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ABSTRACT

Successful treatment nf cutancous leishmaniasis has not yet been
achieved due to toxicity and the neel! fcr parenteral administ-
ration of most antileishmanial drugs. ne of the requirements
of successful treatmont is that after chemutherapy the patient
should possess an adequate immune response to prevent re-infect-
ion on return to an endemic area. The aim of this thesis was to
examine the c¢ffect of both parenteral and topically applied
pentamidine dimethane sulphonate on cutanesus lesions caused by

L. major, and its interaction with the immune response.

Tw: models have been established: L. major LV39 infectisn in
Balb/c (inbred) and swiss albino (2utbred) mice. L. major
produced cunsistent lesions in thesc animals following sub-

cutaneous inoculation of 102 premastipgotes into the car pinnae.

The effect »f the treatment on the parasites was assessed by
determining the mean lesion size plotted against time, and by
biopsies and smears fcr detecting residual parasites. The
interaction of the treatment with immune responscs was assessed
by measuring antibody titre, delayed type hypersensitivity
responses (DTH) and challenge with live homologous parasites.
Tcpical treatment cured Swiss albinc mice before thedir controls
which self~-healed. In 'alb/c mice eventhough the ulcer regress-
ed they relapsed after terminaticn of treatment, but the level
of DTH was higher than thcir contrcls, which did not self-heal.
Treatment increases the level of NTH response to L. major
antigen, more in Swiss than in Nalb/c and in those topically
treated rather than systemically treated. Antihody titres
increased during the development of the lesion,which then
lJeveled off (in Bal™/c) but decreased in Swiss albino. But this
decreases in swiss albin: did nut correspcecnd with clinical

healing.



After about 12 weecks post treatment all mice were challenged,
and no lesions produced inm any group during the ohservation time
of 12 weeks., Treatment, even immediately after infectiom, left

the animals with immunity to subsequent challenge.



CHAPTER I

INTRODUCTION



INTRODUCTION

Clinical Aspects of Leishmaniasis

Leishmaniasis is a serious disease Iin endemic areas, and the

World Health CUrganization has selected it as one of the six
~ o

major tropical diseases. Leishmaniasis has been reported from
about 80 countries and probably some 400,000 new cases occur
each year (Marinkelle, 1980), and it affects well over 10

million people world wide.

Leishmaniasis is a complex of diseases that have very little in
common (Marinkelle,l1980) except for the morphology of the
causative protozna parasites, of the ¢enus Leishmania. There
are at least 13 different species and subspecies of this genus.
These parasites are transmitted to man from infected persons or
animals by infected sandflies when takinz a blood meal. The

cryanisms of the 2zenus Leishmania exist in two forms: the

intracellular amastigote form, which lives in a parasitophorous
vacuocle of a mammalian host macrophage, and a flagellated

promastigote which lives in the gut of infected sandflies.

The different species of Lelishmanla produce three different

disease patterns, with numercus varliations (Faust, et al.,
1974). The infection in man ranges from a mild, superficial and
localized, spontaneously resolvinz lesion to systemic discase
which is life threatening. The potential sequence of events
(the leishmania spectrum), following natural inoculation with
Leishmania parasites is summarized in Figure 1. The three major
clinical types cutaneous, mucocutaneous and visceral and their
associated species are shown in Table 1 where it can be seen
that a‘major division is whether the parasites normally viscera-
lize, or whether they remain ian the skin. The exact mechanism
controlling this tissue tropism of the narasite 1s uneclear, but
it has been suggested that temperature preferences may be

lmportant (rearson, et al., 1983).
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However,this JIifforence is not clear cur and normally viscera-
lizing strains can invade the skin and cutaneous strains, such
as Leishmania tropica have teen isolated from visceral leish-

maniasis (Molyneux and Ashford, 1983). In addition, one compli-

Table 1 The different species of leishmania and their clinical
manifestations.

- —————————————————_— -

Parasite Clinical 7iisecase Pattern

L. aethiopica Localise? and diffuse cutancous leish-
maniasis

L. amazonesis Localised (70%Z slow healing) and
1iffusec cutaneous leishmaniasis (30%)

L. braziliensis Localised (wet type) &nd mucocutaneous
leishmaniasis (cspundia) .

L. guyanensis Cutaneous ledishmaniasis occcasionally

metastatic (pecan=bois)

L. major Cutancous leishmaniasis (oriental sore)

L. minor Cutancuus leishmaniasis

L. mexicana Cutaneous leishmaniasis (ear lesion-
Chiclero’s ulcer)

L. panamensis Localized and peorsistent cutaneous

leishmaniasis (wet type)

L. peruviana Cutanecus leishmaniasis (uta)
L. pifanni Niffuse cutaneous leishmaniasis
L. donovani Visceral lcishmaniasis (kala-azar)

necasionally cutancous (Post kala-azar
dermal leishmancid). Cocmposecd of a
complex - infantum - donovani - chagas.

- ———— . —

Compiled from varicus sources.




cation of visceral leishmaniasis is [ost Kala-azar dcrmal
leishmanoid (VPKDL) in which larpe numbers of the visceralizing
parasite, L. donovani are found in the skin. It 1is clear
therefore that the tissuec tropisms of various leishmanial

species arce not fully accounted for by temperatur. alone.

The experimental model that will be investigated in this study
is cutaneous leishmaniasis in laboratory mice caused by the
parasite L. major, a species which recadily infects rodents and
causes cutancous leishmaniasis in the (1ld Wurld. The remainder
of this introduction will thereforc¢ be largely concerned with
the clinical and immunological aspects of O1d World Cutancous

leishmaniasis.

Human Cutancous Leishmaniasis

Cutaneous leishmaniasis (CL) in man, as in leprosy is a spectrum
of diseases with clinical manifestations ranging from self-
healing lesions to chronlic disseminated lesicns where both the
host and the parasite factors control the pathopenesis of the
infection (Scott, et al., 1983). Accordingly, it is classified
into three different clinical patterns: self-healing, genera-
lized non-healing (anerpic), localizel non-healing (ultra-
hypersensitive or recidiva). The middle of the spectrum
produces the self-healing forms of the discase, the twoe extre-
mes: the anergic and recidive are both non-self-healing (bryce-
son, 1%972).

