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1:. musculi, a natural parasite of the mouse, produces a self-

1. 

limiting infection, lasting about 25 days, which i8 characterized by a 

series of dis t inc t phases: (1) growth phase (rapidly inereasing 

parasitaemia), (2) plateau phase (stabilization of parasitaelllia), and (3) 

elimination phase (clearance of parasites from the blood). The development 

1 
of protectlve immunity in the host during the course of infection is 

thought to invol ve the interaction of bath hUllloral and cellu~ar factors. 

The objective of these studies vas to investigate the putative 

cellular mechanism(s) of defense in !:. musculi infection. Our first 

approach vas to test the effect of radiation, given during the three phases 

of infection, on the course of infection in genetically resistant 

(C57Bl/6J) and genetically susceptible (A/J) lIIouse strains- The resul ts 

indicated a role for a radiosensiti ve cell in both the early and late 

phases of infection. Our second approach was to test the possibility that "-

the macrophage wb. the céll invol veda To test this hypothesis, mice vere 

treatad before and/or during ~ muscul! infection with agents known to 

al ter macrophage function and the effecta on host resistance vere 

monitored. These agents included those which seI.ectively (1) depress 

macrophage function (e.8. silica particlea) (2) eahance macrophage function 
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(e.g. BCG pre-treatment). The correlat! ve kinetics of macrophage act! vation 

during the course of infection were also monitored. / 

The resul ts of these studies indicated that macrophage function was 

modulated during infection and some evldence was obtained for macrophage 

.' 
invol vement during the early, but not the late phase. of infection. The 

1 

putative;effector cell involved during the phase of parasite elimination 

has been investigated using irradiation and repopulation studies, and shown 

to be derived from bone marrow or spleen. ) 
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~ musculi. parasite naturel de la souris provoque une infection 

spontanément réso~utive d'une durée de vingt-cinq (25) jours. Cette 

infection est caracteris6e par une serie de phases distinctes: (1) phase 

de croissance (parasitémie), (3) phase d'élimination (disparition des 
, 

parasites dans la circulation). 

Durant l'infection. le développement de l'immunité qui protage 

l'h8te est probablement da à l'interaction de facteurs cellulaires et 

• humoraux. Les expériences décrites visaient à ~tudier le{s) mécanisme(s) 

de défense cellulaire(s) hypothétique(s) dans l'infection à!:.. muscul1. Au 

cours de notre premiare d~marche'nous avons examiné l'effet de la radiation 

au cours de l'infection. La radiation a été,administrée pendant les J 

phases de l'infection à la souris C57 Bl/6J. une lignée qui pdsente une 

résistance hédditaire à 1::. musculi ainsi qu'à la ,Souris A/J. une li'gnée 

qui présente, une prédisposition héréditaire à cette infection. Les 

réQultats traduisent une participation de cellules radiosensibles au début 

et à la fin de l'infection. Notre démarche avait pour but de constater si 

le macrophage était cette cellule radiosensible. Pour vérifier cette 

hypothèse, les souris ont ft~ trait€es avant et(ou) pendant la 

trypanosomiase avec des agents connus qui modifient la fonction du 

.. 
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macrophage. Les efféts de ce traitement sur la r~sistance de l'hôte 
\ 

pendant l 'inf~ction ont êt~ suivis. Ces agents peuvent soit (1) diminuer 

la fonction du macrophage ( par ex.: particules de silice), soit (2) 

augmenter la fonction du Ulacrophage (par ex.: traitement pr~alable au 

BCG). En outre, la cinétique correspondant à l'activation du macrophage a 

été observee pendant l'infection. 

Les r~ sul ta ts de ces ~ tudes d~montrent que l' acti vité du 
< 

mac.rophage est moduUe au cours de l'infection li !:. musculi. De plus, il y 

a des preuves que le macrophage n'interviendrait qu'au début de l'infection W 

et no~ dans la phase tardive. Les études de radiation et de reconstitution 

de po,pul~tions·cellulaires ont permis d'examiner et de caract~riser la 

cellule qui interviendrait dans la phase de l'élimination du parasite. Les 

résultats de cette étude ont révélé que la cellule intervenant à la phase 

d'élimination provient de la rate ou de la moelle osseuse. 

----
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1. 
GENERAL INTRODUCTION 

f Trypanosomiasis, a disease affeeting both man and animaIs i8 

produced by a protozoan parasite of the genus Trypanosoma. This infection, 

eUc1t:ed by several species of trypanosomes, is -of-medical and veterinary 

importance. ln countries suc.h as Africa, certain species of the parasite 

may ki Il li vestock, creating devastatlng economic implications in that 

region (Clarkson, 1980). Trypanosoma infections prevalent in humans, such 

as sleeping si·cknesa and Chagaa' disease, present a major public health 

problem in the endemic areas (Acha and Szyfres, 1980). 

The differences existing' among the speeies of Trypanosoma 

eneomp3ss various facets. Firstly, the host specificity of the parasite 

has been recognized to be a critical factor in determining the abUity to 

induce an infection. This requirement of host specifiei ty 18 best 

exempl1fied by the Inability of T. musculi to produce an infection in rats ,-
and the fact that ~ levisi cannot proliferate in mice (Albright and 

Albright, 1981). The second IDajor difference reflects the mode of survival 

of the parasite within the hosto 1:. cruzi, responsible for Chagas' 

disease, 18 found to exist within the macrophage, thus adapting itaelf for 

intracellular survival, whereas 1:. brucei, responsible for African 

trypanosomiasis (Mansfield, 1978), is confined to the bloodstream, and 18 

thus adapted for an extracellular environment. Thirdly the phenomenon of 

antigenic variation, as is seen with 1:. brucei, contributes to the 

proliferation of the parasite (Mansfield, 1978). Thé parasite 1& capable 

of modifying ita surface antigens, thereby evading the host's defense 

mechanisms. Lastly, species of Trypanosoma differ amongst each other', in 

that not all possess ability to induce a fatal infection (Davies et al, 

( 1980). 



2. 

In the investigations undertaken in the present study, the species of 

Trypanosoma chosen was Trypanosoma musculi. This parasite, which is' 

murine-specifie and non-pathogenic, is particularly use fuI in the study of 

immunity. !:. muscull 1s confined to the bloodstream and does not undergo 

antigen'ic variation (Viens, 1980). The infection that it causes can be 

monitored daiIy without s8crificing the host and the results at~ained from 
, 

the host-parasite system May be extrapolated to natural conditions (Play-

fair, 1980). The studies performed have attempted to elucidate the 

cellular meehanisms of resistance in mice against!:. musculi infection. 

r 1 The mice chosen for these studles were the A/J and C57BI/6J (B6) stra1ns. 
1 : 

The A/J strain 18 classed aS susceptible to 1.:. musculi infection since, 

fol10wing inoculation the level of parasitaemia is 10-100 fold higher than 

that seen in the B6 strain which ie clas§ied ,as resistant (Vargas, 1981). 

Several modela were examined to study the murine cellular mechanislI of 

defense. The effects of ionizing radiation during the course ~f ~ muscul! 

infection was examined by employing known agents which lIodity macrophage 

funetion, suc.h as silica or Bacillus Calmette-Guerin (BCG), as well as by 

examlning the kinetics of macrophage activation. Finally radiation and 

selective reconstitution studies were used to ebaracterize the effector 

cell involved in the host's res1stance to murine trypanosom1asis • 

• 
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3. 

GENERAL REVIEW 

1. HISTORY 

The existence of the, trypanosome of the house mouse (l!.!!!. 

musculus) was Uret reported by Dutton and Todd (1903). They appear to 

have isolated .from the fresh blood of mice a flagellated protozoa 

resembling Herpetomonas. Thiroux (1905) described the mouse trypanosome 

and 8Ssigned the name Tr~panosoœa duttoni. 

The murine trypanosome which possesses morphological characteristics 

similar to the rat trypanosome 1:. lewis! can be differentiated by 

biological criteria. The murine and rodent trypanosomes may be separated 

by host restriction speciflcity and differences in the course of infection 

eUcited in the hosto 

There is contradiction regarding data on the spec1ficity of 1:. 

duttoni. Thiroux (1905) reported to have 8stablished infection.ln rats. 

whi le Roudsky (1912) stated to have establlshed infection in rats vith 

Thiroux's strain of trypanos~lle. He attributed this finding to 

~reinforcement", which permitted ~ duttoni ta proliferate in a 

heterologous hosto 

As a consequence of this confusion with respect to the original host 

of ~ duttoni, Kendall (1906) eliminated this name'and proposed the name T. 

mU8culi for a trypanosome of the house mouse from Panama. 

2. TAXONOMY AND DISTRIBUTION OF TRYPANOSO}1A MUSCULI 

T. IJlUsculi is classified as follows: 



Phylum: 
Subphy 1 UlIl: 

Superclass: 
Clas!~=.~,,--/ 
Ordcrrr" 

Suborder: 
FamiIy: 
Genus: 

Subgenus: 
Species: 

Protozoa 
SarcOlDastigophora 
Hastigophora 
Zoomastigophorea 
Kinetoplastida 
Trypanosoll8t1na 
Trypanosomatidae 
Trypanosoma 
Herpetosoma 
muscul! 

4. 

The geographical distribution of !:. muscuU. in contrast with 

T. lewisi, appears to be limited main1y to warm countries of, the 

Nediterranean basin a~d the west coast of Africa. lts occurrence in the 

Western Hemisphere has been attributed to the introduction of infected mi ce 

through human agene: y (Krampil;z, 1969). 

3. LIFE CYCLE AND MORPHOLOGY OF TRYPANOSOMA MUSCULI 

3.1 Development in the Mammal1an Host 

As Is documented by Galllard (1934) and Taliaferro and pavllnova 

(1936). ~ muscul! proliferates in the blood via an Identical mode of 

multiplication aa the rat trypanosome !:. levisi. During the reproductive 

phase of the infection, subsequent to the prepatent perlod. the metacyclic 

trYPoiDastigote is broader than the adul t trypomastigote. T. musculi, a -
atercorarlan parasite, does not replieate in the trypomastigote stage; 

rather, prior ta division it assumes the epi1llastigote forme These ,re-

di vision eplmastigote foI'IQ are obtained by the forward migration of the 

kinetoplast as weIl as by the grovth of the body in the metacyclic 

typo_astlgote. As 18 rev ieved ln Hoare (1972), !:. musculi replieates by 

unequal and binary fission. The epill8stigote fOIm di vides DUlleroUB times 

con8ec~tively without cOlllplete detaehment of the eytoplasm. As a 

, 

----~----------------------------------------------------------.---------------._-----
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consequence, the daughters remain attached to each other before separating. 

The parent can usually be differentiated from the daughter forms by iU 

larger size and longer flagellum. 

During division of the epimastigote fOrIll, the kinetop1ast and nucleus 

are first duplicated, a new short flagellum arises proximal ta the old one, 

after whieh the eytoplasm between the two erttities undergoes Incomplete 

fission. This process la repeated until eight or more separate entities are 

created. Ultimately, segmentatlo'n occurs, liberating the daughters as 

amastigote forms. these young forma m~y undergo mul tiple fissio,n. The 

young f lagellates at'ising from the di vision are subject to a series of 

morphologieal alterations and the kinetoplast migrates backwards. This 

process leads to the formation of smalt trypomastigotes which subsequently 
If 

augment in size, transforming themselves into long adult trypanosomes. 

