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SUMMARY

This thesis describes a series of studies carried out in Scottish blackface rams
experimentally infected with Trypanosoma congolense stabilates 57/10 and 57/11
(originally imported from ILRAD, Kenya as ILRAD 1180) with the primary aim of
determining the effects of infection on the function of the hypothalamo-pituitary-gonadal
axis. The studies also investigated the possibility that pyrexia is responsible for inducing
gonadal endocrine and exocrine dysfunctions in infected animals. In addition the effect
of infection on the function of the hypothalamo-pituitary-adrenal (HPA) axis was
assessed in order to determine whether reproductive dysfunction generally seen during
trypanosomiasis is related to stress caused by the infection.

Chapter I comprises an introduction and a literature review on trypanosome-
induced reproductive dysfunctions with emphasis on pyrexia and changes in the HPA
axis. Chapter II describes the two experiments carried out in rams infected with T.
congolense and the general materials and methods used in these studies.

Chapter III describes the effects of infection on semen characteristics and
pathology of various reproductive organs such as the testis, cauda epididymis, prostate
and pituitary gland. It was found that T. congolense induced a progressive deterioration
of semen quality in terms of an increased percentage of abnormal spermatozoa in the
ejaculate. Progressive non-inflammatory degenerative changes were observed in the
testis and prostate gland. The cauda epididymis showed varying degrees of decreased
sperm reserve. Trypanosome-induced pyrexia led to an elevation of scrotal temperature
in infected rams, suggesting that the changes in the gonads could have been due to
increased testicular temperature. Indeed, similar changes were observed in the semen
and gonads of uninfected rams following artificial elevation of testicular temperature by
scrotal insulation. The pituitary gland showed changes associated with increased
basophilic degranulation in infected rams.

Changes in plasma concentrations of reproductive hormones in the same rams are
described in Chapter IV. It was observed that soon after the onset of parasitaemia,
which occurred within 1 - 2 weeks of infection, plasma testosterone concentration
declined and levels remained low throughout the infection period. This reduction in
plasma testosterone concentration was associated with a progressive and marked decline
in testosterone pulse amplitude and testosterone secretion after injection of
gonadotrophin-releasing hormone (GnRH) was also depressed throughout the infection

period. By four weeks after infection, declining plasma testosterone concentration was
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accompanied by a significant increase in plasma luteinizing hormone (LH) pulse
amplitude and increased pituitary responsiveness (LH secretion) to exogenous GnRH.
As the infection progressed up to 8 weeks, the plasma LH concentration declined. This
could not be associated with some aspects of gonadal steroid feedback as similar LH
changes were observed in infected rams which had been castrated. Neither was the
decline in plasma LH concentration caused by the inability of the pituitary gland to
secrete and release LH as secretion of LH in response to exogenous GnRH was not
impaired throughout the infection period. It was therefore concluded that the decline in
plasma LH concentration after 8 weeks of infection was possibly induced by a
progressive impairment of the ability of the hypothalamus to synthesize and/or release
GnRH.

Gonadal steroidogenesis in infected rams was investigated in the in vitro
experiments described in Chapter V. This work showed that the alteration in plasma
testosterone concentration following infection was associated with a decline in Leydig
cell steroidogenesis, possibly mediated by increased testicular temperature affecting
testosterone biosynthetic enzymes. However, by 4 weeks after infection, reduced plasma
testosterone in infected animals was exacerbated by the impaired ability of the testes to
release testosterone into the circulation resulting in a significant increase in
intratesticular testosterone content. A similar increase was also observed in scrotal-
insulated rams and it was therefore suggested that changes in intratesticular testosterone
in infected rams at 4 weeks of infection was associated with a trypanosome-induced
increase in testicular temperature perhaps through an effect on testicular blood flow.

The effects of T. congolense infection on the function of the HPA axis in rams
and the relationship between this and the changes in the hypothalamo-pituitary-gonadal
axis are described in Chapter VI. The onset of parasitaemia stimulated a significant
increase in plasma cortisol concentration which was followed within 3 - 6 week of
infection by a decline in plasma cortisol levels and a reduced ability of the pituitary to
secrete adrenocorticotrophin hormone (ACTH) after injection of corticotrophin-releasing
hormone (CRH). Thereafter, the activity of the HPA axis was increased in step with the
fluctuating parasitaemia. CRH stimulation of the HPA axis had no effect on LH
secretion but reduced the plasma concentration of testosterone indicating the possible
aggravation of T. congolense-induced reproductive disorders by stress-induced cortisol.

The general discussion and conclusions drawn from all the experiments are

presented in Chapter VIIL
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It can be concluded that T. congolense causes a very profound dysfunction of the
hypothalamo-pituitary-gonadal axis in rams through actions at various sites. These
effects may be partly associated with trypanosome-induced pyrexia and are exacerbated
by increased plasma cortisol concentrations resulting from the activation of the HPA

axis.
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CHAPTER1
INTRODUCTION AND GENERAL LITERATURE REVIEW



1.1. INTRODUCTION

Trypanosomiasis is a disease of humans and animals caused by protozoan
organisms of the family Trypanosomatidae. Although trypanosomiasis is a serious
constraint to development throughout the tropical region and some temperate areas, it
exerts the greatest socio-economic effects in sub-Saharan Africa. This region provides
suitable geographical factors which favour the survival of the vector flies of the genus
Glossina (tsetse flies) which are responsible for cyclical transmission of the
trypanosomes. Tsetse-transmitted trypanosomiasis is classified as severe in the majority
of the 37 sub-Saharan countries affected, where it figures among the first three priority
veterinary diseases (Jordan, 1992). With increasing human populations and the growing
demand for land and food in these areas, human beings and their livestock have been
forced to encroach into tsetse habitats increasing the human and veterinary
trypanosomiasis risks. It has been estimated that about 10 million km?2 or 40% of
tropical Africa is infested with tsetse flies and these areas are among the most fertile
areas in the continent (Wilson er al., 1963; Luckins, 1992). Losses to livestock
production in Africa due to trypanosomiasis in meat alone amount to US$5 billion
annually (FAO-WHO-OIE, 1982). However, despite the concerted and specific control
measures directed against the parasite and the tsetse flies since the early 1960s, the
pattern of disease incidence has remained much the same in many African countries.
The situation may deteriorate further due to decline in national efforts because of
shrinking resources and changes in climatic conditions affecting both crop and animal

productivity.

1.1.1. Classification of Trypanosomes

The principal causative organisms of trypanosomiasis are flagellate protozoa of
the Order Kinetoplastida, Class Mastigophora, Family Trypanosomidae and the genus
Trypanosoma (Stephen, 1986). The pathogenic trypanosomes in the genus Trypanosoma
are subdivided into two sections, Stercoraria and Salivaria, according to their
development in the vector and transmission by either the saliva (Salivaria) or faecal

contamination of the wound caused by the bite of the vector (Stercoraria). Each section



is further subdivided into subgenera and species. The classification of trypanosomes of

veterinary and medical importance according to Losos (1986) is as follows:

Salivaria
Subgenus Duttonella Species Trypanosoma vivax
Subgenus Nannomonas Species Trypanosoma congolense
T. simiae
Subgenus Trypanozoon Species Trypanosoma brucei brucei
T. b. rhodesiense
T. b. gambiense
T. b. evansi
T. b. equiperdum
Subgenus Pycnomonas Species Trypanosoma suis
Stercoraria
Subgenus Schizotrypanum Species Trypanosoma cruzi

The infectivity of various trypanosomes has been well documented (Hoare, 1972;
Losos, 1986; Stephen, 1986). Briefly, all salivarian trypanosomes have a wide range of
domestic hosts. T. congolense, T. b. brucei and T. b. evansi infect cattle, sheep, goats,
horses, donkeys, camels, pigs, dogs and cats and in addition T. b. evansi infects water
buffalo. T. vivax infects all the animals infected by other tsetse-fly transmitted species
with the exception of the dog, cat and pig. T. b. equiperdum is restricted to horses and
donkeys. T. simiae infect pigs, camels, sheep and goats and T. suis infect only pigs.
T. cruzi infects man causing Chagas disease in South and Central America. In domestic
animals, natural infections caused by T. cruzi do not occur with the exception of dogs,
cats and rarely in pigs.

Among the salivarian group, T. vivax, T. congolense and T. b. brucei are the main
cause of African animal trypanosomiases (nagana) in cattle and other domestic animals.
T. b. gambiense and T. b. rhodesiense infect man and cause human trypanosomiasis

(sleeping sickness) in Africa.



1.1.2. Distribution of Trypanosomes within the Body

Depending on the degree of parasitaemia and the distribution of trypanosomes in
the host tissues, tsetse-transmitted pathogenic trypanosomes can be divided into two
main groups. One group of trypanosomes leave the blood during parasitaemia and infect
the intercellular tissue fluids of various tissues and organs. This group include the
brucei-like organisms, namely 7. b. brucei, T. b. rhodesiense, T. b. gambiense
(Goodwin, 1970; Losos and lkede, 1972). The other group includes those species
regarded as being confined to the vasculature of infected hosts (haematic trypanosomes)
and include T. congolense and T. vivax (Losos and Ikede, 1972; Losos et al., 1973;
Banks, 1978).

Several reports are now available which have conclusively shown the capacity of
T. vivax to invade and cause inflammation in tissues and especially the heart of several
animals (Bungener and Mehlitz, 1977; van den Ingh and de Neijs-Bakker, 1979;
Masake, 1980; Kimeto et al., 1990). There are reports of T. vivax being found also in
lymph nodes (Fiennes, 1950; Emery, et al., 1980), the pituitary gland (Fiennes, 1950)
and in cerebro-spinal fluids and aqueous humour (Whitelaw et al., 1988). T. vivax
infections of the tissue appear to differ from those caused by T. b. brucei in that they do
not localize throughout the body of the host (Losos, 1986). In earlier studies by Hornby
(1952), T. congolense was reported to localise in small blood vessels. It is now known
that these organisms attach themselves by their flagellae to the endothelial cells of small
blood vessels of the host (Bungener and Muller, 1976; Banks, 1978). Due to this
attachment the population in the microvasculature may be a thousandfold higher than
that found in the general circulation (Banks, 1978; Tizard et al., 1978b). Apart from an
extravascular phase in the skin (Gray and Luckins, 1980; Emery and Moloo, 1981) and
occasional dissemination in cerebro-spinal fluid (Masake et al., 1984),
T. congolense appears not to leave the circulatory system (Ssynyonga and Adam, 1975;
Tizard et al., 1978a, 1978b; Murray and Dexter, 1988; Murray, 1989; Abebe et al.,
1993a).

Although parasitaemia occurs throughout the course of infection, blood parasite
concentration varies with different species and strains of trypanosomes and with various

species of the hosts. Parasitaemia is usually lower with those trypanosomes that localise



in tissues than with those species which remain in the circulation (Losos and Ikede,
1972).

1.1.3. African Animal Trypanosomiases.

Comprehensive reviews on the epizootiology, ecology, virulence, control and
economic importance of African animal trypanosomiasis (nagana) in various regions of
Africa are available (McLennan, 1970; Ford, 1971; Herbert and Parratt, 1979; Losos,
1986; FAO, 1992). The precise nature of each disease depends not only on the species
and strain of trypanosome involved but also on the susceptibility of various hosts
(Stephen, 1970; Losos, 1986; Stephen, 1986).

From the assessment of the pathogenicity of nagana trypanosomes, it is
generally accepted that T vivax is associated with acute infections in ruminants in West
Africa while most infections in East Africa are more chronic (Fiennes, 1950; Fairbairn,
1953; Stephen, 1970). T. congolense is regarded to be more pathogenic in East Africa
than in West Africa (Losos and Ikede, 1972; Tizard et al., 1978b). Nevertheless, highly
virulent and haemorrhagic forms of T. vivax have been reported in Eastern Africa
including Tanzania (Cornell, 1936), Kenya (Mwongella, et al., 1981; Wellde et al.,
1983) and Somalia (Dirie er al., 1988). T. b brucei is less pathogenic in domestic
animals than the other two species and is widely distributed in both West and East Africa
(Tizard et al., 1978b).

1.1.4. African Trypanosomiases in Small Ruminants

Sheep and goats play an important role in many agricultural systems in Sub-
Saharan Africa. Due to their small size, lower feed requirements and diverse feeding
habits, they can occupy a wide range of ecological habitats ranging from semi-arid to
humid regions. Over 90% of sheep and goats in the Sub-Saharan Africa are found in
East and West Africa where they provide 30% of the meat and 15% of milk consumed
(ILCA, 1990, 1991). Many of the areas occupied by small ruminants are infested with
tsetse flies which transmit the pathogenic trypanosomes to all species of domesticated
livestock.  Although tsetse-transmitted trypanosomiasis is recognised as serious

constraint to cattle productivity, the situation with regard to sheep and goats is less clear



(Murray et al., 1984). It has been suggested that small ruminants are rarely affected
under natural conditions since tsetse flies seldom feed on them, when compared to large
animals (Mathewman, 1980; Stephen, 1986). Kramer (1966) and MacLennan (1970)
also indicated that trypanosomiasis is not a serious problem in small ruminants.
However, field surveys have recently indicated that both disease incidence and mortality
in small ruminants might be higher than was previously believed (Makumyaviri et al.,
1989; Kanyari et al., 1986; Mawuena, 1988; Kalu, 1991). In addition, experimental
studies have shown that small ruminants are equally susceptible to infection with
pathogenic trypanosomes as large animals (McGuire et al., 1985; Whitelaw et al., 1985;
Mutayoba et al., 1989a).

It has also been shown from field studies in Kenya that the economic effects of
trypanosomiasis in sheep and goats, which accrue from retarded growth rates, poor
reproductive performance and death might be substantial (Griffin and Allonby, 1979b;
Kanyari et al., 1983). Mahmoud and Elmalik (1977) emphasized that sheep and goat
may act as a reservoir for the disease which can be readily transmitted to other domestic
animals in the field. On several occasions small ruminants have also been found to be a
reservoir of human trypanosomes (Berl et al., 1982; Okuna and Mayende, 1983; Scott et
al., 1983; Noireau et al., 1986; Kageruka et al., 1991).

The course and outcome of trypanosome infections in small ruminants depends
on whether the infection is natural or experimentally-induced (Griffin, 1978). This is
largely because most of the tsetse-transmitted natural infections are not caused by one
species of trypanosome (Griffin and Allonby, 1979a) and mixed infections are common
(MacKenzie and Cruickshank, 1973; Stephen, 1986).

The pathology and pathogenesis of experimental trypanosomiasis in sheep and
goat has been well documented (Losos and Ikede, 1972; Ikede and Losos, 1975; Ingh et
al., 1976; Kaaya et al., 1977, Masake, 1980). Sheep and goats have often been used as
a convenient ruminant host in studies of experimental trypanosomiasis, serving as a
model of diseases in cattle (Kilgour ez al., 1975; Bouitelle et al., 1988). Indeed, in
recent years an increasing number of reports on experimental small ruminant

trypanosomiases has become available, most of these reports are on 7. congolense and



T. vivax as these are thought to be more pathogenic to small ruminants than the T. brucei
sub-group (Losos and Ikede, 1972; Verma and Gautam, 1977).

