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Sli~lM!\HY

11ljection of testicular llIaterial in complete Freunds

/\ci,jUViHlt (CF/\) l eads to inmuno loq ica l ly mediated testicular

i uiu r-v in tile guinea pig. /\ few testicular proteins are

lr",POII~;ilJle for the histopathology. Partial purification of

i(",Lir,ular material gave an orchitogenic extract. The

jiill'l.ii1lly purified extract was used to study tnmunomcdu l a tor-y

dl'cciS of glucocorticoids on the pathogenesis of Experimental

/\IIr.t'l)ic Orchitis (EAO).

/\ natural glucocorticoid (cortisol) and a synthetic one

(pr cdnl sone ) were used in the study. Daily adnri n ts tr-a t ion of

curtisol starting on "day one of immunization with orchitogen

to day 14 lead to a significant reduction in the number of

an ima l s that developed orchitis. The severity of

orch i t i s in cortisol treated animals was less than the saline

t rca tcd control group. Similar treatment with prednisone led

Lfl (l <uui l ar trend albeit to a lesser extent. Thus, 82,%

ul illlllHlllized and cortisol treated animals did not develop

otchit. i s os opposed to only 7 % of the untreated animals.

ur l.he iumun iz e d and prednisone treated animals, 37% did

no l develop orchitis whereas in untreated group 29% did not

dr' V (' Io p 0 rchi tis.

Note,' the EAD lesion developed from day 12 post-

illlllJlllli;ation to day 14. The appearance of orchitis and

a spcruu Logenes i s were to a 1arge extent concurrent whereas

or ch i t i s and epididymitis were not. Also, epididymitis and
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(l'~j1"nllatogellesis did not necessarily occur tcqe ther . This

1J1('ClllSLhat orchitis occurred almost invariably with aspermato-

ucnc si s with or without epi di dym i ti s.

On e Iect ron nri cro scopy , the cell types identified to be

involved in the pathology were lymphocytes and macrophages.

Classification of the lymphocytes was not done. The study

Illf'rr>fot'e showed that glucocorticoids- cortisol and prednisone

\lIIlflulilLe [1\0 by suppressing progression of the lesion in

:;"',c('jJLible qu iuea pigs. Cortisol, a natural glucocorticoid

\,w, touud to be mor e effective than prednisone, a synthetic

(JIll.'.
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1.1 EXPERIMENTAL ALLERGIC ORCH ITIS (EAO) AS AN

AUTOIMMUNE DISEASE OF THE TESTIS

1. 1. 1 Introduction

Autoimmune disease results from immunological reactions

against self constituents. This may be due to: changes in

the particular constituents, alterations in the antigen seques-

stration barrier or defects at the level of effector or regulatory

arms of the immune response. The mechanisms may involve

antibodies of various subclasses as well as Delayed- Type-

Hypersensitivity (DTH) reactions.

The state of non-reactivity to self constituents develops

during the perinatal period when the animal has not achieved

immunocompetence. Thus foreign materials administered at this

stage induce tolerance. Self tolerance is not genetically

pre-determined rather it depends on the presence of the

constituent (antigen') during this period (Weigle 1980).

1•1.2 Types of Immunological Unresponsiveness (Tolerance)

Two types of immunological unresponsivenees have been

described (Weigle 1980). These are peripheral inhibition and

central unresponsiveness.

Peripheral inhibition is characterised by the pr-esence of

immunocompetent cells in circulation towards the constituent/

antigen and antibodies towards the specific antigen may appear

transiently. Thus peripheral inhibition may be due to; the
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rcquta tor y activity of suppressor cells, antigen blockade or

an tibod y feedback mechanisms.

The suppresor cells are a class of thymus dependent

lymphocytes (T lymphocytes) which dampen immunological

responses and can be distinguished using specific markers.

In mice, they can be distinguished by antisera against Lyt

2,3+. Suppressor cell activity has been associated with

tolor ance towards some thymus-dependent and thymus indepen-

dcn t antigens (8ejarnin 1975). The former are mostly proteins

;1l1d other antigens with diverse antigenic determinants.

Ttrvmus-f ndependen t antigens comprise mostly of repeating

polymers that present several identical determinants.

B lymphocytes tolerance to both foreign and self antigens

is thought to be mediated by antigen blockade (Fernandez,

el ;:11. 1979). The antigen in this case persists and neutralizes

tho specific antibodies. The phenomenon is most likely with

th ymu s independent antigens. The animals thus tolerized

however , have antigen reactive cells in peripheral circulation

which are potentially capable of differentiating into plasma cells

upon transfer into suitable host. The plasma cells can then

produce specific antibodies to react with the antigen in

question.

Hoffmann and Kappler (1978) postulated that antibody

[eedback mechanisms operate via two distinct routes. One

meachani sm operates at low antibody concentration and depends

011 tile Fc portion of the antibody molecule. The other
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I equf re s high ti tr es of the antibody and does not depend on the

Ic f r aqme n t , In the former mechanisms, T or B lymphocytes

are 110t affected directly rather antibody inhibits the immune

r e spo ns e by IrrterFer inq with T, B lymphocyte interactions.

Central unresponsiveness differs with peripheral inhibition

in that the host is totally incapable of reacting with the

tolerogen. Whereas specific suppressor cells may be concomittant,

they are not responsible and lymphocytes transferred to a

neut r al host remain unresponsive. This is best explained by

deletion of antigen specific B-cells. A good example is that a

II(~OIlCltemouse of a particular strain when injected with spleen

(;0115 fro III a different strain, mouse embryo is later able to

tolerate grafts from the donor strain (Burnet, 1961).

I ° 1.3 Brealdng of Tolel-ance

lmmunoloqical unresponsiveness to self antigens may exist

ill different immune states of Band T lymphocytes. Thus,

h( tit f.3 and T lymphocytes may be tolerized. A high degree of

tolcr ance may exist in T lymphocytes while B lymphocytes are

competent and vice-versa. Finally, both T and B lymphocytes

lll;lY be competent.

When both T and B lymphocytes are immunocompetent,

t he slate of tolerance is usually maintained by anatomical

seclusion of the particular constituent. Examples are the

testis and the brain which are secluded by the Blood-Testis-

Barrier (BTB) (Dym and Fawcett, 1970) and the Blood-Brain-

Barr-ier (BBB) (Daniel et al 1981) respectively.

When the constituents of these tissues are exposed to

pe r ip her-al circulation, they provoke specific immune
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responses provided they are presented in association with

I\IlCljor Histocompatibility Complex (MHC) class II antigens on the

s.ur face of the antigen presenting cell (APC).

Whel-e there is proven exposure of antigen/.::onstituent to

the immune system, autoreactivity or breakdown of tolerance

IlI'1y re sul t from several factors as argued by Roitt (1988).

They may occur at the level of T inducer or regulatory

mechanisms.

T-inducer bypass mechanisms may be through;

a) Arising of new determinants to which tolerance does not

exist. This can occur due to abnormal synthesis or breakdown.

A closely related alien antigen may trigger immunological

react.ion against a self antigen. A good example for this is

post rabies vaccine encephalitis which is thought to occur

because of the presence of heterogenous brain material in the

vaccine. Viral infection sometimes does cause synthesis of

membr-ane proteins specific for the virus. Some of these

proteins when in association with self compotents may lead to

rccoqni tion of the self-constituent as foreign.

