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SECTION I

SCOPE OF THL PROBLEM
Torulogis 18 uniformly fatal when the central nervous
system 1s involved, The object of this resesrch is to de-

termine the nutritional requirements of Torula histolytica

when cultivated in & chemically defined medium 1n hope that
such information may lead to a more asdequatis treatment for
this and allied mycotice Infections., At the same time, the
study involves the use of chemicsl compounds to combat the

causative agent both in vitro and in vivo,
SECTION II

INTRODUCTION

Clinical Regord, The fungus responsible for torulosis

in man was called Torula histolytica by Stoddard snd Cutler

(1916). At the present time the organism is glven the name

Cryptococcus neoformens or (Cryptocogcus hominis, Torula

meningitls isclated from the meninges and from lesions

simulating brain tumor or brain ebscezs, Torula Plimmer

isolated by ¥Feiss (1902) from cencer of the breast and

Torula Senfelice from an adencoarcinome of a human ovary

are now considered to be ldentical, There have been many
errly reports concerned with budding yeast-like fungi, As
far &8s we have been able to sscertain, the first cese in
which the central nervous system was implicated wes reported

by Zenker in 1861, At the same time the exmct nature of the
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causative organism was not determined; rossibly it was

Torula histolvtica, Subsequently Russe (1£84) reported ane

other case of s woman who suffered from chronic enlsrgement
of the lymph slands, She later developed & locallzed sube
periostesl infectlor of the tibia and finslly died with
multiple lesions of the skin end viscera, Turing l1life, and
later at autopsy, &n encapsulested yeast-like fungus wsas
eultivated, It wes injected by Buschke into the patient's
skin, snd was found to reproduce the characteristic lesion,

Fllchrist in 18986 dsscribed a yeast-like organism in
a2 lesion of & handy eand two years later, together with Stokes,
recovered another sirsin of the zame organism from a man
with multiple cutaneous lesions,

Curtis in 1896 described the case of a young man who
developed swellings of the lumbar region, The appesrance
of the swelling suggested to him the presence of & myxo-
sarcoma, Howaver, on microacoplical examinstion, orgsnisms
were identified which when cultivated were found to be
pethogenic to experimental snimels,

In 19028, ¥rothingham desc¢ribed & Torula specles lsolsted
from a2 tumor mass in the lung of a horse. In CGermany, von
Hansemann {(1908) isolated s yeast by lumbar puncture from
a cese of suspected tuberculous meningitis; and two yvears
later THrk (1807) of Vienna reported & case of yeast in-
fection from which he succeeded in cultivating the orgsnism,
Brewer and %ood 1In 1908 described & patient with s deep

abascess of ths basck. From this case 7insser was successful
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in isclating sn orgrenism which was definitely Toruls hisato-

laticﬁ.o

Verse (1914) found in a twenty-nine year-old woman e

widespread leptomeningitis of the brsin snd spinal cord,

On histologlicel exemination of these tissues, he noticed
celluler infiltretion with large phagooytic cells contain-
Ing yeast cells showing no sporulstion and he regarded it

as & kind of Torula, This is the first human case correctly
disgnosed g8 torulosis,

In this country torular infections were the subject of
an e8xcellent monograph by Stoddard and Cutler (1916), They
studied two cases from Cushing's clinic, and by comparetive
study with snimal inoculstion, they came to the conclusion
thet the two caeses were torular infection, At one time 1t
was thought torulosis in fAmerice wes confined to the San
Joaqulin Velley in Callifornia, but now it is «nown to be of
wider distribution., 0Only six cases hsve been reported in
Great Britsin (Smith &nd Crawford 1930, CGreenfleld et sl.
16838, Blalr and Hagsrey 1943, Tenton 1948, Tenlel 19492,
and Schiller and Vollum 194%9), In Australia, Cox and
Tolhurst (1948) collected and described thirteen cases in
10 vears,

A diffuse chronic meningo-encsphalitis is the commonest
manifestation of the infectlion, Over 120 cazes of torulosis
nave been reported in the literature., Probably a certain
number of these cases were tuberculous meningitis,

pldemlology, Torule organlsmas are spherical, yeast-
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like fungi which reproduce by budding and occur in many
foodstuffs, 7The strychnine-~like bitternes:s noted in cone
densed milk in opened cens 1s sttributed to a lower veast,
s torula, carried in stormy periods by gnates (Guyot 1945),
The drops of dried milk et the orifices of & punctured can
ere thus contaminated, This bitterness is noted before the
putrid proteolytic bacteriasl fermentation of casein occurs,
The fungus can be found 1n the mouth and on the skin
of healthy people, The conditions under which they become
pathogenie for men and animsls sre not known, Thie may
sugrest the presence of carriers, both in humans and enimsls,
Cox and Tolhurst (194€) showed that torulse in human
cerebrospinsl fluid, dried at room temperature, remained
viable and virulent for st least ten months, HRenhem (1935)
rerorted the isclation of non«pathogenic streinsg from the
Iintestinal trects of normal persons, and he proved these by

ezrlutination tests, to be Torulas histol:tica, Meyer in

12082 lsolsted 2 torula from & nasal tumor of & horse, Harrison

in 1922 named this orgsnism Torule nassllis, However, Lodder

in 1834 reported it to be identical with Toruls histolrytics,

In human infection, it is rarely possible to be gcertsin
of the vortal of entry of the organism Into the tissues, or
the channels by which it spreads, This field of resesrch
hes beun little explored, and in the sbsence of other evie-
dence, we can say thst human beings, as well 28 other animals,

mey be reservoirs of infection from which the disease 1is



Se

disseminated by contact or by sair cuxrenta, ¥Host probably

Toruls nistol tlca gains access to the body chliefly by way

of the lungs, snd from there the organlsms can spread through
the vascular and lymphetic systems, the subsarachnoid space,
snd the perivasculsr spsces with which 1t ecommunicates, and
slso through tissues which are contiguous with a focus, The
occurrence of embollc metestasis to the brsin is possible,
The pathways by whieh the orgenism gsains entry into the
lymphatic glsnde ere less obvious, At one time, it wss
thought that the orgsnism may reach the glande from the lungs
by way of the lymphetlce vessels, It 1ls possible from analogy
with other dliseasss, however, that the infection mey galn
entry to the sbdominal glands from the a2limentary cenal,