The disease syndromes caused by T. congolense have been described in naturally
infected sheep and goats (Griffin and Allonby, 1979a; MacKenzie and Cruickshank,
1973) and in experimentally infected goats (Mutayoba et al., 1989) and sheep
(MacKenzie and Cruickshank, 1973; Katunguka-Rwakishaya, 1992). According to the
duration of infection, the disease had been divided into acute, subacute and chronic
forms. The acute infection lasts for about 4-6 weeks and is characterised by rapid
decline in packed cell volume (PCV), widely fluctuating body temperature and
parasitaemia and culminates either in death or in some cases self cure or progress to a
chronic infection. The subacute infection lasts for about 6 - 12 weeks and is
characterised by a marked but steady decline in PCV and liveweight and fluctuating
body temperature. Infected animals may die during this period or may develop a chronic
infection. The chronic infection lasts over 12 weeks and is characterised by a gradual
limited recovery in haemogram and liveweight parameters but infected animals become
emaciated and are generally in poor condition. Death may occur or animals may recover
spontaneously without treatment. It is, however apparent that sheep and goats can
commonly support a T. congolense infection for several months. In most cases death
occurs following secondary complications resulting from mixed trypanosome infections
(Stephen 1986; Losos, 1986), bacterial infections (MacKenzie and Cruickshank, 1973)

or due to stress associated with inadequate nutrition (Katunguka-Rwakishaya, 1992).

1.2. PATHOPHYSIOLOGY OF AFRICAN TRYPANOSOMIASIS: EFFECTS ON
REPRODUCTIVE FUNCTION

A considerable amount of research on trypanosomiasis has been carried out for
several years and the pathogenic effects associated with the disease have been well
elucidated. However, whereas the literature abounds with reports on the pathology and
pathogenesis of the lesions in large organs such as the spleen, liver, heart and brain, less
attention has been paid to the pathophysiology and pathogenicity of trypanosome-induced
reproductive dysfunction although it is known that reproductive disorders are consistently

present among the clinical features of human (Apted, 1970) and animal (Hornby, 1921;



Stephen, 1966) trypanosomiases. Although many animals suffering from acute
trypanosome infections invariably die if left untreated, chronically infected animals may
survive for many months sometimes showing few overt clinical signs of the disease. In
recent years an increasing number of reports have confirmed that such animals develop
varying degrees of reproductive impairment and severely affected animals may become
sterile. Since reproductive pathophysiological changes associated with T. congolense and
T. vivax infections are closely similar and are different from those caused by T. brucei-
group, reproductive anomalies caused by T. congolense and T. vivax have been reviewed

together in the following subsection.

1.2.1. Reproductive Changes in the Male
1.2.1.1. Changes in Libido and Ejaculation Time

Although the effects of trypanosomiasis on semen and testicular pathology in
animals and man have been well documented (reviewed by Ikede et al., 1988) changes in
libido and ejaculation time of infected animals have been rarely reported. Infection with
trypanosomes at an early age causes a delay in reaching sexual maturity in cattle (Stephen,
1966; Roberts and Gray, 1973). Male animals dying from the infection or killed at one
year of age had juvenile testes and had shown no libido. Detailed studies on the effects of
T. vivax and T. congolense on reaction (ejaculation) time in zebu bulls have recently been
reported by Sekoni er al. (1988) and Sekoni et al. (1990a). The reaction time, defined as
the period taken for the bull to ejaculate following massage of the scrotal contents and
accessory organs per rectum, was significantly increased in infected bulls from pre-
infection range values of 24.3 - 60.13 sec to 14.25 - 267.25 sec within 9 - 12 weeks of
infection. The increased reaction time in T. congolense-infected bulls had not returned to
pre-infection levels by 10 weeks after Novidium®) (homidium chloride) treatment given
12 weeks post-infection. Loss of libido has also been reported in boars experimentally
infected with either T. congolense or T. b. brucei (Omeke and Onuora, 1992) and in

humans suffering from sleeping sickness (Apted, 1970).



1.2.1.2. Testicular Changes

The testicular pathology induced by T. congolense and T. vivax infections in
animals has been well documented, but the pathogenesis of the associated gonadal lesions
still remains unclear. Depending on the virulence of invading serotypes and degree of
susceptibility of the host, the onset of testicular lesions may be slow or dramatic (Ikede et
al., 1988). Lesions are however, progressive leading to marked testicular degeneration,
atrophy and aspermia. Losos and Ikede, (1970) and Isoun and Anosa (1974a, 1974b)
observed testicular necrosis, calcification and plugging of seminiferous tubules by
spermatozoa in sheep and goats infected with T. vivax. Shrinkage and desquamation of
the seminiferous germinal epithelium and dislodgement of spermatocytes into the lumen
were later reported in goats infected with T. congolense (Kaaya and Oduor-Okelo, 1980;
Waindi er al., 1986; Gombe, 1989) and in sheep and goats infected with T. vivax (Anosa
and Isoun, 1980). Similar lesions were reported in bulls infected with 7. vivax (Isoun et
al., 1975; Masake, 1980) and T. congolense (Grundler et al., 1988; Sekoni, 1990; Sekoni
et al., 1990b) and boars infected with either T. congolense or T. b. brucei (Omeke, 1991;
Omeke and Onuora, 1992). Recent studies in cattle (Sekoni et al., 1990b) have shown
that T. congolense produced more severe testicular degenerative changes than T. vivax.
However, in most uncomplicated cases, testicular degenerative lesions induced by
T. congolense and T. vivax are usually simple, and are accompanied by minimal
inflammatory changes (Anosa and Isoun, 1980; Sekoni et al., 1990b).

The effects of T. congolense and T. vivax on Leydig cell pathology have not been
adequately described. Waindi ez al. (1986) noted an apparent diminution of Leydig cell
numbers in Toggernburg goats acutely infected with T. congolense whereas no apparent
changes in Leydig cells were reported in sheep and goats infected with T. vivax (Anosa
and Isoun, 1980) and goats and boars infected with T. congolense (Kaaya and Oduor-
Okelo, 1980; Omeke and Onuora, 1992, respectively). Further studies are still needed to
ascertain the integrity of the Leydig cells in haematic trypanosome infections.

As mentioned earlier, there is conclusive evidence showing that T. vivax may
localise in extravascular spaces of several organs including the heart, pituitary, lymph
nodes and also in cerebrospinal fluid but there are no reports of T. vivax being located

extravasculary in the testicular interstitium. Recently, Omeke and Onuora (1992)
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reported the localization of T. congolense in the testis of the boar at necropsy, but there
was no mention whether these parasites were found extravascular in histological sections.

Clinical and pathological testicular anomalies caused by T. b. gambiense and T. b.
rhodesiense in man were described by Apted (1970). These lesions were characterised by
a combination of scrotal dermatitis, orchitis and periorchiditis and localization of the
trypanosomes in the testicular tissue and surrounding tissue soon after infection. Reduced
gonadal weights and reproductive potential in male Microtus montanus (Voles) infected
with T. b. gambiense were also reported by Ashman and Seed (1974).

T. b. brucei has also been found to localize in the scrotal skin, hydrocoel fluid,
tunica vaginalis, testes, epididymis and spermatic cord provoking a nonsuppurative
granulomatous inflammation in sheep (Ikede and Losos, 1972a; lkede, 1979), horses
(Ikede et al., 1973), rabbits (Van den Ingh and Van Dijk, 1975; Ikede and Akpavie, 1982),
mice (Anosa and Kaneko, 1984) and monkeys (Peruzzi, 1928). Due to extravascular
localization T. b. brucei infections in animals are associated with more marked testicular
pathology than those caused by T. congolense or T. vivax. Testicular changes induced by
T. b. brucei are characterised by progressive diffuse atrophy of the seminiferous tubules
associated with intertubular oedema, desquamation of germinal epithelial cells, reduction
in spermatogenic activity, thickened tubular basement membrane and fibrosis (Ikede,
1979). In severely affected animals there is denudation of spermatogonia and
seminiferous tubules are lined only by vacuolated Sertoli cells (Losos and Ikede 1970;
Ikede, 1979; Ikede and Akpavie, 1982). Multiple foci of tubular calcification and
hyalinization have also been reported (Ikede, 1979). Intratesticular interstitial and
perivascular infiltration of lymphocytes (Moulton and Sollod, 1976), macrophages (Anosa
and Kaneko, 1984) and other mononuclear cells (Ikede and Losos, 1972a; Ikede, 1979;
Anosa, 1991; 'Omckc and Onuora, 1992) have frequently been observed and seem to be
associated with extravascular localization of trypanosomes. Leydig cells are however
discernible even in advanced lesions (Ikede, 1979). Ikede and Akpavie (1982) studied the
effect of drug therapy on the resolution of the genital lesions accompanying systemic T. b.
brucei infection in male rabbits and found that regeneration of the seminiferous
epithelium depended on the severity of the initial lesions and in severely affected testes

normal seminiferous tubular recovery may not occur for many months.
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Though T. b. evansi causes subclinical infections in sheep and goats (Rottcher et
al, 1987) and in cattle (Losos, 1986) several reports have also stressed its capacity to
induce testicular damage and infertility in these animals (Anosa, 1991; Ngeranwa et al.,
1991). T. b. evansi-induced gonadal lesions have also been observed in rabbits, mice and
rats (Patel et al., 1983; Avasthi et al., 1985; Lemalatha et al., 1986). Testicular changes
induced by T. b. evansi infection are accompanied by extravascular localization of
trypanosomes in the testicular parenchyma and surrounding tissues and closely resemble

those caused by T. b. brucei infection (Ikede et al., 1988; Anosa, 1991).

1.2.1.3. Changes in Extratesticular Tissues

Scrotal changes in T. congolense and T. vivax infections are usually mild and
sometimes not present (Ikede et al., 1988). Focal alopecia of the scrotal skin was
described by Anosa and Isoun (1980) in sheep and goats chronically infected with T. vivax
and recently Omeke and Onuora (1992) described scrotal dermatitis, alopecia and oedema
in boars infected with T. congolense. Detailed studies conducted recently in cattle
chronically infected with T. congolense (Sekoni 1990; Sekoni et al., 1990b) failed to show
any gross or microscopic changes on the scrotum and tunica vaginalis. In contrast, the
effects of T. brucei-group on the scrotum are characterised by rapid reddening of scrotal
skin which later becomes oedematous, dark, necrotic, haemorrhagic and ulcerated within
2 - 3 weeks after the onset of parasitaemia (Ikede, 1979; lkede and Akpavie, 1982;
Ngeranwa et al., 1991; Omeke and Onuora, 1992). At necropsy, the scrotal skin is
markedly thickened due to oedema and inflammation, there is accumulation of fibrinous
exudate in the scrotal sac and adhesions of the tunica vaginalis (Moulton and Sollod,
1976; Ikede, 1979). Histological changes observed are associated with localization of
trypanosomes in the scrotum and include marked scrotal dermatitis, oedema,
hyperkeratosis and infiltration of macrophages, lymphocytes and plasma cells (Ikede,
1979; Omeke and Onuora, 1992).

Kaaya and Oduor-Okelo (1980) and Waindi ez al. (1986) reported aspermic caput,
corpus and cauda epididymis and an apparent increase in the connective tissues
surrounding the epididymal tubules in goats infected with T. congolense. Similar changes

have also been reported in T. congolense-infected bulls (Sekoni et al., 1990b) and
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T. vivax-infected sheep and goats (Anosa and Isoun, 1980). However in the latter animals,
some of the epididymal tubules, which still contained scanty numbers of spermatozoa,
were also found to contain exfoliated testicular germinal cells and round cells with
pyknotic nuclei. In contrast, T. b. brucei has been reported to cause more severe
epididymal changes than those induced by T. congolense or T. vivax infections (Ikede et
al., 1988; Anosa, 1991). T. b. brucei induces mild to severe epididymitis, atrophy of
afferent ductules and epididymal tubules, pyknosis of epididymal epithelium and aspermic
epididymides in severely affected testis (Losos and lkede, 1970; Ikede, 1979; Ikede and
Akpavie, 1982). Oedema and intensive mononuclear cell infiltration and extravascular
localization of trypanosomes in the epididymal interstitial tissue have also been reported
(Ikede, 1979).

Pathological changes in seminal vesicles, and prostate glands in T. congolense or
T. vivax infections are usually mild or moderate (Sekoni et al., 1990b). No lesions have
been documented in the spermatic cord, Cowper's glands, urethra, penis, glans penis and
prepuce. lkede (1979) described marked lymphangiectasis and lymphangitis with the
accumulation of lymphocytes and lymph in the spermatic cord of rams infected with T. b.
brucei. The seminal vesicles had flattened cuboidal epithelium suggestive of low
testosterone activity. Thrombosis of the pampiniform plexus has also been reported in

dogs infected with T. b. brucei (Morrison et al., 1981).

1.2.1.4. Changes in Semen Characteristics

Changes in seminal characteristics induced by trypanosome infections in several
animal species and man have been well documented (reviewed by Ikede et al., 1988).
Decline in semen volume and sperm concentration and increase in primary and secondary
sperm abnormalities seem to be consistent clinical features of all pathogenic trypanosome
infections (Homby, 1921; Stephen, 1966; Apted, 1970). Seminal changes induced by
T. congolense infection have been described in goats (Kaaya and Oduor-Okelo, 1980;
Waindi et al., 1986; Gombe, 1989), bulls (Grundler and Djabakou, 1985; Sekoni et al.,
1988, 1990a) and boar (Omeke and Onuora, 1992). Seminal changes in sheep have been

mainly studied in infections caused by 7. vivax (Isoun and Anosa, 1974a, 1974b; Ikede,
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1979; Anosa and Isoun, 1980; Agu et al., 1986; Akpavie et al., 1987; Sekoni, 1992, 1993)
and T. b. brucei (Akpavie et al., 1987).

The rate of development and severity of ejaculate pathology in T. congolense and
T. vivax-infected animals depends on the degree of susceptibility and the virulence of
infecting trypanosomes while, in T. brucei-group infections, they also depend on
invasiveness of the parasites in the testicular interstitium (Ikede et al., 1988). Clinically,
the thick, opaque and creamy ejaculate found in normal mature males progressively
becomes milky, then watery and transparent within 3-12 weeks of trypanosome infection.
This occurs concomitantly with a decline in ejaculate volume and a progressive decrease
in sperm motility and sperm concentration resulting in oligozoospermia and aspermia.
Notably, Sekoni et al. (1988) reported 42% and 45% mean reductions in semen volume
and 40% and 54% reductions in spermatozoa concentration within 12 weeks of
T. congolense and T. vivax infection in bulls, respectively. Semen could not be obtained
in 3 infected bulls within that period. Similar observations were reported in bulls infected
with T. congolense for 6 weeks (Grundler and Djabakou, 1985) and in boars infected with
T. congolense for 3 - 9 weeks (Omeke and Onuora, 1992). Recently, Sekoni (1992) has
reported a 40% to 90% reduction in mean semen volume in rams within 3 - 9 weeks of
infection with T. vivax. By week 9 post-infection, the mean sperm concentration,
percentage live sperm and percent motile sperm had declined by 99%, 83% and 96%,
respectively. Similar observations were reported by Agu et al. (1986) in rams infected
with T. vivax for 9 weeks.

The effects of T. b. brucei and T. b. evansi infection on semen colour, consistency,
sperm motility and concentration in sheep and goats (Akpavie and Ikede, 1987; Ngeranwa
et al., 1991) are essentially similar to those reported in haematic trypanosome infections.
However the rate of development and severity of seminal changes is frequently
exacerbated by the development of orchitis and epididymitis in infected animals (Ikede et
al., 1988).

