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11
ABSTRAGT .

Successful treatment of cutancous ]Ll‘thﬂJ&"iS has nut yvr hco

achleved due to toxledty and thefneeﬂ flr prrbnt>xal aJminlstw
ration of most antileishmanial dréﬂs. j”nc} thg jﬁquirumgnts
5f successful treatmant 1s that ft;r ch moru ép&yhhéﬂbéfientl
should possess an adequate immune rospjnsc £n péevant re-Iinfect-
fon on return to an endemic area. The aim of this thesls was Lo
examine the cffect of both parenteral and topleally appliced
pentamidine dimethane sulphonate on cutanenus lesions causcd by

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

Tw: models have been established: L. major LV39 infectlon in
Ralb/e (inbred) and swiss albino {nputbred) mice. L, major
produced consistent leslons in these animals followlng sub-

cutaneous incculatlon of 10° promastipotes Inkto the cax pinnaec.

The ceffeet of the Lreatment on thce parasltes wvas assessed by
detarmining the mean lesion slze plottcd against time, and by
biopsies and smears for detecting residual parasites. The
interaction of the treatment wilth Immune responscs wWas assessed
by measuring antibody titrxe, delayed typce hypersensitivity
responscs (DTH) and challenge with llve homologous parasites.
Teplcal treatment cured Swlss alblnc mlice before thelr controls
which self-healed. In Ralb/c mlce eventhough the ulcer fegreSSH
ed they xelapsed after termination of treatment, but the level
of DTH was higher than theixr contrcls, which did not seli-heal,
Treatment increases the level of RTH response to L. major
antigen, more In Swiss than 1in JBalb/ec and 1in those toplcally
Freated rather than systemlcally treated. Antihody titres
inereased duvinpg the develcpment of the lesion,which then
leveled off (in 3alh/e) but decreased In Swlss alblno. But thils
decreases 1in swiss albine did not correspoend with clinical

healing.




After about 12 weeks past treatment all mice werse challenyged,
and no lesions produced In any group during the ohservation time
uf 12 weeks. Treatment, cven immediately after lnfcctlon, left

the animals with immunity to subscquent challenge.
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INTRODUCTION




INTRODUCTION

Clinlcal Aspecis of lelshmanlasls

Lelshmaniasls 1s a serious disease in endemic arcas, and the
World Health wrpanlzatdion has selecred it as one of the six
major tropical disecases., Lelshmaniasis bhas bezen teported frxom
abour 80 countries and probably some 400,000 necw cases occur
each year (dMarinkelle, 1930), and 1ir affects well over 10

million people world wide.

Leishmaniasis i{s a complex of diseases that have very little in
commoen (Marinkelle,l1980) except for the morpholegy of the
causatlve protozoa pavasltes; of the penus Lelishmania. There
are at least 13 different specles and subspecles of this genus,
These paraslites are transmitted to man from Infected persons or
animals by infected sandflies when taking a blood meal. The

orrpanisms of the zenus Lelshmania exist in two forms: the

intracellular amastigote form, which lives in a parasitophorous
vacuole of a mammalian host maecrophage, and a flagellated

promastigote which Lives In the gut of infected sandflies.

The different specles of Lelshmanla pruduce three different

dlisease patterns; with numerous wvarjations (Faust, et al.,
1974). The Iinfection in man ranges from a mild, superficial and
localized, spontancously resolving lesion to systemic dlisease
which ds 1life threatening. The potential sequence of events
(the leishmania spectrum), folloewlng natural inoculation with
Lelshmania parasites is summarized in Figure 1. The threc major
clinical types cutansous, mucocutaneous and visceral and thedr
assoclated specles are shown In Table 1| where it can be seen
thar a major divislon is whether the parasites normally viscera-
lize, or whether they remain In fthe skin, The exact mechanism
controlling this tissue tropism of the narasife Is unelear, but
it has been sugpgested that femperature preferences may bhe

important (Fearson, et al., 1983).
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The polentinl scquence of cvents thefleishmnnia specirum ),

following natural fnoculation with tetshwania parasites.

{(Hodifled from Molyneux and Ashiord 1983).




However,this JdLlfference is not elear cut and ndrmally viscera-
lizlng strains can invade the skin and cutaneous strains, such

as Ledshmanda trepica have lYeen Isolated from visceral ledish-

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

Tahle 1 The diffcrent specles of leishmania and thedr clinical

manifestations.

Parasite Clinical Piscase Pattern
_________________________________________________________________ S
/
L. aethlapica Lecalised and diffuse cutaneuus lelsh-

maniasis

L. amazonesis Localised (70%Z slow healling) and
diffuse cutaneovus leishmaniasis (30%)

L. braziliensis Localised (wet type) and mucocutaneous
leishmaniasls (cspundia)

L. guyanecnsis Cutaneous ledshmanlasis occaslonally

metastatic (pecan-bois)

L. major Cutanenus leishmaniasis (oriental sore)
L. minor Cutancous Jeishmaniosis
L. mexicana Cutaneous lcishmaniasis (car lesion-

Chiclero’s ulcer)
L. panamensis Localdized and persistent cutancous

leishmaniasls (wet type)

L. peruviana Cutanecus leishmanliasis (uta)
L. pifansi Niffuse cutancous leishmaniasis
L. donovani Visceral loishmaniasis (kala-azar)

ocecasionally cutanceous (Post kala-azar
dermal Jeishmanold). Componsed of a

complex - dinfantum - donovani -~ chagas,

Compilled from various sources.
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catlan of visceral lelshmaniasis is Tost Rala-azayx dermal
lelshmanold (PEDL) in which larpe numbers of the viscerallzing
parasite, L. donovani are found in the skin. Tt 1 clear

therefore that the tissuc troplsms of various ltelshmanial

species arc not fully accounted for by Lemperature alone.

The experimental model that will be lnvestipated in thls study
{s cutanecous lelshmanlasis In laboratory mlee causecd by the
paraslte L. major, a specles whlilch readily infects rodents and
causes cutaneous Lleishmaniasls in the (ld Woxrld. The vemalnder
of this intreduction will therefore he largely concerned with
the clinical and immunoloplcal aspecths of 01ld World Cutaneous

lLelshmanlasis.

