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SUl'!ilil.ilRY 

This dissertdtion is ccncarned \ii th a comparison bet.;een some of tue 

biological and immunuoloEical properties of t',{O species of leishmania 

parasi tes that have bEeD reported to OCCl,r in l'thiopia. b1orpho10gi~ al I 

and cultural w3sessment has shotm that !:,~~:t;.!~s:pis::!::': is larger (7 . 7u7) 

than L._ma;i?r (5.7u3), and has a lovler optimal gro,,{th temperature 

(22°c versus 28 - 300 0). 

The use of in vitro promastigote culture to assess the effect of ant-

ileishmanial drugs produced a good correlation ,ii th existing clinical 

experience. ~_ aetl2.i.912i9a responded poorly to the pentavu1ent antililO­

ny compound, pentostom (Inc 10ug/ra1), but 11811 to Lomicline (BIC 

0.004ug/ml) and cblorj}r'omazine (MIC 0.003ug/ml). In contrast 

I!.major promastigotes responded similarly to all three drugs 

L. aethiopica promastigotas did not produce clinical lesions in 

rabbi ts, guined pigs, ruice, outbred hamsters or iilastomys species. 

However, cliniCdl lesions ,;ere produced in one of t,,'10 inbred strains 

of hamsters llnoculatecl, In contrast, of the species inoculated 

..vi th L. m~j9r only swiss "lbino and B"J:,B/c mice developed demonstr--

able lesions. 

Despite the close relationship betNeen Gld ,1orld leisllmanio. species 

immunisation with ~aei!~~..£pis::!::': promastigotes (,ii th or ,Ii thout adju­

vant) did not induce cI'oss-immuni ty to L. _1l2.~;i or promastigotes. 

This absence of immunit;y may have been due to a failure of 

DTH indUction since foot-pad testing demonstrated that although 

D'l'n responses to bomologus ( L. aethiopica ) antigens lias 

produced, the level of cross reactive DTH to L. 



Majo..E antigens vms not significantly different from unimmunised 

controls. 

In contr8ut to expectutj_on, the interaction betl,een mouse 

macrophages and t118 t\lO spel'ies of leishmanial promastigotes 

shrwel\.. that ~L __ aethiopicu promastigotes are readily taken up. 

Therefore:the failure of this species to establish a clinical 

infection must be due to either an effective immune response 

or t.., a Post-phagocytic physio16gical incompatibility. 

, , , , 
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CHAPTER 11 

INTRODUCTION 



INTRODUCTI0N 

General Features of leishmaniasis. 

Leishmaniasis is a collective term given to a protozoan disease 

cuased by members of the genus Leishmania and transmitted by , 

sandflies of the genus Phlebotomus (Panosian and .'1yler, 1983). 

The members of the genus Leishmania are responsible for causing 

a wide spectrum of disease ( Table 1) that ranges from a simple 

cutaneous lesion (Localised Cutaneous Leishmaniasis) through 

extensive cutaneous and L1ucocutaneous involvement (Mucocutaneous 

and Diffuse cutaneous leishmaniasis) to a fatal visceralishing 

form Visceral Leishmaniasis. In the Old ,'[orld four species of 

leishmania are known to be pathogenic for Man; 

a) Leishmania major 

b) Leishmania tropica 

c) Leishmania aethiopica 

d) Leishmania donovani 

All Leishmania parasites have a digenetic life cycle (Figure 1), 

during \vhich they 8.1 ternate from a free living flagellated 

promastigote l'orm in the gut of phlebotomid Gandflies to a 

non-flagellated intracellular amastigote form in the lfiammalian 

host (Marsien, 1979; Jaffe and Mchon, 1983).. Although there 

are several different species of leishmania that infect man, 

they all share this type of life cycle in \vhich an infected 

sandfly bites a suitable mammal, transmitting the leishmanial 

promastigotes directly from the proboscis or by regurgitating 

them during feeding_ 



TABLE - I 

Geographical Distribution of Leiuhmania Parauites. 

Parasite Clinical DiGe,Hle Fllttern Geographical Location 
-----.-~-- ..... ~-~ .. ~----- .... --.--~-~-- .. ---- .. ------------.--~ 

L.aethiopica 

L.amazoneGis 

L. braziliensis 

L.donovani 

L. guyanensis 

L. major 

L. minor 

L.mexicana 

L. panainensis 

L. Peruviana 

L. pifanoi 

Localised and Diffuse 
Cutaneous LeiGhmaniasis 

Localised lmd Diffuse 
CutaneouG Leishmaniasis 

Localised and lAuco­
cutaneous Leishmimiasis 

Visceral Leishmaniasis 

cutaneous LeishmaniaGis 

cutaneous Leishmaniasis 

Cutaneous Leishmaniasis 

Cutaneous Leishmaniasis 

Localised and Persistent 
Cutaneous Leishmaniasis 

Cutaneous Leishmaniasis 

Diffuse cutaneous 
Leishmaniasis 

Compiled from various sources. 

