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SUMMARY

This dissertation is ccencerned with a comparison between some of tne

biological and immunuolegical properties of two species of lelshmania
parasites that have been reported to occur in Hthiopia. korphological
and culbural assessiment has shown that L.aethiopica is larger (7.7u5)

than L. major (5.7u§), and has a lower optimal growth temperature

(22°%¢ versus 28 - 30°C).
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The use of in vitro promastigote culture to sssess the effect of ant-
ileishmanial drugs produced a good correlation with existing clinical

experience, L. aethiopica responded poorly to the pentavalent antiao-

ny compound, pentostam (JIC 10ug/rl), but well to Lomidine ((GIIC
- 0,004ug/mi) and chlorpromazine (MIC 0.003%ug/ml). In contrast

L.major promastigotes responded similarly to all three drugs

L. aethiopica proaastigotes did not produce clinical lesions in

rabbits, guinea pigs, mice, outbred hamsters or liastomys species.
However, clinical lesicns were produced in one of two inbred strains

of hamsters ﬁﬁoculated, In contrast, of the species inoculated

able lesions,.

Despite the close relationship between uld Jorld leishmania species

impunisation with L. sethiopica promastigotes (with or without ad ju-

vant) did not induce cross-immunity to L. major promastigotes.
This absence of immunity may have been due to a failure of
DT indYetion since foot-pad testing demonstrated that although

DTH responses to homologus ( L. aethiopica ) antigens was

produced, the level of c¢ross reactive DTH to L.




HMajor antipens was not significantly different from unimmunised

controlis.

In contrsat to expectation, the interaction between mouse
macrophages and the two speeies nf leishmanial promastigotes

shewed that L., aethiopica promastigotes are readily taken up.

Thereforeathe failure of this species to establish a c¢linical
infection must be due to either an effective immune response

or Ge a post-phagocytic physiolegical incompatibility..
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CHAPTER X

INTRODUCTION




INTRODUCTION

General Peatures of leishmaniasis.

Leishmaniasis is a collective Term given to a protozoan disease
cuased by members of the genus lelshmania and transmitted by .
sandflies of the genus Phlebotouus (Panosian and Jyler, 198%),.
The members of the genus Leishmania are responsibvle for causing
a wide spectrum of disease ( Table 1) that ranges from a simple
cutaneous lesion (Localised Cutaneous lLeishmaniasis) through
extensive cutaneous and umucocutaneous involvement (HMucocutaneous
and Diffuse cubtaneous leishmaniasis) to a fatal visceralishing
form Visceral Leishmeniasis. 1In the 01d Jorld four species of

leishmania are known to be pathogenic for Mang

a) Leishmania major
b) Leishmania tropica
¢) Leishmania aethiopica

d) Leishmonia donovani

All Leishmania parasites have a digenetic life cycle (Figure 1),
during which bhey slternate from a free living flagellated
promastigote rorm in the gut of phlebotomid Handflies to a
ﬁon—flagellated intracellular amastigote form in the mammalian
host (Marsden, 1979; Jaffe and Mchon, 1983%). Although there

are several different species of leishmania that infect man,
they all share this type of life cycie in which an infected
sandfly bites a suitable mammal, transmitting the leishmanial
promastigotes directly from the proboscis or by regurgitating

them during feeding. N
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TABLE -~ 1

Geographical Distribution of Leishmania Parasites.

Parasilte

L.aethiopica

L., amazonesgis

I,. brazgiliensis

L.donovani

L., guyanensis

L. major

L. minor

L.mexicana
L. panamensis
L.

Peruviana

L. pifanci

Clinical

Localised
Cutaneous

Tocalised
Cutaneous

Tocalised
Cutaneous

epet ] JE—

and Diffuse
TLeishmaniasis

and Muco-
Leishmaniasis

Visceral lLeishmaniasis

Cutaneous

Cutaneocus

Cubaneous

Cutaneous

Tiocalised
Cutaneous

Cutaneous

Leigshmaniasis

ILeishmaniasis

Lelshmaniasis

Leishmaniasis

and Persistent
Leishmaniasis

Leishmaniagis

Diffuse cubaneous
Leishmaniasis

Disease Pattern Geographical Location
and Jiffuse mthiopia and Mount
Leishmaniasis Wlgon (heaya)

Amazon basin

Brazil, Venezuela,
Bolvia Guatemala,
Mexico, Peru, Honduras
Costa Rica, Panauwa,

India, China, HMedite-
rranean, Sudsn,
Southern USSR, Worth
Africa, Brazil,
Columbia, Guatemala,
Argentina, Paraguay,
El Salvador, Mexico,
East & Equatorial
Africa.