Human Cutancous Lelshmaniasls

Cutancous lelshmaniasis (CL) in man, as {in leprosy 1ls a spectrum
of dlsecases with clinical manlfestatlions ranging from self-
healing leslons to ehronle disseminated leslons where both the
host and the paraslte factors control the pathogenesis of the
{nfoction (Scott, et al., 1983). Accordingly, Lt is classifled
{nto three different elinical patterns: self~healling, penera-
lized non-hecaling (anergle), iocalized non-heallnyg (ultra=
hypersensitive or recldiva), The middle of the spectrumn
produces the sclf-heallng forms of the discase, the two extre-
mes: the anerglc and recidive are both non-self-healing (Bryce-

son, 1972).

The protetype of infectlons caused by Lelshmania 1s the simple
loecallzed cutaneous lesion (LCL), classically known as ""Uriental
Sore" which is a sclf-healing discase. A nodule appears in the
skin, some weceks afterx {noculatlon of the parasite bY the
sandfly whilch then ulcerates after a period varylng from 2-8
months and 1is covered by a crust. It then starts to heal

slowly, leaving in the end a characteristic depressed, mottled



scar (Bryceson,1976). There are also varying amounts of humoral
immunity and delayved hyperscnsitivicy vesponses produced fo

leishmania antigen.

The lupold form or recidiva leishmanlasis occupies one end of
the spectrum. The leslon resembles oriental sore; but 1t never
guite heals. Classically, there Ls a typlcal scar arcound whose
borders small nodules recrudesce, ulcerate and heal Incompletely
so that the whole Jesion spreads locally. Histologlcally, the
lesion shows an intense cellular response 1n the form of
tuberculold granuloma, paraslites are scanty orx absent, and there
are an unusual number of plasma cells, The conditlion 1is
assoclated with marked delayed hypersensitivity te leishmanial

antigens (Bray, et al.,, 1973).

Mucocutaneous lelshmaniasis (MCL) of the New World 1is rcaused by

L., braziliensis and Is characterized by persistent disfliguring

lesions that affecet the mucous membranes., Tt 1s non-~healing
despite the presence of considerable bhumovral and cellular
immunity throuphout the infection. The diseasa 1s propressive,
arlses by metastatic spread, and Is ofteon resistant fto convent-
lonal tyreatment, A ferm of mucocutaneous leilshmaniasis I1s also
found in the ©1ld World and has been described dn Ethiopla
{(Blarnetson, et al.,, 1278) where 1t ds relatively common.
However, unlike the South American varlety the wmuecnus lesion
normally arises by extension rather than metastatic spread, and
is rarely agpressive and responds adequately to treatment.
Mucocurtancous lelshmaniasis has also heﬁn reported from the
Sudan (Abdalla, et al., 1%75), causced by L., donovani and also
propressed slowly and responded well to treatment (Marinkelle,
1930).

At the other end of thce spectrum 1is generalized non-healing or
diffuse cutaneous Jleishmaniasis (DCL), which in the old world

nceurs only In Ethiopia and Mount Elgon in Nenya, although a
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similar discase pattern also occurs in Scuth America, notably in
Venezuela, In bthiopia, 4t 1s ecaused by L. aethlopica, and 1s
assoclated wlth L. pifanol in Venvzucla, LCL 1s characterlzed
by the presence of non-ulcerating nodules, xlch In parasites,
which do not heal spontaneously but are progressive and spread
over large areas of the Iimbe, face, and occasionally trunk of
the patlent. Histologleally, it 1is characterized by massive
dermal Inflleration with parasitized macrophages and an absence
of lymphocytes., The leishmanin skin test 1s negative before
treatment (Brycoson, 1970a). As far as 1sg known, both in South
America and in Ethiopia DCL is produced by the same styain of
parasite that causes LCL lesions, Hence, the differcnce hetween
the two types of c¢linical diseases Is belleved to be due te the
modulation of host factors, rather than virulence of the strain
involved (Bryceson, 1970b; Bray and Rryceson, 1969). However,
1t 1s clear that sincce DCL only oeccurs in a restricted number of
leishmania species that fajlure of the hosts immune response is
not entirely responsible for the development of this form of

ledishmaniasis.

Immune responses jin Cutaneous Lelshmaniasis

Cecll Mediated Immunity - The nature of the mechanism controlling
the JIimmunc responsc to cutanecous leilshmaniasds 1s not fully
understood, but according to most clinical and experimental
evidence, CMI is of priwmary dmportancse. Huch of our knowledge
regarding fmmunity to leishmanda 1s based on animal studies and
as such, have to be interpreted with caution, The rtwo commonest
animal models for leilshmanlasis are L. enrilettil in the guinea
plg, and for ©ld HWorld species (L. major, L. tropica, and L.

donovani) Iin the meuse and hamster.

During the couxrsc of evolutlon the dintracellular leishmania

parasites have developed the ability to modify fthe hazardous




jnternal environment of the mononuclear macrophages fnto a
suitable habitat, Although the mechanism by which the parvasite
tolerates the hositlle cnvironment of the macrophage is not
known, there appears Lo bo a [inc balance between the houst and
the paraslte which may last fol many yeaus., In most cases, the
macrophages are able to control rhe parasite effectively, for
example, a single cubaneous leslon of L. enriettid in the guinea
pig, takes Jless than 10 wecks to heal. This healling 1is asso-
ciated with the development of a varlety of cell medlated immune
mechanisms such as T cell activation, lymphokine production and
macrophage acitlvation {(Bryeceson, of al., 1970)., Delayed type
hypersenslitivity responses Lo teishmanlal antigens are alse
invariably increased during and after hecaling, although the
exact relationship bLetween Immunity and DTH is not clear (Liew,

1966).

Humoral Immunity = The role of humoral Smmunity in the resol-
ution of cutancous Jlelshmaniasis 1s not clearly deflined, though
anti-leishmanial antibodles will lyse lcishmanlia promastipotes
In vitro in the presence of complement (Yearson et al.,, 1583},
In contrast, the high levels of elrculating antihodles 1in
vligceral leishmaniasis and diffuse cutaneous leishmaniasis show
no correlation with c¢linical improvement (Matossian and Robext,
1975). This lack of associaticon between recovery from leish-
manlal infectlions and antibody production has also been demonst-
rated in a number of laboratory models (¥Freston, et al.,, 16783
wezal, et al., 1980; vearson ef al,, 1983). Thus, although
there is no eclear cut dlrect effect ou the course of leishmanial
infection it ls pessible that antibody may modulate the role of
CHMI in recovery from infection (Hauel and Behin, 19%74; Poulter,

1980; Hale and Howard, 1981).