-2-

Ethiopia and Mount 
Elgon (Eenya) 

;\mazon basin 

Brazil, Venezuela, 
Bolvia Guatemalu, 
IAexico, Peru, Honduras 
Costa Rica, Panama, 

India, China, Medite­
rranean, Sudan, 
Southern USSR~ North 
Africa, Brazil, 
Columbia, Guatemald, 
Argentina, Paragu.1Y, 
EI Salvador, Mexico, 
East & Equatorial 
Africq.. 
Panama. 

Horth Africa, Middle 
East, India, Australia, 
Burma, Chinq.,Mediterr· 
,mean, Southern U'3SR, 
Greece, Northern, 
,Vestern, Southern & 
Eastern Africa. 

Middle East, Mediter­
ranean, Sudan, Egypt, 
Equatorial & ·.Vest 
Africa,Pakistan, Sir 
Lanky.. 
Mexico, Honduras, 
Guatemali?-. 

Palltwfl.). Pen\l~ . 

Peru, Costa Rica, 
Panama. 
Venezuela, Carribean 
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Once the leishmania parasites have entered the skin they are phagoc­

ytosed by macrophdt:eB in I{hich they undergo a tranBformation to the 

non-flagellatecl'jJlw.stigote form. ':,'heBe mnastigotes eli vide approxim", 

ately once every 2/+ hours anddi thin a short time rupture the host 

macrophage li,berating arnastigotes "thich infect other rnacrophages. 

In both species of pdrc..sites that cause cutaneous or mucocutaneous 

leishmaniasis, the infEcted macrophages are restricted to the skin 

or occasionally to the lymph noeles d~aining tile infected area (Gnow, 

1974). In contrast, b~ish!!!?:nia don~~,arl;~, which causes visceral lei­

shmaniasis rapidly ll1etustasises to the visceral organs such as the 

liver and the spleen and may eventually be found circulating in the 

blood stream 1J.nd in lymph nodes ancl bone marrow (Snow, 1974). 

1'he cycle of infection is completed \vhen leishmania-infected macrop-­

hages are ingested by &llother sandf1y vector. The infected macroph­

age is digested in the midgut, relaasing the amastigotes vthich then 

transform into the flagellated promastigote and multiply in the 

Sandfly gut (Gee .Jmyth, 1976). '-Phe promastigotes proliferate extensi­

vely until tJ1e foregut cmd proboscis contain very large number of 

promastigotes so that wben the vector feeds, the parasites are once 

. agilin transmi tted to a illLlmmuliun host (::,noIV, 197L~). One consequence 

of the insect vector is that in the case of cutaneous leishmani,lsis 

lesions are restricted to areas exposed to sandfly bites (i.e. face, 

hands, arms cllld legs ) ['nd conversly u snndfly can only be infp.cted 

by biting an infected lesion. in contrast visceral leishmaniasis is 

nei ther restricted in its distribution in the mnrallialian host (because 

it readily metastasisEos) nor does a sandfly necess3.rily have to biue 

an obvious lesion Cleo the parasite undergoes ha9m.!ltQ@~u\ic aprea(l. 



This dissert'ltion is concerned with tdO species of leishmania ,{hich 

cause cutaneous leishmaniasis. 

a) ~l!!aj2.E is lvidely distributed throughout Europe, the lIJiclclle 

East and parts of "fricD although only a single isolate has so f:~r 

teen reported from Ethiopia ( Humber, Yemune-J3erhan, '2eklemariam, 

1986) • 

b) L. aethi?pic!.l;, in contrast, is almost entir81y restricted to 

Ejlhio})ia, except for a small foci around liiount l';lgon in north-east­

ern Kenya (J3elehu, 1981). 

Cutaneous Leishmuniasis in Ethiopia. , 

Cutaneous leishmclniasis is widespread throughout the Ethiopian 

higlands ( betdeen approximately l600m and 2650m ) and is estimated 

to affect bet,veen 50 c~~ 70, 000 people ( Lemma, Foster, Preston, 

Bryceson, and j.,jintGr, 1969;Belehu, 1981). Two distinct clinical 

types of cutaneous leishmaniasis have been reported to occur in 

Ethiopia. 'rhe commonest form is Localisod Cutaneous Leishmaniasis 

(LCL) which is g0nerally restricted. to the face, arras or legs ,md 

is eventually sel1'c-healing. This form of the disease may occur 

on, or spread to, mucous membranes and al though termed hJUCOCU taneous 

leishmaniasis (lACL) does not correspond to the metastatic fu.r TIl of 

MCL found in South h.1llerica (Humber,. et aI, 1986). In contrast, Difi\­

use Cutaneous L8ishmaniasis (DeL) is not self-healing, and the lesi­

ons are progressive and eventuully spread OV8r large areas of the 



body. DCL is associated with immunological unresponsiveness to 

leishmanial antigens (Belehu and Humber, 1981). 

The causa tive agent of cutaneous leishmaniasis in j~tlliopia is pri~ 

ncipally I!_'_~.'-l.t(1.~YE.=i:£2' althoue;h ~~!~;j~E has been isloated from 

a LCL lesion contracted in the Omo River Valley region of Ethiopia 

(Humber, et aI, 1986). 'l'hus, although DCL is entirely caused by 

L. aethiopic'l , Ethiopian LCL can be caused by both L. aethiol.?2:ca 

and L.~~;t<?E.!. Originully ~_!!!~jor and L. aethiopica \,ere considered 

to be sub-species of ~.!!~opica (LeBlanc, Belhu and Peters, 19(6). 