The prototype of infections caused by Leishmania is the simple
localized cutaneous lesion (LCL), classically known as ".riental

Sore"

which is a self-healing discase. A nodule appears in the
skin, some weeks aftcr inoculation of the parasite by the
sandfly which then ulcerates after a period varying from 2-8
months and is covered by a crust, It then starts to heal

slowly, Jleaving iIn the end 2 characteristic depressed, mottled



scar (fryceson,1976). Therce are also vary.ng amounts of humoral
immunity and delayed hyperscnsitivity responses produced to

leishmania antigen.

The lupoid form or recidiva leishmanlasis occuples one <¢nd of
the spectrum. The lesion resembles oriental sore; but it never
quite heals. Classically, there is a typical scar around whose
borders small nodules recrudesce, ulcerate and heal incompletely
so that the whole lesion spreads lncally. Histologically, the
lesion shows an 1intense cellular response in the form of
tuberculold granuloma, parasites are scanty or absent, and thcre
are an unusual number of plasma cells. The condition 1s

associated with marked delayed hypersensitivity to leishmanial

antigens (bray, et al., 1973). "_‘—a‘ﬁT“‘

Mucocutancous leishmaniasis (MCL) of the New World is caused by

L. braziliensis and 1s characterized by persistent disfiguring

lesions that affcecct the mucous membranes. It 1s non-healiny
despite the presence of considerable humoral and cellular
immunity throughout the infection. The discase is progressive,
arises by metastatic sprecad, and is oftem resistant to Cuhvent—
ional treatment. 4 forxrm of mucocutaneous leishmaniasis is also
found in the 714 World and has been described in Ethiopila
(Barnetson, et al., 1278) where it 1is relatively common.
However, unlike the South Americsn variety the mucous lesion
normally arises by extension rather than metastatic spread, and
is rarcly aggressive and responds adequately to treatment,
Mucocutaneous leishmaniasis has also heen reported from the
Sudan (Abdalla, ¢t al., 1975), caused by L. donovani and also
progressed slowly and respunded well to treatment (Marinkelle,
1930).

At the other end of the spectrum is generalized non-healing or
diffuse cutanecus lecishmaniasis (DCL), which in the old world
nccurs only in Ethiopia an¢d Mount Elgon in Kenya, although a

@



similar discase pattern also ovccurs In South America, notably 4in
Venezuela, In Ethiopia, it 1s caused by L. aethlopica, and is
associated with L. pifanoi in Veaczucla. UCL is characterized
by the presence of non-ulcerating nodules, rich in parasites,
which do not heal spontaneously but are progressive and spread
over large areas of the limbs, face, and occasionally trunk of
the paﬁicnt. fiistologically, it is characterized by massive
dermal infiltration with parasitized macrophages and an absence
of lymphocytes. The leishmanin skin test is negative before
treatment (Bryceson, 1970a). As far as is known, both in South
America and in Ethiopla ULCL is prodﬁccd by the same strain of
parasite that causes iﬁ; lesions. Hence, the difference between
the two types of clinical diseases is believed to be due to the
modulation of host facters, rathe¢r thanm virulence of the strain
involved (Bryceson, 1970b; ?ray and Rryceson, 1969). However,
it is clear that since DCL only occurs in a restricted number of
leishmania species that failure of the hosts immune response is
not entirely responsible for the development of this form of

leishmaniasis,

Immunc responses in Cutaneous Leishmaniasis

Cell Mediated Immunity - The nature of the mechanism controlling
the immunc¢ response to cutancous lelshmaniasis is not fully
understood, but according to most clinical and experimental
evidence, CMI is of primary importance. Much of our knowledge
regarding immunity to leishmania is based on animal studies and
as such, have to be intcrpreted with caution. The two commonest
animal models for leishmaniasis are L. enriettii in the guinea
pig, and for uld World specles (L. major, L. tropica, and L.

donovani) in the mouse and hamster.

During the course¢ of evolution the intracellular leishmania

parasites have developed the ahility to modify the hazardous

7



intexrnal environment of the mononuclear macrophages 4into a
suitable habitat., Although the mechanlsm by which the parasite
tolerates the hostile ¢nvironment of the macrophage 1is not
known, there appears to b¢c a fine balance between the hust and
the parasite which may last for many years. In most cases, the
macrophages are able to control the parasite effectively, for
example, a single cutaneous lesion of L. enriettii in the guinea
pig, takes less than 10 wecks to heal. This healing is asso-
cilated with the development of a variety of cell mediated immune
mechanisms such as T cell activation, lymphokine production and
macrophage activation (Bryceson, et al., 1970). Delayed type
hypersensitivity responses to leishmanial antigens are alsc
invariably increased during and after healing, although the
exact relationship Letween immunity and LTil is not clear (Licw,
1936).

Humoral Immunity - The role of humoral immunity in the resol-
ution of cutaneous leishmaniasis 1s not clearly defined, though
anti-leishmanial antibodies will lyse lucishmania promastipgotes
in vitro in the presence of complement (iecarson et 2l., 1983).
In ccntrast,; the ‘high levels of circulating antibodies in
visceral leishmaniasis and diffuse cutaneous leishmaniasis show
no correlation with clinical improvement (Matossian and Kobert,
1975) .« This lack of assnciation between recovery from leish-
manial infections and antibody production has also been demonst-
rated in a number of laboratory models (¥reston, et al.,, 1978;
Rezal, et ale«, 1980; rearson et al., 1983). Thus, although
there is no clear cut dircct effect on the course of leishmanial
infection it 1is pessible that antibody may modulate the role of
CHMI in recovery from infection (Mauel and Behin, 1974; roulrter,
1980; Hale and Howard, 1931).

Impaired Immunity - The immunological response in the patho-
genesis of the various clinical ma2nifestations of lelshmanlasis

arc mainly as a result of the hosts Iimmune response; however,




the nature of the infecting parasite Jocs play 2 rele in the
vatcome of the infection (lryceson, 1969,1975; iidley, 1979;
Delebu, Louls, vugin and Miescher, 1980; Scott, Sacks and Sher,
1983). The ma2in immunoclopgical features of cutancous leish-
manlasis are shown in Tahle 2. Thus, althoupgh development of
cell meliated immunity is normally asscvecliated with he2linz,
lesiuns such as Chicleru’s ulcer in South America and leishmania
recidiva in the 214 World may fail t~ heal despite the develop-
ment c¢f delayed type hypersensitivity rcactions. Conversely,
leishmania infcctions may fail to self=-heal Z2ue to impaired
immunity, particulary cellular responses, as in the case of
Diffuse¢ Cutancous Leishmaniasis where, decspite 2n enormous
parasite load the patients fail to develop any cell mediated
immune reactions to leishmanial antigens. Althougsh the under-

lying mechanism responsible

Table 2 Principal immunological features of cutaneous

leishmaniasis.

