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ABSTRACT ======== 

The treatment of inf ect i ons caus ed by pathogenic fr ee- l iving 

amebae (PFLA) has, u n ti l o nly r ecent l y, b een far fr o m succe s s ful . Th e 

co n t inued scr een i n g of c hemot h e r apeu tic agent s agai n st amebae of the 

g e nera Naeg l er i a a nd Acan thamoeba i s the refor e of the ut1no st i mpor t a nc e. 

Se v e n c h emo t h erapeuti c agents, amphoter i ci n B, r i fampici n , 

tetracy c l i ne, po l y my xin B sulphate, 5 - fluo r o cytos i n e , miconazo l e a nd 

R41 ,400 were screen e d f or a ct i v ity agai ns t a non -pat hoge nic and 

p a t hog enic species of Naeg l e ri a a nd a non - pathogen i c a nd pathoge n ic 

species of Acan t hamoeb a in axenic c ul t ure. For th e Naeg l e ria spp . 

ampho t e ri c in B, mi co n a zole and R41, 400 were foun d to b e acti ve . Acan ­

t h amoebae spp. were foun d to b e susceptib l e only t o 5 -fluo r ocytos ine 

and R41 ,400 . 

The poss ibl e u se of c ombinat i ons of drugs agai n s t the amebae 

was al so i nve s t igat e d in axenic cu lture . Fo r Naeg leria fow l e r i ( MsT) 

a mphoter i c i n B wit h e ithe r tetra cycli n e or r ifampi c i n showed a s y n er ­

g i st i c e f fect . Polymyxin B sulphate and 5 - fluo rocy to s i n e showed 

syn erg i s tic ac t ivity a gainst Ac a nthamo eba cu l ber t s on i ( A-1 ) but wh e n 

po l ymyx:in B wa s comb i ned wi t h tetracyc line or ri famp i c in no s i g n if i cant 

additive e ff ec t wa s s een. 

Aft e r axen i c culture testing the suscept i b i lity of the path o­

gen ic s pec i e s,~. fowl e ri ( MsT) a nd A. c ul ber tson i (A- 1) , to the agen ts 

wh ich s howed ac tiv ity,was i nves t i gated i n a Ve r o ce ll c ul t u re s ystem . 

Fo r N. f ow l eri (MsT) t h e resu l t s of axeni c testi n g were con firmed with 

a mpho t eri ci n B, mic onazo l e a nd R41, 400 p r o t ecti n g t h e monol ayer f r om 

the d e s tru c tive e ff e ct s of t h e amebae . 5-Fluorocy tosine inh ibit e d th e 

formation of cy topa th i c e f fect (CPE) when the cell cultu r es we r e 

inoc ulated with A. culbe r t soni (A-1) but viable a mebae were still 

pre sent. R41,400 had no effect on A. culbe rtson i (A-1) at concentra­

tions at or above those whi ch were cy t otoxic to the Ve r o cells. 

The use of combinations of drugs was also investigated i n Vero 

cell culture. Amphotericin Band rifampicin showed an antagonistic 

rather than a synergistic effect when used against~- fowleri (MsT) 

in cell culture but amphote r icin B and tetracyc~ine showed synergistic 

activity. 

For A. culbertsoni (A-1) the synergistic activity of polymyx in B 

and 5-fluorocytosine was confirmed. The lack of an addi tiv e e ff e c t 



between polymyxin Band either tetracycline or rifampicin was also 

shown in cell culture. 

The new imidazole derivative R41,400, which showed promise 

against N. fowleri (MsT) in i n vitro tests was then tested in the 

in vivo situation. Mice experimenta lly infected with B- fowl eri 

(MsT) were treated once or twice daily intraperitoneally with 

different doses of R41,400 . At the higher dosage l evels tested the 

drug app eared to have a deieterious effect , the average time for 

death being less than that for the controls . 
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CHAPTER ONE : IN TRODUCTION 

Th e histo ry of pathogen i c fr ee - l i ving amebae (P FLA) o f t h e ge n e ra 

Acan t h amoe ba 2nd Naeg l e ri a has be e n ex tensive l y r evi ewe d e ls e wh e re 

(Cu l b e rtson , 1971; Du ma e t .§1 . , 1971; Ch a n g , 19 7 1 , 19 74a ; Ca r te r, 19 7 2 ; 

Cu r son s , 1974 ; Cur sons & Brown, 197 6 ). 

Th e commones t d iseas e c au s e d by P FLA i s k nown as P r imar y Ameb ic 

Me n i n go - encepha l i t i s (PAM ) and i n a n ext e ns ive wor ldwi d e survey , 

Will aer t ( 19 74 ) tabu l a t e d 84 cases f rom a ll cont i ne n t s wi th th e ex ­

c e p t i o n of Antarc tica . S i nce the n a t l ea s t te,1 additiona l case s have 

b e e n repor t e d. 

Pri or to 19 68 , mo st case s we re attribu t e d t o Acanth amo e ba spp .. 

Th is is pro bab l y a r e f l ection of the p i o n eering work o f Culbertson 

e t a l. (1 958 , 1959 , 1965 ) wh om , whi l st working on the production of 

po lio vacci n e , f ound a n ameba which co ntam i nat e d the c u l tures o f monkey 

kidney ce ll s . When the cul t ur e s we re ino cul ated intra c e r e bra l ly i n to 

mice a nd primates, a n ec r o t izing, h emor rhagic meni ngo - e nceph a lit i s 

wa s produced that k ill ed t h e a n ima ls in f our t o s even days . Th e res ­

po ns ibl e ameba wa s ide n ti f ied as a n Acanthamoeba a nd they p r e d i cte d , 

o n the b a sis of this f i nd i ng, that this ameba c ou ld b e capabl e of 

produc ing di sease in huma ns. Thi s ameba wa s previ ous l y co nsid e red to 

b e a harml e ss, fr e e-l i ving a meba. 

However, in 19 68, Bu t t e t ~1-, Ca rt e r a nd Culbertson e t al., 

showed that the i n c r imi nating spe ci e s of most r e po rte d human c ases 

belonged to the r e lat e d g enus Naegl e ria. In 1970, on the basis of 

mo rphological, cultural and pathogenicity diff e r ences, Carter n a med 

the pathogenic speci e s Nae gl eria fowl e ri d i stinguishing it from the 

non-pathogenic Naegler i a gruberi. 

The disease caused by PFLA can be divided into two types: 

i) a swimming - associated acute meningo-encephalitis (Primary Amebic 

Meningo- encephalitis (PAM) - Martinez et al.(1977) caused by 

N. fowleri. 

and ii) a non-swimming - associated chronic meningo-encephalitis 

(Amebic Meningo-encephalitis (AM) - being regarded as a second­

ary invasion of the central nervous system (CNS) having spread 



from other foci of infection (Martinez et al., 1977)) caused by 

a variety of pathogenic Acanthamoebae, notably Acanthamoeba 

culbertsoni, Acanthamoeba castellanii and Acanthamoeba polyphaga 

(Chang, 1974a). 
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Subsequently, Acanthamoeba spp. have also b een indicated in a number 

of chronic illnesse s such as respiratory infections (Martinez et~-, 

1975 ), corneal ulceration of the eye resulting i n bl i ndness (Nagington 

et~-, 1974; Visvesvara et al., 1975) and togethe r with Naegleria spp. 

in humidifier f ever (M.R.C. Symposium, 1977). 

Henceforth in the text the nomenclature of Martinez et al . C1977), 

PAM for Naegleria inf ections and AM for Acanthamoeba meningo-encephalitis, 

will be adopted. 

The controversy regarding the classification of PFLA (Cursons & 

Brown, 1976) appears to be settled with the majority of authors 

preferring Chang's (1971) classification scheme. The identification 

of isolates involves the exploitation of specific cytological, morph­

ological, physiological, immunological, growth and pathogenicity 

characteristics in an ordered sequence readily usable by hospital and 

public health laboratory staff (Cursons & Brown, 1976). 

1.2 Occurence and Distribution 

The summary of recorded isolations from a wide variety of 

environme ntal sources provided by Cursons (1978) emphasizes the truly 

ubiquitous distribution of PFLA. The ability of PFLA to form resistant 

cysts undoubtedly enables them not only to withstand unfavourable 

conditions, e.g., the isolation of pathogenic Acanthamoebae from 2°c 

(Brown & Cursons, 1977), but also to take advantage of the intermittent 

occurrence of favourable conditions. 

The distribution of the pathogenic species in relation to 

non-pathogenic ones is still unknown (Cursons, 1978). In general, 

non~pathogenic species are more prevalent at ambient temperatures in 

temperate zones. The repeated isolations of PFLA from water above 

ambient temperature, i.e.,~30°C (De Jonckheere et al., 1977j 

De Jonckheere & Van De Voorde, 1977a; Stevens et al., 1977; Wellings 

et al., 1977; Cursons et al., 1978b), combined with their higher 

optimum temperature of growth (Griffin, 1972) suggests that pathogenic 

amebae are environmentally selected over non-pathogenic amebae in 



waters above ambient t emperature. The source of pathogenic amebae in 

these waters is unknown but as Cursons et al. 0978b) and Wellings 

3 

et al. (1977) have succeeded in isolating PFLA from soil it is possible 

that soil acts as a reservoir of pathogens and contamination occurs 

via run-off after rain (Cursons, 1978). 

1.3. Pathogenicity 

The invasion of organs and tissues by PFLA is now well document ed 

(Culbertson et al., 1959 , 1968, 1972; Cart er, 1968, 1970, 1972; Call i ­

cott et _tl., 1968 ; Chang, 1971, 1974a & b, 1976; Culbertson, 1971; 

Martinez et~ - , 1973, 1975 , 1977; Vi svesvara & Balamuth, 1975; Wong 

et E-l•, 1975a & b; Hoffman et al., 1978). It has been es tabl i shed 

experimentally that the portal of entry into the CNS in N. fowleri 

infection is via d i sruption of the olfactory mucosa, penetration of the 

organisms into the submucosal nervous pl exus, probably by phagocytosis 

of the amebas by the sustentacular cells of the olfactory neuroepithel­

ium a nd passage through the cribiform plate to the subara chnoid space 

( Martinez et al., 1973). 

Ho\vever, in cases of Acanthamoeba meningo-encephalitis the 

involvement of the CNS appears to be a secondary phenomenon representi ng 

metastatic spread from a primary focus in the skin, genitourinary or 

respiratory tract (Martinez et al ., 1977). Cutaneous ulceration as a 

possible point of entrance with hematogenous spread to the CNS was 

reported by Bhagwandeen et al. (1975) and Martinez et al. (1977) 

report involvement of the genitourinary tract. Lower respiratory tract 

infection in experimental animals have been reported (Martinez et al., 

1975). 

AM due to Acanthamoeba spp. appears to be an opportunistic 

infection of the CNS. AM occurs in patients who are chronically ill, 

debilitated or those whose cell-mediated immune responses have been 

impaired as a result of either underlying systemic disease or its 

treatment by immunosuppresive methods (Kernohan et al., 1960; Jager & 

Stamm, 1972; Robert & Rorke, 1973; Sotelo-Avila et al., 1974; Bhagwan­

deen et al., 1975). 

Acanthamoeba infections of sites with reduced accessibility to 

the immune system e.g., the eye also demonstrate the opportunistic 

nature of these infections. Isolates from the cases reported by 

Nagington et al. (1974) were shown by Visvesvara et al. (1975) to be 



of low virul ence and infection resulted after damage to the cornea . 

Once invasion of the brain has been established i 1, PAM and AM, 

destruction of surrounding brain tissue is thought to be brought about 

by a combi nati on of phagocytosis and pinocytosis of host tissue by 

N. fowleri and solely by pinocytosis i n the case of A. culbertsoni 

(Vi svesvara & Callaway , 1974; Mai tra et ~ - , 1974, 1976) . 

The examination of sections from brains i nfected with either 

4 

N. fowleri or A. culbertsoni revea ls areas of extensive demye lination 

leaving the trophozoites surrounded by a clear halo (Martinez et a l., 

1975; Chang, 1976 ; Maitra e t a l., 1976 ). Many authors have speculated 

on the possibil ity that enzymes secreted by the amebae are responsible 

for thi s. Exper i ment s have shown that both cytotoxi c enzymes a nd phos­

pholipases are produced by PFLA (Elson et al ., 1970; Chang, 1971, 1974a, 

1976; Hax et al., 1974; Visvesvara & Callaway, 1974; Vi c toria & Korn , 

1975; Visvesvara & Ballamu t h, 1975; Cursons & Brown, 1976, 1978; Cursons 

e t .§:.1.•, 1978c ; Maitra et al . , 1976 ). The l eve l of production of such 

cytopathic enzymes may explai n the diffe r ences in virulence reported 

amongst Acanthamoeba and N- fowl eri isol a tes (Culber tson, 1971; De 

J onckheere & Van De Voorde , 19 77b). 

l . 4. 1~!:!!}.!!Y --------

The lm·J incidence of PAM and AM in the human population ha s 

puzzled many authors in view of the ease a nd frequ ency of isolation of 

virulent PFLA from the environment (Anderson & J amieson, 1972; Cursons 

et al., 1976b, 1977; John et al., 1977; Wellings et al., 1977; Haggerty 

& John, 1978). This has led to speculation on the existence of host 

related susceptibility factors and the demonstration of specific 

antibodies to free-living amebae in human sera has been reported (Chang 

& Owens, 1964; Edwards et al., 1976; Cursons et al., 1977; M.R.C. 

Symposium, 1977). 

Observations that previous exposure of mice to live N• gruberi 

significantly protected them against a subsequent lethal challenge with 

~- fowleri (John et al., 1977) supports the idea that unwitting ex­

posure to the ubiquitous~ - gruberi may immunize against~- fowleri. A 

similar immunization may also occur with Acanthamoeba . Cell-mediated 

immunity (CMI) also appears to play an important part in protection 

against PFLA (Diffley et al., 1976; Cursons et al., 1977). 



1 .5. !2i§g!:!Q§i§ ---------

Successful treatment of this rapidly progressive disease is 

whol l y dependent on prompt and definitive diagnosis . The survival of 

a nine year old female in Torrance, California (Seidel et a l. , pers . 

comm., 1978) and a fourteen year old male in Australia (Anderson & 

Jamieson, 1972) i s attributed to early diagnosis and prompt treatment . 

5 

A Naegleria brain infection should be suspected when th ere is a 

history of swimming about seven day s prior to the abrupt onset of fever, 

headache, sore - throa t, nausea and vomiting ( Carter, 1972; Chang, 1974a) . 

The most important laboratory procedure for the diagnos i s of PAM is the 

microsc opic examination of cerebra-spinal fluid (CSF) . Overall, the 

CSF is indistinguishable from t hat obtained from pat i ents with bacterial 

meningitis and diagnosi s re l ies upon amebae being seen i n t he fl ui d a nd 

the culture of these for complete diagnosis . Species identification 

can th en be achieved by the method outlined by Cursons & Brown ( 1976) . 

In post- mortem diagnosis, a degree of encephaliti s is invar iably 

present . The brain shows swel l ing and redness with the purulent exudat~ 

more extensive on the ventral surface of the cerebrum or cerebe llum and 

over t he bra in stem ( Car ter , 197 2) , The gr ey mat t er of t he cer ebra l 

h emispheres a nd cerebe llum sho ws var iabl e si zed l es i ons wh ich tend to 

be hemo rrhagic and qui t e sof t wh en they are l arge (Cul ber t son, 1971 ) . 

The existence of r edness a nd destruction of t he ol f ac t or y nerve occur s 

only i n PAM and could s e r ve to distingui sh i t from bac t er i a l mening i tis 

(Ca r ter, 19 72 ). 

Th e immunof luorescent an tibody (IFAB) technique applied to 

h isto logic ·bra i n s ection s taken pos t- mor tem , i s a valuabl e t ool in 

i dent i fi cation of amebae i n brains of pat i ents who d ied from men i ngo­

e ncephal i tis. Anti sera can be pr oduc ed in rabbits and can be made 

spec ies-spec i fic by sui tabl e abso r pt ion. In additi on t o their value in 

clinical diagnosis IFAB provide rapid screening methods for the detect­

ion of PFLA in swi mmi ng pool, tap and other domest i c and recreational 

water supplies. 

Immunoperoxi dase methods have been used by Culbertson (1975) and 

Cursons et al. (1976) to demonstrate both Naegleria and Acanthamoeba 

in the brain sections of patients who died from PAM and AM respectively. 

This method may be shown in the future to be more valuable than the 

immunofluorescent technique. It has certain advantages over IFAB, e.g., 



permanent preparations can be made, no specialized equipment is 

necessary and cl ear , definitive staining of the tis sue elements 

r esults (Culbertson, 1975). 

6 

Acanthamoeba brain infections are difficult to diagnose even 

in advanced cases due to lack of specific symptoms and signs and the 

absence of amebae in the CSF (Chang, 1974a) . Nasa l and throat swabs 

may provide more information. 

Post - mo r tem diagnosis relies on the presence of c onf i ned, 

superficial l esions in the grey mat ter with a minimum inflammatory 

r eaction, and the find i ng of double-walled wrinkled cysts i n appar ­

ent l y normal tissue borderi ng the lesion (Chang, 1974a) . In all the 

reported cases, except that reported by Bhagwandeen et~ - (1 97 5) , 

there was l ack of evidence of the i nvolvement of the olfactory bu l b 

and the absence of inflammatory reactions i n the surrounding grey a nd 

white matter. These observations may help in dist i ngu i shing between 

PAM and AM . 

Positive d iagnosis was possible in the cases of eye infections 

reported by Nagington e t al. (1 974) and J on e s e t a l. (1975) by iso­

lation , and subs equent identification of Acanthamoebae spp . taken 

from corneal scrapings . 

1. 6 . Control Measure s 
----------------

The necess ity for an effective disinfectant can be judged by the 

increasing number of i so lations of free-living amebae from potable and 

tr eated and untreated recreational water s (Cerva, 1971 a ; Chang, 1971; 

Anderson & J amieson, 1972 ; Cerva & Huldt, 1974; Ma let et al., 1976; 

Lyons & Kapur, 1977). The majority of amebae isolated i n these studies 

belonged to the genus Acanthamoeba indicating its greater r e s i stance to 

chlorine than Naegleria spp .. 

In reviewing sixteen fatal cases of PAM from an indoor chlorinated 

swimming pool Cerva (1971a) stated that, " it appears that the constant 

presence of numerous populations of a mebae of the limax group cannot be 

prevented even under the strictest observations of all routine safety 

measures applied to potable waters." However, Lyons & Kapur (1977) in 

a survey of 30 halogenated public swimming pools concluded that the low 

amebic densities (~ 1.1- 1 ) in the majority of the pools illustrated that 

these organisms could be adequately controlled by proper pool maintain­

ence. The possession of resistant cysts, however, constantly compli-
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cates the disinfection process. 

In a s tudy of alternative disinfectants, Cursons et~- (1978b) 

found that deciquam 222, chlorine, chlorine dioxide and ozone all 

possessed potential disinfecting properties for PFLA , but at higher 

leve ls than those for disinfecting bacteria . Of the four disinfectants 

exami ned, deciquam 222 proved to be the most ef f ective amebicide 

followed by chlor ine, chlorine d ioxide and ozone . The final choice of 

a particular di sinfec t ant must however, remain ti ed to the physical 

and chemica l properties of the water to be disinf ected. 

1.7. PAM Cases and Their Treatment 

In 1974, Willaert provided an extensive worldwi de survey of 

cases of PAM . Since then at l east ten additi onal cases have been 

reported (Table I). Conceivably, the actual number of cases may be 

hi gher since the symptoms of PAM parallel those of aseptic meningi t is . 