4. UIHUNOBIOLOGY OF TRYPANOSOMA MUSCULI 

4.1 Course of T. musculi Infection 

Trypanosoma muscul!, a non-pathogenic extracel1u1ar parasite 

(Hansfield, 1977), produces a self-limiting infection lasting approximately 

20-24 days. The course of the infec tian is characterize'd by a series of 

distinct phases (Fig: 1). The firat period, or early phase, consists of a 

pre-patent period (2-4 days) whlch 18 determlned by the she of parasite 

inoculum (Targett and Viens, 1975a), and by the growth periad which is 

demarcated by a rapid 1 y increasing parasi Caemia with young and di viding 

forms present in the blood. The growth phase peaks by days 7-8, gtving 

rise to a stabilization in the levei of parasitaemia. This episode of 

stabilization is referred to as the plateau phase. Dur1n8 the plateau 

phase, the parasite forms present in the b100d become entlrely adult 



Fig: 1 

Course of T. musculi infection exhibited 
in an immunocompetent mouse. This figure 
indicates the phases seen during the course 
of infection, namely the ear1y phase, the 

'plateau phase and the elimination phase. lt 
a1so shows the first and second crises. 

--------------------------- -------------------------_._-----_._- . L 
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trypomastigotes by about the tenth day. The onset of t,~e plate.au phase, 

with the disappearanoe of the mul tipli'cati ve forma of the para si te, .ts 

known as the "first orisis" CViens et al, 1974). Similarly, a nsecond 

criaia" ocours at the end of the plateau phase, conoomitant with an abrupt 

decl1ne in the level of parasi taemia. The final or elimination phase is 

distinguished by the disappearance of the parasites from the blood in a few 

daya, with eventual rEwove~y from the infection •. Targett and Viens (1975b) 

sublnoculated into clean, irradiated C3H mioe, blood taken 7 da ys after 

mice had become aparasitaemic, and by direct examination revealed that the 

blood was in fact free of parasites. 

Numerous reports indicate that the non-pathogenicity of 1:. 

musouli infection has an immunologieal basis. Taliaferro (1938) pl'oposed a 

l'ole mediated by antibodies: one that inhibits reproduction and a second 

antibody which ia trypanocidal and killa the parasite. L:i.kewise, a 
.f 

cellular immune l'esponae involving macrophages has been propoaed by 

Jaroslow (1959), Dusanic (1975), and Reed (1979). Therefol'e,_if an 

immunocomp"etent host ia immunodepressed by various methods and agents, 
~ 

tbese non-pathogenic parasites will he successf~l in pl'oducing a fatal 

infection (D'Alesandro, 1970; Dusanio, 1915; Viens et al, 1915). 

Il.1.1 Humoral Immune Response in T. musouli Infection 

'Viena et al (1974), wi th the technique of indirect ,.... 
'~ ........, 

immunofluorescence, detected the presence of speQifio anti-trypanosoma 

antibodies (IgM, IgG 1, IgG2) in the sera of infected or recovered mice. 

IgH antibodies were found to appear ~early during the course of infection 

and to attain maximum titers more quickly thar} the IgG fraction. Reeently, 

in devising the more specifie and sensi ti ve enzyme l inked immunosorbent 

/ 
.' 

Ci ... Qi 44l 4l .. 

c, 

1 
~ 
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assay (ELISA), Brooks et al, 1982) quantitati vely measured .!:. musculi-

specifie IgH and 19G titers; they noted that suppression of 19!-l production 

vas concomitant with a rise in IgG titer5, which remained high even after 

recovery. Despite the presence of these specifie antibodies, à notable 

feature of .!:. musculi serology is the lack of agglutinating antibodies in 

the sera of infected, cured, or vaccinated mice (Kendall, 1906; Targett and 
<;j 

Viens, 1975b). However, sera from mice which had recovered from infection, 
~~ 

, l 

displayed a neutralizing effeet in .Y,.itro on the infectivity of homologous 

parasites, but the numbers of live organisms did not decrease during the 

period of in vitro incubation. The neutralization test did not reveal 

antigenic differences between the original population of trypanosomes and 

populations isolated fram. T-cell deprived mice, passively immunized animals 

or from mice in which infection was intiated by parasites present in kidney 

tissue. lt i5 possible that the type of antibody present i5 an opsonin, 

aince phagocytosis of the trypanosomes by immune adherent cells aecurs in 
'j -

vitro in the presence of immune serilm (Targett and Viens, 1975b). 

Ablastin and Trypanocidal Antibodies 

T. musculi produces twa distinct immunological respouses which are 

successive in Ume (Viens et al, 1974). The first crisis, as previously 

d~scribed, occurs by day 7~9 post-infection. lt is characterized byan 
~ 

arrest of parasite reproduction together with stabil1zatlon in the level of 

parasi taemia, thus giving rise to the plateau phase. This partlcular 
, 

phenomenon is attributed to the cooperative action of two distinct host 

serum factors (1) a trypanocidal, thymus dependent antibody IgU and (2) 

ablastin. The second immunological response, or second crisis, occurs at 

the end of the plateau phase, approximately day 16-18 post-infection. The 

l 
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aalient feature of the second crisis ia the very rapid decline in 

parasitaemia and cl.earance of the parasites from the b1ood. This 

elimination phase did not occur in the absence of antibody (Vargas, 1984). 

The presence of trypanocidal antibodies was first detected in rats 

with T. lewisi infection by Coventry (1930). She discovered that serum 

taken after the first crisis from these rats proved to be .trypanocidal for 

aIl stages of the parasite. Taliaferro (1932) in establishing infections in 

rats, documented the first evidence that inhibition of parasite 

multiplication occurred due to an acqllired humoral immunity response which 

was distinct from the trypahocidal responses. When normal rats were given 

adult trypanosomes with immune serum, obtained from a donor after the first -
crisis, Taliaferro repo,rted an inhibition of parasite reproduction. He 

... 
remarked that the parasi tes were maintained in an unal tered state in the 

b100d at the constant level, and with minimal coefficient of variation until 

,an acti:,vely acquired trypanoc1dal antibody terminated the infection. In 

contrast to this, when control rats were given normal serum, the adult 

trypa,nosomes began to proliferate and a normal infection resu1ted. 

Taliaferro (1932) named this serum component, ablastin. Tllis reproduction 

inhibiting or ablastic immunity exemplifies a unique concept of an antibody 

which controls reproduction without harmlng the parasite. The discontinous 

rep.roductive activity is a widespread phenomenon among most species of 

stercorarian trypanosomes, including ~ musculi (D'Alesandro, 1975). 

Ablastin production is inhibited in both rats and mice by immuno-

suppressive procedures such as ionizing radiaiton (Jaroslow, 1959), adult 

thymectomy and bone marrow reconstitution (ATxB~1), and treatlllent with anti-

thymocyte sera (ATS) (Viens and Targett, 1974). The ablastin serum factor 

ls absent in T-cell'deficient mice and is therefore a thymus dependent 

c factor (~,iens and Targett, 1974). Physlco-chemical characterization of , 

--------~ 
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ablastin has demonstrated that it separates with the gamma globulin 

fraction. It i8 resistant to heating for three hours at 600 C, to in 

vitro treatment with 2-mercaptoethanol,and ia eluted with the IgG fraotion 

in Sephadex 0-200 gel fil tration (Dusanic, 1975). These experimental 

findings indicate that ablastin is an immunoglobulin, presumably IgO. 

Brooks and Reed (1980) recently obtained absorption of the ablastic 
" 

activity from mouae serum onto homologus trypanosomes. Furthermore, 

Gianini and D'Aleaandro (1979) showed the presence of host IgG on the 

surface of ~ lewisi which is not constant but increases during ~he course 

of the infection, whereas IgO cannot be detected on the surface of 

parasites collected from immunosuppressed rats. 
/' . 

Therefore, from the evidence aforementioned, it has been suggested 

that ablastin is antibody in nature. It has been stipulated that ablastin's 

mode of action primarily affects the active transport mechanisms aeross the 

surface membrane. Patton (1975) postulates that antibodies directed 

against membrane components-~~eate constraints on the structure and on the 

physiological avents associated with the membrane transport. 

In conclusion, three different antibodies have been postulated in 

acquired humoral immunity in the rat to ~ lewiai (D'Alesandro, 1970). 

Firstly, there is ablaatin which inhibita parasite reproduction. Secondly, 

there exists a trypanocidal antibody which ia specifie for the multipliea-

ti ve forma and ia responaible for the onset of the ~irst crisis. 

Lastly, there is a trypanocidal antibody which end a the infection by 

killing the adulta that have aurvived the effects of the first antibody. 

4.2 Cellular Immunity in T. musculi Infection 
... 

4.2.1 Role of T lymp~ocytes 
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The immunologioal meohanism of aoquired ~unity in mioe agairust 

.!!. mU5culi infection is, ln part, due to an intaot T-oe Il system. This 

requirement bas been demonstrated in the T-cell deficient model by Viens et 

al (1974), .the effects of T lymphocyte deprivation by ATxBM, and treatment 
-~, 

with'ATS were examlned. The'oonsequences of T-cell deprivation were 

manifested in the higher levels of parasitaem1a seen in the plateau phase 

and in the persistent multiplicative forma present'throughout the course of 

the infection. The parasites usually remained until the mice died. From 

the result~ obtained, Viene et al (1974) postulated that the ocourrence of 

repllcati ve forme of the parasite durlng trypanosomiasis was due to the 

laok of ablastin, a thymus de pendant 1actor. Therefore, the effeots of T-

cell depri vaUon confirm the participation and requirement of T lymphocytes 

ln the control of murine trypanosomisis, partlcularly during the ear ly 

phase and in the el1m1nation phase. To further probe this invol vement of T-

cells, Targett ,et al (1981) gave thymus graft implants to T-cell deprived 

CBA mice during the course of .!!. musculi infection. In the reconsti tuted 

mice, a slow and progressive fall in parasitaemia was observed. In contrast 

to th1s flnding, the non-reconstituted deprived mioe were ,highly 

ineft'icient in resol ving the infection. They postulated that the thymus 

grafted mioe exerted a slow yet eft'1cient oontrol over the parasitaemia.due 

to the liberation of T-cells by the grafted thymus. In 1979, Robinett and 

Rank lnvestigated the mechanisms whicb oontribute to the occurrence ot' 

splenomegaly in murlne trypanosomiaeis. They observed that suppression ot' 

humoral lmmunlty by treatment with oyclophosphamide still resulted in 

splenomegaly. In addltion, the absence of spleen enlargement in athymic 

nude mice suggested that the splenomegaly sean in T. musculi infeotion iis a 

T-oell dependent phenomenon. Thus, it appears that T lymphocytes are 

Invol ved ln the early oontrol, and ln the re801utlon of !:. lDusouli Infec-

i 
i 
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1 

tions, as weIl as in the development of splenomegaly. Recently, it was 

" 
shown that the development of specifie cell-mediated immunity in T.musculi 

infection either in vivo by delayed type hypel'sensitivity (DTH), or in -- -
vitro by macrophage spreading inhibition, did not succeed. The intensity 

of the DTH response after three hours demonstrated an A~thus reaction, 

implying the importance of humoral factors (Viens, Targett, and Lumsden, 

1975). 