The primary sperm abnormalities frequently described in trypanosome infections
include head (narrow, small, swollen) and acrosome (detached and serrated)
abnormalities, abnormal mid-piece (swollen, rough, abaxial) and an increase in proximal

and distal droplets. Bent tails, coiled tails and detached heads are secondary abnormalities
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frequently observed (Waindi et al., 1986; Akpavie and Ikede, 1987; Sekoni et al., 1991;
Sekoni, 1992, 1993; Ngeranwa et al., 1991). Akpavie and Ikede (1987) observed an 8%
and 37% increase in primary and secondary sperm abnormalities respectively after 4
weeks of infection with T. vivax. Similar increases for T. b. brucei infection were 17.3%
and 61.4%, respectively. In bulls infected with T. congolense or T. vivax, Sekoni et al.
(1988) reported an increase of 5 - 95% and 5 - 100%, respectively in mean percentages of
total sperm abnormalities after 12 weeks of infection. Treatment with Novidium(®) in
bulls after 12 weeks of infection did not lead to a significant improvement in either
testicular and epididymal morphology (Sekoni, 1990) or spermatozoa morphological
abnormalities (Sekoni et al., 1991) after 12 weeks of chemotherapy showing that the
infected bulls were still sub-fertile. A delay in resolution of gonadal lesions in rabbits
infected with T. b. brucei following diminazine aceturate chemotherapy (Ikede and

Akpavie, 1982) has been mentioned earlier.

1.2.2. Reproductive Changes in the Female

Although there are several reports on the effects of African trypanosomiasis on
gonadal function in the male, especially in domestic animals, relatively few comparable
studies have been conducted in females animals and man. Menstrual disorders, high
abortion rates and general infertility caused by human trypanosomiasis were reported by
Macfie (1913), Ridet (1953) and Apted (1970). A review by Agwu and Nuru (1981) on
transplacental transmission of trypanosomes in animals highlights the important role
trypanosomiasis plays in terminating pregnancy and causing infertility in females.
Roberts and Gray (1973) and O'Hara and Gombe (1985) emphasized the effect of
trypanosomiasis in delaying sexual maturity in cattle and goats, respectively. Roberts and
Gray (1973) reported that heifers dying from trypanosome infection or killed at 1 year of
age had juvenile ovaries and at two years of age some of the heifers had underdeveloped
uteri and had shown no signs of heat. A delay on the onset of puberty and suppression of
ovarian activity in pre-pubertal goats infected with T. congolense were documented by
O'Hara and Gombe (1985).
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1.2.2.1. Changes in Ovarian Function

Effects of T. congolense infection on oestrous cycle lengths have been reported in
goats (Luckins et al., 1986; Llewelyn et al., 1987; Mutayoba et al., 1988a, 1988b) and
cows (Llewelyn et al., 1988). Similarly, ovarian changes induced by 7. vivax in sheep
have been reported by Ogwu et al. (1984). Of 10 boran cows infected with T. congolense
(Llewelyn et al., 1988) 5 cows (50%) became acyclic by day 60 post-infection and 3 cows
(25%) had persistent corpora lutea between 60 - 90 days post-infection. Persistent corpora
lutea extending for 48 - 94 days were also observed in British White does infected with
T. congolense and maintained with sub-curative dose of diminazine aceturate (Llewelyn et
al., 1987). In both studies T. congolense infection was found not to affect the length of
oestrous cycles. However, studies in goats show that chronic T. congolense infection may
induce irregular short (6 - 16 days) and longer (28 day) oestrous cycles (Mutayoba et al.,
1988b) or longer cycles (53-97 days) (Luckins et al., 1986) before infected animals
becomes acyclic.

At necropsy, the ovaries of infected animals are small and atrophic or cystic (Isoun
and Anosa, 1974a; Mutayoba et al., 1988a) or contain 'large persistent corpora lutea
(Llewelyn et al., 1987, 1988). Histopathological changes which have been observed in
the ovaries of T. congolense-infected goats include degeneration and atrophy of ovarian
stroma and primordial germ cells, inhibition of follicle maturation, lack of corpora lutea
and polycystic formation (O'Hara et al., 1985; Mutayoba et al., 1988a; 1988b) and

extensive ovarian fibrosis (Isoun and Anosa, 1974a).

1.2.2.2, Effect of Trypanosomiasis on Pregnancy

The effect of trypanosomiasis on pregnancy is well documented for several species
of pathogenic trypanosomes in man and animals. Apted (1970) noted that premature
births, stillbirth, high abortion rates and sterility frequently accompanied trypanosomiasis
in women. Abortion and infertility in buffalo and cattle infected with trypanosomiasis
were later described by Parkne and Dhake (1972); Esuruoso (1974); Murray et al. (1981)
and Ogwu et al. (1981, 1984). Kanyari et al. (1983) observed a high abortion rate, decline
in kidding and twinning percentages as well as decline in mean weights of twins kids born

from does infected with T. congolense. Increases in calving intervals ranging from 68
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days (Trail et al., 1991) to 169 days (Agyemang et al., 1993) have been reported in
N'dama cattle raised in trypanosome-endemic areas. Intra-uterine infections resulting in
stillbirth or neonatal mortality have been observed in cattle infected with T. vivax (Ogwu
et al., 1986). Pregnant heifers infected with T. vivax have been observed to abort during
the first trimester (Okech et al., 1993) or deliver prematurely during the third trimester
(Ogwu et al., 1986). T. vivax infection in ewes during late pregnancy have also been
reported to induce premature delivery to underweight lambs (Reynold and Okwuruke,
1988). Recently, Edeghere et al. (1992) reported that T. b. brucei infection in ewes has a
devastating effect on pregnancy irrespective of the trimester of infection. The infection
resulted in 16.5% abortions, 100% death of infected ewes and 33.3% neonatal deaths.

The review by Ogwu er al. (1981) highlights the possibilities of transplacental
transmission of trypanosomes in animals and man and its role in the pathogenesis of
abortion in trypanosomiasis. The first confirmed case involving maternal transmission of
trypanosomes in animals was reported by Ikede and Losos (1972b) in a study where the
ewe inoculated with T. vivax gave birth to a weak lamb 33 days later. The blood of the
lamb contained large numbers of trypanosomes at birth and the lamb died 4 h later from
severe anaemia. Although Isoun and Anosa (1974a) did report a similar finding, they
were able to demonstrate the presence of 7. vivax in the amniotic fluid of a pregnant
sheep. Later, Ogaa et al. (1991) found trypanosomes in the allantoic fluid but not in the
amniotic fluid of pregnant goats experimentally infected with T. congolense, providing
evidence that T. congolense can possibly cross the placenta and cause abortion in goats.

Recently Trail er al. (1993) evaluated the influence of trypanotolerance on
reproductive performance of the N'dama cattle under a medium tsetse challenge in Gabon.
Trypanosomes detected were T. congolense and T. vivax. By using the changes in PCV as
a repeatable trait and performance measured by cow calving rate, calf weaning weight and
cow weight change over the lactation period they were able to show that there was a 3.3
+ 0.65% increase in calving rate, a 0.91 + 0.4% increase in calf weaning weight and a 0.95
+ 0.39% increase in cow weight over the lactation period for 1% average increase in PCV.
This study indicated that the effects of trypanosomiasis on pregnancy and the postpartal

survival of the young and dam may depend on their ability to control anaemia.
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1.2.3. Pituitary and Hypothalamic Changes

The role of the hypothalamus and anterior pituitary gland in regulating the
reproductive function in animals and man is now well established. Factors which induce
pathological or functional changes in the hypothalamo-pituitary axis are likely to cause
adverse effects on reproduction. An increasing number of reports have indicated that
reproductive changes observed in trypanosomiasis may be partly induced by changes in
the hypothalamo-pituitary axis. Ridet (1953) and Apted (1970) observed endocrine
dysfunctions, which were manifested as impotence, gynaecomastia, feminine distribution
of fat, myxodaematous subcutaneous infiltration, infertility and sterility in human sleeping
sickness. Edington and Gilles (1969) suggested that involvement of the pituitary gland in
human trypanosomiasis could offer an explanation for the clinical signs of hypopituitarism
seen in the terminal stages of the disease. However, the nature and extent of pituitary
damage in humans is still poorly understood although Hawking and Greenfield (1941)
noted fibrosis of the pituitary and atrophy of the thyroid in two cases of trypanosomiasis.

Experimental T. b. brucei infection has been shown to cause focal coagulative
necrosis and interstitial mononuclear cell infiltration in the pituitary gland of sheep, goats,
donkeys and dogs (Losos and Ikede 1970, 1972; Ikede and Losos 1972a, 1975; Moulton
and Sollod, 1976; Morrison et al., 1981). Similar changes were observed in natural T. b.
brucei infection of horses (Ikede et al., 1973). Lesions observed ranged from mild
interstitial infiltration of lymphocytes, oedema and hyperaemia of the adenohypophysis to
acute coagulative necrosis and fibrosis in infected animals. These lesions were associated
with extravascular localization of trypanosomes in the gland. Mononuclear infiltration of
the pars nervosa and surrounding meninges have also been reported in horses infected
with T. b. brucei but trypanosomes were not observed in the lesions (McCully and Neitz,
1971; Ikede et al., 1973). Thrombosis of the sinusoids in necrotic areas of the gland were
later reported by Ikede and Losos (1975) in sheep infected with T. b. brucei indicating that
necrosis could have resulted from ischaemia.

Although the occurrence of lesions in the adenohypophysis following T. b. brucei
infection could be associated with extravascular localization of the parasites in the organ,
changes in the pituitary have also been observed in sheep, goats and cattle infected with

T. congolense or T. vivax (Losos and Ikede, 1972; O'Hara et al., 1985; Mutayoba et al.,
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1988a; Abebe, 1991). Mutayoba et al. (1988a) described reduced degranulation of the
basophils and decreased basophilic acini secretion in goats chronically infected with
T. congolense.  Light microscopic studies have failed to show the presence of
trypanosomes or overt degenerative lesions in the pituitary of T. congolense or T. vivax-
infected animals. However, recent ultrastructural studies of the pituitaries of cattle
infected with T. congolense (Abebe, 1991; Abebe et al., 1993a) have confirmed that
degenerative changes do occur in the pituitary as early as 6 - 7 weeks post-tsetse
challenge and trypanosomes can be found in the microvasculature of the affected
pituitaries but not in interstitial areas. The non-invasiveness of T. congolense into the
pituitary parenchyma confirms that different mechanisms might be involved in the
pathogenesis of pituitary lesions in animals infected with haematic trypanosomes.
Although, T. vivax has been shown to localize extravascularly in the pituitary (Fiennes,
1950) and cerebrospinal fluid (Whitelaw ez al., 1988) overt histopathological changes in
the pituitary of T. vivax-infected animals have not been reported.

Reports on the effects of trypanosomiasis on the function of the hypothalamus and
other parts of the brain have been obtained from T. b. brucei infections (Stibbs, 1984;
Schultzberg et al., 1988; Amole et al., 1989), T. b. gambiense (Marck et al., 1985), T. b.
rhodesiense (Schmidt and Bafort, 1987; Waitumbi, ez al., 1988) and T. cruzi (Pittella et
al., 1990) infections of rats, rabbits, dogs, monkeys, cattle and man. Soon after invasion
of T. b. brucei into the blood stream of infected rat, trypanosomes rapidly penetrate the
areas lacking blood-brain and blood-nerve barriers, namely the sensory ganglia and
circumventricular organs including the area postrema, sensory ganglia, pineal gland and
median eminence (Schultzberg et al., 1988). This distribution of trypanosomes
corresponds to the areas of the brain where some of the main clinical symptoms originate
including pain (sensory ganglia), disturbed circadian rhythm (pineal gland) and
neuroendocrine dysfunction (hypothalamus and pituitary). Invasion of the hypothalamus
leads to local increases in several monoamines including 5-hydroxyindoleacetic acid
(Amole et al., 1989) and decline in serotonin (Stibbs, 1984). These neurochemical
changes may affect hypothalamic activity (Stibbs, 1984). Light and electron microscopic
studies in T. b. gambiense-infected rats (Marck, et al., 1985) have shown that cerebral

inflammation occurs, which may extend to the pituitary and other parts of the brain.
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Generalized perivascular infiltration of lymphocytes and plasma cells, perivascular
oedema and ischaemia have been reported in several parts of the brain, including the
hypothalamus of cattle infected with the virulent strain of T. b. rhodesiense (Wellde et
al., 1989). Similar changes were described in dogs infected with T. cruzi (Pittella et
al., 1990).

Histopathological changes in the hypothalamus and brain in T. congolense and
T. vivax infections are more mild than those induced by the T. brucei-group. Mwambu
and Losos (1978) reported the dilation of blood vessels and mononuclear cell infiltrations
in different areas of the brain in cattle infected with either T. congolense or T. vivax and
Isoun (1975) described generalized fibrin formation in the blood vessels of the brain in
mice infected with T. vivax. The cause of these changes in the brain in T. congolense
infections seem to be associated with accumulation of trypanosomes in the
microvasculature of the brain, including the hypothalamus and pituitary, causing local

inflammation and ischaemia (Losos et al., 1973; Abebe ez al., 1993).

1.2.4. Changes in Reproductive Hormones

There are few studies on reproductive endocrine changes induced by
trypanosome infection in males. From plasma samples obtained three times a week,
Waindi et al. (1986) observed a decline in plasma testosterone concentration in
T. congolense-infected Toggernburg goats. Daily plasma testosterone concentrations
were reduced significantly in infected goats (range 0.76 - 4.33 nmol 1'1) when compared
to uninfected control goats (range 1.5 - 14.57 nmol 1'1). Although they associated the
decline of testosterone concentrations in infected goats with the reduction in amplitude
and frequency of testosterone peaks, the authors did not explain how testosterone peaks
were assessed in samples obtained so infrequently. Testosterone is well known to be
secreted in a pulsatile manner with its secretion dependent on pulsatile secretion of
luteinizing hormone (LH) and gonadotrophin-releasing hormone (GnRH) from the
pituitary and hypothalamus, respectively (Setchell, 1978; Pelletier and Caraty, 1981,
Messi et al., 1988). Decline in mean weekly plasma testosterone concentrations in a
mixed T. congolense and T. b. brucei infection in West African dwarf rams were

reported recently by Adeyemo et al. (1990). They reported a significant progressive
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decline in mean plasma testosterone concentrations after 5 weeks post-infection (pre-
infection levels 2.6 + 0.26 ng rnl'l) while by week 10 post-infection, mean weekly levels
were 0.6 £ 0.1 ng ml"! and these levels only rose slightly to 1.1 + 0.1 ng ml-! within 5
weeks after diminazene aceturate treatment in infected rams. Detailed studies aimed at
establishing the changes in pulsatile pattern of plasma testosterone concentration in
trypanosome infections have not been documented.

The evidence that a decline in plasma testosterone concentration might possibly
be associated with reduced testicular steroidogenesis was reported by Waindi et al.
(1984). They showed that in vitro testosterone secretory capacity of rat hemitestes
previously exposed to T. congolense was significantly reduced (values 8.44 + 0.69
nmol/gm-testis) when compared to the controls (values 20.29 + 0.08 nmol/gm-testis).
The decline in testicular steroidogenesis in T. b. brucei-infected rats has recently been
associated with the reduced responsiveness to pituitary gonadotrophins, possibly due to
the decline in the number of testicular LH receptors expressed per testis and an increase
in the equilibrium association constant (Ka) of the remaining receptors (Soudan et al.,
1992). However, studies to confirm whether similar changes occur in infected domestic
animals or humans have not been documented.