Panama.

Horth africa, Middle
Fast, India, Australia.
Burma, China,Mediterr-
anean, Southern U3SR,
Greece, Northern,
VYestern, Southern &
Fastern africa,

Middle Fast, Mediter-
ranesn, sudan, LEgypo,
Lquatorial & Vest
Africa,Pakigtan, Sir
Lanka.,

Mexico, Honduras,
Guatemala.

Pahina, Penu,- - .

Peru, Costa Rica,
Panama.

Venezuela, Carribean

Compiled from various sources.
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Once the leishmania parasites have entered the skin they are phagoc-
ytosed by macrophages in which they undergo a transformation to the
non-flagellated amastipote form., “hese amastigotes divide approxin-
ately once every &4 hours and within a short time rupture the host
macrophage liberating amastigotes which infect other macrophages.

In both species of parasites that cause cutaneous or mnucocutaneous
leishmaniasis, the infeoted macrophages are restricted to the skin
or occasionally to the lywph nodes draining the infected ared (3now,

1974). In contrast, Leishmania donovani, which causes visceral lei-

shmaniasis rapidly wmetastasises to the visceral organs such as the
liver and the spleen and may eventually be found circulating in the

blood stream and in lymph nodes and bone marrow (Snow, 1974).

The cycle of infection is completed when leishmania-infected macrop--
hages are ingésted by another sandfly vector. The infected macroph»
age is digested in the midgut, releasing the aumastigotes which then
transform into the flagellated promastigote and multiply in the

- Bandfly gut (Bee 3myth, 1976). The promastigotes proliferate extensi-
vely until the foregut and proboscis contain very large number of
promastigotes so that when the vector feeds, the parasites are once
-ageln transmitted to a mummalian host (Bnow, 1974). One consequence
of the insect vector is that in the case of cutaneous leishmaniasis
lesions are restricted to areas exposed to sondfly bites (i.e. face,
hands, arms and legs ) o¢nd conversly a sandfly can only be infected
by biting an infected lesion. In contrast visceral leishmaniasis is
nelther restriqted in its distribution in the mammalian host (because
it readily metastasises) nor does a sandfly necegsarily have to bite

an obvious lesion as the parasite undergoes haenatoganic apread.




This dissertabion is concerned with two species of leishmania which

cause cubaneous lelshmeniasis,

East and parts of sfrics although only a single isolate has so far
®een reported from Ethiopia ( Humber, Yemane-RBerhan, Teklemariam,

1986).

b) L. aethiopica, in contrast, is aluwost entirely restricted to
Ebhiopia, except for & small foci around liount ilgon in north-east-

ern Kenya (Belehu, 1981).

Cutaneous Leishmaniasis in Ethiopia. .

Cutaneous leishmaniasis is widespread throughout the Ethiopian
higlands ( between approximately 1600m and 2650m ) and is egbimaved
to affect between 5C wnd 70, 000 people ( Lemna, Foster, Preston,
Bryceson, and iMinter, 1969;Belehu, 1981). Mo distinet clinical
types of cutancous leishmaniasis have been reported to occur in
Ethiopla. The commonest form is Localised Cutancous Lelshmaniasis
(LCL) which is generally restricted to the face, arms or legs and

is eventually self~healing. This form of the disease may occur

on, or spread Lo, mucous membranes and although termed wucocutaneous
leishmaniasis (MCL) does not correspond to the metastatic form of
MCL found in Scuth mmerica (Humbsr, et al, 1986). In contrast, Diff-
use Cutaneous Leishmaniasis (DCL) is not self-healing, and the lesi-

ons are progressive and eventuually spread over large areas of the




body. DCL is assoclated with immunological unresponsiveness to

leishmanial antigens (Belehu and Humber, 1981).