Laboratory Investigestlions. Microblological studles of

Toruls histolvtica have been made by various workers, but

most of these deal with only one or two strains which have
been incompletely studied, Fitchett and Weldman (13%4)
collected sbout twenty strsalins and studled thelr culturel
reactions,

Térul& histolvtica i3 n yeaast-like, non-sporulsiing,

non-mycelial, budding fungus and is characterized by the
development of & white cansule oth in tissus and in sulture,
The presenas of this capsule 1a made avident when mixed with

e suspensign of Indla inke 3uch preparatlons revesl thicke
wslled, ovolid to spherlesl budding cells 5 to 15 microns in
diameter, The cell body contalns irregulsr masses or granules,

73

he celle-wall may appear in single or in double contour
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gccording to adjustment of foous.

No endospores are produced snd no mycelium is developed,
Torulse Iin stained tissue sections show greut variation both
in shspe and size., In many of these sectlions the cell bodies
show no halo immedistely around them, but appear to lie in
s wide space which undoubtedly represents the cepsular sube
stance,

The buds are ususlly round or oval, thin wslled pro-
tuberances which grow and finally sepsarate as new torulse.

In some strains, the bud may attain the size of its parent
cell without becoming deteched, Both lsrge and small-sized
organisms produce buds, As & rule only one bud 18 produced
st a8 time. Cox snd Tolhurst (1848) noticed the development
of short, straight or curved tubesg or hyphee and that these
mey attain two or three times the length of the parent cell
and msy remein narrow or become bulbous in places, The

same authors made the interesting ocbservetion thet in tissues
there 18 the occasional production of very large torulae

15 to 30 micerons in dlameter, They believe these ere cal-
cified orgenisms, The calcified organism ap: ears round wlith
a granular center, and in wet preparations has g glazed and
often laminated appearance, differing from that of the normal
organism, In both normal and calcified orgsanisms, the capsule
is of approximately the same size which sugugests that the
calcifleation involves both the cell-body and the capsule,
The only record of calcified torulse 1s that of Senfelice

who descoribed them in a tumor from an ox,
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In cultures, Torula histolvtica produces small organisms

of from one to four mierons in diameter, comronly round or
ovael, The capsule is not so conspicuous in cultures ss in
the tissues, However, the addition of Indis ink to & szline
suspension shows its presence,

Drouhet and Segretain (194%) made the observetion that
nyeluronidsse caused shrinking and disasppearsnce of the cap=

sule of Toruls histolytica in vitro; & swelllng of the meme

brane to twice the shape of the cell snd an agglutination of
its contents was observed. The optimum conditions for
hyaluronidsse asctivity were 33°C. anéd at a pH of 4,50 - 4,62
in an acetate buffer,

Todd and Hermenn (1936) have sugpested for Torula

histolvtica & 1ife cycle in whieh the various types of

organisms seen in slide cells represent different stages of
growth, These workers btelleve they had discovered s sexusl
stege, and that fuslon results in the formetion of =2 single
ascospore, 1f this 18 the case, 1t would be of grest bota-
nical interest, and would wean that the organlsm is not a
true Torula becsuse it sporulates, Henrilci (1941l) slso
reported fusion bstween the cells,

Torule hlatolvytica grows readily on ordinary media

under serobic conditions., ¥Frimary cultures from the cerebro=
spinal fluid are usually m:de on enriched media such as
blood agar or serum broth, Swift snd Bull (1917) used
loveffler's serum for primsry cultures, and they stated that

no growth could be obtalned on sgar or in broth until re=
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peated subcultures had been made on serum,

On Ssboursudt's glucose sgar, at room temperature, the
colony appears glistening, mucold, and tan to brown in color,
Some authors have commented on the different types of growth
on Ssboureud's agar slopes shown by differsnt strains of

Toruls histolvyticas; one type ls firm and grows conly over

the arees of inoculation, while the other is szoft and flows
to the bettom of the tube, ost of the atrains liquefy
zelatin to a slight degree wlthin slx weeks and sometimes
within three weeks, but occaslenally not for nine or twelve
weeks, This has been confirmed by {ox and Tolhurat {(19646)
and was originally described by Benham and iels (1934),

In liquld medie such as broth or peptone water scontaine
ing sugars, only aslight opacity of the liguldé is seen, A
sediment forms at the bottom of the tube, The fermentative

power of Toruls histolytica is weak and variable, BSomne

workers (Frothinghsm, Veis, Rappeaport and Kaplan, McGehee
and Michelson) have reported no fermentation or no acid or
zas in glucose or other cugsrs,

Crone, de Grout and %ahlin (1937) tested the resistance

to heat of their strain of Torula histolytice using 48 houre

0ld dextrose agar cultures suspended in peptone broth at pH
7.2. They found that the orgenisms were killed by hestlng
in & water-bath st BO°C, for forty-two minutes., At 60°C,
the cells were killed In less than five minutes,

Kuhn (1939) made the chbservation that the tempersture

of rabblts injected with torulae rose from the normal of
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sbout 103°F¥, to betwcen 105%and 107°F.; but mice so injected
remsined afebrile (normsal tempsrature sbout 8%°F,). He be-
lleved that the difference in bhody temperature might explein
the difference in resistance to infectlion, mice being much
more suscentlble,

