanded and
active mononucicar phagocytic system, MPS (Muiray, 1974; Mumay et of,, 1978a).
Therc is massive red ¢ell sequestration and crythrophagocytosis as well as striking
lymphoid hypcrplasia resulting in marked splenomegaly.  ythrophagocytosis occurs
in the splcen, the liver, lungs, hemal nodces, bone marrow and circulation (Murray, 1978).
The anacmia in this phase depends on the presence of trypanosomes and has a
muliifactorial ctivlogy that may include hacmolytic factors produced by the
trypanosome, immunologic mechanisms, [ever, disseminated intravascular coagulation
(DIC) and an active MPS.

Each of these factors may function independently, or they may intcract together
thus camsing erythrophagocytosis. Catile that survive phasc one pass into phase two

which may last for scveral months. This phasc is characicrized by transient and scanly
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parasitacmia (ofien parasiles cannot be detected) and by 2 persistent low grade anacmia.
Erythrocytc destruction by the cxpanded and aclive MPS continucs, although
splenomegaly is no longer a consistent {eature (Dargie and Alesandro, 1978; Murray ef
al., 1978b). There is also increased hemosiderin deposition throughout the body during
this phasc. <

Catle that survive phase two pass into phasc three which may be ongoing or may
end in the animals death or recovery. This phase is characterized by the absence of
parasite in blood and tissucs which mecans that the discase continucs in the abscnoe of
parasitcs (Murray, 1978). 1n this phase, there is continued red cell destruction, iron
trapping and dyshemopoicsis. Even in the absence of splenomegaly, erythrophagocytosis
is still found throughout the body. Ilemosiderosis is widespread in (he spleen) lungs,
liver and bone marrow, and (he {emoral marrow is often yellow, gelatinous, and inactive,
Animals may dic, but many remain alive in poor health characterized by wasting or
stunling.

The continuing crythrocyte destruction by 1he MPS in the absence of
irypanosomgs in phases two and three may be due to the initial stimulation ol the MPS
by the massive trypanosome parasitacmia long before the disappearance of the parasite,
thercby causing hyperscquesiration and incrcased red cell hacmolysis. A similar
observation has been reported in rats (Jandl er af., 1965).

Esicvo and Saror (1991) in a review on {he possiblc causes of anacmia Iaid
emphasis on erythrophagocylosis and reduced eryvthrocyle life-span from loss of
erythrocytes sialic acids.

Phagocytosis of crythrocytes is a phenomenon that contribuies to the anacmia

observed in animal trypanosomiagis (Evievo and Saror, 1991). This phenomenon has
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been obscrved in T bruces infccted rabbits (Boycott and Price-Jones, 1913). 7. brucei
infecied rats and wnice (Jonnings ¢t al., 1974; Anosa and Kancko, 1983 a,b) 7. congolense
infeeted sheep (Mackenzic and Cruickshank, 1973) 7. vivax infccted goats (Saror,
1980) and 7. congolense indected cattle (Ficnnes, 1934; Naylor, 1971ab; Losos ef .,
1973; Valli and Forsberg, 1979). Among the causes of erythrophagocytosis are the
attachment of trypanosotc antigen to the surface of red cells, their subscquent
combination with anti-trypanosome antibody in the plasma and cventual scquestration
by ecrythrophagocytosis (Jennings, 1976). Mackenzic ef «f. (1978) demonstrated
trypanosomal maicrial on erythrocyics of sheep infected with 7. congolense and
concluded that the phagocytosis of the erythrocytes was due to the coating of the surlace
of red cells with trypanosomal antigen.

Howcver, with the production of sialidase (ncuraminmidase) by T. vivax (Isicva,
1979) and the cleavage of crylhrocyle surface sialic (nouraminic) acid during bovine
trypanosomiasis (Esicvo et al,, 19823) roveal new antigenic sites on affected erythrocytea
(Pirofsky, 1969). Esicve ef ¢l (1982a) therefore postulated that probably with lime
during the course of the discase, antibody would be produced against these new antigenic
sites on the crythrocyles to render them suitable for erythrophagocytosis.

‘The contribution of reduced erythrocyte life-span duc to the removal of surface
sialic acid to anacmia was also reviewed by Esicvo and Saror (1991) based on some
erythrokinctic studics in animals infected with pathogenic African trypanosomes. The
existence of an increased rate of rod cell destruction characterized by the prcscﬁce of
hacmosiderosiy and erythrophagocytosis m the cclls of the reticuloendothelial system
(Boycolt and Price-Joucs, 1913; Fienncs, 1970; Naylor, 1971b) and bilirubinacmia

(Fiennes, 1970) is recognized in the anacmia observed in trypanosomiasis. Studics using
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ST Cr-labeled red cells also confirmed the existence of accelerated red cell destruction in
7. brucer infection of rodents (Jennings et al., 1974; Anasa et al, [977) 1. congolense
infection of cattle (Mamo and Holmes, 1975; Valh et «l., 1978; Dargic ef ul., 1979ab),
7. vivax infections of sheep (Anosa and Isoun, 1980) and 7. rhodesiense inlections of
man (Woodrufl e al., 1973). The use of "Cr-labeled red cells has shown that red cell
survival and total red cell mass are reduced, and that the spleen and in some cascs the
liver is the major site of red cell destruction in trypanosomiasis (Anosa, 1981). While
there was a consensus that red cell life-span is reduced, the mechanism involved is not
firmly cstablished, but it was speculated that sialic acid removal might be partly
responsible since sialic acid concentrations is high in young red cells and low in old red
cells and loss of sialic acid is recognized as an ageing process (Yaari, 1969; Durocher

el al., 1975).

2.8  SIALIC ACIDS.

Sialic acids (sia, derived from the Greek word ‘siales” meaning saliva) form a
class of important ketoses that contain nine carbon atoms (ketononoses) and are acylated
derivatives of 2 keto-5-amino, 3,5-dideoxy 1) nonulosonic acid called neuraminic acid.
It 18 made up of a family of 36 naturally occurring dertvatives of neuraminic acid that are
all N-acylated to form N-acetyl-neuraminic acid (NeuSAc) or N-glycolylneuraminic acid
(NeusSGe) as fundamental molecules and 12 of them are {ound as components of
glycoproleins from the submandibular glands of cow, pig and horses (; Corficld and
Schaucr, 1982; Reuter et af., 1983; Reuter and Schauer, 1988; Varki, 1992: Engstler ef
al., 1993; Engstler and Schauer, 1993; Schauer ef al., 1995). As a result of the vanation

of substiluents at carbon 4, 5, 7, 8 and 9, additional modifications may result from 0-
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acetylation at one or several of the hydroxyl functions at these carbon atoms or to the

-infroduction of a double bond between C-2 and C-3 (Smith ef al., 1985a; Schauer et al.,

1993).
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N-Acetyl-D-neuraminic acid.

These acidic sugars are found throughout in the deuterostomate (echinoderms to
mammals) branch of metazoa, viruses and in some microorganisms such as bacteria and
protozoa (Schauer ef al., 1984; Roggemir} et al., 1993; Engstler and Schauer, 1993,
Schauer ef af, 19935). Sialic acids are also found in a large number of higher animals, and
on cell membrancs and in body fluids of all mammals (Schauer et af., 1995).

The saturated sialic acids usually occupy terminal, non-reducing positions of
oligosaccharide chains of complex carbohydrates on outer and inner (for example
lysosomal) membrane surfaces in various linkages mainly to galactose, N-

acelylgalacytosaming, and to sialic acid itself (Schauer er al,, 1995). In the higher
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melazoans, they are primanly =(2-3)- or «(2-6)-glycosidically haked to subtcrminal
sugars in oligosaccharides, glycoproleins and glycolipids; «(2-8) linkages are found in
gangliosides and glycoproteins (Coslickd and Schaucr, 1982). A few baclerial species
produce sialic acids as «(2-8), «(2-9) or allcrnatively ~=(2-8)- «(2~9) homopolymers
(Silver and Vimr, 1990) as an integral componcnt of capsular hetcropolysaccharides or
as part of (he core region in the lipopolysaccharide of Rhiodobacier specics (Krauss ef
al., 1988). Most of these bacteria are infectious for animals and usc capsules for
escaping (he host immune system,

N-acctylncuraminic acid (NeuNac, NeuSAc or NANA) is the most common
ncuranunic acid derivative which has been found exclusively or together with other
neuraminic acid derivatives in many bactcria and animal tissues and in most mammals
it may cither be Ne-acetyl or N-glycolyl derivatives (Warren, 1959; Jourdian er al,, 1971;
Schaucr, 1978; Smith et uf., 1985a). The ratios of these two derivatives differ in various
tissucs with differcnt specics. For tnstance, bovine, ovine and porcine mucing of saliva
contain mostly the N-acctyl dertvalive whercas the N-glycolyl group predonunales in
crythrocyles stroma of these specics. Similatly, the O-acetylated sialic acids i3 the major
type on the surface of crylhrocytes in N'dama catile while the plycolyl groups
predominaic in the Zebus erythrocyte (Shugaba ef gf., 1994). In the baclena, in aldition
(o NeuSAc (Moran <t al., 1991) in few cascs Neu5, 9AC, (Varki and Higa, 1993} were
identificd.

Sialic acids arc widely distributed in nature and they arc formed in the cells by
the condensation of 12-mannosamine derivatives and pyruvic acid (Pigman, 1977},
Mcmbers of the sialic acid {amily of compounds occurs as integral parts of the

Oligosaccharide units in mucins, glycoprotcins and ganghosides ( Warren, 1959,
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Jourdian ez al., 1971; Reuter ef al., 1983;). They occur as terminal sugars in many ol
these Ohgosaccharides and glycocompugates (Nohle and Schaucr, 1981; Nohlc ef af.,
1982; Schaucr ef af, 1995). Sialic acids are found in milk oligosacchande (Jourdian ef
al., 1971) whey proteins (Bezhorovainy ef af., 1970) and certain microbial polymers
(Warren, 1959; Jourdian er @l., 1971; Smith ef «l., 1985a). These acids have been lound
o occur on the surface coats of certain trypanosomes (Schaucr ef wf, 1983; Esicvo and
Saror, 1991) particularly 7’ congolense (Rautenberg ef al., 1981) and 7. cruzi (Schauer
et al., 1983),

Sialic acid 18 an indigenous component of the erythrocytes of many difleren
ammal species ( Eylar ef @l., 1962; Amnoll ef a4l 1977, LEsievo ef al., 1982a;S5chauer
et al., 1984; Kelm et af., 1986b;).  Glveophorin, the major integral prolein of the
ervthrocyte 1s a glycoprotemn contaming both 0- and N-hnked oligosaccharide which
form a region on the external surface of the cell that provides about 75 percent of the cell
surface sialic acid (Brown, 1980; Smith ef «f., 1985a;). The sialic acid content of
circulating ervthroeytes varies with the age of (he ervthroeyte.  In older ervthrocyies.
stalic acid content is 10-15 percent less than in younger crvthrocytes (Danon, 19606;
Yaari, 1969, Gregoniadis ef af., 1974).

In addition to the long cstablished specics - specific pattem of sialic acids
(Corfield and Schauer, 1982; Varki, 1992) there is also strain, tissue or cell specilicity
within a given species and a developmental regulation of the expression of cerfain siahic
acids (Schauer ef al., 1995). For instance, in a comparative analysis study, Schaucr e/
al. {1991) reported a concentration of 0.1-3. Tmg total sialic acids/g wet weight in adult
bovine tissues while in the corresponding fetal tissues the sialic acid concentration was

higher and ranged from 1,1-12.5 mg/g wet tissue. The percentage of NeuSGe in the total
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sialic acid pool was always greater in the adult than in the fetus, ranging from 9 o 66
percent and 0 to 49 percent respectively.  The sialic acid compostiion of mouse
crythrocytes also show great variation among, the strains analyzed (Klotz et al., 1992).
Developmentally regulated expression ol sialic acids have also been reported in chicken
erythrocytes (Herrler ef «f., 1987), insccts (Roth ef @, 1992) hibernating anmals

(Rahmann ef «l., 1987) and others.

2.8.1 BIOLOGICAL ROLES OF SIALIC ACIDS.

Sialic acids are among the first molecules encountered by other celis or by
compounds coming into contact with the cell, a feature that is important in the
expression of their biological role (Schauer, 1982a; Schaucr ef «f., 1991, 1995). The
functions of sialic acids may be grouped into three sections:

1) a less specilic, more gencral role, which is related to the fact that sialic acids are
relatively large, hydrophilic and acidic molecules that exert physicochemical effects on
the glycoconjugates to which they are bound, and on the environmental molecules 1z siin
for example in cell membrancs. The sialyl groups therefore influence and stabilize the
conformation of both the glycan and the protem parts of glycoconjugates, resulting in
modilied propertics such as higher thermal and proteolytic stability of glycoprofeins
(Schauer, 1982ab). Mucin glycoproteins ol vertebrates which have a protective and
lubricative clfects are highly sialylated. Indeed, many physical and biological functions
ol glycoproteins and gangliosides can be attributed to their sialic acid component. Sialic
acids play important roles in a varicty of biological processes including the maintcnance
of scrum glyvcoproleins in circulation (Ashwell and Morcll, 1974, 1978; Aminoll ef al.,

1977, Schaucr ef af., 1995) and they also play a major role in the chemical and biological
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diversity of plycoconjugates.  Cell-type specific expression of glycosyltrans{crascs
particularty of sialyiransferases (Paulson and Collcy, 1989; Van den Eijnden and
Joziassc, 1993) lcads 1o specific sinlylation patterns of oligesaccharides which can be
considered as key deicrminanis in the make-up of cclls.

2) The most important rolc of sialic actds is anti-tecognition (Schaucr, 1982ab).
Stalic acids acts as masks on scrum glycoproteins, crythrocytes and a host ol vther
reeeptors (o prevent biological recogaition for example of subtcrminal galactose residucs
(Schaucr, 1982a, 1985; Schauer ef of., 1995). The best studied cxample ol the masking
function is the binding and uplake of desialylated serum glycoproteins by hepatocytes
(Ashwell and Harford; 1982). Sialic acid is an imporiant {actor for the regulation of the
life-time of erythrocyles and scrum glycoproicins in circulation { Ashiwell and Morcll,
1974, 1978; Schaucr, 1982ab). Loss of tlus ;qugar feads 1o rapid and irreversible removal
of red blood cclls from the circulation, hence it gives a general shicld on cell surfaces by
their negative charge (Kuster and Schauer, 1981; Schauer, 1982ab; Schauer ¢f af., 1984
Kelm ef of., 19806ab). This is also truc with lymphocyies and thrombocyics (Kaulmann
ef al., 1981).