————————— - - - - ———-_—_—_—— -

Parasite l'iscase DLTH Antib,dy Parasite Selfcure
L. aethilopica LCL +/- + - +
~CL - +/- s &
L. braziliensis LCL + + + 4+
MCL + + )= -
L. major LCL + + + +4+
L. mexicana LCL + +/- - +
DCL - +/- o -
L. minor LCL +4 +/- +/= -
L troplea LCL + 4 f - + +

- No or Absent: + Prescent) +++ Rapid sr Abundant; +/- Viahle
“r weak (ModAificd from WRHO, 1984).



for this anerpsiec state 1s unknown, it is g¢ecacrally belicved to
be due to specific cell medidted immune Jdeficicncy in the host,
possibly resulting from local lymphatic damape prior to infect-
ion or because of a genctically based defcet in cell mediated
immunity (Exryceson, 1%70b). Experimentally, diffusc infections
can be induced by prior immunosuppression (Lemma and Ferey,
1973; Kadivar and Soulsby, 1575) and as a result of genctlically
based defects Iin host {immunity (James, ¢t al., 1980; Hcward, et
al.,, 1981). 1In Balb/ec mice the genetilc defect in responscs to
leishmania appears roc be mediated by the same T cclls that are
responsible feor protection, elther because of hetceropgeneity in
this T cell population or because of quantitative diffcerences in
the numbers of thesc cells (Liew, 1986). flowever, it should be
remcmbered that although experimental procedures will induce
disseminated spread of an otherwise localized infection, that in
general, dissemination under eoxperimental conditicns includes
visceralizaticn and is not rcestricted to the skin as in human
DCL.

Treatment - Traditionally, cutanccus leishmaniasis has been
treated with corrousive poultices preparcd from plant juices such
as Euphorbia and Ficus species, or Llister beetlcs (Meloidae).
later pastes o5f sulphuric acid and charccal, and infra red
radliation of the le¢sion, hot compresses, diathermy, scraping,
curettaging, topical sovlid carbon dioxide and local infiltration
with anti-leishmanial drugs wurce used (Reviewcd by Molyncux and
Ashford, 1983; Currie, 1983). In conventional clinlcal practice
and experimental studics, many chemctherapeutic agents have been
used (Table 3) although the efficacy of many o¢f them is doubt-
ful, some are toxic, and most of them need parentcral adminis-
tration, Insaddition, standard rcgimens which do not require

close patient supervision have not bhHeen developed.
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s~dium stibogluc.nate (Pent,stim, Welle me, U.K.) ant meclumine
antimonate (CGlucantime, Sypccia, France). Howcver, these Arupgs
are potentially toxic and, at the high ?-gses rec mmen'e! for
muc. -cutanecus leishmaniasis, they are Lnvarla'.ly sccoumpanied by
serius side e¢ffects such as arthralpia, myalpia, an.rexia etc.
(Marsden, 1986).

In many parts of the world cases f antimuny resistant leish-
maniisis are trecated with Amphotericin O (Fungizione, Squibtl,
U.S.A.). However, its use is a~ain limited since it 1is seriosus-
ly nephroet xiec, and since it 1is generally pgiven intravencusly
patients have t» he under clise medical supervisi-n. The ~ther
drug recommendied for sec.nd line therapy in cases of antiminy
resistant leishmaniasis are the jpentamidine Jderivatives of
iiamidine, pentamidine “dimethane sulphonate (Lomiline, Specia,
France) an pentamidine is'thicnate (Pentamidine, May and TGaker,
U.K.). Hd.wever, these drups als: have serious toxicity prahlems
an! are h~th carlictoxic and cause llahet:s mellitus, although
the inducti.n cf Jdia»etes have ''een repcrte' te e less markeAd
with pentamidine iscthi-nate (Delehu, 1982). rYatients under-
going therapy must theref..xre¢ have frequent clinical, electro-

cardingraphic and bi.chemical monitoring.

Metrocnidazol (Flagyl, May and Laker, U.K.) uscd at a dose of
250mz orally has been reported tc Le successful agalnst cutan-
ecus leishmaniasis in Mexico (Lony, 1973) z2lthough ~“ther stucdies
in “oth the New and 1! Werlds have been unal'le tz iemonstrate
any effect (Waltcm, ¢t al., 1974; GSelehu, et al., 1978).

However, the majority of drups used in the treatment of leishma-
niasis are¢ ineffective in the treatment ~f Ethispian cutanecus
leishmaniasis cause? ly L. aethicpica an' the only ‘rups that
are routinely effective azainst L. acthi~pica are centami-“ine
compnunds (Lomidine, Specila, France and Fentamidine, May and

L'.'jkcl‘, U.KI)

11



Table 3 Drugs used clinically and experimentally in the treat-

ment of cutaneous leishmaniasis

- ————————————————————————

DRUG ROUTE CLINICAL EXPERIMENTAL
Aminoarsenophennl -4 + NR
Amopyrogsuing sC NK o g
Amphoteracin D sc NR 4=
iv ++ -
teopieal N +
Anthiomaline iv ++ MK
sc ++ -
Benznidazole sc Nic +4
derlierine suljhate sC NR +4++
il +4 NR
Chloroquine oral/se + NR
Chlortetracycline scC NR -
Clindamycin gc ' NR ++
Cyclozuanil sc N i -
im + NR
Dapsonc nral NK -+
Dehydrouemetine ral + NR
Niformyl dapsone sc NR -
Uiminazine aceturate Bc N +++
Emetine HC1 sc NR +++
Erythromycin s¢ Ni ++
Griseofulvin oral - NR
Hydroxynaphthoate sc NE -
Macrocyelone 51 NR -
Meflrquine sc NR e
Menoctone sc Nk +

Mcpacrine methana-
sulph 'nate sc N o

Continued overleaf

12



DRUG KOUTE CLINICAL EXrE«KIMENTAL

Metronidazole oral -+ -
Mexipraguine im NI ++
Neomycine nral e s NR
Nifurtimox oral + .-
N-methylglucamine im T R
Paromomycin ip N ik .
Paromycin sulpahate Topical NK bt
Pentamidine comps. im 4 -
sc NR -
topilcal NR -
rimaquine sral v -
sc Nh *
Pyrimethamine oral a o ~
Rifampicin oral ++ L
Sydium stibougluconate im 4 4
ip NR ' -
33 HR ++
sc NK ++
tepical HR +
Solusurmin Oral -+ NR
Stibophen im + ++
Sulphadiazine yral NR -
Sulphadoxine aral Ni -
Sulphagzuinnxaline oral NR -
st Nk -
Sulphaminometh: xine oral NR -
Streproumycine im - NKR
Trimetheprim sc R ++
im, intramuscular ip, intraperitcineal 11, intra lesicvnzl
sc, subcutanc us ++, coffective 4+, slightly effcctive
-y not effective NR, n¢t repuorured.