However, on clinical, serological and ecological criteria Bray and 

Lainson (1965) suggested that f!! ___ ~~.!~?-0J2:h.££ should be separated 

from the other 01d World cutaneous leishmaniasis. The classificil"t-

ion of ~_aethi~l?~_SC: as a separate species has recehtly been 

further justifi<;id by mil.-buo;p:ant density analysis (Gardener, 1977). 

Analysis of Ij diffelent isoenzyme patterns has also confirmed 

that L. aethiopica is not closely related to any other knol"ln 
-~----

species of Old Nodd Leishmania (Le Blancq et al 19(6). 

It is believed that the different clinical manifestations of 

cutaneous leishmaniasis caused by L. a~thiopica (LCL and DCL ) 

are entirely the result of a defective host immunol{:j.gical response 

(Belehu and Humber, 1981), although differences in the frequency 

of plasma membrane-inserted proteins, and the presence of different 

antigens LCL and DCL isolates (Humber,' personal communication) sugg­

ests that there may be slight differences between the strains of 

L. _ aethiopica causing LCL and DCl. 

Leishmania species are essentially parasites of ,dId animals and only 

infect man zoonoticully (Ayele,1981). No information is available 



regarding the Ethiopian host species for L. major, although in otller 

parts of the world it has been reported to infect a wide variety of 

species especidlly rodents (Gemachu, 1981). L.~~!hi££~~~ in contrast, 

has a very reBtrictGci reflervoir. hOfrb.1']w only recorded wild hosts 

br~9.~i, although 11 other species of hyrax occur in :ethiopia and 

may be potential reservOl,irs(Humber, et, 0.1, 1981). 

L. aethiop:L_c:.:~ and ~_majo.E both cause cutaneous leishmaniasis; 

however, little published information is available about the bio1o-
<'¢' 

gica1 and immunological feature~ti L. aethi!2pic£, probably due to its 

limi ted geographical distrilmtion. In contrsat L . ...I!!a,i2!: Ivhich occurs 

throughout large dreas of the Old .lor1d has received consideralJ1e 

attention. Gince both of these species cuuse cutaneous leishmania-

sis in Ethiopia, the aim of this dissertation \yas to examine and 

compare some of the biological and immunological features of these 

two pararsites. 
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MATERIALS AND METHODS 
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Leishmania Parusites. 

Leishmania aethiopic& Parasites l'18re isolated at the Armauer ---- ----.---~~~- .......... --
Hansen Research Institute from patients with localised cutun-

eous leishmaniasis .18.1 ccsi tes Ilere cultured frow wuterial tuken 

from slit skin swears and inoculated into blood agar ,lith a med·· 

ium overlay. In order to ensure virulence, parasites were not 

maintained in culture for more thun 3 weeks. All strains used 

isoenzyme typed at the London School of 'l'ropical JiJedicine and 

.. , ... ., 

Hygine, U. K. as corresponding to ~ __ ~.E:.th.9.}Jic_,!:.!.. ,vi thin each experi-

ment only one isol ate of J.J. a~tl!..c:.pic.'!: ,/as used. 

The !!.!....majoE promastigotes \'rere from u strain (LV 39) originally 

isolated from a.rild rodent and ',!as obtained as a kind gift from 

the max: plank Insti tute, "est German;:,. r::'he parasite was maintai-

ned by serial subcutaneous passn.ge in a, susceptible mouse strain, 

BALB/c, by inoculation into the subcutaneous tissue of the ears. 

Parasi tes 118re also only kept in-vitro for a maximum of 3 \'leeks 

when fresh pardsites \,ere isolated from infected mice by aseptic-

ally removing and homogenising the cervical lymph nodes in RPi:lI 

1640 supplemented ,lith human or foetal calf serum. 

Purusite culture. 

The promastigote st26es of both ~_~ethiopicu und L. maQ.9.£ 

<lere grol/ll in RHii 16LW tj.ssue culture l'ledium (Elolr Labor­

atories, U.K) sUp}'lemented Ilith either 20 % foetal calf 

serum (Elod JJaboratories, U.K) or 20 96 human serUla, and 

penicillin and streptomycin (200 lmi tS/illl and 206rng/ml 



respectively). ;3eriul pmlSage of both specieB IV<lB performed very 3 

or 4 days using an initi,-,l inoculum of approximately 5 x 10
6 

prollld­

Btigotes. Except.vhore specified in the r<3sul tB section, .all cul tur­

eB were incubnted cYG <:5°C in 25ml glass bottles .. All oulture procod.> 

ures were oarried out in a static hood equipped "ith an ultra violet 

light. 

Morphometric I1ieFlsurements. 