4.2.2 Role of the Macrophage 

Taliaferro and Pavlinova (1936) showed that the initial rate of 

proliferation of T. musculi, but not that of T. lewisi, seemed to be 

partly associated with the state of the "lymphoid macrophage"·sy~tem. This 

concept haB been strengthened by the investigations conducted by JB.l'oslow 

through the use of radiation (1955) and India ink blockade and splenectomy 

(1959). Jaroslow reported that administration of a sub-lethal dose of 

ionizing radiation during ~ musculi infection, resulted in a marked 

increase in parasitaemia. He suggested that the effects of radiation 

reflect the in jury inflioted upon the "lymphoi4 macrophage" system. When 

India ink, a macrophage blocker, was administered prior to inoculation with 

the parasite,Jaroslow observed nO increase in the level of parasite gl'owth, 

al though a slight increase was seen in the di viding forma in the blood. 

However, the effects of radiation in conjunction with India ink were found 

to be additive, indicating that macrophages were involved in the eal'ly, 

non-specifie phase of the infection. In addition, Brooks and Reed (1979) 

through the use of trypan-blue, an inhlbitor of macrophage functlon, 

observed that the trypan-bl ue-treated infeoted mice as compared to the non­

trypan-blue-infected control mice, exhiblted a 1088 ot early control as 
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reflected by a r!se ln the level of parasitaemia. Furthermore, they 
/ 

, observed that nude mice, which possess high levals of macrophage activlty 

(Cheers and Waller, 1975), d!Splayed a greater degree of early control than 

irradiated mioe (550R). Thus, these findings indlcate that maorophages 
1 

participate' during L. musculi infeotion. An impalrment or interference 

wlth thia system augments the rate of mul tiplicat! ve paras! te aot! vit Y , 

producing a higher level of parasltaemia. Ferrante and Jenkin (1976) 

demonstrated that the mononuclear phagooyte system of the rat, in the, 

presence of speoific antibody, had a primary raIe ln eliminating T. lewisi. 1 

They'showed that, in the presence of specifie antibody, there was enhanced 

uptake of the parasite by the liver in eontrast to the minimal effect seen 

: with treatment wlth normal serum. Dusanio (1975) reported s1m1lar conolu-

sions with studies invol ving !:. musouli. They noted that al though the 

spleen inoreased markedly in size and welght during the course ot the 

infection, more than 80~ of the trypanosomes were eleared by the liver 

during the ellmlnation phase, presumably by the activity ot the liver 

macrophages (Kuptfer oells). By phase oontrast microscopy, Ferrante and 
~ 

" ' " 

Jenkin (1979) clearly saw that the parasite was destroyed after ingestion 

by macrophages. The flagellum of the parasite lasbed until it was 

completely engulted by the macrophage, implying ~e-maerophage may 

have an important rale in the T.lewisi-rat Modele Thus, tbese experimental 

tindings highl1ght the importance of tbe mononuclear phagooyte system in 

rodents in the development of resistance to these parasites. 

, , 
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MATERIALS AND HETHODS 

1. " THE PARASITE 

The strain employed throughout this study was isolated by 

Krampitz in Sio11y in 1962 rrom !!.!:!! mwsculus brevirost1s and named 

Partinioo (Krampitz, 1969b). Folloving several years of syringe passage it 

vas obtained by the Liverpool Soh~OI of Tropical Medicine and Bygiene and 

stabilated as LUMP 136. A oryopreserved stook of this clone vas given to 

our laboratory by Dr. Pierre Viens or the Departement de Microbiologie, 

Universite de Montreal in September, 1978. 
)~ 

In our laboratory, propagation of the parasite vas established by 

passage in lethally'lrradiated C3B mioe, aCter vhicb blood obtained rrom 

tbese mioe vas mixed with lJ glyoerin. This mixture vas placed in 

oapillary tubes vhich vere then sealed. Tbese sealed tubes vere placed in 

metbanol at -400C. 

2. THE ANI MALS 

/, 

A/J, and C57BI/6J (B6) mouse strains vere employed in these 

studies. Male and ramale mioe vera used. The A/J and B6 mloa vere 

purchased from tbe Jackaon LaboratofY, Bar Harbor, Maine. The mioe used in 

these investigations vere 6-9 veelœ old. For eaoh exper1ment, rive mice .. 
vere used per group. They vere aIl maintalned under the sue condition, 

except for lrr~dlated mice vhioh vere Jcept in a sterile hood. Tbe lIlioe 

vere red on standard rodent chov. 



( 

16. 

3. RETRQ..ORBITAL BLEBDING 

To obtain blood, the technique of Sorg and Buckner (1964) vae 

folloved. The bead of the mouee vas held securely vith the thumb and 

foref~nger of left band, stretoh1ng back the skin to al10v the eyeba11 to 

protrude. A h~par1nized capl11ary tube vas 1nserted into the medial 
1 

canthus at a 45\ angte vith the, mid11ne both latera11y and superlorally, 

and vas pus~ed d\WD unt11 blood t'loved. The ,caP1l1ary tube vas removed and 

the eye vashed vith sterile sallne. Bleedings vere performed every 2-3 

days on alternate ayes, taking care so as not to damage the eyeball. 

4. INOCULATION OF "ICE AND MONITORING OF THE INFECTION 

4.1 Inoculum 

To establ1sb infection, trypanosomes ver"e suspended in sterile 

normal saline (.85J NaCl), and dl1uted to the deslred dose. Hice vere 

11ghtly anaestbetized vith ether and Infected vith T. musculi either 

Intraperitoneally or Intravenously. In earl1er experiments, the procedure 

was changed and intra venous injeotion vas used, atter ha ving establ1shed 

that the course of intection wu identical in mice inoculated via eUber . 
route of infectlon (Fip: 2,3). 

4.2 Measurement of Infection 

4.2.1 Blood Samples 

The oourse of the infection was monitored byobtaining blood 

samples from the retro-orbital sinus ln heparinlzed capl11ary tubes. 

Samples vere taken every 2-3 days betveen 9:00 and 11:00 bours. 
" 
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This figure demonstrates the course 
of infection following different routes 
of T. musculi administration in A1J 
micë7 The infection established by intra­
venous infection i9 indicated by the 
solid line, whereas the infection seen 
following intraperitoneal administration 
is shown by the dotted line. 

lnoculum: 5 x 103 T. mU9culi 
( 

1 
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The figure shows the course of infection 
followlng different routes of 1:. musculi 
administration in 86 mice. The infection seen 
subsequent to intravenous infection i8 denoted 
by the solid line, whereas the infection seen 
fol1owing intraperitoneal administration is 
shawn by the dotted line. 

Inoculum: 5 x 103 T. musculi 
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4.2.2 Wet Films 

Wet film counts were taken at the beginning and at the end of the 

infection when less than 5 pB:rasites per h1gh power field were pres'ent. 

The wet counts were done br taking 5 À of blood, placing this on a slide 

covered by a 22 x 40 mm coverslip; and exam1ning.1 t with a Leitz Orthomat 

microscope (Germany) under phase contrast at 40X magnification. The number 

of paras1 tes per 5À were oounted and the val ues were expressed per ml of 

blood and converted to 10g10 values. 

,! 

'4.2.3 Haemocytometer Counts 
Î 

Haemocytometer oounts were employed to monitor the infection if 

more than fi ve parasites per high power field were present. The infected 

blood obtained from the retro-orbital sinus was d11uted 1:100 with formal 

saline (.85% NaCl containing .002% formalin). The Spencer Brightline 

Neubauer Haemocytometer was used under phase contrast IJÜ.oroscopy (400X). 

The counts were made in individua1 mice and the mean value of counts fram 

3-5 mice was ca1cu1ated. 

4.2.4. Blood Smears 

During the course of !:. musou1i infection, parasite morphology 

ws determined from Giemsa solution (Fisher Scientific) stained thin blood 

films.\, The stained blood smears were examined under the oil immersion 

objective, 1000X. 

4.2.5 Percentage of Dividing, Young, and Adult Forma in the Blood 

One hundred trypanot3omes were counted in each smear. The 
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-different stages of the parasite were examined and classified into three 

separate groups. 

(i) The adult parasite, a long slender trypomastigote, measuring 
\. 

-'l~.\... _ 

circa 30 J.lm by 2.5 J..IID with the kinetoplast at 2.5 }..lm from the 

posterior end (Fig: 4a,b). 

(ii) The dividing forms ean be elassified into 3 types: 

a- The dividing trypomastigote with 2nuelei, 2 kinetoplasts 
and/or one flagellum (Fig: 4e,e). 

b- The di viding forms as epimastigotes (commonly seen during 
division). The epimastigote possesses a stumpy forme The 
eytoplasm whieh i5 basophilie, has 2 nuelei, 2 kinetoplasts 
2 flagellae, or l nucleus, 2 kinetoplasts, a flagellum, or 
more than 2 nuelei, kinetoplasts and flagellae (Fig: 4 f,g). 

c- The roseùe forms which constitute a group of epimastigotes 
joined at their p05terior end (Fig: 4 h,i) 

(iii) Young forms are reeognized as the short and narrow epimasti-

gotes which are the recent produets of eell division (Fig: 4 j-m). 

5. IRRADIATION 

Radiation was deli vered by a Linear Accelerator X-ray source, 

therapy 4 SHM. Mice were plaeed ln incl.i vidual ~ompartments in a plexlglass 

b,ox and exposed to the desired dose for total body irradiation at a dose 

rate of 100 rad/monitor unit. 

5.1 Reconstitution of Irradiated :Hee 

Irradlated miee were selectively reeonstituted wi'th syngenei'e 

bone marrow cells or normal spleen cells, or immune spleen eells. Bpn\ 

marrow cells were obtained using the technique described by Hishell and 

Shigi (1981) w1th sl1ght :nodifieations. Bane marrow cells were harvested 

. , 

1 
\ 
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TrypanosoGa mU8culi (~duttoni). (1600X) 
.,b. adult blood trypanosomes; c,d. trypomastigotes 
in blood of lIlouse during reproductive phase; c. pre­
division epimastigote stage; f,g. binary division in 
ep1mastigote stage; h,i. stages of multiple division; 
j,k. young epimastigote resulting from division (i); • 
l,m. transition fram epima~tigote ta trypomastigote 
forms. 

(After Taliaferro and Pavlinova, 1936) • 
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STAGES OF TRYPANOSOMA MUSCULI 
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by aspirating tbe femurs and the tibiae of 9-12 week old, non-infected 

syngeneio mioe, and then plaoed in a mixture of chilled RPMI medium without 

L-glutamine (GlBCO LAB, Grand Island, NI). This bone marrow suspension was 

then co11ected and passed tbrough No. 80 stainiess steel mesb. This 

suspension was washed severai times with cold RPMl, and centrifuged for 10 

minutes at 225g (IEC.Pr-6000). The supernatant was discarded eacb time. 