Compilled frum varicus s:urccs.
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Since m.st forms ~f cutane us leishmaniasis arc self-hcaling the
use of pentavalent antimony e mp unds (which are poorly effec-
tive) and pentamidiine which has seri.us side effects are¢ not
easily justified.

A number of novel methods of troatment have Seen investigated:

a) Encapsulaticn f Arups int. lipes . mes ¢r red cell
ghiusts coupled t- I3G are ne metho! «f Aelivering the
drup direetly t, the infeeted macrophage and in this
way the effective dose can he reduced 'y 80%Z (lerman
and Adkawa, 1984; blacks and Watson, 1977).

b) Topical treatment 1is one posesipility which might
circumvent the Jdisadvantases «f systemle treatment and
successful use »f topleally applied druzs such as
pentamidine an! parcmomycin (Pi, Humatin, Parke, Navis
and Co.) has heen reported (El=cn, et al., 1984;
Humber, et al., 1983).

EJ A variety ~f cther methcds such as transfer factor
(Bryceson, 1970b), 1.calized heating (Neva, et al.,
1984), surgical remnval (Brycesun, 1970a) and curett-

age (Currie, 1983) have bHeen investigated,

In terms of control of leishmaniasis, treatment plays an impor-
tant rule however, idecally, trcatment should lecave the patient
with an adequate immune response in srder to prevent re-infect-
ion fullowing return tu an endemic area. Little inf.rmati-n is
available regarding the effect f treatment on immune responses
to leishmania, although it has bYeen reportud that protective
immunity to reinfcectisn nly -cecurs following successful healinz

of a primary lesion (bryceson, et al., 1970). However, Grecen,

and colleagues (1983) hA;:-icmwnstrate! that immunity may
develop follonwing the development of non-uleceratin: ncdules
amongz human suhbjects vaccinatcd with live L. major, Since
protective immunity f-1l-ws iInfcction and resolution of leish-

maniasis, inoculation ¢f 1live leishmania has 'een practiced {in

<) '



protective immunity follows Infection an?! resolution of leish-

maniasis, dinoculation of live leishmania has bzen practiced in

the US3w and Israel fouxr many years (eitcd by Marinkclle, 1980).
Thls methsd of vaceination employs live non-attenuated strains
of L. tropica to protect against infection; and the vaceination
discasc may be as scvere as the naturally contracted infectiom.
Hlowever, there is a cosmetic advantage in the fact that snly cne
lesicn 1s normally produced and it is in a cosmetically accept-

able arca.

Since the drupgs ¢f choilice in Ethiopian cutanecous Jcishmaniasis
are peuntamidine compounds, one of these drups was chosen for

this investigation. However, parenterally administered pnenta-

0]

midine 1is severely toxic and therefore a second treatment
regimen, topical treatment, has been included for cemparison.
The topical treatment regimen choscn is one that has been used
routinely at the All Africa Leprosy =2ehabilitation and Training
Center (ALE®T) for LCL (Humber ct al, 1483). Ideally, an animal
nodel for L. 2ethiopica would have beon choscen, however, since
th2are is at present no suitable animal model for this parasite
an alternative L. major in mice was choszn. In addition two
strains of micec were use? nne of which, Balh/e, is permissive to
L. major dinfcetion and the other, Swiss albino which prcduces a

s21f-hcaling lesion similar to human LCL.

The aim of this study was to examine the cffect ¢f both paren-
teral and topically applied pentamidine cn the course of
leishmania infection and whether chemotherapy alterxrs the

development ~f immune responsces to leishmania entigens.



CHAPTER 2

MATERIALS AND METHODS
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MATERIALS AND METHODS

Leishmania Parasites: The spccies of leishmania used in this
study, was L. major LV 39 (derived from a strain i{solatcd from a
wild rodent and obtalned as a kind z2ift from the Max rlank
Institute, Germany). The parasite was maintainced by scrial
passage in Balb/c mice. VPromastigotes were kept in culture for
a maximum of 3 to 4 weeks in an attempt to prevent loss of
infectivity. Mice were routinely inoculated subcutancously into
the ear margin with 103 Promastigotes. Fromastigotes were
normally obtained by culturing tissue obtained from the cervical

lymph nodes draining these infections.

Preparation of inocula and inoculation of animals: Promastigotes
used for inoculation were grown in RXPMI 1640 culture medium
(Flow Labouratocries, U.¥K.) supplemented with 20% foetal calf
serum with the addition of penicillin and streptomycin (200
units and 200ug pcr milliliter respectively). ‘rior to the
preparation of the inoccula, a growth curve was determined for L.
major using triplicate bottles, ecich containing 10 ml of R¥MI
media, and incubated at 28°C. Samples were Adiluted with an
equal volume of counting fluid (phosphate buffered saline, pH
7.2 ccntaining 1% formaldehyde) to immobilize the parasites
during counting using the hemocytometer. The promastigotes for
infecting the animals were harvested from statlionary phase
cultures by centrifuging at approximately 800g for 15 minutes
and resuspending in phosphate buffered saline prior to inocu-
lation. The number of flagecllates was estimated using a
hemocytometexr, follewing a 1:1 Ailution of the suspension in

counting fluid.
The ear pinnae of the animals were inoculated subcutancously

using a 30 gauge needle. Considerable care has to be taken with

mouse ears since the pinnae are extremely thin.
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Kelationship between inoculum size and lesion development: A
study was made of the influence of in.culum size on the nature
and time course of the subscquent lesi ns in Balb/c and Swiss
albinos mice. A suspension of promastigotes harveste! in the
standard manner was diluted to yield Inocula containing approxi-
mately 103, 104, 105 and 10® promastigntes per 0.05 ml. Each
group of 4 (Balb/e) and 5 (Swiss albino) mice werc examined at
weekly dntervals, and the extent of the skin lesions was
asscssed using a graded scale. Lesions were assessed clinically
using a graded scale of +(1) to ++++(4). Large lesions with
secondary infection involving most of the ear were graded as 4;
ulcerated lesions involving approximately half «f the ear as 3;
small non-ulcerating lesiuns 2; lacalized induraticn 1 and nn

apparent lesion as 0.