The causgg tive agent of cutaneous leishmaniasis in ithioplia is pri-
ncipally L. aetniopica, although 5. major has been isloated from
a ICI lesion contracted in the Omo River Valley region of hthiopia
(Humber, et al, 1986). Thus, although DCL is entirely caused by

L. aethiopica , gthicpian ICL can be caused by both L., aethiopica

and L. major., Originslly L. major and L. aethiopica were considered

to be sub-species of L.tropica (LeBlanc, Belhu and Peters, 1986).
However, on clinical, serological and ecological criteria Bray and

Lainson (1965) supggested that L. aethiopica should be separated

from the other Uld $orld cubtaneous leishmaniasis. The classificatbe

ion of L. aethiopica as a separate species has recehtly been

further justifiéd by DNu-buogant density analysis (Gardener, 1977).
Analysis of 15 diffeirent iscenzyme patterns has also confirmed

that L., aethiopica is not closely related to any other known

species of 0ld Jorld YLeishmania (Le Blancq et al 1986).

It is believed that the different clinical manifestations of

cubaneous lelshmaniasis caused by L. aethiopica (ICL and DCI )

are entirely the result of a defective host immunolggical response
(Belehu and Humber, 1981), although differences in the frequency

of plasma membrane-inserted proteins, and the presence of different
antigens ICL and DCL isolates (Humberg'personal communication) sugg-
ests that there may be slight differences between the strains of

L. aethiopica causing ILCI, and DC1.

Leishmania species are essentially parasites of wild animals and only

infect man zoonotically (Ayele,198l).'ﬁb information is available




regarding the Bthiopian host species for L. major,although in otaer
parts of the world it has been reported to infect a wide variety of
specles especially rodents (Gemachu, 1981). L.acthiopica in contrast,
has a very restricted reserveir hogt.The only recorded wild hosts

are two species of hLyrsx, Procavia habessinica and ileterohyrax

brucei, although 11 other species of hyrax occur in oSthiopia and

may be potential resepvgirs (Humber, et, al, 1981).

L., aethiopica and L. major both cause cutanecus lelishmaniasis;

however, little published information is available about the biolo-

ot
gical and ilmmunological featuregﬂL.,aethiopica, probably due to its

limited geographical distribution. in contrsat L. major which occurs
throughout large areas of the 0ld Jorld has received considerable
attention. Since both of these species cause cutuneous leishmania-
sig in BEthiopia, the aim of this dissertation was to exawmine and
compare some of The biclogical and immunological feabtures of these

two pararsites.
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MATERIALS alND HMeYRODS e
Leishmania Parvasites.

Leishmania aethioplcs Parasites were isolated at the Armauer

Hansen Research Institute from patients with localised cutan-
eous leishmaniasis.Ferasites were cultured from material taken
from slit skin smears and inoculated into blood agar with a med--
ium overlay. In order to ensure virulence, parasites were not
naintained in culture for more than 3 weeks. All strains used

iscenzyme typed at the London School of Tropical ledicine and

isolated from a «+ild rodent and was obtained as a kind gift from
the max plank Ianstitute, West Germany. The parasite was maintai-
ned by serial subcutanecus passage in a. susceptible wmouse strain,
BillB/c, by inoculationrn into the subcutaneous tissue of the ears.
Parasites were also only kept in-vitro for a maximum of % weeks
when fresh parasites were isolated from infected mice by asepbic-
ally removing and homogenising the cervical lymph nodes in RPl

1640 supplemented with human or foetal calf serum.

Parasite culture.

The promastigote stages of both L. aethiopica and L. major

were grown in RPuMI 1640 tissue culture medium ( Tlow Labor-
atories, U.K ) supplemented with either 20 % foetal calf
serum  ( Flow Laboratories, U.K ) or 20 % human serun, and

penicillin and streptomycin ( 200 units/ul and 2006mg/ml

-0




respectively). Seriucl passage of both gpecies was.performed very 2
or 4 days using an initiel inocutum of approximately 5 x 106 proma-
stigotes. Except where specified in the results section, .all cultur-
es were incubabed at £5°C in 25ml glass bottles. All culbure proced-
ures were carried out in a static hood equipped with an ultra violet

light..
florphometric Measurements,

The length and width of leishmania promastigotes were determined
ubing a calibrated micrometer eyepiece graticule using a X 100 oil
immersion lens ( Olympus llicroscopes, Japan). In order to determin~
the volume of these parasites, the body was divided into three areas,
two cone shaped anterior and posterior regions and a cylindrical
central region (Edler, 1979). Thus the following formula was used

to determwine the volune:

I1.d° .h I1.d° .h
Viumes= s 2
4 12
Cylindexr Cones

Parasite smears for measurement were prepared by cooling aliquots
of each species of promastigote to 0-4°¢ for 30 minutes and adding
cold glutaraldehyde to & final concentration of 2%. The parasites
were allowed to Fix for 1 hour at 0-4°C at which time a smear was
made on a clean microscope slide, After air drying the smears were
stained with Vrights stain. The smear was covered with 10 drops of
Jrights stain, left for 2 minutes, diluted with an equal volume of
distilled water and left for a further 4 minutes. The stained slides

were allowed to air dry after brief washing.

In order to determine the effect of fixation on parasite volume simile

meagurenents were made on live parasites. Parusites were immobilisc”




by incubation at Om4OC for 2 to % hours before measurement after

which time movement had ceased or was very slowd

Promastigote Counting.

Promastigotes were counted using an inproved Heubaure counbting
chamber with a x20 ox x40 microscope objective. Smaples were
diluted with and cquel volume of counting fluid (Phosphate buffered
saline, pH 7.2, conteining 1% formaldehyde) to immobilise the
parasites during counting.

Daigy Sensitivity Testing.

The activity of % drugs was assessed on both species of leishmunia

parasites;

Lomidine - pentamidine methanosulphonate - Specia, France. UOmg/inl)
Pentostan - sodium stibogluconate -~ Welcome, U.K. (100mng/ml)

Chlorpromazine - Delmas perfusion, France (50mg/ul)

Dilutions of the drugs were made in RPMI 1640 with 20% foebtal calf
serum followed by sterilisation by membrane filtration through
0,22u Millipore filters (Millipore Inc., U.S.a.), Triplicate S5nl
culbures of each species of leishmania were set up with a range

of 8 dilutions of the originul drugs were set up at the same tinme.

The effect of cach drug was assessed by connting at daily intervals.,

w1l




Experimental Animals.

The following species and strains of animals were used in this gtudy:

Animal Species or Straln source

Outbred Swiss Albino liice National Health Research Institute

Inbred BALB/c liice nddis wbaba University

OQutbred Hartley Guinea Pigs National Health Research Institute

Outbred Albino Rabbits National Health Research Institute

Mastomys species Dr. CGolin Hetherington,

Outbred Hamster Hational Institute of lediecal
Research,

Inbred Hamster The Ridgway, Mill Hill,

Inbred Hamster London, U.K.

With the exception of the experimental animals housed at the National
Institute of Medical Lesearch, U.K. ( iastomys species and Hamsters)
all animals were maintained under conventional conditions in the
Biology Department animal house. -wunimals were fed «ith laboratory
animdl food (Ethiopian Poultry and Dairy Interprise, sddis ababa)

supplemented with fresh vegetables and given water ad. libitum.

12w




Sensitisation of Mice to I aethiopica.

Stationary phase cultures of L. aethiopica were washed and resus-
pended in shosphate buffered galine containing 1% glutaraldehyde
and stored at O-4°¢ until required. Before immunisation the fixed
promastigotes were washed to rewmove the fixative and resuspended
at 1 x 107 promastigotes/ml. Four groups of outbred Swiss Albino
mice were immunised subcutaneously with 0.1 ml of 107 promastigotes

per ml as follows:

~

a) E. aethiopica emulsified with an equal volume of Freunds Complete

Adjuvant (Difco, U.S8.A.)

b) L, aethiopica mizxed with an equal volume of saline.
¢) Freunds coumplete adjuvant emulsified with saline.

4) Untreated controls.

Animals in groups a tc ¢ were immunised on three cccasions at
weekly intervals. Three weeks after the final immunisation all

. . 6 . . . .
aninmals were challenged with 1 x 10 L. major promastigotes in

the rump Jjust above the tail. Presence or absence of lesions was

recorded at weekly dntervals.