Retrospective studies have disclos ed a possible case dating back to 

1909 (Symrne r s, 1969 ) and fluor esc~nt antibody staining has conf irmed 

that t h e 1948 case reported by Derrick , originally thought to be due 

to Iodamoeba butschl ii was in fact caused by~- f owleri (McMillan, 

1977). The reid ent i fication of the etiological agents of the 19 68 

cases of PAM in New Zealand as N. fowle r i (Cursons & Brown, 1975 ; 

Cursons et al., 1976a ) has dismissed the notion of slime moulds being 

involved in the etiology of PAM (Mandal et al., 1970). 

The r esu lts of treatment of PAM have been far from encouraging. 

Willaert's summary (1974) provides information on ten possible 

survivors of PAM and the California n case of Seide l et al. (pers. 

comm., 1978) makes the world total eleven survivors (Table II). Such 

a result is hardly surprising in the earlier cases, where the amebic 

nature of the disease had not been suspected, and treatment consisted 

only of antibacterial agents such as sulpha-drugs, penicillin, strep­

tomycin, tetracyclines and chloromphenicol (Fowler & Carter, 1965; 

Butt et al., 1968; Cerva & Novak, 1968; Dos Santos, 1970; Van den 

Driessche et al., 1973). However, even in later cases where the anti­

protozoal drugs emetine, chloroquine and metronidazole were often 

used, the course of the disease was not affected in the slightest 

(Carter, 1968, 1970, 1972; Duma et al., 1971), except in the unproved 

case of Grundy and Blowers (1970) in which survival was attributed 

to chloroquine. In this case, amebae, believed to be Naegleria, were 



NUMBER CAUSATIVE 
COUNTRY YEAR OF CASES ORGANISM DIAGNOSIS TREATMENT OUTCOME REFERENCE 

1974 1 N. fowleri (MsT) isolation Penicillin di ed Cursons et ~-, 1976b 
from CSF Ampicillin NEW Amphotericin B ZEALAND 

1978 1 ~- fowleri (MsM) isolation Amphotericin B died Cursons e t al., pers. 
from CSF comm., 1978 

1974 1 N. fowleri (Lovell) isolation Unknown died De Jonckheere, 1977 
from CSF 

1974 1 Acanthamoeba sp. IFAB Steroids died Martinez et ~-, 1977 
U.S.A. Penicillin 

1975 1 Acanthamoeba sp. IFAB Unknown died Hoffman et al., 1978 
post-mortem 

1978 1 Naegleria sp. isolation Amphotericin B survived Seidel et al ., pers, 
from CSF Miconazole comm ., 1978 

Rifampi n 

VENEZUELA 1 !:. . culbertsoni IFAB Steroids died Marti nez et al., 1977 

1 A. castellanii IFAB Steroids died Martinez et al ., 1977 
PERU - Antibiotics 

1972 1 Acanthamoeba sp. post - mor tem Antibiotics died Bhagwandeen et al., 
ZAMBIA Amphoter icin B 1975 

1958 1 Acanthamoeba sp. post- mor t em Penicillin d ied Ri ngst ed et ~., 1975 
KOREA Strep tomyci n 

Chloramphenicol 

Table I: Cases of Primary Amebic Meningo- enc ephali t is Reported After 1974 (modified from Cursons, 1978) 
C'. 



NUMBER CAUSATIVE 
COUNTRY YEAR OF CASES ORGANISM TREATMENT REFERENCE 

1968 1 Naegleria Metronidazole - Grundy & Blowers, 
UGANDA Emetine - Penicillin 1970 

Chloroquine. 

1967 1 A. astronyxis Ampici llin Callicott et al., 
Penicilli n - G 1968 

U.S.A. 1978 1 Naegleria Amphotericin B Seidel~ ..el_., pers. 
Miconazole comm. 1978 
Rifampin 

1970 2 Naegleria Streptomycin Pan & Ghosh, 1971 
Isonicoteinhydrosine 

INDIA 
Sulphadexanathosone 
Amphoteri cin B 

1973 3 N. fowleri Unk:nown S . R. Das, pers. comm . 
to Willaert(l974) 

1969 2 Naegleria Antibiotics Apley et al., 1970 
ENGLAND Sulphadiazine 

Amphotericin B 

1971 1 N. fowleri Amphotericin B Anderson & Jamieson, 
AUSTRALIA -

Sulphadiazine 1972 

Table II: Probable and Definite Survivors of Primary Arnebic Meningo-encephalitis 

\0 



s een in the CSF and survived f or awhi l e i n cu l ture but were not 

po s it ively i d enti f ied, The patient a l so presented atypical c l inica l 

features . Treatment consisted of metronidazo l e , emeti ne, penicillin , 

sulphane and chl or oquine . 

10 

The ineffectiveness of antibacterial agents against pathogenic 

Naegl eria has been confirmed in vitro by Carter (1969) and Mandal et 

§1_ . (1970) . Of the antiprotozoal agents, emetine HCl is effective 

agains t !:i , fowleri i n vitro . Carter (19 69 ) r eported a minimum immobil­

izing l eve l of 12 . 5 ;-< g . cm- 3 a nd Krishna Prasad (1972) and Das (1975) 

r eport minimum amebicida l concentrations of 16 and 15.l" g.cm- 3 respect ­

ive l y , but, it does not protec t anima l s from the dis ease (Culbertson 

et al., 1968) probably because it is unable to pass the blood-brain 

barrier (Parmer & Cottril l, 1949) . The ineffectiveness of chloroquine 

a nd metroni dazo l e has a l so been co nf i r med by i n vit r o t e st s and a nima l 

protection studies (Carter, 1969; Manda l et ~-, 1970; Duma et a l. , 

1971) . 

The only drug to appear promisi ng i n the ear l y 1970' s wa s t h e 

a nti f unga l agen t amphotericin Band as can be seen from Tabl e II i t was 

used i n the treatment of all survivors (except the unproved case of 

Grundy & Bl owers, 1970 a nd Callicot t e t .§.1_. , 1968) . Amphoteric in B is 

a po l yene a nt ibio tic a nd ha s been shown to be h ighly amebici da l to 

pathogen ic Naeg l e ri a i n v i tro (Ca r ter, 1969; Handa l e t al., 1970; Duma 

e t al. , 1971 ; Schuster & Rechthand, 1975 ; Visvesvara & Balamu t h , 1975; 

Duma & Fi nl ey , 1976 ; De Jonckheer e & Van De Voorde , 1977; Dona ld e t al., 

1979 ) and t o protect mi ce fr om the d i s ease ( Culber tson e t a l., 19 68 ; 

Ca rt er, 1969; Das, 1971). 

In 1969 , Carte r suggested t ha t a mphote ricin B be tri ed i n the 

t reatment of PAM by s i multaneous intravenous (IV) and intraventricular 

(IVent) administration; the doses r ecommended were - 0.25 mg.kg-l IV 

and 1.0 mg into the cerebral ve nt r i cles in the first 24 hours . Carter 

(1972) also suggested sulphadiazine should always be used as well as 

amphotericin Bin case the amebae should occasionally prove to be 

Acanthamoebae . These amebae have been shown to be resistant to both 

drugs in vitro (Casemore, 1970; Chang, 1971; Visve svara & Balamuth, 

1975; Duma & Finley, 1976; Nagington & Richards, 1976; Donald et al . , 

1979), but there is good evidence that they are affected by sulpha­

diazi ne in vivo (Culbertson et al., 1965). 

Subsequently, such treatment was tr i ed on two patients in the 

U.S.A. (Duma et al., 1971) who were in the early stages of the disease 
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and should ha ve r e spond e d . I n th e f i rst of the s e , (Pati e nt 3, Duma 

e t al ., 1971) a ri ght v entr i cu l ar tap was performed a nd aft e r r emova l 

of flu i d (containing many motile a mebae) 1. 5 mg of amphot e r i ci n B 

di ssolved i n 5 cm3 of 5% dextrose inj ect i on solut i on (D
5

W) was s l owly 

i n jec t ed into the vent ri c l e . 10 mg of a mphot e ricin Band 10 mg 

d exame thason e we r e administ e r ed IV . A nasoga stric tube was inserted, 

t h r ough wh ich 400 mg o f metronidazol e was gi ven f our t imes dai ly . Th e 

pati e nt a lso r e c e ived chloro quine ba se, 200 mg an d dexamethason e , 4 mg, 

intramuscu l a rl y ( IM ) every six ho u r s. Sixteen hours after a dmission 

the ventricu l a r tap was r epeated a nd 1. 5 mg o f amphotericin B was agai n 

i nj ected into the v entric l e . Sev enty - two hours after admi s s i o n h e 

b ecame s h ock- l i k e , res p i rat i ons c eas e d and h e died. 

Th e second cas e (Patien t 4 , Duma et a l. , 1971 ) receiv ed , within 
3 two hours o f admission , 1.5 mg amphoteri c i n B d i l uted in 5 c m D

5
W 

i nt rac i sterna lly (IC i st) and 10 mg a mphoter i c in B a nd 5 0 mg hy drocort ­

ison e IV over the next f our hou r s . In a ddition, chloro qui n e su l pha t e , 

200 mg I M; me t r on i dazo l e , 50 0 mg by nas o gastr i c tube ev e r y s ix hours; 

and d i phe ny l hydanto i n (D i lant i n), 100 mg I M every eigh t hours, wa s 

g iv e n . E~ghteen h ours a ft e r admi ss io n, the pat ient aga in r eceived 

1. 5 mg amphoter i cin B ICi s t and the IV a mphoter i cin B i n c r e as e d to 

20 mg . The pati ent d ied 66 hours a f ter admi ssion . 

Car t er ( 1972) r e ports simi lar fi nd i n gs t o Duma et al . ( 197 1 ) 

in two pa t ients (7th a nd 9th , Tabl e III , Cart e r, 19 7 2) who h ad b een 

treated in t h e same way . 

Ap l ey e t a l.(1 9 70) d e scr i be d t h ree c ases of PAM in Grea t Br itain, 

t wo of wh i ch wer e d iagno s e d presumptive l y becau se of association with 

t h e f ata l proven ca s e . They had t h e same early symptoms but nei ther 

actua lly develo ped convincing s i gns o f men i ngitis. Naegl eria was 

cultured from the CSF o f the child who di e d and from one o f the others 

but the amebae prove d to be~- g r uberi. 

In the fatal infe ction, amphotericin B treatment was begun two 

days after admission, when amebae had been seen in the CSF. Amphoter-
-1 

icin B, 0.25 mg.kg in one daily dose over three to four hours IV 

increasing over a week to 1 mg.kg-
1

, was administered till the patient 

died on the sixteenth day after admi ssion. Sulphadiaz i ne, 160 mg IV 

every six hours was also given. On the s eventh day after admi ssion, 

650 amebae.mm- 3 were seen in the CSF, but many appeared to be dead. The 
-3 

concentration of amphotericin Bin the CSF was 0.184/'g.cm . On the 

eleventh day after admission, the CSF contai ned no amebae and the 
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-3 
amphoteri cin B concentration was O. 224/< g . cm . Al though the d iagnosis 

i n this case was made relatively ear l y and treatment with amphotericin 

B started promptly the patient died after being tr eated for thirteen 

days. 

The second case reported by Apley et a l. (1970) was the brother 

of case one and was admitted to hospita l two days later. On the morning 

of admission he c omplained of headache and in the evening developed a 

sore throat and neck pains. A CSF sample was taken and it was cl ear 

and no amebae were seen. The clinical picture was that of an uppe ~ 

r e spirato ry tract infect ion but in view of case one treatment with 

amphotericin Band sulphadiazine was begun. By the seventh day he was 

symptom-f ree . On the eighth day he again c omplained of sore th r oa t with 

head and neck pains. No amebae were seen in the CSF but some were 

grown a nd appeared similar in morphology to those isolated fr om the CSF 

of case one . By the twelfth day he was afebrile and had no signs of 

meningitis but i n view of growth of amebae from the CSF taken four days 

ear l ier, amphotericin B treatment was started again. 0.25 mg amphot er-
-1 -1 

icin B.kg IV dai l y over four hours increasing to 0 . 75 mg.kg after 

four days fo r a total of ten days was given . CSF take n on the twelfth 

and eighteenth days a ppeared norma l and no amebae were grown. The 

patient was discharged, s ymptom-f ree . Ten days l ater a CSF sample was 

taken and again no amebae were grown. 

The th ird case was admitted to hosp ita l s i x days after case one. 

On the morning of admi ss ion he c ompla i ned of sore throat and headache, 

vomiting and abdominal pain. The CSF was normal and no treatment was 

given. On the third day, the temperature had become norma l but the 

h eadache continued and there was slight neck stiffness. No amebae were 

seen in the CSF but in view of slight lymphocytosis treatment was 
-1 started with sulphadia zine and amphotericin B (0.25 mg.kg daily in 

one dose over four hours IV). On the fourth day signs of drug toxicity 

were noted and treatment was stopped. On the eighth day, growth of 

amebae from case two was reported and although the patient was well, 
-1 -1 

daily amphotericin B, 0.25 mg.kg increasing to 0.75 mg.kg was given 

IV for ten days. CSF specimens on the 8th, 14th and 24th days were 

normal. No amebae were isolated at any time from this case. He was 

qischarged on the fourteenth day, symptom-free (Apley et al., 1970). 

Apley et al. (1970) do not believe that isolation of amebae from 

the CSF of case two was due to laboratory cross-infection "but case 

three must be considered to have been only doubtfully infected with 



amebae. 11 Griffin (1976), has d isputed the diagnosis of Naegleria 

meningo-encephaliti s i n cases one and two . He contends that an 

Acanthamoeba was involved and that sulphadiazine, rather than ampho­

tericin B, which was given on admission, was responsible for the 

prolonged survival in the f i rst case and survival in the second . 
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The two cases reported by Pan and Ghosh ( 1971) were similarly 

inconclusive i n the nature of the etiological agent involved and the 

effective agent in treatment. Their report deals with two Indian 

children, aged six months and three years, with CNS infections of slow 

onset (3-5 months). CSF sampl e s s howed " mo til e amebae with thin ps eud­

opods ". No strains were isolated and both patients survived . They were 

treated with amphotericin B, sulphadiazine and intrathecal steroids . 

Anderson and Jamieson (1972) reported the case of a fourteen 

year ol d boy from Queensland who had typical acute symptoms and was 

already in the fourth day of illness and comatose by the time amphoter ­

icin B treatment was begun . The diagnosis was confirmed by finding 

12,000 white cells . mm- 3 and numerous amebae in the CSF; the amebae 

were cultured and shown to be N. fowleri. Amphotericin B was given in 
-1 

a dose of 1 mg . kg per day IV and penicillin, ampici ll in and sulphadia -

zi ne, he had been having for three days previously, were continued. 

Within two days he became afebr i l e and was talking rationally. After 
-3 

fiv e days the CSF white cell count h a d fallen t o 15.mm but many 

atypical amebae were still present. Amphote r ic in B wa s therefore given 

IT and later !Ve nt in small do ses (0.1 mg o n alterna t e day s) and the 

fluid gradually cleared. He was disc harged from ho sp i tal without any 

n eu rological deficit. Thi s case represents the first surviva l where 

t here is definite proof that~- fowleri was involved and survival c an 

be attributed to amphoteric i n B. 

Seidel et al. (pers. comm., 1978) report a more recent case in 

Torrance, California. The patient, a nine year old female, presented 

with typical symptoms of meningo-encephalitis three days before ad­

mission to hospital. Lumbar puncture revealed a purulent CSF and 

motile amebae were seen. Amphotericin B (1 mg.kg-
1

), sulphadiazine 
. -1 -1 5 
(50 mg.kg ), chloramphenicol (25 mg.kg ) and penicillin G (3.4 x 10 

units) were all administered IV immediately on admission. 1.5 mg 

amphotericin B was also given IT. 

The patient was then transferred to Harbour General Hospital 

and was in a coma on admission but responsive to pain and tactile 



stimulation. On arrival the treatment outlined in Table III was 

inst i tuted. 

Table III: Treatment Protocol Used in a Case of PAM 
(Seidel et al., pers. comm., 19 78 ) 

DRUG ROUTE DOSAGE 

Amphoterici n B IV 1.5 
-1 

day + bid x 3 days mg .kg per 

• -1 
day qd X 6 days 1.0 mg .kg pe r 

Amphoterici n B IT 1.5 mg per day X 2 days • 1mg QOD 

X 8 days 

Miconazole IV 350 
- 2 day..:... tid x 9 days mg . m per 

Miconazole IT 10 mg X 2 days • 10 mg QOD x 8 days 

Rifampi n Ora l 10 mg .kg 
-1 

per day tid x 9 days 

bid = twice da i ly 
tid = three times daily 
qd = every day 
QOD = every other day 

Sulphadiazine (4 g per day IV) was continued for three days 
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until studies confirmed the diagnosis of Naegleria meningo-encephalitis. 

Penicillin and chloramphenicol were continued f or three days until 

bacterial CSF cultures were negative. Decadron (dexamethasone) and 

Dilantin (diphenylhydantoin) were given for increased intracranial 

pressure and sei zure activity, respectively. 

The patient stabilized clinically over the first 48 hours. 

Gradually over the next month of hospitalization her mental status 

improved. No significant neurological deficits were noted at discharge. 

In a few of the other cases of PAM, where proof that N. fowleri 

was the etiological agent involved and amphotericin B given at effec­

tive doses the course of the disease was often too advanced to see 

any effect (Van Den Driessche et al., 1973; Cursons et al., 1976, pers. 

comm. 1979). 

Callicott et al. (1968), isolated an ameba identified as A. 

astronyxis from a spinal fluid sample from a patient with a purulent 



meningitis that remitted spontaneously . The authors were unable to 

provi de evidence that the organism caused the illness and was not just 

a cultural contaminant . 

1 5 

Kenney (1971), reported the case of a patient hospitalized for 

acute gastritis of unknown origin . Complement fixation tests revealed 

no antibodies to Entamoeba histolytica but did reveal antibodies to~­

culbertsoni . Over the next two months a rising titer to A. culbertsoni 

antigen was reported . Clinical investigation by a physician did not 

reveal any symptomatology suggestive of cerebromeningeal involvement. 

The patient refused a s pinal tap . 

The gastro-intestina l symptoms continued and a stool examinat ion 

revealed amebae which were called Iodamoeba butschlii. Because of the 

titre to Acanthamoeba antigen, the patient wa s put on anti a mebic th e rapy 

consisting o f Dehydro-Emetine (IM) and ch loroquin e . Complement f ixa tion 

tests two months later demonstrated that the serum titer had decreased. 

This case appears to demonstrate a form of disease between the symptom­

less carrier state an d fulminating meningo-encephalitis which may be 

found to b e more common than at present beli eved. 

The only human Acanthamoeba infections positively diagnosed 

during li fe under circumstances where chemotherapy cou ld have been 

tried were those in the eye . Nagington e t a l. (1 974) repeatedly iso ­

lat ed Acanth amoeba from t wo En g l ish patients with corneal ulcers. 

Warhus t a nd Thomas (1975) identified the amebae as~- castellanii a nd 

~- polyphaga. One of the infections was in a 32 year old woman who 

had a mi ld unil ateral keratoconjunctivitis and uveitis which did not 

r e spond to t reatment which included chloramphenicol, idoxuridine, 

3-fluorothymidine, gentamicin, methici llin and later on sulphadiazine 

(500 mg, six hourly). Six months after treatment, because of corneal 

ulceration, pain and loss of vision, a corneal graft was performed but 

the graft was rejected. The other infection described was in a 59 

year old farmer with an identical clinical condition which required 

enucleation of the eye after one year. Treatment in this case included 

chloramphenicol, acetylcysteine, 3-fluorothymidine and clotrimazole eye 

drops. 