The length and .vidth of leishmania promastigotes ,lere determined 

uLing a calibrated micrometer eyepiece grctticule using a x 100 oil 

immersion lens ( Olympus Hicroscopes, ,Japan). In order to determip0 

the volume of th8s e pcrasi tes, the body ,,/as divided in to three are, tS , 

two oone shaped anterior and posterior ?egions and a cylindrioal 

oentrill region (Edl er, 1979). Thus the follo,l'ing formula Vias used 

to deterlnine the volume; 

Vlume~ 

4 
Cylinder 

+ 2 .• 

2 n.d .h 

12 
Cones 

Parasite smeFlrs for measurement Vlere prepared by cooling aliquots 

of each species of proruastigote to O_I.OC for 30 minutes and adding 

cold glutaraldehyde to [, final concentration of 2%. The parasites 

were allowed to fix for 1 hour at 0_40 C at which time a smear ,vas 

made on a clean microscope slide. Jcft8r air drying the smears.Yere 

stained with .Vrights stein. The smear was covered with 10 drops of 

Nrights stain, left lor 2 minutes, diluted \vi th an eqw:tl volume of 

distilled water and left for Fl further 4 minutes. The stained slides 

were allowed to air dry after brief "ashing. 

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

measurements ,vere made on live parasites. Parusi tes "ere immobilis'" 



by incubation at O_Aoe for 2 to ::;; hours beforo measurement after 

which time movement had ceased or was very slow~ 

Promastigote Counting. 

Promastigotes.vere counted using all improved Heubaure counting 

chamber with a x;!O or xilO rai,;roscope obj ecti ve. Smaples ,Jere 

diluted Iii th dnd uq\li;l volume of counting fluid (Phosphate buffered 

saline, pH 7.2, contnining l~~ formaldehyde) to immobilise the 

parasites during counting. 

D~'il.G"Sensitivity Testing. 

The activ-ity of ::;; drugs vlaS assessed on both species of leishmania 

par/wi tes: 

Lomidine - pentdmidine methanosulphonate - S]Jecia, Fronce. (40mg/ml) 

Pentostam - sodium stibogluconate - Welcome, U.K. (lOOmg/ml) 

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

Dil utions of tne drugs were made in PJ'Iv1I 1640 \-vi th 20'j, foetal calf 

serum folloNed by fJterilisation by membrane filtration through 

0,22u Millipore filters (lAillipore Inc., U.S.A.) .. Triplicate 5ml 

cul tures of each species of leishmania were set up \vi th a range 

of 8 dilutions of the original drugs \vcre set up at the same time. 

The effect of each drug was assessed by connting at daily intervuls. 

~J.l-



Experimental Animals. 

TI f 11 ' , , ane) s'traJ'ns of animals were uned in thin study: 1e o. OdJ.ng speCle,J _ _ 

Animal Species or Strain 

Outbred Swiss Albino Ifiice 

Inbred BALB/c Mice 

Outbred Hartley Guinea Pigs 

Outbred Albino Rabbits 

Mastomys species 

Outbred Hamster 

Inbred Hamster 

Inbred Hamster 

-------_._-

Source 

National Health Research Institute 

ACldin llbaba Uni versi ty 

National Health Research Institute 

National Health Research Institute 

Dr; Colin Hetherington, 

National Institute of Medical 

Research, 

The Ridg\{ay, Mill Hill, 

London, U.K. 

-------------------------------

With the exception of the experimental animals housed at the National 

Institute of Medical hesearch, U.K. ( 14astomys species and Hamsters) 

all animals vlere maintained under conventional conditions in the 

Biology Department animal house. '"nimals ,Iere fed di th laboratory 

BL;'m6.1 food (Ethiopian Poultry and Dairy Enterprise, hddis ilbaba) 

supplemented with fresh vegetables and given water ~d l~bitum.!. 

-12-



Sensi tisation of hUce to L,. aethiop~ca. 

stationary phase cultures of l!..!-J~~!hiopica vlere washed and resus-­

pended in 2hosphato lluffered saline containing 1% glutaraldehyde 

and stored at 0_L1.oO until required. Before immunisation the fixed 

promastigotes were washed to remove the fixative and resuspended 

at 1 x 107 promastigotes/mL Four groups of outbred Sldss labino 

mice were imolUnised subcutaneously \'1ith 0.1 rnl of 107 promastigotes 

per rnl as follows: 

a) L. aethiopica emulsified Iii th an equal volume of }i'reunds Complete 

Adjuvant (Difco, U.S.A.) 

b) L. aethiopica mixed with,an equal volume of saline. 

c) Freunds complete adjuvant emulsified "i th saline. 

d) Untreated controls. 

Animals in groups a to c \'lGre immunised on thr8e occasions at 

weekly intervuls. Three w8eks after the final immunisation ull 

animals were challenged Iii th 1 x 10
6 b.!..._!fi!:.J.0r promastigotes in 

the rump just above the tail., Presence or absence of lesions \'/as 

recorded at weekly intervals.-

The development of del- ayed hypersensi ti vi ty to IJ.' aethiop~£.~ 

following immunisation was assessed by changes in foot pad 

thickness folloding injection of 2 x 106 glutaraldehyde fixed 

L. aethiopic-,!: proma.stigotes into the right foot pad. The cont­

ralateral,. uninj ected, pad served as a control. Changes in 

foot pad thiclGleSS were rneflsured daily using a dial 



caliper (Schnelltaster, gest Germany). 

Prepm:ation of dacrophage Cul tureB. 