Cultures of Torule hlstol-tica remelin visble for weny

nanths,

The antigenle siructures of Toruls uistolitica have not

yet besn estabtlished bul are being investigated by Cox and
Tolhurat (1948),

Pethologye It has been emphssized that torulosis is a
chronic or at most a subacute infection, It therelore bDears
asome resemblance to tubereulosie in this respect, Also it
may infeect lungs snd meninges, and cause, or be assoclated
with, enlargement of lymphatic zlands, However, torulosis
is a less virulent and more chronic conditlon than tubercu-
losis, end ls less productive of severe ayrteunle disturbances,

then a nigroacopic examination is made of torula infect-
ed tissue, svidence may be found of & chronlc or at most a
subacute leslon, with c¢osllections of lymphocytes and plasma
cells, epitheliold, siant cells, and connective tlssue, with
the formation of granulomata, The distinguishing feature of
torulosls 18 the absence of & tissue reaction. Indeed within
the brain itself there 18 usually astonishingly little reasction
about the foei, or even about the large torular collectlons
in the lungs. %There is little evidence of & histological

nature for the production of any toxin by the orgsnism. The
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lesions differ also from those produced in tubsrculosis, by
absence of caseation,

The description of torulsr rmeningo-encephalitis by
“toddard and Cultsr (1918) is classzlicel, W%within the sube
erechnolid space sare found inflammstory cells such as lympho-
cytes and »laesma cells, Eptheliold and glant cells way be
exceedingly numerous, although sozetimes few, and they often
enntain torulse and 2t times seem to be disintegralting.
hoeinophile cells are rarel; found within the brain or sube
areclinold space, although they have been described in some
other tissues, The meninges show thickening, with roung
conneselive tissue and Tibroblasts, The subsrachinold space
contains Tibroblasts, Vrom these, wiih lymphocybtes, plasma
gells snd torulse 1ln verylng proportions, the granulomats
aere formed., <Caseatlion, so frequently observed in tuberculosis,
must be distinetly unususl iIn torulosis of the meninges,
gince its presence has been mentioned only by Stoddard and
Cutler {1916),

Disgnosise. For the diagnosis of torulosis, sputum, pus,
gelatinous sxudates or sediment of centrifuged splinal fluiad
should be examined unstained by placing & smell smount under
e cover lass, Also, these msteriales should be mixed with
a smell samount of India ink snd examined under a cover glass
before tlie preparation driea., Opecimens should be cultured
on 3Sebouraud's glucose agar st reoom temperature and blood
ager at 37°C., Some infected muterliels, especislly the

cerebroapinal fluid, may also be injected intrasperitoneally
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or intrscerebrelly into mlce to reproduce the disease in
these animels, & seline suspension of the culture sheuld be

*nlected into mice to distingulish the psthorenle Cryntocoecus

neoformene from some of the nor-virulent but smornhelosically

gimilear eryptocoecl (Benham 1938),

A method for identifying Toruls histolvtica hes been

described recently by Meger 2nd Aschner {(1946) based on the
production of extracellinler starckh by the orgerism in o
enecial medium, Yessts igolsted from ceses suspected of

torulegls are tranaferred to e medium contalning:

fmmonium sulfate N.1 prercent
Hegnesium sulfate 0,086 percent
Potaesium ecid rhosnhate D1l percent
Glucose 1.0 peroent

fgar 2,5 percent
Thismin 0,2 gemma per co,

Ammonium sulfate serves in this medium both as & source of
nitrogen and as a regulator of the rcidity necessary for the
production of starch. Vitamins other than thismin are not
essential for cultivation of starche-producing yeasts in
synthetic medis, After some days of incubation at 379C, the
plate is flooded with potassium lodide solution, In the

rositive cases the stireak of growth'turns deep blue,.
SLCTINR ITT

X PERIMENTAL zﬁ YITRO STUNDIES
Schmidt et al, (1649) studled various straing of

Cryptocoecus neoformans. They showed that the organism grows

vigorously in a solution containing glucose, lnorganic salts,
ammonium salts, and vitamins, Purines and pyrimidines sre

not essential and smino sclds exert merely & slight stimula-
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tory effect, In the course of thelr studies they determined
growth by ecid titration and by turbidity measurements,
Further, they showed that the orgsnlsm utiliged oxythismin
to some extent but not neopyrithismin., These enalogas did
not effectively inhibit thiamin utilization by the fungus,
The same technlque was used in the course of this investige-
tion,

The Apar Diffuslon Technigue, Preparation of the Ager

Plete: 6,5 grama of Ssbouraud's dextrose agar were dlssolved
by heating end stirring in 100 ce, of wster, The solution
thus formed was autoclaved for fifteen minutes st 15 pounds.
About 20 cc, of hot suar were poured into sterile FPetri
dishes and left standing about an hour to solidify,

Frepsration of suspension of Toruls histolstica for

inoculation of culture media on eger: A broth tube (liver
extract) was inoculated with the msterial obtained from a
Sabouraud's agar slant culture of the organism incubated
for 24 hours at 37°C. and then allowed to stand for 24 hours
at room temperature. The tube was centrifuged and the super=
natant fluid was decanted., 10 cc, of sterile saline solution
were added to the resldue and by shaking well, s homogenous
suspension w 8 obtained, The liquid culture medium wsas
inoculsted by adding one drop of this suspension to each
tube, For the agzar diffusion technlgue, 2 c¢c. of sterile
saline vwere added instead of 10 cc,

The compounds to be studied were dissolved in water,
alecohol or in propylene glicol, 0.5 ce. of the solution of

the comround under investigation, In various dllutions as
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given in Table I, were mixed with Z0 cc. of werm sterile sagar,
The agar was then poured into the Petrl dish. "The tlates
were inoculated with four radiel stresks with & sterile loop

contalning the snctive culture of Torula histolytica., The

plates were then lncubated at room tempersture, This method
can be applied to both water-soluble and water-insoluble drugs,
In all the experiments, the organism was cultlvated under
the same environmental conditions, Fropylene glyecol, alcohol,
ecetone, etec, were found to have né influence whstsoever on
the growth of the torula,.
Results of in vitro experiments by the agar diffusion

technigque: Cultures of (rvptococcus neoformans were lsolated

from local patients admitted to the Unlversity Hosplitel in
Baltimore, Maryland, Typlcal strains were selected for our
study. As a matter of fact, minor variations exist betwesn
different stralins,