Following this treatment, the bone marrow cells were enumerated and assayed 

for viability by trypan blue exolusion. 

Normal spleen cells were obtained from non-infected, 9-12 week old 

syngeneic mice wbereas the immune .spleen cells were harvested from 9-12 

week old syngeneic mice, \olho had just recovered trom a T. musculi 
\ ' 

infeotion. In both cases, the spleens were exoised and p1aced in separate 

petri dlshes 'wlth eold RPMI medium 1640 (GIBCO LAB, Grand Island, NI). The 
, 

spleens were Individually teased and passed through al No. 80 stain1ess 

steel mesb grid. Eaoh oeIl suspenslon was centrlfuged for 10 minutes at 

225g, discarding the supernatant. Enumeration and assaying for viabi1ity 

ot immune and normal spleen cells was performed by trypan- blue dye exclu-

sion test. 

6. INOCULATION OF KlCE WITH MACROPHAGE KODULATORS 

6.1 Si11ea 

A commercia1ly supplied silica (number 216, min-u-sil) vas 

purcbased from Whittaker, Clarke and Daniels, Ino. (Plaintleld, MY). 
1 

The silioa for inoculation was prepared by the technique described by 

Al-1ison (1966). Mioe of both strains recei ved IntravenoU3 injections of 

si11ea part1ales of less tban 511, 24 hours prior ta infection T. mus cul 1. 

Bach mouse wa3 injeoted with .2500 of silica suspension, oonta1n1ng 3 mg of , 

~--"---"---------------------------
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. 
sil ica/ dose. The silica was administered immediately after sonieation with 

a Fisher ul tra-sonie probe, sa as ta prevent settl ing of partieles. The 

control group was injected "'ith .25 ec sterile saline intravenously. 

6.2 BCG 

Lyophi l ized Hycobacterium bovis strain BCG, lot no: 2051-1 

(Institut Armand Frappier, Hontreal, Canada), was ut11ized in these 

investigations. lt eontained 10 million eolony torming units/mg (cfu/mg) 

with the viability potential of 8.5 million cfu/mg. lt was dissolved in 

phosphate buffered saline (PBS) st pH 7.2 to ob tain the desired dose. Hice 

were inoculsted intraperitoneally with .5 ec of BCG suspension, twc weeks 

prior to inoculation ",ith a dose of 5 x 103 T. museuli. 

6.3 Post-activation ,of Hacrophages with Listeria Honoeytogenes 

L. monocytogenes strain EDG, obtained originally from G.B. 

Mackaness of the Trudeau Institute, Saranae Lake, NY, was employed in this 

studyo The virulence of 1.:.. monocyt6genes "'as maintalned by passage through 

lIlice. A smaii portion of the stock culture which was frozen at -70°C, was 
. 

thawed and utilized to seed a fresh culture for each inoculation. The 

culturewas grown overn~ght in Trypticase soy broth and the number of 

organisms was detenlned prior to injection by spectrophotometry, using a 

nephelometric curve. The A!J and B6 mice were Infected intravenously with 

Listeria, using the median lethal dose (LO-50) for each strain 

respectively. 

7. STATISTICAL ANALYSIS 

Statistical evaluation of the differenee between groups was done 
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by Student's t-telit. A "P" value of less than .05 was considered to be 

( significant. 

• 

( 

( 



( 

( 

\ 
( 
\ 
\ 

QIAPTER III -

~7 TUE EFFECT OF RADIATION DUR.I1fC 

TBB COURSE OP T. RJSCULI INFECrION 
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THE UnCT OF RADIATION DURING THE COURSE OF T. MOSCULI INFECTION 

INTRODUCTION 

During the parasitaemia elicited by ~ musouli, tvo separate 

immunologioal phenomena ooour, the first and second orises. The 

development of proteotive tmmunity in the host during the course of murine 

trypanosomiasis, appears to invol ve the interaction of both humoral and 

cellular factors {Brooks and Reed, 1977; Targett and Viens, 1975b}. 

Hovever, the immune effector meohanlsms regulatlng the development of 

aCQulred Immunlty and the clearance of T. musouli are not weIl knovn 

(Albright and Albright, 1981; Davies et al, 1980). 

In this study ve are Investigating the cellular meohanisms of 

re:Jistanoe by examining the eft'ectl'J of radiation, gi ven during the 

difrerent phases of T. musculi infection. 

RESULTS---

1. RADIATION DURING THE EARL! PHASE OF T. MUSCULI 

In this experiment, 6-9 week old mice of the A/J and B6 strains 

vere irradiated vith a dose of 5508 on the day of inooulation vith ~ 

musoul i, and on day 3 post ... infection. AI J and B6 mice recel ving radiation 

on the day of infeotion were eaoh di vlded into two groups. Speclt1cally, 

o~e group of AlJ and B6 mie,- vere inooulated Intravenously with 5 x 103 !:. 

musouli,and then irradiated 'iDlDediately (InR). The seoond group of AlJ and 
" 

B6 mioe vere irradlated with a :Jubletha1 dO:Je of 550R, and then immedlately 

were injeoted intravenously vith 5 x 103 T. mU80ull (RIn). Day three 
- Ji 
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radiation invol ved administering a dose of 550R to A/ J and B6 mice 3 days 

fo110w1ng inoculation of parasites. A dose of 550R was selected for use 

during the early phase of the infection, since it was found that the mice 

could not survive a dose of 900R (lethal dose). 

1.1 Radiation on Day of Parasite Inoculation 
,.,.) 

The results of radiation at this time are shown in Figs: 5,6. In 

examining the effect of radia\10n either prior, or subsequent, to parasite 

inoculation, no difference could be observed between these two groups in 

the A/J strain. Bath groups, InR and Rln, exhibited the same level of 

parasitaemia and were unable ta survive this treatment. In the B6 strain, , 

however, mice of the InR not only had a slightly lower level of 

parasitaemia as compared to the RIn group, but also two of the five mice 

res01 ved the infection. The lower level of parasite growth seen in the 

non-irradiated B6 mice as compared to the AI J counterparts wa.s preserve<! 

following irradiation, even though a higber level of parasite growth wes 

observed ln the irradiated mice of both strains with respect to their 

unirrad1ated, intected controls. 

1.2 Radiation on Day Three o'f Infection 

The resul ta of thia experimen~are shown in Figs: 7,8. In both 

the susceptible (A/J) and the res1stant (B6) mouse strairus, administration 

of 550R allowed a rise ln the level of parasitaemia as compared tG t~e 

respect1 va, non-irradiated infected controls. The increase in ~araai te 

growth 1s greater in the A/J than the a6 mica. In addition, the A/J 
. 

irradlated mice dled earlier tban the 86 mica. 

" 
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The effect of adminstering radiation (550R) 
on the day of parasite inoculation in the A/J 
strain, is shawn in the' figure. The rdults' 
of either lrradiating prior to parasite,inocu­
lation,(Rln) ot subsequent to inoculation (InR) 
are displayed. The course of infection seen 
in the control (non-1rradiated) group of mice 
i8 indicated by the so11d 11ne. 

Inoculum: 5 x 103 ~ musculi 
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'1 The effect of administering radiation (550R) 
on the day of parasite inoculation in the 86 
strain, ia shawn in the figure. The results 

. of either irradiating priar to parasite ino­
culation (RIn) or subsequent to inoculation 
(InR) are displayed. The course of infection 
seen in the control (non-irradiated) group of 
mice ia indicated by the solld line. 

lnoculum: 5 x 103 T. museuli 
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The 3ffect of administering radiation (550R) 
on day 3 post-infection (arrow) in A/J mice 
ia shown ln this' figure. The course of 
infection for the control (non-irradiated) 
group of mice 18 Indicated by the soiid line 
whereas that for the irradiated mice ls de­
noted by the dotted line. 

Inoculum: 5 x 103 T. musculi 
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The effect of adain1stering radiation (550R) . 
on day 3 post-infection (arrow) in B6 sice ia 
ahovn in this figure. The course of infection 
for the control (non-irradiated) group of mice 
la Indicated br the solid line whereas that fo~ 
the irradiated mice is denoted by the dotted 
line. 

lnoculwa: 5 x 1.03 T. lIU.cul! -
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2. RADIATION DURING THE PLATEAU PHASE OF INFECTION s, 

38. 

Hice of the A/J and B6 strain were inoculated intraperitoneally 

with 5 x 103 T. musculi, and irradiated with 900R at different times during 

thls phase. The lethal dose of 10nizing radiation was given e1ther on day 

1, or on day 1~, or on day 20 post-infection. Since the resul ts for both 

strains showed s1milar f1ndings, only thoae for the A/J mice have been 

reported here. 

2.1 Radiation on Day Seven of Infection 

The resul ts are shown in Fig: 9. Irradiation gi ven at' this tille 

resulted in a rapid increase in parasite growth with death ot the host 

ensuing after several days. 

2.2 Rad1ation on Day Fifteen of Infection 

The findings are illustrated in Fig: 10. There was no 

signiflcant difference between the irradiated and non-lrradiated groups in 

the parasitaemia observed for at least five (5) days tollowing irradiation. 

2.3 Radiation on Day Twenty of Infection 

As can be observed from Fig: 11, the distinct anoaaly produoed by 

radiation, was the inability of the mice to eliminate the parasite. In 

contrast to the non-irrad1ated, infected controls whlch were capable ot 

rasel ving the infection, the irradiated mice could not sur vi va this intec-

tion and died several days later. 

---------.~,~,--~----------------------------------------~-
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This figure shows the effect of radiation upon 
the course of T. musculi infectioh in AlJ 
_lee (dotted lIne). Ionizing radiation (900R) 
was administered on day 7 post-infection (arrow). 
The course of infection in the control (non­
irradiated) group of mice tg denoted by the solid 
line. U 

Inoculum: 5 x 103 T. musculi 

---_._--

,) 



40. 

( 

A/J 

'0 
0 
0 -al 

-E 
"'-
ClIS 

~ E 
0 
CO 
0 0 
c .-
ClIS CI 
Q. 0 
>. -' ... .... 
-0 
... 
Il 
.c 
e 
:J 
Z 

o 
OaY8 Post-tnfection 

( 

J... --------- -- ----'''- -_ ... -



1 

This figure shows the effect of radiation upon 
the course of T. musculi infection in A/J 
mice (dotted line). Ionizing radiation (900R) 
was administered on day 15 post-infection (arrow). 
The course of infection in the control (non­
irradiated) group of mice is denoted by the Bolid 
line. 

Inoculum: 5 x 103 T. musculi 
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This figure shows the effect of radiation upon 
the course of infection in lethally irrad1ated 
(900R), infected A/J mice. Ionizing radiation 
was given on day 20 post-infection (arrow). The 
effect of radiation upon tne infected mlce ia 
shown by the dotted 1ine. The course of infec-
tion in the control group of mice is shown by J 
the soUd Une. 