Jones et al. (1975) cultiva ted~- polyphaga from corneal ulcers 

of two patients in Houston, Texas. They reported suppression of the 

amebae with paromomycin. Griffin (1978) reported seeing similar material 

at the Armed Forces Institute of Pathology, Washington D.O. and it seems 

likely that Acanthamoeba in the eye will not prove to be strikingly 

rare or unusual. 
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CHAPTER TWO: MATERIALS 

2.1. Arneba Cultures Used -------------------

Table IV : Ameba Cultures Used 

PATHO- ORIGINAL 
SPECIES STRAIN GENICITY SOURCE PLATE 

Naeg l eria fowleri MsT + NHI 2 

Naegleria gruberi Pl200£ - NH I 1 

Acanthamoeba 
culbertsoni A-1 + CCAP 5&6 

Acanthamoeba 
castellanii 1501 - I MTPL 3&4 

+ = positive 

= negative 

NHI = National Health Institute, Wellington, N.Z. 

CCAP = Culture Centre of Algae and Protozoa. 

IMTPL = Insitut de Medecine Tropicale Prince Leopold, Belgium. 

' 



Plate 1. Trophozoite stage of Naegleria gruberi (Pl200f) 

Plate 2. Trophozoite stage of Naegleria fowleri (MsT) 
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Plate 3 . 

Plate 4. 

Tropliozoite stage of Aca12_~~oeba caste llanii ( 1501) 

Note fine acanthapod ia. 

Cyst stage of Acanthamoeba castellanii (1501) 

Note double-walled structure, with stellate endocyst. 
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Plate 5. 

Plate 6. 

Trophozoite stage of Acanthamoeba culbertsoni (A-1) 

Cyst stage of Acanthamoeba culbertsoni (A-1) 

Note round double-walled structure. 
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2 . 2. Plate Media 

2. 2.1. Ameba Saline Agar (Page, 1967) 

for the isolation of Naegleria spp . 

NaCl = 0.12 g 

MgS04 .7H 20 = 0.004 g 

CaC12' 2H 2o = 0.004 g 

Na2HP04 = 0 . 142 g 

KH 2Po4 = 0.136 g 

Agar = 15.0 g 

Distilled water = 1.0 litre 

pH 6 .8 

Autoclave at 103. 4 k.Pa (1 21°C) for 15 minutes 

2.2.2. Ameba 1% Sa line Agar (Cursons, 1978 , modified from Page, 1967) 

for the isolation of Acanthamoeba spp. 

NaCl = 10.0 g 

MgS04 .7H
2

0 = 0.004 g 

CaC1
2

.2H
2
0 = 0.004 g 

Na
2
HP0

4 = 0.14 2 g 

KHl 04 = 0.136 g 

Agar = 15.0 g 

Distill ed water = 1.0 litre 

pH 6.8 

Autoclave at 103.4 k~a (121°C) for 15 minutes 



2.3 .1. Page 's Ameba Saline (PAS) (Page, 1967) 

for diluting out either Naeg l eria or Acanthamoeba spp . and 

as a base for medium CYM. 

NaCl = 0.12 g 

CaC1
2

.2H
2

0 = 0 . 004 g 

MgS0
4

.7H
2

0 = 0.004 g 

NaiP04 
= 0.142 g 

KHl04 = 0 .13 6 g 

Distilled water = 1.0 litre 

pH 6.8 

Autoclave at 103 . 4 kPa (121°C) for 15 minutes 

2 .3. 2 . CYM Medium (Cursons et al., 1978 ; modified from St evens & 

O' Dell, 1973a) for the axenic cultivation of Naeg l er ia s pp. 

Glucose = 10.0 g 

Difeo Yeast Extract = 5.0 g 

Difeo Casitone = 10.0 g 

L-Methionine = 0.08 g 

d-Biotin = 0.002 g 

Thiamine HCl = 0.001 g 

Vitamine Bl2 = 0.000001 g 

Page• s Ameba Saline = 1.0 litre 

pH 6.8 

0 
Autoclave at 103.4 kPa (121 C) for 15 minutes 

To 4.5 cm3 of CYM, add aseptically 0.5 cm3 of the following 

cocktail: 

Sterile serum = 50.0 

Sterile hemin (0.1% W/V) = 

3 cm 

10.0 

= 40.0 

3 cm 
3 

cm Sterile distilled water 

Penicillin/Streptomycin 
-3 

200,000 units.cm 

21 
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2.3.3. 4.0% Neff Medium (Stevens & O'Dell, 1973a) 

for the axenic cultivation of Acantharnoeba spp. 

Difeo proteose-peptone = 40.0 g 

Glucose = 15.0 g 

Difeo Yeast Extract = 7.5 g 

d-Biotin = 0.002 g 

Thiamine HCl = 0.001 g 

Vitami n Bl2 = 0.000001 g 

plus 1.0 litre of the following Ac ion solution: 

Ac Ion Solution 

MgS04 .7H20 = o. 2465 g 

CaC1 2. 2H20 = 0.01095 g 

KH 2P04 = o. 27218 g 

Ferric citrate = 0 . 0335 g 

Autoclave at 103.4 k.Pa (121°C) for 10 minutes 

To 9.0 cm3 of 4% Neff medium is added 1 cm3 of Penicillin/ 
- 3 

Streptomycin solution (200,000 units.cm ) . 

2.3.4. CGHV and CGHVS (Cursons _£!:_ al., 1979). Semi-defined media 

for the a xenic testing of antibiotic s against Naeg l eria 

(CGHV) a nd Acantharnoeba (CGHVS) spp . 

Medium A: 

Cas itone = 40.0 g d-Biotin = 0.002 

Glucose = 2.5 g Thiamine HCl = 0.001 

g 

g 

Rutin = 0.0075 g Vi tarnin Bl2 = 0.000001 

L- Methionine = 0.27 g CaC1
2

.6H
2

0 = 0.006 g 

Folic acid = 0.0025 g MgS0
4

.7H
2

0 = 0.004 g 

HEPES = 0.6 g NaCl = 0.12 g 

Distilled water 952.2 3 = cm 

Giving a final volume of 996 3 cm 

pH 6.8 

Autoclave at 34.5 k.Pa (108°C) for 15 minutes 

g 



Medium B: 

CGHV: 

Hemin 

L-Histidine 

Triethanolamine 

Distilled water 

= 0.2 g 

= 0.2 g 

4.0 3 
= cm 

3 
= 196.o cm 

Sterilize by heating to 6o0 c for 30 minutes 

Mix 4.0 cm3 of Medium B with Medium A to give a 0.4% 

solution of Bin A. 

Add Penicillin/Streptomycin to a final concentration of 

200 units each. 

CGHVS: 

Add 5.0 g NaCl to Medium A before autoclaving and then 

mix as for CGHV. 

23 
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Vero Cell Culture 

4 . 4% Bicarbonate so lu tion 

NaHC0
3 

= 22 g 
3 of a 0.4% CW/V) Phenol 1 2 .5 cm red solution 

Distilled water up to 500 cm 3 

Autoc lave at 103. 4 kPa 021°C) for 15 minutes 

lOx Trypsin/Versene Mi x ture 

NaC l = 80 g 

2 .0 3 of 1% phenol red solution cm a 

Versene 2.0 3 = cm 

KCl = 4 .0 g 

Glucose = 10.0 g 

Trypsin = 5.0 g 

Distilled wate r up to 1 litre 

Filter sterilize through a O. 22 fm filter 

Antibiotics 

20 cm of sterile 10
6 

units of Str eptomycin t- 3 

10
6 

units of Penicillin distill e d water 

Eagles Growth Medium (EGM) (Eag le, 1955) 

3 
Eagles = 380 cm 

1 cm3 of antibiotic 

20 cm3 of 4.4% bicarbonate 
3 40 cm (10%) serum (calf or pig) 

The Eagles is filter sterilized through a O. 22 )I-ID filter 

and bottled in 380 cm3 amounts with the other ingredients 

being aseptically added when required. The medium is then 

gassed with CO
2 

till orange. 

Eagles Maintainence Medium (EMM) 

As above but with only 1% serum added. 



2.5. Antibiotic=Solutions 

2.5.1. Amphotericin B (E.R. Squibb & Sons Pty . Ltd.) 

Supplied as Fungizone intravenous, a sterile lyophilized 

powder in via ls providing 50 mg amphotericin Band 41 mg 

sodium desoxycholate with 25.2 mg sodium phosphates as a 

buffer. 

Preparation of Solutions : The dry powder was reconstituted 

25 

as follows: An i ni t ial conce ntration of 5 mg amphotericin . cm-
3 

is first prepared by adding 10 cm3 sterile distilled water to 

the vial of dry powder and shaking the vial until the solution 

is clear . Further dilutions were made with sterile distilled 

water to give the appropriate working so l utions. 

2 . 5 . 2. Rifampicin (Lepetit Phar ma ceuticals Ltd .) 

Supplied as Rifadin capsules containing 150 mg rifampicin. 

Actual weight of powder in capsule= 193.5 mg. 

Preparation of s t ock solution : 103.3 mg of dry powder was 

dissolved in 20 cm3 N/100 HCl giving a s tock solution 

containing 4000;,<g Rifampicin.cm
3

• Further dilutions were 

made with sterile distilled water to give the appropriate 

working solutions. 

2 .5.3. Tetracycline hydrochloride (Upjohn Pty . Ltd.) 

Suppli ed as Panmycin capsules, each containing 250 mg 

tetracycline hydrochloride (Batch No. A7500). Actual weight 

of powder in each capsule= 437.0 mg. 

Preparation of stock solution: 55.94 mg of dry powder was 

dissolved in 20 cm3 of distilled water giving a stock 
-3 

solution containing 1600)-'g tetracycline HCl.cm Further 

dilutions were made with sterile distilled water to give the 

appropriate working solutions. 

2.5.4. Polymyxin B sulphate (Sigma Chemical Co.) 

-1 
Supplied as pure powder containing 8000 USP units.mg 

(Lot 107C-0352) 
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Pr e paration of solutions: 5.0 mg of dr y powder was dissolved 

in 20 cm3 of distill ed wa ter giving a stock solution of 

2000 units .cm- 3 . Further dilutions were made with st e rile 

distilled water. 

2 . 5 .5. 5-Fluorocytosine (Roche Products Pty . Ltd.) 

Supplied as 500 mg lots of pure substance (Lot A 375214 ) . 

Preparation of solutions: 80 mg of pure 5-fluorocytosine was 

di sso lve d in 20 cm3 of distill ed water giving a stock solution 
- 3 

of 4,000pg,cm 5-fluorocytosine . Further d i lutions were 
' 

made in sterile distilled water, 

2 . 5 . 6 . Miconazole (Ethnor P ty. Ltd .) 

-3 Supplied as I V so lu tion con taining 10 mg Mic onazole,cm 

(Lo t No , 77K03/430). 

Preparation of s t ock solution: A stock solution of 400,;Ug, 
- 3 

cm was prepared by diluting the I V solution in sterile 

distill e d water . Further dilutions were also made in sterile 

distilled water. 

2 ,5.7. R41,400 (Ethnor Pty . Ltd,) 

Supplied as R41,400 base. 

Preparation of solution: 0.01 g of R41,400 dry powder was 

dissolved in 0.1 cm3 lN HCl then made up to 5 crn
3 

with 
-3 

distilled water giving a stock solution of 2000,µg.cm • 

Further dilutions were made with sterile distilled water. 

All antibiotic stock solutions were prepared fresh when 

required and filter sterilized through a 0.22pm Millipore filter 

before use. 



2.6. Miscellaneous=Solutions 

Phosphate Buffered Saline (PBS) 

NaCl 

Na
2

HP04 
NaHlo4 

= 8.5 g 

= 1.28 g 

= 0.156 g 

Distilled water = 1 litre 

pH 7.6 

Autoc lave at 103.4 kPa (121°c) for 15 minutes 

2.7. Exeerimental =Animals 

Young Swiss-White male mice were obtained from closed, inbred 

colonies from the Small Anima l Production Unit, Massey University. 
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CHAPTER THREE: METHODS ------------- ======== 

3.1. Sterilization 
------ -------

All glassware, except that used for analytical work, was 

steri li zed at 103.4 kPa (121°C) for 15 minutes . Anal ytica l glass­

ware was sterili zed by dry heat at a minimum of 160°C for two hours. 

3 .2. Axenic=Culture=Technigues 

3 . 2 .1, Ma intainence of stock axen i c cultures 
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Axenic cultures of Naegleria fowleri (MsT) and Naegleria 

gruberi (Pl 200f) in CYM medium and Acanthamoeba culbertsoni (A-1) and 

Acanthamoeba caste llanii (1501) in 4.0% Neff medium were provided by 

Dr . R. T.M. Cursons, Massey Unive rsity, Palmerston North . The amebae 

were then added to CGHV (if Naegleria) and CGHVS (if Acanthamoeba). 

Pathogenic species were incubated at 37°C and subsequently sub-cultured 
0 

every 24 hours and non-pathogenic species were incubated at 30 C and 

sub-cultured every 48 hours. All stock cultures were maintained in 

Universal bottles and incubated on rotary gyroshakers (150 r.p.m.). 

All amebae were sub-cultured at least ten times in the 

semi-defined media (CGHV and CGHVS) before drug testing was begun to 

avoid carryover of any substances in the complex media antagonistic 

to the drugs (Cursons et al,, 1979). 

3.2.2, Axenic drug testing 

All tests were carried out in 6 cm
3 

Bijou bottles in a total 
3 volume of 2.0 cm. Stock cultures of amebae were counted on a Fuchs-

Rosenthal bright-line hemocytometer. The cultures were diluted so 
3 5 -3 

that 0.2 cm gave a final concentration of 2-3 x 10 amebae.cm . The 

stock drug solutions, prepared as outlined in .Materials, were diluted 
3 so that 0.5 cm gave the appropriate final concentration. Media, either 

CGHV for Naegleria spp. or CGHVS for Acanthamoeba spp., was added to 

give a final volume of 2.0 cm3 , i.e., 1.3 cm 3 of media in single drug 

experiments and 0.8 cm3 of media in synergy experiments. All experi­

ments were done in duplicate at least three times. Controls were 
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included in all experiments with distilled water or the appropriate 

diluent at the highest concentration used, replacing the drug solution . 

Samples were withdrawn at 24, 48, 72 and 96 hours and surviving 

amebae counted on a hemocytometer. Where numbers appeared to be below 

10
4 

amebae . cm- 3 viability plating was done. A neat or diluted aliquot 

of the test culture was plated out on Ameba Saline agar (for Naegleria) 

or Ameba 1% Saline agar (for Acanthamoeba) seeded with Enterobacter 

cloacae . These plates were incubated at the appropriate temperature 

for 48 hours and then examined for viabl e amebae , viability being 

defined by the appearance of the organism and mo tility . Viable 

Naegleria show an extended limax form and are grey in colour . Non­

viable cells are rounded, darker grey due to increased granulation and 

lack pseudopdia. Non-viable Acanthamoeba appear yellow by phase 

contrast, no internal structure is discernible a nd they lack acantha ­

podia. 

3.3. Cell=Culture=Technigues 

3.3.1. Maintainenc e of stock Vero ce ll cultures and preparation 

of KIMAX tubes for drug testing 

Vero ce lls were maintained in 250 cm3 KI MAX cell culture 

bottles. The following procedure was carrie d out every three to four 

days to maintain the Vero cells in the bottles and also to prepare 

monolayers in 10 cm3 KIMAX tubes: 

1) 
3 4.0 cm of a lOx Trypsin-Versene (T/V) stock was added to 36.0 

cm3 of sterile distilled water and heated to 37°C in a water 

bath. 

2) The cell culture fluid was decanted off and the monolayer 

washed gently with 5,0 cm
3 

of the T/V mixture, 

3) After a 1 minute wash, the T/V mixture was discarded and a 

further 8.0 cm3 of T/V mixture added. The bottle was then 

placed at 37°c for 1 minute and then drained again except for 

the last few drops. 

4) The bottle was left at 37° until the cells were detached from 

the glass (approximately 3 minutes). Next, 10,0 cm
3 

of EGM was 

added and the cells counted and dispensed in the following 

aliquots: 



250 3 bottles 3 X 105 cells.cm -3 (3.0 cm 3 
of a cm = 

three day old monolayer) 

10 3 tubes 5 cells.cm -3 (1.5 cm 3 of a cm = 1.5 X 10 

three day old monolayer) 

5) Tubes were l eft stationary overnight at 37°C and then placed on 

a roller drum until a complete monolayer was formed. 

3.3.2. Cell culture drug testing 

Once a monolayer had formed the tubes were treated as follows: 
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1) The EGM fluid was discarded and the monolayer washed with 1.0 cm3 

sterile PBS (pH 7.6). EMM was then added to give a final volume 

of 2.0 cm3 i.e., 1.3 cm3 of EMM in single drug experiments and 
3 0.8 cm in synergy experiments . 

2) The seeding inocula of ameba was obtained from 24 hour exponential 

axenic cultures of~- fowleri (MsT) and~- culbertsoni (A-1) 

routinely passaged through cell cultures. The amebae were 

counted and diluted with EMM and 0.2 cm3 added to the cel l culture 

tubes to give the appropriate final concentrations, 3 x 102 and 

3 x 103 amebae.cm- 3 for A. culbertsoni (A-1) and N. fowleri (MsT) 

respectively. 

3) The stock drug solutions, prepared as outljned in the Materials 

section, were diluted so that 0.5 cm3 gave the appropriate final 

concentrat ion. 

Control tubes were included in all experiments, with distilled 

water or the appropriate diluent at the highest concentration used, 

replacing the drug solution. Controls to determine the cytotoxic 

effect (CTE) of the drugs were also included. 

The tubes were examined every 24 hours for six days and the 

presence or absence of cytopathic effects (CPE) and CTE noted. After 

six days the tubes were centrifuged ~t 1500 r.p.m. for ten minutes in 

a bench centrifuge, the supernatant discarded and the deposit resus­

pended in 1.0 cm3 PAS and plated on Ameba Saline agar (for Naegleria) 

or Ameba 1% Saline agar (for Acanthamoeba) seeded with Enterobacter 

cloacae. The plates were incubated at 37°C for 48 hours and examined 

for viable amebae. 
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Young Swiss White male mi ce were first weighed and then 

anaesthetized by inj ec ting 0.15 cm3 of a 0.1% (V/V) Nembutal solution, 

using physiologi ca l saline as dilu ent, intraperitonea lly (~P). Amebae 

cultures (N. fowleri, MsT ) were count ed and dilut ed t o 1 x 10
6 

-3 amebae.cm . Mice were then inoculated in tranasally with 0.1 cm3 of 

the amebi c suspension. 

R41,400 solutions for in vivo testing were prepared daily 

maintaining the W/V proportions of powder to diluent outlined in 

Materials. Physiologica l saline was used in place of distill ed water. 

The amount of R41,400 powder used was adjusted to give the correct dose, 
3 in proportion to the weight of the mice, in 0.1 cm . The drug was given 

I P immediately after intranasal inoculation of amebae and continued 

every 12 or 24 hours thereafter depending on the exper iment . Control 

mi ce received 0.1 cm3 of a 10% 0.1 N HCl (V/V) in physiological s a line 

at the same times. 



CHAPTER FOUR: RESULTS 
--------------

Sev.en drugs were screened for activity against _!i. gruberi 

(Pl200f) and N. fowleri (MsT). The minimum inhibitory concentration 

(MIC) is defined as the l owest concentration of the test compound 

which produced obvious reduction in the number of trophozoites over 

96 hours. Minimum amebicidal concentrations (MAC) were defined as 

the lowest concentration at which no living trophozoites could be 

found after 96 hours. 

4.1 .1. Amphotericin B 

32 

Figures 1 and 2 show the results obtained with four different 

concentrations of amphotericin B. The MAC for both N. gruberi (Pl200f) 
-3 -3 

and N. fowleri (MsT) was 0.5 _pg. cm . 0.75.flg.cm completely steri-

-3 
lized the media within 48 hours. At drug concentrations ~ 0.25_,µ-g.cm 

all the amebae appeared rounded and vacuolated. 
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Figure 1. The Effect of Amphotericin Bon Naegleria gruberi (Pl 200fl. 
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Figure 2 . The Effect of Amphotericin Bon Naeqleria fowl eri (MsT). 
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4.1.2. Tetracycline, Rifampicin and 5-Fluorocytosine 

Figures 3 and 4 show the results obtained with three 

concentrations of tetracycline, For both B, gruberi (Pl200f) and 

N. fowleri (MsT) a slight reduction in numbers was recorded with 
-3 

concentrations ) 50 ~g,cm The amebae showed no signs of drug 

damage and all were active, motile limax amebae . 