The results of these experiments on the inhibition of
torula are glven in Table I. The readings were msde by visual
examination flve and ten days after incubation, Compounds
which proved inhibitory in a concentration of 0,025 mg. per
ec, Of azar were restudied In a more dilute concentration,

The writer 1s indebted to lMrs., Norma Moilvaln, Xrs, Jane
Beardsley snd to Dr, k. G, Schmidt for performing neny of the

following in vitro experiments,
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TABLE 1
"he »ffect of Various Compounds uron the Growth of Toruls

histolytica by the Agsr Plate Tiffuslon Fethod.+

T Concentration of Lrug/ce, of Ager
Name of Compound !

Jaed !
1T, Emg/cc '0.25mg/ 0610, 08bmg/cc i Q. 005mg/co
] L L

1
8§ "10°'8 '10°75 7 108 ' 10
‘days‘deys'deays'days'days'days 'days'days

A, Thioocyenates

l.%0orpholine thio- 0 0 0 0 0 0
cyanate
2eliphedrine thio- 0 0 #) 0 o 0
cyenate
Seiloxamethyltet- c c P P O 0
ramine thiocysnate
4,Choline thio=- 0 0 0 0 o) 0
cyanate
B,Barium thilo- O 0 0 O a9 0
cyenate
6,Wuinaldine thio- P 0 0 0 0 0
cyanste
T.Pithiocyeno- o c c G c c
aniline
8,Thiocyanoacet- G C ¢ c 0 0
anilide
SeThlocyano= G c G c 0 0
aniline
10,.Fhenylethanol- P 0 0 0 0 0
amine thioocyanate
1ll,5tyrene dithio- P 0 P O 0 J
cyanate
12.Potaasium thio- O 0 0 o] 0 0
cysnate
13, Sodium thio- 0 o c 0 0 0

cyrnate



TABLE I (eontinued)

1B,

Neme of Compound

T Concentration of Drug/cc, ol Agar

Used t" 2, 5ma/cc ' O, 2omg/ac ' 0, 02bmg/ce 0, N0bmg/ 6o
' ' 1 '
"8 T 10785 f1i0 ' 86 ' 10 ' 8 ' 10
'deystdays'dayatdays'days'deys 'days'days
L $ L] [ ] 8 ] ] ! 1
l4 ,m~Thiocyenoben- O 0 0 0 0O 0
Zzole nacld
15.Butardiene di=- ¢ G ¢ C c c 0 0
thiocyansate
16.,Dithiocyano=~ c C ¥ c ¢ c ¢ P
acetenilide
174.Dithioeysno alpha-P P P P P P 0 0
naphtnylamine
B, Antiblotics and sllied compounds
l.Methopterin 0 ») 0 0 0 0
2e.Chloromycetin 0 0 0 0 0 0
SesHetrazan 0 0 0 0 0 0
4,hureomycin 0 0 0 0 0 0
Hydrooecnloride
He7inc Undecylen= G c C ¢ 0 0
ate
B4Usnic Acld 0 0 G 0
Telacitracin 0 0 0 0
BeNarvisul o) 4] 0 0 0 0
9«Hykinone P P 4] 0 3 0
10es3ynkavite P P 0 0 o 0
1l.Vitamin Xg c c G c c C C P
12, Dimethyl dichloro-C c c c C c
succinate
136 Pseudomethyl c c ¢ c G C P P

acetylecrylate



TABLE I (continued)
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" Concentration of Lrug/cc. of Agsr

Keme of Compound !

Used "R, 6mg/cc !0, img/ce 0, 02bmg/ ce 10, 00bmg/ e
] 1 L] _ ]
BTG TE T I6 T E I T8 T Io
tdaystdays'daystdaystdaystdays 'days'days
1 ' ] t ' ' ' '
14,8ubtilin 0 0 0 0 0 0
1l5.,Undecylenic c ¢ ¢ P 0 0
Acid
Ge Phenolie Compounds
l.p~Chlorobenszoic c G c c P 0
Acid
Z2eThymol C c C P 0
3.,0ctyl re-~ c G C ¥ c P
sorcinol ’
4.,Chlorthymol G ¢ C C P P
S5¢Carvacrol C c 4 F 0 o
6,Fugenol P P P P 0 0
7Tep=Cresgol C C P P 0 0O
8sHexachlorophene G ¢ ¢ c G G G G
De Alocohols and
Katones
1,Pentanediol 0 0 0 0
fePropylene glyecol 0O 0 9] 0 O
SebBincetyl C C ¢ P P Q
Ye Arometic Nltrogen
Compounds
1,41%31 methyl pyri-C ¢ C H P P 0 0
dinium chloride
2,2-8mino«3-methyl P P 0 0 0 0

pyridine
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TARLE I (continued)

Concentration ol Lrug/cCs Of AgGAT
T bmE/oe D.20mg/cc 10, 02bmg/ et O, D0bmE/ cC
1 1 t

BT 10T E TI0 V6 Y10 T 5 T 10
tdeys'daystidays'days'days'deays 'days'days
] 1 ? ] L] t ? t

} ]
¥ame of Compound !
Uned A

3

3sSulfapyridine C ¢ c G C P 9] 0
4,Aminonyridine P P 0 0 0 0
B.Fachridine ¢ ¢ G H c c P 0
84 Pyridine 0O 0 0 o 0 0
7TeGermitol ¢ c & c P P 0 0
¥, Furene Compounds