II) Idiotype bypass mechanisms are thought to lead to

aut oimmurri ty in the following way: The regulatable idiotype

that is believed to appear early in life works by T helpers

t ha l have specificity for idiotypes on lymphocyte receptors

<HId are able to stimulate them on interaction. Therefore, a

foreign antigen that stimulates the production of an antibody

ilia t shal-es a public idiotype with an autoreactive T or
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B lymphocyte can lead to stimulation of these cells and lead to

autoimmunity.

c) The third way involves polyclonal activation by some

environmental substances. This resembles the adjuvant effect

(lIld stimulates production of antibodies of a wide specificity from

OI1e cell without the requi rement of T helper lymphocytes.

Roi tt (1988) has further argued that autoimmunity may

I('''lJll from bypass of r'equlator y mechanisms. Thus when the

Ilf)pul<lliol1 of T suppressor cells is reduced, development of auto-

(II)libodies usually ensues. This is exemplified by neonatal

tlrymectonry which qr'eatl y reduces their population. In

th y r-oicli t is susceptible animals like obese strain chicken and

buffalo rats, neonatal thymectomy leads to spontaneous

development of the disease.

Thymectomy in susceptible strain mice 2-4 days after birth

causes spontaneous orchitis with consistent appearance of

autoantibodies to sperm (Taguchi and Nishizuka 1981). This has

been explained as being due to the presence of autoreactive

T lymphocytes against spel-m during these days in the absence of

speci fic suppressor T lymphocytes. T suppressor cells are

believed to appear 7 days after birth in the species.

III br ief therefore, tolerance maybe broken by interfering

wi th anatomical barriers where antigens are secluded. It may

also be broken by bypass of T inducer or regulatory mechanisms.

III tile former, the antigen is presented directly to the effector

,11111 of the immune response.
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1. 1.1~ Types of Autoimmune Diseases

Autoimmune diseases may affect one or several tissues.

They can therefore be classified as organ-specific like

l las himotos Thyroiditis (HT) and multiorgan related like Systemic

Lupus Er y thematosus (SLE) (Cooke et al 1983). EAO affects

lllf' t=s tl s and epididymis only and can therefore be classified

;Y; OI-9<1n-specific autoimmune disease.

13otl1 natural and experimentally induced autoimmune diseases

have been described (Roitt 1988). Experimentally induced

autoimmune diseases provide invaluable models of natural

conditions since single well characterised antigens can be isolated

ill iela tlvely pure forms and the immunological events studied.

This can aid in management of natural autoimmunity and provide

insight into the functioning of the immune system. Good examples

of such experimental models include Experimental Autoimmune

Th y roidi ti s (EAT) which relates well with

.111' and Experimental Allergic Encephalomyelitis (EAE) which

is ;:1 yood model for Multiple Scle ros is (MS) (Suckling et ~

I <Jfl3) _ EAO is qa inf nq ground as a model for both experimentally

induced as well as spontaneous male infertility.

The immune status of both Band T lymphocytes during

au Ioinununit y may vary from disease to disease. This offers a

possible classification for autoimmune diseases into antibody

mediated and cell mediated ones. This often poses a difficulty

s ince it is not always possible to follow the sequence of events

811U to assign a particular role to either humoral or DTH
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react ioris .

~)Ollle salient features do however arise in EAE and EAT

(Wei~Jle 1980). I n one type of EAT that resembles HT, the

lu unor al immune response appears to be the main player. The

main lines of evidence leading to this conclusion are as follows:

1) a t temp ts to stimulate proliferation of separated T lymphocytes

from rabbi ts immunized with bovine or rabbit thyroglobulin in

CI 1\ !~ vitro have been unsuccessful and 2) serum levels of

pi f~cijJitating antibody to thyroglobulin have been found to

cor r elate well with the severity of the lesion.

1.I1[ provides a Illodel of autoimmune disease that is mediated by

Ce l l-Nedt ated Immunity (CMIH.(Weigle 1980). It has close resemblance

EAO ill this aspect and therefore merits some further considera-

tion.

EAE is induced by injection of homologous, heterologous,

or syngeneic Central Nervous System (CNS) tissue or Basic

Myelin Protein (BMP) in CFA Bernard and carnegie (1975). Correlatio

between EJ\E and DTH has been demonstrated by skin testing

<llld rni~l-ation inhibition activity qener-ation assays. T-cells and

maciophaqes are implicated in the induction of the histological

les ions of EAE and appear to be directly involved in demyelina-

t ion (Weigle 1980). These cells also playa role in EAO lesion as

will be described late,".

Further evidence of CM I in EAE has been obtained from

adoptive transfer experiments. This has been achieved with

lymph node cells (Stone 1961). More specifically, T lymphocytes
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have been shown to be important in the induction and

pathogenesis of EAE (OrLiz-Ortiz et ~ 1976) by removal and

1"(~C()I1Stitution experiments.

~ vitro induction whereby thymocytes taken from rats

al-e sensitized with brain antigen and then injected into

sYl1geneic recipients results in lesions typical of EAE (Reviewed

by Weigle 1980). Similar findings have been reported for EAO

\ '1l0n) Lymph Node Cells (LNCs) were used instead of

th ytuocy tes (Werkele and Begemann 1976).

All these pieces of data confirm the role of CMI in EAE.

f. I. 5 Genetic Basis of Autoimmune Diseases

It has been established that there is a genetic basis for

autoimmune diseases (Glasser and Silvers 1974). The importance

or J{-2 in determining susceptibility of mice to EAT was shown

by studies using inbr-ed and congenic strains of mice. Animals

of a particular H-2 type showed good correlation between antibody

ti tres and pathology after immunization with thyroglobulin and

CFA l ~ei gle 1~80). _Th@;.ge}t-es.at the D-end of the

/-1-7. have been shown to have a modifying effect on EAT in mice

of both good and POOl" responder strains (Kong et al 1979).

/\Iso, strain variability has been reported in the development

of E/\t:: (Reviewed by Weigle 1980). An autosomal dominant gene

(II-) linked to the histocompatibility locus determines the

susceptibility to EAE. A susceptibility pattern has also been

found in patients with multiple scler os is which is related to

histocompatibility determinants.
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HISTORY OF EAO1.2

1 . 2 . 1 Introduction

Injury of the testes resulting from subcutaneous injection of
testicular material and adjuvants in the guinea pig was first reported
ill tile 1950's (Voisin et al 1951). However, the authors failed to

demons tra te specific circulating antibodies. They also demonstra-

(pel similar damage when tissue homogenates of kidney and liver

wer e used hence their conclusion that the damage was as a

resul t of st re ss .

Other workers induced injury of the testis characterised

by aspermatogenesis and testis specific autoantibodies by

inunurii za tion with testicular material purified in several ways or

homologous spermatozoa. They however, did not notice inflamma-

tory cells in the testis or epididymis (Freund et ~ 1953;

Waksnlan 1959).

Subsequent studies did show that not all the testis proteins

were r espons ible for the damage (Brown et ~ 1963). By

autoclaving and phenolic extraction followed by testing, the

active fraction appeared in the phenolic phase. The authors

also managed to show the presence of an immediate skin reaction

by day 9 after immunization and circulating antibody and EAO

lesion after day 10. The lesion was concomitant with immediate

and delayed type skin reactions. Furthermore, fluorescent

antibody staining revealed that in the epididymis, the antibodies

were dir-ected at the sperm acrosome. In the testis, staining was

confined to spermatocytes, spermatids and spermatozoa. These
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authors demonstrated that immunization with organ prepara ttons

other than testicular material in CFA did not produce lesions

in the testis. They conferred protection to induction of

orchitis by prior immunization with testicular autodavate in

incomplete Freunds Adjuvant (I FA) and also by perinatal

immunization.

EAO, has since been induced in several other narnrnallan

species. In the rabbit homologous and heterologous guinea pig

testicular material in CFA has been used to induce fAO. When

homologous testis was used, the histopathology resembled that

in the guinea pig testis. The aspermatogenesis and orchitis were

present in the absence of immune complexes in the testis (Tung and

Woodroffe 1978).