No inhibitory effect was seen with 100 _,,,ug.cm- 3 rifarnpicin 

against either N. gruberi (Pl200f) (Figure 5) or~- fowleri (MsT) 
-3 

( Figure 6) . Only at 500 )"- g. cm did the amebae show any signs of 

drug damage . The number of viable amebae was the same as with 100 
- 3 

_f{g.cm but there was evidence of increased vacuolation. 

5-Fluorocytosine did not effect the growth of~- gruberi (Pl200f) 
-3 

even at a concentration of 500 _,,« g.cm (Figure 7). At the same 

concentration N. fowleri (MsT) showed a slight reduction in the 

numb er of viable amebae. The remaining viable amebae were active 

and limax in form (Figure 8). 
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Figure 3. The Effect of Tetracycl"1ne on Naegleria gruberi (P1200f). 
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F i g u re .4. Th e E ff e ct of Te t r a c y c I in e on N a e g I e r i a f ow I er i ( Ms T ) . 
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Figure 5. The Effect of Rifampicin on Naegleria gruberi (Pl200fl . 
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Figure 6. The Effect of Rifampicin on Na egleria fowler i (MsT\. 
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Figure 7. The Effect of 5-Fluorocytosine on Nae gleria gruberi (Pl 200fl. 
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Figure 8.The Effect of 5-Fluorocytosine on Naegleria fowleri (MsTl. 
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4.1.3. Polymyxin B sulphate 

Polymyxin B sulphate has no inhibitory activity against 

Naegleria spp. at concentrations~ 500 units.cm- 3 (Figures 9 & 10). 

No signs of drug damage were evident throughout the experiment . 

4 .1. 4. Miconazo le 

Figures 11 and 12 show the results obtained with four 

different concentrations of the imidazole derivative miconazole. 

The two Naegleria spp. showed different responses, with the non-

pathogenic~ - gruberi (Pl200f) being more susceptible. The MIC 

42 

- 3 -3 
was 5 ~g. cm and MAC, 10 .f' g. cm . For~ - fowleri (MsT), an initial 

-3 
period of growth, followed by inhibition, resulted with 5 µg.cm • 

-3 3 -3 
The MIC was 10 )'lg.cm and MAC 50 pg.cm . 100 )Lg.cm miconazole 

sterilized the media of both species in 48 hours. 
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Figure 10. The Effect of Polymyxin Bon Naegleria fowleri (MsTl. 
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Figure 12 . The Effect of Miconazole on Naeg leria fowleri (MsT). 
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4.1 .5. R41,400 

The two Naegleria spp. also showed a variable response to 

the imidazole derivative, R41,400, with the pathogenic sp. appearing 

more susceptible than the non-pathogenic sp. For~- gruberi (Pl200f) 
-3 

10,#-g.cm was only inhibitory (Figure 13) whereas it was amebicidal 

for N. fowleri (MsT) (Figure 14). 50 ,.,Ug.cm- 3 was ame bicidal within 

~8 hours for both species. 
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Figure 13. The Effect of R41,400 on Naeqleria gruberi (P1200f). 
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Figure 14. The Effect of R41.400 on Naegleria fowleri(MsT). 
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Seven drugs were screened for activity against~- castellanii 

(1501) and A. culbertsoni (A-1). The result s are shown in Figures 

15 to 28 . MIC and MAC are defined in section 4.1. 

4.2.1. Amphotericin B 

50 

The results obtained with four concentrations of Amphotericin 

Bare shown in Figures 15 and 16. The non-pathogenic A. castellanii 

(1501) and pathogenic~- culbertsoni (A-1) showed a different response 

to the highest concentration tested. The MAC for A. culbertsoni (A-1) 

was lOO,.,ug.cm- 3 but this concentration was only slightly inhibitory 

for A. castellanii (1501). 
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Figure 16 . The Effect of Amphotericin Bon Acanthamoeba culbertsoni (A-1) 
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4.2.2. Tetracycline and Rifampicin 

The results of screening of tetracycline and rifampicin 

are shown in Figures 17 to 20. 

Tetracycline showed only a slight inhibitory effect on both 
-3 

Acanthamoebae sp. at a concentration of 400,.,.ug .cm (Figures 17 and 

53 

18). No visual signs of drug damage could be detected on the organisms . 

Figures 19 and 20 show the results obtained with rifampicin. 

Compared 
-3 

with the control culture the 500_)-lg.cm test cultures 

contained a higher proportion of cysts . 
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Figure 17. The Effect of Tetracycline on Acanthamoeba castellanii(1501). 
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Figure 18 . The Effect of Tetracycline on Acanthamoeba culbertsoni(A-1) . 

Control 

100 

~ I 0
4 

u 
a., 
ro 

..0 
a., 

E 
ro 
a., 

..0 
ro 3 

· - ID > -0 

0 
z 

I 0
2 

1 
ID_ 

10°~1-------.......... ------~-------,-------, 
24 48 72 96 

T1 me ( h) 



56 

Figure 19. The Effect of Rifampicin on Acanthamoeba castellanii (1501}_ 
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Figure 20. The Effect of Rifampicin on Acanthamoeba culbertsoni(A-1). 
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4.2.3. 5-Fluorocytosine 

Figure 21 shows the results of screening o f 5-fluorocytosine 

at four concentrations against A. castellanii (1501). A similar 

inhibitory effect was observed at all concentrations tested. 
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Figure 22 shows the results for A. culbertsoni (A-1). A 

greate r inhibitory effect was seen to that with A. castellanii (1501) 

with the number of surviving amebae after 96 hours being lower. 
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Figure 21 . The Effect of 5-Fluorocytosine on Acanthamoeba castellanii (1501 ). 
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Figure 22 . The Effect of 5-Fluorocytosine on Acanthamoeba culbertsoni (A-1l. 
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4.2.4. Polymyxin B sulphate 

Figures 23 and 24 show the results of screening of polymyxin 

B sulphate against Acanthamoebae. Concentrations of 4 500 units.cm- 3 

had only a slight inhibitory effect . Only at the highest concentra­

tion (500 units.cm- 3 ) were increased vacuolation and a lack of 

acanthapodia obvious with both species . 

4.2.5. Miconazo le 

-3 
Miconazole at concentrations, \OO_µg.cm had no effect on 

either pathogenic or non-pathogenic Acanthamoebae (Figures 25 and 26). 

None of the amebae in the test cultures showed any variation in 

appearance from the control organisms. 
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Figure 23. The Effect of Polymyxin Bon Acanthamoeba castellanii (1501). 

(Drug concentrations shown in Figs.23&24 are in units.cm -
3
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Figure 24 . The Effectof PolymyxinB on Acanthamoeba culbertsoni (A-1). 
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Figure 25. The Effect of Miconazole on Acanthamoeba castellanii (1501) . 

(Drug concentrations shown in Figs . 25-28 are in JJg .cm-
3

) 
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Figure 26 . The Effect of Miconazole on Acanthamoeba culbertsoni(A-1) . 
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4.2.6. R41,400 

Figures 27 and 28 show the results obtained with four 

different concentrations of the imidazole derivative, R41,400, 

against the two Acanthamoebae spp .. Both species showed similar 

trends but~- culbertsoni appeared more susceptible and after 96 

hours there were lower numbers of surviving amebae. At all the drug 
-3 

concentrations tested (25-lOO}"g.cm ) the amebae showed signs of 

drug damage with increased vacuolation and no visible acanthapodia. 
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Figure 27. The Effect of R41. 400 on Acanthamoeha castellanii(15Dll. 

Control 

10 
1 

I a° . ...._ _____ __,--------,-,.-------;,.------, 
48 72 24 96 

Ti me ( h). 



68 

Figure 28 . The Effect of R41,400 on Acanthamoeba culbertsoni(A-1l. 
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4.3. The=Testing=of_Diug=Combinations_against=Naegleria=fowleri=(MsT) 

in=Axenic=Culture 

4.3.1. Amphotericin Band Tetracycline 

The MAC for amphotericin B alone in axenic culture for 
-3 

N. fowleri (MsT) is 0.5)-'g.cm (Figure 2). Tetracycline alone has 

only a slight inhibitory effect on~- fowleri (MsT) (Figure 4). The 

results of experiments using these two drugs together are shown in 
-3 

Figures 29 and 30. When SO.fig.cm tetracycline is used in combination 

with two different concentrations of amphotericin B no significant 

difference is seen from that obtained with amphotericin B alone. Only 
-3 

when tetracycline was present at a concentration of 100,f-'g.cm was 
-3 -3 

any synergistic effect seen. 0. 25 _,.ug. cm amphotericin B and 100 ,Mg. cm 

tetracycline was amebicidal in 96 hours. With O.S)"g.cm-
3 

amphotericin 

Band 100)"-g,cm- 3 tetracycline the tim~ required to completely steri­

lize the medium was reduced from 96 to 72 hours. 



Figure 29: The Effect of Amphotericin Band Tetracycline Alone and 
in Combinatio~ on Naegleria fowleri (MsT) 
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Figure 30: 'The Effect of Amphotericin Band Tetracycline Alone and 
in Combination on Naegleria fowleri (MsT) 
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4.3.2. Amphotericin Band Rifampicin 

Figures 31 and 32 show the results obtained with amphotericin 

Band rifampicin alone and in combination. Rifampicin alone has no 
-3 

inhibitory effect on~- fowleri (MsT) at concentrations~l00_µg.cm 

(Figure 6). Figure 31 shows the results obtained with 0.25,f<g,cm- 3 

amphoter icin Bin combination with two different concentrations of 

rifampicin. A synergistic effect is seen with both 10 and 50;,<g.cm- 3 

rifampicin, the inhibitory effect being greater with the higher 

concentration. When rifampicin, at 10 and 50;,<g.cm-
3

, is combined 

with 0.5_f(g.cm- 3 amphotericin B the time required to completely 

sterilize the media is reduced from 96 hours to 72 and 48 hours 

respect ive ly (Figure 32). 



Figure 31: The Effect of Amphotericin Band Rifampicin Alone and 
in Combination on Naegleria fowleri (MsT) 
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Figure 32: The Effect of Amphotericin Band Rifampicin Alone and 
in Combination on Naegleria fowleri (MsT) 
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4.4. The=Testing=of=Drug=Combinations=against=Acanthamoeba 

culbertsoni=(A-l)=in=Axenic=Culture 

4.4.1. Polymyxin Band 5-Fluorocytosine 

75 

Polymyxin B alone has only a slight initial inhibitory 

effect at a concentration of 500 units.cm- 3 on A. culbertsoni (A-1) 

(Figure 24). 5-Fluorocytosine is amebastatic at concentrations 

~ 250)-'g.cm- 3 (Figure 22). Figure 33 shows the results obtained 

when 100 units.cm- 3 polymyxin Bis combined with both 50 and 100 
-3 ,,U.g.cm 5-fluorocytosine. No synergistic effect is seen. When 

the concentration of polymyxin Bis increased to 500 units.cm- 3 

complete kill results with both 50 and lOOf'g.cm- 3 5-fluorocytosine 

(Figure 34). 



Figure 33: The Effect of Polymyxin Band 5-Fluorocytosine Alone and 
in Combination on Acanthamoeba culbertsoni (A-1) 
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Figure 34: The Effect of Polymyxin Band 5-Fluorocytosine Alone and 
in Combination on Acanthamoeba culbertsoni (A-1) 
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4.4.2. Polymyxin Band Tetracycline 

Tetracycline has no effect on Acanthamoebae spp. even at 

a concentration of 400,µg.cm- 3 (Figures 17 and 18). When combined 

with 100 and 500 units.cm- 3 polymyxin Ba slight synergistic effect 

is seen (Figures 35 and 36). 

4 . 4.3. Polymyxin Band Rifampicin 

-3 
Rifampicin at concentrations , 500 pg.cm have no effect 

on Acanthamoebae spp. (Figures 19 and 20). Figures 37 and 38 show 

the results of using polymyxin Band rifampicin together. Although 

an initial inhibitory effect was seen with all four combinations, 

growth of the test cultures was evident . The amebae showed no signs 

of drug damage except when combinations of the highest concentrations 

of both agents were used. 



Figure 35: The Effect of Polymyxin Band Tetracycline Alone and 
in Combination on Acanthamoeba culbertsoni (A-1) 

100 units.cm- 3 Polymyxin B 
-3 l00,µg.cm Tetracycline 
-3 400.,.ug.cm Tetracycline 

•= 
•= 
•= 
• = 100 units.cm- 3 Polymyxin B + -3 

100,,Pg. cm 
-3 

t::,.= 100 units.cm Polymyxin B -3 + 400 ,µg. cm 

Tetracycline 

Tetracycline 



79 

10 
7 

6 
ID 

5 
ID 

7 
E 
u 4 
Q.) 10 
C'Cl 

..c 
Q.) 

E 
C'Cl 

Q.) -
..c 

C'j -- 3 
> ID -0 

0 
z 

2 
10 

1 
ID 

0 
10......_ _____ ""T""" _____ -y-_____ ---.--------. 

24 48 72 96 
Ti me (h) 



Figure 36: The Effect of Polymyxin Band Tetracycline Alone and 
in Combination on Acanthamoeba culbertsoni (A-1) 
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Figure 37: The Effect of Polymyxin Band Rifampicin Alone and 
in Combination on Acanthamoeba culbertsoni (A-1) 
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Figure 38: The Effect of Polymyxin Band Rifampicin Alone and 
in Combination on Acanthamoeba culbertsoni (A-1) 
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Vero cell cultures can be used as an indicator of pathogenicity 

of PFLA (Cursons & Brown, 1978). Af t er test ing in axenic cultures, 

drugs which showed activity against the amebae were tested in a cell 

culture system. The ability of the drug to prevent the formation of 

a CPE and/or to k ill the amebae were d etermine d in each case . The 

cytotoxic effect (CTE) of the drug alone was also deter mi ned. To 

d e note a CTE the same notation as for a cytopathic effect (CPE) is 

used except th e numerals are underlined, i .e., J = beginning of CTE ; 

II = pronounced CTE; III= advanced CTE. A CTE could be differenti­

ated visu a lly from a CPE as the Vero cells app eared darker, had a 

wrinkl ed outline and did not det ach from the g lass. For a CPE th e 

cells were round ed with a s mooth outltne and became detached from the 

glass as the CPE advanced to stage IV. 

A pre l iminary exper i ment wa s carried out to determi ne the effect 

of the size of inocul a of N. fowleri (MsT) on the time needed for the 

development of a CPE. The resu lt s are shown i n Tab l e V. From these 

an inoculum s i ze of 3 .0 x 103 a mebae . cm- 3 was se l ected and u sed in all 

subsequent experiments with~- fowleri ( MsT). 

Tab l e V: Effec t of Size of Inocula of Naegleria f owleri (MsT) 

o n Time Needed for Deve lopment of CPE 

Inoculum size TIME (days) 
-3 (cells.cm ) 

1 2 3 4 5 6 7 

3.0 X 105 

3.0 X 10
4 

3.0 X lo3 

3.0 X 102 

3.0 X 101 

= 
I = 
Il = 

Ill = 
1J = 

CPE = 

Il ]l 

- I Ill 

- - I 

- - -

- - -

normal cell monolayer 
begining of CPE 
pronounced CPE 
advanced CPE 

N 

Il m ]l 

I Il TII N 

- I Il Ill 

complete breakdown of monolayer 
cytopathic effect, i.e., rounding of cells, 
degeneration accompanied by refractiveness of 
cells and finally loss of monolayer 

8 

]/ 
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4.5.1. Amphotericin B. 

Table VI shows the results obtained with amphot ericin Bin 

cell culture. The MAC against~- fowleri (MsT) in axenic culture was 
-3 

found to be 0.5r<g.cm (Figure 2). In the cell culture testc 
-3 

0.1,,µg.cm complet e ly inhibited the formation of a CPE and no viab le 

amebae were recovered when the drug was added at the same time as the 
. -3 

amebae . Once the cPE had begun a concentrat ion of 0.25,µg.cm was 

amebicidal although the cPE did deve lop to stage II. In the cyto­
-3 

toxicity tests all the concentrations tested (0.05-0.5 _,µ g .cm ) had 

no effect on the Vero cell monolayer. 

4.5.2. Miconazo le 

Table VII shows the results of testing of miconazole in cell 

culture against~ - fowleri (MsT). 
-3 

In axenic cultur e 5,f'g.cm caused 

i nhibiti on after an in i tial period of growth (Figure 1 2) . The MAC was 
-3 

50 f-'g.cm In cell culture no viab le amebae were recovered from the 

test culture containing 5 ;,< g . cm-
3 

miconazo l e . 
-3 

But 5 ~ g . cm miconazole 

had a CTE on the monolayer which developed at Day 4. When the drug 

was added after the ame bae had had time to b egin the cPE,viable amebae 

were recoverable from the cul tu res co nta ining 5 I' g. cm -
3 

miconazole 
-3 

but n o t f rom 10,f'g.cm cultures. 
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0 

II 

~ 
H 

q E-< 
µ:i 
q E-< 
q <i; 
<i; 

q 

~~ 
p::)Q 

!: 
:::i 

Oi:>::: 
zq 
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The Effect of Amphotericin Bon Naegleria fowleri (MsT) 

in Cell Culture. (In Tables VI - XXI, ! = beginni ng of CTE ; 

II= pr onounced CTE; III= advanced CTE). 

TI ME (day s) 

AmB 1 2 3 4 5 6 AMEBA µ g . cm- 3 VI ABILITY 

0 - - I Il. m JV + 

0.05 - - I TI m JV + 

0.1 - - - - - - -

0. 25 - - - - - - -

0. 5 - - - - - - -

0.05 - - I Il. m JV + 

0.1 - - I TI TI Ill + 

0.25 - - I I Il. TI -

0.5 - - I I I I -

0.05 - - - - - -

0.1 - - - - - -

o. 25 - - - - - -

0.5 - - - - - -



Table VII: The Effect of Miconazole Nitrate on Naegleria fowleri 

(MsT) in Cell Culture 

TIME (days) 

Miconazole 
4 6 

AMEBAE 
;tg. cm-3 1 2 3 5 VIABILITY 

0 - - I Il I[ 1J + 

0 

II 0 

~ II 1 - - I I- Il Il m + 

~ ~ 
H 

H H 
<i:: 5 - - - I I-Il TI.- Il[ -H 
A<i:: - - - -
~ 
AA 
A~ 
<i::A 

A 10 TI. Il[ ID. ID. ~ <i:: 
- - -- -

(:Q c., 

!~ 
25 II ID ID. m m m -- - - -

Cf) 

1 I I- TI. I[ ill + >-< - -
O<i:: 

A 
II 

(V) 

~ II 
H 

5 I I- Il Il n-m + H~ - -
H H 
<i:: H 

AH 
~ <i:: 

TI. Il[ AA 10 - - I I -
<i::~ - -

A 
~ A 
<i:: <i:: 
(:Q ! c., ~ 25 - - I Il- ID I[ m -

A 

1 - - - - - -

0 

II 

~ 5 - - - .l 1-l! n-m 
H 

AH 

~H 
A<i:: 
<i:: 

A 
TI. m m Ill . ~~ 10 - -

(:Q A 
~<i:: 
<i:: c., 

:::> 
OP:: 25 11 m m m I[ m ZA 
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4.5.3. R41,400 

Table VIII shows the results obtained for R41,400 testing 
-3 of N. fowleri (MsT) in cell culture. 1 )Lg.cm R41,400 slightly 

inhibited the formation of the CPE as it took one day longer to 
-3 

establish. 5 f g.cm almost completely inhibi ted the fo rma tion of a 

87 

-3 
CPE although viable amebae were still recoverable. Only at 10;..:g.cm 

were no amebae recov e r ed after the six day incubation period. But 
-3 

10? g. cm has a CTE on the mono l aye r. Even when the drug i s added 

three days after the amebae a similar effect is seen to when they are 

added together . 