1,8F 1 (a) c ¢ c P 0 o

2JHF 45 (b) C c c ¢ P 0

B.NF 87 (o) 0 0 0 0 0 0

4,NF 84 (4) P P P P 0 0

E.8F 5 (e) c c c c C c P 0
8.,Furacin 0 0 0 0 0 o

e Dyes

l.¥eutral red C c O 0 0 o
2eAlizarine red 0 0 0 0 0 0

Jelfethyl red ¢ 0 O 3] 0 0

4, ethyl orange 0 0 O 0 8] O
SeBromthymol blue o G P P 0 0O
6.Methylene blue c ¢ P 0 O ) 0 0

# 0% No inhibition; P2 Fartial inhibltionj C% Complete ‘nhibition
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(a) HF 1 = BeHitro-2-furaldehyde dlecetate,
(b) NF 452 "ethyl 5-nitro-2-furfuryl ether,

(¢) HF 67= B-litro-2-fursldehyde-2{2-hydroxyethyl)
semicarbezone,

{(d) ¥ 84% 5-Nitro-2-fursldehyde semioxamezone.
(e) NF & = Yethyl B~nitro-2-furoate,
Liguid edls Method, £Eech liter of the bsessl medium

contained the following constituents:

Glucose 20 grams
Armmonium sulfate D417 "
Ammonium phosphate 1.0 "
Potassium acid rhosphute 1.5 "
Sodium chloride 1.0 "
Mapnesium sulfate 0e3 "
Calelum chloride Ne2 "
¥anganese sulfate 1.0 "
Ferrie chloride 1.0 ¥
Copper sulfate 0.2 "
Sodium borete D.2 "
7ine sulfate 0.14 "
Potagsium i1odide Del w
Molybdic acid powder (85%) 0,02 "
p~Amino benzoic acid 800 gamma
Biotin 3 "
Galeium pentothenate 200 "
Fieotinic scild 200 "
Pyridoxine hydrochloride 800 "
Riboflavin 100 "
Thiamin hydrochloride 200 "
¥olle acild 2 "
Choline chloride 1000 "

Ten cc. of beef broth solution (Armour) were inoculated
with 8 loopful of the pure culture taken from a wsllegrown
Sabouraud's agsr slant and incubeted at 379C, for 24 hours,
The tube was then cenirifuged, the fluld decanted and 10 cec.
of sterile normal sodlium chloride solution asdded to the
resgidue, The suspenslon thus formed wss counted in s hemo-
cytometer, 7The counts varled from 4590 to &500 organisms

per cubic millimeter, Xach culture tube was then incubsted
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with » drop of this suspenéion.

The growth response wasz measured by scld production
and by turbidity, To & ce. of the basal medium w: 3 added
e trace of dry starch which produced a turbidity resembling
that in the culture tubes, TFive to seven drope of brome
thymol blue indicater were added and the pH sd justed to 6,9,
This tube w:g used as & standard for comparison, Teech assay
tube was then titrsted to pH 6,2 with 0,028 sodium hydroxide
after the addition of the indicator (Me¥shen snd Snell 1944),
Care wzs taken to prevent self-infection,

This procedure sppeared to be accurate since mesasured
amounts of standard lactie scid were qusntitatively tiltrated
in this menner,

The titreted, cotton-plugged tubes were then sterilized
at 18 pounds of steam pressure for 15 minutes, The heavy,
white, sdherent cell growth was thereby reduced to s fine
susnension, 2 drops of N/1 sulfuric acid were added to
sach tube snd the volumes adjusted to 185 cc, with water,

& tune of basal medium treated az above except for the
omlssion of starch was set at 0 in a Klett«Summerson nhoto-
electric colorimeter which conteined a No, 68 red light
filter (540-7700 milli-microna), The contents of sach tube
were mixed by inversion and read immedlately, Serial dilue
tions of these suspensions, after each reading, gave straight
line curves which proved that ecidity and turbidity were in
direct proportion. The results obtained srs recorded in

Table 11,



Inly a few compounds were situdled by this method since
the added drugs frequently Interfered with the titration

and turbidity measurencnts,

TABLE IT
The Effect of Various CJonpounds Studied on the Growth of

Torula histolytica by the Liquid fedium Method

v T 2 mg./cCe T Def ME./CCe T 0,0Pmge./CC,
Compound 'Tays ¢ of media ' of media ¢ of ~edia
Iged taf'ter ! !

'inocu~*!  GE& ‘colore ' c6 focolor, ' ©C 'COLlOr,
'12tiont0,02E 'reading' 0,02K*'resding? 2,02l 'reading

' t Ngod Y t HadH ¥ HadH?
] b1 f 4 t
BElenk 1.0 3 l.4 6 1.5 7
1) 0.8 8 2e3 21 23 42
Zeamino 2 2.4 14 4.2 47 4,4 85
pyridine 14 4,5 286 5.0 &3 55 823
19 Bel 36 6,7 100 6.5 86
22 SN k32 B.5 1£1.) G40 25
25 6ol 51 6,0 109 6s.4 119
T Blenk 0.6 T8 27 Te7
5 0.8 O i.8 e 2.0 0
* n o - 20 - 0
Germitol 14 0 i6 - 29 - 23
19 0 15 - 36 - 26
22 0 13 - 29 - 22
_26 0 13 - 28 - 18
Blenk 1.0 7 1.0 7 1.4 A
4 2.1 30 1.8 30 1.4 28
Sulise 7 2ol 58 Ze2 B2 2e8 56
pyridine 12 3.0 ary 3.8 81 246 84
16 4,0 78 4,1 73 44,0 74
21 4,2 88 a8 85 4,0 688
26 4,5 133 Seld 83 Sed 108
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TARLE II (continued)