Experimental animals: The wice uscd in this study were housed
under conventional eonditions in the Departmeént cof Biology
animal house and fed animal pellets prepared by the Ethiopian
Youltry and Uairy Enterprises, Addis Ababa. Mice were provided
with water ad libitum. Two strains of mice werc¢ used; Outbred
Swiss albino and inbred Balb/c bath 6 tn 7 weeks of age. Within
a single  experiment only one sex was used. For cach strain
there were 8 groups each containing either 10 mice (Balb/c) or
15 mice (Swiss albino). The groups were treated according to

the following schedule:

Topically treated with pentamidine in 60Z dimethyl sulphoxide
(DMS0)

Immediately post infcetion
Two weeks post infecrion
Threce weeks pust infection

Control (treated with UMSU only)

18



.

Systemically treated with pentamidine
Immediately post infecticn
Two weeks post infcetiun

Three weeks pust infection

Control (untreated)

Trcatment and Drugs and Clinical Assessment: The drug used
Yfuring those experiments was powdered pentamidine “dimethane
sulphonate (Lomidine, generously donate! by Specia, France).
The topical preparation was pPrepared. by dissolving 70mg of the
drug per milliliteryofe60% ‘dmethyl sulphoxide (DMSO, Sigma).
The parenteral preparation was 70mpz per milliliter in sterile

saline.

Pentamidine was applied toplcally by administering 0.05ml ~f the
soluticn to each infected ecar anl was given parenterally by a
welight adjusted intraperitoneal inmjection of 0.2ml daily (Balb/c

mice) or 0.3ml (Swiss albino).

Histology: Tissue for histnlogical examinati n was fixed in 10%
buffered formalin, dehydrated, 1imbedded 1in paraffin wax anl
sectioned. The sections were stained with haematoxylin and
ensin. Smears were prepared from lesions and other tissues, and

staine: with geimsa.

Delayed Hypersensitivity: The Jevelopment of Jelaye! type
hypersensitivity was determined by the increase in foot pad
thickness following the intradermal inoculation of 2x10% glutar-
aldehyde fixed L. major promastigotes into the right foot pad,
Chanpges in foot pad thickness were mcasured at 24 hour intervals
using a 4ial caliper (Schnelltaster, Germany) usinz the contra=
lateral fuot pad as a control.

: P, A
Antibody Assay: Antibodies to leishmania antigens were asscssed

] %) tail bled ever
using a miecro agglutination assay. Mice were y
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¢ ceks upto - o) :
two weeks upto 10 wecks after infection, and the serum scparate!

and kept frozen at -20°C until required. Doubline *ilutions

(final volume of 50 ul) of the test antisera were srepared in

flat bottomed 96 well microtitre plates (Flow Laboratories,

U.K.) and to each well was added 50 ul -f stationary ohase

" = = . 3 f -
promastigote suspemsion (2 x 10° per ml)., The plates were

incubated at 37°C for cne hour. The legree of agglutination was
assessed using an inverted microscope equipped with phase
contrast. The last well with agglutinated clumps of pro-
mastigotes was taken as the end point.

Challenge: Six months after infection all mice were challenge!
with 102 stationary phase L. major promastigotes injected into
the base of the tail. The animals were examined over a period
cf 3 months to assess the development of any lesion. Control

animals were alsn inoculated.
Statistiecs: Means standard deviations and independant T tests

were calculated using a Texas Instruments programmable calcu-

later (TI 59).
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CHAPTER 3

RESULTS AND DISCUSSION
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RESULTS ANDI DISCUSSION

L. maj:r causcs cutaneous lelshmaniasis in man. In most cases

it is confined tosthe ‘skin, but 1in rare cases: it metastasiczes

and invades the reticulo=-endothelial cells -f the viscera (El=tn
et al., 1984). In Balb/c mice it causes skin lesion as well as
visceral infection and there is no self cure. Theref.ure during
the present experiment the local clearance of the parasites in
Balb/c mice is attributed to drup trecatment osnly. un the sther
hand, L. majnr produces self-healing lesi>n in Swiss albinc
nutbred mice whiech 1s “ne of the resistant strains and no
visceralization was reported in these mice. Therefore the
results must be interpreted with cauti n. In the present
experiment the untreated contrels healed after 20 weeks and the
treate? ones healed after 12 weeks, thus treatment accelerated

healing.

The severity of the infection determines the ease ~f Jemonstra-
tiocn of drug action and it 1s affected by faetors such as
inoculum size and age of culture. Therefore experiments were
carried cut to investipgate the lowest inoculum size (102) which
is liable t« produce apparent lesion in both strains of mice and

a growth curve was determined.

Growth curve - The growth of L. major LV 39 in APMI-1640 medium
su,plemented with 207% foetal calf scrum was studied. Triplicate
cultures of parasites werc incubated at 28“C an! counte?! Adally
for 12 days. The mean parasite growth was plutted against time
(Figure 2). The growth was logarithmic. The stationary phase

was reached between day 7 and 9, and the parasites started to

die by dsy 10. Budeinp thds experineut promastigotes for
infecting the mice were harvested from the stationary phase f

the growth, for promastigotes are said to be more virulent at
o ® ‘

this phase of growth (Sacks and Perkins, 1984)
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in RPMI-1640 media.

23



Course of infection

( S < & < Ao ol i
The course of lesion development in tw strains of mice, Balb/e

studled following the
injection of graded 4imccula (108, 105, 104 and 103) of L. major

were observed at

(inbred) and Swiss albin, (outbred) was

LV 39 in the ear pinnae. Individual mice

weekly intervals,

Swiss albinoc mice = Inccula containing 103 and 104 produced nn
lesions during the 16 weeks of observaticn. The highest inocula
(106) prcduced lesicns which reachel maximum size at about 14
weeks. After this pericd, the lesions causel by incculating 106
promastigotes ceased increasing, and those caused by 109 started

L> regress.

Balb/c mice = This strain of mouse developed lesions with all

inoculum size, although bigger and quicker lesions were asso=-
ciated with the higher inocula, 106 and 105. No regression of
the lesion was observed in any u2f the dusage groups. In
peneral, lesions were more vigorous in Balb/c than Swiss albino,
and the size of the lesions were proporticonal to the amount of

inoculum.