Anli-reccognition is also exerted by sialic acids in other system for example, the
reaclivily of IgG with the Fe receptor of human tymphocytes (Schulofl ef of., 1980), the
number of receptors for lutcinizing hormone (1LH) and liwman chorionic gonadolropin
(HCG), in rat ovary (Ucer and Lngel, 1981), the amount of carricy sites {or dopamine in
nerve ccll membranes (Dreyfus ef af., 1983), the accessibility of -adrencrgic seceplors
in rat hcarl, lhe sensilivity ol cells from human cell lines Lo diphiheria toxin and
Dserdomonas aeruginosda exotoxin (Mokada of al., 1979) or the gomplement-dependent

cylotoxicily against autologous, invasive human bladder tumor cells (Jacobsen, 1982).
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Sialic acids can mask antigenic sites of molecwles and of normal or malignant cells
(Schaucr, 1982ab).
3 Sialic acids may also serve as recognition sites (Schaucr, 1982a, b; 1985; Schauer
el al., 1984). ‘They are components of receplors for hormoncs, bactenial loxins and
infectious agents (for cxampic viruscs and mycoplasma). Thus they play a role in the
adsorption of loxins (flansson ¢7 al., 1977), virus (Howe and Lee, 1972; Carroll ef of.,
1981) and antibodics (Sadler et af., 1979) to cell surfaces and the regulatdon of certain
aspects of cellular communication (1iu e al., 1982) and dilferentiation (Town and
Stanford, 1979). Sialic acids also influcnee the shape of cells because of their negative
charge and the conformation of macromolecules.  This bas vanous metabolic (for
instance hindrance of the activily of prolcascs) and bivlogical conscquences (for instance
influence on the viscosity of some mucins and masking of serum glycoproleing). They
also bind posilively charged compounds with nutritive and other physiological effects

and thus help to repulate the numerous {unctions of cells (Schauer er af., 1984).

2.8.2 MODE OF MASKING BY SIALIC ACIDS.

Sialic acid is relatively a strong acid (pka = 2.6) and it is cssentially deprotonated
at physiological pH, thereby providmg a ncgative charge at the surface of cells hence
protecting the lifc-time of molecules and cells. Treatment of cells with neuraminidases
or sialidasc alters this charge (Percira, 1983). This masking cflect may be causcd by the
bulkincss of sialic acid molecule, a N-acylated polyhydroxyamino acid (Schauer ¢f af.,
1984, Schaucr, 1985). The carboxyl group is assumed lo give the sialic acid residue a
conformation suitable to shicld the penultimale sugar eflectively. Reduction of the

carboxyl groups of sialic acid, or in fetuin or glycophorin led to a decrease of the
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masking cllcets of these molecules (Schauer e af., 1984). IHowcever, the masking by
sialic acid is not due to the anomeric configuration of the glycosidic bond of this sugar

nor is it confined to the side chains of the sugar molecules (Schaver ef al., 1984).

2.9  SIALIDASES.

Sialidascs (ncuraminidasc, acylncuraminyl hydrolases; LC 3:2:1:18) belong (o a
class of glycosyl hydrolascs that rclcase terminal N-acylncoraminic acid (sialic acid)
residucs from glycoprotcins, glycolipids and polysaccharides. The cflicicncy of cleavage
by sialidases depends on the source of the enzyme, the nature of the glycosidic linkage
and the type of substrate (Roggentin ef wl.,, 1993, 1995, Engstler and Schauer, 1993,
Schauer ¢ af., 1995). These enzymes as well as their substralcs are commen in animals
of the deutcrostomate lincage (Echinodermata through mammalia) and also in diverse
micro-oirganisms that mostly exist as animal commensals or pathogens. Thus parasiles,
bacteria, viruses, trypanosomes and mammals are known to produce sialidases (Veh ed
«al., 1979; [isicvo, 1979, 1983; Muller and Schauer, 1983; Corlield ef af., 1983; Schauer
el «l., 1983; Shehu ef ol, 1991; Roggentin ¢f al., 1993). Mosl of the micro-orgamsing
that produce these enzymes are symbionts or pathogens of higher organtsms,  Sialidascs
and their sialyl substraics appear lo be absent from planis and most metazoans. Among
bacleria, sialidasc is found irrcgularly so that rcf:llcd specics ke Clostridum sordelfii
and C. bifermentans (Roggentin ef al, 1985) or cven strains of onc speceics like C.
butyricum (Popofl and Dodin, 1983) dilfer with respect to sialidase production (Schauer
et al., 1995). This unusual phylogenctic distribution of the enzyme indicates that

sialidascs cvolved by other mechanisms than their producers n the bacteria kingdom.
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Although sialidases have been suggested as pathogenic factors in microbial
ifcctions, ther specific role still remains unclear (Roggentin and Schaucr, 1992). In
recent developments, however, trypanosomal sialidases have provided the opportunity

to assign a dircet pathophysiological 1ole to these enzymes  (Esicvo ef al, 19824

Engstler and Schauer, 1993).

2.9.1 AFRICAN TRYPANOSOMES SIALIDASES.

For more than two decades, African trypanosomes have attracted great scienhific
interest.  Before the extensive investigation by Engstler ef al. (1995), little mformation
was available about sialidases from African trypanosomes.  First reports on the
occurrence of sialidase in 7% vivax was published more than a decade ago (Esievo 1979,
1980, 1983). "Trypanosomal sialidascs have also been reported from 7. brucer group and
1. congolense (Engstler et al., 1992ab; 1995),

The bloodstream forms of 7% vivar exhibit sialidase activity i vifre and the
degree of enzyme activity could be correlated with the number of trypanosomes (Iisicvo,
1979, 1980, 1983). Lqual number of lysed and unlysed 7% vivax showed approximately
the same enzyme activity suggesting that it was membrane bound and was also imhibited
by inlluenza virus antiscrum directed against the viral sialidase (Lsievo, 1983). The 7.
vivay sialidase is membranc-bound and developmentally restricted to the mammalian
life cycle stage (Engstler ef @l 1995). Following purification of plasma membrane by
density gradient centrifugation (Engstler ef al., 1992b) 7' vivax sialidasc activity was
exclugively associated with the isolated membrancs,  The enzyme activity of 7. vivay
sialidase on intact trypanosomes was decreased by trypsin, NeuSAc2en (a naturally

occurring sialidase mhibitor) and chelating agents such as EDTA while the activity
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increased in the presence of calcium ions (Ca*). It has a calalytic optima at pli 6.0 and
37°C in 100mM Bis-Tris buller while enzyme activity is sensitive towards alkaline pll
conditions (Engstler ef al., 1995). 7. vivax bears no trans-sialidasc activity,

Engsller et al. (1992a) described a novel developmentally regulated sialidase in
procyclic trypomastigotes of 77 brucei residing within the tsctsc-fly’s midgut however,
the mammalian stage blood sircam forms display no enzyme aclivily. The enzyme is o
cell surface protein, linkg:tl to the membranc via a modificd glycosylphosphatidylinositol
(GPI) anchor which is probably ideatical to the anchor of tlic procyclic acidic repcetitive
protein (P ARP) which coats the surface of procyclic sypsnosomas,  The sialidasc has
a molecular mass of 67KDa and is active over a broad pH and temperature rangg, wilh
optima at pi1 6.9 and 35°C respeclively. The enzyme has a strong preference for ~(2-6)-
and «<(2-8)-tinked ferminal sialic acids. Oligosaccharides are also betier substrates (han
glycoproteins and gangliosictes (Muiray  and Dexter, 1988). A dovelopmentally
regutaied trans-sialidase activity was described on the surface of procyclic Inpanosoma
brucei while the blood strcam stages display no trans-sialidasc activity (Engstler et of.,
1993). This cnzyme is capable of transferring sialic acids from a varcety of
sialoglycoconjugales to asialo-acceptor molecules without requirement for CMP-
NeuSAc. The enzyme is linked fo the plasma membrane via a GPI - PLC resisiant GPl-
anchor. Sialic acids are transferred to =(2-3)- posilions of temutinal -galactosc residucs
of oligosaccharides and glycoconjugates, al various rates. ‘The cnzyme uiilizes scrum
glycoconjugates, human and bovine crythrocytes as sialic acid donors, and resialylates
sialidase~treated crythrocytes. It ransfors sialic acids from the GPl-anchor of procyclic
acidic repetitive protein (PARD) onto lactose and vice-versa (Engstler ef of., 1993). Also

structures within a variant surface plycoprotein (VSG MIT at 1.7) can be trans-sialylaicd.
i A9
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The trans-sialidasc from 7. brucei sharcs many features with the sialidase activity
of 7. bruces, suggesting that both activitics reside within the same protein.  This is of
particular signilicance since sialic acids have been detected in the GPI anchor of the
main surface component PARI and yet 7. brucer lacks the key enzymes of sialic acid
anabolism (Engstler ef /., 1992a). The 7. bruce: transialidasc 18 capable of sialvlating
not only PARP, but also siahdase treated crythrocytes and structures within varnant
surface glycoproteins (VSG) (Engstler and Schauer, 1993).  Thus, it is possible that the
trans-sialidasc activity cnables procyclic 7. brucer 10 sialylate parasite glycoconjugates
in order to protect surface molecules from glycosidases in (he digestive tract ol the
tsetse-fly.  Acquisition and distribution of sialic acids could be the true function of 7.
brucei (trans)-sialidase (Engstler and Schauer, 1993).

Both 7. brucer and T’ cruzi lack the sialic acid biosynthesis apparatus known to
exist in other organisms (Schauer ef af., 1983; ngstler ef @/, 1992a). The involvement
ol 7. cruzi sialidase in the acquisition of sialic acids on its surface was therefore
proposcd carlier (Schauer er af., 1983). The biological significance of this unusual
sialylation mecchanism is to protect these pathogens from the host’s immune or
proteolytic defence systems (Engstler and Schauer, 1993).  Alrican 7. brucer and
American 7. cruzi sialidases share some striking similaritics. It is however not clear yet
why and from which origins such geographically distant specics have acquired such
specialized cnzymes.

Similarly, the trans-sialidascs from African and American (rypanosomas sharc
a number of striking features, some of which are rather unusual for common sialidascs
such as the relatively neutral pH-Optimum (Schenkman et al., 1992), and lacking,

requirement for divalent cations (Percira, 1983). The two enzymes are developmentally
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regulated (Pereira, 1983; Engstler er al., 1992a). They arc surface glycoproteins and
anchored via a GPl-structure (Engstler ef af,, 1992a). Both cnzymes arc capable ol
sialylating surface ¢pilomes (Schonkman ef ¢f., 1991). The substrate specificily is very
similar for instance, «(2-3)-linked sialic acids are much better hydrolyzed and
transferred, than the «(2-6)-bound sugars and -galactosc is the preferred acceptor
saccharide (Vanderkerchhove et «f., 1992). Both enzymes utilize ncither NeuSAc nor
CMP-NcuS5Ac as donor and fail to iransker sialic acids onto mcthiyl-umbcllilcron
(Sclwnkmm\t et al., 1992). Also bolh cnzymes arc able o sialylatc sialidasc-lrcaicd
crylhrocytcé. All these structural and cnzymological stmilaritics Icad 10 the assumpion
that trypanosomal trans-sialidases might be closcly related enzymes (Lngstler ef «f.,
1993).

A trans-sialidasc is also cxpresscd in the procyclic culture forms of 7.
congolense and it is shed into the culture medium (Engstler ef af., 1995). The cnzyme
has a pli-optionnn at pli 7:0, displays scnsitivity towards chiorides and i3 resistant
against commonly uscd sialidase inhibitors (Engstler ef af., 1995). [l transfers
preferentially ~(2-3)-linked sialic acids onto terminal [J-galactose residucs.  Also
hydroxylated sialic acids (Neu5Ge) arc transferred. The major glycoprotcin GARP from
procyclic 7. congolense was identificd as one potential natural sialic acid acceptor on the
parasite’s surface (Engstler ef al,, 1995),

A sialidasc i3 expressed in 7 rangeli withoul a trans-sialylating aclivity (Reuter
et al., 1987, Engaller ef al., 1995). The enzyme is shed into the culture medium.  Neither
T. evansi nor T. equiperdum which are taxonomically closely related to the 7' bruces
group cxpress sialidascs or trans-sialidases (Engstler ef /., 1995). Both specics are

transmitted mechanically without requirement for the tsetse-fly stage. Similarly, the
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absence of both sialidase and trans-sialidase activitics was observed in [ eishmania,
Crithidia, Herpetomonas, Leptomonas and Phytonomas respectively (Engstler ef .,
1995). Al strains of 7. b. brucei, 1. b. rhodesiense and 7. b, gambiense specics
displayed trans-sialidase activity within the procyclic stage while no enzyme activity was
detectable in the corresponding mammalian blood stream forms (Engstler ef al., 1995),

The occurrence ol sialidases and trans-sialidascs is not a common fcature among
the Kinctoplastida, but it is restricted to distinct developmental life cycle stages of only
a few specics (Engstler er al., 1995). The advantage of having a sialidase within the
inscet vector could possibly be that the sialidase might cleave sialic acids from the
ingested blood cells (Engstler and Schauer, 1993). Profeascs and other glycosidases act
maore ellectively on glycoprotens alter the removal of sialic acids,  Accommadation of
procyclic 7. brucer may therefore be an evolutionary advantage for the transmitting, fhies
(Engstler ef af., 1992ab). Similarly, the expression of trans-sialidase may be bound up
with major biological advantage for the parasite (Lngatler ef af., 1995). Rescarch so lar
suggest that the expression of frans-sialidases is restricted to trypanosomes and the
expression of active trans-sialidase within the subgenus Trypanozoan may correlate with
Isctse-transmission (Engstler ef af., 1995).  Trans-sialylation is only found in thosc
trypanosomes which have (o reside as dividing forms within the tsclse fly’s midgut.
Species which are transmitted mechanically or by other vectors seem to have no need for
a protecting procyclic surface coal or reveal other protective mechanisms (Engstler ef
al., 1995). Trans-sialylation may thercefore be the only way in which Trypanosomes

obtain sialic acids (Engstler ef afl., 1995).