Impalred Immunity - The immunological response in the patho~
genesls of the various clinical manifestations of leishmanlasis

arc malnly as a result of rhe hosts impmune response; however,




the nature of the dnfecolng parasite does play o role In the
outeeme of the infection (Bryceson, 1969,1975; iidley, 1679;
Belehu, Louls, Vuglon and Micscher, 14960¢; Scott, Sacks and Sher,
1983), The main immunoclopglceal features 5f cutaneous leish-
maniasls are shown In Table 2. Thus, although development of
cell mediated immunity is normally assocclated with healing,
lasions such as Chicleron’s ulecer Iin South America and lelshmania
recidiva Iin the 21d Uorld wmay fall to hcecal despite the develop=-
ment of delayed type hypevscnsitivity reactlons. Conversely,
Jelshmania infcetions may fall to self-heal duce to impalred
immunity, particulary cellular responses, as in the case of
Diffuse Cutancous Ledshmanlasls where, despite an enormous
parasite load ‘the patients fall to develop any cell mediated
Immune reactinns te lelshmanial anklpens. Althoush the under=-

lying meechanism responsible

Table 2 Prinelpal immunoioglcal features of cutaneous

ledshmaniasis.

TR wR Tae M I it TR M T S R MR MM ek e e MG TAP TR CEN M Cr A e m S Em TR R T B 4 Ak wh ke g e mm e W S e IR R TR R R S S R e v ED e D

Paraslite Flsease DITH Antiboudy ¥Parasite Selfcure
L. acthlopica LCL + e + + +
2CL - +f - e -
L, hwrazillensis LCL + -+ + +
MCT, + + /- -
L. major LCL - + + + +++
L. mexicana LCL + A+ - +
DCL - +/ - et =
L. minor LCL 44+ +/ - +f - -
L. tropica LCIL + +/ - + +

A S A B R e e ek e O SR AT LW WA KT LI W Wer At kam dol mar o mmr e TEP A5 R Ma D e M e M o ek o feb ek mm drp me e oYM W I OF G ER e e e e mm

- No or Absent; + Present; ++4+ Rapid osr Abundant: +/- Viahle
oy woak (Modificd from WHO, 1584).




for this anerple state ls unknown, {1t is penewally belleved to
be due to speelfic ccll mediated Lmmune defleizney in the host,
passibly resulting from loeal lymphatic damage prioxr to lafeck-
ion or because of a genctically based defecet in cell mediated
fmmunity (Eryceson, 1570b). Experimentally, diffuse Infectlons
can be Induced by prior immunosuppression (Lemmna and PYercy,
19735 Kadivar and Soulsby, 1$75) and as a result of genetlcally
basced defects in hoast Immunity (James, ot al., 1980; Howard, et
al.,, 1981). In Balb/ec mice the genetilie defect in responses Lo
leishmanla appears to be medlated by the same T cells that are
responsible for protection, elther because nf heterogenelty Iin
thls T eell population or because of quantirative differences in
the numbers of thesc cells {(Liew, 1986), flowever, it should be
remembercd that although experimental procedures will dnduce
disseminated spread of an otherwise locallzed {infeection, that in
general, dissemination under experimental condiktions includes
visceralizatien and is not restricted to the skin as In human

bCL.

Treatment - Traditlonally, cutancous lelshmanlasls has been
treated with corruslve poultlces preparcd from plant julces such
as Buphorbia and Ticus specles, or blister bectles (Heloldae).
later pastes of sulphuriec ncid and chaxcoal, and infra red
radiation of the lesion, hot compreusses, diathexmy, scraplng,
cureftaging, toplcal suvlid carbon dioxide and local infiltration
with anti{~ledishmanial drugs wexe used (Reviewcd by HMolyneux and
AshFford, 19835 Currie, 1933). In conventional clinical pracrtice
and experimental studlcs, wmany chemotherapeutic agents have been
used (Table 3) although the e}ficacy of many c¢f them {s doubt-
ful, some are toxie, and most of them need parenteral adminls-
tration, In addition, standard regimens which do not require

close paticnt supervision have not becen developed.
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sodium stivoglueconate (Pentostam, Welleome, ULK,) and meglumine
antimonate (Glucantime, Specia, Franca). Hnchur, these drugs
are pobenkbially toxie an.t, abt the hiygh J:ses recommen'e’ for
mue-—cutanecus lelishmanlasis, they are Invarviatly accompanied by
serlious side effects such as arxthralpia, myalsia, anwrexla ete.

(Marsden, 1986).

In many parts of the world cases of antimony resistant lelsh=-
maniasls arce treated with Amphoterxiein © (Funglzone, Squlbl,
U.5.4.). However, ikts use is araln limited slnce 1t is gserlious-
1y nephrotoxie, and since it 1s gencrally glven Intravencusly
patlents have to be under close medical supervlision, The otherx
drug recommended for seeond lline therapy in cases wf antimany
resistant leishmaniasis are the pentamidine dewvivatives of
Altamidine, pentamidine Jdimethane sulphaonate (Lomidine, OSpecila,
France) and pentamidine isthionate (Yentamidine, May and Baker,
U.K.). However, these drups alsu have seriocus toxlcelty problems
and are both cardictewic and cause llahbertes mellitus, although
the inducti:n of diabetes have been reporte? to he less marked
with pentamidine iscthionate (Belehu, 1982). Yatients under-
golng therapy must therefure have frequent clinfcal, electro-

cardisgraphic and blochemical monicoring.

Metronldazol (Flapyl, May and Baker, U.K.) used at a dose of
250myz orally has been reported to be successful agalnst cutan-
ewus leishmaniasis in Mexlen (Lonyg, 1973) although other studies
in bhoth the New and ¢ld Worlds have heen unable toe demonstrate

any effeet (Walton, et al., 1974; jelehu, et al., 1978).