In the mouse, this has been achieved by injecting homologous

testicular material in CFA of Bordetella Pertussis (Kohno et al

1983) •

EAO has also been successfully induced in non-human

primates (Andrada et ~ 1969), in humans (Mancini et al 1965)

by active immunization with testicular homogenate.

In addition to active immunization, it has also been possible

to induce EAO in vitro. This has been achieved by culturing

normal LNCs with autologus dissociated testis cells w!1ereby

they form rosette-like aggregates and later undergo blast

transformation and proliferation. When these lymphocytes are

injected into syngeneic recipients, they cause lesions in the

testis characteristic of EAO (Wekerle and Begemann 1976). This
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Sq~J91'sLs that testicular self antigens are recognized by
c l ona lly per-formed auto 1ogus lymphocytes.

Adoptive transfer of EAO with LNCs, peritoneal exudate
cells (PECs) and purified T lymphocytes from peritoneal exudate
hilS IJeen achieved (Tung et il 1971a, Kantor and Dixon 1972,
TlIllget il 1977). The lesions thus obtained are indistiguisha-
hle from those in EAO induced by active immunization. The
adop t ive tr-ansfer also required that the recipients be sexually
IlIdture indicating that they are antigen specific.

1.2.2. Isolation of Orchitogenic Antigens

Several attelllpts have been made to isolate and characterise
~JlJinea pig testicular orchitogenic autoantigens. A highly
soluble aspermatogenic protein named API has been isolated from
guinea pig testis and shown to have acrosomal localization. The
proteill has been shown to induce orchitis at very low concentra-
L-ions (0.5 to 1 u q }. The lesion that is obtained resembles one
when "whole testis" is used (Jackson et ~ 1975).

Other autoantigens that have been isolated and shown to have
acro soma l localization are GP1, GP4, Sand P. GP1 and GP4 are
glycoproteins that have a high orchitogenic activity (Hagopian
~~ ~ 1975). Sand P autoantigens are water soluble and no
evidence has been offered to indicate whether they differ from
thuse described by other authors (Lefroit-Joliy et il 1979).

More recently (Teuscher et il 1983) an aspermatogenic
polypeptide named AP3 has been isolated and shown to have a high
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orchitogenic activity. The activity was unaffected by various
denaturing techniques like reduction and alkylation. This
suggests that the activity is dependent on the primary structure
and was therefore referred to as a Sequential-Disease Inducing
Determinant (SOlD). The antigen is therefore different from
API which was reported to lose activity upon reduction or
alkylation and from GP1 and GP4 by its lack of carbohydrate
moiety.

Apart from acrosomal autoantigens, another aut~antigen named
T (Lefroit-Jolly et i.l1979) with spermatozoal and testicular cells
plaslllamembranes localization has been isolated. The T
autoantigen is very sensitive to denaturation and this rules out
its possibility of being AP3.

1.3

1.3.1

IMMUNOLOGY AND IMMUNOGENETICS OF EAO

Immunology of EAO

The role of cell mediated and humoral immune responses in
au Lonunun ity are obscure and often confus ing. Early studi es
on the immunology of EAO indicated that both antibody and CMI
responses are required for full expressin of EAO (Brown et i.l
1963) . Waksman (1959) interpreted the ness ity for CFA in the
induction of EAO to mean requirement of DTH.

Further data has been obtained from experiments involving prior
protection against EAO induction by pretreatment with antigen ih
Incomplete Freunds Adjuvant (IFA). Brown and coworkers (1967) used
testicular autoclavate as the antigen and managed to confer protecti
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They suggested that the protection was due to suppression of

DTH reactions. They however observed that the appearance of

the lesion was concomitant with both circulating antibody and

DTH. This led to their conclusion that both DTH and

circulating antibody are necessary for full expression of EAO.

Hojo and Hiramine (1982) conferred protection by pretreatment

of animals with testicular antigen in IFA two weeks prior to

orchitogenic challenge. They showed that eMI responses !.!!. vitro

in the protected animals were suppressed and that DTH as shown

by Skin testing was also depressed. An important observation was

that protected animals had higher antitesticular antibody titres

than the ones given only orchitogenic challenge. They did not

demonstrate any protection when the antibody fraction was

administered into other guinea pigs. The authors therefore,

confirmed that pretreatment with antigen in IFA confers protec-

tion by suppressing eMI responses rather than humoral ones.

The role of eMI is further buttressed by the evidence that the

animals thus protected can develop orchitis when injected with

lymphocytes from actively immunized animals. Furthermore,

lymphocytes from the actively immunized unprotected animals do

produce Macrophage Inhibitory Factor (MIF) in vitro.

Adoptive transfer experiments have mainly pointed at eMI

(Reviewed by Tung et ~ 1981(1). Thus,LNCs and Peritoneal
Exudate Cells (PECs) have bbeen shown to have high efficien~y
in transfering EAO. Also notable is that the rate of success of
the transfer correlates directly with the number of T lymphocytes.
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Direct evidence for thymus dependence in the pathology of

EAO was obtained from reconstitution experiments (Bernard et al

1978). BALB/C nu/nu hypothymic mice have been found not to

develop orchitis despite appropriate immunization schedules.

However, reconstitution with thymus cells from litter mates

B/\LB /C nu /+ mice resulted in complete restoration of this

capabili ty.

Immunoglobulins and complement component C3 appear in

the rete testis of animals given orchitogenic challenge prior to

development of orchitis and high titres of complement fixing

antibodies are found in the sera of the animals (Tung et ~

1971 b). Also immune sera has been shown to transfer EAO when

the animals are primed with CFA before transfer (Tung et ~

1931a). The need for priming is unknown, however it can be

concluded that antibodies do playa role in the development of

EAO.

In vitro studies indicate that Tlymphocytes alone do not

respond to testicular antigens but the addition of mitomycin C

treated macrophages or B lymphocytes enhances the response.

Tr itia ted thymidine incorporation studies show that B Iympho-

cytes are more effective than macrophages (Hojo et ~ 1980).

The authors therefore suggested that B lymphocytes act as

antigen processing and/or presenting cells to the T lymphocytes.

The picture that emerges from the evidence is that

although CMI is responsible for EAO lesion, the initial stages

involve B lymphocytes, macrophages and perhaps antibodies

fr om B lymphocytes.
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resistance to induction of EAO is also inherited as a dominant

autosomal trait.

1.4 HISTOPATHOLOGY OF EAO IN GUINEA PIG

The EAO lesion appears between days 9 - 14 after

immunization with testicular extract or spermatozoa (Brown et al

1963). Three well-defined histological lesions have been

described (Tung and Alexander 1977) i.e.

a) Aspermatogenesis in the Seminiferous Tubules (ST) which

consists of a focal desquamation of spermatids in which deformed

acrosomes of spermatids are visualized ultrastructurally. This

is followed by entire loss of the germinal epithelium except the

Sertoli cells, leydig cells and spermatogonia. The desq.uamated

cells are found in the lumen of the ST, the rete and the

epididymis. Peritubular infiltration of mononuclear cells does

occu r someti mes.

b) In the initial stages of EAO, focal clusters of lymphocytes

and monocytes appear in the interstitial spaces of STs and rete

testis.

c) Later, clusters of macrophages and lymphocytes appear in

the lumen of the ST, rete and epididymis. The later stages

are characterised by heavy infiltration of monocytes, lymphocytes,

eosinophils in the interstitial spaces and of polvmorphonuclear

neutrophils (PMNs) in the lumen of blood vessels and ST.