T T D.emg/cc T 0,04mg/cc 10,004mg/co
Compound 'Deye ' of medla ' of medie t of media
Used tafter ¢ M !
tinocu=t" ce¢ fcolor,! ce¢ ‘'color., ' cc¢ ‘color,
lation! N,02N 'rending ﬁ.azﬁ'r@ading' Do 02K¥reading
] t HeDHW 1t t MNaOH ? HayH!?
L ] ] L L L} ]
Blank 1.7 4 1.1 & 1,4 7
4 Ze4 35 1.8 27 2e3 34
Yeehridine 7 2.9 75 1,9 51 ZeB 83
12 28 8l 3.0 88 2e 78
18 2.1 17 4,7 96 Se 8 102
21 4,1 80 e i28 4,0 88
26 8.0 82 6.0 123 548 124
Blank 1.1 ki 1.4 7 1.4 7
4 1.1 & 1.7 1 2,0 23
Synkavite 7 l.4 11 1.8 11 R Z 43
i2 l.4 ¢ 1.8 17 2ok B8
16 1.7 13 1.7 g 4.9 61
21 Zel 12 2.1 20 Ze7 88
26 1.8 9 1.5 8 4.5 83
Blank 1.5 8 1.2 7 1.8 7
4 1.2 0 1.4 6 1.9 22
Hykinone 7 1e3 12 2,0 19 3¢5 49
12 1e8 10 S0 23 37 52
18 1.6 2 268 34 4,0 71
21 1.2 11 4,9 182 z.9 73
28 2.0 e 4,68 187 4.5 98
T 1 mg/ecc T 0.1 mg/ce T 0,01 mg/co
' of media ' of medla ' of media
] ] t

1T ¢c  'color. ' c¢ 'color, ' cC 'COlOTr.
10,028K '"reading'0,0EN 'reading'D,02H'reading

t NanH ' NaOH ¢ ' HaINe
 § 1§ ?  § 1
Blank 1.0 7 1.6 8 Tel 7
4 2.0 8 1.9 20 2,0 30
Blscetyl 7 2.9 52 3.2 78 4,3 84
12 2.1 z % 8 78 4,2 79
18 Z,4 30 4,2 87 4,1 87
21 2,3 13 4,5 81 4,3 80
28 5,0 80 E.,5 112 6.0 150




TABLE IT (continued)

22,4

1 T 0.8 mz/oc T 0,04 mg/ce  10.004 mg/co
Compound 'Days ! of media ' of media ' of media
Ised tafter 1 M . ' —
tinocue! €6 ‘'color, ' ce ‘color, ! cc ! color,
'1etlont0,N2K 'resding!? 0.0eﬂ'rasdlng' 0,02 reading
' ! NanHd t NadH ¢ WadH?
] ] ! ] '
4 0.8 28 Ded 7 De4 5
Yitanin 9 D5 24 Deb 4 Vel 23
Kg 19 0.5 22 0.7 4 443 886
23 0.9 29 0.8 7 Sab 60
27 0,9 21 0.8 & 4,3 79
31 0.7 27 0.6 7 4,1 89
34 0.8 23 0.5 4 4.4 8%
COWTROL TUBES
¥o Trug Added but Inoculsated
Tube Ho, ays after oC. Colorimster
Inoculation e 02N reading
HaOH
1 4 1.6 34
2 7 ek 56
3 12 4,8 585
4 18 B.4 a7
5 21 5,9 118
8 26 5.8 136

SECTION IV

PHARVACOTHERAPEUTICS

& sucecessful trestment for human torulosis is ss yet

unknown, In the course of this investigetion en sttempt has

been made to find an effective drug to combat the dizease,

The course of torulosis is ususlly one of steady progression,

However, some patients do remit snd improve and become

symptom free; but sooner or later, the symptoms recur,

As

8 matter of fact, the revissions mey be prolonged to the exe



tent of six months,

fhe most difficult problem in the treatment of toru=-
loslg 18 that of the meningltis and encephalitis, Various
druge sand compounds have been employed orally, subeubansously,
intramuscularly, intravenously, or by injection Into the
spinal subsrachnold gsvece after withdrawal ol cerehrospinsl
fluid,

So fsr no definite success has been obtained, The
writer believes that the failure of sll these drugs 18 due
to inacaeasability of the érug to the organisms because of
its thick cspsule., This is similsr to the diiflculty ene
eountered in the tresstment of tubereculosis becsuse of the
wary capsule sround the cell, Also the penetration of drugs
into the central nervous system is difficult,

Yaecine therapny hss been émployed without success,
Todides, known to exert a favourable influence on some other
fungus dlseases, have been used extensively in torulosis,
£8 much o8 26 grams of potessium lodide were given dally
by wmouth, as well as by Intrathecal Injections on slternste
days (Shaniro esnd Heal, 19525}, Favoursble results w-ore not
recorded except in some of the locelized infections,

T™e sulfonemide group of drugs hes been used recently
but usually with disasppointing results., Sulfapyricine
proved to be effective in vitro but ineffective in vivo,
Hershall and Teed (1042) claimed great benefit from sulfa=-
dirzine. The dose employsed wes half e gremn every four hours,

continued for slx weeke for a child sged nine yesars,
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Quinine snd organic arsenical compounds have been tried
without sppsrent benefit,

Toruls histolytica scems to be highly resistant to

penicillin, Stone and Sturdivant (1929) found that gold
sodium thiosulfate inhibited the growth of cultures and
therefore gave it to thelr patlents intravenously, GCentlan
vioclet was also found to have &n inhibltory effect and wes
used intrevenously end intraspinally. Hexamethylamine was
elso used, The results were uniformly dissppointing,

Shapiro and Real (1925) made the observation that
acriflavine in & dilution 1:1000 had a marked inhibitory
effect on cultures isolated from their patients. The same
suthors found scdium iodide, quinine sulfate, sodium sall-
cylate, colloidal silver, masgnesium sulfate, and tricresol
tc have an inhibitory action in the same concentration as
geriflevine, However, in vivo therapy proved ineffective,
S8odium thiocsulfate and colloidal copper were used by Cox
and Tolhurst (1946) for their patients with no success., Ale
copper is of value in certain fungus diseases of plants, it
has no eppreciable effect on the patientt's condition,