These results confirm previcus findings thet modest Anses «f L.
major generally produce self healing lesicns in outbred mice
(Trotter, et al., 1980), whereas in the susceptible Balb/ec
strain the lesions do not heal (Howard et al., 1980). In all
subsequent experiments a dose of 103 promastigntcs was chosen
since this was the lowest dose which consistently produced

lesions in both strains »f mice.

Effect of treatment on the development of the leslon- Drug
activity was evaluated by determining the change in lesion size,

X : 2 ) taken
an1 by assessing residual parasites in smecars and sections e

- . 45
from lesion and other sites. Improvement seen whilc under

treatment in all animals was attribute! tc the treatment. The
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duse selected was a level kniwn ts he effective clinically
apainst cutaneous leishmaniasis.
After subcutanecus inoculaticn f 105 ,p J

v promastigotes of L. major

LV 39 int. the ear pinnae of Balb/c mice, a lesion started as a

small nodule which gradually enlarged, ulcerated anA senerally

became secondarily infected. The lesion pregressively enlarged

towards the periphery, and the margin of the ears started to
erode. This condition persisted for more than 5 months and no
self cure was observed in this mouse strain. On the other hand,
Swiss albino inoculated similarly developed small nodules which
gave rise to small lesiocns 2 to 3 mm in diameter an' healed
slowly after about 20 weeks. During this experiment bnth mouse
strains were treated topically and systemically at Adifferent
times rost infection: Immediately treated after infecticn at 2
weceks and 3 weeks post infection. The lesion sizes was deter-
mined in each mouse weekly and the average score was computed
using the scale described in material and methods. These scores
are tabulated against time and Tables 4 and 5 show the effect of
pentamidine methane sulphonate (Lomidine) given toupically and

systematically to Swiss albino and Balb/c mice respectively.

Topical treatment- Both mice strains were treated topically with
0.05 ml of 70 mg per ml «f pentamidine dimethanme sulphonate
(Lomidine) incorporated in 60% dimethyl sulphoxide. TMSC has
been usecd in many pharmaceutical cintments for increasing drug
penetraticn (Review by Idson, 1975). Its median lethal dcse in
mice is approximately 20g/Kg body weight and 1s therefore
virtually nocn-toxic to mice. The preparation was applied
directly to the lesicn daily for 7 weeks. Treatment was started
at different times post infection to observe the cffect of
timing of onsct of treatment on subsequent development £

immunity., Controls were treated {mmediately with only 60Z [MSO,
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Table 4 Course of infection in Swiss Albino mice trcated with

pentamidine
Trcatment Weeks post-infection
Croup 1 2 3 4 5 6 7 8 9 10 20
Tupical
Immediate - et Rt 4 44 ++ ++  ++ - -
2 weeks - - ++ +++ +++ b+ A+ 4 + + -
3 weeks - - - + ++ A+ -+ 4+ ++ - -
IPMSG - - + + T+ + o +4+ ++ ++ -
Systecmic
Immediate S - - + + + + ++ ++ -
2 weeks =Sh - - - + + + + + -
3 wceks - - - - - - + ++ 4+ - -
Untreated SR - + ++ ++ ++ ++ ++ ++ -

Table 5 Course of infection in Balb/ec mice treated with penta-

midine
Treatment Weeks post-infectinm
Group 1 2 3 B 5 6 7 8 9 10 20
Topdeal
Immediate + 44+ oAbt 4 ++ + + + M
2 weeks - - + ++4 ++++ b+t 4+ ++
3 weeks - - + + ++ +++  +++ e+ B -
NDMS G - - + + ++ ++ ++ ++ ++  ++  ++
Systemic
Immediate - + + + ++ +++ +++ 4+ ++ M
2 weeks - - - + + + + ++ ++ ++ M
3 wecks - - - + + + + + + - “
Untreated = g 4 - + +4 +++ ERs 4+ ++  ++ ++



Swiss albinn mice treated immediately and at 2 weecks post

infection developed lesions earlier than thelr controls and

produced the biggest lesion by the third and sixth week respect-
ively. Those treated after three weeks ha? lesi-ns one week

after the contrcls and uleeratisn was at its maximum at about

the same time as the 2nd week treatment group but was less
prominent., Ulceraticn was earlier, and vigocuour in the immedi-

ately treated mice than those treated later.

Treatment resulted in erxnsion of the ear pinnae particularly in
the immediately treated mice. The controls (UMSU treated)
precduce indurated lesion after 2 weeks and small lesion devel ip-
ed after 4 weeks, then healed spontaneously after 20 weeks [ost
infection with ‘normal ears., After 12 weeks, all 3 treated
groups were pealeﬂ clinically and parasitclogically as confirmed
by smears and sections from the site cf heale?d lesion and other
sdtes (Table 6j}). The controls had parasites in the lesion and
cervical lymph node which directly drain the lesion, but not in

the splcen.

The dcvelopment c¢f lesions im PRalb/c mice treatcd inm the same
manner, was accelerated in those immediately trecated than the
other treatment groups. The group treated after 2 weeks had
more or less the same lesiocn develupment as that of the immed-
iately treated, and those treated after 3 weeks developed
lesicns which were less vigorcus than the above two proups, and
persisted throughout the observation pericl. Ulceration rcached
its maximum after three weeks for the immediately treated and
five weeks for those treated after 2 weeks and for thnse treated
threce weeks post infectionm after 6 wacks. The DPMSO treated
controls developed indurated lesions after 2 weeks and small
lesions after 5 weeks which persisted up to the ¢nd of the
vbservation pexiod. No parasites were detected in smears or
biosy material in those immediatcly treated, but parasites were

found in the spleens of mice treated 2 and 3 weeks after
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Table 6 The presence and absence of parasites in bilopsy

material 12 weeks after infectlon

Treatment Lesion Lymph n.le Splecn
Group Diopsy Smear Hlopsy Smear binpsy Smear
Balt/c Tapical Treatment
Inmediate - - - - - =
2 weeks - - - - - =
3 weeks = - - -~ - +
Controul r + - + - +
Balh/c Systemic Treatment
Immediate - - - - - -
2 weeks - + - - - -
3 weeks = - o+ - 2
Control s + - + -
Swiss Altinc Topiecal
Immediate = ¥ * i, % b
2 weeks = = i - 1 i
3 weeks - 3 % i i -
Comtrol (o) 2+ = + 3 L]
Swiss Albin~ Systemic Treatment
Immediate - - ¥ " by &
2 weeks - ¥ 1 v i T
3 weceks - g % I 3

- + - -
Contxol + +
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infection, This may suggest that Imme'iate treatment orevent
visceralization of parasites in Balb/c mice.