Prominent polymorphs are seen between cells along the

basement membrane and inside the lumen of the efferent ducts,

the caput and caudal epididymis as well as the vas deferens.
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Occassionally, giant multinucleate cells appear in the

lumen of some seminiferous tubules whose identity is yet to be

established (Brown et al 1963).

1.5 NATURAL AUTOIMMUNE ORCHITIS

I, s . 1 Spontaneous Autoimmune Orchitis

Tung and c oworkers (1981 b) have adequately defined an

uncles irable phenotype that has resulted in the breeding of

mink of fine black fur. This phenotype has two types of male

in ler titity , Primary i nfertil i ty was defi ned as infertil ity

before the first mating which occurs at the age of 10 months.

The second type being secondary infertility defined as infer-

tility after a period of proven successful matings.

Secondary infertility appears to have an immunolog; ca 1 .bas; s

In that a) the males with this type of infertility had

significantly higher antisperm antibody titres than males with

primary infertility, b) aspermatogenesis without signs of orchitis

or testicular immune complexes appeared only in mink with

primary infertility but not those with secondary infertility and

c) only males with secondary infertility but not primary

showed severe orchitis and testicular immune complexes.

The immunological basis of this secondary infertility gains

[ur ther credence when the following lines of evidence are

considered 1) Aleu tian mink disease is an immunological

disease that is related to fur colour and 2) After vasectomy

of guinea pigs, autoantibody response to sperm surface antigens
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is determined by a single autosomal or x-linked gene (Tung

et al 1981c).

Spontaenous autoimmune orchitis has been reported from

several other species (Alexander and Anderson 1984). A

certain strain of beagle dogs has a testicular disease that

closely resembles EAO. In mice, a certain strain that is

heterozygous for a recessive lethal gene has as high as 40%

incidence of EAO. In a normal population of rhesus macaques,

;) third of all testes have been shown to have monocytic orchitis.

1.5.2 Vasectomy-induced Autoimmune Orchitis

Vasectomy is a surgical procedure of contraception in

which the vas deferens is either sectioned or ligated. This in

effect obstructs the vas deferens confining the spermatozoa

in it and the epididymis.

Autoimmunity following vasectomy of various mammalian

species has been reported. In the guinea pig, both bilateral

and unilateral vasoligation causes histopathological lesions

in both testes indistinguishable from EAO (Tung and Alexander

1977) . Further, the lesions obtained can be adoptively

transfered to syngeneic recipients (Tung 1978). This shows

that the lesions are mediated by specifically sensitized cells

of the immune system.

In rabbits, vasectomy leads to orchitis whose histopatho-

logical picture is indistinguishable from EAO. In vitro

detected eMI responses correlates with the histopathology thus
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ob t airred (Tumbo-Oeri and Roberts 1979). The authors

suggested that this maybe due to degeneration and subsequent

Ieakaqe of spermatozoal antigens into circulation thus provoking

specific immune response.

Monocytic orchitis and aspermatogenesis develop in rhesus

monkeys after vasectomy. Although it occurs spontaneously in

this species, the incidence is much higher and epididymitis

occur exclusively in the vasectomized animals (Tung and

Alexander 1980).

In addition to orchitis per se, other immunological responses

tha l mayor may not be associated with orchitis have been

,'('f)l)1 led after vasectomy. Bigazzi and coworkers (1976) have

rcpor ted a high incidence of circulating antibodies (46%) to

sperm acr osomal antigens after vasectomy of rabbits and 36 % of

them had both acrosomal and testis antigens antibodies.

Vasectomy in the guinea pig (Tung et ~ 198H:) causes

autoantibodies to Testis Cell-Sperm Differentiation Antigens

(TSDA) whose quantity has been found to have a genetic basis.

The anti- TSDA antibody response is governed by a single

autosomal or x-linked dominant gene.

Evidence of orchitis after vasectomy in humans has met

with controversy (Alexander and Anderson 1984). However,

high levels of sperm specific autoantibodies in the sera of

vasectomi zed men has been reported (Samuel et ~ 1975, Tung

1975) CMI responses to sperm after vasectomy in man have also

been ,-eported (Naqarkatti and Rao 1976).
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All the data indicate that orchitis in natural conditions

is similar to that in vasectomy, althqugh the relationship is

puorly understood and needs further investigation.

1.5.3 Infection-induced Orchitis

Infection has been shown to cause orchitis. Trypanosomal

infection induces testicular degenerative changes leading to

suppression of spermatogenesis in goats and laboratory animals.

The mechanism of pathology is not known but some authors

suggest that it may partly be due to depressed levels of plasma

testosterone (Waindi et al 1986). The histological picture that

t1 ri ses shows degenerative changes with testis showing desquama-

tion of germinal epithelia of the seminiferous tubules. This

however is not the complete picture of EAO described earlier.

Mumps viral infection in man is known to cause orchitis

of unknown origin (Hopps and Parkman 1979). The incidence

is as high as 20% of infected adult males. This also needs

fu r t.he r investigation as it may lead to the elucidation of EAO

pathogenesis.

1.6

1 .6. 1

IMMUNOMODULATION

Definition

Irnrnunomodulation refers to manipulations of the immune

system so as to dampen or enhance its activities to achieve a

particular response. It may be broadly subdivided into

immunopotentiation, tolerance and immunosuppression.

A comprehensive description of the three has been

adequately presented by Waksal (1978). Immunopotentiation is
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the augmentation of the hosts non-specific or specific immune

responses through a variety of biologically active substances,

wher-eas immunosuppression is the dampening of immune response

and can be achieved by various methods among them being

radiation, corticosteroids, cytotoxic chemicals which include

alkylating agents, antimetabolites, folic acid antagonists and

antil ymphocyte sera, etc.

1. G. 2 Immunomodulation by Glucocorticoids

Glucocorticoids are a group of adrenal corticosteroids that

regulate metabolism at the gene level. The effect is mainly

at gluconeogenesis and they do so by permitting responses to

other treatments such as starvation, diabetes and glucagon

r a their than a direct effect on the flux. They, together with

their synthetic analogues have gained importance in immunotherapy.

The mode of immunomodulation by glucocorticoids varies

between corticosteroid sensitive species like the mouse and the

rat and the resistant species like man and the guinea pig (Fauci

1979). It involves mainly lysis of lymphoid cells in sensitive

species. This although a factor in resistant species, it takes

a different form as it is selective. Thus, hydrocortisone in vitro
has been shown to lyse T lymphocytes activated in a mixed
leucocyte reaction but not resting peripheral leucocytes or

mitogen activated T -cells (Cupps and Fauci 1982).

Fauci (1979) has suggested also that, although a marked

lymphocytopenia occurs on glucocorticoid administration in

pharruacoloqical doses, this is as a result of redistribution of
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of clrcutattnq lymphocytes into other compartments of the body

lymphocyte pool. This may be as a result of changes in the

membrane configuration induced by binding glucocorticoids.

The lymphocytopenia is characterised by a more marked

reduction of the T lymphocytes as compared to B lymphocytes.

Cupps and Fauci (1982) have also suggested that
. I

glucocorticoids inhibit most T cell functions by interfering with

inlerleukin-l stimulation of interleukin-2 production by the

T cells. This factor which induces proliferation of T cells after

Ill"oduction is reduced.

/\. differ-ence however, does occur between chronic

~Iucocorticoid treatment and acute treatment (Balow et al 1975).

Ar.u tc t reatrnent only causes lymphocytopenia without any

mar ked changes in ~ vitro parameters like MI F

and lymphocyte proliferation assays. In contrast,

chronlc treatment in addition to causing lymphocytopenia,

ma r keclly diminishes antigen stimulated MIF and proliferation

responses without significant reduction in mitogen stimulated

prollfer-ation .