Stone end Sturdivent (1929) showed thet Toruls hiastolytice

can grow well on medls contailning colloidel copper, Shapiro
and Neal (1925) injected colloidel silver and immune rabbit's
serum intrasspinally without success, Lynch end Rose injecte
ed 20 cc. of 1:1000 mercurochrome but their ratient died
slxteen hours later,

Stone and 3turdivant (192¢) showed that X-rays have an
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inhibitory action on cultures of Torulas histolvytice, Al-

though there was no evidence that torular meningitlis was
benefited by deep X-ray therapy, it relievcd the enlurzement
of lymph zlands associated with torulosis, Fyretotherapy
has been sugeested owing to the fact that cultures xept at
105° and 107°F. for seven and six days respectively do not
survive,

Crystelline actidione, an antibiotic from Strentomyces

griseus, was shown by Leach et al., (1947) to inhibit

Cryptococcus neoformans in concentrations &8 low as 0,0002

milligrams per cc, This hligh order of sctivity sugzests its
possible usefulneses 1in the treatment of the disease, Acti-
dione, however, 1s very toxlc when used 1in vivo,.

Gelger (1948) in s series of experiments with unsst-
ureted ketones reported inhibition of cultures of Crypto-

coccus neoformans and he suggested that the sntifungicidal

action of these compounds weas & result of theilr ability to
react with sulfhydryl groups of the enzymes in the orgsnism,
Landy et al, (194&) described the antifungal mctivity of
partially purified bscillomycin 88 messured by the zgsre
plate method. This sntiblotic is isclated from Bacillus
subtilis, It possesses siriking antlfungal activity and
almoast complete lack of antibacterial action,

The blocksge of the thyroid hormone synthesis by thio-
ures, presumably by interference with enzjyme sctivity, reises
the possibility that this drug may have other properties

besed upon this action, Denowski and Tager (1948) studied
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the influence of thiourses on the growth of Cryptococcus

hominis, They came to the conclusion that thioures suppress-
ed in a verying degree the 1n vitro growth of several patho-
genic fungl and that the presence of blocd or serum minimized
this ection, The same authors further showed that thioures
failed to influence the course of torulosis in mice,

Infection of Animals, 1In these experiments mlce were

injected with strains of Torula histolytica obtained from

ratients admitted to the University of ¥aryland Hosplital,

Ten cc, of beefl broth were inoculated with & loopful of the
rure culture taken from s well-grown Saboureud's agsr sleant,
The tube was incubated et 37°C, for 24 hours, and then =t
room temperature for 24 hours, The tube was then centrifuged,
the fluid wes decsnted s2nd 10 cc, of sterile normel saline
were added to the residue, A homogenous mixture was obtsined
by sheking the tube, W¥lice were anesthetized with ether by
rutting the esnimals Iin & Jar with cotton impregnsted wlth
ether., Tollowing the intracerebral injection of toruls by
the usuel method, death occurred in from seven to twenty
dsys, Lxperiments showed marked veriation in individusl
resistance, ¥lce which died in less thsn fifteen days gene
erelly showed, post mortem, no obvious evidence of patholo=-
zgical lesions, Examinetion of mice which died sfter fifteen
deys revealed torular infection locelized in the central
nervous system, Histologicel specimnens were made from
different organs and the following report was submitted by

Pr. De L. Reiman of the TNepsrtment of Pathology, Medicel
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Sc¢hool, Unlveralty of Maryland,

B 929 « Liver: An eesily recognized lobular architecture
was secen in this sectlon, The rortal arsszss were infiltrated
by lymrhoeytes, There was no cirrhosis or nemorrhage. The
hepstic cells showed the varisbility in conformation and
chrometicity usually assocliated with & regenerstive process,
¥vidence of congestion was noted, /reas of svtolysis were
observed in thils specimen,

Kidney: The glomerull were free of hemorrhasge, scarring
and hypernlasia, The cells of the tubules were not remsrksbly
chenged, There was no evidence of pelviec Infection., The
arterioles were well nreserved,

Lung: There was no consolfidation in this orgsn, The
alveolar and bronchiolar constituents were normel in sprear-
eance,

Pancress: Only the sciner elements of this orgen were
demonstrated, There was no evidence of neoplsesis, hemorrhage,
necrosis or fibrosls,

Mucous gland: A mucous gland was included in this group,

There were no sbnormalities in this orgsan,

B 930 - Liver: This organ displayed 2 well preserved
lobular architecture, There was no evidence of cirrhosis,
degeneration or necrosie,

Lung: The elveolar snd bronchlolar structures were
normel in this orgen excent for congestive changes, There
was no consolidation,

Brain: A single group of toruls was noted beneath the
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pia mater covering the cerebellum., There wes no histologliceal
evidence of granulomatous response to the organism, The
deuronsl end glial elements were not effected,

B 931 - Liver: A well preserved lobular architecture
was noted in this organ. The portal areas were free of
eirrhosis and hemorrhace, The hepatic cells were granular,
well delinsated, and possessed of normal appearing miclei,
The central sreas were not remarkable,

Kidney: The capsular part of the glomerull was com-
posed of cuboidal, eosinophilic cells that simulate tubercle
cells, 7The capsular space was empty. There was no evidence
of inflemmetion, The tubular structure =npearsd normel,

The arterioles were free of sclerosis,

Lung: There was no consolidation or granulomatous in-
flammation in this organ., Fvidence of consolidation was
noted, The bronchioles were natent and well preserved,

Brain: Siight fibrosis was noted in focal areas of the
pia maeter, OSmall areas of necroslis were scattered through
the cerebrsl cortex and cerebellum, There was no inflamma=
tory response in the tissues which surround the lesions,
Tnrilas were seen,

B 632 - Liver: This orgen was free from significant
changes, In all rospects, it compared with the above specl-
mens,

Brein: #inimal Inflemmatory reaction was noted in cer-
tain portions of the pis mater., Areas of necrosls which

contained psresites were seen In the cerebrsl cortex snd
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cerebellum,

Lung: EkEvidence of congestion was observed in this
organ, The bronchioles were normel in eppearance., Thare
was no evlidence of consolidation,

B 633 « Liver: This organ was free of degenerstion,
necrosla, and herorrhage, There wss no congesticn, £
normal lobular architecture wes cbserved.