37

2.9.2 AMERICAN TRYPANQOSOMES SIALIDASES

Trypanosomal sialidascs have been reported from 7% cruzi (Pereira, 1983) and T.
ranyeli (Reuter ef al, 1987). Non-dividing metacyclic and bloodstream trypomasligolcs
of Amcrican 7. ¢ruzi cxhibit surlace sialidase aclivity (Percira, 1983; Rosenberg ¢f ul.,
1991). The cnzyme 18 a member of a large gene family (Roggentin ¢f of., 1993) and
share conscrved scquences wilh bacterial and viral sialidases (Roggentin et uf., 1989,
1993) and has a negative elfect on cetlular invasion,

A trans-sialidasc aclivity was rcported in 7. ¢ruzi (Cross and Takle, 1993). Thig
enzyme i involved in the assembly of a stage-specific sialylate surface epitome, which
is proposed 1o have a role in the attachment to and penctration of host cetls (Lngstler and
Schaucr, 1993). In 7. cruzi (rans-sialylation is involved in inlcracitons between
mammalian host cells and the parasites, lcading to invasion by the trypanosomes and
disruption of the phagosomal membranc (11all ef o/, 1992; Scheokman and Fichinger,
1993). Doth the 7. cruzi sishdase and trans-sialidase can be mediated by the same gene

product (Iingstlcr and Schaucr, 1993).

2.93 SIALIDASE DISTRIBUTION AND FUNCTION.

All animals cxhibiting sialic acids produce a varicty of sialidases with diffcrent
sub-cellular locations and substrate specificitics.  Although littlc is known about these
enzymces al the molecular level, the rate of sialic acid cleavage from a respective
substrate is a property specilic to each sialidase and depends on three factors, viz:

L. The kind of neuraminic acid derivatization;
fi. The type of ketosidic linkage; and,

i the nature of the penultimate sugar residuc (Roggentin ef al., 1993). This
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specialization may allow animals to control the turnover of their sialoelycoconjugates.

Diverse micro-orpanisms  (some fungi, protozoa, bactena and wiruses) also
produce sialidases (Muller, 1974). Iowever, this property is not correlated with the
phylogenctic relationship of these species (Roggentin ef «f., 1993).  Similarly, most of
the micro-organisms that produce sialidase have close contact with animals as
commensals or facultative pathogens.  This close interactions between animals and
micro-organisms may have led to the exchange of sialidase genes between these groups
and also between the micro-organisms involved (Schauer et al., 1995). In some cascs,
the involvement of these enzyme in pathogenesis has been shown (Esievo, 1979, 1983;
Esievo ef «f, 1982b; Shehu er af., 1991; Corlickd, 1992; Engstler and Schauer, 1993;
Schaver et «l., 1995). For imstance, these enzymes have been thought to play an
important role as a virulence factor by allowing bacterial adhesion to subterminal
galactose residues after removal of sialic acids (Gabriel ef al., 1984) or as a ‘spreading,
Lactor” in microbial infection (Ezepchuk e @l 1973). They may also be important for
nutrition of the bacteria (Muller, 1992; Corfield, 1992; Godoy er al., 1993) as they
initiate the degradation of sialoglycoconjugates (Corfield and Schauer, 1982). Most
microbial stalidases preferentially cleave «(2-3)-linked sialic acids, which are only

common in animals.,

294 SIALIDASE SUBSTRATES.

Natural sialidase substrates are generally terminally bound sialic acids. 1t is
assumed that the diversity of sialic acid structures and their glycosidic linkages have
been major factors in sialidase evolution (Roggentin er al., 1993). The subsirate

specificity ol sialidases from viral, bacterial and  mammalian sources has been the
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subject of considerable inierest, with increasing emphasis on {he pathological role of the
cnzymcs from micro-organisis and the occurrence of diflerent sialidases in mammalian
tissucs (Dizeniek, 1973; Rosenberg and Schengrund, 1976).  On anomeric specificily
studics of six sialidascs, Corficld er al. (1983), obscrved that «(2-3)-glycosidic
linkages arc hydrolyzed fasier than «(2-6) linkage. Sialidasc aclivity was higher with N-
acclylncuraminic acid when comparcd with N-glycolylncuraminic acid.  Also core
oligosacchande and protein structure in glycoproteins may influence the rate of reloase
for diffesent glycosidic linkages. Most microbial sialidascs including hypanosome
sialidascs preferentially cloave ~(2-3)-linked sialic acids which arc only common m

animals (Roggentin ¢f ol., 1993).

2.10 GALACTOSE.

Galuctose 15 a hexose that is presenl in nonual blood and urine tn very low
concemirations. Increasced levels occur occasionally, especially in nursing infants with
disorders of digestive function, in rarc cascs of the familial discase called galactosc
intolerance, and in the congenital discasc galacioscinia.

Two general methods were formerly usced for quantification of galactose; (o) the
orcinol reaction and (b) measurement of reducing substances after the destruction of
glucose cither by yeast fermentalion or treatment with glucose oxidase (Waldslein ef of.,
1964). Removat of glucose is not complete, however, and other subsiances in plasma
interfcre to a greater or lesser extent depending upon the specificity of the particular
method chosen for measwing reducing substances. A more specific method involves the
usc of galaciosc oxidase which oxidizes galaciose a1 the sixth carbon atom (o yicld 1)-

galactohexodialdose.  In addition to ils rcaction with galaclose, galactose oxidasc
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catalyzes the oxidation of galactosamine and N-acclylgalaciosamine (Sempere ef uf.,
1965).

Early hint on the importance of galactose for cellular inleraction were derived
from cxperimends with sialidasc-trcated Iymphocytes or orythrocytes (Woodtull and
Gesner, 1969; Jancik and Schauer, 1974) which arc rapidly sequcstrated from the blood
stream.  Molecules, particles and cclls exposing terminal D-galactosyl and N-acctyl-D-
galactosaminy! residucs do nol stay in circulation but rapidly accumulatc in ihe liver
(Muller ef af,, 1981; Ashwell and Harford, 1982). Treatment of native glycoprotein and
erythrocytes with nouraminidase exposes galactose as the terminal non-reducing sugac
of the protem-linked carbohydrate chains and serves as a specilic determinant for the
hepatic recognilion of ithe sialic acid deficient molecules (Ashwell and Morell, 1974).
Autologous trausfusion of sialidase-trcalcd  crytbrocytes results tn thar rapid
disappearance [rom the circulation. This has hbeen obscrved in several diflerent specics
such as rais (Gregoniads ef of., 1974; Durocher ef af., 1974), rabbits (IDurocher ef ol
1974; Jancik and Schaucr, 1974; Aminofl ef of., 1977), dogs (AminolY ¢t ol 1970),
goats (Aminofl et ol., 1976) and human beings (Jancik ef of., 1975).

2.11  MACROPUHAGES.

Macrophages are mononuclear phagocylie cells that originate from bone marrow
precursor cells. Alter differentiating and maturing in the bone marrow (hey arc releascd
mnto the blood where they circulale as ntonocytes for about 12 howrs before entering the
tissucs and becoming macrophagges.

Macrophage constitute one of the special system of the body for combating the
different infectious and toxic agenis by: (I} aclually destroying invading agents by the

process of phagocytosis and; (ii) by forming antibodics and sensitized lymphocyies, one
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or both of which may destroy the invader (Guyton, 1981). The wandenng or non-fixed
macrophage (histocyte) are normally present and function in the spleen, bone marrow,
liver, lungs, stomach and intestine and are also found at sites of inflammation and in
peritoneal, pleural and synovial fluids. Tissue or fixed macrophages known as kupfler
cells, in the liver, reticulum cells in fymph nodes, spleen and bone marrow, tissue
histocyles, clasmatocytes or fixed macrophages in subcutaneous tissues and microglia
in the brain are also known (Brown, 1980; Guyton, 1981). Beth the wandenng
macrophages and fixed tissue macrophages are collectively called the reticuloendothelial
system (RES) or Mononuclear phagocytic system (MPS).

Macrophages constitute a significant proportion of invading cells in the spleen,
kver, testes, heart and kidney (Anosa and Isomi, 1980) and they have been implicated as
. contributing actively to imrnunosuppression in Aftican trypanosomiasis (Corsini et af,
1977, Wellhausen and Mansfield, 1979). Monocyiosis apparently reflecting increased
bone marrow production of mononuclear phagocytic cells, has been observed in T,
brucei infected mice (Anosa, 1980) as well as T. vivax infection of sheep and goats
{Anosa and Isoun, 1980). Monocytes are the recognized precursors of macrophages in
the tissues including kupfier cells of the liver (Furth er ., 1972; Carr and Deams,
1980).

The liver 18 a heterogenous tissue, about 70% of the cells present sare
hepatocytes (parenchymal cells) with the largest population of non-parenchymal
cells being the reticuloendothelial cells which line the liver sinusoids, Two types
of RES havc been functionally and morphologically distinguished in liver,
phagocytically active kupffer cells (Scott and Deane, 1966) and other phagocytically

inactive  cndothelial  cells ( Montgomery-Bissell et 2l., 1972).  The hepatic
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reticulocndothelial system is the main filter organ of the body (Benacerral ef af., 1975)
and most colloidal and macromolecular foreign materials atd bacteria are cleared {rom
the blood by the macrophages by phagocytosis (Brown, 1980; Molr ¢f al, 1987).
Thercfore, one important physiological function of these macruphages is 1o distinguish
between “sell” and “non sclf” or aliered.  Recognition can occur by lectin mediated ocll
contacts (Kolb ef of., 1981; Muller ¢f of., 1981; Mohr et «f., 1987) or by the production
of antibodics which binds and removes (he foreign structure (Tsagumiis ef af., 1985)
with their subsequent binding to the receplors on the liver macrophages.  The
macrophage is also able 10 phagocytose old and damaged cells  like  crythrocytes
(Brown, 1980),

These macrophages contain lectin-like receptors on their surfaces (Kolb and
Kolb-Bachofen, 1978) and more specifically, they contain [3-galactosc specilic lectin
(Muller and Schauer, 1983; Muller ef /., 1983a; Kelm and Schauer, 1986; Mol ef af.,
1987; Kempka ¢t af., 1990; Lsicvo and Saror, 1991;). The oceurrence of galactosc-
specific receptors on rat liver hepatocyles (Ashwell and Harlord, 1982; Kolb-Bachofen,
1988; Mohr ef al., 1987), liver macrophages (kupller cells) (Kolb and Kolb-Bachofen,
1978; Kolb-Bachofen et al., 1982; Kolb-Bachofen et uf., 1984, Kolb-Bachofcn, 1988)
endothelial cells (Kolb-Bacholen er af., 1982; Kolb-Bachofen ef af., 1984), periloncum
(Kuster and Schauer, 1981) is well documented.

Although the recepior activitics expressed on the diflcrent liver cell types are of
similar or identical sugar specificity (Kolb ef o/, 1980) the galaclose specific receplors
of hepatocytes and hver macrophages didler in molccular weight, membranc anchorage
(Roos ef al, 1985) and plasnia membrane arrangement (Schlepper-Schalor et of,,

1986a). The Iwo receplor activities also differ with respect to their ability in mediating
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uptake of particulate ligands. Tcpatocytes from adult rat liver endocylose molecular
higands and simall patticles exposing terminal galactosyl moiclics up to 8nm in diameter
only (Schilcpper-Schalcr er af., 1986b) whercas liver macrophages lake up large
particulate ligands cxposing the same (crminal moictics as well as desialylated
crythrocytes (Kolb-Bacholen ef o/, 1983) and asialolymplocyles (Woodrull and
Woodnufl, 1976). Lndothelial cells take up small and intermediate sized particics (Kolb-
Bachofen, 1988). Macrophages accumulate particulate ligands of all sizes but arc
incffective in uptake of molccular ligands. This observed differences in binding and
internalization of molccular and particulate ligands between hopalocyles and liver
macrophages was hypothetically cxplained 1o be due 1o differences in binding site
arrangement on plasma membranc which is statistically distribuied on hepatocytes and
in preaggregated clusters on liver macrophages (Kolb-Bachofen e /., 1982; Kolb-
Bachofen, 1986; Dini and Kolb-Bacholen, 1989). The preclustered receptor
arrangement on macrophages and endothelial cclls cnables them 1o avidly bind large
particles over such a receptor cluster by multiple binding (Kolb-Bachofen ef ol 1984).

Galactose-specific receplors on macrophages have been demonstrated via binding
of sinlidase-treated cells (Kolb and Kolb-Bacholen, 1978; Nagamara and Kolb, 1979,
Kuster and Schauer, 1981) or gold particles coated with glycoprotein (Kolb-Bachofen
el al, 1982; Kempka and Kolb-Bachofen, 1985; Kolb-Bachofen, 1988;) and by
inlubition of these interactions by free galactosce or compounds with tcrminal galaviosyl
groups (Kolb and Kolb-Bachofen, 1978;Muller ef al., 1981; Mohe et al., 1987).
Sialidasc trecalment causcs mammalian crythrocytes 1o become “non sclf” particles.
They arc rapidly eliminated from the civeulation in vive (Jancik ef af, 1978).

Phagocytcs in liver and spleen participale in erythrocyte scquestration ¢ Ashwell and
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Motcll, 1974; Jancik et ol., 1978).
2.12 LECTINS.

Proicins that posscss the remarkable ability 10 agglutinaie crythwocyies and other
types of cells arc widcly distribuled in naturc.  Such agglutinins are found predominanily
in the sceds of plants, in particular those of fcgumes, bul they arc also present in other
parts of plants such as roots, lcaves and bark (Sharon and Lis, 1972). They also occur
in invertebrate like snails and the horsc-shoc crab, and lower vertebrates such as fish
(Pardoc and Uhlenbruck, [970). Plant aggiutining arc commonly referced (o as
phytohacmagglutinins or phytoagglulinins. Howcever, as cell-agglutinating protcins also
accur in organisms other than plants, the lerm lecting was proposed.  Lecting are
conveniently classified in lerms of their ability to agglutinate qezwill cell types such as
crythrocytes or lymphocyles. Another classification employs the ability of cerfain lecting
1o stimulate lymphocyte to divide (the mitogenic cffeet). Occasionally, scparate lecting
that have hacmagglutinin activity, lymphocyle agglutinaling aclivity or milogenic activity
are present in enc source (Allan and Crumpton, 1971).

Many plant lccting have been purificd and iheir structures and binding propertics
have been well characterized. Most of them contain covalently bound sugars and can
thus be classificd as glycoproteins. The carholydrates found in fecling include mannosc,
glucosamine and galactose which arc typical constitucnts of animal glycoprotins,
Other sugars such as xylosc and arabinosc are sometimes lound bul in smaller amounts.
Promincnt examples of thesc lectins arc Concanavalin A from jack bean which binds
oligosacchande ligands containing non-reducing terminal mannose, peanul lectin binds
to galactose, wheal-germ aggluiinin binds to N-acelyl-D-glucosamine, and soybean

agplutinin (118 ef ol, 1969). For agglutinalion of cells or for the formation of
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precipitates wilth complementary macromolccules, a lectin molecule must posscss at
Ieast two binding sites as is found in immunoglobulins. In all cases, the combining sitcs
are homogenous and identical with respect to their distribution in different molecules ol
the same lectin,  In this property lectins differ form immune antibodics in that the
combining sites ol the latter are neither identical with one another nor are (hey
homogenous.