However, the majority of drups used in the treatment of leishma-
niasis are ineffective in the treatment of Ethisplan cutaneous
Jeishmaniasis caused by L. aethdcpica and the only drugs that
are routinely effective against L. acthlopleca are pentamidine
compaunds (Lomidine, Speecia, France and Tentanidine, May and

Baker, U.K,)
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Table 3 Drugs used clinically and experimentally in the treat-

ment of cutaneous lelshmaniasis

PRUG BOUTE CLINICAL EXPERIMENTAL
Aminnarsenophenal i1 -+ NR
Amopyraguinge sc NK 4+
Amphoteracin B sc NR bt
iv ++ -
tepilical NR +
Anthiomaline iv -+ NR
scC ++ -
Benznldazole s NI +4+
Berl:erine sulphate sc NR +++
i1 Ao NiR
Chloroquine uoral/se + Nt
Chlortetracycline sC NI -
Clindamycin s NR ++
Cycloguandil sc Nt -
lm + NR
bapsaone oral MR +
Pehydruemetkine aral 4 NR
Diformyl dapsone sC NR -
iJiminazine aceturate scC NR +++
Emetine HC1 sc NR +++
Erythromycin sc NR ++
Griseafulvin oral - NR
Hydroxynaphthu@te’ sc HR -
Macrocyclone S NR -
Mefloquine sc NR ++
Menoetbonc sc ) Nk | +

Mepacrine methane~
sulph>enate sC ML 4

Continued overleaf

12




DRUG

Metroanidarole
Mexipragzuine
Neowmyedine
Nifurtimox
N-mcthylglucamlne

Paromomycin

Paromyein sulpahate

Pentamidine

Primaquine

Pyrimethamine

Rifampicin

COmMpPS .

Sodium skibogluconate 1Im

Solusurmin
Stibophen
Sulphadiazine
Sulphadnxine

Sulphapguinoxaline

Sulphamenomethoxdne

Strepromycine

Trimetheoprim

Wy T M G S R EW R KT I AN RSI BUS G Rt 4 BA 8 kxid e mmm hox el sk e o eor M R S R YW M REm MR e S N e TP T M YT = ek R M T W LT eI e W £

im, intramuscular
sc, subcutane.us
-y, not effective

Complled frum

ROUTE CLINICAL
oral -+
im N
oral ++
oral +
im +
ip Wi
Topical NK -
im ++
sc NE
toplical NR
wral +
5¢C WER
oral b
oral 4+

++
ip B
i1 iR
sc NK
toeplecal HR
“ral -+
im +
aral MR
rral NI
oral NR
sC i
poral NR
im “++
5¢ [SPES

ip, Intraperitoneal

++, eoffectdive

.|_ ’

NE, nut reported,

viariocus s urces.
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Nit
++

.{.. -+
+++

NR
++

11, 1ntra lesicnal

slipghtly effcctive




Since moust forms of cutanecus ledlshmaniasis are self-bealding the
use o f pentavalant antimoony c-mpounds (which are voorly effee-
tive) and peotamiline whiech has serlous site cffects are not

caslly justified.

A number cf novel methods of treatment have been investigated:
a) Encapsulation of drups int, lipesimes or red cell
ghr.sts coupled to IgG are »ne method of delivering the
drug dlrectly to the infected macrsphagye and dIn this
way the effective dose can e reduced by 80% (Berman
and Alkawa, 1984: Bblacks and Hatson, 1977).,

b)) Tspical treatment 1is one possiility whiech might
-elrcumvent the Jdisadvantages of systemle ftreatment and
successful use »f topleally applied drugs such as
pentamldine an.! pavememycein (P2, Humatin, Parke, Davis
anl Co.) has been reported {(El-rm, et al., 1984:
Humber, ct al., 1983). ‘

c) 4 vardiety ~f <ther methods such as transfer factor
(Bryceson, 1970k}, li:calized heating (Neva, et al.,

1984), surgical removal (Bryecesoun, 1970a) and curett-

agae (Currle, 1983) have been dnvestipated,

In terms of countrol of lelshmaniasis, treatment plays an impor=
tant role however, ideally, trcatment should loave the patient
with an adequate Immune response Iin order to prevent re-dnfeck-
fon following return to an endemic area. Little dnformacizsn is
availlable regarxding the effect f freatment ocn Immune responses
o Jleishmania, although it has bLeecn rveportud that protective
Immunity to reinfecction ~nly accurs following successful healingm
of a primary lesion {(bryceson, et al,, 1970). However, Green,
and colleagues (1983) have demonstrated that immunity may
develop following the Hdlevelopment of non~ulceratin; nodules
among human subjects vaceclnated with live L. major. Since
protective dmmunity fnllews infceetinon and rxesolutlon ¢f leish-

maniasis, incculation of l1ive Jledishmania has been practiced in

kS
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protective dmmunity follows infeeclon and resolution uf leishe-
manlasis, fuoculation of live ledshmania has hooen pracilec:d in
the USSu and Tsracl fur many years (eciced by Marinkclle, 19850).
This wethod of vaccdnardisn cwmploys Live non-attenuated strains
of L. tropleca to protect agalust Infection; and the vaceilnatlon

disease may be as scvere as the naturally contracted infection.

However, there Is a cosmetic advantage In the fact that only one

lesden 1s normally produced and 1f is in a cosnatlcally accept-

able arca,

Since the drups of chniece in Ethioplan cutanzous lelshméniasis
are pentamidlane cowmpounds, one of these drxups was chosen faor
this donvestipation. However, parenterally adminlstered penta-
midine is scverely toxie and therefore a sceond treatment
reglmen; toplcal treatment, has hoen inecluded for comparison.
The toplecal treatment rogimen choscn is one thart Has_been used
routdinely at the ALY Afriea Leprosy lehabilitation and Training
Center (ALEET) for LCL (Humbor ot al, 198}). Tdeally, an anlimal
model for L, dgethivpics would have beon chasen, howsever, since
thzre 1s at present no sultable animal nodel for thls paraslte
an alternatlve L. major in mice was choszn., In a2ddition two
strains of mliec were used one of wvhich, Balb/e, is permissive to
L. major dnfcetioun and the wther, Swiss albino whieh produces a

salf-hcaldng leslon similar t2 human LCL.,

The aim of fthis study was to examine the offeect of both paren-
teral and toplecally applicd pentamidine on the course of
lelshmania infcecction and whether chamotherapy alters the

development of dmmuns responscss to leishmania antigens,
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MATERIALS AND METHODS

Lelshmanlia Yarasites: The speeics of lelshmania used in this
study, was L. major LV 39 (dexrdived from a straln Isclatced from a
wild rodent and obtained as a kind alft from the Max Flank
Institute, GCermany). The parasite was maintained by serlal
passage In Balb/c mice. Promastlgotes were kept Iin culturxre for
a maximum of 3 to 4 weecks In an attempt to prevent loss of
infectivity, Mice were routlnely inoculated subcutancously into
the ear margln with 102 Promastigotes, Promastigotes were
normally obtained by culturing tissue obtalned from the cervical

lymph nodes draining these infeetlons.