The development of del~ayed hypersensitivity to L. aethiopica

following immunisation was assessed by changes in foot pad
thickness following injection of 2 x lO6 gluvtaraldehyde fixed

L. aethiopica promsstigotes into the right foot pad; The cont-

ralateral,. uninjected, pad served as a control. Changes in

foot pad thickiness were measured duaily using a dial




caliper (Schnelltaster, Jest Germany).

Preparation of idscrophage Cultures.

Peritoneal macrophsges werecollected from the unstimulated peri-
toneum of BaLB/c mice by injecting cold RPHI 1640 medium supple-~
nented with 10% foetal calf serum into the exposed peritoneumn.
The aspirated macrophage suspension was then allowed to
adlere to sterile coverslips overnight at 5700 in a 5% carbon
dioxide in air atmosphere. The number of macrophages per cover-
slip was estimated by extrapolating from the number seen per x
100 high power field. Pthagocytosis of leishmania promastigotes
was assessed mlceroscopically and the number of dead promastigotes
assessed by methylene blue staining ( Simposon, Roth and Loose,

1979).
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RESULTS

Parasite morphology. The volumes of both live and glutaraldehyde-
fized promastigoles were determined as deseribed in the maberials
and methods for L.aebhiopica and L. major. The frequency distribu-

tion of the volumeg are shown in Tables 2 and 3.

Table 2

Sizwe Distribution of live and fixed 1., acthiopica

Volume (ua) Frequency live Frequency I'ixed
25,0 2 6
5.8 - 5.9 18 1%
6.0 - 6.9 10 8
7.0 = 7.9 19 23
8.0 - 8.9 58 57
9.0 - 9.9 7 10
»10.0 G - 5
Mean Volume 7.70 +/~ 1.55 7.69 +/- 1.48

Since there was no significant difference betiveen the volumes of

-

1ive and fixed parasites the datsa from these two groups were pooled

for statistical comparison between L, aethiopica and I,. major. The

2
mean volume of L. aethiopica (7.69u”) was significantly (P 0.01)

larger than L. major (5.66u5).

-16-




Table 5

Size Distribution of live and fixed L. major.

Volume (ua) Frequency Live mﬁrequency Fixedr
£.3%,0 3

3.0 - 3.9 2 8

4.0 - 4.9 33 52

5.0 - 5.9 30 28

6.0 - 6.9 | 7 .

7.0 - 7.9 | 13 14

8.0 = 2.9 6 6

9.0 - 9.9 1 1
10,0 1 1

‘Megn Volugg“ 5.66 +/~ 1.57 5.66 +/- 1.59 )

Optimum growth temperature., Promastigotes of L.aethiopica and
L.major were gro+n in RPMI 1640 mediunr supplemenﬁed withVQO%
foetal calf serum as described in the materials and methods sect-
ion, Triplicate cultures of both species of parasite were incuba-
ted at 22, 28, 30 and 37°C and counted daily for 14 days. The
results are shown in Figures 2 and 3 { 37°C data not shown) where
it can be seen that L, major has a much higher temperature toler-
ance and grows well at temperatures between 28 and §OOC, In cont-

rast the optimal temperature for 1L, aethiopica promastigotes was

22°¢ and growth was severely inhibited at higher tenperatures.
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This is in egntrast to L. major which grew slightly faster at 507°C

than at 2800, although the cultures reached a lower mean peak con-

centration and died off more rapidly at the higher tewmperature.

In both species of leishmania, higher teumperatures caused the pro-
mastigotes to round up and become non-motile resembling the amast-

igote forms, In L, aethiopica this occurred at temperatures above

28°¢ and in L. major at temperatures above BOOG.'A

Drug Sensitivity. The response of both species of leishmania to

the three drugs tested are shown in Tables 4 and 5.

Table 4

Effect of ILowidine, Pentostam and Chlorpromazine on the Growbth and
Survival of L. aethiopica

Minimum lytic Minimum Inhibitory Ineffective

Drug

Concentration Concentration goncentration
Lomidine 4.0ug/ml 0.004ug,/ml 0.0004ug,/ml
Pentostan 100, 0ug/ul 10.0ug/ml 1.0ugkml
Chlorpromazine Not Done CL003ug,/ml O;OOOéug/ml

—

Minimum Lybtic Concentration is the concentration of drug which .
caused complete lysis of the parasites by day 2 of culture.