A host of animal lecting have been characterized (Smith ef of., 1985a; Schaucr ¢f
al., 1995). The rabbit liver galactose lectin is an integral trans-meinbrase protein which
form receptors on the surfaces of hepatocytes. These receptors bind and intermalize
plasma glycoproteins with terminal galactose after the removal of surface sialic acids.
The internalized glycoproteins are subsequently degraded by lysosomes (Smith et «f,,
1985a). The rat liver hepatocytes and liver macrophages as well as endothelial cells also
express palactose-specilic receptors which are lecting (Mohr ef af. 1987; Kolb-Bachofen,
1988; Dini and Kolb-Bachofen, 1989; Kempka ef afl., 1990). Ral peritoncal
macrophages also express galactose-specific kectins (; Kuster and Schaucr, 1981; Muller
et al, 1983a; Muller and Schauer, 1983; Kclm et al., 19862, Kelm and Schaucer, 1986).
The avian and amphibian hepatocyles lecting bind glycoproteing with ternunal N-
acetylglucosamine (Kawasaki and Ashwell, 1977; Smith ef 4/, 1985a). Manunalian
hepatocyltes also contain a Ca® dependent fucose binding lectin that is an integral
membrane glycoprotein on the cell surface. Reticuloendothelial cells of liver, but not
hepatocytes contain anolhicr lectin which binds N-acetylglucosamine and mannosc-

terminated glycoproteins equally well (Smith et af., 1985a).
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2.13  INTERACTION OF ERYTHROCYTES WITH MACROPHAGES
(ADHESION).

Since the first recognition of the significance of sialic acid to the lifespan of
scrum glycoproteins by Morcll et @/, (1968), similar influence of these sugars on the
survival of blood cells in circulation have been reported (Yaari, 1969; Ashwell and
Morell, 1974).

Stalidasc-treated crythrocytes from diflerent species are rapidly sequestrated [rom
the blood stream by liver and spleen (Durocher et al., 1975; Aminoll et al., 1977,
Jancik et al., 1978; Muller ef af., 1981). Studies 11 vivo and experiments i vifre with
kuptfer cells and peritoncal macrophages demonstrated that the interaction of sialidasc-
treated erythrocytes with macrophages is mediated by a lectin-like substance with [3-
galactosc spectficity present on the macrophage surface (Muller ef af., 1981; Kolb and

Kolb-Bacholen, 1978; Kuster and Schaucer, 1981).

2.13.1 STUDIES IN VIVO.

Jancik and Schauer (1974) and Jancik ez /. (1975) observed a marked reduction
of the Iespan of sialidase (reated rabbit and human erythrocyles respectively, Removal
of about 60% of the sialic acids from human crylhrocyles resulted in a reduction of the
half life-time of these cells from normally 26 days o 2 hours,  Sialidase-treated "'Cr
labelled erythroeytes were not lyzed in the blood stream but accumulated in spleen and
liver of rabbits and they are bound and phagocytozed by macrophages (Jancik ef /.,
1978). Scquestration of sialidase-treated erythroeytes from the blood strcam scems (o
be a general phenomenon for mammalian erythrocytes which was also observed with

cow (Jancik ef al., 1978) and with a varicty of other mammals (Schaucr, 1978, 1982a).



47

Ligands as large as blood cells arc too large to gain access to the galaclose-
specific recoptors on hepatocytes, they cannol pass the endothelial fencstrac easily
(Kolb-Bachofen, 1988). Elcctron microscopy revealed that in vive Dboth
asialolymphocytes (Kolb-Bachofen and Kolb, 1979) and asialo-cryihrocyics (Kolb-
Bacholen et al., 1984} are found adhering almost exclusively to the liver nacrophages
shortly after their injection. The i vivo homing of desialylated blood cells to the liver
is also mediated by gatactosc-specific receptors (Kolb ef al., 1981; Muiler ¢f uf., 1981),
Investigations on the macrophage receptor-activity in both in vitro and in vivo
experiments showed that there is a distinet difference in the handling of small or
molecular ligands and large particulate or cellular ligands by the lLiver in vitro although
the initial recognition step of the ligands investigated always involves tcrminal
galactosyl groups (Kolb-Bachofen, 1988). With the usc of asialofciuin (ASE) or
lactosylated bovine scrum albumin (LacD3SA) adsorbed onto colloidal gold particles of
sizcs 5nm, 17nm and 50nm, Kolb-Bachofcn et al. (1983) showed localization
diffcrences in the two lectin activitics expressed on hepatocyltes and liver macrophages.
Kupffer cells (liver macrophages) cndocytosed these particulate lipands  while
hepatocytes take wp small sized particulate ligands up to a diameter of 8nm (Kolb-
Bachofcn et of., 1983; Schiepper-Schafer ef @/, 1986b; Kolb-Bachofen, 1988). All
ligand sizes are bound by the same receplor, the route of uplake depends on the ligand
sizc. Small particles up to a diamcter of 35nm are taken up via the coated pit/vesicle
roule (Kolb-Bachofen ef af.; 1982). Ligands thal exceed these size are not packed into
coated organclles but transported via non-coated vesicles (Kolb-Bachofen et of., 1983).
However, irrespective of the transport roude, particles of all sives are finalty delivered to

the same endocytotic vesicles (Kolb-Bachofen, 1988),



2.13.2 STUDIES IN VITRO.

‘The mechanism involved in the sequestration of sialidase-treated erythrocytes by
macrophages observed i vivo can be studied in details using isolated macrophages (rat
kupfler cells or peritoncal macrophages) in culture in 1 vitro experiments.  The rapid
disappearance of sialidasc-treated crythrocytes from the blood stream 18 duc 10 binding
and phagocytosis of these cells by macrophages (Kolb and Kolb-Bachofen, 1978; Mullcr
et al., 1981; Kuster and Schaucr, 1981). Rat peritongal macrophages bind and
phagocytize homologous sialidase-treated erythrocytes at a rate which is dependent on
the amount of sialic acid that has been removed from the cells.  Increased binding of
crythrocyles is obscrved after the removal of 10-20% of membrane sialic acids, while {or
phagocytosis at least 30-40% of the sialic acid must be removed (Muller and Schaucr,
1983; Muller er uf., 1983a).

Removal of 10-20% of sialic acid have been reported to be sufficient  to
climinate erythrocytes from the cireulation (Aminoff ef al., 1976) while hydrolysis of
larger amounts led to an increase of the number of bound and engulfed erythiocyies
(Muller ef @l.,, 1983a). The amount of bound and endocytozed crythrocyles was
proportional o the quantity of erythrocyies present in the incubation mixture (Muller e
al., 1983a) and rcached maximum 30 and 45 minutes with sialidases from Vibrio
cholerae and Arthrobacter ureafaciens respectively (Schauer ef af., 1984).  Usually,
one macrophage is able to engulf between one and ten erythrocytes (Schauer ef il
1984),

Kolb and Kolb-Bachofen (1978) reported an indirect evidence for an
asialoglycoprotein receptor in cell adhesion studies. A lectin-like receptor on kupfier

cell surface mediate iz vitre the adhesion of neuraminidasc-treated erythrocytes (Kolb
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and Kolb-Bachofen, 1978; Kolb ef af, 1979, Schiepper-Schafer ef al.,, 1980) and
tymphocytes (Kolb-Bachofen and Kolb, 1979). The specificity of the kupffer cell lectin
is very similar to the asialoglycoprolcin receplor on hepatocyle plasma membrane
described by Ashwell and Morcll (1974).  DBoih receptors bind glycoproteins wilh
terminal D-galactosyl residucs. Kolb-Bachofen ef al. (1982) provided a dircet evidence
for the presence of an N-acetyl-D-galactosamine specific lectin on kupffer cell surface
by visualization of ligand binding in clectron microscopy. Incubation of freshly isolated
kupfler cclls with asialofctuin adsorbed onto colloidal gold particles (AST-gold) resulted
in binding and endocytosis of the ligand. The ASF particles are endocyloscd via the
coaled pit/vesicle pathway and appear 1o be ransported 10 the secondary lysosomes by
coated vesicles, as shown by the occunence of coated areas in the sccondary lysosome
membrane. Turthermore, a galactose-specific fectin have been isolated and punified from
rat serum (Kempka ez al,, 1990). Comparative analysis of this serum galactose-binding
proicin with the galactosc-particle receptor protein purificd from rat liver macrophages
and with C-reactive protein (CRP) reveals close relation or identity of thesc proteins.
Kempka et al. (1990) therefore concluded that CRP occurs as a membranc-associaled
profein constitutively expressed on liver macrophages functioning as a mcmbrane
recoeplor mediating galactosc-specific binding of  particulate ligands. Binding  and
uplake of in vitro aged or sencscent ral erythrocyles by isolated liver macrophages also
suggest recognition by galactose- specific receplors on the cell surface of the
macrophages (Schlepper-Schafer and Kolb-Bacholen, 1988). Recognition of these old
crythrocyles is mwediated by two systems; old crvthrocytes expose diffcrent (erminal
sugar residucs or a dulerent amangement of glycan when compared (v young

crythrocyles, rendering them recognizable by liver lecting and by autoantibodics
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(Schlepper-Schafer and Kolb-Bachofen, 1988).  The macrophage leclin not only
recognizes [b-galactosyl compounds inz vitro but also in vivo as shown by the inhibition
of the clearance of sialidase-treated erythrocytes [rom the blood stream by repeated
injection of lactose or asialo-fetuin into rabbits (Mulley er af., 1981). The galactosc-
particle receplor appears thercfore to function in recognizing opsonized particles and
thus may mediate what formerly has been called “unspecilic phagocytosis™  of
macrophages. Kolb ez al. (1981) further showed that in iz vitro uptake studics the
galactose particle receptor is recycled back 1o the plasma membrane as is the
asialoglycoprotein receptor (ASGP-R).  The recycling of the macrophage recepltor
however, is blocked when the macrophages were blocked with colloidal carbon (India
ink) prior to their isolation.

In this investigation, the role of sialic acid and galactose residues of erythrocyte
membrane for the regulation of the life-tine of erythrocytes and for the interaction of
desialyvlated erythrocytes and rat peritoneal macrophage lecting in the initial phasc of

bovine trypanosomiasis was cvaluated.

2.13.3 MECHANISMS OF ADIESION.

Sialidase-treated erythrocytes are usually bound to the [}-galactosc-
specific lectin on the macrophage surface and arce phagocytozed as a function of their
number and binding strength to the macrophages (Muller e al., 1983a).  Phagocytosis
is therclore induced afier the interaction of macrophages with a critical number of [3-
galactosc-residucs on erythrocytes, the strength of this interaction and conscquently
binding and phagocytosis scem (o be increased by the addition of scrum and perhaps of

the lectins (Muller and Schaucr, 1983).
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Binding and phagocytosis of sialidase~treaicd erythrocytes occur in the presence
of mere butler, both steps arc however, enhanced by native homologous serumn in a dosc-
dependent way (Muller and Schauer, 1983).  In their initial reports, Muller and Schauer
{1983) noticed signiflicant phagocytosis only in the presence of native homologous
serum. Further heat inaclivation of the serum leads to a marked decreasc of phagocytosis
hencee indicating the participation of complenent in the phagocytosis process of partially
desialylated crythrocytes by rat peritoncal macrophages. It was therefore concluded that
teapping of these erythrocytes seems {o involve two steps, first recognition and binding
of the altered red cells by a -galactosyl specilic lectin on the macrophage surface and
second uplake of the attached cells mediated by components of the native scrum,
presumably belonging (o the complement system. Recognition by the lectin and binding
is a prerequisite for uplake of sialidasc-treated crythrocylcs by the peritoneal
macrophages (Kustcr and Schaucr, 1981).

Muller ez af. (1981) also reported the involvement of [$-palactosyl-specific loctin
in the mechanism of the sequestration of desialylated cryihrogytes both /n vive and in
vitro by a two step model. Binding via demasked crythrocyte surface [-galactosyl
residucs Lo the Iectin on the macrophage cell membranc is neccssary for the subscquent
phagocytosis step. Carcful experiments, however, using various imimunoglobulins, anti-
IeG, comploment faciors or inhibitors of Fe reeeptors have excluded itnmunoglobuling
and/or complcment factors as well as the Fc receptor of macrophages in the
sequestration process (Muller ez al., 1983b). Similarly, substances known Lo stimulate
phagocytosis such as Fibronectin, tufisin or “subsiance P were also excluded to play a
role in the crythrocyle-macrophage system studicd (Muller er of., 1983b). llcat

inactivation of serum to destroy compleinent [actors of the classical (56°C, 3(min) or
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alicrnative (50°C, 20min) pathways reduced phagocytosis with less pronounced effcct
on binding. Incubalion of scrum with zymosan A, addition of guinca pig wholc
complement alone or gether with IgM blockage of the complement receptor with 2-
deoxy-D-glucose did not influence both binding and phagocytosis, thus excluding the
role of complement factors in the sequestration process.  Also the addivon of IgG and
IgM 1o the mcubation mixture and blockage of the Feerceeptor had no indfluence on
binding hence excluding the participation of immunoglobulins (Muller et of., 19830,
Muller and Schauer, 1983). Binding and phagocytosis of sialidasc-treaied erythrocyles
thus vecurs by a mechanism independent of opsonins (Muller ¢ of., 1983b). Thercfore
afier binding of sialidasc-trcaied erythrocytes o the P-galactosc-specific lectin on the
macrophage surtace, they are phagocytozed ag a function of their nuwnber and binding
strength to the macrophages (Muller ef al., 1983b).

Erythrophagocylosis i vivo is mediated by the cells of the reticuloendothelial
gysicm and takes place primarily in liver and/or spleen (Vomel and Platt, 1982; Khansari
and Fudenberg, 1983; Smedsiod and AminofI, 1985). Using rat liver macrophages,
Mohr et al. (1987) reported that binding ol human erythrocytes as well as binding of
ncuraminidasc-treated llumanl erythrocytes 18 mediated by the GalNAc/Gal parlicle
receptors while binding of sheep crythrocylc 18 mediated by several diflcrent
mechantsms including the GalNAc/Gal particle receptor.  Therefore, the GalNAc/Gal
particle receptor mediates or participates in recognilion of non-sclf structurcs (Mohr et
al., 1987). Similary, recognition of sencscent erythrocytes by liver macrophages in
vitro is mediated by a receplor specific for galactose residucs (Schlepper-Schafer ef af.,
1983) while in vitro aged and senescent rat cl}'tln'ocyt(‘:s accessibility to the autologous

galactosc-speeific receptor isolatcd [rom rat liver hepatocyles as well as to antibodics
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cluled from senescent rat ervthrocytes have been demonstrated (Schlepper-Schaler and
Kolb-Bacholen, 1988). Therefore, i vitro recognition of senescent rat erythrocyltes by
macrophages includes two mechanisms, dircet recognition by a galactose specific lechn
and indircct recognition by Fe-receptors mediated by antibodies (Schiepper-Schaler and
Kolb-Bachofen, 1988). However, Kolb ef &/, (1981) on the basis of experiments with
germ free rats suggested that scrum antibodics are not involved in trapping of sialidasc-
treated erythrocyles.