Preparation of inocula and inoculation of animals: Promastigotes
uscd for inceulation were grown in RPMI 1640 culture medium
(Flow Laburatories, U,K.) supplemented with 20% foetal calf
serum with the additinn of penielllin and streptomycin (200
unlts and 200ug per milliliter respectively). rior to the
preparation nf the incecula, a prowth curve was determined for L.
majer uslng triplicate bottles, aeich contalning 10 ml of BPMI
medla, and incubated ar 28°C, Samples were dlluted with an
equal volume of counting fluid (phosphate buffered saline, pH
7.2 contadning 1% Formaldehyde) to immobilize the parasites
durlng counting using the hewmocytometer, The promastigotes for
Infeeting the animals were harvested from stationary phase
cultures by centrifuging at approximately 800g for 15 minutes
and resuspending In phosphate buffercd saline prior to inocu-
lation. The nuwmber of flagellates was estimated using a
hemocytometer, following a 1:1 dilution of the suspension in

counting [luid.
The e¢ar pinnae of the animals were inoculatoed subcutancously

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

mouse ears since the pinnae are extremely thin.
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Relationship between inoculum size and lesion development: A
study was made of the I{nflucence of inoculum size on the nature
and time ecourse of the subscquent leslons in Balb/c and Swiss
albina mice. A suspension of promastlipotes harvested 1n the
standard manner was diluted to yield inocula containing approxi-
mately 103, 104, 10° and 106 promastigotes per 0.05 ml. Each
group »f 4 (Balb/c¢) and 5 (Swiss albino) mice were examlined at
weckly Intervals, and the cxtent of the skin leslions was
asscssed using a graded scale. Leslons were assessed clinically
using a graded scale of +(1) to ++++(4), Larzge lesions with
secondary infectlon Involving mest of the ear were graded as 43
ulceratcd lesions involving approxlmately half of the ear as 3
small non-ulcerating lesiocns 2; locallzed Induraticn 1 and ne

apparent leslon as O,

Experimental animals: The wicc used in this study were housed
under conventional eonditicns in thg Vepartment cof Blology
animal house and fed animal pellets prepared by the Ethiopian
Poultry and Dalry Enterprises, Addis Ababa., Mlce were provided
with water ad libitum. Two strains of mice were used:; Outhred
Swiliss albino and Inbrad Balb/e barh 6 ta 7 wecks of age. Wilthin
a single experiment only one sex was used. For each strain
there were 8 proups cach containing edther 10 mlce (Balb/e) or
13 mice (Swiss albins). The groups were t;eated according to

the followling schedule:

Topically trecated with pentamidine in 60% dimethyl sulphozide
(DMSO)

Immedlately post Infecection
Two weeks pust Infectlion
Three weeks post infection

Control (treated with DMSG only)
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Systemlically treated with pentamldine
Immedlatedy post infectlon
Twe weeks post infoetidon
Three weeks post infeetlon

Control {(untreated)

Treatment and Drugs and Clinical Assessment: The drug used
durdng these experiments was powdered pentamidine dimethane
sulphonatc'(Lomidine, generoudsly donated by Specla, France).
The topleal preparatlon was prepared by dissolving 70mg »f the
drug per milllliter «f 60% “dmethyl sulphoxide (DHSG, Silgma).
The parenteral preparation was 70myg per milliliter 1n sterdle

saline.

Pzntamldine was applied toplecally by a’ministering 0,.05ml of the
solutieon to each dnfected ¢ar and was glven parenterally by a
welpht adjustoed dntraperitoncal injeetion of 0.2m1 dally (Balb/e

mice) or 0.3ml (Swisg albino).

Histology: Tissuce for histological examinatl »n was fixed 1o 10%
buffered formalin, dehydrate?d, 1nbedded In paraffin wax anid
sectlioned, The sectinns were stained with haematoxylin and
ensin. OSmears were preparced from lesions and othex tissues, and

stained with gelmsa.

Delayed Hypersensitivity: The development of :delayed type
hypersensitivity was determined by the dncrease in foot pad
thickness follonwing the intradcermal Inoculation of 2x106 glutar-
aldehyde fixed L. major promastipotes 1Iinto the rxight foot pad.
Changes In foaok pod thickness were measured at 24 hour Intervals
using ahﬂial caliper (Schnellthster, Garmany )} using the contya-

lateral fuoot pa:l as a caontral.

Antibody Assay: Antlbedies s leishmania antipens were assessed

using a micrxo agelutination assay., Mice were tall bled overy
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two weeks upto 10 weeks after Infection, and the scerum separatad
and kept frozen av =-207C until requirxad. Poubline Ailutions
(final volume of 50 ul) of the test antlsera were prepared in
flat bettomed 96 well microtitre plates (Flow Laboratories,
U.Ke) and to ecach well was added 50 ul »f stationary phase
promastigote suspension (2 x 100 per ml), The plates were
incubated at 37vC for cne hour. The Hdegree of agglutination was
assessed using an dinverted micrescope equipped with phase
contrast, The Jlast well with agglutinated clumps of pro-

mastigotes was taken as the end paint,

Challenge: 5ix months after Infection all mice were challenged
with 102 statlonary jphase L. major promastigotes dnjected fInto
the base of the taill, The animals were examined wover a pexriod
of 3 months to assess the development of any lesion, Control

animals were alsn 1lnaculated,
Sttatisties: Means standard deviatinens and Iindependant T tests

were calculated using a Texas Instruments programmahble calcu=

later (TI 59).
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RESULTS AND DISCUSSION