Peritoneal macrophbl,es werecollected from the unstimulated peri­

toneum of il.,i;Bjc mice by inj ecting cold RPt;1I 1640 mediu!JJ ElUPllle­

mented with 10% foetal calf serum into the exposed peritoneum. 

The aspira ted macrophage suspension I{as then aIlol,ed to 

aabero to Bterile coverslips overnight at 37°C in a 5% carbon 

dioxide in air atmosphere. ':'he number of macro phages per cover­

slip was estimated by extlJapolatinG from the number Been per x 

100 high po,ver field. Phagocytonin of leishmania proraastigotes 

was assessed microscopically and the number of dead promastigotes 

assessed by methylene blue staining ( "imposon, Hoth and Loose, 

1979). 
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lllif>ULTf> 

Parasite morphology. The volumes of both live and glutaraldehyde-

fized promastigotes vlere determined as described in the materinls 

and methods for ~~£E"tbioJ2~ca and L. maj or. 'rhe frequency dis tri bu·­

tion of the vol urnes are shovl1l in Tables 2 and 3. 

Table 2 

Size Distribution of live and fixed L. aethiopica 

Frequency live Frequency Ji'ixed 

------------ -----------------_ .. _---_._--

<: 5.0 2 6 

5·11 - 5.9 18 13 
, \~ 

6.0 - 6.9 10 8 

7.0 - 7.9 19 23 

8.0 - 8.9 38 37 

7 10 

»10.0 G 3 

~------

Uean Volume 7.70 +/- 1.55 7.69 +/- l.'t8 

Since there was no significant difference between the volumes of 

live and fixed parasites the data from these tllO groups were pooled 

for statisticdl comparison bet\1een ~_aethiopica and L. major. 'rhe 
A 

mean volume of L. ae~bJ::.opJ::.~~ (7.69u'?) was significantly (P<O.Ol) 

l~rger than ~ma~or (5.66u3 ). 

,-16-
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Table :3 

Size Distribution of live and fixed L. major • 

. ~.--.------~~---------------------.-------­_______ ~_ .. ~-__ . __ .r. __ 

.('-3.0 

3.0 - 3.9 

4.' -- 4.9 

5.0 - 5.9 

6.0 - 6.9 

8·0 - 3.9 

9.0 - 9.9 

:> 10.0 

3 

2 

33 

30 

7 

13 

1 

1 

3 

8 

32 

28 

7 

14 

6 

1 

1 

------ --'~-~--"-------------------------------~--

!AeEln Volume 5.66 +/- 1.57 5.66 +/- 1.59 
-------------------------------.------------

optimum growth temperature. Promastigotes of L •. aethiopica ~ 

L. major were grQdn in liPlill 1640 medium supplemented \Vi th 200/0 

foetal calf serum as described in the lfiaterials and methods sect-

ion. Triplicate cultures of both species of parasi te,vere incuba-

ted at 22, 28, 30 and 37°0 and counted 

resul ts are sho·,1ll in Figures 2 and 3 ( 

daily for 14 days~ The 

° 37 0 data not shown) where 

it can be seen that L.~ajor has a much higher temperature toler­

ance and gro.vs well at tmaperatures betlieen 28 and 300 e. In cont-

rast the optimal temperature for L. ~~~!hiopi~!:: promastigotes "as 

22°0 and groNth 'lias severely inhibited at higher temperatures. 
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1 · htl faster at 30
0

0 rrhis is in "9ntrast to 1.!..._maj_or which gre,1 s 19 y 

than at 280C, although the cultures reached a 10,'/er mean peak con­

centration a_nd died off' more rapidly at the higher temperature. 

In both specieG of leishmania, higher temperatures caused the pro­

mastigotes to round up and become non-motile resembling the amast­

igote forms. In :0._' _Q~..t.~J...9.J2..i_ca this occurred at temperatures above 

2800 and in L. major at temperatures above 30
0

C. 

Drug Sensi ti vi ty. 'llhe response of both species of leishmania to 

the three drugs tested are shown in Tables i~ and 5. 

Table 4 

Effect of .wowidine, Pentostam and Chlorpromazine on the Growth and 
Survival of L. aethiopica 

Drug Minimum lytic Minimum Inhibitory Ineffective 

Ooncentrution Concentration 50ncentration 

Lomidine 4.0ug/ml 0.004ug/ml 0.0004ug/ml 

l'entostam IOO.Oug/wl 10.Oug/ml l.Oug/ral 

Chlorpromazine Not Done 0;003ug/ml 0;0003ug/ml 

-----
Minimum Lytic Concentration is the concentration of drug ,vhich 
caused complete lysis of the parasites by day 2 of culture. 

Mi~imum Inhibitory Concentration is the concentration of drug 
WhlCh caused a greater than 800/0 decrease in promastigote gro'.vth. 

Ineffective Concentration is the concentration of drug that had 
no significant effect on parasite growth. 



Table 5 

Effect of .Golllidine, Pentostam und Chlorpromazine on the Grovlth and 

Survival of L. MaJor. 