The glucocorticoids also cause a monocytopenia which is

s imila r in kinetics to lymphocytopenia (Cupps and Fauci 1982).

This could be due to decreased release of monocytes from bone

marrow. The effect on macrophages - monocytes may have a

profound effect on the whole immune system due to the central

role of these cells in T and B cell responses.
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The monocytes, on exposure to various concentrations

of ~jlucocorticoids affect immunoglobulin production by B-cells

by providing small quantities of interleukin-l which is

r cqui r ed by Tcells for production of the cytokine T-cell

1{f'plr)cin~J Factor dependent on Steroids (TRF-S) which acts

PI} U--cells to increase antibody production (Orson and

1\ rzcrme 1988). The net effect of chronic corticosteroid

;ldndnistration is therefore to suppress eMI reactions.

I_ «. J Pl'evious Studies Involving Immunolllodulation of EAO

in the Guinea Pig

l lojo arid Hir amine (1982) did show that when guinea pigs

wcre pretreated with testicular antigen in incomplete Freunds

acljuvant 2 weeks prior to orchitogenic challenge they developed

Iransien t resistance to EAO. This did confirm previous

results (Brown et al 1963, Brown et al 1967). In addition,

Lhey established that this protection was accompanied by

supp res s sion of delayed skin response to testicular antigen and

abrogation of proliferative response as well as blastogenic

Iact or production by either purified T -lymphocytes or

uuscpar-a ted LNCs. These responses, wh ich nmeasurc CMI are

l'esLored at appoxinlately the same time that the apparent
ioloY'ilrlcebreaks.

f~o cor refatlon between antisperm antibody titres and

development of orchitis in the protected animals was observed,

The authors were therefore able to conclude that failure of

oxpr-es sion of T-cell function confers protection against EAO
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induCtion. This occurs in the presence of competent B-cells as

shown by antibody titres.

Similar results have been obtained using cyclosporin A

a fungal antimetabolite which blocks T-cell mediated responses

by inhibiting the early stages of T-cell activation (Hojo and

Hiramine 1985). Specifically , T-cell growth factor (also

designated interleukin-2 ) production by activated T-cells is

blocked at the gene expression level (Kronke et al 1984).

Cyclosporin A has been shown to abrogate the induction

of EAO in the guinea pig when administered starting on the day

of immuni zation. The unresponsive state is however transitory

and is antigen specific (Hojo and Hiramine, 1985).

1.7 AIMS AND OBJECTIVES

Given that EAO is an autoimmune condition modulated by

pretreatment with testicular antigen in incomplete Freunds

adjuvant (Brown et ~ 1963; Brown et ~ 1967, Hojo and Hiramine

1982) and also by treatment with cyclosporin A (Hojo and

Hiramine 1985) and that glucocorticoids have been used over

the. years as therapeutic agents in conditions that are immune

mediated investigations of the effect of glucocorticoids in

pathoqenesis of EAO are indicated.

Thus, this study was undertaken to assess the effects

of glucocorticoids on the pathogenesis of EAO.
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More specifically:-

1. To investigate the characteristics of the histopathologic

lesion of EAO when cortisol has been administered.

Structure of Cortisol

~
i1-i"","OH

c-O
•• ·OH

o
2. To investigate the pathogenesis of EAO when

prednisolone a synthetic glucocorticoid and whose antiinflamma-

tory effects compare with those of cortisol, is used.

Structure of Prednisolone
R,

H-C-QH
t
C·=O

• '-'OH

o
3. To compare the results with those reported in

literature on immunomodulation of EAO.



CHAPTER 2

MATERIALS AND METHODS
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2. 1 MATERIALS

2. 1 • 1 Animals

Outbred male guinea pigs were obtained from the

Department of Biochemistry, University of Nairobi animal

house and also from National Public Health Laboratories of the

Ministry of Health, Nairobi. Only sexually mature animals

weighing between 550 and 700 g were used.

2.1.2 Glucocorticoids

2.1.2.1. Cortisol

Hydrocortison II Ritcher" microcrystalline injectable was

purchased from "E, T. Monks" Nairobi and was suspended at a

concentration of 25 mg Iml.

2.1.2.2 . Prednisone

Prednisone "Nutritional Biochemical Corporation, Cleveland

Ohio" was obtained from "Sigma Chemists", Nairobi and made to

a concentration of 2.5 mg 1m!.

2.1.3 Adjuvant

Complete Freuds Adjuvant (CFA) (DIFCO, Detroit, Mich.)

containing 1 mg killed Mycobacterium Tuberculosis per ml was

purchased from Kobian Chemicals" Nairobi.

2.1.4 light Microscopy Materials

Bouins fixative was prepared as follows (Grimstone and

Skaer 1972).
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Picric acid (saturated aqueous solution)

Formalin

Acetic acid (glacial)

75 ml.

25 ml .

5 mi.

Haematoxylin stain was prepared as follows (Grimstone and

Skaer 1972). To ferric ammonium sulphate (3% in water)

1 volume of haematoxylin (5% in 96% ethanol) was added and

the solution allowed to ripen for 2 weeks. Nine volumes of

water were then added to the stock solution.

2. 1 .5 Electron Microscopy Materials

The fixative was prepared as follows:

Glutaraldehyde (25 %) 12 ml

0.1 M phosphate buffer, pH 7.4 88 ml.

Epon Resin Mixture

Epon resin mixture was prepared as follows:

Solution A :

Epon 812 - 60 mls

Oodecenyl succinic acid (OOSA) - 100 mls.

Solution B :

Epon 812 - 100 mIs

Methyl nadic anhydride (MNA) - 89 mls.

40 mls of solution A was mixed with 60 mls of solution Band

mixed thoroughly. 1.8 mls of the catalyst was then added

for every 100 mls of the mixture.
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7..1. G Buffers

Phosphate buffered saline contained 57 rnM Na2HP04,

3.36 11IMNaH2P04 and 43.7 mM NaCI, pH 7.4

Physiological saline was NaCI (O~85%) in distilled water.

7.J. METHODS

7..7..1 Antigen Preparation

Guinea pig testis antigenic preparation was prepared

accor dinq to the fractionation procedure described by Hagopian

e t al (1975). The testes were obtained fr?m sexually mature

male guinea pigs and treated as follows. (All the steps were

carried out at 4°C).

i) Fatpads and most of the extraneous muscle were

removed. The epididymides were left intact.

ii) The materials were chopped up extensively and the

r e su l linq mass homogenized in prechilled chloroform:

me thanol mixture (2: 1) for 5 minutes.

iii ] The homogenate was allowed to stand in a separating

Iunuel to obtain 2 layers. The organic layer was discarded

;:md the upper aqueous layer used in the following steps.

iv) The aqueous layer was filtered through 2 sheets of

Whatlllan ~~o. 41 filter papers under suction and the residue

washed with liberal amounts of prechilled acetone to remove

traces of lipid and water. The filtrate was discarded and the
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residue allowed to dry in air.

v) The dry powder was suspended in 30 volumes of water

(w Iv) acidified to pH 3 by dropwise addition of 12N H'C},

It was stirred overnight with occassional readjustment of pH

whenever necessary.

vi) The mixture was then centrifuged at 10,000 9 for 30

minutes. The precipitate was discarded and the supernatant

neutralized to pH 6.0 by dropwise addition of concentrated

ammonia solution (NH40H).

vii) The neutralized extract was Iyophillized and stored

at -20°C until required.

For induction of EAO, the protein concentration was

adjusted to 10 mg protein/ml of physiological saline.