Inoculum: 5 x 103 T. musculi 
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3. RADIAT!ON AFTER ELIMINATION OF BLOOD PARASITAEMIA 

3.1 Radiation Dose Response 

In this investigation, various doses ot radiation vere 

administered to different groups of A/J and B6 mice, on the day of parasite 

olearance. Several different doses vere given, namaly, 350, 550, 750, 900, 

and 1500R. The resu1 ta for B6 mica are shown in 'Fig: 12. a dose of' 350ft 

elicited a 1imited reaurgence of parasite growth, accompanied by a rapid 

olearanoe of the trypanosomes. The parasitaemia attained fOllowing 

irradiation with 550R and 750R, equaled the level seen in the primary 

infection. At theae' sub-lethal doses the mice vere capable ot resol ving 

tbe infection subsequent l y. In contrast to theae reaul ts, the doses of 

900R and 1500R a1loved re-establishment of infection and an increase in tbe 

leveL of parasitaemia until death ensued. A/J mice showed that re-

establishment of parasitaemia vas not alvays seen: in fact, it on1y 

ocourred in one out of four such attemp,ts, vhereas th1s vas alvays seen in 

the B6 mice 

3~ Radiation at Seleoted Times Fol1owing Elimination of Parasitaem1a 

\ 

The length of Ume vhich could elapse between parasite elimination 

and re-acti vation of patent parasi taemia, by the administration of 
.. 

radiation, vas investigated in this study. For tbis experiment, the B6 

!DOuse strain waa uaed. 

A dose of 900R was administered to three groups of B6 mice 1 day, 

3 48ys, and 7 days respeotively, following clearance of the parasite from 

the blood. As can be seen in Fig: 13, infeotion was re-est~blished by 

irradiating on day 1 and day 3 post-olearance. However, 1t waa also obaer-

, . 
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This figure illustra tes the effect of 
administering various doses ~f radiation 
to B6 mice, on the day of parasite clear­
ance. The doses administered were 350R, 
550R, 750R, 900R"and 1500R. 

Inoculum: 5 x 103 T. muscul! 
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The results displayed in this figure show 
the effect of increasing the length of time 
allawed ta elapse between parasite elimina­
tion t~rm1nating primary infection, and the 
administration of radiation (arrow) ta re­
activate the infection. Radiation was given 
one day (squares), three days (triangles), 
and seven days (diamonds) post-clearance, 
respectively. 

Inoculum: 5 x 103 T. musculi 
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ved that tbe level of parasitaemia attained la lower. a8 the inter •• l 

between the tiœe of clearance and the day of ra~iation i8 longer. ln 

contrast to these findings, irradiation 7 days following parasite clearance 

had no effect on parasite growth. Infection was not re-established • 
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DISCOSSIOI 

To seek insigbt into the cellular aechalûsm of acquired 1aun1ty, , 

tbe ettects of radiation, g1 ven during the three p~es ot infection, vere 

exaalned in this chapter. Exposure to ionizing radiation is knovn to 

aarkedly depress immune responses, rendering the host susceptible to intea-

tion (Anderson and Warner, 1977). The extent of damage int'l1cted upon the 

1aaune system, depends on the doses administered (Anderson and Warner, 

1917; Mi11s et al, 1980). 

lt can be ascertained from the resu1 ts obtained, that radiation 

abrosates the host's regulatory meehanism in the initial period ot ~ 

IlUacul1 infection. As cao be seen in Figs: 5-8, the admin:istration of sub-

letbal radiation dur1ng the early phase of the infect10n comprom:ises the 

bol!lt thereby si ving r1se ta an uncontrallèd growth of the parasite. These 

tlndings contirm the observat:ion reported by Jaroslov (1955), who reparted 

tha-t rad:iation administered 24 hours after inoculation with!.:- muscull, 

produced a higher par-asitaemia and an increase in reproductl ve acti vity. 

S1a1larly, Albright and Albright (1981), reported that exposure of mice ta 
" / sub-lethal doses of ionizing rad!ation, such~s 600R or 8aDR, resulted in a 

.arked elevat10n of paras1taetil1a. Thua, t' cao be ascerta:ined, the resul ts 

\ 
!apI J tba t a rad103en3i ti.e ce 11 13 in vo 1 ~e d in ln1 tiall y contra Il1ng tbo 

para si te growth. \ .. 

It 1s evident from F:ig: 5 that irradiat1ng either prior to lnocu-

lat1an, or subsequent 1y thereafter t produces no d1tference in the A/J 

I!Itrain, since the mica in both groups die artel" several days. This pheno-

•• nOD 18 probably due to the fact that AI J mica are genet1cally susoep-

t1ble, developlng a bigber paraaltaem1a tban 56 strain under normal coDd1-

, 
j-
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tions. Consequently, under irradiated conditions the detriaental etrects 

or radiation in the A/J strain are magnified to a greater degree. In 

contrast to the A/J strain, a difference exists in the 86 mice wh en radia-

.tion ls administered either prior to (RIn) or subsequent ta (InR), T. 

lIIusculi inoculatlOn. Furthermore, the parasitaemia in the group designated 

InR of 86 mice (Fig: 6), reaches a plateau and maintaws the stabilization 

of parasite growth for a perlod of time, as opposed to an unchecked growth 

of the parasite load. This indicates that, des pi te the injurious effects 

of radiation, some degree of control was retained in the InR group of 86 

mice. This may be partly attributed to the greater number of 

lymphohematopoietic stem cells in the 86 strain (Yuhas and Storer, 1969), 

wbich allaws some regeneration of the putative cell lnitially controlling 

parasite growth. It 1s apparent these results illustrate that' ionizing 

radiation during thls early perlod of the infection, lnterferes with innate 

( immunity and enhances the host's susceptibility t'a infection (Jaroslov, 

1955; Albright and Albright, 1981). Thus , although 1::. musculi ls regarded 

as a non-pathagenic parasite, under these clrcumstances, this protozoan 

organism may prove to be fatal ln mice. 

In investigatlng the effects of radiation during the plateau 

phase, it appears that the onset of the first crisis (day 7>, which 13 

critical in stabilizing the parasitaem1a, is controlled by a radiosensiti ve 

cell (Fig: 9). Thus irradiat1ng prior to the occurrence of the first 

cris1s leads to an enhanced parasite proliferation, which is accompanied by 

a lethal outcome. In cantrast, irradiating at mid-plateau phase (day.,15), 

f 
produces only a slight, non-significant increment in the level or paras1-

taem1a (Fig: 10). As can be percelved, radiat10n adm1nistered on day 15 
. 

post-infection, produces no ef~ect upon the stable population or parasites 

( 
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for at 1east 4-5 days. Thh t'inding agrees with Jaroslow (1955), who 

reported that radiation on day 14 post-infection produced no appreciable 
. 

ohange in the number of 1.:.. mU8cul 1. From the evidence obtained 1 t seems 

that there ia no radiosensitive mechanism which 13 crltical in maintaining 

stabil1zation of parasite growth. Presumab1y, tb1s coincides with a purely 

adul t population of parasi tes (Fig: 4). Therefore, it appears that a 

radiosensiti ve cell population controls parasite mul tlpl1cation up to and 

incl uding the first crisis. Once the growth curve has stabilized and the 

b100d tonDS become mono:norphic, this radiosensitive cell mechanl5ll1 is no 

longer necessary to arrest parasi te mul tipl1cation. 
, 

Ionizing radiation administered at the onset of the second criais 

(day 20), does not produce an increase in parasite growth. However, the 
;; 
J' 

oost Is incapable of e1iminating the organism from the blood, and eventu-

a1ly death ensues (Fig: 11), presumably due to the lethal effects of radia-

tion. This inability to el1m.1nate1:. musculi from the hast bas also been 

reported to occur in congenital1y athymic (Brooks and Raad, 1979), 

.thymectom1zed and bone marrow reconstituted mice (Targett and Viens, 1981), 

as weIl as in B-cell deficient mice where antibody sypthesis ia blocked 

(Vargas, 1981). It i8 apparent from these findings that radiation given at 

thi:s time, may affect a radiosensit1 ve cell population in vol ved in the 

clearance of T. muscul1 from the hosto This radiosensi ti ve cell population 

lIay or may not be the cell population seen to provide protection in the 

initial phase of the infection. 

To investigate the ~ellular effector meohanismB, a radiation dose 

response study was performed. From Fig: 12, it 18 apparent that the effeot 

of radiation damage, reflected in the level of parasite growth, is propor-

Uonal to the dose deI1 vered. Thus, the effect of 1on1zing radiation, 

iaed1ately following parasite olearance, 18 to induce the re-appearanoe of 

-~---""",..,..,~, .,.,...---------~-----------------
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paraaite, in the hast. A minor effect is ,een vith 350ft, and a transitory 

effect is observed vith 550R and 750R. Partial recovery or protective 

t.unity can be observed vith the doses lower than 900R. The lethal dose 

of 900R, and the supraletbal dose of 1500R, on the other band, both cause a 

rapid and uncontrollable proliferation of the organiam until death resul ts. 

It 15 lnterestlng to note that even low doses of radlat10n have some 

effect, indicating that the cell population ls highly rad1osensitive. Onoe 

olearance of the parasites has occurred, the effect of giving radiation at 

various days afterwards has been examined. The resul ts obtained by irrad-

iat1ng after elim1natlon of blood parasitaemia 11lustrated that the proba-

b11ity of re-eatablishing infeotion deolined aa the interval between 

reoovery and time of radiation increased (Fig: 13). Re-occurrence of the 

infection was accomplished by 1rradiating on day 1 and day 3 post-

olearance, but the degree of parasite proliferation lessened each Ume. 
o 

The rapid re-appeàrance of trypanosomes in the blood, and the attainment 

witlln 24 hours of the same level of parasitaemia as 1n the primary inteo-

tion, implies that the parasites may have been taken up by a cell whioh is 

destroyed by radiation and the parasites re-released into the ciroulation. 

It ls olear from the above-stated resul ts that a oell part10ipates 

ln the el1m1nation phase of murine trypanosomiasis. As previously ment1oned, 
.r 

1I10e which bave an impaired B-cell or T-cell system are unable to achieve 

parasi te cl earanoe. It seems likely that in these 1nstances the defect 

lies in the laok of a particular olass of antibody required to eliminate 

the trypanosomes 1n T. muscul1 1nfeotion. In the B-cell depr1ved mice, a 

T-oel1 dependent class ot antibody ls lacking (Vargas, 198/n, presumably 

IaO (Viens et al, 1974). Whether the radioBensit!ve oell impllcated in 

parasite eliminat10n iB a B-cell involved in antibody produotion, or a T 
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lyapbooyte acting as an effeotor cell remains to be further eluoldated. 

In examlnlng our results, even when lrradlatlng following 

olearance, re-appearance of trypanosomes within the oirculation was 

obaerved. It i5 unlikely, that radiation promotes this re-appearance as a 

resul t of the harmful effects upon the antlbody forming oell s. Plasma 

oells are mature B-lymphooytes whloh are reported to be highly radio­

resistant, 2000R (Quintans and Kaplan, 1978). It Is thus appare~t that 

there existe an affector cell necessary for parasite clearance, and the 

destruction of 'the trypanosomomes may be mediated by the interaction of 

antlbody and th1s effeotor celle This could be an antibody dependant cell­

mediated oytotoxic mechanism or an F c-mediated phagocytl0 procass similar 

to tbat proposed by Jenkin and Ferrante (1979) for !! lewisi. 