______________ ~~~ . _ ____ .••• _p .. ______ ~v ___________________________ .,.....----.---~--~--~;:!=-----

Drup; 
i'liinimum lytic I:Iinimum Inhibitory Ineffective 

Conccntro.tion Concentro.tion concentration 
- .. ------~--------~-------------------------------------------

Lomidine 

pentostam 

Chlorpromazine 

400.0ug/ml 

4 10 ug/ml __ _ 

250.0ug/ml 

O.4ug/ml 

1. Oug/wl 

O.25ug/lnl 

O.0.4ug/ml 

O.lug/ml 

0.O.25ug/ml 

The results in these tables show that there "ere considerable 

differences bet.veen the sensi ti vi ties of the t,vo leishmania species 

to the various drugs. Both ~~~1:..t!~0£?:£§; and h_maj.2E were affect-­

ed leo.st by the pentavalent untimony compound, pentostam although 

L . . aeth?:opica need a ten times higher concentration before inhibi­

tion of gro,vth i/[J.S apparent. In contrast L.major required higher 

concentrations of both tile diamidine Lomidine and chlorpromazine. 

The most effective drug for Lilling both species of leishmania 

promastigotes was chlorpromazine. 

Growth of .Geishmania in Laboratory Animo.ls. There l{Ore large 

differences in the ability of the tliO species of leishmania prom-

astigotes to infect different laboratory animals. L. major only 

caused distinct clinical lesions in the tl'IO strains of mice tested 
• 

al though small, transient s\{Olline; did occur in both rabbits and 

guinea pigs given 107 promastigotes. Since these lesions disapp­

eared IIi thin '3 "leeks no attempt was made to isolate paro.si tes from 

the injection sites. In the mice there \-Ias no difference in the 

ability of the injected parasites to cause lesions at different 

sites. The presence of leishmania parasites in the suspected 



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

L._~~:l:.hio12ic::!: did not infect any of the laboratory animals available 

in Ethiopia. HONevor, ~.!. __ ~et!!J:~J~:i:c,!: did ['irod in one strain of inbred 

hamster (HB):lhieh:ms i_noculHted by Dr. Colin j{etllGrington of the 

National Institute of 1 edicl11 Resel1rch, London. 'rhe presence of 
, 

leishmania parasites in thes,; lesions Ims confirmed by histology, 

culture and reinfection. 

Immuni ty to JJeishmaniB Infection and Development of D'1'H. Immunisation 

of Swiss Albino mice i-lith ~--,-----,~~:l:.hio12ic.:-!: and Fl'eunds complete adjuvant 

did not induce immunity to u subsequent challange with 105 live 

-L. majoE promastigotes. Every animal (in all 4 groups) developed 

lesions 'IIi thin 3 ,-",eks. Yio diff"rence \vas apparent in the size or 

rate of lesion development betlieen the cmimals in the different 

groups. 

Dev(?P'pment of DTH follOiling immunisation or exposure to live L. 

aethiopica promastigotes was ussessed using a coventional DTH foot-

pl1d enlargement assay to leishmania antigens. The time curves of foot 

6 pad enlarg,ement following the injection of 5 x 10 glutaraldehyde 

fixed promastigotes [lI-€ shodn in Figures .I", 5 and 6. 

D'1'H responses to L. _ ma,t2E antigens CB'igure 11_) shows the D'..'H time curve 

following thj "esting of S,viss Albino mice which had boen challenged 

wi th live !!.!._...:::ethiop~£~ promastigotes. Figures 5 and 6 sho,/ the ,)-1',{ 

response to L. a_~hi9:pi£2 antigens in mice and guinea pigs after 

immunisution ,'Ii tl1 live L. ~thio123:c,!: IJl'OJ;1Hstigotes. It is apparent 

from these curves, tHut the immunisation schedule employed,- induced 

greater DTH in mice when compared to guinea pigs. 



Table 6 

Grol{th of LeishmanifJ in Different Laboratory l\nimals 

Animal L.aethiopica L. major 

105 107 105 107 
-----------_.------------------- ... -------~-----------.--------------------------....--.-

SHiss Albino l'IIice No Lesions Lesions on all hnimals 

BALB/c mice No Lesions Lesions on all Animals 

Hartley Guinea Pigs No Lesions No Lesions 1/3 Lesions 1 

Nhite Rabbits No Lesions No Lesions 1/1 L' 1 eSlons 

Mastomys spl No Lesions Not Done 

Hamsters (Outbred)l No Lesions Not Done 

HA Hamsters l No Lesions Not Done 

HB Hamsters l 5/5 with J-lesions Not Done 

,---._"-------.-----. 

1 Transient lesions All iU1imals were inspected at regular interv'J.ls 
for 3 months following inoculation to assess the presence or absence 
of lesions. 

1 Inoculations and examinations done by Dr. Colin ;{etl1erington at 
the National Institute of I-ledical Reseurch, U.K. 

Macrophuge- Promustigote Interaction. The results of phagocytosis of 

both species of leishmania promastigotes are sholYn in Figure 7. It 

is apparent that ~~_aethiopica promastigotes are more effectively 

phagocytosed than those of ~. maj_o~. After 60 minutes incubation 

almost twice as many b.!.--z~~~io12j..ca promastigotes had been phagocy­

tosed by the peritoneal macrophages. In addition phgocytosis of 

L. major promastigoteb was concentration dependant lvi th over 

twice as many promastigotes being phagocytosed 
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at the 1:10 ratio compared to the 1:5 ratio. This effect was 

not seen with L • ....2J3th~2Qica promastigotes which were equally 

well phagocytosed at both 1:10 and 1:5 macrophage:Promastigote 

ratios. In all experiments the number of dead (methylene blue 

stained) promastigotes was too small to give any meaningful 

interpretation(general"y less than 1-2%,data not shown). 