Table VIII: The Effect of R41,400 on Naegleria fowleri (MsT) 

in Cell Culture 

TIME (days) 

R41,400 
1 2 3 4 5 6_ 

AMEBAE 
,,µg. cm- 3 VIABILITY 

0 - - I l[ m ]! + 

0 

11 0 
1 I l[ m - - - + 

~ II 

~~ 
t-1 

t: H 5 - - - - - I + 
H 

P<t: 
Ji::i 
PP 
p Ji::i 
<i:: p 10 - - - I m m -p 

~ <i:: 
-

p'.:l c.., 

~~ 
<i:: p 25 I l[ m m ill m -- -

Cf) 
::,.., 

1 I l[ Ill 1J + <i:: - -
OP 
II C"'"l 

~ II 

~ ~ 5 - - I I I l[ + 
t-1 

t: H 

p t: 
~p 10 - - I I Il. m -
PW 
<i:: p 

p 

~ <i:: 
p'.:l c.., 

~~ 25 - - I II TII m -
<i::P - - -

1 - - - - - -
0 

II 

~ 5 - - - - - -t-1 
PH 
~H 
A<t: 
<i:: p 

10 I TII m ~ ~ - - - -
i:!lP 
~<i:: 
<i:: c.., 

0~ 
ZP 25 .l II m m m m 
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4.5.4. Tetracycline and Rifampicin 

The effect of tetracycline on~- fowleri (MsT) in cell culture 

is shown in Table IX. -3 
At a concentration of 50,..Ug.cm complete 

inhibition of the CPE results but viable amebae were recovered. Only 
-3 

at lOO_µg.cm were there no viable amebae. No CTE is seen at any of 

the concentrations tested . 

In axenic culture rifampic i n at concentrations, lOO_µg.cm -3 

had no effect on the growth of~ - fowleri ( MsT) (F igu r e 6 ). A similar 

effect was seen in cell culture (Table X). The formation of a CPE 

and the recovery of viabl e amebae occurred in all test cultures. Rif-
-3 

ampicin was cytotoxic to the Vero ce lls at a concentration of 50 ,µ g .cm . 



Ti:'l-ble I X: 

0 

II 0 

~ II 

~~ 
H 

~E--t 
E--t 

0 <C 
~ 
0 0 
0 ~ 
<C 0 

0 
~ <C 
i::o 0 
~~ 

0 
II 

~ 
H 

0 E--t 
~ 
0 E--t 
0 <C 
<C 

· 0 

~ ~ 
i::o ~ 

!0 
0~ 
zo 

The Effect of Tetracyc line on Naegleria fowleri (MsT) 

in Cell Culture 

TIME (days) 

Tetracycline 
1 2 3 · 4 5 6 

AMEBA 
p g . cm- 3 VIABILITY 

0 - - I II m JY + 

10 - - I II ]Il JY + 

so - - - - - - + 

100 - - - - - - -

10 - - - - - -

50 - - - - - -

100 - - - - - -

9 0 



Table X: 

0 

II 0 

~ II 

~ ~ 
H 

~H 

A~ 
µ:J 
AA 
A li::J 
<i:A 

A 
~<i: 

'° 0 

~~ 

0 
II 

~ 
H 

AH 
µ:J 
AH 
~ <i: 

A 
~ [§ 
'° ~ ~ 
<i: 0 

:::> 
0 pc: 
ZA 

The Effect of Rifampicin on Naegleria fowleri (MsT) 

in Cell Culture 

TIME ( days) 

Rifarnpi cin 
1 2 3 4 5 6 

AMEBA 
_f<g.cm-3 VIABILITY 

0 - - I JI I[ 1J + 

10 - - I JI m 1J + 

50 - - I JI ill ]/ + 

100 - I II m ]/ ]/ + 

10 - - - - - -

50 - - - I JI ill - - -

100 - I m m ill m - - - - -

9 1 



A preliminary experiment was carried out to determine the 

effect of the size of inocula of~- culbertsoni (A-1) on the time 

nee ded to develop a CPE. The results are shown in Table XI. From 

these, an inoculum size of 3.0 x 10
2 

amebae.cm- 3 was se l ected and 

used in all subsequent experiments with A. culbertsoni (A-1). 

Table XI: Effect of Size of Inocula of Acanthamoeba culbertsoni 

(A-1) on Time Needed for Development of CPE 

Inoculum size TI ME (days ) 
-3 (cells. cm ) 

1 2 3 4 6 8 5 7 

3.0 X 10 
5 

J:J 

3 . 0 X 10 
4 

Il 1J 

3 
TI J:J 3.0 X 10 - -

2 
I m 3.0 X 10 - - J:J 

1 
I TI m 3.0 X 10 - - - J:J 
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4.6.1. 5-Fluorocytosine 

In axenic culture 5-fluorocytosine inhibited the growth of 

!::_. culbertsoni (A-1) at concentrations ~ lO)(g.cm- 3 (Figure 22). A 

similar effect was seen in cell culture (Table XII). No CPE was 
-3 -3 

formed at concentrations ~so;ig.cm . Only at 250fg.cm 

5-fluorocytosine were no viable amebae recovered. When the drug was 

added three days after the a mebae no inhibitory effect was evident 

and the CPE progressed as for the control. No CTE was seen eve n at 
-3 

the highest concentration tested ( 250 )'- g. cm ) . 
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Table XII : 

0 

II 0 

~ II 

~~ 
H 

H H 
<:t: 

H 
q <:t: 
µ.l 
q q 
q µ.l 
<:t: q 

q 

~ <:t: 
~ 0 

~~ 
<:t: q 

U) 

:>-. 
co 

0 "d 

II Cf) 

~ II 

~ ~ 
H 

~ H 

q~ 

~q 
q µ.l 
<:t: q 

q 

~ <:t: 
~0 
µ.l ~ 

~ ~ 

0 

II 

~ 
H 

t=IH 

~H 
t=i<i:: 
<i:: q 

~~ 
~q 
~ <i:: 
<i:: 0 
~ 

0 0::: 
ZA 

The Effect of 5-Fluorocytosine on 

Acanthamoeba culbertsoni (A-1) in Cell Culture 

TIME (days) 

5 -FC 
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AMEBA 
_)-'g. cm- 3 1 2 3 4 5 6 VIABILITY 

0 - - I ill 11 w + 

10 - - - - I TI + 

so - - - - - - + 

100 - - - - - - + 

250 - - - - - - -

10 - - I ill 11 N + 

50 - - I ill 11 w + 

100 - - I m ID. N + 

250 - - I Ill ill N + 

10 - - - - - -

50 - - - - - -

100 - - - - - -

250 - - - - - -



4.6.2. Polymyxin B 

A similar result to that found in axenic culture for the 

effect of po l ymyxi n B on A. culbertsoni (A-1) was seen in cell 

culture. The results are shown in Table XI II. Concentrations~ 

500 units.cm- 3 polymyxin B were not cytotoxic to the Vero cells 

but had no effect on the formation of a CPE . 

4 . 6 .3. R41,400 

R41,400 showed s ome inhibitory effect on the growth of 

A. culbertsoni (A-1) in axenic culture (Figure 28). No inhibitory 

effect was seen in cell culture at or above the cytotoxic level 

(Table XIV). 
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Table XIII: The Effect of Po lymyxin B Sulphate on Acanthamoeba 

culbertsoni (A-1) in Cell Culture · 

TIME (day s) 

PB AMEBA 
Units . cm -3 1 2 3 . 4 5 6 VIABILITY 

0 

II 0 0 - - I m N ]! + 

~ II 

~~ 
H 

50 I m ]J 1J H H - - + <t: . 
H 

A <t: 
i:i1 
AA 
A i:i1 
<t: A 

100 I m N N A - - + 
~ <t: 
i::o c., 

!~ 500 I II l[ 1J + - -

0 
II 

~ 50 - - - - - -
H 

AH 
i:i1 
AH 
A <t: 
<t: 

A 100 
~~ 

- - - - - -
i::o ~ 

! c., 

0~ 500 - - - - - -zo 
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Table XIV: 

0 

II 0 

~ II 

~~ 
H 

tJ H 
H 

Q<i; 

l§ Q 
Q µ:J 
<I; Q 

~~ 
.fl c..? 

~~ 

0 
II 

~ 
H 

QH 
i:.:i 
AH 
Q <I; 
<I; Q 

~ ~ 
.fl Q 

!: 
0~ 
zQ 

The Effect of R41,400 on Acanthamoeba culbertsoni (A-1) 

in Cell Culture 

TIME (day s) 

R41 , 400 4 5 6 
AMEBA 

_,µg .cm-3 
1 2 3 . VIABILITY 

0 - - I III ]! J:J + 

5 - - I III ]! 11 + 

10 - - I III ]:J ]! + 

so I JI m 11 ]:J 11 + - - -

s - - - - - .1. 

10 - - - I JL m 

so - I JI III N N - - -

9 7 



4.6.4. Tetracycline and Rifampicin 

The effect of tetracycline on~- culbertsoni (A-1) in cell 

culture is shown in Table XV. No inhibitory effect on the formation 
-3 

of a CPE was seen at all the concentrations tested (10-lOOf(g,cm ). 

98 

The ineffectiveness of rifampicin agai nst A. culbertsoni (A-1) 

s e en in axenic culture (Figure 20) was also shown in cell culture 

(Table XVI). No inhibition of the growth of the amebae was seen at 

or above the cytotoxic concentration. 



Tabl e XV : 

0 

II 0 

s@ II 

~ s@ 
H 

HH 
<r: 

H 
p <r: 
~ 
pp 
p ~ 
<r: p 

~ ~ 
o:l0 
s@ § 
<r: p 

0 
II 

~ 
H 

PH 
~ 
PH 
p <r: 
<r: 

p 

~ ;g 
o:l ~ 
~ 
<r:0 
o§ 
ZP 

The Eff ect of Tetracycline 0n Acanth amoeba cul ber tsoni 

(A-1) in Cell Culture 

Tetracycline 
,)'g . cm-3 

0 

10 

50 

100 

10 

50 

100 

TIME 

1 2 3 

- - I 

- - I 

- - JI 

- - JI 

- - -

- - -

- - -

MASSEY UNIVERSITY 
LIBRA 

(day s) 

4 5 6 
AMEBA 

VI ABILITY 

m 1l N + 

m N JY + 

m JY JY + 

m JY JY + 

- - -

- - -

- - -
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Table XVI: The Effec t of Rifarnpicin on Acanthamoeba culbertsoni 

(A-1) in Cell Culture 

TIME (days) 

100 

Rifampicin 
1 2 3 4 5 6 

AMEBA 
~ g . cm-3 VIABILITY 

0 0 - - I ill JJ JJ + 
II 0 

~ II 

~ ~ 
H 

E--t E--t 10 - - I ill JJ 1:1 + <i: 
E--t 

Q <i: 
~ 
QQ 
Q~ 
<i: Q 50 - - rr 11 1J 11 + Q 

~ <i: 
-

p::) c., 

~~ 100 Il ill 1J 1:1 1J 1J + -
0 
II 

~ 10 - - - - - -
H 

Q E--t 

~ E--t 
~ <i: 

II II[ Q 50 - - - I 
~~ - - -
p::) Q !: 
0~ 100 - I ill m ill ill 
ZQ -
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4.7. The=Testing=of=Drug=Combinations=against=Naegleria=fowleri=(MsT) 

in=C~ll=Culture 

4.7.1. Amphotericin Band Tetracycline 

Table XVII shows the results obtained when amphotericin Band 

tetracycline were used together against _!i. fowleri (MsT). When used 
-3 

alone amphotericin B was amebicidal at a concentration of 0.lµg.cm 

(Table VI). Tetracycline inhibited the growth of the amebae at 
-3 -3 

-50 )lg.cm but viable amebae were recovered. Only at 100 µg.cm were 

no amebae found (Table IX). When used together O.OS_µg.cm- 3 amphotericin 
-3 

B and 50 µg. cm tetracycline was amebicidal when the drugs were added 

at the same time as the amebae. A similar synergistic effect was seen 

when the drugs were added three days after the amebae. When a mphotericin 
-3 

B alone is added three days after the amebae 0. 25 pg. cm is required 

to kill the a mebae (Table VI). By using a combination of amphotericin 
-3 

B and tetracycline the concentrations required are 0.1 pg. cm a mpho-
-3 

tericin Band l00pg.cm t e tracycline. 

4.7.2. Amphotericin Band Rifampicin 

Amphotericin Band rifampicin showed a synergistic effect when 

tested in axenic culture (Figures 31 and 32). In cell culture the use 

of these two drugs together appeared to be antagonistic (Table XVIII). 

The amebicidal concentration of amphotericin B alone in cell culture 
-3 

is 0.1 µg.cm (Table VI). When rifampicin is present at either 10 
-3 -3 

or 50 jJ-g. cm , 0. 25 )J-g. cm amphotericin B was required to kill all 

the amebae. The toxic nature of rifampicin is obvious in this table 

with a CTE developing after three days with 50)-lg.cm- 3 . 
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Table XVII: 

AmB_ 3 
!Jg.cm 

0 

0.05 
0 

0 
II 

II 
µ-1 
;;;:~ 
H..<.. 

0.05 
E--< H 

E--< 
E--< 
<i: E--< 

<i: 0.05 Q 
µ-1 Q 
Q µ-1 
QQ 
<i: Q 

<i: 

~ (fJ 0.1 
i:o c..') 

~ ~ 
<i: Q 

0.1 

0.1 

0.05 

0 0.05 
0 

II 
II 

!~ 
E--< H 0.05 E--< 
E--< 
<i: E--< 

Q 
<i: . 

µ-1 Q 
Q µ-1 
QQ 0.1 <i: Q 

<i: 
~ (fJ 
i:o c..') 
µ-1 ::::> 
~ 0::: 
<i: Q 0.1 

0.1 

The Effect of Arnphotericin Band Tetracycline together 

on Naegleria fowleri (MsT) in Cell Culture 

TIME (days) 

Tet 
4 6 

AMEBA 
f'g. cm3 1 2 3 . s VIABILITY 

0 - - I Il III 1:1 + 

10 - - - I Il III + 

50 - - - - - - -

100 - - - - - - -

10 - - - - - - -

so - - - - - - -

100 - - - - - - -

10 - - I Il ill N + 

so - - I Il ill N + 

100 - - I II ill N + 

10 - - I II Il m + 

so - - I I I II + 

100 - - I I I I -
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Table XVIII: 

AmB _
3 

µg. cm 

0 

0.05 
0 

0 
II 

II 

!~ 0.05 E-< H 
E-< 

E-< 
< E-< 

0 < 
WO 
ori:i 0.1 
00 
<CO 

< 
~ C/) 
p::i 0 

0.1 ~~ 
<CO 

0.25 

0. 25 

The Effect of Amphotericin Band Rifampicin together 

on Naegleria fowleri (MsT) in Cell Culture 

TI ME (days) 

Rif 
1 2 4 AMEBA 
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-J jig. cm 3 5 6 
VI ABILITY 

0 - - I Il m ]J + 

10 - - I Il m N + 

50 - - II N 1J N + 

10 - - - I II m + 

50 - - II Ill N ]/ + - -

10 - - - - - - -

so - - - .1!. Il m -



4.8. The=Testing=of=Drug=Combinations=against=Acanthamoeba 

culbertsoni=(A-l)=in=Cell=Culture 

4.8.1. Polymyxin Band 5-Fluorocytosine 

Table XIX shows the r esults obtained when polymyxin Band 

5 -fluorocytosine were use d together on A. culbertsoni (A-1). When 

104 

us ed alone 5 -f luorocytosine at a concentration of 50 I' g. cm - 3 completely 

inhibited the formation of a CPE but viable amebae were still recovered 
-3 

at a concentration of 100 ;<g,cm (Table XII). When 5 -fluorocytosi ne 

was added three days after the amebae no inhibition of the formation 
-3 

of a CPE r esu lted even at a concentration of 250 pg. cm . Polymyxi n B 

alone did not inhibit the growth of amebae in cell culture at concen­

trati ons ~ 500 uni ts. cm- 3 (Table XIII). 

When used together no CPE was formed when the drugs were 

added at time= 0. With 100 units.cm- 3 polymyxin Band lOOµg.c m- 3 

5-fluorocytosi n e no viable amebae were recovered after the six day 

incubation period. When the drug combinations were added to the cell 

monolayer three days after the amebae the formation of the CPE was 

halted to a greater or l esser extent. With 100 units.cm- 3 polymyxin B 

the inhibitory effect increased with the concentration of 5-fluorocyto­

sine. With 500 units.cm- 3 polymyxin Band all three concentrations of 

5-fluorocytosine tested the CPE did not develop any further once the 
-3 

drugs were added, but only with 250.f'g.cm 5-fluorocytosine were no 

viable amebae recovered. 



Table XIX: 
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The Effect of Polymyxin B sulphate and 5-Fluorocytosine 

together on Acanthamoeba culbertsoni (A-1) in Cell Culture 

TI ME (day s) 

PB 5-FC 1 2 3 4 5 6 AMEBA 
Llril:s. cm -3 

,l'g. cm3 VIAB ILITY 

0 0 - - I Il[ 1:J 1:J + 

100 so - - - - - - + 

0 
100 100 - - - - - - -

0 
II 

II 

!~ 100 250 - - - - - - -
E--< H 

E--< 
E--< 
< t: 
0 500 so - -µ:::j Q - - - - -
0 µ:::j 
00 
< 0 

< 
~ C/) 

500 100 p'.) 0 - - - - - - -
~~ 
< 0 

500 250 - - - - - - -

100 so - - I JI m m + 

C/) 

::>-< 
< 
0 100 100 - - I I JI JI + 0 
C'1 

II 
II 

!~ 100 250 - -HH I I I I + 
H 

H 
< t: 
0 
µ=IQ 
0 µ=I 
00 
<i:O 

500 so - - I I I I + 

< 
~ C/) 
p'.) 0 

~~ 
<o 

500 100 - - I I I I + 

500 250 - - I I I I -



4.8.2. Polymyxin Band Tetracycline 

Table XX shows the results obtained when polymyxin Band 

tetracycline are used in combination against~- culbertsoni (A-1) 

in cell culture. A slight synergisti c effective was seen when these 

two drugs were used in combination in axenic cultur e (Figures 35 and 

36). No inhibition of the format ion o f a CPE was seen at any of the 

concentrati ons tested in cell culture. 

4.8.3. Polymyxin Band Rifampicin 

The lack of a s ynergistic effect between polymyxi n Band 

rifampic i n seen in axenic culture (Figures 37 and 38) was confirmed 

in cell culture (Table XXI). 

106 



107 

Table XX : The Effect of Po l ymyxin B Su lphate a nd Tet racyc l i ne 

t ogether on Acan t hamoeba cu l bertso ni (A-1) i n Ce l l 

Cultur e 

TI ME ( days ) 

PB Tet -J 1 2 4 5 6 
AMEBA . -3 3 

VIABILITY unitS.cm )J g . cm 

0 0 - - I m 1J 1J + 

100 10 - - I m ]! 1J + 

0 100 50 Il m ]! N + 0 - -
II 

II 

~~ 
r-' H 

r-' 100 100 -r-' «: r-' 
- II m 1J N + 

«: 
0 
Ji:iO 
0 µ1 
00 500 10 - - II m w N + «: 0 «: 
~ Cl) 
i::o 0 

~~ «: 0 500 so - - II m w N + 

500 100 - - II m w N + 



Table XXI: The Effect of Polymyxin B sulphate and Rif ampicin 

toge t he r on Acant hamoeba culbe rtsoni (A-1) in Ce ll 

Cul t u re 

TI ME ( day s) 

PB _1 
Rif _

3 1 2 3 4 5 6 
AME BA 

urits. an~ f' g . cm VI ABILITY 

0 0 - - I m N ]! + 

100 10 - - II ill N IV + 

0 
0 

II 
II 100 so II ]! N ]! + !~ - - -

E--t H 
E--t 

E--t 
<i: t: 

100 100 II ill ]! N ]! N + p 
~ p - -
p ~ 
PP 
<i: p 

<i: 

~ U) 500 10 - I I Ill N ]! + 
J:Q c., 

~~ 
<i: p 

500 so - I II Ill 1l N + - - -

500 100 II ill N ]! ]! IV + - -
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Tables XXII, XXIII, and XXIV show the results obtained in the 

in vivo testing of the imidazole der i vat ive, R41,400. In the first 

experiment, R41,400 was administered lP once daily. Tables XII and 

XXIV, represent duplicate experiments with the drug administered every 

twe lve hours. 