In general in both strains of mice Indurated lesl ns started
with the onset of treatment before the controls. Ulceration was
more prominent following topical treatment and ear crosion was
more pronounced in those immediately trecated than the other

trcatment groups.

Systemic treatment -~ Tn.assess the influence of the route of
administration on the cfficacy of the drup, differcnt groups of
both mice strains were treated intraperitonially with lomidine.
A daily injection of 0.3 ml and 0.2 ml of 70 mg per ml/Kg body
weight of pentamidine was given for 50 days te Swiss albino and
Balb/c mice respectively., All treated Swiss albino produce
lesion after thelr ' centrols (Table 4). From these results it
seems that systematic treatment retards lesion development. Eut
amocng the treated groups, those immediately treated developed
lesion earlier than the rest of the group. desides healinp
earlier, generally the course of infection of the treated mice
was not significantly different from the untrcated controls.
The ulcers were smaller than those topically treatel! and healed
after about 12 wecks after infection, most with normal ears. At
this time smears and bicpsy materials show no parasites, but the
control had parasites in smecars taken from the lesion (Table 6).
The untreate! controls Adeveloped small lesicon by the fifth week

wnich self healed after about 20 weeks.

On the other hand, immediate treatment induce earlier induration
in Balb/c mice. The other treated grcups developed indurated
lesions about the same time as their ccntrols, and In the group
treated 3 weeks after infection this inturation persisted up to

the 10th week and no ulceration was observed. The 2nd week

treatment group developed small lesions after 8 wecks which

persisted up to the 10th week. The immediately treated gsroups
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had ulceration #reater than the controls, After 12 weeks of

infecticn the lesions in the treated proups regressc!. Smenrs

and biupsy materials showed no parasices in the immediatcly

treated groups, but lesions of the 2ad week treatment pgroup and
lymph ncde and spleen of the 3rd week treatment arvup revealed
parasites. It would secem therefore that topical treatment is
superior to parentcral, in that no parasites were detected in

lesions of the topically treated groups.

After 20 weeks all swiss albino (treated and untreated) where
cured and had nn disseminated lesion. A different picture
cmerged‘in Balb/ec mice in that all produced metastatic lesions.
Amastigotes were detected from smear of these leslion. The
dissemination seemed to have a pattern In that all were occurrel
on the extremities. Most of the mice 1ied after this condition.
El-9n et al. (1984), observed metastatic lesion on topically
treated Balb/c mice after termination of paromomycin sulphate
treatment, and considerd this condition to be caused by the
migration of unaffected parasites from the internmal organs. The
development of necrotic lesion on the extremities of L. enrittii
infected guinea pigs following sodium stiblogluconate treatment
was also observed by Neal and Miles (1977) and they associated
this condition with incomplete activity with the drug rather
than acquired drug resistance, because transfers from thesc
metastases confirmed that the sensitivity of the lcishmania to

slucantine was unaltered.

Interaction between Host Immune Response and Pentamidine Treat-
ment

Humoral Response- The antibody titres t- L. major during penta-
midine trecatment are shown in Figures 3 and 3. The titrc of
antibody in Swiss albinc (treated or untrcated control) was
senerally less than that of the Balb/c mice (Tables 7 and 3).
There was an increcase »f antibody titre im bdoth strains during

the first 6 wecks of the lesion, which then leveled off in
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Balb/c mice, but decreased in the Swiss 11bino. The decrease in

antibody titre in the Swiss albino did nnt correspond to

clinical hecaling, although Walton (1980) ubserved that clinical

improvement and healing of lesions was accompanied by a tiainut-
icn of antibody titre to amastigotes (Fluorescent antiboudy
assay). In additicon he found that those in which rcversion to
sero-negativity did not ocececur, a relapse sccurred. In Balb/c
mice the titre did not decrease (Figures 3 and 4) which may be
due to the progression of the disease. Treatment scems to
slightly, but not significantly, increase antibody producticn,
since in all four groups, the treated groups were marginally

hizher than the controls.

Delayed type Hypersensitivity Responses (DTH)- The time curves
of footpad enlargement following the injectiomn of 2x106 gluta-
raldehyde fixed promastigotes 12 wecks post infection are shown
in Figures 5, €, 7 and 8. As can be seen from the shapes ~f
the curves foot pad testing .f these mice with L. major antijen
shows a classical DTH pattern, begins at 24 hcurs, peaks at 48

3
v show

hours and then decrcases toward 72 hours. Figures 9 anAd
the TH time curve following the testing of Swiss albino mice
treated tcpicall§ and systematlically respectively. Figures 7
and 8 show the NTH response «f topically and systematically
treated Balb/ec mice to the same antigen respecctively. 1t is
apparent frum these curves, that ther 1s, as might be expected,
srcater DTH in Swiss than in Balb/c mice (Table 9). This could
be due to visceralization of the parasite in Balb/c mice which
causes relapse later on. According to Prestom et al. (1978)

climination of DTH is often associatced with progressive diseasc.
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The effect of topical treatment with

pentamidine on the DTH response of swiss
albino to L. major LV 39. Immediately post

infection (P.I) (-A-), 2 weeks P.I (-),
3 weeks P.I.(-e-) and untreated controls

(-a‘-) .
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SANL AL L 4 ALION

Table T¢ Topically treated Balb/c mice versus swiss albino

Balb/e Swiss albino
Weeks P.I X 8.D ; S.D Probability
2 4.3 .58 1 3.3 5T e, -
o 6.7 .58 4.3 1,15 <0,05%
6 8 1 b 1 <0,01
8 703 058 2 1 <0.ol
10 8 x5 235 - 7 R, S <0,01

ANTTIBODY TITRE

Table 8: Systemically trested Balb/c Vs Swiss albino

Balb/c ' Swiss albino
Weeks P.I ) S.D % 8.D Probability
2 4.3 - 58 133 .571 N.S
4 6.3,. 5y & T S | < 0,05
6 G 1 3.3 577 < 0.01
8 T 12 3 1 < 0,01
10 8.3 M0 12 1 < 0.01

N.S - Not significant

- Mean and standard devietion calculated from 3 pooled sera.
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TABLE S: DTH - RESPONSE ,SWISS ALBINO VERSUS BALB/C AT 48 HRS.