Alterations in gonadal steroid hormone secretion have also been described in the
female. Changes in plasma progesterone concentrations (O'Hara et al., 1985; Luckins et
al., 1986; Llewelyn er al., 1987) and progesterone and oestradiol-178 (Mutayoba et al.,
1988b, 1988c) have been described in T. congolense-infected female goats. Similarly,
changes in plasma progesterone were described by Llewelyn et al, (1988) in
T. congolense-infected cows. In all the above studies significant decreases in basal and
mean luteal plasma progesterone concentrations were observed in infected goats and
cows. Absence of the preovulatory oestradiol-178 surge in some infected goats
(Mutayoba et al., 1988b) was linked with impaired ovulation and subsequent abnormal
corpus luteum formation. Goats chronically infected with T. congolense have also been
found to have elevated concentrations of plasma 13, 14-dihydro-15-keto prostaglandin
Fr o, (PGFM) a lung metabolite of prostaglandin Fy, (PGF;,) (Mutayoba et al., 1989a).
Increased secretion of PGF,, was suggested by Mutayoba et al. (1989a) to interfere

with normal oestrous cycles and luteal function in goats and probably in other animals.
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Studies on the effects of trypanosomiasis on pituitary gonadotrophin secretion
have been reported in man (Emeh and Nduka, 1983; Boersma et al., 1989) and rats
(Hublart et al., 1990; Soudan et al., 1992). Emeh and Nduka (1983) showed that serum
gonadotrophins (follicle stimulating hormone (FSH) and LH) were significantly
depressed in 11 cases of advanced Gambian sleeping sickness. Values returned to near
normal within a year after antitrypanosomal treatment. However single, rather than
sequential samples were taken before and after treatment so this study did not allow for
the pulsatile nature of gonadotrophin secretion. In another study, Boersma et al. (1989)
observed no changes in serum gonadotrophins in humans infected with T. b. gambienrse.
The information available on the effects of trypanosomiasis on gonadotrophin levels in
rats is also conflicting. Plasma LH and FSH were found not to be affected by acute T. b.
brucei infection (Hublart et al., 1990) despite the observed increases in pituitary LH and
FSH content and a significant decline in serum testosterone concentration. In contrast,
Soudan et al. (1992) have recently reported a significant decline in serum LH and
testosterone concentrations in rats infected with the same strain of T. b. brucei. In both
studies however, a single serum sample was obtained after 3 days of infection following
either decapitation or terminal anaesthesia of the infected rats. As the pulsatile nature of
gonadotrophin hormone release is well known, more studies need to be carried out,
especially in domestic animals, by collecting more frequent samples at different stages
of trypanosome infection to assess the dynamic changes in pituitary endocrine function

and the role of the hypothalamus in inducing these changes.

1.2.5. Changes in the Adrenal Function

The adrenal gland plays a central role in most of the physiological adaptations
that constitute the stress response and its role in altering the functions of the reproductive
system is well established (Moberg, 1985; Armstrong, 1986; Olster and Ferin, 1987).
Both the adrenal gland and the gonads depend on appropriate trophic hormones from the
anterior pituitary gland the secretion of which is dependent on appropriate hypothalamic
releasing hormones. Several factors which influence the function of either the
hypothalamo-pituitary axis or the adrenal gland also cause marked effects in

reproductive activity (Moberg, 1985). For example, administration of corticotropin
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releasing hormone (CRH) or adrenocorticotrophin (ACTH) cause activation of the
hypothalamo-pituitary-adrenal (HPA) axis and this suppresses reproductive activity in
male rats (Charpenet et al., 1981; Rivier et al., 1986), bulls (Johnson et al., 1982), boars
(Liptrap and Raeside, 1975) and rams (Naylor et al., 1990).

The adrenal gland is invariably affected in cases of trypanosome infections.
Fiennes (1970) reported the infiltration by mononuclear cells below the capsule and
penetrating the zona fasculata in cattle infected with T. congolense. Areas of necrosis
and fibrosis were observed in the cortex and medulla. Increased adrenal weight and
marked hypertrophy of the zona fasciculata and zona reticularis and an increase in the
zona fasculata-reticularis ratio have also been reported in goats infected with
T. congolense (Mutayoba et al., 1988a). Valli and Forseberg (1979) reported adrenal
hyperplasia and moderate cytoplasmic atrophy of the zona fasculata in calves infected
with T. congolense, whereas recently, Ogwu et al. (1992) described hyperemia,
haemorrhage, hyperplasia and severe mononuclear cell infiltration in the adrenal
subcapsular and corticoid layers in T. congolense-infected zebu cattle.

An increase in total adrenal weights was observed in Microtus montanus (Voles)
infected with T. b. gambiense (Seed et al., 1976) and in sheep infected with T b. brucei
(Ikede and Losos, 1975). The adrenal cortex of infected sheep was hypertrophied and
contained vacuolated cells and abundant fat. Subcapsular mononuclear cell infiltration
was also evident. Moulton and Sollod (1976) further described the infiltration of
lymphocytes and plasma cells in the zona fasculata and in perivascular spaces in T. b.
brucei-infected calves.

The effect of trypanosomiasis on adrenal steroidogenic activity is still equivocal.
For example, Mutayoba and Gombe (1989) reported a significant increase in plasma
cortisol concentration during the acute and chronic phases of T. congolense infection in
goats. Plasma cortisol levels increased significantly following infection from pre-
infection values (range 10 - 25 nmol 1'1) to reach a peak of 59.0 + 8.9 nmol 11 on week
4 post-infection. Although cortisol levels declined slightly thereafter, mean values
remained significantly higher (>30nmol 1'1) than control values up to 24 weeks post-
infection. In contrast, Ogwu et al. (1992) reported non-significant increases in serum

cortisol concentrations in infected cattle between week 2 - 6 post-infection followed by a
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non-significant decline up to week 12, before increasing slightly thereafter. Detailed
studies on the integrity of the hypothalamo-pituitary-adrenal (HPA) axis in Zebu cattle
during the acute phase of T. congolense infection have been reported by Abebe (1991).
Infected Zebu cattle showed a slight increase in cortisol concentration during the
prepatent period followed by a decrease during the patent period. The author associated
the decrease in cortisol concentrations with a low basal circulating concentration of
ACTH which was observed in infected animals, and further suggested that low ACTH
could have occurred as a result of a defect in pituitary function. Pituitary defects in
infected animals were confirmed by low plasma ACTH and cortisol responses to
exogenous CRH stimulation (Abebe, 1991; Abebe et al., 1993b) and by failure of these
animals to respond to insulin-induced hypoglycaemia stress (Abebe and Eley, 1992).
The cause of the differences in adrenal response between goats (Mutayoba and Gombe,
1989) and cattle (Abebe, 1991; Abebe and Eley, 1992; Abebe et al., 1993b; Ogwu et al.,
1992) to T. congolense infection is debatable. Detailed studies similar to those
performed recently in cattle will be needed in small ruminants before the effects of

T. congolense infection on the HPA axis in these animals is clearly defined.

1.3. PATHOGENESIS OF TRYPANOSOME-INDUCED INFERTILITY

In seeking to provide a mechanism by which trypanosomes affect the
reproductive function of the host, two main hypotheses have been proposed. One
whereby disease factors cause direct effects and the other in which the disease has
indirect effects. Direct trypanosome effects on reproductive function are probably
mediated via one or more of the wide variety of biologically active molecules secreted
by the invading trypanosomes or may result from direct damage of the invaded tissue by
trypanosomes per se or due to anoxia resulting from anaemia, thrombosis and infarction.
Indirect trypanosome effects could be mediated by interaction of the responses of the
neural, endocrine and immune systems of the host to infection. The immune system is
highly activated in trypanosome infection with the production of several cytokines by
activated macrophages and other immune cells during infection. Of these Interleukin-1

(IL-1) and Interleukin-6 (IL-6) are known to activate the hypothalamo-pituitary-gonadal
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axis (Dinarello, 1988; Kalra et al., 1990a; Gorospe and Spangelo, 1993) as a part of their

pleiotropic action in stimulating the acute phase response.

1.3.1. Direct Trypanosome Effects on Reproductive Function

Several biologically active substances are now known to be produced by African
trypanosomes and their possible role in the pathogenesis of trypanosomiasis has been
reviewed by Tizard et al. (1978b) and further investigated in subsequent studies (Kaaya
et al., 1980; Hambrey et al., 1980, 1984; Knowles et al., 1987; 1989). The 64kD
glycoprotein present on the surface coat of trypanosomes is known to be highly antigenic
and when the surface coat is shed in the circulation it combines with antibody to form
immune complexes (Tizard et al., 1978b). Deposition of these immune complexes in the
microvasculature of several organs may contribute to the immune-complex-derived
lesions observed in trypanosomiasis (Boreham and Kimber, 1970). Morrison et al.
(1981) and Jubb and Kennedy (1985) postulated that these immune complexes may be
involved in circulatory disturbances resulting in for example anoxia and degeneration of
the gonads. T. b. gambiense has been shown to metabolize tryptophan to several toxic
products including indole-3-ethanol (tryptophol, TOL), indole-3-acetic acid (IAA),
indole-3-lactic acid (ILA) and 5-hydroxy-trytophan to S-hydroxytryptophol (Stibbs and
Seed, 1975). TOL is known to suppress the immune system, interact with cell
membranes and cause haemolysis, alter nerve impulse transmission producing sleeplike
behaviour and lower body temperature (Tizard et al., 1978b). The toxic effect of
trypanosome by-products might play an important role in the alteration of the
reproductive function of infected animals (Heisch et al., 1970).

Several enzymes produced by dead or dying trypanosomes in the blood
circulation are known to induce lesions in the host. Trypanosome-derived proteases,
including cathepsin D, have been shown to convert plasma plasminogen to plasmin
increasing the amount of fibrinogen degradation products in plasma (Boreham and
Facer, 1973) and cathepsin D has also been shown to act on kininogens generating large
amounts of kinins (Boreham and Kimber, 1970; Greenbaum, 1973). The active
proteolytic activity of trypanosome-derived enzymes in the microcirculation of organs,

including the reproductive organs, is potentially capable of causing local endothelial
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damage and interfering with vascular permeability. Recently, Hublart et al. (1990)
suggested that proteases of parasite origin may cause gonadotrophic dysfunction in rats
infected with T. b. brucei. The second group of trypanosome derived enzymes are the
phospholipases and lysophospholipases (Tizard et al., 1978b, 1979). T. congolense and
T. b. brucei have been shown to produce active phospholipase A1 upon in vitro autolysis
(Tizard et al., 1979; Hambrey et al., 1980, 1984) and in vivo it is possible that
phospholipase Al acts on endogenous phosphatidylcholine to generate free fatty acids
(FFA) especially linoleic and palmitic acid. Phospholipase A1 in conjunction with FFAs
are capable of acting on cell membranes in several body organs and in the circulation
may cause haemolysis. Linoleic acid and palmitic acid are potent immunosuppressants
and a B-lymphocyte stimulants, respectively (Tizard et al., 1979). Since T. congolense
tends to localise within the microvasculature, phospholipase Al may provoke
endothelial damage in several organs including the gonads (Carne and Onon, 1978) and
in case of T. b. brucei, autolysis within connective tissue may occur stimulating local
inflammatory changes (Hambrey er al., 1984). Other enzymes of trypanosomal origin
which have been reported and may contribute to the pathogenesis of the lesions induced
by trypanosome infections include peptidases (Knowles ez al., 1987, 1989) and alanine
transaminase (Boid et al., 1980). Host peptidases have restricted specificities but are
known to inactivate hypothalamic releasing hormones (Griffin, 1976).

Direct tissue damage by invading trypanosomes is probably one of the most
important mechanisms by which trypanosomes of the T. brucei-group cause deleterious
effects on reproductive function. As reviewed earlier, upon entry into the blood
circulation of the host, brucei-trypanosomes leave the vascular system and localize in
large numbers in interstitial spaces of several body organs including the gonads, pituitary
and hypothalamus where they provoke marked inflammatory changes (lkede er al.,
1988). The direct effects induced by T. congolense and T. vivax infections on the
reproductive system are probably associated with their tendency to localise in large
numbers in the microvasculature causing generalised dilation, local endothelial damage,
fibrin degeneration and thrombosis and hence interfering with local nutrient supply
(Ashman and Seed, 1974; Banks, 1978; Valli and Forsberg, 1979; Abebe et al., 1993a).

Thrombosis and subsequent infarction and coagulative necrosis in the gonads, pituitary
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and other organs has been reported in T. congolense (Masake, 1980; Waindi et al., 1986;
Sekoni et al., 1990b), T. vivax (Anosa and Isoun, 1980) and T. b. brucei (Losos and
Ikede, 1970, 1972; Ikede, 1979; Morrison et al., 1981) infections.

Anaemia is well recognised to be an inevitable consequence of trypanosome
infections and it plays a central role in the pathogenesis of this disease in several animal
species (Hornby, 1921; Murray, 1979; Murray and Dexter, 1988; Katunguka-
Rwakishaya, 1992). The pathogenesis of anaemia in trypanosomiasis has been
extensively investigated. In cattle, anaemia is associated with increased red cell
destruction (Mamo and Holmes, 1975), dyshaemopoiesis (Preston et al., 1979) and
haemodilution (Holmes, 1976) whereas in sheep it is probable that anaemia is caused
mainly by increased erythrocyte destruction and haemodilution (Katunguka-
Rwakishaya, 1992; Katunguka-Rwakishaya et al., 1992). The possible involvement of
anaemia in inducing reproductive lesions in trypanosomiasis has been emphasized by
several workers (reviewed by Ikede er al., 1988). Most degenerative lesions are

associated with anoxia induced by chronic anaemia observed in chronic trypanosomiasis.

1.3.2. Indirect Trypanosome Effects on Reproductive Function

Indirect effects induced by trypanosome infection on reproductive function
include those effects thought to be mediated by the host inflammatory mediators
produced by a variety of cells including macrophages and monocytes in the infected
host. Among these factors are cytokines released as soluble polypeptides mainly from
cells of the immune system during acute illness in response to antigen, bacterial toxins
and tissue injury (Evans and Whicher, 1992). A number of cytokines mediate diverse
effects on a wide range of tissues with combined effects known as the acute phase
response (Stadnyk and Gauldie, 1991). The production of cytokines in endocrine glands
and their actions on hormone-responsive cells is currently a subject of intensive research
(reviewed by Kennedy and Jones, 1991). It is now known that the secretion of several
cytokines is increased during the course of trypanosome infection. Tumour necrosis
factor-aa (TNF-o0) and interferon-y (IFN-Y) secretion by activated macrophages is
increased in T. cruzi infections (De Titto et al., 1986; Silva et al., 1992) and

T. congolense (Mitchell et al., 1986; Sileghem et al., 1993). T. congolense has been
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shown to induce an increase in TNF-o receptor expression on peripheral blood
leucocytes in sheep (Winstanley et al., 1993). Similarly, an enhanced spontaneous
secretion of IL-1 from activated macrophages and parasitaemia-associated release of
IFN-a, IFN-B and IFN-y by various host cells has been reported in mice infected with
T. b. brucei (Bancroft et al., 1983; Askonas and Bancroft, 1984; Sileghem et al., 1989).
Splenocytes from mice infected with T. b. equiperdum were also found to produce high
amounts of IL-6, IFN-y and TNF-a (Perito et al., 1992).