Therefore, the body of evidenoe accumulated in thls study, infers 

tbe existence of a radloBensitive cell or oells, wbich ia/are oritiaal ln 

,the early oontrol of the infection as weIl as being eBsent1al in the 

eltminat10n of tbe parasite from the blood. 

----- -,...,......· ... w,...., -,..----------~-- ----------------_. -,---
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TRI IOLE or THE MACROPHAGE IN THE PROTECTION OF TIll 

BOST AGAIliST T. MUSaJLI INFECTION 
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TH! ,ROLE OF THE MACROPHAGE IN THE PROTECTION OF THE BOST 
T. MUSCOLI IN;FBCTION 

\ INTRODUCTION 

56. 

Over the past two deeades, it has been reeognized that the maoro-

phage participates not only ln immunological reaotions, but also ia a key 

oOlllponent ln ldentifying foreign substances. It lB the major cell in the 

tirst line ot' def'ense (non-specifie reaotions) against many baeteria, 

viruses, protozoa, and neoplastic cells (Mackaneas, 1970; North, 1978). As 

reviewed by Hackaness (1970), macrophages may either be specif1cally aeti-

vated by substances auch as bacterial products, e.g. l1popolysaecharides 

(Citron and Miohael, 1981). This triggering'of maorophage activity results 

in morphol ?slcal and physiologieal modifications manitested by increased 

adheslon, enhanced phagocytosis, as well as an increaaed abillty to destroy 

intraoellular pathogens (miorobicldal activity). 

There are numerous report'8 documentlng the r,ole of the macrophage 

ln proteoting the hostO agalnst trypanosomlasis induced by the African and 

South Amerioan trypanosomes (Mansfield, 1978; Grossk~nsky and Askonas, 

1981). Studies conduoted ln rats with T. lewisi lnfectlon by Ferrante and 

Jenlc1n (1979) demonstrated that, in the presence of antibody, macrophages 

vere suooessful in killing these parasites and el1m1nating them f'rom the 

oost. 

Investigations prtormed by Taliat'erro and Pavl1nova (1936) with 

T. lIlusouli, indicated that? the state of the "lymphoid-maorophage" system ls 
1 . 

a oritical elellent in 4étermining the abl1ity of the host to Inhlbit a 

parasite reproduotion. This signit'icant correlation ls supported by 
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Jaroslov (1959) in uaing lndia ink blockade and splenectomy, as weIl as by 

Brooks and Reed (1979) in examining the effect of an inhibitor of 

macrophage aetivity. Vincendeau et al (1981) observed quantitative and 

functional changes in peritoneal macrophages which wer~ indicative of 
o 

macrophage activation during murine trypanosomiasis. 

Al though the macrophage is impl icated in.!!.. musculi inf.ection, its 

role i8 still not clear. To better understand its participation in murine 

trypanosomiasis, known macrophage modulating agents were utilized. The 

effect of si1ica, an inhibitor of macrophage function, was examined during 

the course of !!. museul1 infection. AIlhon et al (1966) reported tlmt 

stUca ia selecti;'ely toxie to macrophages', and its mode of action is by 
" " 

interac ting and di srupting the s tabi 1 i ty of the 1 ysosom~l membrane. 

Second1y, the effects of BCG pre-treatment were also investigated in this 

study •. BCG i8 a stimulator of macrophage 'acttvity and p!esumablY acts by 

increasing random migration, c'hemotaxis, and pinocytosis of macrophages 

(Hitchell and Hurahata, 1979). Further:nore, the correlative kinetics of 
• 

macrophage ac ti vation during the course of the infee tion-wer1e examined, 

using· resistance to infection with Lister!a monoeytogenes as a measure of 

non~8pécific activation (Hackaness, 1962). 

~. - --, ---------------------------_._-------
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RESULTS 

( 
1. THE EFFECT OF SILICA TREAT$NT ON THE COURSE OF T. UiJSCULI INFECTION 

In investigating the role of the macrophage during the course of 

~ musculi infection, two studies employing silica were undertaken. 

1.1 The Effect of a Single Dose of Silica 

~ 

In the Urst ,silica study, mice of the A/J and 86 strain vere 

given .25 cc of silica suspension (3 mg/mouse) intravenously, 24 hours 

prior to inoculation with T. mUBculi. The course of the infection va. 

caonitored in chese animaIs and in the respective control mice vhich 

received .25 cc of sterile saline instead of sUiea. 

The re9ul ts of this study are shown in Figs: 14,15. The 

findings Ulustrated in Fig: 14, demonstrate a delay in the time requirëd 

to reach the peak of parasite growth in the sillca-treated A/J miee vith 

respect to the controls. Thus, on day 7, the parasitaemia vas 

aignifieantly lower in the silica-treate'd group :o'hen compared ta the non-

ailica-treated group (P<.05). The level of parasitaemla obtained in the 

8ilica-treated mice during the plateau phase ia identieal to the control 

values., However, ln the elimin'ation phase of the infection, it can be seen. 

that the control group of mice recover from the infection more quickly than 

does the siliea-treated group. The results seen in the B6 strain of miee 

(Fig: 15) demonstrated that there was no appreciab1e change in the time 

.. required to r~ach the peak of parasitaem1a, nar in the level of parasite-

growth, with respect to the control values. However, the silica-treated 56 

œiee al80 exhlb1ted a delay 1n the clearance of the para.ite. 

( 
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Thi. fi8ure illu.trates the effect of 
adain1.teri08 a siogle dos. of 8ilic. 
to AlJ strain miee. The course of 
infection in the control group of mice 
ia denoted by the solid line, wherea8 
the course of infec tion in the silica­
treated mice 19 indicated by the broken 
11ne. 
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This figure illustrates the effect of 
admin1stering a single dose of si!iea 
ta 86 strain mlce. The course of 
infection in the contra! group of ~lee 
i8 d~oted by the solJ!d line, whereas 
tpe course of infection in the si!ica­
treated mice 19 indicated by the broken , 

, line. 
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1.2 The Effect of Two Doses of Silica 

( In the second silica study, the effects of a second dose of this 

toxic agent, given at different times durlng the course of the 

infection, were studieq. Three groups of ~ice were e~ployed for each 

strain. ~I i ce of one gr 0 u p we reg i v en a f i r st d 0 se 0 f 5 i li ca, 

intraveno~sly, 24 hours prior to inoculation with ~ musculi, and a second 

dose of silica was administered on day 3 post-infection. This group has 

been designated A5-3 for A/J and i3S-3 for B6 mice. The same procedure was 

followed for a second group of mice, except that the second dose of siliea 

was administered on day 14 post-infection. This broUP has been designated 
r 

AS-14 for A/J mice and B5-14 for the B6 strain. A third group of control 

lIlice recei ved saline 2it hours prior ta inoculation with T. musculi, and a 
- J ~ 

second dose of saline on either day 3 or day 14 post-infection. AlI of the 

Idce were inoculated with 5 X 103 !.:.. musculi intra venously. 

The findings of this study are shown in Figs: 16,17. As can be 
, 

observed in Fig: 16, in the A5-3 group maximum parasite growth develops 

more 810w1y than in the control group. This delay is a1so observed in the 

AS-14 gr~up. in both of these sil.ica-treated groups, the time to recover 

from the 'infection ia identical and iB delayed wlth respect to the control 

group. In addition, the plateau levels of parasitaemia in the AS-3 and AS-

14 groups are somewhat elevated with respect to the values seen in the 

. " 
control group, particularly in the AS-3 group. 

, 1 

2. PRE TREATHENT OF HOSTS ~HTH BCG 

The A/J mouse strain wàs selected for investigation of the 

effects of pre-treatment of the host with BCG on the course of 

( parasitaemia. This strain was selected since it 18 more susceptible to the 

j 
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Cour •• of T. mU8culi infection following 
adain!.tration of two doses of siliea to 
AlJ strain mice. The firs~ dose was given 
24 hours before inoculation of parasites. 
Qne group of A/J mice received a second dose 
on day 3 post-infection (arrow) and are shown 
.. AS-3. Another group of A/J mice recelved 
a .econd dose on day 14 post-infection (arrow) 
and are denoted by AS-14. The course of ~ 
su.cul! infection in the control (non­
.illca-treated) group of A/J mice is indicated 
by the solid line. 

Inoculum: 5 x 103 ~ mu.culi 
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Cour .. of ~ ~cu11 infection follovins 
ad.1ui8tration of two doses of silie_ in 86 
atrain mice. The first dose was given 24 
hours before inoculation of parasites. One 
group of B6 miee received a second dose ou 
day 3 post-infection (arrow) and are shown as 
8S-3. Another group of B6'mice received a 

'second dose on day 14 post-infection (arrow) 
and are denoted by BS-14. The course of T. 
musculi infection in the control (non- -­
silica-treated) group of B6 mLee i5 Indleated 
by the solid line. 

Inoeulum: 5 x 103 T. mU8culi 
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, infection than the n6 strain, and therefore an enhanclng effect might 

reasonably be cxpected to be seen =oro readily in the A/J strain. 

n 6 7 Two different doses of nCG, 2 x 10 cfu, and 2 x 10 efu~ were 

administered to two groups of AjJ oice respectively. These ciee wcrc given 

the BCG in a .S cc !luspcnslon, adcin1stered lntra-p~riloneall y 2 weeks 

prior to intravenouG administration of 5 x 103 ~ ausculi. This ti~e-point 

was selcctcd as being the optiQ~ point at whlch activat~d macrophages are 

produced in the BCG-trcllted host (:11ller et al, 1973). The results are 

shown in Fig: 113. lt cao be observed chat BCG pre-treatment, using doses 

of either 2 x 106 or 2 x 10 7, produced the same effect. There was a delay 

in reacoing maximum parasite growth and a lowering in the plateau level of 

parasit~emia, but no effect in hastening the clearance of the parasite. 

The second fioding which can be seen in Fig: 18 is that administration of 

BCG in either dose yields similar results. That is to say. a higher 

concentration of BCG does not produce a more effective protection. 

. , 

3. POST ACTIVATION OF HACROPHAGES WITH LISTERIA ~IONOCYTOGENES 

~~t resistance to infection with the intracellular parasite. ~ 

monocytogenes, is effected by the macrophage (Hackaness, 1962). 111ce in 

which macrophages have previously been activated, as by injection with ~ 

parvum or BCG (Mlyata et al. 1975; Yoshlkai et al. 1984) are known to 

have greatly enhanced reslstance to Listeria as measured by the bacterial 

load in the spleens and livers~ several days after challengefwith Listeria. 

For this reason. the resistance to Listeria infection has been used as a 

meas~re of the degree of macrophage actlvati~n occurring in mice during the 

course of T. musculi infection • 

- ---,-------- ----



/ 

· . 