( 
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CHAPTER IV 

DISCUSSION 
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The results obtained in this experiment demonstrate that there is 

a considerable difference in voluIne between ;L. aethiop~~a and !!. 

maj o2:t and that fixation with cold glutaraldehyde has no effect on 

parasi te volume. L. ':!~~12:i:~pica ill almost LtO% larger than L. _maj£E' 

Hci''iever, , 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 their small size.. Secondly, al tho-­

ugh care was taken to ensure that parasites of both species were 

cultured under the same conditions, it was possible that the size 

differences may have been due to uncontrolled cultural factorE>. 

It is apparent from observations made in subsequent experiments 

that size, and morphology do change during culture. In particular, 

above optimum temperAt'lres cause the parasites .to resemble the 

amastigote, rather than the promastigote fvrm. HOlvever, despite 

these reservations, it is doubtful whether cultural effects or 

measurement errors could acount for the large differences observed. 

The principal cultural differBnce between L. aethiopica and 

L, major is in the fornesls relative sensitivity to temperatures 

above 22
0 c. This feature is in line \'Ii th the epidemiological 

restriction of Ethiopian cutaneous leishmanillsis below the 230 C 

isotherm (Belehu, 1981).. In common with other species of 

leishmlillial, L. aethiopi~~ also undergoes transformation to 

amastit~ote-likG form although this happens at a lower temperature 

than<ethct[' species.From the growth data at the optimum temperature for 

both species it CUll be calculated that the cell cycle time for 

~aethiopic2: is 36 hours compared to 56 hours for ~. m~;ior. 
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Although leishmania promastigotes are n,ot normally the stage on 

which chemotherapeutic agents act, difficul tieB in cuI turing tlm:J.s·­

tigotes makes 'promnstigote cultures a realistic alternative in drug 

screening. The results in these experiments show that anti-leishm-

anial agents can act at blo separate levels. Prevention of gro>'rr.h 

(Minimum Inhibitory Concentration, MIC), and q.i.rect destruction of 

the parasite (MinilllurJ Lytic Concentration ,. MLC) although from the 

practical point of view the NIC is probably of more relevance sinc,e 

the concentrations required for 1ll,C are uhlikely to be achieved in 

vivo. 

It has been reported previously that conventional anti-leishmanial 

drugs, derived from antimony are ineffective in treating Ethiopian 

Cutaneous Leishmaniasis (Sar<lljini, et aI, 1984). This clinical 

observation confirms the experimentql findings in this thesis in 

that ~aeth:h£pica promastigotes require a tenfold greater concent-

ration of the pentEtvn18nt antimony compound, pentostam, to inhibit 

groVith. In addition, the most effective drug in treating Ethiopian 

cutaneous Leisllilldllib.sis is the diamidine, Lomidine (l,arojini, Humber, 

Yemane-Berhan Fekete, Belehu and ,Varndorff, 1984) which in the in-

vi tro experiments describ''ld here was more efficient in inhllibi ting 

L. aethiopic~ promastigotes than L. _~~2.E promastigotes. 

The most effective drug in these experiments was chlorpromazine .vhich 

inhibited growth in both species of promastigote at a much lower con­

centration than Lomidine and pentostam. Chlorpromazine lias particularl' 
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effective against !!~.e_t.!~iop_i_~~ promastigotes (IIlIC of O.003ug/ml), 

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

Diffuse Cutaneous ]~eishmaniasis (Hendriksen and Lende, 1983). 

~lhe apparent correlation bet\veen the in vitro resu:L ts reported 

here and preivious clinical findings suggests that the use of 

promastigote cultures in screening for potential anti-1eishmanial 
. 

drugs is not only feasible but can yield useful information about 

drug activity. 

The establishment of an animal model for. Ethiopian Cutaneous Leish-

maniasis would greatly facilitate investigations into the treatment 

and pathology of this disease. In particular, the in vivo screen-

ing of antileishmanial drugs, which at present can only be done on 

species of leishmania which readily grOi{ in rodents, could be 

extended to L._~~thiopica. The results presented here show that 

L;_aetg~opica promastigotes do not produce lesions in the majority 

of 'laboratory animals (Table 6), and in contrast to L. m~jor, 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 (,iB), 

although not in a second inbred strain, or in an outbred strain. 

It has been previously reported (Cl1ilds et a1, 1984) that only 

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

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

hamsters are indeeed perIfiissive to L. aethiopica infections, but 

that the genetic background of the animal plays an iIfiportant role 

in the outcome of the infection. 

The reason for the failure of L' __ !3-ethio12~c~ and L. major to gro'{ in 

-32-



certain species is unclear, although it is likely to be due either 

to an effective immune response on the part of the host, or some 

physiological inability of the promastigotes to establish themse·­

Ives in the host macrophages. 