Table XXII: Intranasal Infection of 25.0 ~ 3.2g Swiss-White Male 

Mice with Naegleria fowleri (MsT) . R41,400 given in 

the doses i ndi cated. 

Total Daily Dose No . Deaths 
of R41,400 Day of Death /No. Used 

0 5*, y'r , 11, lY'c, S, S 

l0mg.kg -1 6*, 9*, 10, 1s•,1;-, 21, s 
(0.25mg) 

20 mg.kg 
-1 

4*,7,12*,S,S ,S 
(0.5mg) 

40 mg.kg -1 
3*,4*,4*,6*,6*,S 

( 1.0mg) 

* = Amebae isolated from the brain 

S = Survivors 

4/ 
6 

5/ 
6 

3/ 
6 

5/ 
6 

Average Time 
of Death(days) 

9 .0 

12 . 8 

7.7 

4.6 



Table XXIII: Intranasal Infection of 22.0 ~ 4.0g Swiss-White Male 

Mice with Naegleria fowleri (MsT). R41,400 given in 

the doses indicated. 

110 

Total Da ily Dose No. Deaths Average Time 
of R41,400 Day of Death )No. Us ed of Death (day s) 

0 6*, 8*, 17, 18*, 20* 
SI 

5 13.8 

lOmg.kg -1 7,7,8* ,ll,S,S 
4/ 

6 8 . 3 
( 0 . 11 mg bid ) 

20mg . kg 
- 1 

7,8*, 8*, 8*,9, 11* 
6/ 

6 8.5 
(0.22mg bid) 

40mg.kg -1 
7, 8*, 8*, 8* ,ll* ,19* 

6/ 
6 10. 2 

(0 . 44mg bid) 

Table XXI V: Intranasal Infection of 27 . 0 ~ 4 .0g Swiss - White Male 

Mice with Naegleria fowleri (MsT). R41,400 given in 

the dos e s indicated. 

Total Daily Dose 
Day of Death No. Deaths Average Time 

of R41,400 /No . Used of Death(days) 

0 10*,11,14*, 15 ,S,S 
4/ 

6 12.5 

lOmg.kg 
-1 

6*, 12*, 12*, 12*, 13?;14* 
6/ 

6 11. 5 
(0.1 4mg bid) 

20mg.kg -1 10*,12,12,13,S,S 
4/ 

6 11.8 
(0.27mg bid) 

5/ - . 

-1 7*,7*, 8, 9*,ll*,S 8.4 40mg.kg 6 
(0.54mg bid) 
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Although R41,400 was effective in vitro against B- fowleri (MsT) 

both in axenic culture (Figure 12) and in cell culture (Table VII) it 

was not curative in vivo and appeared to have an adverse effect on the 

mice (Tables XXII, XXIII, XXIV) . 

At the highest daily dose used ( 40 mg.kg- 1 ) the survival time 

of the mice was reduced. This effect was most marked when the drug 

was administered in one daily dose where the average time of death 

dec reased from 9.0 days, in control mice, to 4.6 days (Table XXII). At 

the lowest daily dose (10 mg.kg-l) an increased su rvival time resulted 

when the drug was administered only once daily but when divided into 

daily doses the average time of death was less than that of the controls. 
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CHAPTER FIVE: DISCUSSION 
------------

With the awareness of the nature of the e tiological agent of 

PAM and the finding that the traditional anti-protozoa l durgs were 

ineffect ive the search for effective agents to treat this disease 

began. Although used in some instances against protozoa (Horvath & 

Zierdt, 1974; Kinsky, 1967), amphotericin B has had its ma jor appli­

cation in systemic fungal infections of humans (Hamilton- Mill er, 1973; 

Kinsky, 1967). Evidence supports the belief that the site of action 

of amphotericin Bis at the plasma membrane of the cell, where the 

lipophilic drug combines with sterols, possibly creating pores in the 

membrane (Andreoli, 1974; Holz, 1974) -and causing leakage of cellular 

constituents across the membrane (Ghosh & Ghosh, 1963; Gale, 1974). 

In 1968 , Culbertson e t al., showed that relatively large doses 

of amphotericin Bin combination with large doses of sulphadiazine in 

the diet had significant activity against~- fowleri (HB-1) in mice. 

When 1000 amebae were inoculated intranasally into ten mice, all the 

mice died within seven day s. At a total daily dose of 5.0 or 7.5 

mg.kg-l amphotericin B, administered subcutaneously twice daily , and 

0.5% sulphadiazine in the diet only four out of ten mice died. When 
-1 

the amphotericin B dose was 2.5 mg.kg only two mice survived but 

the average time of death was 24 days. The sulphadiazine treatment 

was begun three days befor e intranasal infection and the amphotericin 

Bone day before. Sulphadiazine alone was shown to be ineffective 

even at a concentration of 1% in the diet and the infecting number of 

amebae being only 240. 

Carter (1969) showed that sulphadiazine had no effect on the 

organism in vitro at levels in excess of those likely to be attained 

therapeutically in the brain. The attainable CSF level of sulphadia­
-3 

zine is reported to be 90pg.cm (Goodman & Gilman, 1975) and a 
-3 

concentration of 1280)(g.cm had no effect on the Naegleria spp. 

used by Carter. 

Carter (1969) confirmed the in vivo result of Culbertson et al. 

(1968) for amphotericin B. He reports a minimum immobilizing level 

of 0.6_;<g.cm- 3 and a minimum inhibitory concentration (MIC) of 

0.075J'(g.cm- 3 in vitro. Disintegration of the amebae in the immob-
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ilization test was advanced within two hours at 0.6,,c,g.cm- 3 • In the 

in vivo situation 7.5 mg.kg-l amphotericin B administered once daily 

IP gave a 60% survival rate. A bioassay of the mouse serum showed the 
-3 level of drug to be l.2_)<g.cm . 

Culbertson et al.(1971) found that an intracerebral injection of 

a single dose of amphotericin B prevents PAM in most mice given intra­

nasal lethal doses of N. fowleri (HB-1). When a dose of 37.5 mg was 

given five out of eleven mice died and only three of the mice showed 

a ny signs of amebae invasion. With a dos e of 18 .75 mg given intra­

cerebrally three out of nine mice died but four mice showed signs of 

amebic lesions. 

Das (1971) employed the subcutaneous route of dosing and found 
-1 

that 30 mg.kg amphotericin B given every 24 hours completely protected 

the mice from amebic infection. Das also tested sulphadiazine and 
-1 

found that 250 mg.kg given orally had no effec t on the course of the 

disease. 

Differences in the susceptibility of non-pathogenic and pathogenic 

species and also between strains in vitro appear in the literature. Many 

of these differences may be a result of the different screening techni­

ques, whether the amebae are grown with bacteria or in axenic culture 

and if in axenic culture the differences in the media employed and 

different inocula sizes. The semi-defined media, CGHV and CGHVS 

developed by Cursons et al.(1979) were used in this study to minimize 

the antagonistic effects of media components on the drugs. Serum is 

a common component of axenic media for these amebae and it contains 

many sterols which will bind amphotericin B. In the semi-defined 

media the serum component was replaced with hemin and yeast extract 

was replaced with vitamins to eliminate any antagonistic effect on 

5-fluorocytosine (Cursons et al., 1979). 

A number of workers have tested amphotericin Bin vitro. Duma 

.s.nd Finley 0976) report a mean minimum motility inhibitory concen­
-3 tration against six pathogenic ,!i. fowleri strains of 1.39,µg.cm ._ 

-3 amphotericin B. The MIC was 0.62)'g.cm . Mandal et al.O970) 
-3 reported an MIC of 0.0005-0.00ljlg.cm against a _!i. fowleri strain 

isolated from a human case. 

De Joncheere and Van De Voorde (1977) studied the effect of 

amphotericin B on three pathogenic strains of _!i. '1 fowleri and report 
-3 an MIC of 0.1-0.15 ,...ug. cm • But two strains of ,!i. fowleri which were 

non-pathogenic to mice had an MIC greater than l.O.,..ug.cm- 3 • 



Chang (1971) also reports a difference in the susceptibility 

of pathogenic and non-pathogenic species. l_,µg.cm- 3 amphotericin B 
-3 

had an antiamebic effect on pathogenic Naegleria but 2_,µg.cm was 

required to affect the non-pathogenic species. 

The results presented in Figures 1 and 2 were obtained in 
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in vitro axenic testing of amphotericin B against N- gruberi (Pl200f) 

and N. fowleri (MsT). The range at which Naegleria spp. are suscep­

tible are in agreement with most published reports although the 

absolute values differ. An amebicidal value of 0.5_,µg.cm- 3 was found 

after 96 hours exposure. The difference is t~ought to be due to the 

use of a different media for the growth of the amebae and also the 

different inoculum size. The size of the inoculum used (2-3 x 105 

-3 amebae.cm ), chosen to reflect the number of amebae that may be 

present in the cerebrospinal fluid (CSF) of infected patients, was 

higher than that used in most other studies (Duma & Finley, 19 76; 

Visvesvara & Balamuth, 1975). Duma et al.(1971) report that the 

number of amebae present in the subarachnoid space alone may be in 

excess of 150,000 trophozoites. 
-3 

When tested in cell culture a concentration of O.l~g.cm was 

amebicidal (Table VI). No amebae were recovered after the six day 

incubation period and the cell monolayer remained unchanged. When 

the drug was added three days after the amebae a concentration of 
-3 

0.25,.ug.cm was required to completely inhibit the formation of any 

further CPE. The differences in the MAC in cell culture between when 

the drug is added at the beginning and at time= three days is prob-
3 -3 

ably a reflection of the inoculum size. Only 3 ¥ 10 amebae.cm are 

added at the beginning but once the CPE have started to appear the 

number of amebae present will approach that used in axenic culture. 

Amphotericin B had no CTE on the Vero cells at the highest concentra-
-3 

tion tested (0.514g.cm ). Chang (1971) used a cell culture system 
-3 

and found that a concentration of 2f'g.cm had a slight CTE on Monkey 

kidney cells. 

Schuster and Rechthand (1975) carried out an extensive study on 

the in vitro effects of amphotericin Bon growth and ultrastructure 

of both B- gruberi and~- fowleri. Amphotericin B was amebicidal at 
-3 

all the concentrations tested (0.25, 0.5 & l.O_µg.cm ) when the drug 

was added to cultures in lag phase but was mainly inhibitory when 

added to log phase cultures. The drug produced ultrastructural modi-
. -3 

fications at all concentrations (0.05-1.0pg.cm ). These changes 



included distortion of nuclear shape, increase in cytoplasmic 

membranes, decrease in the number of food vacuoles, absence of 

pseudopod formation, mitochondrial abnormalities and increase in 

autophagic vacuoles. These alterations became more pronounced with 

increased exposure time and concentration of a mphotericin B. 

In 1969, Carter suggested that amphotericin B be tried in the 

treatment of PAM by simultaneous IV and IVent administration; the 
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-1 
doses recommended were - 0.25 mg .kg IV and 1.0 mg into th e cerebral 

ventricles in the first 24 hours. Subsequently such treatment was 

tried on two patients in the U.S.A. (Duma et al., 1971) and on two 

patients in Australia (Carter, 1972). A description of the trea tment 

regimen for these cases can be found in section 1.7. 

Although all four of these patients died autopsy findings are of 

interest. In the second case of Duma et al. (1971) viable organisms 

could not be isolated from fresh necropsy tissue and in the first case 

organisms were cultured from only one small, localized area, the 

cisterna cerebromedullaris . Wet preparations of CSF from bo th pati ents 

just before death showed poorly motile organisms that were rounded up, 

vacuolated, granulated and ruptured. 

In the fatal case reported by Apley et al. (1970) (described in 

section 1.7 along with two other cases) amphotericin B was administered 
-1 

only by the IV route at a concentration of 0.25 mg.kg increasing to 
-1 

1 mg.kg over one week . On the seventh day after admission 650 

amebae.mm- 3 were seen in the CSF but many appeared to be dead. The 
-3 concentration of amphotericin B in the CSF was 0.184 pg. cm . On the 

eleventh day after admission the CSF contained no amebae and the 
-3 amphotericin B concentration was 0.224,µg.cm . 

Although adequate l evels of amphotericin B were present in the 

CSF the patient died. However, soon after admission he stopped 

breathing and thereafter was kept alive by a respirator. The severe 

cerebral changes found at necropsy suggested anoxic damage as well as 

continued amebic invasion. As in the case of Duma et al. (1971; 

Patient 3) amebae were not seen in all areas of meningitis but found 

only in a localized area, in this case the brain stem. 

The second and third cases reported by Apley et al. (1970) were 

treated in the same way as case one. Amebae were not seen in the CSF 

of. either patient but were cultured from the CSF of case two. The 

authors .believe that the third case was only a doubtful case of PAM 

but case two was a case of Naegleria meningo-encephalitis and survival 



can be attributed to amphotericin B. The success in treatment at 

relatively low levels of amphotericin B being due to treatment 

beginning early in the course of the disease. 

Griffin (1976) has disputed the diagnosis of Naegleria 

meningo-encephalitis in the cases described by Apley et al. (1970). 
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He states that "Naegleria, by phase contrast does not look like the 

amoeba from the CSF illustrated by Apley et al., while Acanthamoeba 

does. Also the description 'they had three or four spiky pseudopodia 

and moved very slowly' describes Acanthamoeba in CSF but not~- fowleri 

or~- gruberi which are monopodial in locomotion." The Naegleria spp. 

isolated from these cases proved to be B· gruberi and careful experi­

ments showed it to be nonpathoge nic in mice (Warhurst et al., 1970; 

Saygi et al., 1973) and as do other N. gruberi it dies at febrile 

t emperatures (Griffin, 1972). 

Griffin (1976) contends that an Acanthamoeba was involved in 

these cases and sulphadiazine, which was given on admiss ion, was 

responsible for the prolonged survival in the first case and survival 

in the second. Culbertson et a l. (19 65) showed that Acanthamoebae 

were effected by sulphadiazine in vivo. The~- gruberi isolated, 

Griffin believe s was a secondary invader . No Acanthamoebae were 

cultured from the CSF of patient 1 taken two days after admission 

but the presence of sulphadiazine may have prevented Acanthamoeba 

growth. 

In reply to Griffin (1976 ), Warhurst et al. (1976) believe 

"that there is no evidence for Dr. Griffin's theory that the N. 

gruberi was not the primary pathogen in this case". Acanthamoebae 

were spec i fically looked fo r and throat and nasal swabs and CSF 

samples were treated appropriately but no Acanthamoebae were found. 

The contention that the sulphadiazine would have eliminated ·any 

Acanthamoebae is disputed as amebae were seen to be still moving, 

although very sluggishly, in a specimen of CSF taken four days after 

the patient received both sulphadiazine and amphotericin B. Finally, 

Stamm (1974) confirmed the cultural evidence that~- gruberi was 

present by visualizing amebae in histologic brain sections with 

anti - ~- gruberi immunofluorescence. He did not obtain any 

labelling with Acanthamoeba antisera. 

The first survival were there is definite proof that~- fowleri 

was involved and survival can be attributed to amphotericin Bis the 

case reported by Anderson and Jamieson (1972). In this case ampho-
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-1 
tericin B was given IV at a dose of 1 mg.kg immediately the diagnosis 

was confirmed. The patient was comatose when treatment began but within 

two days he became afebrile and was talking rationally. After five 

days the CSF white cell count had fallen from an initial count of 
-3 -3 

12,000.mm to 15.mm but many atypical amebae were still present. 

Amphotericin B was therefore give n IT and later IVent in small do ses 

(0.1 mg on alternate days) and the fluid gradua lly cleared. This case 

illustrates the need to administer amphotericin Bat the maximum poss­

ible dose immediately PAM is suspected. This has been confi rmed in the 

case reported by Siedel et al. (pers. comm. 1978). Initially ampho-
-1 

te ric in B was given IV at a dosage of 1.0 mg.kg plus 1. 5 mg IT. On 

transfer to Harbour General Hospital the dosage of amphote ri cin B was 
-1 

increas e d to 1.5 mg .kg p er day d ivid ed bid for three days and then 
-1 

reduced to 1.0 mg.kg per day for six days. IT administration of 

1. 5 mg per day was cont i nu ed f or two days and then reduced to 1.0 mg 

every other day for eight days (Table III). 

The problem o f raised intracrani a l pressure i n PAM a nd the 

diff icu lty of get ting drugs into swollen brains (Carter, 1972) often 

means corticosteroid s e.g., dexamethasone,are used but this raises 

problems of redu ced efficacy of ampho t eric in B. As a po l yene antibiotic 

amphotericin B binds to sterols and the similar lipid molecular struc­

ture of corticosteroids and the lipid constitue nts of the cell membrane 

of the ameba may cause the amphotericin B to c ombine with the corti­

costeroids. Mandal et al. (1970) found that 50 time s the concentration 

of amphotericin B was required to inhibit growth of~- fowleri isolates 

in the presenc e of dexame thasone at concen t rations between 0.00025 and 
-3 

0.25f'g.cm . In the case s of Duma et al. (1971) d exametha sone may 

have lower ed the available amphotericin B so eff ec tive l eve ls were not 

achieved. Seidel et~- (pers. comm. 1978) used dex ame thasone and 

also diphenylhydantoin (Dilantin) for increased intracranial pressure 

and seizure activity respectively. Amphotericin B was given at much 

higher doses than in the case of Duma et al. (1971) so the antagonist i c 

effect of dexamethasone was probably overcome and effective levels of 

amphotericin Breached. 

Although effective, amphotericin B therapy is limited by its 

extreme toxicity (Utz et al., 1964; Goodman & Gilman, 1975). IV therapy 

is complicated by phlebitis, hypokalaemia, anemia and nephrotoxicity. 

Heparin can be added to the infusion to combat phlebitis and alkali 

therapy may prevent nephrotoxicity during prolonged treatment (Goodman 
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& Gilman, 1975). Seidel et al. (pers. comm. 1978) reported several 

complications to therapy which included, raised serum creatinine 

levels believed to be secondary to amphotericin B toxicity and severe 

anemia with low reticulocyte count that was resolving at discharge . 

The toxicity of amphotericin B has prompted the investigation 

o f synthetic d erivatives of amphotericin B. Amphotericin B methy l 

ester which is a water soluble d erivative of amphotericin Bis reported 

to b e considerably less toxic than the parent compound (Bonner et al., 

1972; Keim et al., 1973; Fisher et al., 1975). In addition it exhibits 

the full antifungal activity of the parent compound (Mechlinski & 

Schaffner, 1972). In primates Jagdis et al. 0977) showed that a dose 
-1 

of 5 mg amphotericin B methyl ester.kg yielded concentrations in 

serum that were 7.2 to 12. 2 times higher than those resulting from 
-1 

1.0 mg amphotericin B.kg du ring the eight hour post-infusion period. 

Maximal concentrations of the methyl ester in serum after 10 and 15 
-1 - 1 

mg.kg doses were i n the same range as those obtained with a 5 mg.kg 

dose. 