The possible involvement of these cytokines in the pathogenesis of trypanosome-
induced reproductive dysfunction has not been documented. However, several cytokines
activated during trypanosome infections are known to affect endocrine functions
(Kennedy and Jones, 1991). IL-1 administered systemically increases the plasma
concentrations of ACTH and corticosteroids (Woloski ez al., 1985; Dinarello, 1988) via
the stimulation of CRH (Uehara et al., 1987). IL-1 effects on secretion of other pituitary
hormones are less well documented and inconsistent in nature, with reports of both
inhibitory and stimulatory effects (Rettori et al., 1987; Bernton et al., 1987; Beach et al.,
1989). The effects of IL-1 on the hypothalamo-pituitary-gonadal axis are also complex.
In vitro, 1L-1 enhances LH release from pituitary cells (Bernton et al., 1987). In
castrated male rats (Rivier and Vale, 1989), and in oestrogen-primed ovariectomised
female rats (Kalra et al., 1990a) systemic administration of IL-1 inhibits the release of
LH via inhibition of hypothalamic GnRH secretion (Kalra et al., 1990a; 1990b).
Immunoreactive IL-1B is present in human hypothalamus (Breder et al., 1988), and
specific, high-affinity IL-1 receptors have been characterised in the rat hypothalamus
(Farrar et al., 1987), pituitary cells (Tracey and de Souza, 1988) and epididymis and
testis (Takao et al., 1990). IL-1 has also been shown to inhibit the synthesis of
testosterone by Leydig cells (Calkins et al., 1988; Sun et al., 1993; Tortorella et al.,
1993) and inhibit luteinization of granulosa cells (Adashi, 1990).

TNF-o produces similar biological effects to those of IL-1, but its effects on the
hypothalamo-pituitary-gonadal axis are less documented. TNF-o has been shown to be
produced by granulosa cells where it acts in an autocrine manner to attenuate the
sensitivity of granulosa cells to follicle stimulating hormone (FSH) (Kennedy and Jones,

1991). It may also act as a paracrine factor increasing progesterone secretion by theca
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cells, acting by influencing the conversion of 25-hydroxycholesterol to pregnenolone
(Roby and Terranova, 1990). TNF-a also stimulates prolactin release from the anterior
pituitary cells, a process which involves intracellular calcium mobilization (Koike et al.,
1991). Recently, TNF-a has been shown to antagonise FSH action in cultured Sertoli
cells (Mauduit et al., 1993) and to regulate the steroidogenic function of mouse Leydig
cells (Xiong and Hales, 1993).

IL-6 has been shown to act in a paracrine manner to stimulate the release of
prolactin, growth hormone and LH from rat anterior pituitary cells in vitro (Spangelo et
al., 1989). IL-6 may be released from activated pituitary cells (Spangelo et al., 1990)
and pituitary adenoma cells (Jones et al., 1990) in concentrations capable of stimulating
pituitary hormone release. IL-6 also affects the function of other endocrine glands
including the ovary (Gorospe and Spangelo, 1993), adrenal (Evans et al., 1990), thyroid
(Grubeck-Loebenstein et al., 1986) and the pancreas (Campbell ez al., 1989).

The regulation of steroidogenesis in the testis involves a complex interaction of
hormones such as LH and FSH and intracellular signaling pathways (Leung and Steele,
1992). The hypothalamic neurohormone CRH is stimulated by several cytokines
including IL-1, IL-6 and TNF-o during the acute phase response (Uehara et al., 1987;
Whicher and Westacott, 1992). During trypanosome infections, secretion of CRH is
probably increased in response to stress induced by the infection (Mutayoba and Gombe,
1989; Soudan er al., 1992). However, CRH has also been shown to act in an
antireproductive manner at the level of the brain by inhibiting GnRH action (Rivier et
al., 1986). Immunoreactive CRF has been found to be present in the testis of sheep
(Audhya et al., 1987, 1989), rats (Fabbi et al., 1990) and man (Leung and Steele, 1992)
and it is secreted locally by several testicular cells including the Leydig cells, germ cells
and epididymal cells (Yoon et al., 1983; Fabbri et al., 1990). CRF secreted from the
Leydig cells is known to act in an autocrine manner through high-affinity receptors at
the Leydig cell membrane (Ulisse et al., 1989; Dufau et al., 1993) to inhibit LH action
by inhibiting gonadotrophin-induced cAMP generation and androgen production (Dufau
et al., 1993). Serotonin which is a major regulator of CRF production in the brain
(Holmes et al., 1982) is also present in the testis (Campos et al., 1990). Stress-induced

serotonin release from central and peripheral nerve terminals (Adell ez al., 1988) could



29

affect gonadal receptors and might be involved in stress-induced testosterone inhibition
through CRF (Dufau et al., 1993). Similarly, stimulation of serotonin release from the
Leydig cells and intertubular macrophages and mast cells (Askenase er al., 1980;
Tinajero et al., 1992), under the influence of macrophage-derived interleukins
(Maddocks er al., 1990) during testicular inflammation as that seen in trypanosome

infection, could possibly impair Leydig cell steroidogenic activity.

1.3.3. Effect of Trypanosome-induced Pyrexia on the Function of the Testis

In most mammalian species, the male gonads are located outside the body cavity
in a highly specialized skin pouch, the scrotum, where they are kept at about 2°C below
body temperature in rhesus monkey, 6.2 - 7.1°C below body temperature in rams and 8.3
- 8.59C below body temperature in rats and mice (Harrison and Weiner, 1948). The
lower temperature is of great importance for the maintenance of normal testicular
functions, particularly spermatogenesis (Kendell and Swerdloff, 1988; Steinberger,
1991; Clarke and Tilbrook, 1992). Effective control of stable testicular temperature is
achieved by a combination of several mechanisms such as the presence of powerful
scrotal themoregulatory reflexes (Waites, 1976) and the presence of a highly specialised
thermal exchange between the testicular arterial and venous blood streams formed by
extensive coiling of the testicular veins along the incoming internal spermatic artery
(Harrison, 1949; Kirby, 1953; Waites and Moule, 1961).

It has been recognised for a long time that factors which induce elevation of
testicular temperature interfere with normal spermatogenic activity. Damage of
spermatogenic function of the testis by the way of artificial cryptorchidism has been
produced in the rat (Nelson, 1951; Swerdloff et al., 1971), rabbit (Asdell and Salisbury,
1941; Glover, 1959) and ram (Moore and Oslund, 1924) and by way of scrotal insulation
in the ram (Glover, 1955; Dutt and Hamm, 1957) and bull (Moore and Aslund, 1924;
Gunn et al., 1942). Spermatogenesis is also disrupted as a result of acute febrile
conditions (Gunn et al., 1942; Wilson, 1964), raised ambient temperature (Rathore and
Yeates, 1967; Rhynes and Ewing, 1973; Wettemann and Desjardins, 1979) and in the
varicocele condition (Kay et al., 1979). Some of the characteristic responses noted after

prolonged exposure of the testes to higher temperature include, lowered fertility,
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ejaculation of a high proportion of sperm with morphological abnormalities, decreased
semen volume and sperm numbers and interference with spermatocyte and/or spermatid
maturation.

Development of fever (pyrexia) is a consistent feature of an acute phase response
in several infectious conditions and is mediated through the activation and subsequent
interaction of several endogenous pyrogenic cytokines including IL-18, IL-1c, IL-6,
TNF-o, IFN-a, IFN-y and IL-8 (Whicher and Westacott, 1992). Animals suffering from
trypanosomiasis develop chronic intermittent pyrexia with rises in temperature of
between 1 to 4°C above normal rectal temperatures depending on the virulence of
infecting trypanosome strain and resistance of the host (Hornby, 1921; Losos, 1986;
Stephen, 1986). Such a rise in body temperature has been repeatedly suggested to exert
either a direct or an indirect effect on the function of testicular germ cells in infected
animals (reviewed by Ikede er al., 1988). This suggestion is supported by evidence that
the changes in seminal characteristics and lesions observed in the testicular germ cells
during trypanosome infections are closely similar to those induced by elevation of
testicular temperature (Kaaya and Oduor-Okelo, 1980; Ikede et al., 1988; Omeke and
Onuora, 1992).

The mechanism by which a rise in temperature can induce damage to the
spermatogenic process is not clear. Testicular spermatogenic cells show differing
degrees of susceptibility to heat stress. Spermatocytes in late pachytene and round
spermatids are known to be more heat sensitive than other spermatogenic cells
(Blackshaw and Hamilton, 1971; Blackshaw et al., 1973). This is possibly due to greater
instability of their plasma membrane at increased testicular temperature (Blackshaw and
Hamilton, 1971) leading to increasing lysosomal fragility and release of autolytic
enzymes including acid phosphatases, B-N-acethylhexosaminadase and arylsulfatase
(Lee and Fritz, 1972). Elevated testicular temperature also interferes with spermatogenic
activity by inducing a decline in enzyme activity involved in DNA synthesis in
spermatogenic cells including DNA polymerase beta and DNA polymerase gamma
(Fujisawa ez al., 1988).

Steroid biosynthesis and Leydig cell morphology are also affected by elevated

testicular temperatures. Leydig cells from abdominal testes of adult rats made
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unilaterally cryptorchid (Bergh et al., 1984a) showed an increase in cytoplasmic lipid
droplets, a sparse endoplasmic reticulum and an increase in the nuclear and cytoplasmic
areas. Despite the increase in the organelles associated with steroidogenesis in the
Leydig cells, serum testosterone (both basal and after LH stimulation) remains low to
normal suggesting in vivo dysfunction of Leydig cells (de Kretser er al., 1979; Wilton
and de Krester, 1984; Bergh et al., 1984b). Elevated testicular temperature is known to
affect enzymes involved in both the A% testosterone biosynthetic pathway (pregnenolone
to progesterone, 170-hydroxyprogesterone, androstenedione and testosterone) and A3
pathway (pregnenolone to 17c-hydroxypregnenolone, dehydroepiandrosterone,
androstenedione and testosterone) (LeVier and Spaziani, 1968; Inano and Tamaoki,
1968; Farrer et al., 1985). The A3 pathway is thought to be more sensitive to elevated
temperature than the A4 pathway (LeVier and Spaziani, 1968). Since the A4 pathway is
more prominent than AS pathway in rats (Slaunwhite and Burgett, 1965), the effect of
temperature on A4 pathway has been studied more in these animals. Biosynthetic
enzymes known to be more heat sensitive include those involved in the conversions
mediated by 17a-hydroxylase and 178-hydroxysteroid dehydrogenase (de Krester et al.,
1979; Bergh et al., 1984b; Steinberger, 1991), 3B-hydroxysteroid hydrogenase (Inano
and Tamaoki, 1968) and 17,20-desmolase (Farrer et al., 1985). The changes in enzyme
activity in the A4 pathway are in agreement with previous reported observations on the
impaired conversion of progesterone to testosterone by the testicular tissue from
bilaterally cryptorchid adult rats (Ficher and Steinberger, 1982; Murphy and
O'Shaughnessy, 1991). An increase in testicular temperature, on the other hand, has also
been observed to increase the aromatase enzyme activity which converts testosterone to
oestradiol (Munabi ez al., 1984).

Reduction in testosterone synthesis by Leydig cells exposed to high temperature
is also supported by evidence from other animals which showed that the serum levels of
testosterone in cryptorchid rams (Schanbacher and Ford, 1977) and bulls (Schanbacher,
1979) or in bulls exposed to high ambient temperature (Rhynes and Ewing, 1973), are
normal or below normal, while serum levels of LH are significantly increased relative to

that of animals with normal testis. Furthermore, the cryptorchid testes of the bull
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(Schanbacher, 1979), ram (Schanbacher, 1980), dog (Eik-Nes, 1963) or rat (Risbridger et
al., 1981) respond poorly to exogenous gonadotrophins.

The underlying cause of the disturbed testicular steroid biosynthesis induced by
increasing testicular temperature is still unknown but may be associated with alteration
of paracrine influences by the damaged seminiferous tubules or changes in the
microcirculation of the testis (Bergh et al., 1984a). Furthermore there are a number of
reports which have shown that an elevated testicular temperature induced a decline in the
testicular content of several receptor types including receptors for LH (Huhtaniemi ez al.,
1984; Hovatta et al., 1986), FSH (Monet-Kuntz et al., 1987), prolactin (Huhtaniemi et
al., 1984) and androgens (Monet-Kuntz et al., 1987). Some of the changes in circulating
and intratesticular testosterone concentrations might be due, partly, to altered blood flow
at elevated temperature (Damber et al., 1985). Studies by Galil and Setchell (1988b)
showed that exposure of one or both rat testes to 43°C for 30 min resulted in a
significant reduction in testicular blood flow.

Elevated testicular temperature impaired the secretory activity of inhibin from
the Sertoli cells (Au et al., 1987; Demura et al., 1987) and such changes are usually
accompanied with an increase of circulating FSH levels presumably due to decline in the
negative feedback mechanism induced by inhibin (Collins et al., 1978; Au et al., 1983).
Other secretory products of the Sertoli cells are reduced by elevating testicular
temperature, including seminiferous tubule fluid (Jegou er al., 1984) and androgen
binding protein (ABP) (Jegou et al., 1984; Karpe et al., 1984; Monet-Kuntz et al., 1987).

However, despite the vast quantity of information available on testicular
dysfunction induced by trypanosome infections, no information is available to link
dysfunction with alteration of the testicular microenvironment causing changes to
testicular thermoregulatory system. Availability of such information will provide useful
evidence on the role of fever in the pathogenesis of trypanosome-induced testicular

degeneration.
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This chapter describes the experimental materials and methods which were

common to most of the succeeding chapters.

2.1. Experimental Animals

The animals used in these studies were Scottish Blackface male pubertal rams
obtained from a farm located in the West of Scotland. The rams at 6 months of age,
were bought in September of both 1991 and 1992 for experiments commencing soon
afterwards. They were housed in an open pen, ear tagged and subjected to thorough
clinical examination. Their feet were trimmed and dipped in 10% w/v solution of zinc
sulphate (Gold Hoop, Sheep Fair products, Brecon) to control footrot. They were
vaccinated against pasteurella and clostridial infections using Ovivac-P®R) (Hoechst
Animal Health, Milton Keynes). Faecal samples were taken and checked for nematode
eggs and other parasites and all sheep were subsequently drenched with antihelmintic
(Ivomec(R), 0.08% w/v ivermectin at 200 mg ivermectin kg‘1 liveweight, MSB
AGVET, Hertfordshire, UK).

The rams were allowed a 2 month acclimatisation period during which time they
were closely examined and exposed to routine handling. They were bled twice a week
for routine haematological analyses and plasma was obtained and stored at -20°C to
provide baseline endocrine data. They were weighed once a week using a sheep
weighing scale (Poldenvale Ltd, Williton, Somerset). These procedures helped to
acclimatise the rams and ensure that they were less excitable during the experimental
period. Rams received approximately 500 gm day'1 concentrate food (306 Ewbol Store
Lamb Pellets, BOCM Silcock) before and throughout the experimental period while hay
and water were provided ad libitum.

Further management of the animals during the experimental period varied from

one study to another and the details are given in the relevant sections.