Mipimum Inhibitory Concentration is the concentration of drug
which caused a greater than 80% decrease in promastigote growth.

Insffective Concentration 1s the concentration of.drug that had
no significant effect on parasite growth,




Table 5
Effect of iomidine, Pentostam and Chlorpromazine on the Growth and

Survival of L. Majgor.

fiinimum lytic IMinimum Inhibitory I(neffective
Drug i
¢ Concentration Concentration Concentration
Lomidine 400, Qug/ml O.4%ug/ul 0.04ug/ml
Pentostan lOng/ml . 1,0ug/nl O.lug/ml
Chlorpromazine 250.0ug/ml 0.25ug/ul 0.025ug/ml

The results in these tables show that there were considerable
differences between the sensitivities of the two leishmania species

to the various drugs. Both L. aethiopica and L, major were affect-

ed least by the pentavalent antimony conmpound, pentostam although

L. aethiopica need a ten times higher concentration before inhibi-

tion of growth was apparent. . In contrast L. major required higher
concentrations of both the diamidine Lomidine and chlorpromazine,
The most effective drug for Lilling both species of leishmania

promastigotes was chlorpromazine.

Growbh of Leishmania in Laboratory Animals. There were large
differences in the ability of the two species of leishmania prom-
astigotes bo infect different laboratory animals. - L., major only
caused distinct clinical lesions in the two strains of mnice Eested
although small, trensient swelling did occur in bobth rabbits and
guinea pigs given lO'7 promastigotes. . Bince these lesions disapp-

-

eared within 5 weeks no attempt was made to isolate parasites from
the injection sites. In the mice there was no difference in the
ability of the injected parasites to cause lesions at different

sites. The presence of leisghmania parasites in the suspected




L.major lesions in the mice was confirmed by isolation and culture.

I,. aethioplca did not infect any of the laboratory animalgs available

in Ethiopila. Houevef,,g;mggggiggigg did grow in one strain of inbred
hamster (HB) which was inoculuted by Dr. Colin detherington of the
National iInstitute of lLedical Kesearch, London. 'The presence of
leishnania parasites in these lesions was confirmed bj\histolggy,

culture and reinfecticn.

Immunity to Leishmanis Infection and Development of DTH. fmmunisation

of Swiss albino mice with L. aethiopica and Freunds couplete adjuvant

did not induce immunity to a subsequent challange with 105 live

L, major promastigotes. Fvery animal (in all 4 groups) developed

—

lesions within 3 weeks. No difference was apparent in the size or
rate of lesion development between the animals in the different
groups.

Develapment of DTH following immunisabion or exposure to live L.

aethiopica promastigotes was assessed using a coventional DTH foot-
pad enlargement assay bto leishmania antigens., The time curves of foot
pad enlargement following the injection of 5 x 106 gluteraldehyde

fixed promastigotes ore shown in Iigures 4, 5 and 6.

DTH responses to L. major antigens (Figure 4) shows the DM time curve
following thQr%esting of Bwisa aAlbino mice which had bcen challenged
with live L, aethiopica proumastigotes. Figures 5 and 6 show the DI

response to L, aethiopica antigens in mice and guinea pigs after

immunisdtion with live L.aethiopica‘promastigotes. It is apparent

-

from these curves, thuat the immunisation schedule employed, induced

greater DTH in mice when compared to guinea plgs,




Table 6

Growth of TJeishmanis in Different Laboratory animals

Animal L.aethiopica L. major
107 107 10° 107

Swiss Albino ilice Fo Lesions Lesions on all animals
BALB/¢ mice No Lesions Lesions on all Animals
Hartley Guinea Pigs No Lesions No Lesions 1/3% Lesionsl
Jhite Rabbits No Lesions No lLesions 1/1 Lesionsl
Mastomys spl No Lesions Not Done
Hamsters (Outbred)1 No Lesions Not Done

HA Hamstersl No Lesions Not Done

HE Hamstersl 5/5 with Lesions Not Done

— — w—— ™ ]

L Transient lesions All Animals were inspected at regular intervals
for % months following inoculation to assess the presence or absence
of lesions.