Loss of sialic acid alone is responsible for the recognition of erythiocytes by
peritoneal macrophages and resialylation of these cells by purified sialyltransferases
causes remasking of the galactose residues and prevents binding of the cells (Kelm ef
al., 1986a). Though only the amount of released sialic acids is the decisive lactor lor
the binding and phagocytosis of sialidasc-treated erythrocytles (Muller er /., 1983a,
1983b), clustering of the hgands leads to a strong increase in binding and this may be due
to simultancous binding of more than one galactose residuc (Kelm er al., 1986a) for
peritoneal macrophages.  Similarly, the interaction of kupffer cell lecting with single
asialofctuin molecule is not sufficient to trigger off’ endocytosis, whereas the reaction
with a multivalent particle induces a physiological response hence the clustering of
receptors may be of importance (Kolb-Bacholen ef al., 1982). ‘The preclustered
arrangement of galactosc-specific binding sites on liver sinusoidal cells 18 indeed an
absolute requirement for ellective recognition and uptake of larger particulate ligands
(Kolb-Bachofen, 1988; Dini and Kolb-Bachofen, 1989).  The signal for uptake of a
ligand is only trggered when more than a few receplors per cluster are occupied, a
condition that is fullilled best by particles with multiple binding sites, but not by soluble

glycoproteins (Kolb-Bachofen ef al, 1982). Kelm and Schauer (1986) demonstrated the
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requirement of Ca*" to distinguish between reversible surface bound and irreversible
internalized hgands. Internalization is followed by degradation of the ligands and
binding strength depends on the arrangement of galactose residucs presented by the
ligand. Resialylation of sialidase-treated erythrocytes led to the incorporation of 60-
80% of the enzymically released sialic acids (Kelm er «f, 1986b). Binding of the
resialylated  erythrocytes to  peritoncal macrophages was reduced compared  with
corresponding partially desialylated erythrocyles, thus the amount of transferred sialic
acids was sullicient to demonstrate reconstitution of the masking cflect of sialic acids
(Kelm ef al., 1986b).

A possible role of sialidase molecules themselves which have been observed to
remain attached to cell membrane even after washing the cells n binding and
phagocytosis of erythrocytes was excluded by the use of immobilized sialidase or the
satlidase hubitor 2-deoxy-2,3-didehydro-N-acetylneuraminic actd as well as by the
addition of very low amounts of soluble sailidase (Muller ef al., 1983b; Schauer er il
1984).

Sialidase treatment thercfore exposes penultimate fS-galactose residucs of the
erythrocytc membrane and interaction of these celis with P-galactose specific lectin on
the liver and spleen macrophages (Jancik ef af., 1978) results in the rapid sequestration
of the cells from the blood stream (Muller ef @, 1981; Schauer er «l., 1984).
Although the exposure of [J-galactosyl residucs on the surface of particles and cells
scems 1o be the only factor responsible for the iniliation of uptake of these celis by
macrophages (Muller et al., 1983a, 1983b; Schauer ef al., 1984) the presence ol
homologous scrum or plant lecting in subagglutinating concentrations was found (o

enhance both binding and phagocytosis of rat erythrocytes (Kuster and Schaucer, 1981;
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Muller ef al., 1983b; Muller and Schauer, 1983). It is not known however, if the effcct
of serum 18 due to a specific compound present in serum or to an unspecilic effect
(Schauer et al., 1984). The stimulative clfcct of peanut lectin (galactose-specilic) or
Erythrina crystagelil agglutinin (recognizing galactose and N-acetylgalactosaming)
(Muller ef «l., 1983b) is not yet clearly explained.  Lectins could however, cause
alterations of the conformation of desialylated glycoconjugate molecule n erythrocyle
membrane which leads to exposure of cryptic compounds triggering phagocylosis
(Muller ef al., 1983b; Schaucr ef al., 1984). It could also be speculated that lectins are
model substances for an explanation of the ¢ffcct of the unknown scrum factor(s) on
binding and phagocytosis of sialidasc-treated erythroeytes (Muller and Schaucr, 1983).

In bovine trypanosomiasis, there is the production of sialidase (neuraminidasc)
by 7. vivax (Esicvo et «l., 1982a) which lcads to the cleavage of erythrocyte surface sialic
acids (Esicvo er al., 1982a), Pirofsky (1969) reported that new antigenic siles would be
revealed on affected crythrocytes while Esievo and Saror (1991) in a review
hypothesized that antibody may be produced against these new antigenic siles on the
erythrocytes hence rendering them suitable for erythrophagocytosis. It was further
hypothesized that sialidasc-treatment removes the masking — eflect of the negative
charges of the sialic acid residues on the crythrocytes and opsonization by
immunoglobuling and complement leads fo recognition and degradation by phagocytic
cells of liver and spleen (Jancik ef @f., 1978). In studics using scanning clectron
microscopy, no membrane abnormalitics was observed in cells from cattle infected with
T, vivax (Esievo, More and Muller; 1982b), nor was the shape of rabbit erythrocyles

allected by sialidase treatment (Jancik ef al, 1978) however, several alterations were

o= 476583 |
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1983ab).

Erythrocyle surface sialic acids and trypanosome sialidase thercfore may have
significant roles in the pathophysiology and pathogencsis of trypanosormiasis (Esicvo
and Saror, 1991). It will be of interest and particularly of significant contribution to the
knowledge of the mechanism of anacmia in bovine trypanosomiasis to know il the
phagocytosis of crythrocytes due to the removal of sialic acids during 7. vivax infection
in caitle (Esicvo, 1979; Esicvo et al., 1982a) occured through cxposurc of [-galactosc
residucs and binding by the P-galactose specific lectin on macrophages. The purposc of
the present study is 1o examine if the interaclion between crytrocytes desialylated in vive
by trypanosome sialidase and rat perifoncal macrophages is due to cxposwre of [i-

galaciose on the crythrocytes and its subsequent removal by macrophages.

2.14 INHIBITION EXPERIMENTS.

In order to confirm if the exposure of {3-D-galactosyl residucs on erythrocyles
is duc to sialidasc treatment, hapten inhibition experiments are usually carried out (Kolb
and Kolb-Bacholen, 1978). Many inhibitors have been uscd to prevent desialylated
crylhrocyle-macrophage inferaction and 1hus kecping (he crythrocytes longer in
¢irculation, Such inhibitors includc a wide range of monosaccharide oligosaccharides,
Neoglycoproteins, gangliosides, oG (Kolb and Kolb-Bachofen, 1978; Muller et i,
1981, 1983ab; Mohr et al., 1987). Most of tﬁc complex carboliydrates possessing one
or several terminal P-galaciosyl groups arc capablc of inhibiting both bincling and
phagocytosis of sialidasc-trcatcd  rat  erylbrocyles by homologous peritoncal
macrophsges. The inhibitory capacity of these compound is rather variable and

branched oligosaccharides generally inhibit stronger than lincar oncs (Schaucr er al.,



57
1984),

Among lhe various oligosaccharides used, lactosc was found 1o give a high
percent of inhibition in in vifro studics while it kept desialylated erythrocyles longer in
circutation in rabbits (Muller et al., 1981) and prevents crythrophagocytosis in caltle
infccted with 7. vivax (Umar et al,, 1998), In the work reported here, the inhibitory
effect of lactosc was cxamincd and compared when used in an /s vitro and in vivo ccll
binding assay. Other saccharides were also uscd to conlirm the exposure of subtenninal
f-galactose moictics on erythrocytes obtained from T, vivax infected calves and prevents

crytluophagocylosis in callle infocted with T vivax,
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CHAPTER 3
MATERIALS AND METIIODS
3.1 ANIMALS AND PARASITES.

‘Twelve (12) male Zebu (Sokolo Gudali) calves, ranging from 6 to 12 months of
age and wcighing between 80 and 90kg were purchased from Talata Mafara (Zamlara
Statc) an arca known to be free from tsctse-fly (Glossina spp). On arvival in Zaria, the
animals were dewormed with Thiabendazole (Merck, Sharp and Doline) and vaccinated
against anthrax, black-quarter, contagious bovine pleuropneumonia and rinderpest. The
animals were sprayed againsi ticks at weekly mtervals with chlorlenvinphos (Pfizona,
Pfizer, Nigeria Lid.), housed and fed on a dict suppletnented with a mixture of collon
seeds, wheat offal and hay. Water and salt licks were supplicd ad libitum.

All animals were located at the Faculty of Veterinary Medicine of Alunadu
Bello University, Zaria. The animals were well conditioned 1o their environment (which
is known te be free of tsetse fly) for about three months before infection.

Mature albino rats free from infection were purchased from the Nigeran Instilute

for Trypanosomiasis Rescarch (N.LT.R.) Vo, via Jos. The rats were houscd in
33 x 55c¢m stainless steel top-tough polypropylene base rat cages. Waler and chick mash
(Sanders fecd) were provided ad. fibifum (hroughout the experimental period.

An isolate of Trypanosama vivax (Samaru stock) was obtained from a cow with
pure natural infection and identified by morphological examination. 'Two (2) ml of
infceted blood from the cow was uscd to inlect a goat (Red Sokoto goat) to scrve as a
donor. The goat was housed and fed on a dict supplemented with a mixture of cotion
sccds, wheat offal and hay while water was provled ad libifum. DParasitacmia was

monitored daly by HCT, wet mount and baemocytometer technigques.  When
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parasitacmia was very high (approximately 11 x 10" trypanosomes) the infected donor

goat’s blood was uscd to infect the experimental calves.

3.2  CHEMICALS AND EQUIPMENT.

Gelatine, D-Glucose, D-Galactose and D-Mannose were purchased from BIDIL
Barbitone Dicthylbarbituric acid and 5-5-Dicthylbarbituric acid sodium salt were
purchased from MERCK. [Lactosc was purchased from Hopkin and Williams, England.
Medium 1991 and all other reagents were of analytical grade and purchascd from Sigma
Chemical Company, St. Louis, USA.

Hemle ZK510 refrigerated centrifuge and Gallenhamp cooled C0, incubator were
used for both centrifugation and incubation throughout the study.  Counting and
examination of cells were carried out using a Zeiss Photomicroscope while photographs

of slides were taken using a 1eitz Ortholux 2 Laboratory and Rescarch Microscope,

3.3 EXPERIMENTAL DESIGN,

The calves were divided into three groups for the controls, i vifro and 12 vive
experiments. Six (6) calves served as the non-infected controls,

Two (2) calves were cach infected with 11.0 x 10° 7. vivax by jugular
venipuncture. This group of animals were used for the iz vitro experiment.

Four (4) calves were cach infected with 11.0 x 10° 7. vivax by jugular
venipuncture and monitored very closely for the development of parasitacmia.  This

group of animals were uscd for the 12 vivo experiment.
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34. SAMPLE COLLECTION.

Blood samples were collected as described by Esievo ef al. (1982). For about
three weeks, ten (10) ml of blood was collected daily from cach calf by jugular
venipuncture. Of the blood samples collected, 1 mi was-uscd for routine haematology,
3ml was placed in vacutainers containing barbital buffered saline (147mM Nz;CL 36mM
EDTA, 9mM sodium diethylbarbiturate, 27mM diethyibarbituric acid and 0.1%gelatine
pH 7.2) as anticoagulant and the remaining 6ml was placed into vacutainers without
anticoa;gulant for serum preparation. Serum was prepared by allowing the blood to clot
undisturbed for about 1 hour and then centrifuged at 2,000g for 10 min. at 4°C. The
s¢rum was analyzed for sialic acid.

3.5 ERYTHROCYTE PREPARATION.

Erythrocytes were isolated as described by Muller ef ol (1983ab). Briefly,
blood (3ml) was mixed with 3ml of barbital-buffered saline. The erythrocytes were
washed three times by suspension in twenty fold (20) volume of phosphaie-buffered
saline {Na,Cl-P butfer: 137mM NaCl, 2.7mM KCL, 8. 1mM NQZII-PQ,} and 1.5 mM
KILPO, pH 7.2) and centrifuged at 8§50¢g for 10min. at 4°C using an MSE Mistral 3000
refrigerated centrifuge. The cells were adjusted to 2.5 x 10° cells/ml by diluting 0. 1ml
of erythrocytes to 4ml with phosphate buffered saline and counted in a
haemocytometer.  Erythrocyies are usually prepared before the isolation of
macrophages.

Bricfly: A 1:40 dilution of the isolated erythrocytes was made by diluting 0.1ml
of crythrocytes to 4.0ml with phosphate buffered saline in a glass (75 X 12mm) tube,
After sealing the tube with a tightly ﬁtﬁ:;g bung, the diluted blood was mixed by

repeated shaking.



60
3.3.1 IN VITRO EXPERIMENT
Five male Zebu calves were used for this experiment,  Two (2) of the calves
were ¢ach infected by jugular venipuncture with Simi of the infectcd donor goat’s bloxd,
containing approximately 11.0 x 10% Trypanosoma vivax while the remaining thece

calves scrved as the uninfected control

3.3.2 IN VIO EXPFERIMENT

Four (4) calves werc cach infected by jugular venipuncture with 5ml of the
infectcd goat’s blood containing approximaicly 11.0 x 10° T, vivexr.  Parasitaciia was
monilored daily by HCT, wel mount and haemocytoructer techniques. At the [irst peak
of parasitacmia which occurrcd five days post-infection (p.1) with associated declining
packed cell volume, each calf was piven lactose solufion at a dose rate of 0.5g lactose
per kg body weight thrice daily al miervals of four hours, by jugular venipuncture af a
rate of approximatcly 18ml per minute for four days. The laclose was administered asg
a solution in physiological salinc. Bricfly a 50 per cent solution of tactose (or 1.40M)
in physiological saline (0.9 per cent NaCl) was prepared and placed in an injeclion
botile, plugged, awloclaved at 15 Ibs pressure for five minuies and allowed to return to
room temperature.  Normal saline was preferred to aqueous solution 1o reducce systemic
hacmolysis.  Approximately 80-90ml of the lactose solation was administered to the
calves depending on their bedy weights.  The quanlity of lactosc solution were
computed (1o give 30mM plasma concentration) and administcred as a function of calf

blood volume, estimated at 6-7 per cent of body weight.
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The counting chamber of the Neubaver hacmocytometer with a coverslip
alrcady in position was filled without delay with the aid of a pasturc pipcite which has
been allowed to take up the suspension by capillary. Tle counting chamber was eli
undistuibed for about 2 minuies for cells 1o scttle. The cells werc then counted using the
40 x objective. Cclls in 4 or 8 horizontal Icctangles of 1.0mm x 0.05mm (80 or 160
small squares) or in 5 or 10 groups of 16 small squar;:s were counted including the oclls
which touched the top and right hand margins.
Calculations:

~ = 1 El
Red cell count N x A x DF  permi,

where N is the number of cclls counled, DF is the dilution factor (i.c. 40), Aishc arca
of chamber counted (j.c. 0.2mm? and D is the depth of the chamber (i.c, 0.1tnm).