2.2.2 Protein Estimation

Protein estimation was carried out by the method of Lowry

et ~ (1951). The partially purified antigenic preparation was

serially diluted after making a stock solution from the

Iyophillized powder with physiological saline (D. 85% NaCI in

distilled water).

A standard protein curve was constructed using bovine

serum albumin (BSA) fraction v obtained from Sigma Chemicals

Company. The optical density of the colour developed was

read at 750 nm using a Pye Unicam SP 1800 spectrophotometer.
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J. • J. • 3 Induction of EAO

EAO was induced by injecting 2 mg of partially purified

pr o te!n emulsified in 1: 1 ratio in CFA. The emulsion in a

total volume of O.ll mls was injected into the rear footpads and

two other areas around the scapular region under asceptic

condi tions. Approximately 0.1 mls of the emulsion was injected

via the subcutaneous route at every injection site.

2.2.4 Glucocorticoid Administration

A dose of Smg / 1OOg body weight of cortisol was administered

clai Iy for a set of experiments and one of o. Smg / 1OOg body weight

of prednisone was administered for the second set, daily (Fauci

J ~ 79) . The injections for both glucocorticoids were given 2

hours pr lor to orchitogenic challenge intraperitoneally for the

initial doses. This was followed by daily subcutaneous

injections for 14 days.

7..2.5 Experimental Design

For evaluation of the glucocorticoids effect on induction of

I-:AO, the animals were in each set of experiments Were put into

'I qr oups .

Group A animals were given orchitogenic challenge and

treated with the particular glucocorticoid starting on the day of

chu/lenge.

Group B animals were immunized with testicular antigen in

CFA and injected with physiological saline in place of the
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ylucol:orticoid.

Gt-OUP C animals were "immunized" with physiological

saline emulsified in CFA and received glucocorticoid treatment

to COil t rol for stress and the metabolic changes that maybe

caused by glucocorticoid administration. Group 0 animals recei ved
no t rca tmerrt atall .

The animals were bled and killed after 14 days and the

tc~tes. relllovedfor histological eXdmination. The bloo~
was tested for precipitating antibodies and sOllleof the
Lestes were prepared for electron microscopy.

2.2. G Light Microscopy

After removal, the testes and the other tissues were cut

up with a sharp knife into thin slices and fixed in -bouins

solution for a period of 48 hours.

They were then transfered to 50% ethanol for 2 hours, 60%

elhanol for 2 hours and then held at 70% ethanol until processed

The dehydration process involved 1 change lasting 2 hours

111 [306 ethanol, 1 change of 2 hours in 90% ethanol, 1 hour in

95~} ethanol, then 3 changes of 1 hour each in absolute ethanol.

Clearance was achieved by 2 changes of 1 hour each in

xylene and a final one of 2 hours in xylene.

Impregnation was done by transfering the tissues to molten

par a ffi n wax for 3 changes of 2 hou rs each.
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The tissues were then embedded in paraffin wax and

sectioned.

Sections of 5~ to 6~ were mounted on glass slides layered

with a thin layer of albumin, dewaxed with xylene and

rehydrated with decreasing concentrations of ethanol. They

were then put in water before staining with hematoxylin and

eosin (H & E) and examined by "Leitz Laborlux 12" microscope.

2.2.7 Electron Microscopy

Small blocks of the testis were fixed in 2.3% phosphate

buffered glutaraldehyde for a period of 6 - 12 hours at 4°C.

The tissues were then washed with phosphate buffer three times

with each change lasting 5 minutes. The tissues were then

postfixed in 10% Osmium tetroxide (Os04) in distilled water for

a period of 6 - 12 hours at 4°C. The tissues were then washed

with physiological saline for three changes each lasting 5 mins.

Dehydration was done by transfering the tissues to 70%

ethanol for 3 changes, each of 5. minutes then 2 changes lasting

10 minutes in 90% ethanol and finally 2 changes of 20 minutes

each in absolute alcohol.

The tissues were then cleared in propylene oxide for

2 changes each lasting 30 minutes.

They were then infiltrated with propylene oxide: Epon

resin mixture (3: 1) for hour. This was followed by

infiltration with propylene oxide Epon resin (1: 3) mixture



33

for another 1 hour. Finally, the tissues were infiltrated with

epon resi n mixtu re alone for 1thou rs at 37°C.

Embedding was done in epon resin mixture with catalyst

(DMP30) in plastic capsules and at room temperature and then

left in the oven at 60°C-70°C for a period of 18 - 24 hours.

Sections of 80 - 150 nm thickness were cut using glass

knives and then picked on 300 mesh copper grids which were

previously cleaned in formic acid, distilled water and acetone.

The tissues were stained in uranyl acetate for 10 minutes

in the dark and rinsed with 4 changes of distilled water.

They were then blotted on filter papers before staining with

lead citrate for 5 - 7 minutes followed by four rinses in

distilled water and blotting on filter paper.

The tissues were scanned using a model EM9 S2 (CARL

ZEISS) electron microscope.

2.2.8 Rating of Orchitis, Epididymitis and Aspermatogenesis

The rating of these three features of orchitis was done

on arbitrary scale as defined by Hojo and Hiramine (1982).

Where there was no evidence of cellular infiltrate, orchitis or

epididymitis was rated as zero. 1+-' represented one or just a

few foci of cellular infiltrate. 2+ represented several foci of

cellular infiltrate or moderate, diffuse infiltration or both. 3+

was general involvement of the testis or epididymis with severe

infiltration.
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Aspermatogenesis was rated from 0 to 3+ with 0 representing

no evidence of impaired spermatogenesis. 1+ represented slight

aspermatogenesis with very few spermatozoa and spermatids.

Aspermia and diminution of spermatogenic cells was rated as

2+. Complete aspermatogenesis was rated as 3+.



CHAPTER 3

RESULTS
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3.1 EFFECT OF CORTISOL ON THE DEVELOPMENT OF EAO

The intensity and incidence of EAO was investigated by

li9ht and electron microscopy after chronic cortisol treatment.

These experiments were carried out to find out whether, corti-

sol which is known to inferfere with T-cell activity leading to

CMI and is a general antiinflammatory agent (Fauci 1979) could

confer protection to animals given orchitogenic challenge.

3.1.'1 Light Microscopy

Sections from several parts of the testis were made and

examined at low (x250) and high power (x400). 'The overall

picture was what was used in the arbitrary scale described

earlier.

The results are summarized in Table 1. They illustrate

that of the 28 group A animals (animals immunized with T A-CFA

and given chronic cortisol treatment). 23 of them representing

82% developed no orchitis whereas 3 (11%) had only a few

foci of cellular infiltrate. Two (7%) developed severe orchitis and

had giant cells in the seminiferous tubules lumen. Two animals

with no evidence of orchitis had slight epididymitis.

The same table shows the results of aspermatogenesis in

the animals. The distribution was 22 (79%) with no evidence

of aspennatogenesis, 3 (11%) with slight aspermatogenesis,

(4/~ ) with moderate and 2 (7%) with severe aspermato-

genesis. The two animals with severe orchitis also had severe

aspermatoqenesi s with no evidence of spermatogenic cells in the

5Ts. The testis of these animals had severe interstitial

U!iIVEllSITY OP NAIllt>!l
LlBllA&Y
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inflauuuation (Plate 2).

Of the 28 animals in group B (animals immunized with

T/\-CrA and treated with physiological saline), 20 (71%) had

sever-e orchitis presenting as heavy interstitial and ST infiltration

by inflammatory cells. The rete testis in all the cases was the

most affected. Five animals (18%) exhibited moderate,

(4%) slight and 2 (7%) no orchitis. Twenty of the

animals developed severe aspermatogenesis, 4 (14%) had

moderate and 2 (7%) slight aspermatogenesis. Two of the

animals had normal spermatogenesis. In the same group, 6

. (22%) had severe epididymitis, 16 (59%). had moderate

epididymitis and 5 (18%) had normal epididymides.