2.2. Trypanosomes used in Experimental Infections
Trypanosoma congolense stabilates 57/10 and 57/11 were used in these
experiments. These stabilates were derived from clone IL 1180, originally imported

from ILRAD, Kenya by the Department of Veterinary Physiology, University of
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Glasgow Veterinary School. The stabilates were maintained in microcapillary tubes
stored in liquid nitrogen between serial passages in mice. The preparation of
trypanosome innoculum and the infection of sheep were done by Miss D. M®Kechnie of
the Department of Veterinary Physiology, University of Glasgow Veterinary School.
Essentially, the trypanosomes were inoculated intraperitoneally into irradiated mice
(dose 6.5 Gys) and, at the first peak of parasitaemia, which occurred 7 days later, the
mice were bled out by cardiac puncture under chloroform anaesthesia using heparin as
anticoagulant. The trypanosome concentration in blood pooled from the infected mice
was determined with a haemocytometer and subsequently the blood was diluted in
phosphate buffered saline (PBS) at pH 8.0 containing 1.5% glucose to give a titre of 2 x
10° trypanosome ml"l. The methods and trypanosome titres used for infecting sheep
and numbers of animals infected are described in relevant chapters. As a routine during
each infection, three irradiated mice were each injected with 0.3 ml of the inoculum

intraperitoneally to confirm the infectivity of trypanosomes used.

2.3. History of T. congolense Stabilates

The stabilate IL 1180 is a cloned derivative of STIB 212, which was prepared
after passage in rats of an isolate collected from a lion (Panthera leo) in the Serengeti
region of Tanzania in 1971 (Geigy and Kauffmann, 1973). Stabilate STIB 212 was
passaged twice in mice, preserved as stabilate IL. 20E-8 and then cloned twice and
preserved as stabilate IL. 968. This was passaged once in mice and preserved as stabilate
IL 1180 (Dwinger et al., 1987). When stabilate IL 1180 was imported it was passaged
twice in rats and once in mice to give stabilate GRVPS 57/1. Stabilate GRVPS 57/1 was
passaged once in rats and twice in mice to yield stabilate GRVPS 57/10. Stabilate
GRVPS 57/10 was again passaged once in mice and preserved as stabilate GRVPS
S7/11.

2.4. Clinical Observations.
Starting from the day of infection, all experimental animals were closely
observed for changes in demeanour. Jugular blood samples were examined daily using

the buffy coat method (section 2.6) until the onset of parasitaemia. Once parasitaemia
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was detected, blood samples were examined every two days in infected rams and once a
week in control rams throughout the experimental period. Rectal temperatures (°C) were

also recorded three times a week starting on the day of infection.

Collection of blood samples

Blood samples were obtained from the jugular vein twice a week commencing
one month prior to infection and three times a week during the experimental period.
Samples were routinely taken between 9.00 and 10.00 am before the morning feed with
every effort taken to minimise excitement during handling. Five ml of blood was
collected in heparinised vacutainers using sterile 19 x 1" gauge needles. Blood collected
before infection was used for the estimation of packed cell volume (PCV) and that
collected during the infection period was used for estimation of PCV and parasitaemia.
After PCV estimation, remaining blood was centrifuged at 1500 g and 49C for 15 min,
then plasma was removed and stored at -20°C until needed for hormone assays.
Intensive blood sampling was performed during the course of experiments for
investigations of sequential changes of hormone concentration over a short time periods

and the details of these procedures are provided in respective chapters.

2.5. Haematological Techniques
Estimation of PCV

The PCV was determined using the microcapillary method. Duplicate
microcapillary tubes were filled with blood up to two third of their length. One end was
sealed with plasticine and spun in a Hawksley microhaematocrit centrifuge for 8 min.
The tubes were read with a microhaematocrit reader and the mean of the two duplicates

was recorded to the nearest percentage point.

2.6 Parasitological Techniques

Trypanosome titre in the infected animals were determined three times a week in
jugular blood samples. The trypanosomes were detected using the buffy
coat/darkground microscopy method described by Murray et al. (1977) and the number
of trypanosomes was estimated by the modified scoring method described by Paris et al.
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(1982) as shown in Table (2.1). After the estimation of PCV, the microcapillary tube
was cut, using a diamond tipped pencil about 1 mm below the buffy coat to include the
top layer of red célls and 1 cm above the buffy coat to include the plasma. The contents
of the capillary tubes were expressed onto a clean microscope slide, mixed gently and
covered with a 22 x 22 mm coverslip. The entire preparation was examined using a

phase contrast Leitz SM Lux microscope at 400x magnification.

Table 2.1: Darkground/ phase contrast buffy coat scoring method for estimation of

parasitaemia
Scores Trypanosomes Estimated parasitaemia
per field (trypanosome ml'l)
0 None | <102
1+ 1 - 3 per preparation. 102 - 103
2+ 4 - 10 per preparation 103 - 10%
3+ 1 per field 5x103-5x 104
4+ 2 -10 per field 5x 104-4x 105
5+ 10 - 100 per field >5 x 103
6+ >100 per field >5 x 106

2.7. Hormone Measurements

The concentrations of testosterone, luteinizing hormone (LH), cortisol and
adrenocorticotropin (ACTH) in plasma were measured. Similarly, testosterone and
progesterone concentrations were measured in testicular tissue extracts and samples
obtained during in vitro studies. The details of hormonal techniques used are provided

in respective chapters.



38

2.8 Assessment of Puberty

Dyrundsson (1973) described the anatomical changes that take place in the
reproductive organs of ram-lambs around puberty. Similar features were used to assess
puberty in the rams used in these experiments. These included: both testes fully
descended into the scrotum; detachment of all adhesions on the urethral process, glans
penis and penile shaft leaving the penis freely retractable; presence of "pink flushing" of
the inguinal skin around the scrotum,; ability of the rams to provide semen with viable
spermatozoa upon ejaculation using an artificial vagina or by electroejaculation.
Thorough examination of the testes, epididymides, penis and prepuce was performed
once in all rams during the acclimatisation period. Semen was collected once before
animals were allocated to the respective studies. All rams had reached puberty before

the experiments began.

2.9. Semen Collection and Evaluation

Semen was collected by electroejaculation using the Medata Ram Ejaculator
(Medata Systems Ltd, West Sussex, U.K.). The ram was restrained in a standing
position by an assistant. The penis was grasped with one hand and withdrawn from the
prepuce. The glans penis and urethral process were inserted into a clean 12 x 75 mm
glass tube and secured by hand by grasping the prepuce. The lubricated rectal probe was
then inserted into the rectum to a depth of about 15 - 20 cm, taking care to avoid injury.
The probe was pressed towards the floor of the pelvis and short stimuli (3 sec) were
applied until ejaculation occurred.

Collected semen was immediately transferred into a water bath at 32°C. Semen
consistency was noted and scored on a scale of 0 - 5 as described by Evans and Maxwell
(1987) (see Table 2.2). Sperm motility was estimated by examining a drop of semen on
a warm slide chamber (Kova slide II, Kova Systems. ICL Scientific, USA) at 40x
magnification and assessment followed the wave motion method described by Evans and
Maxwell (1987) and was scored on a scale of 0 - 5 as shown in Table 2.3. The
assessments of semen consistency and sperm motility were completed within 15 - 20

min of individual semen collections.
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For assessment of sperm morphology and percentage of live sperms, a drop of
semen was taken immediately after collection and added to a glass tube containing 10
drops of nigrosin-eosin (Blom, 1950) in a water bath at 32°C. The tube was incubated
for one minute at 32°C and then two thin smears were made on clean glass microscopic
slides, left to dry in air and stored in slide boxes. The slides were subsequently mounted
with DPX and examined under oil emulsion at 400x magnification. Sperm defects were
classified as primary i.e. defects arising in the testes and secondary i.e. defects occurring
after the sperm have left the testes (Laing and Hammond, 1955). Table 2.4 shows the
parameters which were assessed.

For assessment of acrosome defects (Table 2.4) another drop of semen taken
immediately after collection was diluted in two drops of 3% w/v Sodium citrate
(CH3COONa) prewarmed at 32°C in a water bath prior to smearing. A thin smear was
made on a clean microscopic slide and left to dry in air for 3 - 5 min. Slides were fixed
in Spermafix(R) (Stain Enterprises, P.O. Box 152, Wellington, 7655, Rep. S. Aft.) for 5
min then dried and stored in slide boxes until needed for analysis. At the time of
analysis, slides were gently washed 5 - 6 times in tap water and stained with Spermac(R)
stain (Stain Enterprises, P.O. Box 152, Wellington, 7655, Rep. S. Afr.). They were
subsequently examined unmounted on the same day under oil emulsion at 400x
magnification. With this stain the sperm acrosome stained green, the equatorial region

stained pale green and the rest of the head stained red. Midpiece and tail stained green.

2.10. Histopathology

Several organs including the testis epididymis, prostate, adrenal and pituitary
glands were carefully harvested from experimental animals killed at different stages of
infection. Details are provided in respective chapters. Sections made from the cauda
epididymis, prostate, adrenal and pituitary glands were fixed in 4% w/v buffered neutral
formalin. Sections made from the testes were fixed in Bouins fluid. All sections were
processed for routine histology and paraffin embedded sections were sectioned at Spm
and stained with haematoxylin/eosin (H&E) and Martius scarlet blue (MSB). Sections

from the pituitary were stained with orange fuchsin green (OFG). With this stain the
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basophils stain pink and acidophils stain orange. Further processing of histological

sections is described in respective chapters.

Table 2.2. Scoring method for consistency of ram semen (Evans and Maxwell, 1987)

Score Consistency Approximate number of sperm
(x109 ml!
5 Thick creamy 45-60
4 Creamy 35-45
3 Thin creamy 25-35
2 Milky 1.0-25
1 Cloudy 03-10
0 Clear (watery) insignificant

Table 2.3 Scoring method for sperm wave motion (Evans and Maxwell, 1987)

Scores Class Description

5 Very good  Dense, very rapidly moving waves. Individual sperm cells
cannot be observed, >90% of spermatozoa active

4 Good Vigorous movement, but the waves and eddies are not so
rapid as for score 5. About 70 - 85% of sperm cells are
active

3 Fair Only small, slow moving waves. Individual spermatozoa
cannot be observed. 45 - 65% of sperm cells are active

2 Poor No waves are forming, but some movement of
spermatozoa in visible. Only 20 - 40% of sperm cells are
alive and their motility is poor.

1 Verypoor  Very few spermatozoa (about 10%) show any sign of life,
with weak movement only

0 Dead All spermatozoa are motionless
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Table 2.4. Morphological examination for ram semen (Laing and Hammond, 1955,
Barth and Oko, 1989)

Sperm defects

Description

Primary defects

Head defects

Pyriform narrow in the postacrosomal region (péar shaped)

Tapered narrow both in the acrosome and postacrosome region

Microcephalic excessive small head

Macrocephalic excessive large head

Duplicate double or multiple heads

Abnormal acrosome missing or present but flattened dented or beaded
giving a knobbed appearance

Midpieces

Amorphous swollen midpieces

Abaxial attached on one side of the head base

Duplicate double or multiple midpieces

Tail defects

Duplicate double or multiple tails

Stumpy tails

very short tails attached to the base of the head

Secondary defects

Detached heads heads separated from tails

Proximal droplets rounded cytoplasmic droplet retained in a proximal
midpiece position

Distal droplets rounded cytoplasmic droplet in the distal midpiece
position

Bent tails loops and bends affecting mainly the principal midpieces

Distal coiled tails

Bent midpieces

Others parameters
Live/dead ratio (%)

Total primary defects (%)
Total secondary defects (%)

coils affecting the distal portion of the principal piece and
end piece
bowing and distal midpiece reflex abnormality
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CHAPTER III

EFFECTS OF TRYPANOSOMA CONGOLENSE INFECTION ON THE
PITUITARY, TESTIS, EPIDIDYMIS AND PROSTATE GLAND OF THE RAM
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3.1 INTRODUCTION

The effects of trypanosomiasis on the reproductive function in the male have
been extensively documented (reviewed by Ikede et al., 1988). Both man and male
domestic animals suffering from an acute or chronic trypanosomiasis develop varying
degrees of pituitary gland damage and gonadal degeneration which are frequently more
severe in infections caused by the T. brucei-group than in infections caused by T.
congolense or T. vivax (Ikede, 1979; Losos and lkede, 1972a; Ikede er al., 1988;
Omeke, 1991; Omeke and Onuora, 1992). This is due to the ability of the trypanosomes
in the T. brucei-group to invade and multiply in the interstitial tissue where they cause
marked inflammatory changes in the pituitary (Losos and Ikede, 1970, 1972; Ikede and
Losos, 1975; Morrison et al., 1981) and testes (Ikede and Losos, 1972a; Ikede et al.,
1973; Ikede, 1979; Van den Ingh and Van Dijk, 1975; Ikede and Akpavie, 1982; Anosa
and Kaneko, 1984).

Pituitary and testicular dysfunctions induced by T. congolense infection have
been documented in the bull (Glundler and Djabakou, 1985; Sekoni et al., 1988, 1990a,
1990b, 1991), buck (Kaaya and Oduor-Okelo, 1980; O'Hara et al., 1985; Waindi et al.,
1986; Gombe, 1989) and boar (Omeke, 1991; Omeke and Onuora, 1992). In these
animals, T. congolense infection is associated with progressive, non-inflammatory,
degenerative lesions characterised by a denudation of testicular germinal epithelium and
production of poor semen quality leading to oligozoospermia and aspermia and a
reduction in plasma testosterone concentration. Changes in the pituitary are mild,
characterised by basophilic degranulation and slight acidophilic proliferation (Mutayoba
et al., 1988a); dilation of pituitary sinusoids and microvasculature and thickening of the
extracellular matrix (Abebe, 1991; Abebe et al., 1993a). In severely affected animals,
necrosis and sclerosis of the hypophysis may occur (Ogwu and Njoku, 1991).

Pituitary-gonadal pathology in the ram has only been reported in infections
caused by T. vivax (Losos and Ikede, 1970, 1972; Isoun and Anosa, 1974a, 1974b; Ikede,
1979; Anosa and Isoun, 1980; Agu et al., 1986; Akpavie et al., 1987). Recently, Sekoni
(1992, 1993) described the semen characteristics and sperm morphological abnormalities
in rams infected with T. vivax. The changes occurring in the pituitary and gonads of

T. vivax-infected rams closely resemble the lesions induced by T. congolense in other
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animals (reviewed by Ikede, et al., 1988). However, unlike T. congolense which has not
been associated with extravascular localization in the host tissues, T. vivax has been
reported to localise extravascularly in the pituitary gland (Fiennes, 1950), the
cerebrospinal fluid and aqueous humour (Whitelaw er al., 1988) and other tissues
including the lymph nodes (Emery, et al., 1980) and cardiac muscle (Kimeto er al.,
1990). It is therefore possible that the mechanisms by which 7. vivax and T. congolense
infections induce pituitary-gonadal dysfunction might be different and this should be
taken into account when studying the pathogenesis of T. congolense-induced
reproductive dysfunction in animals.

The mechanisms by which T. congolense induce changes in reproductive
function have not been studied but both direct and indirect factors might be involved.
These factors were reviewed extensively in Chapter I (1.3.1, 1.3.2 and 1.3.3). Briefly,
direct effects are likely to be induced either by damage associated with the localization
of large numbers of trypanosomes in the microvasculature causing anoxia and
thrombosis (Banks, 1978) or mediated via one or more of the wide variety of
biologically active molecules secreted by invading trypanosomes (Tizard et al., 1978b,
1979; Knowles et al., 1987; Hublart, et al., 1990). The indirect factors are probably
mediated by interaction of the neural, endocrine and immune system responses of the
host to infection. This is likely to involve the activation of the cytokine cascade which
in turn activates or suppresses the hypothalamo-pituitary-gonadal axis as a part of their
pleiotropic action in stimulating the acute phase response (Bancroft et al., 1983; Stadnyk
and Gauldie, 1991; Kennedy and Jones, 1991).