Visvesvara et al. (1975b) found that amphoteri c in B methyl ester 

was amebicidal for two strains of B- fow l eri at a concentration of 
-3 

10 ~l.cm . In vivo trials were reported to be in progress. The 

results of these will d etermine futu re use of the methyl ester in 

treatment of PAM . 

In the hope of bei ng able to reduce the concentration of 

amphotericin B required, the use of drug combinations was investigated 

(Figures 29-32; Tables XVII & XVIII). Amphotericin B has been shown 

to potentiate the action of otherwise ineffec tive antibiotics against 

fungal species (Kwan et al., 1972). Huppert et al. (1974) reported 

effective treatment of experimental Coccidiodomycosis in mice with a 

combination of amphotericin Band tetracycline. Effective treatment 

was achieved with a quarter the dosage of amphotericin B. Amphotericin 

Bused together with rifampicin has been found to be more effective 

than either drug alone when tested against Candida albicans (Medoff 

et al., 1972) and Aspergillus (Kitahara et al . , 1976b) in vitro and 

against Histoplasma capsulatum and Blastomyces dermatitidis in vitro 

(Kobayashi et al . , 1972, 1974) and in mice (Kitahara et al., 1976a). 

Also suboptimal doses of amphotericin Bin combination with either 

rifampicin or 5-fluorocytosine were better than single-drug therapy 

in the treatment of disseminated Aspergillus fumigatus infection in 

mice (Arroyo et al., 1977) . 
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Rifampicin is a broad spectrum ant i microbial agent with activity 

against bacteria, mycobacteria and fungi (Goodman & Gilman, 1975; 

Garrod et al., 1973). It is believed to inhibit DNA-dependent RNA 

polymerase activity. Rifampicin was tested against two Naegleria spp. 

in vitro. Figures 5 and 6 show that Naegleria spp. are not susceptibl e 

to l eve ls-' lOO~g.cm- 3 rifampicin. Only at 500,.ug.cm-
3 

did the amebae 

show any signs of drug damage . A similar effect was seen in cell 

culture (Table X). A CPE developed and viable amebae where recovered 
-3 

at the highest concentration tested ( 100 pg. cm ) • Rifampicin was toxic 
-3 

to the Vero cells at a concentration of 50,flg.cm . Thong et al. (1977) 

tested rifampicin in axenic culture against~- fowleri a nd found an 
-3 

inhibitory effect at a conc entration of lOO_µg.cm . This difference 

is probably due to the lower inoculum size used by Thong et al .. 

Tetracycline wa s also inves t igated in axenic cu lture and the 

cell culture system. This drug is a broad spectrum antibiotic with 

proven activity agai nst other protozoan diseases (Goodman & Gilman, 

19 75). For both~- gruberi (Pl200f) and~- f owleri (MsT) a slight 

r eduction in numbers was recorded with concentrations of 50 and 100 
-3 

f g . cm (Figures 3 & 4) in axenic cu lture. 
-3 

inhibition of N. fowleri with lO_µ g .cm . 

Tho ng et al. (1977) report 
-3 

In cell culture 50 l'g .cm 

completely inhibited the formation of a CPE although viable amebae 
-3 

were present after the six day exposure. At 100 ;g. cm no viab l e 

amebae were recovered (Table IX). The difference in the effectiveness 

of tetracycline s een in axenic and cell culture is probably a reflec­

tion of inoculum size. Tetracycline had no toxic effect on the Vero 
-3 

cells at all the concentrations tested (10-lOOf'g.cm ). 

Amphotericin B a nd tetracycline were investigated for a 

synergistic effect against Naegleria spp. in both axenic and cell 

culture. In axenic culture when 50_f'g.cm-
3 

tetracycline is used in 

combination with two different concentrations of amphotericin B, 
-3 -3 

O. 25 f'g.cm and 0.5 pg . cm no significant difference is seen from 

that obtained with amphotericin B alone. Only when tetracycline was 

present at a concentration of lOOj<g.cm-
3 

was any synergistic effect 

seen (Figures 29 & 30). 0 . 25_µg.cm-
3 

amphotericin Band lOOf'g.cm- 3 

tetracycline was amebicidal in 96 hours. With 0.5,f'g.cm- 3 amphotericin 

Band lOO)'g.cm- 3 tetracycline the time required to completely steri­

lize the medium was reduced from 96 to 72 hours. 

Synergistic activity between amphotericin Band tetracycline 

was also seen in cell culture (Table XVII). Concentrations of 
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0.05,,Ug.cm- 3 amphotericin Band 50J'g.cm- 3 tetracycline completely 

protected the Vero cell monolayer and no amebae were recovered. These 

concentrations are much lower than those found in axenic culture. If 

the drugs are added once the amebae h ave e stablished a CPE a situation 
- 3 

closer to the clinical picture is obtained . In this case O.lj<g.cm 

amphotericin B and 100 fig.cm- 3 was amebicidal. When used alone a 

concentration of 0.2514g.cm- 3 amphotericin is required for the same 

result . 

A synergistic effect has been reported in vivo between 

amphotericin Band tetracycline by Thong et aL (1978a). They tested 
-1 

tetrac yc line a lone at d osages of 50, 100 and 150 mg . kg given once 

daily IP. At the highest dose although th e mortality was 100% there 

was prolongation of the mean survival time to 13 . 4 days compared with 

7.4 d~ys in untrea ted mice . With amphotericin B alone at a dose of 
-1 

2.5 mg.kg per day 28 . 6% of the mice survived. The survival rate was 

increased to 66 .7% and 84 . 6% i n mice who received the combined schedul es 
-1 -1 

of 2 .5 mg . kg amphoterici n B p lu s 100 mg .kg tetracycline, respec t-

ively . 

Amphotericin Band rifampici n were also investigated for 

possib l e synergistic activity (Figures 31 & 32; Table XVI II ) . In 

axenic culture a marked synergistic effect is seen, greater than that 

seen between tetracycline and amphoteric in B. A synergistic effect i s 

seen when either 10 or 50f-g.cm- 3 rifampicin is combined with 0.25 

)"g.cm- 3 amphotericin B, the inhibito ry effect being greater with the 

higher concentrat ion of rifampici n (Figure 3 1). When ri fampici n, at 

10 and 50 )-' g.cm- 3 is combined with 0.Sf'g.cm- 3 amphotericin B the time 

required to completely sterilize the media is reduced from 96 to 72 

and 48 hours respec tively (Figure 32). 

However in cell culture rifampicin appears to a ntago n ize the 

action of amphotericin B. Alone amphotericin Bis amebicidal at 
-3 -3 

O.l_µg.cm but viable amebae can be r ecovered when 10 and 50;,<g.cm 

rifampicin is also present with this concentration of amphotericin B 

(Table XVIII). This effect is thought to be due to the cytotoxic 

nature of rifampicin which appeared to make the cells more susceptible 

to the amebae. Rifampicin is cytotoxic at a concentration of 50,,.ug. cm 3 

(Table X) and when used at this concentration together with either 

0.05 or O.l)'g.cm-3 amphotericin Ba combined CTE and CPE develops 

which is greater than the CTE caused by rifampicin alone. 
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Thong et al. (1979) investigated the effect of amphotericin B 

and rifampicin against~ fowleri infection in mice . They found that 

rifamyci n (the parent compou nd of which rifampicin is a semi-synthetic 

d erivative), injected IP at 50, 100 and 150 mg . kg-l per day had no 
-1 

effect on the course of the disease. A dose of 2.5 mg.kg amphotericin 

B per day resulted in a 10% survival rate. A similar survival rate 
-1 

o ccurr e d when 100 mg . kg rifamycin per day was combi ned with the same 

dose of amphotericin B but was increased to 40% in the group receiving 

amphotericin Band 150 mg .kg-l per day rifamycin. 

In Man, brain and CSF level s of rifampicin have been shown to be 

appreciably lower than blood l eve ls. D'Oli veira (1972) found a CSF: 

plasma ratio of 20% in early tuberculous meningitis. This figure 

results from the high degree of p l asma protein binding of r i fampicin, 

so that only 20% of t otal drug is free l y diffusable a nd ab l e to pene­

trate into the CSF. Rifampicin was given orally by D'Olivei r a (1972) 

in d ivided doses totalling 600 mg daily in ten cases of probable 

tuberculous meningitis . The highest CSF concentration occurred on the 
- 3 

second day of treatment an d r anged from 0.12 to 1. 37 µg.cm . Leve ls 

tended to fall by the fourth day of treatment . Detectable CSF rifam­

pici n levels were on l y found by Sippel et al . (1 974) in patients with 

meni ngea l inflammat ion. 

Ri f ampicin was administered orally at a dosage of 10 mg . kg-l per 

d ay divided tid for n ine days in the case of Siedel et a l. (pers . comm . 

1978 ) (Table III). It's effect in this c ase is difficu lt to evaluate 

in view of the h igh dose of amphotericin B given but as a s y nergistic 

effect has been shown both i n vitro and in vivo i ts use in the treat­

ment protocol can only b e regarded as advantageous. 

A greater synergistic effect was shown to occur between 

amphotericin Band tetracycline (Figures 29 & 30, Table XVII) . This 

has been confirmed by Thong et al. (1978a) in vivo. In view of the 

clinical experience with tetracycline in other infections (Goodman & 

Gilman, 1975), its use in combination with amphotericin Bin the 

treatment of PAM is recommended. For IV injection a dose of 500 mg 

tetracycline administered by slow infusion is recommended for adults. 

CSF levels of 10% that of the plasma levels have been found for 

tetracycline (Garrod et al., 1973). Wood and Kipnis (1954) studied 

the CSF levels achieved in patients in the convalescent stage of 

poliomyelitis and found that six hours after a single IV dose these 
. -3 

ranged from 0.16-0.62 /'g.cm • Six hours after the last of three 



doses given at six-hourly intervals, the tetracycline levels ranged 
-3 

from 1.25-5.0)<g.cm . 
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5-Fluorocytosine, like amphotericin Bis primarily an antifungal 

agent but is of low toxicity (Block & Bennett, 1972). 5-Fluorocytosine 

exerts its chemotherapeutic effect by conversion within sensitive 

fungal cells to 5-fluorouracil, a known metabolic antagonist. 5-

Fluorocytosine had no activi ty against Naegleria spp. when tested in 
-3 vitro in axenic culture at concentrations 4 100 g.cm (Figures 7 & 8). 

Duma and Finley (1976) tested 5-fluorocytosine against six strains of 

N. fowleri isolated from human cases. No effect was seen at a concen-
-3 tration of lOO_µg.cm . Das (1975) reports an amebicidal effect 

-3 pathogenic Naegleria at a concentration of 200_µg.cm in axenic 

culture. 3 The number of amebae in this test was only 5 x 10. 

on 

Polymyxin B sulphate is a surface-active bactericidal antibiotic 

which alters the permeability of the bacterial cell enve lope by binding 

to the negative ly charged phospholipid component and causing cell lysis 

(Newton, 1956) . Eukaryotic cells also contain phospholipids in their 

cell membranes and it was reasonable to expect polymyxin B to disrupt 

permeability barriers in them as well. Two studies have shown this to 

be true in the yeasts Candida tropicalis (Nicholls, 1970), Saccharo­

myces cerevisiae and Candida albicans (Schwar tz et al., 1972). 

Mandal et al. (1970) reported that a~- fowleri sp. isolated 

from a case of PAM was not susceptible to levels of polymyxin Bin 

excess of those attainable therapeutically in humans. Duma and Finley 
-3 (1976) tested polymyxin Bat a concentration of 100;,<g.cm and found 

it had no effect on six~- fowleri strains. Polymyxin B was tested at 
-3 -3 100 and 500 units.cm (12.7 and 63.5 g.cm ; Garrod et al., 1973) 

and was found to have no effect on either N. gruberi (Pl200f) or N. 

fowleri (MsT) (Figures 9 & 10). 

Miconazole is a substituted 1-phenyl~imidazole synthesized at 

Janssen Pharmaceutica in Belgium, which inhibits the growth of most 

pathogenic fungi and of gram positive bacteria but has no effect on 

gram negative bacteria. Antifungal and antibacterial activity is due 

to interference with the permeability of the cell wall and plasmalemma 

and to interference with mitochondrial and peroxisomal enzyme systems 

resulting in a drug-induced peroxide accumulation (Miconazole - Systemic 

Use. Preclinical reports provided by Ethnor Pty. Ltd.). 
-3 

Nagington and Richards (1976) reported a 48 hour MIC of 10,µg.cm 
when miconazole was tested on~- gruberi. Thong et al. (1977) showed 
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-3 
slight inhibition on B· fowleri at 10 and lOOfig.cm . Duma and 

Finley (1976) report mean minimum motility immobilizing concentrations 

above 39.69)lg.cm- 3 for six strains of Ii• fowleri. Mean MIC's at 24 
-3 

hours ranged from O. 78 to 25 )'g.cm and at 48 hours were reported 
-3 

between 0.98 and 1.97 _µg.cm . 

The susceptibility of Naegleria spp. to miconazo l e was confirmed 

in this study (Figures 11 & 12). The non-pathogenic N. gruberi (Pl 200f) 

appeared more susceptible with an MAC of 10 ;<g. cm 
-3 For the pathogenic . 

species Ii• fowleri (MsT), 50 /<8· cm 
-3 required to kill all the amebae was 

in 96 hours. In cell culture, B- fowleri (MsT) was susceptible at 
-3 

5;c.g.cm when the drug was added at the same time as the amebae. Once 

a CPE had been established 10;,<g.cm- 3 was required to halt the progres­

sion of the CPE . No viable amebae were recovered. But miconazole was 

found to be toxic to the Vero cells at a concentration of 5 Jig. cm - 3 

(Table VII). 

R41,400 is a newly synthesized member of the imidazole group 

of drugs which appears to share many of the properties of the other 

imidazoles such as miconazole and clotrima~ole . R41,400 differs 

however from most other imidazoles in one important aspect, it is 

water-soluble . This means that there are no problems with regards the 

solubility of agents when testing in vitro and also may have important 

clinical implicat ions in that solvents or vehic les required to obtain 

stable pharmaceutical preparations are not needed (Dixon et al ., 1978). 

In vitro activity of R41,400 compared favourably with miconazole 

when tested against the filamentous stages of the etiologic agents of 

systemic and subcutaneous mycoses (Dixon et al., 1978) . Preclinical 

tests by Janssen Pharmaceutica report in vivo efficacy in the treat­

ment of superficial and systemic fungal infections. 

In axenic culture R41,400 showed activity against both pathogenic 

and non-pathogenic Naegleria spp .. N. fowleri (MsT) appears more 

susceptible than B· gruberi (Pl200f) and at a concentration of 10 
-3 ,µ,g.cm no viable amebae were recovered after 96 hours exposure 

-3 
(Figure 14). Even at a concentrat_ion of 25 .f'g· cm 96 hours was still 

needed to give a complete amebicidal effect. For Ii• gruberi (Pl200f) 
-3 -3 

lOfig.cm was only inhibitory and a concentration of 50pg.cm was 

needed before an amebicidal effect was seen (Figure 13). R41,400 was 

also effective in cell culture against N. fowleri (MsT) (Table VIII). 
-3 A concentration of 5 ug.cm was inhibitory when the drug was added 

at time= 0 and time= three days but viable amebae were still 
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recovered. 
-3 

Only at l0;<g,cm were no viable amebae found after the 

six day exposure period. R41,400 was cytotoxic at a concentration 
-3 

of 10 f'g. cm . 

A comparative summary of results of miconazole and R41,400 

activity against B· fowleri (MsT) is provided in Table YJrv. In axenic 

culture R41,400 appears more effective than miconazole. In cell culture 

the concentration of miconazole required for inhibitory and amebicidal 

activity is dependent on the number of amebae present whereas R41,400 

does not show this effect. But these drugs show a two-fold difference 

in cytotoxicity with R41,400 being less toxic. 

In view of its efficacy in vitro against N. fowleri (MsT) 

preliminary experiments were carried out with R41,400 in vivo. The 

results of these experiments are shown in Tables XXII, XXIII and XXIV. 

A number of points should be noted r egardi ng these experiments: 

1) The virulence of N. fowleri (MsT) appea red to have 

diminished since it was first isolated from a case 

of PAM in 1976 . Cursons et~- 0 978) reported that 
4 

an inoculum of 5 x 10 amebae caused death of all 

mice in five to eighteen days when inoculated 

intranasally . 

2) No dosage schedules for IP administration are available 

for R41,400. All preclinical data involves oral 

administration of the drug. 

3) No assays of mouse serum were carried out to determi ne 

if effective levels were reached. 

From the results of in vivo testing R41,400 appeared to exert 

a deleterious rather than curative effect on N. fowleri infection. At 
-1 

the highest daily dose used (40 mg.kg ) the survival time of the mice 

was reduced. This effect was most marked when the drug was adminis-

tered in one daily dose where the average time of death decreased 

from 9.0 days, in control mice to 4.6 days (Table XXII). At the 

lowest daily dose -1 
increased (10 mg.kg ) an survival time resulted 

when the drug was administered only once daily but when divided into 

twice daily doses the average time of deaih was less than that of the 

controls. Preclinical data on R41,400 shows that serum concentrations 

in experimental animals fall rapidly within eight hours of administra­

tion and this is the reason twice daily dosing was tried. But at the 
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Table XXV: The Effect of Miconazole and R41,400 on N. fowleri (MsT) 

METHOD OF TESTING 

1. In vitro a xenic drug testing --

2 . Cell culture drug t esting 

Drug added a t time= 0 -

Drug added at time = 3 days-

3. Cytotox i c dose 

MAC 

MIC 

MAC 

MIC 

MAC 

INHIBITORY OR AMEBICIDAL 
CONCENTRATION OF 

MICONAZOLE 
- 3 pg. cm 

so 

1-5 

5 

5 

10 

5 

R41, 400 
-3 µg.cm 

10 

5 

10 

5 

10 

10 
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lowest dosage schedule this appeared to have a deleterious effect. The 

maintainence of high serum levels may be affecting the immune system 

of the mice . 

These experiments were only preliminary and obviously more 

work is n ecessary . The dosages chosen appear too high and may have 

affected the immune system ther e by making the mice mor e susceptible to 

N. fowleri infection. Miconazo l e, which appeared more toxic in cel l 

culture tests, has been administered twice daily to mice at a dose of 
-1 

70 mg .kg in the treatment of coccidiodomycosis (Preclinical data). 

No in vivo t e sts have been carried out with miconazole as yet 

but its in vitro efficacy warrants such trials. More information is 

availab l e about miconazole in clinical trials and this may guide 

futu re t esti ng of R41,400. The highest dosage for human infections 

recommended by the manufacturers is 3600 mg .day-i given in three IV 

infusions, each administered over a period of 30 mi nutes to one hour. 
-1 

This dose i s equiva l ent to approximately 54 mg .kg Fo r fungal 

meningitis IT therapy is a l so recommended at a dose of 20 mg . 

Mico nazo l e was inc l uded by Sied e l et al. (pers. comm . 1978 ) in 

the treatment of a human PAM cas e . The doses employed were IV 350 
- 2 

mg . m per day divided tid for n ine days and 10 mg I T f or two days 

dec r easing to 10 mg every other day for eight days . The ro le micon­

azole played in the su rvival of this case cannot be evaluated as in 

vivo activity is unknown. 

Another imidazo le derivative, clotrimazole ha s been shown to b e 

effective i n vitro against 18 strains of N. f owl eri. The MIC ranged 

from 0.03 to 0.215,µg.cm- 3 and the MAC, deter mined after five days 
-3 

exposure, from 0.125 to 0 .25,J!g.cm (Jamieson, 1975). Jamieson and 

Anderson (1974) showed the amebicidal e ffect varied with inoculum 
-3 

si ze. Clotrimazole was amebicidal at a concentratio n of 0.15.f<g.cm 

with an inoculum of 730 amebae but fail ed to prevent the growth of 

7,300 and 73,000 amebae at this concentration. 