Therefore,

Redcell count = Nx x40  perml

1
0.2x0.1
= Nx2x10 per ml

3.6 MACROPHAGE PREPARATION.

Penitoncal macrophages were isolated from adult rats by washing the peritoneal
cavily with 20mi of medium 199E (1%} as described by Muller ef o, (1983ab). Briclly,
unancsthesized rat was hekl by the skin of the neck and tumed to reveal the ventral
view. The skin of the abdomen was carcfully picked using a pair of forceps, A 20mt
syringg ‘ﬁtlcd with 3 19 puage needic containing 20m! of 1% medium 199E was
carctully picreed into the peritoncal cavily and it's conient cmpticd into the peritonium

and le(l for about 5 minutes, aspirated and re-emptied twice. The extracted medium way
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then centrifuged at 320g for 10 min, and counted in a hacmocytomeler. 2.0-2.5 x 10°
cclls i 2ml medium 199 were used per assay. Macrophages are prepared firesh daily
from diflcrent rats and uscd [or assay.

Briclly: A 1 in 20 dilution of the isolatcd macrophages was made by adding 0.1ml
of macrophages 10 2ml of medium 199K in a 75 x 10mm pglass fube.  Afler tightly
corking the tube the suspension was mixed by gentle shaking. The counting chamber of
the Neubaucr hacmocytometer with a coverslip already in position was filled by mcans
of a pasture pipette and mounted on a light microscope.  Cells found on any of the four
comer Imm’ arcas and those in the central Imm’ area were counted.

Calculation:
I N is the number of cclls counted, DU is the ditution factor, A is (he area counted (i.c.
5 x lmm?) and 1) is the depth of the counting chamber (i.c. 0.1mm).

1

Macrophage count = N X re) x DF x 10° cclls per litre
- 1 b .
Nx $%6 x 20 X 10 cell per hire

Nx 4 x 107 culls per litre

N x 4 x 10’ cells per ml.

3.7  ASSAY OF ERYTHROCYTE-MACROPUHAGE INTERACTION.
Buuling, assay ﬂvas done based on the formation of vosettes as doseribed by Mol
et al. (1987). Bricly, 100ul eryilwocyte suspension (about 2.5 % 107 cells) in phosphate
buffered saline was mixed with an equal volume of peritoneal macrophages (2.0-2.5 x
10* cells) in a plastic tube (75 x 7mm) and centrifuged at 80g for § min. and incubatcd
for 60 min. at 7 + 1°C in a Gallenkamp cooled CO), incubator. 'The resulting roselles

were resuspended by gentle shaking and a drop of crystal violet added (o cach tube, A
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wel  slide  was then prepared for microscopic c¢xamination using a  Zciss
Photomicroscope using the 40 x objective.  Percent macrophages binding 3 or more
erythrocytes was determined. Each dest was perfonmed in tiiplicaic. A minimurmn of 100
macrophages were examined per individual fest. Photographs of slides were taken using
a Leitz. Ortholux 2 Laboratory and Rescarch Microscope. Macrophages stain dark blue

wlule erythrocytes stain Light bluc.

3.8 INHIBITION STUDIES.

For in vitro inlubition studies, 100ul  peritoneal macrophages were mcubated
with 100ul. of (he inhibitors for 5 min. at 4°C Lefore the addition of erythrocytes as
desenbed by Mol ef all (1987). Only calves i the in vitro experiment were uscd. The
inhibitors uscd are: Monosacchrides such as D-Galactose (25mM) D-Glucose (25mM),
D-Mannose (25mM) and Oligosaccharides such as lactose (25mM) and Maltosc
(25mM).

Cal culation of Percent Inhibition
The percent inhibition was calculated using the following cquation:
Number of cells inhibited = Bl - BI

vy eoe BP-BI
p Py TT b e -
Pereent Inhibition TP x 100

where B = Binding of erythrocytes in the presence of inhibitor and BP = binding of
crythiocyles obtained from infecicd calves when percent binding was high in the abscnce

of inhibitor.
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3.9  ASSAY OIf SERUM SIALIC ACID.

The serum samples were assayed [or free scrum sialic acids as described by
Aminoff (1961).

Each sample was assayed as follows:
REAGENTS: DPoriodate: 25mM periodic acid in 0.125N 1,50, (pil 1.2).
Sadium arsenite: 2% in 0.5N. 1ICL..
2Thiobarbituric acid: 0.1M adjusted lo pH9 with NaOIL
Butanol: o Bulanol containing 5% (v/v) of 12N 1ICl.
Standard sialic acid solution:  10mg ol sialic acid in 100ml of distilled water.
PROCEDURE: The reactions were camied out in glass centrifuge tubes with ground-
glass sioppers.  Scrum (0. 5ml), water and standard solution were dispenscd into tubes
labeled test, blank and standard respectively and were treated with 0.25ml of the
penodate reagent {or 30 min, at 37°C, Arsenite solution (0.2ml) was added to cacl fubs
to destroy excess of periodate.  As soon as the yellow colour of the liberated iodine has
disappecared (1-2 min.), 2.0ml of the thiobarbituric acid rcagent was adiled (o cach tube
which were then covered and heated i a botling water bath for 7.5 min. and cooled in
an ice bath. The chromophor was exiracted by vigorously shaking cach of the above
mixtures with 5.0ml of the acid/butanol mixiure and then centrifuged at 3000¢g lor 3
min. The clear organic phase was thon transferred to a 10 mm cuvelic and the optical
densily was read at 549nm against the butancl phase of the blank.

Sialic acid concentration was calculated as:

Sialic acid (mg/dl) = ;\—31&-- x Conc. std. x 100

where Aj = Absorbance of samplcs
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Astd = Absorbance of standard
Conc. std. = Concentration of standard.

The samples were assayed in triplicalces.

3.10 ESTIMATION OF PARASITAEMIA.

Trypanosomes were detected in the blood by the micro-hacmatocrit centrifuge
technique. The number of trypanosomes was cvaluated using the improved Neubaucr
hasmocylometer while Woo (1969) method was used for the preliminary estimation of
trypanosonies,

3.10.1 MICROHAEMATOCRIT CENTRIFUGATION TECIINIQUES

Capillary tubes were filled to about 10mm (rom the top with fresh anticoagulated
blood (EDTA 1mg/ml). The top end of the capillary 1ubes were then scaled with a
scalant (cnistascal) and then centrifuged in a hacmatoent centrifuge for 5 minutes, The
arcas of capillary fubes to be viewed were then wiped clean i.e. where the red cell
column joins (e cellular layer (bufly coat) and plasma with tissuc paper. The capillarics
were mounted on slides, supportcd on (wo stiips of plasticine and gently pressed (o
cmbed the capillatics in the plasticine.  The space between the capillarics werc filled
with clcan water and covered witls a cover glass.  The plasma jusi above the bully coat
layer was cxamined for motile trypanosomes using the 10 x objeclive while the 40 x
objcclive was uscd 1o confirm that motlity was duc o trypanosomes. The parasitacria
scen in the buffy ooatfplas:ﬁa junction were scored as 1+ (occasional {rypanosomes), 2+
(1-2 trypanosomes), 3+ (3-20 trypanosomcs) and 4+ (> 20 (rypanosoincs).

The preparations were examined within a few minutes of the blood being

centrifuged to prevent the migration of the trypanosomes into the supernatant plasma.
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3.10.2 QUANTITATION OF TRYPANOSOMES USING NEUBAUER
HAEMOCYTOMETER

A 1 in 10 dilution of blood (in EDTA) from the infected animals was made with
the counting stain (scc appendix) and allowed to stain for 3 minutes. A coverslip was
fixed onto the counting chamber of the Neubauer hasmocylometer. One side of the
counting chamber was [illed with the diluted blood using a capillary tube and allowed
10 sciile for 2 minuics in the moist chamber and then mounted on the light microscope.
The trypanosomes found on any of the large side squarcs of the hacmocytometer were
counicd.
Calculution:
' N number of trypanosomes wcrc-cuumcd in a large squarc of the hacmocylomeler in
1 in 10 dilution,
Total number of trypanosomes = N x 10 x 10 x 1000 per ml

= Nx10' per ml

3.11 HAEMATOLOGICAL EVALUATION.

Packed cell volume (PCV) was determined by the microhacmatocrit method as
described by Dacic and Lewis (1975), well-mixcd anticoagulated whole blood was
taken up into capillary haematocrit tubes until they are approximately 2/3 {illed with
blood (air bubbles were avoided). One end of the haemalocrit lube was scaled in a hot
flame and (he tubes placed in the radial grooves of the centriluge head exactly opposile
cach other wilh the scaled end away from the centre of the centrifuge and centrifuged for

5 min. The hacmalocrit was read using the micro-hacmatocrit tube reading device.
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J.12  DATA ANALYSIS,
Data were presented as means - standard deviations,  Statistical dilference
between means was asscssed by paired students t-test and by comrelation studics

(Chatficld, 1983).
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CHAPTER 4
RESl}L'I’S

Results obtained from this study are prescnted under in vitro and in vive
experiments respectively
4.1 IN VITRO EXPERIMENT:

HAEMATOLOGICAL CIIANGES,

Results of the hacmatological changes obtamned in the in vitro experiments arc
presented in fig. I and in Table I in the appendix.

All the infected calves developed trypanosomiasis.  The prepatent period
following the needle infection with 7. vivax varicd between 2 and 3 days. The course
of the discase was mild, the aflected animals becoming lethasgic seon after the onsct of
the anacmia with mcan PCV falling 1o about 14.5% on day 8 post infection (p.i).
PARASITAEMIA

Results of the parasitacniia duning the in vitro experiment are presented in Vig,
1 and Tablc 2. Soon afler cstablisluncnt of patent infection, (the parasitacinia coutinucd
to nise and reached a peak 5 days aficr infection.  This was followed by a gradual decline
over the next 2 days and by day 8 aficr infcction, trypanosotiies were oo scanly (o be
counted. The number of circulating trypanosomes increased again between days 9 and

13 after mfcetion (Fig. 1).
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PRODUCTION OF SERUM SIALIC ACID.

The changes in free serum sialic acid during the infection and post infeciion
periods in the infected calves are presented m Fig. 1. There was gradual increase in {rce
scrutn sialic acid concentrations that reached a peak 5 days aller infection. ‘The valucs
then declined though not below the pre-infection period.  There was anolher
appreciation in the frec sern sialic acid concentrations between days 8 and 9 alter
infoction and a decline on day 10 affer which there was a gradual incrcasc till (he

termination of the study (IFig. 1, Table 3 in appenglix).

BINDING OF BOVINE ERYTIIROCYTES WITH RAT PERITONEAL
MACROPHAGES

Binding of erythrocyics from non-infected calves with rat peritoncal macrophages
arc shown in Plate 1 while binding of erythrocytes obtaincd from the infecicd calves with
ral peritoneal macrophages are presented in Plate 2. Binding of cerythrocytes oblained
from the infected calves wilh freshly isolated rat peritoneal macrophages in the presenee
of 25mM D-galactosc arc presented in Plate 3.

Erythrocyics from infected calves adhere spontancously to freshly isolatcd rat
peritoncal macrophages when incubated in the ccll binding assay (Plate 2). Fifty mine
(59%) percent of the rat peritoncal macrophapes bind 3 or more of the cryilwocylcs al
ihe fimst peak of the parasitacmia which occurred on day 5 p.i (Iig. 2) while 34 percent
of rat peritoneal macrophages bind 3 or more of the erythrocytes at the sccond peak of
parasitacmia which occurred on day 13 p.i (Fig. 3). There was no significant (P>0.05)
diffcrence in binding at the two peaks of parasitacmia. A gradual increase in the

binding was abserved from day 2 post infection and peaked on day 4 post infeetion. The
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values then declined though not below the pre-infection period. A gradual increase in
binding was again cvident between days 11 and 13 post infection (Fig, ], Table 4 in
appendix).
INHIBITION EXPERIMENT

In order 1o confirm the exposurc of [-D-galactosyl residucs on the erylhrocytes
due o in vivo dosialylation by circulaling sialidase and ity involvement in binding,
hapien inhibition cxperiments were performed by pre-incubaling the rat peritoncal
macrophages with  monosacchandes and oligosaccharides before introduction of
desialylated erthrocyles obtained from infected calves. Adhesion of crythrocyles was
inhibiicd in the presence of D-galactose, lactose, D-glucose maltose, mannose (Table
5 and Table 6 in the appendix). The inhibition pattern of D-galaclose > lactose >
maltosc > D-glucose > mannosc was obscrved.  Galactose gave a significantly (1’<0.01)

higher inhibition compared to the other saccharides.



Plate 1: Rosette formation by rat peritoneal macrophages with erythrocytes
from non-infected calves. x 400
rpm - WR = Rat peritonial macrophages without red blood cells.



Plate 2: Rosette formation by rat peritoneal macropages with desialylated
ervthrocytes from 7. vivax infected calves. x 400
-C- = Clusters of rosettes
dec = desialylated erythrocytes
rpm = rat peritonial macrophages



Plate 3 Roselte formation by rat peritoneal macrophages with desialyvlated
ervthrocytes from 7. vivax infected calves in the presence of 25mM
D-galactose x 400
-C- = clusters of rosettes
dec = desialylated ervthrocvtes

rpm = rat peritoneal macrophages
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Table §: Inhibition of cell contacts between crythrocyics from infected calves and
ral peritoncal macrophages.