The data concerning cross- immunisation between ;r, •. aethiopica and 

L. major shows that immunisation with the former did not protect 

the mice against subsequent challenge with the latter. This 

finding is in agreement with previous investigations which have 

shown that closely related leishmania species do not necessarily 

induce protective immunity 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. aethi~­

pica). Interestingly guinea pigs appeared to develop much smaller 

DTH responses to the homologous antigen than mice. In the hetero­

logous promastigotes of L. major ( following sensi tisation \'ri th 

L. aethiopica) "ere 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 ShOd that although;r,. aethiopica is incapable of causing 

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

mulated) peritoneal macrophages. Thus the failure of L. a!lthioP:i:£E': 
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to establish an infection in not due to its inability to establish 

i tseIf in the mouse macrophage. HO'de:ver, the much more rapid phago·~ 

cytosis of L. -'.!,ethi:£.!2ica prornastigotes might; result in parasite 

overload within the macrophage and subsequent rapid triggeriLlg of 

anti-leishmanial mechaninlOs. Additional, longer terra cultures of 

mouse macrophages with phagocytosed IJrOraastigotes would reveal 

whether these cells do indeed have an increased capacity to kill 

L .. aethiopic~ parasites. 

In conclusion this preliminary investigation into the biological 

and immunological features of L.aetl!io.£:h?_1C!: and L .. major has been 

that there are considerable differences between these two species 

that warrant further investigation. 

-34-



ACKNOWLEDGEMENTS 

Dr. David Humber's extensive input of aSBistance into this diss-

ertation is fdr more than ray expression of thanks can equate on 

a page of acknowledgements. The training I have got from Dr. 

David has given me the most important step in my educational 

life. 

I 1V0uld also like to thank Dr. Colin Hetherington of the National 

Institute of Medical Research, U.K. who greatly increased the 

practical spectrum of my research project by testing the infecti­

vity of L. aethiopica in laboratory animal strains that Ivere not 

available in Ethiopia. I would like to thank the staff of ALERT 

and AHRI \'/ho generously provided leishmania isolates from cutan-

eous leishmaniasis patients. 

At the Department of Biology I would like to thank Ato Melaku 

Reda for his constant attention to the care of my animals and 

Ato fisefa Areda for the practical technical assistance he gave 

me. 

-35-



REFERENCES 

-36-



Gardener, P.J. Taxonomy c-f the genus Leishmill1iat a review of 

nomenclature and classification. Trop. Dis. Eu1., 74 

(1971,) 1069-1088. 

Gemachu, T. Leishmaniasis: Vector and Hesevoir host. I::'! Leishm·· 

aniasis in Ethiopia. Eels. 1\;ye1e, T., Hubte-Gabr, E. 

and Be1ehu , A. Institute of Pathobio10gy (1981). 

Hendriksen, T and Lende, 0. 'i'reatment of diffuse cutaneous leish­

maniasis with chl1.'opromazine ointment. Lancet (1) Jan. 

1985, 126. 

Humber, D.P., Yemane-Berhane, '1'. and 'l'ek1emariam, S. Leishmaniaais 

in ;;;thio}Jia. In: Ecology of lleal th and Disease in 

Ethiopia. Editors Ahmed, A. and Kloos, H. (1986, In 

press) • 

Jaffe, C.L. and pratt, D.!'i., J. Immunol. 131 (1983) 1987-1982. 

Le Blanc, G., J3e1hu, 1\. and peters, G. IsOenzyme analysis of L. 

aethiopica. Trans. Roy. Goc. Trop. Wed. Hyg. (1986, In 

press - preprint used). 

Lemma, A. '. l!'oster, 'fI •. i-., Gemechu, T., Preston, P.I~., Bryceson, A 

and Minter D. fA. Btuclies on leishmaniasis in Ethiopia: 

I prelimanary studies on cutaneous leishmaniasis in 

the highlands. Ann. Trop. IVIed; parasitol E3 (1969) 

455-462. 

Levine, N.D. Protozoan parasites of domesticated animals and man. 

l3econd belition (1975) BurGess Publishing Co., USA. 

Pages 67-70. 



Marsden, P. D. lv'ledical Inteligence - Leishmaniasis. New. Eng. J. 

lied. 300 (1979) 350-352. 

Panosonian, C. B., and ','iy1er, n. J. J,quired macrophage ressistance 

to invitro infection with leishmania. ,T, Infect. Dis. 

1~8 (1983) 10~9-105~. 

Sarojini; PO"" Humber, D.P., Yemane-Berhan, 'C., Fekete, e., 

Be1ehu, and .varndorff, J .1i. cutaneous Leishmaniasis 

cases seen e.t tl'/O years at liLEH't' hospital. lEth. Med. 

Simpson, D .. V., Roth, h. and Loose, L.D. A rapid, inexpensive and 

Easily quantified assay for phagocytosis and microbial 

acti vi ty of macrophages and neutrophi1s. J. Immuno1og·-

ical Methods, 29 (1979) 221-226. 

Smyth, J .• D. Introduction to animal parasitology, London, Hazell 

,Vatson and Viny Ltd., UK. pages 68-72. 

Snow, K. R. Insects and di.sease. Houtledge and Kegan, London. 

Pages l33-~2. 

j 