In group C animals (24 animals "immunized" with

physiological saline and given chronic cortisol treatment) none

of them developed orchitis, epididymitis or aspermatogenesis.

Tile same was observed with the 10 group D animals (animals

tha l were not injected at a II) .
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TABLE 1 SUPPRESSION OF EAO BY CORTISOL

•....•
M

GROUP IMMUNIZATION ADMINISTRATION ORCHITIS ASPERMATOGENESIS . EPIDIDYMITIS
OF CORTISOL 0 1+ 2+ 3+ Total 0 1+ 2+ 3+ Total 0 1+ 2+ 3+ Total

A TA-CFA YES 23 3 0 2 28 22 3 1 2 28 24 2 2 0 28

B TA-CFA NO 2 1 5 20 28 2 2 4 20 28 5 0 16 6 27

C PHYSIOLOGICAL YES 2.4 0 0 0 24 24 0 0 0 24 24 0 0 0 24
SALINE

,

D NONE .NO 10 0 0 0 10 10 0 0 0 10 10 0 0 0 10



FIGURE

Bar graphs showing the incidence of epididymitis,

orchitis and aspermatogenesis in animals immunized with

TA-CFA and treated with cortisol (Group A) alongside

the control group B. The vertical axis is in number of

animals. The horizontal axis shows the rates of the

three parameters as described in the arbitrary scale

earlier.
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3. 1 .2 Electron Microscopy

Light microscopy (above) revealed definite pathology in the

animals given orchitogenic challenge and not treated with

corI isol . At the same time, animals given orchitogenic challenge

<111(1 SJiven chronic cortisol treatment were mostly devoid of

pill hology. This therefore necessitated the use of EM in order

t.o ob lain a more detailed picture on the ultrastructural state

of t1w testis from the two groups.

/vnhnal s from gl"OUP A which demonstrated protection fr om

E/\n had IIOI"mal germ cells seen on electron micrographs

1)0.1wecn adjacent S~rtoli cells (Plate 7).

011 the other hand, testis with orchitis had several

mac.rophaqes and lymphocytes. Although the Sertoli cells did

not appeal~ affected, the tight junctions were less well defined

(Plut o 8).

3. J. PREDN ISONE EXPERIMENTS

Prednisone is a synthetic glucocorticoid which ~ vivo

in ter conver ts with prednilone according to the following

equation:-

~
H-C-OH

IC...:O

o
Prednisone Prednisolone
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It was used to confirm the results obtained with cortisol

~Jivell that synthetic steroids have been found to be several

times more effective in humans (Wolff 1979).

3.1. 'I Histological Examination

Table II summari zes the histological findings in the qrcups

or animals 011 this set of experiments. The protected (group A)

animal s demonstrated lower incidence and lesser severity of

(II clli lis, epididymitis and aspermatogenesis.

Thus 5 animals out of the thirteen in this group had no

or chl lis on the arbitrary scale described previously. This

represents 39% of the total. Four of them i.e. 31%

total held 1+ orchitis, 2 (15%) had 2+ and only 2 lEi%) had

severe orchitis.

More or less, the same trend was observed with

aspermatogenesis in the same group. Four animals had no

asperrnatogenesis i. e. 31% and six (46%) had s 1ight, 1

a nima ls (8% had rnoderate and 2 (15%) had severe asperma-

logcnesis.

Majority of animals in this group had no signs of

epididymitis. Seven of them (~4%) had 0 ep idi dymt t is , 2 (15%)

l1<1d slight, :3 (23%) moder a te and only 1(8%) had severe

('I .ididvmit is .

This trend bears sharp contrast to ~roup B animals. Of

tile seven animals in this group challenged with TA-CFA, 4
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of thelll (57%) had severe orchitis, 1 (14%) had moderate
ilnd only 2(29%) had no evidence of orchiti s.

Tile trend of aspermatogenesis was similar with 4

an ima ls (54%) seve res 1 (14%) with moderate, 1 with slight
and only 2 (29%) had no evidence of aspermatogenesis.

Although the trend of epididymitis in this group was not
as Jramatic, it is quite clear that a higher percentage of
an imal s in this group had more severe epididymitis than for
~jl'OlIP /\. Three animals representing 43%- had moderate
(' pi d idYIII it is, 1 (14%) severe and 1 slight epididymitis.
Two (297{,) animals had no evidence of epididymitis.

An ima ls in group C and 0 had no signs of EAG according
Lo l.hc three pa rame ters descri bed earl ier.



TABLE II

SUPPRESSION OF EAO BY PREDNISONE

The table summarizes the results for animals

immunized with testicular antigenic preparation in

complete Freunds adjuvant (TA-CFA) and given

prednisone treatment (Group A). Those given

orchitogenic challenge (TA-CFA) followed by physio-

logical saline treatment (Group B). Those "immunized"

with physiological saline and treated with prednisone

(Group C) and a fourth group that did not receive any

of the above treatment (Group D).
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TABLE II SUPPRESSION OF EAO BY PREDNISONE

N::to

ADMINISTRATION ORCHITIS ASPERMATOGENESIS EPIDIDYMITIS
I

GROUP IMMUNIZATION OF I

PREDNISONE 0 1+ 2+ 3+ Total 0 1+ 2+ 3+ Total 0 1+ 2+ 3+ Total

A TA-CFA YES 5 4 2 2 13 4 6 1 2 13 7 2 3 1 13

B TA-CFA NO 2 0 1 4 7 2 1 1 4 7 2 1 3 1 7

C PHYSIOLOGICAL YES 5 0 0 0 5 5 0 0 0 5 5 0 0 0 5
SALINE

D NONE NO 5 0 0 0 5 5 0 0 0 5 5 0 0 0 5



FIGURE 2

Bar graphs showing the incidence of orchitis,

aspermatogenesis and epididymitis in animals immunized

with T A-CFA and given chronic prednisone treatment

(Group A) alongside the control group B. The vertical

axis is in percentage per group. The horizontal axis

shows the rates of the three parameters as described

in the arbitrary scale earlier.
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TABLE 3

The table gives the percentages of the EAO

intensity in each group of animals for both cortisol

and prednisone experiments.



TABLE 3

CORTISOL PREDNISONE

.:j"

.:j"

A B C D A B C D

0 82.14 7.14 100 100 38.46 28.57 100 100
1+ 10.71 3.57 0 0 30.77 0 0 0

ORCHITIS 2+ 0 17.85 0 0 15.38 14.29 0 0
3+ 7.14 71.43 0 0 15.38 57.14 0 0
0 85.7 17.85 100 100 53.85 28.57 100 100
1+ 7.14 0 0 0 15.38 14.29 0 0

EPIDIDYMITIS 2+ 7.14 59.25 0 0 23.08 42.86 0 0
3+ 0 22.22 0 0 7.69 14.29 0 0

0 78.57 7.14 100 100 30.77 28.57 100 100
1+ 10.71 7.14 0 0 46,15 14.29 0 0

ASPERMATOGENESIS 2+ 3.57 14.29 0 0 7.69 14.29 0 0
3+ 7.14 71.43 0 0 15.38 57.14 0 0

- .. -.



PLATE: 2

Cr'os s+section of testis of a guinea pig immunized

with TA-CFA and given daily injections of physiological

saline. Semlnlferous tubules showing cellular infiltration

and is devoid of spermatozoa. Interstitial spaces show

heavy cellular infiltration. x 250

!\ITOWS show interstitial space with heavy infiltration

Ar-row heads show lumen of STs with no spermatozoa
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PLATE 3

Cross-section of the rete testis of a guinea that

though it was protected with cortisol, it developed

orchitis after orchitogenic challenge. No prominent

foci are visible. x 250.