Inoculations and examinations done by Dr. Colin Hetherington at
the National Institute of iledical Reseuarch, U.K.

Macrophage- Promastigote Interaction.The results of phagocytosis of
both speciles of leishmania promastigotes are shown in Figure 7. It

is apparent that L. aethiopica promastigotes are more effectively

phagocytosed than those of L. major. After 60 minutes incubation

almost twice as many L. aethiopica promastigotes had been phagocy-

tosed by the peritoneal macrophages. In addition phgocytosis of
L.major promastigotes was concentration dependant with over

twice as many promastigotes being phagocytosed

2%




at the 1:10 ratio compared to the 1:5 ratio. This effect was

not seen with L. aethiopica promastigotes which were equally

well phagocytosed at both 1:10 and 1:5 nacrophage:Promastigote
ratios. In all experiments the number of dead (methylene blue
stained) promastigotes wag too small to give any memningful

interpretation(generally less than 1-2% ,data not shown).
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FIGURE & DTR FOOT-PAD RESPONSE OF GUINEA PIGS TO L. AETHIOPICA
AFTER SENSITISATION TO L. AETHIOPICA

€

it
"
o
=i 1.5
[ e
VALUES & 1 sp
3
‘{:r: -y
€. e
6“‘# -
<>
L]
i _ﬂf.f-.ff
aaaaaa - i TMMUNISED
r
Led
B CONTROL.
' UNIMMUNISED
] SRR | - %
HE /2

TINE [N HOURS




o
=i
Ba.d

&=,

. E

Figung ™

'3

HE

prtaL

160 -

MICE MACROPHAGE ~ LETSHMANIA
INTERACTION

PROMABTI G0

Eida

It

L. AETHIOPICA
zaji:T; E R _;f;ﬁ’ aatd wﬁiﬁ%_ }, :3..8
e 1405
MAJOR .
e e T 110

R
@ e aa

v mnersimmen G
.

TIME 1IN

T %Z‘? s
4

— i, -

T U



CHAPTER IV

DISCUSSION

...29...




The results obtained in this experiment demonstrate that there is

a considerable difference in voluwme between L. aethiopica and L.

major, and that fixation with cold glutaraldehyde has no effect on

parasite volume. L. asethiopica is almost 40% larger than L. major.
However, ,while these differences are statistically significant,
some caution should be exercised in the interpretation of these
data. Firstly, accurate measurment of promastigotes with the light
microscope is difficult due to thgir small size. Secondly, altho-
ugh care was taken to ensure that parasites of both specles were
cultured under the same conditions, it wus possible that the size
differences may have been due to uncontrolled cultural factors.

It is apparent from observations made in subsequent experiments
that size, and morphology do change during culture. In particular,
above optimum temperstnres cause the parasites to resemble the
amastigote, rather than the promastigote fmrm. However, despite
these reservations, it is doubtful whether cultural effects or

measurement errors could acount for the large differences observed.

The principal cultural differance between I,. sethiopica and .

I, —major is in the forneg's relative sensitivity to temperatures
above 22°C. This feature is in line with the epidemiological
restriction of Ethiopian cutaneous leishmaniasis below the 2300
isotherm (Belehu, 1981). In comuon with other species of

leishmanial, L. aethiopica also undergoes transformation to

amastitgote-like form although this happens at a lower temperature
thanwebhonr gpecies.From the growth data at the optimum benmperature for
both species it can be calculated that the cell cycle time for

L. aethiopica is %6 hours compared to 56 hours for L. majorn,
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Although leishmania promastigotes are not normally the stage on
which chemotherapeutic agents act, difficulties in culturing amas-
tigotes makes promastigote cultures a realistic alternative in drug
screening. The results in these experiments show that anti-leisha-
anial agents can act at two separate levels. DPrevention of growhh
(ifinimum Inhibitory Concentration, MIC), and &irect destruction of
the parasite (Winimum Lytic Concentration, MIC) although from the
practical point of view the MIC is probably of more relevance since
the concentrations required for iMLC are uhlikely to be achieved in

Vivo.