/ 

This figure dlsp1ays the course of infection 
obtained in A/J mice foilowing administration 
of BCG, two weeks before inoculation of parasites. 
One group of mice rece~ved 2 x 106 cfu (s?uares) 
and another group of mice received 2 x 10 cfu 
(dlamonds). The 80Iid line indicates the course 
of infection in a control group of non BCG-treated 
mice. 

lnoculum: 5 x 103 T. musculi 

P~.05 for the following: Day 7 BCG-treated vs. 
control; Day 10 BCG-treated (2 x 106 ) vs. control; 
Day 14 BCG-treated (2 x 107) vx. control; Day 22 
BCG-treated vs. control. 
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3.1 Kinet les of :Iac rophage ActIvation during the Course of T musculi 
Infection as :~asured by Anti Listerial Resistance in the Trypanosoma 
-Infeeted ::iee 

Groups of Cliee of the A/J and !lb straln were infected wlth T. 

lIu.culi essentially as described prey iously. These same oiee werc then 

administered 104 cfu Listerla monocytogenes intravenously nt 4, 7, 14, 21, 

and 28 days folloving infection vith.!.:.. musculL The number of Listeria 

organislils vas measured in the spleen and liver 48 hours aft'er inoculation 

with ~ monocytogenes. At chis time the anti-listerial resistance of the 

host i9 provided solely by the macrophages (non-specifie immunity) (Skamene 

et al. 1982). The results of this study are shown in Figs: 19-24. 

Depressed or enhanced macrophage function is expressed as log protection. 

adapted from the method of, North (1973). The log protection is' the log 

difference between the number of hmonoeytogenes in the organs of non-l!. 

musculi infected mice and in the organs of I:.. musculi infected mice. A 

positive value indieates that the macrophages'are activated, and a ~egative 

value shows that macrophage function la depressed. As can be observed in 

(Fig: 23,24) macrophages were ac.tivated during the early growth phase ?f !:.. 

musculi infection (log protection values were generally positive) and this 

occurred ear lier (day 4) in B6 than in AI J (day 7) s train mice. On the 

other hand, macrophage function general1y became depressed during and after 

the time of parasite elimination, on day 21 and 28. 

In order ta see if listerial infection affected the course of T. 

museuli parasitaemia in any way, other groups of mice were ineluded which 

had been infected with trypanosomes but which had not been doubly infected 

with h monocytogenes also. The course of parasitaernia 'MSS compared bet-

ween the non-Listeria and Listeria infected mice. and found not to differ 

between both groups (See Table 1). Therefore, the bacterial infection (for 
" 
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48 hours before sacrif ice, of the .ice) did nDt al t~r the parasi te grovth 
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'..... v iously measured at different time follawing 
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Fig: 1Q. 

Bacterial burden in spleens of B6 mice chsllenged 
with 104 cfu ~ monocytogenes 48 hours pre-

" vi"ously, measured stt different times following 
infection of mice with T. musculi (striped his~ 
gram) and compared to non~T. musculi-infecfed mice 
(open histogram). § 

. . 

" , .. ' 

.' 

, . 

~ 
:) 

, . .., 

.. 

, .. 

• 

. ... 

o 
.... 



) 

c 

o .. 
l' ... 

o 

.. i ; ..... (4' 4 i ~~ ; • 

Daye Poet-tnfectloft 

1 

" 

Q -

..... : 
OuaTUIA 
• T.IIUIèII. + 

USiE& 

76. 



-

1 

-.cc.rial IManl ... ln 1i •• n of AlJ aie. chal.l. ..... 
Vieil 104 du!:.:. -"OC:l~OeU. 48 hour. 
pre910_1y ..... ured .~ cl1ffeC'eat tllln fo11.0II1. 
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The aott-li.terial re.i.tance .een 10 the .pleena 
or ~I Protectlon- wa. œea.ured. Log protection 
• 10110 ~ monocytogene. in DOn-~ auscull­
iofected œice - 10g10 ~ monocytogene. in T. 
musculi-infected mice. A po.itive value indicate. 
macrophage activation and a negative value denote. 
macropbage depression. Superiœpo.ed to tbi. data l' 
the cour.e of infection ln T. musculi-infected A!J 
and B6 aice. --
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The anti-Illterlal re.latanee I.en in th. liver. 
or -Log Protection" va ..... ured. Log protection 
• 10110 !:.:. IIlOtlocytogenea in non-!:. auacul1-
Infected aice - 10810 ~ aonocltogen.. in ~ auaculi­
Infected aice. A positive v.lue indicates macrophage 
activ.tion and a negative value denote, macrophage 
depre •• ion. Superimpoled to thi. data i5 the course 
of Infection ln 1.:. mUlculi-V-fected AI J and 86 
aie •• 
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Table 1: Course of p3rasltaemla ln Llsterla-treated and 
non-Ll.teria-treated A/J,and B6 miee Inoculated 
vith T. musc:uli 

Day of T. museuli 
InTection 

AIJ 

86 

o 
4 
6 
7 
8 

10 
12 
14 
17 
19 
21 
23 
26 
2& 

0 
4 
6 
7 
8 

10 
12 
14, 
16 
19 
21 
23 
26 
28 

* DO Li.uri. 

• 

LoS10 Trypanosomes/ml Blood 
Control* Listerla 

o 
5.25 
7.15 

8.10 
7.15 
8.10 
1.80 
7.15 
7.80 
1.75 
7.25 
o 
o 

0 
4.20 
6.30 

6.60 
6.10 
7.40 
1.35 
1.10 
6.65 
6.60 
6.10 
0 
0 

• 

0 
5.00 
1.50 

8.00 
1.60 
8.25 
8.n 
7.90 
7.55 
1.55 
1.05 
0 
0 

0 
4.30 
6.n 

6.50 
6.80 
1.35 
7.15 
1.25 
1.00 
6.10 
6.20 

0 
0 

_.- --'--- ---------~---------------
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DISCUSSION 

The reBults obtained in the preeeeding section, Chapter III, 

indicate the existence of a radiosensitive eeli that mediates protection in 

bath the early and late phases of !:.lIusculi infection. In this section, 

experiments were undertaken to inves tiga te whe ther or not t hi s rad iosen-

aitive cell might be the macrophage. A number of earlier investigations 

have examined this possibility either by employing Indla ink blackade of 

the reticuloendothelial system (RES), or by administration of trypan-blue 

(Jaroslov. 1959; Brook.s and Reed, 1979). In the present studies the role 

of the macrophage during murine trypanosolilasis vas examined byadmlni-

at.ring modulators of macrophage funetion, namely, silica and BCG. 

Sillca, a vell knovn toxie substance selective for macrophages. 

praduc •• cytotoxic effects by its abillty to induee morphological and 

biochemical lIlOdificationa in macrophages (Kessel et al, 1963: Alliaon et 

al, 1966). SUiea has been shown to d.prea. eoiloidai carbon clearance by 

the RES, indicating that it produces dy.funetlon of this system (Allison et 

al, 1966): it ha. al.o be.n shown to induee eonatr.ints upon the organ.lle 

••• brane of the .acrophage (O'Brien et al, 1979). Thi. toxie agent la 

knavn to interfere vith the uptske and proceaaing of antigen by nor_al 

aacrophage. (Pearsall and Weiser, 1968) and also to signiflcantly reduc. 

the phagocytie eapaeity of macrophages, thereby Increaslng the hoac'a 

suae.ptibility to infection (O'Brien et al, 1979~ 

In analyzlng the flndings obtalned ln the .tudy ln vhlch a slnale 

do •• of sillcs vas ad.lnist.red to A/J .iee (Fig: 14). an effect upon the 

\ 
•• rly pha.e of the infection ls notlced. During t~_, an al terad hoat 

r •• ponae ie œanif •• ted. ~ can be ob .. rved in Fig: 14, there appeara to he 

--- -~~_ ....... -_ ................ - ---------------------- --._-------- ---
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a delay in reaching the peak of parasitaemia. Similar observations have 

been reported by Brooks and Reed (1979) with the use of trypan-blue. This 

finding can be interpreted as a delay in the occurrence of the first 

crisis. 

In examining the effects of two doses of ailiea in the A/J strain 

(Fig: 16), it appears that a second dose of ail ica administered either 3 

days or 14 daya post-infection. does not produee additive detrimental 

effects. A slightly higher plateau ia seen in the group treated with 

ailica on day -1 and on day 3 post-infection (AS-3) (Fig: 16), but this ia 

not of any great significance. Albright and Albright (1981) simi1arly 

reported that si liea treatlllent of C3H Illice and BC3Fl hybrids, resulted inan 

increas. in the level of parasite growth. In addition, the group of mice 

which received the second dose of siliea on either day 3 post-infection 

(AS-3), or on day 14 post-infection (AS-14) displayed with respect to the 

control non-sil ica-treated group of IDice, a longer time ta el iminate the 

trypanosoœes from the circulation. 

ln the B6 1I0use strain, unllke its A/J counterpart, 

_dainistration of one dose or of two doses of sillc8, yielded no elevation 

in the level of parasite clearance (Fig: 15,17). The absence of an effect 

upon the level of parasitaellia concurs vith findings reported by Albright 

and Albright (1981). 

Thus, 1t i s ev ident froll the resu 1 ts obtained froll the se si lica 

.tudie. conducted on both Itraina. that adœinistration of a single dOle or 

of a second dose of silica on either day 3 post-infection or on day 14 

post-infection do.. ROt significantly lIodHy the bost's lIechaniara to _1n­

tain in check the level of para.ite growth. However. it can be seen that, 

in both strain., there i. a delay in elirainating T. musculi froll the 

circulation. preau.ably reflecting the additional tilIIe required in the 
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initial phase to attain stabilization of 1:.:. musculi growth. That is ta 

8ay, silica administration induces a shift in the time course of infection. 

Therefore, froll the se Investigations there 19 no strong ev Idence 

for a critical inv01vement of macrophages during !aurine trypanosomiasis. 

This may he attributed to several factors. Firstly. the effects of silica 

may be short-lived. Allison et al (1966) found that within 24 ho urs of 

silica administration most of the macrophages were killed by this time. 

This rapid onset of action on the macrophages may subsequently allow the , 

hast to recover from the injurious effects of siliea. Secondly, the 

findings observed may Imply a dual role for the macrophage: macrophages 

inltially may nurture the growth of the trypanosolles (Albright and 

Albright, 1981), and later on May contribute to the destruction of the 

parasite (Ferrante and Jenkin, 1979). Thus the growth promoting effects of' 

macrophages may balance the destructive activity of macrophages, the net 

result being that there is no change in"the levt[!1 of parasitaemia. Lastly. 

It lIl8y slmply he chat the macrophage has a secondary raIe and not a pz;imary 

raIe during the course of !:. musculi infection. 

To further elucidate the role of the macrophage, a second 
/ 

modulator, BCG waa employed. BCG, an attenuated strain of Mycobacterium 

bovis, has been used extensively and effectively to nonspecifica1ly protect 

against animaIs agalnst a variety of infectious ageats (Spencer et al, 

1977; Clark et al, 1976). BCG has been reported to he a non-specifie 

stimulator of the RES (Mitchell and Nurahata, 1979); its ability to 

lIodulate 1maaunity ls attributed to !ts capacity in activating lymphocytes 

and macrophages. As ia reviewed by ~l1tchell and Murahata (1979), BCG 

increases chemotaxis in murine macll6phages, and BCG-activated macrophages 

are capable of destroying tumor cella. 