In in vivo studies clotrimazole failed to prevent~- fowleri 
-1 

infection in mice, with doses twice daily of 50 mg.kg given orally, 

when treatment was begun immediately after intranasal inoculation of 

the amebae (Jamieson, 1975). The serum leve~s achieved in mice in 

the first 32 hours after infection should have been sufficiently high 
-3 

to inhibit amebic multiplication. A peak level of 6fig,cm was 
-1 

found three hours after a single dose of 50 mg.kg . 
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Although clotrimazole appeared effective in vitro this finding 

was not substantiated in vivo. A similar result appears to be true 

for R41,400 although further experimentation is necessary. To date 

therefore the only drug effective in the treatment of PAM is ampho­

tericin B. It is essential that the maximum possible dose is 

administered immediately the diagnosis is confirmed. The simultaneous 

administration of tetracycline would also be recommended. 

5.2. Treatment of Acanthamoeba Infections =======-===-==--==-=---==---==-=----

Treatment of infections due to Acanthamoeba spp. has to date 

been totally unsuccessful (Kernohan et al., 1960; Jager & Stamm, 1972; 

Robert & Rorke, 1973; Nagington et al., 1974; Sotelo-Avila et al., 

1974; Bhagwandeen et al., 1975; J ones et .§1., 1975; Ringsted et al., 

1975; Marti nez et al., 1977). The main problem encounte red with AM 

is the difficulty in di agnosis of the disease and a ll cases have been 

di agnosed post-morten. Even in advanced cases there is a lack of 

specific symptoms and signs indicative of the disease and no amebae 

are seen in the CSF (Chang, 1974a) . Nasal and th roat swabs may provide 

more informa tion. 

In 1972, Carter suggested that sulphadiazine should always be 

used as well as amphotericin Bin the treatment of PAM in case the 

amebae should occasiona lly prove to be Acanthamoebae. In 19 65 

Culbertson et al. had showed that sulphadiazine was effective in 

protecting mice from infection with A. castellanii. When t en control 

mice were inoculated intranasally with 500 Acanthamoeba all were dead 

within seven days. When sulphadiazine, incorporated into the diet, was 

given at dosages of 4, 8 and 12 mg daily all the mice survived. Treat­

ment was :begun on the day of infection. When the sulphadiazine, at a 

dose of 15 mg daily, was begun 72 hours after infection a 90% survival 

rate resulted but was reduced to 70% when the treatment was begun 96 

hours post-infection. 

To date the only clinical experience of the effectiveness of 

sulphadiazine in humans is that reported by Nagington et al. (1974) 

(Case 1) where it was used to treat an eye infection. Sulphadiazine 

was given at a dose of 500 mg six-hourly but the infection did not 

respond to treatment. Unfortunately this treatment was begun six 

months after the first symptoms when the infection was advanced. 
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Although effective against Naegleria spp. arnphoteric i n B has 

been shown to be ineffective in vitro against a number of Acanthamoebae 

spp. at levels attainable therapeutically in humans. Duma and Finley 

(1976) and Visvesvara and Balamuth (1975) reported that arnphotericin B 
-3 

at a concentration of 50/"g.cm had no effect on Acanthamoeba spp .. 

Casemore (1970) reports marked inhibition by lOOf'g.cm- 3 amphotericin 

B against six strains of!::.- castellanii. A report by Nagington and 

Richards (1976) on the susceptibility of A. polyphaga and!::.- castellanii 
-3 isolated from eye infections gives an MIC of l)'g.cm . The inoculum 

size used by Nagington and Richards (1976) was 5 x 103 amebae.cm- 3 . 

A marked difference in the susceptibility of the two species 

used in this study was found with amphotericin B (Figures 15 & 16). The 

non-pathogenic!::.- castellanii (1501) was not effected at levels~ 100 
-3 -3 

pg.cm whereas for!::_. culbertsoni (A-1) lOOj<g.cm was amebicidal. 

The variation in results found in the different studies and between 

different species a nd strains is puzzling. Differences between studies 

may result from the different media used, screening techniques, and the 

size of the inoculum and this emphasizes the need to standardize 

testing. Differences between species and strains may reflect different 

sterol concentrations in the cell membrane. 

The antifungal agent, 5-fluorocytosine, which has no activity 

against Naegleria spp. is active against Acanthamoebae. Casemore 

(1970) reported an amebicidal concentration of lOOpg.cm- 3 and inhi­

bition in the range of 12.5 to 50,,ug.cm- 3 against six strains of 
-3 A. castellanii. Das (1975) found that 200 fl g. cm was needed for an 

amebicidal effect against!::.- culbertsoni in axenic culture with an 

inoculum of 5 x 103 amebae.cm- 3 . Jones et al. (1975) studied the --
effect of 5-fluorocytosine on an!::.- polyphaga strain isolated from a 

human eye infection. In axenic culture with an inoculum of 5 x 10
4 

-3 -3 -3 
amebae.cm the MIC was 25,µg.cm and the MAC was lOOJtg.cm • 

Duma and Finley (1976) found in their study that two strains of 

A. castellanii and three strains of!::_. polyphaga were not inhibited by 
-3 concentrations of 5-fluorcytosine up to 100 pg. cm • The inoculum 

3 -3 size used was only 2 x 10 .cm but the amebae were grown in an en-

riched media, containing pyrimidines which probably had an antagon­

istic effect on :the 5-fluorocytosine. 

In this study both!::_. castellanii (1501) and!::_. culbertsoni 

(A-1) were found to be susceptible to levels of 5-fluorocytosine 

ranging from 10 to 250.,.Ug.cm- 3 (Figures 21 & 22). In contrast to 
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Stevens and O'Dell 0974), who found that concentrations ~ 10,,ug.cm- 3 

5-fluorocytosine were amebicidal to the avirulent strain but the 

virulent strain was capable of growing in the presence of 40_µg.cm- 3 , 

the pathogenic A. culbertsoni (A-1) appeared more susceptible than the 

non-pathogenic A. castellanii (1501). For A. castellanii (1501) there 

was little difference in the pattern of susceptibility at concentrations 
-3 between 10 and 250pg.cm . For A. culbertsoni (A-1) an initial 

period of growth followed by inhibiti on occurred at concentrations 
-3 -3 between 10 and lOO_µg.cm . Only at 250,Pg,cm was the inhibitory 

effect seen throughout the 96 hours exposure. 

In cell culture (Table XII) 50 ;<g,cm- 3 inhibited the formation 

of a CPE by ~- culbertsoni (A-1) when the drug was added at the same 

time the amebae. Only at 250 _µg. cm -3 was the drug amebicidal. Once as 

the CPE had begun to form concentration of -3 even a 250 )'g. cm did not 

halt the progression of the CPE. This . effect has been confirmed in 

in vivo studies by Stevens and O'Dell (1974). Mice infected with A. 

culbertsoni (A-1) and receiving a single daily 3 mg dose of 5-fluoro-
-1 

cytosine (200 mg .kg ) from the onset of infection showed a significant 

increase in survival over the controls. But when the drug treatment 

was initiated 24 hours post-infection or later, no significant differ­

ence was obtained. The authors found numerous amebae in the brain 

tissue of infected dead mice that had received intensive treatment with 

5-fluorocytosine and believe that the ineffectiveness of the drug was 

due to the organisms capacity to develop resistance, thought to be due 

to a change in the cell membrane. The use of 5-fluorocytosine as an 

antifungal agent has also been limited by the ability of fungi to 

develop resistance (Shadomy, 1970; Holt & Newman, 1973). Even though 

5-fluorocytosine promoted survival of A-1 infected mice when treatment 

was started at the onset of amebic infection, the failure of the drug 

to protect animals when treatment was begun 24 hours post-infection 

indicates that it may be of limited use in human Acanthamoeba infections 

(Stevens & O'Dell, 1974). 

Synergistic combinations of drugs have been found to be of 

value against Naegleria spp. (Figures 29-32; Tables XVII & XVIII; Thong 

et al., 1978a, 1979) and the possibility of the use of drug combinations 

was also investigated for Acanthamoebae. For Naegleria a membrane­

active agent, amphotericin B was found to potentiate the action of the 

otherwise ineffective agents tetracycline and rifampicin. For Acanth-



amoebae the membrane-active polymyxin B sulphate was investigated in 

combination with 5-fluorocytosine, tetracycline and rifampicin. 
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Nagington and Richards (1976) found that polymyxin B sulphate 

was inhibitory to A· polyphaga and A, castellanii, isolated from eye 
-3 3 -3 infections, at a concentration of lO?g.cm when 5 x 10 amebae.cm 

were present. Duma and Finley (1976) reported a 24 hour MIC ranging 
'- -3 -3 

from 50 to 1"l0014g.cm and a 48 hour MIC of 79.37 to ~100,?g,cm 

against two strains of~- castellanii and three strains of A. polyphaga. 

The two ocular pathogens were the most resistant to polymyxin B. 

Polymyxin B showed a slight inhibitory effect on A- castellani 

(1501) at concentrations ranging from 10 to 500 units.cm- 3 (1.27-63.5 
-3 )' g . cm ) (Figure 23). A. culbertsoni (A-1) was inhibited only at a 

concentration of 500 units.cm- 3 (Figure 24). In cell culture, polymyxin 

B had no effect on the amebae or the formation of a CPE at a concen­

tration of 500 units.cm- 3 (Table XIII). 

When used together polymyxin Band 5-fluorocytosine showed 

synergistic activity both in axenic and cell culture against~­

culbertsoni (A-1). In axenic culture when 100 units.cm- 3 polymyxin B 
-3 

is combined with either 50 or 100,f'g.cm 5-fluorocytosine the result 

is very similar to that obtained with 5-fluorocytosine alone (Figure 

33). But when the polymyxin B concentration is increased to 500 

units.cm- 3 an amebicidal effect is seen with both 50 and 1oopg.cm-3 

5-fluorocytosine within 72 hours (Figure 34). Even with the combination 

of 500 units.cm- 3 polymyxin Band lO)'g.cm- 3 5-fluorocytosine there was 

a ten-fold difference in the number of surviving amebae over that 

obtained with 10 pg. cm- 3 5-fluorocytosine alone. 

Synergistic activity of these two agents was also seen in cell 

culture (Table XIX). All the combinations tested inhibited the form­

ation of a CPE when the drugs were added at the same time as the 

amebae. Viable amebae were recovered with a concentration of 100 
-3 

14g.cm 5-fluorocytosine when used alone but the combination of 100 
-3 -3 

uni ts. cm polymyxin B plus 100 f'g. cm 5-fluorocytosine was amebicidal. 

When 5-fluorocytosine was added to the cell culture once CPE 

had begun to form no inhibitory effect was seen (Table XII). The 

combined use of polymyxin Band 5-fluorocytosine inhibited the progres-
-3 -3 

sion of the CPE at concentrations of 100 units.cm and 250J-<g.cm , 
-3 -3 -3 -3 

500 units.cm and 50 ;cg.cm and 500 units.cm and lOOf'g.cm , 
. -3 

re.s::iective.ly., _ .. An amebicidal effect was seen with 500 units.cm 

polymyxin B and 250 ~g. cm- 3 5-fluorocytosine. 
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Like other members of the family but to a lesser ext ent 

polymyxin Bis nephrotoxic and neurotoxic (Newton, 1956). The doses 
-1 

recommended for IV administration are 1.5 to 2 .5 mg.kg (12,000 -
-1 

20,000 units.kg ) per day as a single dose or divided into two dos es 
-3 

(Garrod et al., 1973) . Peak serum levels of 1.5pg.cm wer e obtained 

one hour after a dose of 60 mg . But polymyxin B penetration into the 

CSF is reported to be low (Garrod et al., 1973) and IT a dministrat ion 

is recommended . The recommended dose is 10,000 - 50,000 units given 

once daily . 

5 - Fluorocytosine is a synthetic antifungal agent of low toxicity 

that is well absorbed f rom the gastrointestinal tract. The currently 
- 1 

recommended d ose is 150 mg . kg per day divid ed into six-hourly dos es. 

Block and Bennett (1972) studied the s erum and CSF levels of 5-fluoro­
-1 

cytosi ne in five patients. At a daily dose of 100 mg.kg , one hour 
-3 

after administration serum levels ranged from 80 to lOlp g.cm and 
-3 -1 

CSF leve ls from 27 to 62 jtg.cm . At a daily dose of 140 mg.kg , two 

hours a fte r admini stration, serum levels ranged f rom 65 to 82 J' g. cm-
3 

-3 
a nd CSF leve ls from 40 to 62 p g.cm . Shadomy et al. (1969) reported 

serum lev e ls from 18 to 40 ,M g.cm-
3 

in four patients three to four hou rs 
-1 

after a dose of 150 mg.kg On average CSF l evels are about 50% thos e 

found in the s e rum. 

The combined use of polymyxin Band 5 -fluorocytosine in 

Acanthamoeba experi menta l infections warrants further investigation . 

The concentrations requi r ed may be prohibitive for systemic use but 

should be effective in Acanthamoeba eye infections. Ophtha l mic solutio ns 

co ntai ning 20 ,000 units.cm- 3 i nstill ed two to ten times per h our are 

recommended for bacterial eye infections !Goodman & Gilman, 1975). The 

drug can also b e give n once or twice daily by subconjunctival injection, 

5 to 10 mg (40,000 to 80,000 units) in 0.5 cm3 of isotonic NaCl injec­

tion solution. 5-Fluorocytosine, applied topically at 1% to 1.5% 

concentration, has been used in mycotic surface infections of the eye 

(Garrod et al., 1973) but the agent penetrates the eye poorly when 

applied topically. 5-Fluorocytosine penet r ates the CSF to levels 50% 

of those in the serum and also shows good penetration into the aqueous 

humor (Richards & Jones, 1970) and so oral therapy together with topical 

application is indicated. Polymyxin B (20,000 units.cm-
3

) and 1% 

5-fluorocytosine were used topically in a case of~- polyphaga keratitis 

(Jones et al., 1975), with no curative result. 5-Fluorocytosine was 
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-1 
also given orally at a dose of 150 mg.kg per day. However this 

treatment was not begun until one year after the infection started and 

was at a very advanced stage. 

Polymyxin B has been shown to potentiate the effect of tetra­

cycline on Saccharomyces cerevisiae and Candida albicans in vitro 

(Schwartz et al., 1973). This combination and also polymyxin Band 

rifampicin was investigated for synergistic activity against~­

culbertsoni (A-1). Tetracycline alone showed only a slight inhibitory 
-3 

effec t on both Acanthamoeba spp. at a concentration of 400pg.cm 

(Figures 17 & 18). No visual signs of drug damage could be detected 

on the amebae. This was confirmed in cell culture as no inhibito ry 

effect on the formation of a CPE by~- culbertsoni (A-1) was seen at 
-3 

all the concentrat i ons tested Cl0-l00f'g.cm ) (Table XV) . 

A similar result was found when rifampicin was used alone. No 
-3 

inhibitory effect was seen at concentrations of 50 and 100)-'g.cm on 

both Acanthamoeba spp .. At 500f'g.cm- 3 a higher proportion of c y ~ts 

were present in the test cultures (Figures 19 & 20). In cell culture, 

no i nhibitory effect was seen at concentrations of rifampicin of 10 to 
-3 

l00f'g.cm (Table XVI) . At concentrations at and above the cytotoxic 
-3 

concentration ( 50 .,ug. cm ) the Vero eel ls appeared more susceptible to 

the amebae with the effect being greater than simp ly the additive 

effect of CPE a nd CTE. 
-3 

When used in combination, 400 pg.cm tetracycline and either 

100 or 500 units.cm- 3 polymyxin B showed a greater inhibitory effect 

than either agent alone (Figures 35 & 36). With 100 units.cm-
3 

polymyxin Band 400 ;,<g.cm-
3 

tetracycline there was an initial period 

where the numbers did not change followed by a decrease in numbers 
4 -3 

of surviving amebae to 8 x 10 .cm after 96 hours. With 500 units. 
-3 -3 

cm polymyxin Band 400,.Ug.cm tetracycline the number of surviving 
4 -3 

amebae decreased to 5 x 10 .cm after 96 hours. However in cell 

cultur'e, no synergistic activity was found between polymyxin Band 

tetracycline (Table XX). 

For polymyxin Band rifampicin no synergistic activity was 

seen either in axenic culture (Figures 37 & 38) or in cell culture 

(Table XXI). In axenic culture at all the drug combinations tested, 

an initial inhibitory effect was seen in the first 24 hours but 

growth occurred in all the test cultures after that. In cell culture, 

an antagonistic rather than synergistic effect was seen. This was 
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probably due to the cytotoxic nature of rifampicin, as was found 

when rifampicin was used alone (Table XVI). 

The imidazole derivatives, miconazole and R41,400 were also 

tested for activity against the two Acanthamoeba spp •. Miconazole 

in axenic culture had no activity against either A. castellanii (1501) 
-3 

or A. culbertsoni (A-1) at concentrations£:. 100,;"-g. cm . None of the 

amebae in the test cultures showed any variation in appearance from 

the control organisms (Figures 25 & 26) . 

Nagington and Ricards (1976) reported 

miconazole for a strain of A. polyphaga and 

-3 
a MIC of l0_µg.cm 

-3 
100 fl g. cm for a strain 

of A. castellanii. These two strains were isolated from cases of 

human eye infection. The inhibitory effect could be due to the low 
3 -3 inoculum used, 5 x 10 amebae.cm . Duma and Finley (1976) showed 

that miconazole had no effect on two strains of A. castellanii and 
-3 

three strains of A. polyphaga at a concentration of l00fi g . cm . The 
3 -3 

inoculum used in this study was 2 x 10 amebae.cm From these 

results it is obvious that there are marked differences in strain 

susceptibilities to miconazo l e . 

In contrast to miconazole, R41,400 showed i nhibitory activity 

against both Acanthamoebae spp. with the pathogenic A. culbertsoni 

(A-1) appearing more susceptible (Figures 27 & 28). At all the 
-3 

concentrations tested (25-l00_µg.cm ) the amebae showed signs of drug 

damage with increased vacuolation and no visible acanthapodia. The 
-3 

MIC for !::_. cul bertsoni (A-1) was 25 _µ g. cm . After an initial period 

of growth this concentration was also inhibitory for A- castellanii 

0501). 

Although R41,400 had an inhibitory effect on Acanthamoebae spp. 

in axenic culture the concentrations required would be prohibitive 

for systemic use. In cell culture, the formation of a CPE by A. 
culbertsoni (A-1) was not inhibited even at a concentration of 50 

-3 
}'g.cm when the drug was added at the same time as the amebae (Table 

XIV). At this concentration a marked CTE occurred. 

Reports on the activity of another imidazole derivative, 

clotrimazole, against Acanthamoebae are contradictory. Nagington and 
-3 

Richards 0976) report an MIC of 0. 1 µg. cm for A- polyphaga and 
-3 

l.0_µg.cm for!::_. castellanii. Duma and Finley 0976) found that 

two strains of A, castellanii and three strains of A, polyphaga were 

not affected by a concentration of lOOµg.cm- 3 clotrimazole. 



Acanthamoebae have been shown to be susceptible to the parent 

compound, imidazole base (Verma & Kreshna Murti, 1975). After 72 
-3 

hours exposure to a concentration of 40mM (272.32,,ug.cm ) no viable 

amebae were recovered. The imidazole derivatives differ in the side 

chains attached to the parent 1,3- diazole ring. Figure 39 compares 

the structural formulae of imidazole, miconazole and clotrimazole. 

Figure 39: Structural Formulae of Imidazole base, Miconazole 

and Clotrimazole 

H 

Q 
Imidazole 

(1,3-diazole) 

0 Cl 

CH,-CH-0-CHOCI 
~ Cl -

Cl 

Miconazole 

Cl 

0-i-(C,H,), 
0 

Clotrimazole 

Unfortunately the structural formula of R41,400 has not been 

determined but this may show which of the side chains is necessary 

for activity against Acanthamoebae and provide direction for the 

synthesis of a new derivative. 
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