Treatment

roups 5.D Probability
Balb/c | Swiss | Balb/c | Swiss | Balb/c |Swiss

T lwmediately P.I 4 4 1.36 2.07 15 .03 <0.001
O -
p
1 ¢ weeks P.I a 4 1.33 | 1.9 .04 | .06 <0,00)
C
AL
" B weeks P.I 4 4 1.31 1.72 | .029 | .04 <0.001
b

Control 4 3 1.12 1.47 .02 .01 <0.001
S iImmediate P.I 4 3 1.22 | 1.64 .05 .05 <0.001
Y
S
T 12 weeks P.1 4 3 T8 1.63 .06 .04 <0.001
M _
113 weeks P.I 4 4 1.18 | 1.65 .06 .04 <0.001
‘| 1
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Table 10: DTH - RESPONSE AT 48 HRS. OF BALBAC MICE

Treatment Groups X S.D N Probability
Control 1.12 | 0.02 4 -
L+
v.f* —
S 3 Weeks P.I 1.18 | +.06 4 *NS
X
i i
£
M 2 Weeks P.I 1.24 +.06 4 <0.05
I
&
immediately P.I $.22 | +.06 4 <0.01
T 3 Weeks P.I 1.31 | 10.03 4 <0.001%
G B ’
P
i 2 Weeks P.1 $.33 | 20.04 4 <0.001
C
A
L Immediately P.I 1.36 | 20.15 4 €0.05

* Not significant.
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Table 11: DTH - RESPONSE AT L8 HRS. OF SWISS ALBINO

QR B0 m

e uiktg O V3

Ireatment Groupe § | x | 8.0 | Probability
Control i {158 6 1l .01 -

3 weeks P.I k § 1.65 .Oh < 0,001
2 weeks P.I 13,163 .Oh < 001
Immediately P.I 3 {1.6b .05 < 001:

3 weeks P.L k 1.T2 0l < 0,001
2 weeks P,I b 1.9 .06 < 0,001
Immediately P.I 4 § 2.07 .03 < 0,001
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In “>th Balt/c and Swiss albino mice, treatment rcsulted in

increased DTH when compared to

(4 )U].d

controls (Talles 10,11). This
be related to the development of protective immunity., In

both strains of mice greater responses were shown in topically

treated rather than systemically treated groups. lamediate

treatment induced greater UTH especially topical treatment and
this may he related to the increased ulceration found following
treatment. According to Hormaeche, et al, (1981) delayed
(fontpad) hypersensitivity testing is not always a reliable
marker of natural or acquired resistance to infection, but
probably parallels the development of CMI. It 18 2 gross
measurement of cellular reactivity involving a seriecs of inter-
acting T-cells and phagonecytes (Liew, 1986) and the cell popula-
tion which mediates it is Lyt 1t2=cell line which is amnalogous
to that of CMI (Howaxd, et ali, 1982).,

Challenge~- Six months post infection all groups were challenged
with 103 L. major LV 39 promastigotes injected at the hase of
the tail, a site remcte from the crizimal point of inoculation.
None of the mice, treated or untreated, showed any lesion over
the observation perlod of 12 weeks. Althouch control animals
never failed to produce lesions with 10 promastigotes. At the
time of challenge, treated Balb/c mice had disseminated lesions,
“ut no lesion on the point of challenge. The reason why inocula-
ted promastigotes did not develop while disseminate lesion were
present, is not obvious although, Ncal and Miles (1977) observed

the same effect in sodium stibopluconate treated L. enrietril

svalon : d
infected zuinea pigs. That is, no lesion developed in trecate

or untreated conkxols when challenmged after termination of

treatment. In addition, Erccli and Crelho (1967) found L.

a D 1)l ow=-
enrictti in the liver, spleen and kidney of gulnea ips folluw

» 4
after apparent successful treatment with

localization was

ineg reinoculation

rral
glucantime. They sugpgest that this viscer:

eticn.
caused by the reinoculation rather than the primary infe

) 2 produce cuta=
Normally guinea pigs infected with L. enriettil produ
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necus lesion and they supggest the above conditiun may be due to

a cutanecus, vVersus corgan immunity, and may represent the

inverse image of post Kala-azar dermal leishmanoid (PKLL) which
usually appears after treatment of visceral leishmaniasis (Kala-

azar).
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CONCLUSTION

The aim of this work was to examine the effect of both paren=

teral and topical pentamidine oan the course of infeection of L.
ma jor LV39 and whether chemotherapy alters the develupment Tf
immune responses to leishmania antigens. Pentamidine was used
during the experiment because the Ethiovpian cutancous leishma-
niasis is sensitive only to pentamidine derivatives which are
seriously toxic and need close medical attention during admi-
nistration. Most forms of cutaneous leishmaniasis are self
healing and the use of toxic parenteral drugs is unjustifiable,
and topical treatment was used to overcome the disadvantage of

systemic treatment and compared with parenteral administration.

L. major LV39 produced consistent lesions in Swiss albino and
Balb/ec micc. In Ealb/e the lesion was progressive and non self-
healing, and visceralizing. On the other hand Swiss albino
develop small lesions which are self-heallinp after about 20

weeks.

The course of infection of the treated mice was different from
that of untreated contrcls. The onset of lesion development was
accelerated and ulceration was vigorous especially in topically

treated mice. Treatment probably induced early development of

immune responsc.

The ecarlier the treatment, the better the result, since even Iin
s

the highly susceptible Balb/c mice, visceralization was hinder

following immediate topical treatment. Topical trcatment was
‘ g ene treatment
more effective than intraperitonial. In general, re

cured all Swiss albino before their controls. m the other

hand, the lesion of Balb/c regressed during treatment et

relapsed after 20 weeks. This is analogous t0 DCL patients
atments

which relapse after successful tre

b4



Puring parasitological examination more parasites were detecteld

in smears than in sections. This findin- is in relatlon with

previous findings (Neal, 1964; Iskandar, 1978). The probable

reason could be that the very thin section (cell line) taken

decreased the chance of parasite detection.

Higher humoral responses and low DTH responses were observed in
Balb/c mice than in Swiss albino mice. Green et al. (1983)
observed hizh humoral responses accompanied by relatively low
cell-mediated immunity in subjects vaccinated with live L.

majoxr.

Early during infection antibody titre increased in all mice, but
later decreased in Swiss albinoc but not of the Balb/e mice.
These changes are probably related to the progressive diseases
in Balb/c mice. Treatment increased the DTH response in all
treated mice being more prominent in Swiss than in Balb/c mice,
and in topically treated than systemically treated. Moreover in
most trcated mice DTH is higher in immediately treated groups in

parallel with regression of the lesion.
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