L. maj.r causcs cutaneous lelshmanliasis in man. In most casces
1t 1s confined tu the skin, but in rare casecs 1t metastasizes
and invades the reticulu-endothelial cells of rthe viscera (LEl-(n
et al., 1984)., In Balb/c mice it causes skin lesion as well as
visceral infection and there is no self cure, Therefore during
the present experiment the local clearance of the parasites in
Balb/ec mice 1s attributed to drupg treatment only, Un the other
hand, L. major praoduces self-healing lesion In Swiss albino
sutbred mice whieh 1s wne of the resistant strains and no
visceralization was reported 4in thesce mice. Therefore the
results must be interpreted with caution. In the present
experiment the untreated controls healed after 20 weeks and the
treated ones heale:d after 12 wecks, thus treatment accelerated

healing,

The severity of the infection determines the ease of demonstra-
tion of Jdrup action and 1t is affeccted by factors such as
inceculum size and age of culture., Therefore experiments were
carried out to investipate the lowest inoculum size (105) which
is liable to produce apparent lesion in both strains of mice and

a growth curve was Jdetermined.,

Growth cuxve - The groawth of L. major LV 3% Iin RPMI-1640 medium
supplemented with 20% foetal calf serum was studied., Triplicate
cultures of parasites werce incubated ar 289C and counted daily
for 12 days, The wmean parasite prowth was plutted against time
(Figure 2). The prowth was logvarithmic, The staticnary phase
was reached between day 7 and 9, and the parasites started to
die by day 10, vuring this experiment Promastipotes for
infecting the mice were harvested from the statlonary nphase of
the growth, for promastigotes are sald to be more virulent at

this phase of growth (Sacks and Verkins, 1984)
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Fig.2: Growth curve of L. major Lv39 at 28°c
in RPMI-1640 media,
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Course of Infection

The ecourse of leslon develrspment in twe stralns of mice, Balb/c
(Inbred) and Swiss albins (outbred) was studlcd feillowing the
injection »f graded inccula (100, 105, 104 and 103) of L. major
LV 39 4in the ear pinnae. Individual mice were observed at

weekly Intervals,

Swiss albino mice = Inocula containing 103 and 10% produced nn

lesions during the 16 weeks of observaticn. The highest inccula
(106) preoduced lesions which reachel maximum size at about 14
weeks. After thils pericd, the lesions caused by inceulating 100
promastigotes ceésed increasing, and those caused by 109 started

t> regress,

Balb/e mice - This strain of mouase developed lesions with all

inocculum size, although bigger and quicker lesions were asso-
clated with the hlgher inoecula, 106 znd 105, No regression of
the lesion was observed in any -f the dosage groups. In
general, lesions were more vigorous in Balb/e than Swiss albino,
and the size of the lesions were proportional to the amount of

incculum.

These results confirm previous findings that modest doses of L.
méjor generally produce self healing lesions in outbred mice
(Trotter, et al., 1980), whereas in the susceptible Balb/c
strain the lesions do nok heal (Howard et al., 1980). In all
subsequent experiments a Adase nf 102 promastigotces was chosen
since this was the lowest dose which consistently produced

lesions 1n both stralns »~f mice.

Effect c¢f treatment on the development of the lesion- Drug
activity was evaluated by determining the change in lesion slze,
an’d by assessing resldual parasites in smears and sections taken
from lesion and other sités. Improvement seen while under

treatment Iin all animals was attributed te the treatment. The
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duse selected was a level known to be effective clinically

against cutaneous leishmaniasis,

- [ ]
After subcutanecus inocularicn of 102 rremastiecates of L., maijor
i & L

LV 39 int. the ear pinnae of Ralb/e mice, a lesiun started as a
small nodule which gradually enlarued, ulcerated and generally
became secondarily infected. The lesion proegressively enlarged
towards the periphery, and the margin of the cars started to
eronde, This econdition persisted for more than 5 months and no
self cure was observed in this mouse straln. On rthe other hand,
Swiss albino inoculated similarly'developed small nodules which
gave rise to small lesions 2 to 3 mm in diamcter and healed
slowly after about 20 weeks. During this expesriment both mouse
stralns were treated topically and systemically at different
times gpost infection: Immediately trecated after infection at 2
weeks 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 (Lomidlne) piven tupically and

systematically to Swiss albino and Balb/c mice respectively,

Topical treatment- Both mice stralns were treated toplcally with
0.05 ml of 70 mg per ml of pentamicdine dimethane sulphonate
(Lomidine) incorporated in 60% dimethyl sulphcxlide. IMSC has
been used in many pharmaceutical cintments for inereasing drug
penetration (Review by Idson, 1975). 1Its median lethal dose In
mice 1s approximately 20g/Kg body welght and 1is therefore
virtually nen-toxie to mice, The preparation was applied
directly to the lesicn dally for 7 weeks., Treatment was started
at different times post infection Eo obhserve the coffect of
timing of onset of Lreatment on subsequent development of

immunity. Controls were treated Immediately with only 60% DMSAO,

25




Table 4 Course of Infection in Swiss Alblno mliece trcated with

pentamldine

Trecatment Weeks post-infection
Croup 1 2 3 4 5 6 7 8 9 10 20
Toplcal
Immediate el o o i ak o o o A R S ++ 4+ ++ - -
2 weceks - - ++ +++ ok i I o S e e at S o + + -
3 wecks - - - + ++ +++ b+ ++ .
DS - - + + ++ ++ ++ ++ +4+ ++ -
Systemdic
Immediate - - - - - + + + Sk S R
2 weeks - - - - - + + + + + -
3 weeks - - - - - - + ++ A+ - -
Untreatcd - - -+ ++  ++ ++ -

BT MW ML L Sn wm h ma S S W AN Gl om o 63 M v M s Ak e o e e M3 et o R WD B e o e O M S o MW E T A B8 n ek = e K s tn e e

Table 5 Course of infection in Bailb/c mice treated with penta-

midine
Treatment Weoeks post~infection
Group 1 2 3 4 5 ] 7 8 9 10 20
Topical
Immediate S S T B o o S OO T TR S S S M S N + + M
2 weeks - -+ RROE I S 5 A T s s T .
3 weeks - - + + ++ P4 4+ A 4+ + M
DMSG - - + + ++ 4+ 4t ++ A+ 44
Systemic
Immediate -+ + -+ ++ +4-+ e O ot o A o S 5 N |
2 weeks - - - + -+ + +4 M
3 wecks - - - + + + + + + + M
Untreated - - - + -+ +4+ ++ ++ ++ b+

TS T TV TSN ST o rm mr e S A £xh o e w e ko S £ b me o R 3 A e AR K e =y I e e S D Lt ko fr F1 3 L3 Aed M e e o e m e f . Ea e



Swiss albine mice treated immedlately and at 2 weeks post
infection developed leslans earller than their econtrols and
produced the bilggest lesion by the third and sixth week respect-
lvely. Those treated after three weeks had lesleons one week
after the controels and ulecratiasn was at its maximum at about
the same time as the 2nd week treatment group but was less
prominent, Ulceratlen was earlier, and vigouour In the immedi-

ately treated mice than thuse treated later.