Development of fever is a consistent feature of an acute phase response (Whicher
and Westacott, 1992) and animals suffering from an acute or chronic form of
trypanosomiasis develop intermittent pyrexia with temperature rising between 1 - 40C
above normal rectal temperature (Hornby, 1921, Losos, 1986, Stephen, 1986). Such a
rise in body temperatures might interfere with normal testicular spermatogenic and
steroidogenic activities in infected animals as these testicular activities are very sensitive
to elevated testicular temperature (see review Chapter I 1.3.3). Although pyrexia
induced by trypanosomes during infection has been suggested to affect the function of

the testis in infected animals (Kaaya and Odour-Okelo, 1980; Anosa and Isoun, 1980;
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Ikede et al., 1988, Omeke and Onuora, 1992), there are no reports which have shown
that such intermittent low grade pyrexia in infected animals can cause damaging

elevation of testicular temperature.

3.1.1. Objectives of the Study
Two in vivo studies designated as Study I and Study II were conducted on rams

experimentally infected with T. congolense. The main objectives of these studies were

as follows:

Study I
To identify the changes in seminal characteristics and gross and
histopathology of the testis, epididymis, prostate and pituitary glands
associated with T. congolense infection in the ram.

Study II

@) To measure scrotal temperature during infection and to assess whether it
changed as pyrexia developed and whether this might play a role in inducing
the observed semen and testicular pathology during infection.

(i1) To raise the scrotal temperature of normal rams by insulation to assess
whether an increase in temperature can produce the gross and
histopathological lesions to the same extent as those observed in rams
infected with T. congolense.

The animals used in both Study I and Study II were also the subject of
investigation of reproductive endocrinology to be described in Chapter IV, while the
animals used in Study I were subject of the investigation of the pituitary-adrenal axis to
be described in Chapter VI. Furthermore, animals of Study II were the subject of the in

vitro studies on Leydig cell function to be described in Chapter V.
3.2. MATERIALS AND METHODS
3.2.1. Experimental Animals

A total of nineteen pubertal Scottish Blackface rams were used during Study I

and 26 rams were used during Study II. Their management before and during the
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experimental period was described in Chapter II 2.1. Two days prior to infection in
November, 1991, the rams used during Study I were transferred to a flyproof isolation
unit where they were maintained under artificial light consisting of cycles of 8 h light, 16
h dark (lights on 8.00 - 16.00) which simulated the natural photoperiod during this time
of the year. Rams used during Study II were transferred to the same isolation unit one
week before the experiment began in November, 1992. The lighting regimen employed
during Study II was similar to that used during Study I. Rams used in both studies were

about 8 months old at the start of the infection period.

3.2.2. Animal Allocation and Infection

On the day of infection during Study I the animals were randomly matched into a
group of 10 (infected) and a group of 9 (control) animals on the basis of their liveweight
and haematocrit. Similarly during Study II matched groups of 10 (control) and 10
(infected) were used. Furthermore, to increase homogeneity, rams used during Study II
were paired twins, one twin ram was allocated in the control group and the other twin
ram was allocated in the infected group. A group of 6 rams (3 twin pairs) were used
during Study II for the scrotal-insulation study. Table 3.1 provides the details of the
number of animals used in each study and their respective pre-infection mean PCV and

liveweight values at the start of the experiments.

Table 3.1: Number of uninfected (control), T. congolense-infected (infected) and
scrotal-insulated (scrotal-insulated) animals and their preinfection mean PCV and
liveweight values at the start of the experiments during Study I and II.

STUDY 1 STUDY II
Control Infected Control Infected Scrotal-insulated
rams rams rams rams rams
No of Animals 9 10 10 10 6
PCV (%) 31.20 + 0.54 33.05+0.79 3145 +0.62 3220+0.72 30.17 + 1.14
Liveweight (kg) 34.50 £ 1.23 3495+1.24 3090+ 1.02 30.55+0.93 31.05+1.22

Values are means + s.e.m.
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Each ram in the experimental (infected) group during both studies was infected,
via the jugular vein, with approximately 4 x 10° trypanosomes contained in 2 mi PBS at
pH 8.0 and containing 1.5% glucose. The stabilate used during Study I was
T. congolense isolate 57/10 and during Study II was stabilate 57/11. Both stabilates
were derived from stabilate IL 1180 as previously described in Chapter II 2.2 and 2.3.

3.2.3. Assessment of Clinical Parameters

Following infection the infected animals in both studies were closely observed
for changes in general health. Jugular blood samples were taken daily as previously
described (Chapter II 2.4) starting on day 1 of infection and were examined for presence
of trypanosomes. Once parasitaemia was detected, blood samples were taken three
times a week in the infected and control rams until the end of the study period. These
blood samples were used for estimation of parasitaemia in infected rams and once a
week blood from the control rams was also checked as a precautionary measure to
monitor accidental infections.  Parasitaemia levels were measured using the
microcapillary buffy coat scoring method (Murray ez al., 1977, Paris et al., 1982) as
previously described in Chapter II 2.6.

The PCV was determined in all blood samples collected before the experiment
(Chapter II 2.1) and during the infection period (Chapter II 2.4) using the microcapillary
method described in Chapter II 2.5. Liveweights (kg) were measured once a week as
previously described in Chapter II 2.1 and rectal temperatures (°C) were measured three
times a week starting on day 5 post-infection during Study I and the day of infection
(day 0) during Study II.

The post-infection experimental period lasted 79 days during Study I and 58 days
during Study II. Five infected and 4 control rams from Study I were killed on day 28,
and all the remaining control and surviving infected rams were killed at the end of the
study period. During Study II, five control and 4 infected rams were castrated on day 28
post-infection as described in (Chapter IV 4.2.3). All rams in Study II were killed at the
end of the study period (day 58).
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3.2.4. Estimation of Scrotal Circumference

The scrotal circumference was measured at two week intervals in rams used
during Study I. Rams were restrained in a sitting position by one assistant while another
assistant squeezed the testes together and aligned them in the distal end of the scrotum.
Scrotal circumference was measured in the midline region of the two testes using a thin

cotton tape and a centimetre ruler.

3.2.5. Measurement of Scrotal Temperature

The scrotal temperature was measured twice weekly in all rams used during
Study II commencing from the first week of the infection. Measurements were made
with a 38 s.w.g. copper - 40 s.w.g. constantan thermocouple mounted in a polythene
probe and recorded by a 2 channel potentiometric recorder (Smiths Industries Ltd, UK,
Type RE524.20, Model Servoscribe 2; 20 mV full-scale deflection). Recordings were
always taken from a 1.0 cm diameter mid-anterior region of scrotal skin which had been
shaved and marked at the start of the experiment. At the same time rectal temperature
and room ambient temperature were also taken with a clinical thermometer and a Max-

Min electronic thermometer (Model Diplex Electronics, Merck, UK), respectively.

3.2.6. Scrotal Insulation

Scrotal insulation was performed on 6 non-infected rams during Study II on the
equivalent of day 14 post-infection. The insulation consisted of a pouch fashioned to fit
the scrotum and made of 0.5 - 1.0 cm thick cotton wool laid over a cotton gauze. The
pouch was wrapped with an elastic adhesive bandage (Elastoplast, Smith & Nephew Ltd,
Hull, UK) and was held around the neck of the scrotum with the same bandage. The
scrotal temperature was measured by introducing the thermocouple probe through the

insulation at the scrotal neck.

3.2.7. Semen Collection and Evaluation
During Study I, semen from control and infected rams was collected by
electroejaculation as previously described (Chapter II 2.9), on day 7 prior to infection

and on days 27 and 69 after infection. During study II, semen was collected in a similar
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manner from the control and infected rams on day 7 prior to infection and on days 21
and 49 after infection. The semen in the scrotal-insulated rams was collected on day 7
prior to insulation and on days 22 and 49 after insulation. Semen was analysed for

consistency, sperm motility and morphology as previously described in Chapter II 2.9.

3.2.8. Gross and Histopathological Examination

A post mortem (PM) examination was conducted on infected and control rams
killed on day 28 and 79 during Study I and on those dying during the course of infection
(two infected rams in Study I died on days 70 and 77). Similarly, a PM was conducted
on one infected ram which died on day 15 post-infection and in 10 control and 9 infected
rams killed on day 58 post-infection during Study II. During Study I, both testes and
epididymides were removed at PM and separated from the tunica layers and were
subsequently weighed together (with the exception of the rams killed on day 28).
Sections of the testis and cauda epididymis were taken during both studies, fixed in
Bouins and processed for routine histology as described previously (Chapter II. 2.10).
Similarly, the pituitaries and prostate glands were removed and trimmed and sections
were fixed in 4% buffered neutral formalin and processed for routine histology. Slides
were examined by light microscopy and the seminiferous tubular diameter was measured
in rams used during Study I using a binocular micrometer (Graticules LTD, Tonbridge,
Kent, UK.). Seminiferous tubular diameter was estimated from two measurements
taken perpendicular to each other. About 50 randomly selected seminiferous tubules cut

transversely were measured per animal.

3.2.9. Statistical Analysis

Results are presented as means plus and minus the standard error of the mean
(S.E.M.). The PCV and liveweight data were analysed on the basis of change from their
respective pre-infection values. The difference in the scrotal and rectal temperatures
measured at each occasion in each animal were calculated and were used to estimate the
scrotal-rectal temperature gradients in infected and control rams. Comparison of data
obtained in infected and control animals over time (PCV, liveweight, scrotal

circumference, rectal and scrotal temperature) were subjected to analysis of variance
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with repeated measures design using a computer statistical package ANIMAL DESIGNS
1, V 1.21 5/6 (Data International Service, Glasgow). The analysis partitioned variability
between and within animal groups and group x time interaction. Differences between
group means were analysed using either the Two-Sample t-test or where appropriate
with the nonparametric Mann-Whitney test. In experiments involving more than two
treatment groups, comparisons were analysed by one way analysis of variance followed
by a post hoc between-groups comparison test (Newman-Keuls Multiple Range Test
(MINITAB, Minitab Inc, State College, PA, USA). Comparisons were considered
significantly different at P<0.05.

3.3. RESULTS
The results in this chapter are divided into two main sections. Section I provides
the clinical-pathological results on the reproductive organs obtained during Study I,

whereas, section II provides the results from Study II

SECTION I

3.3.1 EFFECTS OF TRYPANOSOMA CONGOLENSE ON THE PITUITARY,
TESTIS, EPIDIDYMIS, AND PROSTATE GLAND IN RAMS DURING
STUDY I

3.3.1.1. Clinical Observations

Trypanosomes were observed in the blood of all infected sheep in Study I within
7 to 9 days post-infection. The first peak of parasitaemia (approx. 5 x 109 trypanosome
ml'l) occurred between 9 and 15 days post-infection and was followed by fluctuating
levels of parasitaemia (Fig. 3.1a). Infected rams progressively became weak and dull
with roughened fleeces. They also rapidly became anaemic with pale mucous
membranes and the superficial lymph nodes were enlarged. All surviving infected rams
remained parasitaemic up to the end of the study period.

Infected rams developed intermittent pyrexia during the post-patency period (Fig.

3.1b) with their mean body temperature fluctuating between 39.2 + 0.1°C and 40.1
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+ 0.6°C. These body temperatures were significantly higher (P<0.01) than those from
the control rams which remained within the normal range throughout the infection
period (range 38.4 + 0.1°C to 39.3 + 0.3°C). Statistical analysis of body temperature
revealed a significant treatment effect between infected and control groups (P<0.01)
with no significant group x time interaction.

Anaemia developed rapidly in the infected rams and a significant drop in PCV
from pre-infection levels of 33.1 + 0.8% (P<0.001) was observed following patency
from day 12 onwards (Fig 3.1c). Changes in PCV showed a significant group treatment
(P<0.001) and group x time interaction (P<0.001). Mean PCV values in control rams
remained within the normal range of 30.5 + 0.1% (Fig. 3.1c).

Changes in liveweight in infected and control rams are shown in Fig. 3.1d. The
infection reduced the liveweight gain in infected rams to 13 gm day'1 when compared
with the growth rates of 130 gm day’1 in the controls (P<0.001) during the study period.

Four control and 5 infected rams were killed on day 28. The remaining infected
rams showed some loss in body condition and 2 rams died on day 70 and 77, from
secondary Pasteurella haemolytica infection. The remaining 3 infected and 5 control

rams were euthanized at the end of the study period.

3.3.1.2. Changes in Testicular Circumference

Changes in mean testicular circumference (TC) in the control and infected groups
before and during the infection period are shown in Fig. 3.2a and corresponding mean
testicular circumference/liveweight (TC/LW) ratios are shown in Fig. 3.2b. The mean
TC values at the onset of the infection were not significantly different between the two
groups. The TC values in the infected rams started declining within 12 days post-
infection and from day 37 - 79 mean TC values were significantly lower (P<0.05) than
in control rams. TC/LW ratios followed a similar trend. Following infection, changes in
TC showed a significant treatment effect between groups (P<0.05) and a group x time

interaction (P<0.01).
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Fig. 3.1. Mean (+ s.e.m.) parasitaemia scores (Fig. 3.1a), rectal temperatures (Fig. 3.1b),
changes in packed cell volume (PCV) (Fig. 3.1c) and liveweight (Fig. 3.1d) in
uninfected (n = 9, control) and T. congolense-infected rams (n = 10, infected)
during Study I. Four control and 5 infected rams were killed on day 28 post-

infection.
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Fig. 3.2. Mean (+ s.e.m) changes in testicular circumference (Fig. 3.2a) and testes
circumference/liveweight ratio (Fig. 3.2b) in uninfected (n = 9, control) and T.
congolense-infected (n = 10, infected) rams during study 1. Four control and 5

infected rams were killed on day 28 post-infection.
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3.3.1.3. Changes in Semen Characteristics

The ejaculate volume and sperm concentration were not determined in semen
collected from control and infected rams due to inconsistencies in the amount of semen
obtained during electroejaculation. Instead, several parameters associated with semen
quality were assessed. Table 3.2 shows the changes in mean percentage values for the
seminal and sperm morphology abnormalities in control and T. congolense-infected rams
before infection (day -7) and after infection (days 27 and 69) during Study I. The mean
scores for semen consistency and sperm motion did not change significantly in control
rams over time although the mean values for both parameters tended to increase in
subsequent semen collections. All infected rams showed progressive and significant
deterioration in semen quality as observed by marked declines in both semen
consistency and sperm wave motion mean scores on days 27 and 69 post-infection
(P<0.05 and P<0.01), respectively.