, 
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In this study two doses of BCG, 2 x 106, and 2 x 107, vere admln-

latered, to observe the possible existence of a dose reaponae relatlonabip. .. 
10 analyzing the reluIts obt~ined fro~ this study (Fig: 18), there are four 

notewo,:thy tindings. Firstly, in both groups of BCG-treated laice, a delay 

in reaching the peak of parasi te grovth is seen. Thia f1nding 1a .iailar 

to that whlch ia obaerved aa a resul t of treatment of ailica in the A/J 

miee. Secondly, the BCG-treated mice demonstrate a degree of enhanced 

resIstance to I:. musculi infection, since the level of parasitae.ia la 

Ilightly lover than that obaerved in the control group. Thirdly, the 

adainistration of BCG, at either dose, does not enhanee or hasten the rate 

of clearance of paraaites from the blood. Lastly, it Is apparent fro. the 

reaults obtained that a dose re.ponse relationship does not exiat: the 

higher doae of BCG did not yield better protection against ~ mu.culi 

Infection than when the lower doae vaa used. 

The lover levei of paraaitaemia obtained a. a result of BCG 

adJainistration may reflect a control or regulation of parasite grovth in 

the early period of the- infection. Thus, the evidence obtained in the BCG 
-) 

stOOy impl iea that macrophages probably have a minor raIe ln developins 

protective immunity againat murine trypanosomiaais. 
(.JI> 

In examining the correlative kinetics of macrophage activation 

(Figa: 19-24). as measured by anti-listerial reaistance. over the courae of 

infection, two observations vere made. Firstly. it is apparent that the 

resistant mouse atrain (B6) displayed an earlier activation of macrophagea 

"hen compared to the susceptible (A/J) atrain. Whether or not this ftndina 

.. y be aaaociated vith the relative resistance seen in B6 mice, n .. ely, the 

lover level of parasitaemia during the plateau phaae, reaaina ta be 

el ucidated. Nonetheless, thia activation of macrophages in the 

spleen and liver during the initial phase of infection iaplies that they 

j 
f 
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are Dyol" .. iD aD iDDat. ral.caac • ...:bu1... l'ble la coaaiateat 1I1tb 

tbe euue.tloa put fortb by .laroelov (1955). The .ec:o'" DOticeable fladiaa 

1. tbe decllne in .acropba.e acti"aUon. vbich 18 •• en tir.t in tb. AI.l 

.tra1a aud a fev etaya later in the 16 alc.. Thl. depre •• ion of aacropbaa. 

fuac:tloo .. y r.flec:t a bloc:kade of the RES, in wblch the aacropha.e ... y be 

10"01 YH iD the r_oval of trypaDO.o.e. fra. the circulation. 

Tbua. accordiD& to the pre .. nt inve.ticatioua, ther. 18 evldeac. 

IndlcaUnl tbat .acropba.e functlon 1. aodulated durlna ~ au.cull 

inf.ction, and tbat .. cropha.e. partlcipate ln the ioitlal pb •• e of 
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CIWlACTERIZATION OF THE PUTATIVE EP'FECTOR CELL 

INTRODUCTION 

As stated earlier in Chapter III, When mioe were irradiated prlor 

to the onset of the second crisis, vhioh preoeded the eli.ination phase, 

clearance of the organism vas not seen. This finding impllcated the 

existence of a radiosensiti ve cell vhich was invol ved in the latter portion 

of the infection. The evidence suggested that there vas a cell whioh 

mediated clearance of the trypanosomes, presumably in conjunction wlth 

antibody. 

As described in the previous chapter, evidence vas accUlllulated 

vhich indicated that macrophages seem to play a role in the early phase, 

but there was no clear evidence that they played a major role in the 

elimination of T. musoul1. Similar resul ts were observed in nude mi08 

(Brooks and Reed, 1979) whioh are !.cnovn to exhiblt high levels of 

macrophage acti vit Y (Cheers and Waller, 1975). Despite th.ir hisb level ot 

lIlacrophage acti vi ty t the nude mice vere incapable of resol ving the 1:. 

lIlusculi infection and eventually died. 

To further investigate and to gain insigbt into the or1gin of the 

etfeotor cell invol ved in the lat. phue of T. muacul1 lnt'ection, radiatioo 

and seleotive reconstitution studies, as weIl aa parasite lIlorpholo&l 

studi.s, vere employed. 

j 

--~----------- --_. -. ._- ---- - ---_v -
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IESULTS 

ln tbi. exparl..at, .iee of the B6 .train vere infeeted intr.­

peritoneally vith 5 x 103 1:. auseul1, and the course of intection va. 

laonitored until reeovery. The .ice vere irr.dl.ted vith 900R, 24 hour • 

• fter clear.nce of the parasite. and recon.tituted intr.venously vith 

.yngeneic cella fro .. ditferent sources. One group receive4 Il x 106 boue 

•• rrov cella (one felIlur equivalent). A .econd group received 70 x 106 

noraal spleen cella (hal f a spleen equivalent), the third group vas given 

70 x 106 i .. une spleen cells. The fourth group received .ediua .lone. 

The cour.e of par •• i taeaia v •• aoni tored by •••• uring the nuaber of 

par •• it •• in the blood. At the •••• ti.e. the percent.se of young .nd 

divlding forms vas esti.ated. 

The resu l t •• ra shovn in Fia: 25. It c.n ba .een th.t the non-

repopul.ted group of mica developed a high par •• iea .. ia .nd diad 9-10 day. 

folloving irradiation. Mice given bone IUrrov cella recoverad fro. the 

infection by 26 d.ys po.t-irr.di.tion. Mice recon.tituted vith .pleen 

celle el iainated the parasi t.e.ia by 24 daya post-irradiation. In 

contrast. thoae ani.al. vhich received illl2une .pleen cells exhibited .n 

enhanced recovery, elilllinating the parasite by 14 days post-irradlatio~ 

.. 
Young .nd div1dlng forma vere evident in the irradiated, non-

repopul.ted group and thair number Increased until death ensued. The young 

and divldlng foras peralsted for the longest period of ti.e ln the bone 

.arrov reconstituted gro~. and for a ahorter time in the apleen cell 

treated group. Those lIliee recon.t1tuted vith i.aune spleen cella di.played 

the lovest percentage of multiplicative for ••• and the.e di.appeared 

relati.ely rapidly. 

--- ----- -- -----
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Courae of paraaita .. i. in T • .uaculi­
lafected 86 mice lethally Trradiated 
(9001.) on the da,.. of cl.arance and r_ 
conatituted with different population. 
of .ynleneie cells. Croupa received 
either no cella 11 x 106 bone marrow 
cella (~t). 70 x 10~ normal apleen cella 
(NSC), and 70 x 106 imaune apl.en cella 
(ISC). The control infected mice received 
DO treat •• nt. t denote. death of aIl aice. 

Inoculua: 5 x 103 1:. laUaeuH 
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DISCUSSION 

In this study, the effector cell invol ved in elWnation ot the 

parasite trom the host vas investigated. The study foeused on monitoring a 

resurgent infection indueed by administration of radiation, looking also at 

the young and di viding fOnDS of the parasite in eaoh group. 

As can be observed, the group of lethally irradiated and non-

reoonstituted mice died, yet all ot the reconstituted groups recovered. 

The group of lIlioe which received bone marrow oells and normal spleen cella 

displayed a course ot parasitaea1a which resembled that seen ln the normal 

host tol10wlng prilllary inteotion. This observation indieates that 

radiation destroys the mechan1-.s reaponsible for JU.1ntalning the boat tree 

ot parasl tes. lt has been shown that parasitea remaln ln the kidney one 

(1) year post-clearance (Vlens et al, 1972), so preswaably this la the 

source of re-lnteotlon. 

Interestingly, mice given ~une spleen cells dcmonatrated. the 

lowest srowth ot parasitaea1a with fewer young and dlvid1n, foras and, 

turthermore, exhlbl ted the qu10kest recovery. Tbeae fineSinss are 

consistent with the observations Targett and Viens (1974) in wbicb they 

reported that the adoptive transfer of iaaune non-Adherent cells into 

infeoted aloe oauaed a aore rapid reoovery. In a stucSy perfor.ad on 

Pla.-od1œ berèei, Perraron1 and Speer (1982) obseryeeS s1a11ar tindinp. 

They aacartained tbat adopti 'Va trauater ot "bole spleen cells proyided the 

reoipient aioe witb a eSegree ot partial proteotive w.un1ty. In addi tlO11 , 
• 

the, observed that aore proteotion .,aa atfordect to reoipients "itb 
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preparations t'roll u.un. 111.0. e1th.r enriohe<! 1n 8-oells, T-o.lls, or 8-T 

oells. Likevis., Reed (1980) demonatrated the abllity of unt'raotionated 

and fraotionated spleen oells trom t.unized donors to oonfer proteotion 

aga1nst aoute T. oruz1 infeotion. ae round that unfractlonated spI enl0 

leuoooytes oft'.red partial proteotion, but that preparations enriohed t'or T 

lymphocytes vere the gaost etfective in oonferring protection. Reoently, 

Mogensen and Andersen (1981), in examining the role of immunologioal 

meohanisms in reoovery from Herpes Simplex Virus Type 2 infections, alao 

reported that transfer of lamune spleen cells rather than normal spleen 

oella, was more effeotive in faoilitating reoovery (rom the int'eotion. It 

.. y very well be that. in reoonstituting vith illaune spleen oells, one 15 

tranaferring not only plasma oells and ... ory oells responaible t'or 

secretion of the putati ve antibody necessary tor the oure of parui ta..ta, 

but also one say be providing a souroe ot' the putatl ve radiosenal t1 ve 

et't'actor oell !Mdi.ting olearance of T. IIWJcul1 from the blood. 

Tberet'ore, froll the evidenoe obtained 1.n thia study, It appears, 

that the putati ve affector oell Invol ved ln the late pbaae at tbe Int'eotlon 

la deri vec1 froc. the bone _rrov or spleen. 
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1. A oell population whioh oontrola the initial growth ot the trypano­

sa.es leading to the rirst orisis is sensitive to radiation given at 

any tise durlng the tiret 7 days or the infection. 

2. This radiosensi ti ve oel1 population whioh 1s esaential ln the 

initial phase ot ~ musouli Inteotion ia no longer neoesaary to 

oontrol parasitaemia onoe the growth ourve bas stabiilzed. 

The adainlstration of ionizing radiation at the onset ot the second 

oriais atreots a radiosenai ti ve oell population in vol ved in the 

olearanoe or T. musouli rroll the oiroulation. 

Il. Clearanoe or the trypanosomes appears to be .edlated by the 

interaotion of a radiosenait1 ve .rreator oell whloh la apparently 

deriYed rroa the bone urrow or spleen. It ia postulated tbat thia 

.Y be the erreator oell operating ln an antibody dependent 0811-

Mdlated oytotoxio MObanlu. 

5. Maorophage runction ia aodulated durlng th" cour.e or ~ .usoull 

infection. Evidence augeata tbat _oropba&u play aa.e proteoti ve 

rol. ln tbe early phase ot trypanosoaiaais, but Dot ID tbe late 

phase ot the iDrection. 

• Tbe aboye suaaary outlines tbe orllinal "orle ooatalned ln tb!s 

th •• l •• 

-- ---------------
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