Treatment resulted 1o e¢rnsion of the ear pilnnae particularly in
the immediately treated mice. The cuntrols {(DMSO treated)
produce indurated lesion after 2 weeks and small leslon develup-
ed after 4 weeks, then healed spontancously after 20 weeks post
infection with normal ears. Afrer 12 weeks, all 3 treated
groups were healed clinlcally and parasitologileally as confilrmed
by smears and sectluns from the site of healed leslon and other
sites (Table 6). The controls had parasites in the lesion and
cervical lymph node which directly drain tha lesicn, but not in

the spleen.

The development of lesions In BPalb/e mice treated in the same
manner, was accelerated Iin those Immedlately treated than the
other treatment groups, The group treated after 2 weeks had
more or less the same lcsion develupment as that of the immed-~
iately treated, and those treated after 3 weeks developed
lesicns which were less vigorous than the above two groups, and
persisted throughout the observation period. Uleceration reached
jts maximum after three weeks four the immedlately treated and
five wecks for those treatued after 2 weeks and for thnse treated
three weeks post Infection after 6 weeks., The DMSO Ltreated
controls develuped indurated leslons after 2 weeks and small
lesdions after 5 weeks which persisted up to the cnd of the
observation period. Ho parasltes were detected In smears or
biosy material In those immedlately treated, but paraslites were

found din the spleens of mlce treated 2 and 3 weeks after
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Table 6
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Treatment

Group Dlopsy
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The presence and

absence of parasites in bilopsy

matexial 12 weeks after Infection

Lesion

Smear

Lymph nu-ie

Balb/c Tapical Treatment

Inmadiate
2 weeks
3 waeeks

Contrul,

Balb/c Systemlec Treatment

Immediate
2 woeks
3 weeks

Contrnl

Swiss Albino

Immediate
2 weeks
3 weceks

Contral

Swiss Albino

Immediate
2 weeks
.3 weeks

Control

RS R T e e S M L ol e e Bow e et A N IS L e v e e e 0 W A M) e e R Y A K e D 3 ety e I A M ek n MR R B e ey v e B e e o

Systemic

Treatment
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-
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infecction, This may suggest thait Jmmediate treatment prevent

visceralization of parasites in Lalb/e mice.

In general 4dn both strains of mice Indurated lesisns started
vith the onset of treatment before the enntrols. Ulceration was
more prominent foallowing topleal treatment and ear croslon was
more pronounced in those Immediately treated than the other

treatment groups.

Systemic treatment = 7T, assess the influence of the route of
administration on the efficacy of the drug, different 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
welght of pentamidine was given for 50 days te Swiss alblno and
Balb/c mice respectively, All treated Swiss albino produce
lesion after thelr confrols (Table 4). From these results it
seems that systematlc treatment retards lesion development, But
among the treated groups, these immediately treated devaloped
lesion carlier than the rest of the group. desldes healing
earlier, generally the course of infection of the treated mlce
was not significantly different from the untrcated controls.
The ulcers were smaller than those toplecally treated and healed
after about 12 weecks after infection, most with normal ears. At
this time smears and biopsy materials show no parasites, but the
control had parasites Iin smears taken from the lesion (Table 6).
The untreated controls developed small lesion by the fifth week

witlch self healed after about 20 weeks.

On the other hand, immediate trcatment induce earlier induratiosn
in Balb/c mice. The other treated groups developed indurated
lesions about the same time as their centrols, and In the group
treated 3 weeks ‘after Iinfection this Induratlon perslsted up to
the 10th week and no ulceration was observed. The 2nd week
treatment group developed small lesions after 8 weeks which

persisted up to the 10th week. The immediately treated groups
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had uleceratlon preater than the controls, After 12 weeks of
infection the lesions In the treated groups regresscd. Smears
and biopsy materials showed no parasites 1In the immediately
treated groups, but lesions of the 2nd wesk treatment proup and
lymph node and spleen of the 3rd week treatment group revealed
parasites, It would seem therefore that topical treatment is
superlior to parenteral, iﬁ that ne parasltes were detected in

lesions of the toplcally treated groups.

After 20 weeks all swiss albino (treated and untreatéd) vhere
cured and had no disscminated lesion. A dlfferent plcture
emerged in Balb/e mice in that all produced metastatic leslions.
Amastilgotes werc detected from smear of these lesion. The
dissemination seemed to have a pattern In that all were occurred
on the extremities, Most of the mice 1ied after this condltion.
El-On et al. (1984), observed metastatle leslon on toplcally
treated Balb/c mice after termination of paromomyecin sulphate
treatment, and considerd this condition to be caused by the

migration of unaffceted parasites from the internal organs. The

development of necrotile lesion on the extremitles of L. enrittii

infected guinea plgs following sodlum stiblogluconate treatment
was also observed by MNeal and Miles (1977) and they assoclated
this condition with incomplete activity with the drup rather
than acquired drug resistance, because transfers from these
metastases confirmed that the sénsitivity cf the leishmania to

glucantine was unaltered.

Interaction between Host Immune Response and Pentamidine Treat-
ment

Humoral Response- The antibody titres t-o L. major during penta=-
midine trecatment are shown in Fipures 3 and 4. The tlitre of
antibody in Swiss albince (treated or untreated control) was
generally less than that of the Balb/e¢ mice (Tables 7 and 3).
There was an dnerease of antibody titre 4in Yoth strains durlng

the first 6 weeks of the leslon, whleh then leveled off in
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Balb/e mice, but decrcasced in the Swiss albina, The decrcase in
antibody titre din the Swiss albino did not correspond to
clinlcal hcaling, although Walton (1580) observed that clinical
improvement and healing of lesions was accompanied by a dinminut-
lon of antibody titre to amastigotes (Fluorescent antibody
assay). In adddrtion he found that those in whigh reversion to
sero-negativity did not occur, a relapse oncecurred. In Balb/c
mice the titre did not decrease (Filgures 3 and &) which may be
due to the progression of the disease. Treatment scems to
slightly, but not significantly, increase antlbody productian,
since 1in all four groups, the treated groups were marginally

higher than the controls.