Percent inhibition of cell contacts
Inhibitors between ral peritoncal macrophages and
erythrocylies from infecied calves,

Monosaccharides

D-Galactose (25mM) ' 64.86 + 5.07*
D-Glucose (25mM) - 29.53 + 7.03%¢
D-Mannosc (25mM) 21.33 + 7.01%°
Oligosaccharides

Lactosc (Gal p-1, 4-Glu) (25mM) 56.71 + 3.64%¢
Maltose (Gluc-1,4-Glu) (25mM) 35.09 + 4.76°

Values are expressed as Mcean + SD.
a, b,c,d = values wilth different superscripts are significantly (P<0.91)
different,

Peritoneal macrophages were incubated with inhibitors for 5 min. at 4°C hefore
addition of erylthrocytes obtained from infected calves when percent binding was
very high. Sixty five percent of the ral peritoncal macrophages bound bovine
RBC at the peak of binding which vccurred on day 4 p.i. (sec Table 6 in appendix).
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4.2 INVIVO EXPERIMENT.

HAEMATOLOGICAL CHANGES

Results of the hacmatological changes obtained in the i vivo cxperiments arc
presented in Table 7 (in (he appendix). All the four infected calves developed
trapanosomiasis. The prepatent period following ncedle infection with T. vivax vaticd
between 2 and 3 days. The progress of the discase was mild.  The initial mean packed
cell volume (PCV) was 25.0 + 1.63% whicl-1 dropped significantly (P<0.05) (o 20.5 +
2.08% on day 6 p.i. Following laclosc injection in this group of infected calves on day
6, the mean PCV stabilized partially with valucs of 20.8 + 3,50, 18.8 + 2.06 and 20.0 &
1.83 percents on days 7, 8 and 9 respectlively.  The mcan PCV fell 1o 16.5 1 0.58 per
cent on day 13 p.t. (Table 7 in the appendix).
PARASITAEMIA

Results of the parasitacmia during the in vivo ¢xperiments arc presenied in Lig.
4 and Tablc 8 (in the appendix).  Soon afier establishment of patent infection, the
parasitacmia conlinucd to risc and reached a peak 5 days afler infection (ig. 4). This
was followed by a sharp decline over the next 2 days.  The number of circulating
trypanosomcs remaincd low until day 10 p.i.  Circulating trypanosomes incrcascd agam

between days 11 and 13 after infection (Fig. 4, ‘Tablc 8 ).

PRODUCTION OI SERUM SIALLIC ACIDS
The changes in frec scrum sialic acids during the infection and post infection
periods in the infected calves that were subscguently injeeted with lactose arc presented

in Fig, 4.
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Free serum sialic acids increased gradually reaching a peak 5 days p.i There was
a decling on days 6 and 7, followed wilh an increase in values botween days 8 and 10
and another decline on day 11 pi.  Thereafler, a gradual increase ocourred undil (he

study was tenininated (Fig. 4, Table 3 in the appendix).

BINDING OF BOVINE ERYTHROCYTES WITIH RAT PERITONEAL
MACROPIIAGES. :

Binding of erythrocyies obtained from the infecled calves with freshly isolated
rat perifoncal macrophages arc presented in Plaic 4. Endogenously desialylated
crythrocytes from infccted calves bound spontancously to freshly isolated rat peritoncal
macrophages when incubaicd in the cell binding assay (Platc 4). A sharp increase in
rosclte formation was observed from day 2 and pecaked on day 4 p.i., with a decline on
day 5 p.i. The valucs stabiltzed following lactose infusion on day 6 p.i., but pcaked
again on day 9 p.i., the last day of lactosc infusion. A sharp decline followed on day 11
p-i. before an appreciation in valucs on day 12 p.i. (Fig. 5),

Forty scven pereent (47%) of rat peritoncal macrophages bound 3 or more
erythrocytes at the {irst peak of parasitacinia which occurred on day S p.i. in the infected
calves belore lactose mjection, while 43% of rat peritoncal macrophages bound 3 or
more eryllirocyies al. the second peak of parasitaemia which occurred on day 13 p.i. afier
factose injection (Fig. 4, Table 4 in the appendix).

IN VITRO AND IN I'TVO EXPERIMENTS - COMPARATIVE STUMES OF T11E
BINDING OF ERYTHROCYTES WI'TlHl PERITONEAL MACROPHAGES
Forty seven percent (47%0) and 59 % of rat peritoncal macrophages bound 3 or

more crytiwrocyics at the first peak of parasitacmia which occurred on day 5 p.i. in the
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Plate 4: Roseite formation by rat peritoneal macrophages with desialated
erythrocytes from 7. vivax infected calves with lactose injection x
400.

-¢- = Clusters of rosettes
dec, = desialylated erythrocytes
rpm = rat peritoneal macrophages
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infected calves in the in vivo and jn vitro inhibition experiments respectively. ‘There was
a significant (P<0.05) difference in binding between the 2 groups. Forty five percent
(45%) and 34% of rat peritoncal macrophages bound 3 or more erythrocytes in the
vivo and 1z vifro mhibiion experiments respectively at the second peak of parasitacmia
which occurred on day 13 p.i. after lactose injection in the in vivo experiment (Fig. 5,
Table 4 in the appendix).  There was no significant (P~0.05) difference in binding
between the 2 groups at the seccond peak parasitacmia.

Following lactose injection in the group of calves in the /n vivo experiment on
day 6 p.i., the number of binding increased significantly (’<0.05) on days 7 to 9 p.i. in
this group of infected calves compared 1o the infected calves that were not injected with
lactose in the in vitro experiment (Iig. 6, Table 9 in the appendix).

Percent inhibition of binding in the in vitro and in vivo experiments are presented
in Fig. 7. Percent inhibition in the 2 vitro studics were 39.71 + 9.41, 32.09 + 18.52,
39.23 1 14.87 and 49.45 & 14.19 on days 6, 7, 8 and 9 p.i. respectively (Table 10 in the
appendix).  There was no significant (P~0.05) diffcrence in the percent inhibition.
Signilicantly (’<0.01) increased number of binding was obscerved in the iz vive studics

throughout the periods of lactose injection (Fig. 7, Table 11 in the appendix).
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CHAPTER §
DISCUSSION

The results oblained from this study are discusscd under (e in vifro experiment,
ihe in vivo experiment and general discussion respectively.
IN VITRO EXPERIMENT

The results in the present study indicated that the infected calves developed
trypanosomiasis with the parasitcs appearing in (he penpheral blood as carly as fhe
second day post infection. ‘The infected antmals soon became Iethargic and dehyrdated
with mecan PCV falling 10 about 14.5%. With the establishment of the infection, the
parasitacmia rose stcadily and reachied a peak 5 days post infection,

Increase in scrum sialic acid tonded to coincide with the appearance of the
trypanosome in the circulation with the highesl serum sialic acid concentrations being
recorded during the period of the first peak of parasitaciiia. 77 vivax produces sialidase,
the activity of which is related to the number of the parasites (Iisievo, 1979, 1983). The
latter supports the finding of highest scrum sialic acid concentrations during peak
parasitacmia in ihe present siudy and agrecs with carlicr experimental 77 vivay inlection
in catile during which the highest concentration of free serum sialic acids concided with
peak parasitacmia, significant rcduction of crythrocyte surface sialic acids and
development of anaemia (Esicvo er al., 1982a). It was then postulated that 77 vivax
sialidasc cleaved bovine erythrocyics swface sialic acids producing physico-chemical
damages on the erythrocytes rendering them more prone to phagocytosis and removal
from the peripheral circulation by the reticuloendothelial system (Esicvo ef al., 1982a).
It was suggesicd that (his siabic acid cleavage contribuled, partly (o the

crythrophagocytosis and the reduction of erythrocyics life-gpan, which arc consisient
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characteristic featurcs in the carly anaemia of bovine trypanosomiasis (Mackenzie and
Cruickshank, 1973; Valli et al., 1978; Dargic et al., 1979a; Lsicvo ef uf., 19822). The
increase and wvarations of serum sialic acids concentrations in relation to the
parasilacmia, in the present study further support the observation that the severity of the
anacmia of bovinc trypanosomiasis is rclatcd to the intensity and duration of the
parasitacnia  (Dargic ef al., 1979a; Esicvo et al., 1982a).

Recognition of foreign structures is the first step in several macrophage functions
(Mol et al., 1987). Also recognition of opsonized particles can be mediated by e and
C3 rceeptors and followed by phagocytosis (Griffin, 1981) or lysis (Johnson er of.,
1984). The latter suggesis an immunological basis for the phagocytosis or lysis of the
forcign structurcs or opsonized particles. However, carbohydrate-specilic recognition
appears 10 be an altemative or additional mechanism; sugar-specific receptor activity
(Lecting) 18 expressed on diflcrent macrophages (Kolb-Bachofen, 1986).  fi-galactose
specific lecting have been reported on peritoncal macrophages ( Kuster and Schauer,
1981; Muller ef af., 1983a, Kelm et al., 1986a) and liver macrophages (Kolb-Bachofen
et al., 1982; Mohr et al., 1987 ).

Cleavage of erythrocyte surface sialic acid by commercially-produced bactcrial
sialidase resulted in the exposure of subterminal galactosyl residues which then bound
to the [}-D-galactosc specific lectin on the macrophages (Muller and Schaucr, 1983;
Kelm et al., 1986a). The amount of relcased sialic acids is a decisive factlor for binding
and phagoecylosis of desialylaied crythrocyics (Muller ¢f af,, 1983a,b). It may be
pettinent {o suggcst that the “forcign structures” recognized on the erythrocyles as a first
sicp of several macrophage functions (Mohr et al., 1987) may include the newly exposcd

galactose on erythrocyte membrane during T. vivax infections, It is thercfore, being
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surmised  that the physico-chemical damages produced on erythrocyle membrancs
following cleavage of crythrocyles surface sialic acids by (rypanosome siahdasc
rendering desialylated erythrocytes more prone to erythrophagocytosis, 7. vivax
infected cattle  (I'sievo er al., 1982a) is the galactose exposed on such crythrocyles.
Results from the present study therclore indicates that the cardy anacmia obscrved within
the first 7 days of experimental 77 vivax infection in calves may be mediated through the
alternate or additional mechanism which involves carbohydrate-specilic, or galactosc-
specific recognition, since during this period immune mediated recognttion and lysis
may not have been fully operative.  Jennings er @, (1974) long suggested direct or
indircct trypanosomes cflccts in the rapid onsct of anacmia of animal irypanosomiasis.
Thus the Fe and C, receptors role in the phagocytosis and Iysis may be operative alter the
first 10 to 14 days when immune mechanism may have become fully operative.

Lrythrocytes from infected calves bound strongly 1o the rat peritoncal
macrophages. The binding (estimated by the number of roscties) increased gradually
from the period of the appearance of trypanosomes in circulation and the highest
numbers of bound erythrocyles was recorded during the periods of initial and second
peaks of parasitacmias. These periods also coincided with the highest values of free
scrum sialic acids concentrations which implies a greatest loss of erythrocyte surface
sialic acids at these periods.  Similar increasced parasitacmia, significant decrcase in
erythrocyle surface sialic acids and increasced [ree serum sialic acid concentrations were
reported in experimental 7. vivax infection in cattle (Esievo ef af., 1982a). Since binding,
of erythrocytes to macrophages is enhanced by the removal of 10-20% membrane sialic
acids while phagocytosis is cnhanced by the removal of 30-40% membrang sialic acid

(Muller er af., 1983b), the observation of the highest number of bound crythrocyles
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(number  of rosetics) during peak parasitacmias, highest serum  sialic  acids,
concentrations, thence during significant loss of erythrocytes surlace sialic acids, may
be readily explained.

Inhibition tests experiments with erythrocytes from the 77 vivax infected calves
showed that D-galactose is the most inhibitory saccharide. Thus, the recognition and
binding of the desialylated crythrocytes as observed by the number of roscties might
have occurred by a galactosyl-specific lectin on the surface of the rat pentoncal
macrophages. This is indicated by the inhibition by f}-D-galactosyl related saccharides.
The inhibition pattern corresponds to the one found for contacts mediated by the Gal
Nac/Gal particle receptor on rat liver macrophages (Mohr ef al., 1987). These
observations indicate that binding, due to numerous interactions of demasked [}-galactose
residues on the red cells, with specific lectin molecules on the macrophages s a pre-
requisite for phagocytosis. The findings reported hercin give direct evidence and
supports for erythrophagocytosis as a contributing mechanism for the anacmia of bovine
trypanosomiasis. This report appears (o be the first implicating 7. vivax sialidase i the
cxposure of subterminal galactosyl residucs on crythrocytes as a pre-requisite in the
carly onset of anacmia of bovinge trypanosomiasis.

It is therefore, reasonable to postulate that the very carly anacmia produced in
experimental 7. vivax infection in calves is achieved by the sialidase produced as (he
trypanosomes increase in numbers in peripheral  circulation which  cleaved  off
erythrocyte surface sialic acid, thus exposing [)-D-galactosyl residucs as the sublerminal
sugar. The exposed galactose residucs may then be bound to the fi-D-galactose specilic
lectins of the host macrophages (as sh own in the iz vivo experiment) and removal from

circulation and scquestration by the reticuloendothelial system.
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INVIVO EXPERIMENT

The rclationship between increasing trypanosome parasitacmia with increasing
free scrum sialic acid production and concomilantly increasing rosettes  formation by
rat peritoncal macrophages, obscrved in the infecled calves with lactose injection agrecs
with the results in non-lactose injecied infected calves, This suggests a trypanosome
sialidasc induced removal of erythrocyles sialic acids and cxposwe of membranc
subterminal rosidues of fi-galactosyl moicty in both infected calves and calves infecled
will lactose injection.

Binding of desialylated crythrocyles from infccled calves used for the in vive
experiments by rat peritoncal macrophages was about 22% lower than those from the
infected calves used for the 1 vitro experiments, bul following repeated lactose infusion
in the former group, binding increased sharply by 109% on day 7 p.i., with the marked
increase in binding remaining throughout the period of lactose injection, which also
coincided with the period of marked increase of free scrum sialic acids production. A
plausible explanation for this is the presence of sustainable parasitacmias during the
period of lactose inmjection in the infected calves. A sustainable trypanosomc
parasitactiia will readily source a continuous sialidase production, crythrocytes sialic
acids cleavape, scrum free sialic acid production, exposure of membranc sublerminal
residucs  of f-galactosyl moictics, that supports an cnhanced rosciling by (he rat
petitoncal macrophages, over the non-tactose infused inlecled calves. Indeed, sialidase
aclivity is related to the number of rypanosome parasites (Esicvo, 1979, 1983).