It has been reported previously that conventional anti-leishmanial
drugs, derived from entimony are ineffective in treating Ethiopian
Cutancous leishmaniasis (Sarejini, et al, 1984). This clinical
observation confirms the experimentgl findings in this thesis in

that I. aethiopica promastigotes require a tenfold greater concent-

ration of the pentavalent antimony compound, pentostam, to inhibit
growth, In addition, the most effective drug in treating Ethiopian
Cutaneous Leishmaniesis is the diamidine, Lonidine (Sarojini, Huwmber,
lYemane—Berhan Fekete, Belehu and Varndorff, 1984) which in the in-
vitro experiments described here was more efficient in inhibiting

1. acthiopica promastigotes than L. major promastigotes.

The most effective drug in these experiments was chlorpromagine which
inhibited growth in both species of promastigote at a nmuch lower con-

centration than Lomidine and pentostam. Chlorpromazine was particulari-




effective against L. aethiopica promastigotes (MIC of 0.003ug/ml),

and has been also been repotred to be effective in the treatuent of

Diffuse Cutaneous Leishmaniasis (Hendriksen and Tende, 198%).

The apparent correlation between the in vitro results reported
here and preivious clinical findings suggests that the use of
promastigote cultures in screening for potential anti-leishmanial
drugs is not only feasible but can yield useful information about

drug activity.

The establishuent of an animal model for.Ethioplan Cutaneous Lelsh-
maniasis would greatly facilitate investigations into the treatment
and pathology of this disease. 1In particular, the in vivo screen-
ing of antileishmanial drugs, which at present can only be done on
species of leishmania which readily grow in rodents, could be

extended to [. aethiopica. The results presented here show that

I, aethiopica promastigotes do not produce lesions in the majority

of laboratory animals (Table 6), and in contrast to L. major, do
not produce lesions in the highly permissive strains of mice, such

as BALB/c (Bjovatn and Neva, 1979). However, L. aethiopica prom-

astigotes did produce lesions in one inbred strain of hamsters (JIB).
although not in a second inbred strain, or in an outbred strain.
Tt has been previously reported (Childs et al, 1984) that only

recent isolates of L. aethiopical would grow in hamsters. This

report, together with the data from this study, suggests that

hamsters are indeeed permissive to L. aethiopica infections, bub

that the genetic background of the animal plays an important role

in the outcome of the infection.

The reason for the failure of I.. aethiopica and L major to gros in
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certain species is unclear, although it is likely to be due either
to an effective immune response on the part of the host, or soue
physioclogical inability of the promastigotes to establish themse-

lves in the host macrophages.

The data concerning cross- immunisation between 1,, acthiopica and

L. major shows that iwmunisation with the former did not protect
the mice against subsequent challenge with the latter. This
finding is in agreement with previous investigations which have
showﬁ that closely related leishmania species do not necessarlly
induce protective lwmunity to each other, Thus L. major has been

reported to protect against L. minor but not vice versa (Levine,

1973).

Although immunisation with L. aethiopica was unable to protect

against challenge with L. major it was able to induce DTH respo-
nses in both mice and guinea pigs, even without the presence of
Freunds complete adjuvant, to homologous antigen (i.e. L. aethio-
pilca)., Interestingly guinea pigs appeared to develop much smaller
DTH responses Lo the homologous antigen than mice. In the hetero-
logous promastigotes of L. major ( following sensitisation with

L. aethiopica) were much lower, and not significantly different

from the response of control unsensitised mice.

Phagocytosis, or uptake, of leishmania promastigotes is of primary
importance in establishing>infection. 'The results of these exper-

iments show that althcugh .. aethiopica is incapable of causing

clinical lesions in mice, it is readily taken up by virgin (unsti-

mulated) peritoneal macrophages. Thus the failure of In. aethiopica
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to establish an infection is not due to its inability to establish
itself in the mouse macrophage. However, the much more rapid phago- -

cytosis of L. aethlopica promastigotes migh®t result in parasite

overload within the macrophage and subsequent rapid triggering of
anti-leishmanial mechanisms. Additional, longer term culbtures of
mouse macrophages with phagocytosed promastigotes would reveal
whether these cells do indeed have an increased capacity to kill

/
L. aethiopica parasites,

In conclusion this preliminary investigation into the biological

and immunological features of L.aethiopica and L. major has been

that there are considerable differences between these two species

that warrant further investigation.
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