Delayed type Hypersensitivity Responses (DTH)- The time curves
of footpad enlarjement following the Iinjection of 2x106 gluta-~
raldehyde fixed promastigotes 12 weeks post infection are shown
in Figures 5, 6, 7 and 8. As can be scen from the shapes of
the curves foot pad testing of these mlce with L, major antigen
shows a classical PTH pattern, begins at 24 hours, pcaks at 48

hours and then decreases toward 72 hours. Figures 9 and 0

show
the HTH time cuxve follewing the testing of Swiss albino mice
treated topically and systematlecally respectively, Figures 7
and 8 show the NTH response +f topleally and systematically
treated Balb/ec mice to the same antisen respectively. It is
apparent from these curxrves, that ther is, as mipght be expected,
greater DTH In Swiss than in Dalb/e mice (Table 9). This could
be due to visceralization of the parasite in Balb/e mice which

causes relapse latex on. According to FPreston et al. (1978)

elimination of DTH {s often assoclated with progressive disease.
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Table 10: DTH - RESPONSE AT 48 HRS. OF BALG/G HICE

A et r st e e e e o ot it e b R AR T e b e - e T e AR T S S e S T

| Treatment Groups X 5.0 M Probability

Control 1.92 | +0.02 4
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# Not significant.
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In bPsth Ballh/e and Swigs albline mlce, trecatment raesulted in
increased DTH when compared to controls (Tables 10,11). This
could be related to thoe develspment of proftcceitive immunity. In
hoth stralns of mice greater responses were shown In toplecally
treated rather than systemlcally treated groups, Immediate
treatment lnduced greater DTH espeelally toaplcal treatment and
this may bhe related to the increased ulceration found following
treatment. decording to Hormacche, et al. (1981) delayed
(footpad) hypersensitivity testing is not always a reliat'e
marker of natural or acquired resistance to infection, hut
probably parallels the development of CMI, It is a pross
measurement of cellular reactidvity 1involving a sevies -of {nter-
acting T-cells and phaesoecytes {(Liew, 1786) and the cell popula-
tion whieh medlates 1t is Lyt 1%¥27cell line which is analogous
to that of CMI (Howard, et al., 1982).

Challenge~ S51ix moanths poast infection all proups were challenged
with 102 L. major LV 39 promastipgotes injected at the hbase of
the talil, a site remote from the orizinal pedint of inceculation.
None of the mice, treated or untreated, shewed any lesion over
the ohscrvation periliod of 12 wesks. Althouch econtraol aanlmals
never failed to produce lesions with 103 promastigotes. At the
time ¢f challenge, treated Balb/ec mice had dissemiunated lesions,
hBut no lesdon on the point of echallenpe. The recason why Inocula-
ted promastigotes did not develop while disseminate leslion were
present, is not nhvious althouph, Neal and Miles (1977) observed
the same ce¢ffect in sodium stihopluconate freated L. enrjettidl
infected puinea pilgs. That 1s, no lesion developed 1in treated
or untreated eontrols when challenged after terminatlon of
treatment, In additiosn, Erceli and Coelho (19%9067) found L.
enricttd Iin the llver, spleen and kidney of pguinca plgs foll w
ing reinoaculation after apparent sucecessful treatment with
glucantime, They suggest that this visceral localization was
caused by the reincculation rather than the nrlmary infeeticn.

Normally guinea pilgs infeeted with L. enviettii produce cuta-
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necus lesion and they susgest the above ccounditicn may be due tbo
a cutanecus, versus corgan dmmunity, and may represent the
inverse image of post Kala~azar dermal lelshmansid (YELL)Y whieh
usually appears after Lreatment of visceral lelshmanlasis (Kala-

azar).
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CONCLUSTON

The aim of this work was to examine the effect of hoth parven-
teral and toplcal pentamidine on the course of infection of L.
ma jor TV39 and whethor chemotherapy alters the develupment of
immune responses to lelshmania antigens. Pentamidine was used
during the experiment because the Ethigpian cutancous lelshwma-
niasis 1s sensitive only to pentamidine derivatives which are
seriously toxle and need close medical attenticn during admni-
nistration. Most forms of cutancous leilshmaniasis arec self
healing and the use of toxle parenteral drugs 1s unjustifiable,
and topical treatment was used to overcome the disadvantape of

systemle treatment and compared whith parenteral admlnistration.

L. majoxr LV39 produced consistent lesions in Swiss albino and
Balb/c mlcc., In Falb/e the lesion was progressive and non self-
healinyg, and viscerallzing, iim the other hand Swiss alblino
develop small lesicns which are self-heallng after about 20

wvecks.,

The course of infection of the treated mice was different from
that of untreatced controcls., The onset of lesion development was
accelerated and ulcerationm was vigorous especilally in toplcally
treated mice. Treatment probably induced early develoapment of

immune responsc.

The earlier the treatment, the better rthe result, slince even in
the hiphly suéceptible Balh/ec mice, visceralization was hindered
following immediate topilcal treatment. Topical trcatment was
more effective than intraperxitonlal, In general, ireatment
cured all Swiss albino befere thelr controls. On the otherx
hand, the lesion of Balb/c regressed during treatment but
relapsed after 20 weecks. This 1s analopous to DCL patilents

which relapse after successful treatment.
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During parasitoloslcal e¢xaminatlon wmore parasites were detectel
in smecars than In scctions. This ¥findlng is in relation wilth
previous findings (Neal, 1964; Iskandar, 1978). The prabable
reason caould be that the vexy thin sectilion (cell line) taken

decreased the chance of pavasite defection,

Bipher humoral responses and low DNTH responscs were observed in
Balb/ec mice than In Swiss alblno mice. Green et al. (1983)
observed high humoral responses accompanied by relatively low
cell-mediated immunity Iin subjects vaccinated with live L.

ma jor.

Early durlng infection antibody titre incrcased in all mice, but
later decreased in Swiss albino but not »f the Balb/e mice.
These changes are probably relatcd to the progressive dlsecases
Iin Balb/c¢ mice. Treatment Increased the DTH responsce in all
treated mlce being more prowminent iIn Swiss than din Balbfc mice,
and in topically treated than systemically ktreated. Moreover in
most trcated mice DTH is higher in immediately treated groups in

parallel with regression of the leslon.
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