The sustained parasitacinia in the infected calves during the penod of laclose
injection may be cxplaincd from the point of cneigy requircments of trypanosomes,

Trypanosomes stop vespiring and become nnmobile within one minule i there i8 no
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supply of exogenous carbohydrate, because of their low energy reserves (Opperdoes ef
al., 1976). Energy is derived from glucose, but in ageing trypanosomes, with falling
parasitacmia, 2-oxoglutarate can replace glucose to some extent (Bowman and Flynn,
1977).  Glucose catabolism occurs via a glycolytic pathway which termmates in
pyruvate, the glycolytic enzymes being located in microbody-like organclles called
glycosomes (Opperdoces and Borst, 1977). In addition to the macrophage inhibitory role
of lactose, this disaccharide of glucose and galactose may serve as further energy source
for the trypanosomes.

In vitro lactose inhibition study with crythrocytes from infccted calves that were
not injected with lactose showed relatively lower binding by rat peritoncal macrophages.
This may indicate some degree of clearance and scquestration of  desialylated
erythrocytes by an already enhanced macrophage phagocytic system of the host. It is
therefore reasonable to surmise that lactose injection into the infected calves inhibits the
galactosyl specific lectin on the host macrophages which may thus contribute partly to
some degree of prolongation of erythrocytes life-span. Therelore, the role of lactose in
the control of trypanosomiasis by prolonging crythrocytes life-span through mhibition
of ¢rythrophagocytosis, may be limited (0 a base and requires its combination with a

trypanocidal agent.

4.3 GENERAL DISCUSSION,

In the two cxperiments reported, all the infected calves  developed
trypanosomiasis. The prepatent period following needle infection with 7. vivax varied
between 2 and 3 days in both the in vitro and in vivo studics.

Soon after establishment of patent infection, the parasitacmia continucd (o risc
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and rcached a peak 5 days afier infoction and this was followed by o gradual decline
ower the next 2 days. In the non-lactosc-ingected mlccted calves, by day 8 alier infechon,
irypanosomcs were too scanty to be counted.  However, following repeated laclosce
injection on day 6 in the infected catves with lactose injection, rypanosomcs flourisied
and in numbcrs large cnough to be counted. Circulaling trypanosomcs increascd again
between days 9 and 13 afler infection in both groups.

There were 2 poaks in the dewelopment of parasitacmia with the 2 pcaks
occurring on (la)’g 5 and 13 post infection. The obscrved peaks ol parasitacnua s in
accordance wilh. diffcrent parasitacmic waves in the carly stages of trypanosome
infection reported by Lsiovo ef al. (1982a). In established infeclions, parasitacmia has
been reported 1o fluctuate considerably with the trypanosonics appearing and
disappearing from the blood at irregular intervals, Generally, there is a period of
parastacmia lasting up 1o scveral months, after which the rypanosomes are undctectable
in the blood, or alternating periods of criscs and rclapses follow (Hoare, 1972). In the
carly stages of mfcction, I vivax have been reported 1o imvade the lymph glands
(Hornby, 1952). 1t 13 possible that m relapses following the disappcearance ol the
parasitcs from the circulatiou the blood is restocked by trypanosomes sheltering in the
lymph glands (Ilornby, 1952; Hoarc, 1972).

This coukl also be duc to antigenic variation in which individual parasiles have
the capacity to present different antigenic guiscs to the host (Ritz, 1916; Esicvo and
Saror, 1991). The phenomenon of antigenic variation of trypanosomes is possibly
essential for the survival ol the frypanosores in the mammalian host (Doyle ef al., 1978,
Vickerman and Tetloy, 1978; Lisicvo and Saror, 1991) so thai as one parasile population

is clearcd by the host’s immune system, another springs up. This evasion mechanism of
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the trypanosome is achieved by changing the glycoprotein pattern of the ccil surface
which may be rclated to sialic acid activity (Schauer, 1983; Lsievo and Saror, 1991).
Thercfore, the successive waves of parasitacmia rcprcécnl anfigenically  distinct
populations.

Following repeated lactose injection in the infected and lactose injected animals,
trypanosomcs remaincd in circulation throughout the experimental period and also in
numbers large enough to be counted, while they disappearcd complelely in (he infected
cabves not injected with lactose between days 7 and 8 p.i. (Fig. 8 in the appendix). The
sustaincd parasitacmia in the infecied calves during the period of lactosc injeclions may
be explined from the cnergy requivement of trypanosomes. In addition 1o the
macrophage imhibilory role of lactose, tlus disaccharide of glucose and galactose may
partly serve as a further cnergy source for the trypanosomes. Glucose is a weak inhibitor
ol crythraphagocytosis while galactosc is a good iohibitor at relatively high
concentrations (Kolb and Kolb-Iachofen, 1978; Muller et af., 1981, 1983a; Mohr et of.,
1987).

The development of anacmia as determined by packed cell voluine (PC'V)
staricd [rom day 3 p.i. with a general deercase in the PCV in all the infected calves in
the course of the infection (Appendix 1).  In the infected calves that were not injected
with lactosc the PCV deercased gradually from days 3 p.i. with very low valucs of 14.5
£3.54 and 16.0 & 1.41%, occurring on days 8 and 13 p.i. respectively. In the group of
calves infected and followed with scpeated lactose injection, the PCV  decreascd
- gradually from day 2 p.i. with very low PCV valucs of 18.75 + 2.06, 18.00 + 1.83 and
16.50 + 0.58 pereents on days 8, 11 and 13 regpeclively. The peniods of low PCV levels

in both group of animals fcll between the first and sccond pacasitacmic waves, The
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nican PCV values were significanily (P<0.02) different on day 4 between the two groups
of calves.

The degree of anaemia is related to the drop in total red cell mass and hence
PCV (Dargic and Alesandro, 1978). The progiessive decrease in PCV valucs obscrved
during the course of the infection supports the carlicr obscrvation that anacima is onc ol
the major pathological and clinical featwres of wypanosomiasis (Fiennes, 1954
Mackenzic and Cruickshank, 1973, Mamo and IHolmes, 1975; Esicvo ef af., 1982a).
Indced, despite the large number of clinical, biochemical and hacmatological
manilestations ol trypanosomiasis, the PCV is probably the most practical indicalor of
the severity of the discasc (Dargic and Alesandro, 1978). Mowever, the rate of decreaseo
in PCV wvarried in all the infccted calves and this could be due to differences in the extent
of susceptibility to infection,

Increase in serum sialic acid fended (o coincide with the appearance ol the
trypanosomes in the circulation with the highest scrum sialic acid concentrations being
recorded duning the period of the first peak of parasitacmia in both infected groups of
cattle. 7° vivax produces sialidase, the activity of which is related to the number of the
parasitcs (Esicvo, 1979, 1983). The increase and he variations of serum sialic acids
concentrations in relation to the parasitacmia, in the present sludy further agrees and
supporst the observation that the severity of the anacmia of bovine trypanosomiasis is
related to the intensity and duration of the p;'limsilacmia (Dargic et al., 1979a; Fsicvo et
al., 1982a).

In both the in vitro and in vivo cxperiments binding between desialylated
crythrocytes and rat peritoneal macrophages peaked on day 4 post infection though tice

scrum sialic acid concenlrations and parasilacnua peaked on day 5 post infection. The
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reason for the observed peak binding between desialylated erythrocytes and rat peritoncal
macrophages on day 4 rather than day 5 post infection is not immediately known. 1t is
pettinent to note that rat peritoneal macrophages bind and phagocylose sialidasce - treated
erythrocyics at a rate which is dependent on the amount of sialic acid that has been
removed {rom the cells. Increasged binding of erythwocytcs is obseived aficr the removal
of 10-20% of membrane sialic acids (Muller and Schauer, 1983; Muller et af,, 1983q).
Removal of 10-20% of sialic acid have been reporied 1o be sullicient o climinate
crythroycics fron} the circulation while hydrolysis of 30-40% of sialic acids lod to an
increase of the nmﬁbcr of bound and cngulfed crythrocytes (Aminoff et o/, 1976; Muller
ef al, 1983a). This is because when compared to binding, lor phagocylosis a higher
number of palactose residucs musi be unmasked on the crythrocytc membrane thus
enabling interaclion with a grcater amount of lectin molecules on the macrophage to
trigger phagocytosis (Muller ef o/, 1983b). In the present study, desialylation of
erythroyctes occurred in vivo due to the production of sialidase by the rypanosomes.
During the liust few days of the s;udy with trypanosomes appearing in the peripheral
circulation on days 2 and 3 post infection in the in vivo and fn vitro cxperiments
respectively  sialidase production may be low with subscquenl low  sialidase
concentration in circulation. This may have resulted in the removal of low cuantitics of
membranc sialic acids (less than 20%6). Low sialidase concentrations of up to 0.5mU/ml
have been reported not to causc relcasc of appreciable amounts of sialic acid from
crythrocyles (Muller ef af, 1983a, b). In cflect, the desialylated erythrocytes will remain
in circulation or may subscquently be sequestrated from the blood stream (Aminoff et
al. 1970; Jancik ef of., 1978; Schaucr, 1982; Muller ef &/, 1983a) but this docs not Icad

to phagocytosis (Muller and Schaucr, 1983; Kelm et al., 1986a,b). By day 4 post
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infection, parasitacmia had increased to 10.5 + 1.0 x 10%ml (Table 2) and 12.6 + 3.1 x
10%ml (Table 8) in the in vitro and n vivo experiments respectively with subscquent
increases in free serum sialic acids to 0.30 + 0.03 mg/dl and 0.36 + 0.03 mg/dl (‘Table 3)
in the /n vitro and in vivo experiments respectively.  The release of 10-20% of (he total
sialic acid molecules from the crythroyctes cell surface initiate binding.  Using rat
crythroyctes, Kuster and Schauer (1981) on the assumption that sialic acid is linked to
galactose cxclusively, cstimated this threshold value of 10-20% to correspond (o
demasking of about 2 x 10° galactosyl residues. However, it is important to determine
whether this threshold value corresponds to a certain number and arrangement of lectin
molceules on the macrophage surface is required for binding,  Macrophages (Kupller
cells and hepatocytes) are involved in the clearance of such desialylated crythrocyles
though the route of uptake will depend on the ligand size (Kolb-Bachofen e wl., 1982;
Kolb-Bachofen, 1988). Jancik e /. (1978) observed that sialidase-treated *'Cr labelled
erythrocytes were not lyzed in the blood stream but accumulated in spleen and liver of
rabbits and they are bound and phagocytozed by macrophages.  Similarly, clectron
microscopy revealed that zn vivo, both asialolymphocytes (Kolb-Bachofen and Kolb,
1979) and asialo~erythrocytes (Kolb-Bachofen ef af., 1984) arc lound adhering almost
exclusively to the liver macrophages shortly afier their injection.  Therelore the peak
binding obscrved on day 4 may be explained by the cleavage of sialic acid glycosidic
bonds. The increased cleavage of sialic acid from the erythrocyles resulling to increased
[rce serum sialic acids may have been sullicient to initiate binding with the host
macrophages in vivo and ool to phagocytosis. This 1s also reflected mn the imcreased
binding belween such erythrocytes and rat peritoncal macrophages m the o vitro cell

binding assay. With further increascs in both parasitacmia and free scrum sialic acid
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concentrations on day 5, binding between the freshly isolated rat peritoncal macrophages
and desialylated crythrocyles decreased probably due to the removal of the pre-reqguisile
30-40% of membrang sialic acids required for phagocylosis with the conscquent removal
of such dcsialylated crythwocyics by the host mactophages /i vivo,  Usually, one
macrophage is able 1o engulf between one and ten erythrocytes (Schauer ef af., 1984).
This is further substantiatcd DLy the incrcascd binding belween rat peritoncal
macrophages and desialylatcd crythrocytes obtained from calves in the iz vivo studics
particularly during the period of lactosc injection (Table 9). The lactose or ihe
product(s) of it"s hydrolysis may have prevented in vivo erythrophagocytosis by blocking
the lectins on the macrophages honce keeping the desialylated erythrocyles longer in
circulation.

The peak binding observed on day 4 post infection may also be explained on the
basis of fractional receplor occupancy. Desialylated crythrocytes arc ligands since they
bind with a high degree of specificity to the receplors to form desialylated erythrocyte-
roceptor complex.  Such destalylated crythrocytes may be regarded as full agonists when
they bind to the receptors and cause a maximal response (probably phagocytosis) or
partial agonists when they evoke a submaximal response (probably just binding) cven
when all the receptors are filled. The amount of sialic acids removed from the
crythrocyte surface may determine the type of agonist to wlich it will belong since loss
of siafic acid alonc 8 responsible for the rccognition of crythrocytes by peritoncal
macrophages (Kelm ef al., 1986a). In some instances, the amount of biological response
is dircctly proportional to the numbcr of receptoss oceupicd and (he intrinsic activity of
the ligand. In some cascs a maximal biological responsc imay be achicved when only a

fraction of the receptors is occupicd by the Ligand while in other cases a significant
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fraction of receptors may need to be occupicd before a ligand produces a measurable
biclogical effcct. In this latter casc, there is a threshold level of receptor occupancy
necessary for responsc (Smith ¢f o/, 1985b). This may be related to  ihe threshold
¢stimmated by Kuster and Schauer (1981) and to the number of galaclosyl residues
exposcd on the erythrocyte surlace (Kuster and Schaucr, 1981; Muller e/ of., 1983a,b;
Kolb-BDachofen, 1988). On day 4 post infcction, the massive exposure of galactosyl
residucs on the crythrocytes duc to the removal of large quantitics of membrang sialic
acid with subscquent increase in free scrum sialic acid, the threshold level of receptor
occupancy may have been attained thus cesulting in peak bmding botween the
desialylatod erythrocytes and rat peritoncal macrophages. Though only the amount of
released sialic acids is the decisive faclor for binding and phagocytosis of sialidase-
treated erythroyctes (Muller ef «l, 1983a,b) clustering of ligands (desialylated
erythrocytcts) leads to a strong increase in binding and this may be duc (o simultancous
binding of more than one galactose residue (Keln ef af, 1986a) for peritoneal
macrophages. This is in agreement with the observation of peak binding on day 4 post
infection in the present study. Similarly, clustening of receptors may also be of
importance in the inicraction between kupilcr cell lecting with mullivalent particles
(Kolb-Bachofen et al., 1982). Preclustered amrangement of galactosc-specilic binding
sites on liver sinusoidal cells is indecd an absolute requirement for cflcctive recognition
and uptake of large particulatc ligands (Kolb-Bachofen, 1988; Dini and Kolb-Bacholcn,
1989). The signal for uptake of ligand is only triggcred when more than a few receplors
per clusler arc occupicd, & condition that is fulfilled best by particles with multiple
binding sitcs bul not by soluble glycoproteins (Kolb-Bachofcn ef of., 1982). Extcnsive

desialylation of erythrocytes fiom infected calves in the present study provides signals