Giant cells are visible in the lumen. G

Arrow heads show lumen devoid of spermatozoa.
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Plare3



PLATE 4

Cross-section of the epididymis of a normal guinea

pig immunized with T A-CFA and given chronic gluco-

corticoid treatment. The lumen has mature spermatozoa

and no evidence of infiltration in the interstitial spaces.

x 250.

Arrow heads show lumen with mature spermatozoa.

Arrows show interstitial space devoid of inflammatory

cells.

PLATE 5

Close up of plate 4.

The interstitial space has no inflammatory cells

shown by arrows.
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Piate~

Plate 5



PLATE 6

Cross-section of a normal GP testis. The STs

have all the stages of spermatogenesis. The lumen

has mature spermatozoa and the integrity of the

interstitium is evident. xL.OO

Arrows - Interstitial space

Arrow heads - Spermatozoa
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Plate 6



---

PLATE 7

Electron micrographs of ST of testis from an animal

treated with cortisol after orchitogenic challenge. x 8000.

S- Sertoli cell

P- Spermatogonia
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Plate 7



PL/\TE 8

a) Electron micrograph of ST of testis with orchitis

showing macrophage (M). x8000

(Arrow shows disrupted tight junctions).

b) A different area of the same section showing a lymphocyte

(in the STs. x8000.
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Plate 8(0)
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CHAPTER 4

DISCUSSION AND CONCLUSIONS
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The study revealed that glucocorticoids do suppress EAO.

Tile resu lts (Fig 3) revealed that cortisol was more effective

than pr-ednisone . This is at variance with the fact that

synthetic steroids are usually more effective than natural ones

(Wolrf 1979). However, this is in humans and species varia-

lJility both in the rate of metabolism, products of metabolism and

effectiveness may appear (Fotherby and James 1972). It is

therefore, worthwhile to speculate that prednisone does not

persist as long as cortisol to effect its immunosuppression

adequately and to predict major differences between the humans

and guinea pig in the clearance of synthetic and natural

corticosteroids. The dose used was however obtained from

human dosages as reported by Fauci (1979).

Glucocorticoids have been reported to have profound

effect s on T-cell dependent immune responses. Chronic

adrnini s tration which leads to lymphocytopenia causes a reduced

MIF and antigen-induced proliferative responses to the antigen

<.111<.1 not to mitogens led to a remarkable suppression of EAO

induction. The combined effect led to total suppression in

some cases and when induction was not suppressed, lympho-

cytopenia ensur-ed few immune cells at the site of inflammation.

This of course would also be as a result of genetic variability

in the same species. This may be due to metabolizing rates of

the drug as it has been reported in the rabbits that as much

as 20-fold variation in liver drug metabolizing microsomal systems

do exist between strains (Fotherby and James, 1972).
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These find+nq s auuur' well with those of Hojo and Hiramine

(1982) in which protection against EAO induction was achieved

by pre treatment wi th antigen in incomplete Freunds Adjuvant

cr/\-I F/\). The authors reported 94% of animals challenged

Ir ec of orchitis, aspermatogenesis and epididymitis two weeks

pus t-pr otectlon . This tolerance gradually broke to 0% at six

woek s . Their results were similar to those of Brown et al (1967)

but these authors did not report a kinetic study rather they only

did the two week s post protection case. Chronic cortisol treat-

ment achieved 82% of total animals given orchitogenic challenge

free of orchitis, 86% free of epididymitis and 79% free of

aspennatogenesis. Cyclosporin A has also been shown to abrogate

tile induction of EAO (Hojo and Hiramine 1985). The pattern of

p ro tection which was achieved by treatment with this immuno-

modulat or y aqerit starting on the day of immunization to the day

of killing [day 14) was similar to that of cortisol and TA-IFA.

The r esul ts suggest that the mode of immunomodulation is

simil ar fOI" the TA-IFA pretreatment, cyclosporin A and gluco-

cor ticoids , Pr e t reatrne nt with TA-IFA has been shown to make T-cells

01- u n s ep a r a t ecl lymph node cells (LNCs) incapable of reacting

to t e s ticulnr antigen (TA) after two weeks (Hojo and Hiramine

19H2) . This capability is gradually restored with time. The

p r ct r ea lment therefore suppresses cell-mediated immune responses.

Cy clo spor in A is fungal metabolite which inhibits transcription

of interleukin-2 mRNA therefore acting on T-cells and spares

irnmunocompe tan t B-cells and macr ophaqes (Kronke et al 1984).
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l t in effect affects CMI responses alone. Glucocorticoids are

Lll50 k nown to effect immunomodulation by interfering with the

pruduction of T-cell Growth Factor (TCGF) also known as inter-

leukin-2 (Cupps and Fauci 1982).

It jr therefore possible that immunomodulation of EAO by

Olucocorticoids is effected by affecting the T -helper !inducer

runction of the T-cells. This would gain credibility since it ha:

been repor-ted that during passive transfer of EAO, the subset

l cells required bear the CD4 surface marker (Mahi-Brown et a

1~)~Hl)_ This cor-responds to the human T4 and murine L3T4 whi

;:1J'C [or T -helper or delayed-hypersensitivity functions (Roitt 19

The conclusion that immunomodulatory effects of gluco-

c.o r Licoi d s on EAO ar e mainly at the T-cell level are supported

l!)I~ sludies of Be r nar-d et al (1978). The authors did show the

h ypo th ymic male BALB/c nu/nu mice were resistant to inductior

of EJ\O. Reconstitution with thymocytes from litter mate nu /+

mice completely restores this capabi lity. This indicates that T-

colts ar e obligatory in the induction phase of EAO.

J\lthough there does not appear to be an apparent rule

oovenling the rnani fes ta tion of orchitis, aspermatogenesis and

epididymitis, they usually occur concurrently. Thus, the thre

appear to be suppressed by glucocorticoid treatment. There is

however, an obvious relationship between the intensity or orch

and extent of aspermatogenesis which is not so fOI' epididymitis

Tile reason fOI" this is easy to speculate since the inflammatory

cells clear the antigen which in this case happens to be sperm;
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togenic cells. Orchitis as defined in this thesis suggests the

number of the immunocompetent cells in the testis. The

epididymis naturally has a way of breaking down unejaculated

sp ermatoz oa arid hence may take a longer time before they are

ac tuall y attacked by the immune response.

The appearance of desquamated spermatozoa in the epididymal

lumen suggests that the inflarnrnator y cells in the epididymis may

Pd,"L1y nppear from the STs by the normal sperm transport

p roces ses , This can vary from animal to animal depending on

tile extent of damage of the structures responsible. This is

Fur ther supported by the fact that inflammatory cells appeared

mils lI)' in the caput rather than caudal epididymis at the time of

Idllil1g the animals (i.e. on the 14th to 15th day l , It may be

VJ(ll"thwhile to investigate further whether as the disease progress,

UICI'e is a relationship in the time that orchitis appears in the

re te testis, the caput and the caudal epididymis.

Tile study established that both natural and synthetic
glucocorticoids do suppress the induction ~nd ~rogression of EAD. Th"
underlines the importance of interleukin-2 activation of T
lymphocytes in the yet to be established mechanism of the
disease. Immunomodulation of EAD by cyclosporin A an ag~nt
that also acts at interleukin-2 level confirms this.

Results of the progression of the disease after successful
induction by, manipulations of T-effector cells or in vitro
studies are imperative in the elucidation of the mechanism of
C~1I mediated autoimmunity and EAD specifically.
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