The mean total percentage of sperm showing primary sperm defects associated
with the acrosome, head, midpieces and tails was less than 4% in control rams from the
semen collected on 7 days prior to infection and on days 27 and 69 post-infection.
However, the mean total primary sperm abnormalities was significantly higher (P<0.01)
in infected rams on both days 27 (mean 6.64 + 0.36%) and 67 (mean 13.06 + 2.24%)
post-infection when compared to the respective control values (mean 1.62 + 0.20% and
1.96 + 0.51%, respectively). The infection had no significant effect on primary tail
defects in infected rams although a slight increase was observed from day 27 (mean 0.56
+ 0.18%) to 69 (mean 1.25 + 0.59%) post-infection compared to control values. All
other defects (acrosome, head and midpiece) increased markedly with time in infected
rams. Significantly increased percentages (P<0.001) of primary acrosome and head
defects were observed on days 27 and 69 post-infection in the infected rams. The
acrosome defects which were encountered included detached and serrated acrosomes
and flattened, dented and beaded acrosomes giving a knobbed appearance. Primary
sperm head defects were associated mainly with an increase in pyriform, tapered and
macrocephalic forms. Sperm with macrocephalic heads were found dead in nigrosin-
eosin smears and they had either abaxial tail attachment or sometimes double tails.

Significant increases in primary sperm midpiece abnormalities were observed in infected
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rams on day 27 (P<0.001) and day 69 (P<0.05) post-infection, the defects observed
being mainly swollen, rough and abaxial midpieces and occasionally double forms.

The mean percentage of sperm showing secondary defects in control rams did not
change significantly with time and was less than 10% over the 3 semen collection
occasions. Following infection the mean total secondary sperm defects increased to
21.73 + 4.14% (P<0.01) in 10 infected rams on day 27 post infection and then to 66.12
+ 8.39% (P<0.01) in 5 surviving infected rams on day 69 post-infection. Changes in
secondary sperm abnormalities on day 27 post-infection were associated with significant
increases in the number of sperm with detached heads and proximal droplets (P<0.001);
bent, swollen and coiled midpieces (P<0.01); bent and coiled tails (P<0.01) and sperm
with distal droplets (P<0.05). Most of the sperms with detached heads were found dead
in the nigrosin-eosin smears. The percentage of sperm showing secondary defects
increased significantly (P<0.01) in 5 infected rams on day 69 post-infection. Out of
66.12 + 8.39% total secondary defects encountered, the detached head accounted for
24.30 + 9.51%, abnormal midpieces 16.1 + 2.10%, tails 15.31 + 3.05% and the proximal
and distal droplet defects accounted for 1.79 +0.31% and 6.61 + 0.51%, respectively.

A progressive increase in the number of dead sperm was observed in the
ejaculate of infected rams over the infection period. This increase was significant
(P<0.01, P<0.001) on days 27 and 69 post-infection respectively when compared to

control values.

3.3.1.4. Gross and Histopathological Examination.

Experimental rams killed 28 days post-infection had enlarged and oedematous
lymph nodes, swelling of the spleen, petechiations in the heart and irregular focal areas
of haemorrhage on the surface of the liver, kidney and lungs. Carcasses of infected
sheep killed 79 days post-infection showed general emaciation and paleness. Muscular
atrophy, depletion of body fat and accumulation of oedematous fluid in the peritoneum,

pericardium and scrotal sac were also observed.
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Changes in the pituitary gland

No overt pathological changes were observed in the pituitary gland of infected
rams killed on day 28 post-infection but in rams killed on day 79 post-infection, various
gradations of cytoplasmic changes were observed in the basophils. For example slight
degranulation as evidenced by reduced staining of the cytoplasm (Fig. 3.3b) and marked
degranulation and slightly increased connective tissue (Fig. 3.3c) were observed when
compared to control pituitary cells (Fig. 3.3a). No changes were observed in the

acidophils.

Changes in the testes

Nq overt gross testicular lesions were observed in rams killed on day 28 but the
testes of rams dying on days 70 and 77 and of those killed on day 79 were soft and
smaller in size. Only small amounts of semen were observed on the cut surface of the
testis. The mean weights of the paired testes (including epididymides) of infected and
control rams are depicted in Table 3.3. A nonsignificant decrease in mean testicular-
epididymal weight and an apparent increase in testes-epididymal/liveweight ratio was
observed in infected rams dying on days 70 and 77 and in those killed on day 79 when
compared with control values (Table 3.3).

Histologically, compared with the controls, the mean diameter of the
seminiferous tubules (Table 3.4) of infected rams was significantly larger (P<0.05) on
day 28 post-infection and significantly smaller (P<0.001) in infected rams dying on days
70 (one ram) and 77 (one ram) and in those killed on day 79 after infection (3 rams).
The testes of infected rams killed on day 28 post-infection also showed marked
intertubular oedema and dilation of lymphatic vessels (Fig. 3.4b), but in most of the
animals no marked changes in seminiferous spermatogenic activity was evident.
Infected rams killed on day 79 post-infection showed varying degrees of seminiferous
tubular epithelial degeneration which included general tubular atrophy (Fig. 3.4c)
reduction in the number of germinal cell layers (Fig. 3.4c, 3.4d) and in severely affected
tubules, only spermatogonia and Sertoli cells were evident (Fig. 3.4e). Other changes
included increased intertubular connective tissue and apparent reduction in intertubular

volume (3.4c, 3.4d, 3.4e). But in all infected rams no overt changes were observed in
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the Leydig cells and there was no inflammatory cell infiltration in the testes. The

comparative normal testis from the control ram is shown in Fig. 3.4a.

Changes in the epididymis

No gross differences from control rams were observed in the epididymis of
infected rams killed on day 28 post-infection. In rams killed on day 79 only small
amounts of semen were observed on cut surface of the epididymis when compared with
controls. Histologically, only the cauda epididymis was examined and no marked
changes in the sperm reserve (amount of sperm stored in the cauda epididymis) were
observed in infected rams killed on day 28 (Fig 3.5b) compared to controls (Fig 3.5a) but
reduction in sperm reserve was evident in rams killed on day 79 post-infection (Fig
3.5c). No inflammatory cell infiltration in epididymal tissues or degeneration of tubular

epithelium were evident.

Changes in the prostate gland

The prostate glands of infected rams dying on days 70 and 77 and in those killed
on day 79 were generally smaller and firmer than corresponding control prostate glands.
The prostate gland weights and prostate/liveweight ratio (Table 3.3) were significantly
smaller (P<0.01, P<0.05, respectively) in the infected rams than in control rams.

Histologically, marked changes in the prostate glands were evident in rams killed
on day 79 compared to control rams and to infected rams killed on day 28. Changes as a
result of infection on day 79 after infection included proliferation of interfollicular
connective tissue, low cuboidal follicular epithelium (Fig. 3.6b) when compared to the
tall columnar epithelium observed in the controls (Fig. 3.6a). In severely affected ram
prostate gland, epithelial degeneration and collapse of the follicles was evident (Fig.

3.6¢).

Changes in other reproductive organs
No gross lesions were observed in the testicular tunica layers, scrotum, penis and

prepuce in any infected ram.



61

Table 3.3. Mean (+ s.e.m.) paired testes (including the epididymides) and prostate gland
weights and organ/liveweight ratios in uninfected (control) and T. congolense-

infected (infected) during Study I

Control Anfected
(day 79) (days 70(n=1), 77(n=1), 79(n=3))
(n=5) (n=5)
Testes (including the epididymides) (gm) 235.50 + 18.3 192.53 +9.39
Testes/liveweight ratio (x10-3) 4.96 +0.09 5.15 +0.42
Prostate gland (gm) 5.34+0.48 3.21 £ 0.26 (P<0.01)
Prostate/liveweight ratio (x10'4) 1.13 +0.08 0.84 + 0.08 (P<0.05)

2 One infected ram died on day 70 and another on day 77 due to secondary
P. haemolytica infection and the other infected rams (n = 3) were killed with the control
rams on day 79 post-infection

Table 3.4 Mean (+ s.e.m) seminiferous tubular diameter and tubular diameter/testes

weight ratios in uninfected (control) and T. congolense-infected (infected) rams

during Study I
Seminiferous tubular Seminiferous tubular diameter (um)/
diameter (um) testis weight (gm)
Day 28
Control (n = 4) 78.35 £0.95 NC
Infected (n = 5) 83.19 + 1.32 (P<0.05) NC
Day 79
Control (n =5) 76.28 + 1.85 0.70 £ 0.39
Anfected (n = 5) 64.39 +0.78 (P<0.001) 0.67 £ 0.21

Three infected rams killed on day 79 and one died on day 70 and another on day 77 of
infection.
NC = Not calculated because the testes were not weighed on day 28 post-infection.

Correlation (r) between seminiferous tubular diameter and testicular weight of days 70,
77, 79 post-infection in infected and control rams was 0.70 (P<0.05) (n =10)
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SECTION II

3.3.2. COMPARATIVE CHANGES IN SEMINAL CHARACTERISTICS AND
TESTICULAR PATHOLOGY INDUCED BY TRYPANOSOMA
CONGOLENSE AND SCROTAL INSULATION DURING STUDY I

3.3.2.1. Clinical Observations

Trypanosomes were identified in the blood of infected sheep during Study II
within 5 to 9 days post-infection. Infected rams exhibited similar clinical manifestations
to those observed during Study I. The first mean peak of parasitaemia (mean scores 3.1
+ 0.4, approximately equivalent to 5 x 103 to 5 x 104 trypanosomes ml"}) occurred on
day 12 post-infection (Fig. 3.7a) and subsequently the levels of parasitaemia fluctuated
throughout the study period. Infected rams developed low and fluctuating pyrexia
(rectal temperature range 39.5 + 0.1°C to 40.2 + 0.2°C) (Fig 3.7b) from days 13 to 55
post-infection, temperatures being significantly higher (P<0.05 to P<0.001) than those
measured in the control rams (range 38.9 + 0.2°C to 39.4 + 0.2°C).

The PCV values in the infected rams (Fig. 3.7c) declined rapidly from a
preinfection mean value of 32.2 + 0.7%, (Table 3.1) and by day 12 post-infection their
PCV values (29.9 + 0.9%) were significantly lower than control values (P<0.05).
Thereafter, PCV values showed a progressive decline in infected rams and were
maintained at significantly lower levels (P<0.001) from day 15 to day 58 when
compared to control values (Fig. 3.7c). Statistical analysis of rectal temperature and
PCV in infected and control rams between days 1 - 58 post-infection revealed a
significant treatment effect (P<0.01, P<0.001, respectively) and a group X time
interaction (P<0.001). Changes in liveweight in the infected and control rams are
depicted in Fig. 3.7d. The liveweight gain in the infected rams was significantly reduced
0% g day’1 (P<0.01) when compared to growth rates of 178 g day'1 in the controls
during the study period.

One infected ram died on day 15 post-infection due to secondary P. haemolytica
infection. All the remaining infected rams survived up to the end of the study period

when they were killed together with the control rams.
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Fig. 3.7 Mean (+ s.e.m.) parasitacmia scores (Fig. 3.7a), rectal temperatures (Fig. 3.7b),
changes in packed cell volume (PCV) (Fig. 3.7¢c) and liveweight (Fig. 3.7d) in
uninfected rams (n = 10, control) and T. congolense-infected rams (n = 10,
infected) during Study II. One infected ram died on day 15 post-infection due to

secondary P. haemolytica infection.
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3.3.2.2. Changes in Scrotal Temperature

The mean scrotal temperatures in the control, infected and scrotal-insulated rams
are depicted in Fig. 3.8a. Corresponding scrotal-rectal temperature gradients are shown
in Fig. 3.8b. The mean scrotal temperatures in the control rams varied between 32.5 +
0.39C to 34.5 + 0.1°C giving a scrotal-rectal temperature gradient of -6.7 + 0.3°C to -5.4
+ 0.39C. The scrotal temperatures in the infected rams between days 13 - 58 post-
infection increased significantly and varied between 33.2 + 0.3°C (P<0.05) to 35.6 +
0.309C. (P<0.003). Infected rams showed a tendency of their mean scrotal-rectal
temperature gradients to be lower than controls from day 13 onwards although on most
occasions these values were not significantly different from control values. The mean
scrotal-rectal temperature gradient of the infected rams during the same period varied
between -6.2 + 0.2°C (nonsignificant) to -4.7 + 0.2°C (P<0.05). The scrotal temperature
of scrotal-insulated rams varied between 32.6 + 0.2°C and 34.8 + 0.3°C and the scrotal-
rectal temperature gradient varied between -6.7 + 0.3°C and -5.0 + 0.4°C. These values

did not differ significantly from the control values.

3.3.2.3. Changes in Seminal Characteristics

Ejaculate volume and sperm concentration were not assessed in semen collected
by electroejaculation in the rams used during Study II for the same reasons as in Study 1.
The same parameters used for assessing changes in semen quality during Study I were
used during Study II and the results are presented in Table 3.5 for control, infected and
scrotal-insulated rams. The pre-infection (day -7) semen values for control and infected
rams as well as pre-insulation (day -7) semen values for the scrotal-insulated group were
not different so they have been combined and are presented together. The results of
semen analysis on day 21 post-infection in 10 control and 9 infected rams and on day 22
post-scrotal insulation in 6 insulated rams were analysed and compared with each other.
Similarly seminal values for semen collections on day 49 post-infection in the control
and infected groups and on day 49 post-insulation in the scrotal-insulated group were
compared with each other (Table 3.5).

The mean scores for semen consistency and sperm wave motion in semen

samples from the control rams showed a tendency to increase from day -7 to day 49
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Fig 3.8. Mean (+ s.e.m.) scrotal temperature (Fig. 3.8a) and scrotal-rectal temperature
gradients (Fig. 3.8b) in uninfected (n = 10, control), T. congolense-infected (n =

9, infected) and scrotal-insulated (n = 6) rams during Study II.
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although this change was not significant over time. Semen consistency and sperm wave
motion declined markedly in infected and scrotal-insulated rams over time. Mean semen
consistency was significantly lower on day 49 in infected and scrotal-insulated rams
(P<0.01) when compared to control values. Similarly, mean sperm wave motion was
significantly lower (P<0.05) on days 21 (day 22 for scrotal-insulated group) and 49 in
infected and scrotal-insulated groups when compared to control values. Mean values for
semen consistency and sperm wave motion over the experimental period tended to be
higher (non-significant) in infected than in scrotal-insulated groups.

The mean percentage values for total primary sperm abnormalities in control rams
were less than 3% from semen collected on day -7 and on days 21 and 49 after infection,
whereas a marked increase in total primary defects was observed in infected and scrotal-
insulated rams during the same period. Total primary sperm defects were significantly
higher (P<0.001) in the scrotal-insulated group on day 22 post-insulation than infected
rams on day 21 post-infection and in controls at the equivalent time. However, total
primary sperm abnormalities in the infected rams were also significantly higher (P<0.01)
than in control rams on day 21 post-infection. Significant increase in primary sperm
defects in the scrotal-insulated rams were mainly associated with acrosome, midpiece
and tail defects whereas in infected rams the primary sperm defects were mainly
associated with acrosome and head defects (Table 3.5). Acrosome and midpiece defects
observed in infected and scrotal-insulated rams were essentially similar and matched
those observed in infected rams during Study I (section 3.3.4). The semen of scrotal-
insulated rams showed a preponderance of sperm with small ovoid microcephalic heads,
pyriform and tapering heads and stumpy tails whereas the head defects in infected rams
were mainly pyriform, tapering and macrocephalic heads.

No significant differences in mean total primary sperm defects were observed
between the infected and scrotal-insulated rams on day 49 post-infection or post-
insulation but in both groups, the mean total primary sperm abnormalities were
significantly higher (P<0.001) than control values. Increased primary sperm defects in
the infected rams on day 49 were mainly associated with head and midpiece defects
whereas in scrotal-insulated rams at this time primary defects mainly involved acrosome
and head defects (Table 3.5).











































































































































































































































































































































































































































































































































