Fidney: The psarietasl layer of EBowman's capsule was
cuboldal, The capsules were empity, .heres was no evidence
of inflammation, The cells of the tubules were granular
and possessed of normel sppearing nuclel. There was 1o evi-
dence of pelvie infection, The arterioles were free of
sclerosis,

Brain: In the cersbellum, 2 dense sg.regate of lymphoe
cytes and polymorphonuclears was geen, In this arez innume
eratle torulae wers seen. There wes no granulomatous response,
The pla mater weas sliizhtly thilckened,

B 934 - Kidney: Therzs wes no evidence of endothelisl
or capsular hyperplasie, The cepillsries were patent,

There were no tuft adheslone or szcerring, The caplllaries
were empltye The parietsl lasyer of the glomerular capsule
wes cuboidal, The cells of the tubules were psle, granular
and somewhati fregmented, This was the result of post mortem
chenge, The arterlioles were free of sclerosis. There was
no evidence of pelvic infectiones A hllar srtery was seen
wnich contalned foreign cells., The significance of these

was guestlioned,
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Liver: This organ was sutolyzed, 4 normsl architecture
was recognized, There wae no evidence of necrosis or cirrhosis,

Pathogenlicity for mice hed been confirmed in our ex-
preriments &nd sll the wmice infected had shown the signs of
the digsesse, In about five days the gnimals beceme restless
and iIn sbout ten days, the shull showed 8 swelling over the
too of the heand and later the head becume spindle shaped,
T™is sign was g2 sure test that the mouse had csught the ine
fection,

Torulosis in experimentsl animals clossly rezembles
the human dizeaze though in man the course of toruloslis is
more prolonged,

Jur strains of tortlas were sll pathogeniec to mice,
Howevar, varistion in virulence exlsted bhetween Adifferent
strains,

Closer exemination of the psthological renort of sanimsals
inoculsted intracerebrally showed that the orgenism 4id not
snrerd into the other organs such as the liver and 4Idney
hecause there was no time for dissemination owing to the
guick fstal end of meningoeencephslitis,

Toxidity Studies, Tn the in vitro experiments, certain

compounds were found which nroved very effective in irhibliting

the growth of Torulas histolytica, These compounds undoubtedly

were worth & trlel in vivo, However, the toxiclty &nd the
effective doroge of these compounds had to ke determined
first. Among the comvnounds which nhibit the srowth of cul-
tures In vitro, the followlng were tezted for thelr thera-

nentlic effect on infected snimals:



1., &schridine (4-4'-ethyleyelohexylmethyl vnyridine)

2. Vitamin Kg {4-amino-Z2-methyl-l-nsphthol hydrochloride)

2, Rircetyl

4, Yethyl-5-nitro-2-furocate (XF bH)

5S¢ Fseudo methyl acstylecrylste

8, Hexachloronhene {2,2%-methylene bis (3,4,6~-trichlorophenol)
7. TAthiocyanoacstanilide

84 Marphasrsen (Z2-smino-4-arsenophenol)

The toxicity of these sompounds, with the exception
of mapharsgsen and Vitemin KS' was determined by intraveritone
eal Injection into mice,

Compounds 1, 3, 4, 5, 6, and 7 on intraperitoneal ine
Jection gave riss to very definite toxicologicel symptoms,
Feschridine (I} in toxic doses (20 mg, per 100 grems body
weight) caused within half sn hour after administration
definite hypersensitivity, premonitory symptoms of hyper=-
irritablility, hyperreflexia, tremors changing to convulsions
of very short dursation, followed by werkness and death,
Teath which followed within fifteen minutes after injection
of a lethel dose apveared to be due to respiratory failurse,
The heart continued to beat after respiration had ceased,

Pseudo methyl scetylacrylete (VII) in £ dose of 7.5 mge
per 100 grams body welght produced oonvulsisns, followed by
& short depression, ending in death within a few minutes,
The respiration was slow,

After the intraperitoneal sdministration of dithioe
cyasnoacetenilide to mice iIn a dose of 6.2 mg, per 100 grams

body wel ght, tremcrs and skeletal muscle fibrillstlons
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were noted within s short tlie. 4with higher <oses convule

gions and respiratory raralysis followed quickly, The heart

continued to beat slowly but forcibly after the cesssticn

of the resniration,

YfethylebSenitro=2-furcate (IV) in & dose of 37,5 mze

ver 100 grams body welght of mice showed symptoms similar

to those produced by dithiecyanoacetaniliée.

Ie

I1Xe

IVe

CHy o St
)W W Ty
i)

Eschridine

4e{4'-Ethyleyeclohexylmethyl) pyridine

CL _d 1 ¢
Cl OH oOn €1
Hexachlorophene

2,2' ethylene bis (a, 4,€8-trichlorophencol)
o)

Vitamin X
4~ finmino=L-methyl- 1-naph§h01 hydrochloride

9N | ‘COOCHs

dflethyleS-nitro-2-furocate (NF 5)
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Ve
O o
\\ " H
Biacetyl
2,3=-PButanedione
Vi,
tfapharsen - (Jxophenarsine hydrochloride)
Zeimino-4-arsenophenol
VI, VIiI,
>c=C cH C =N
CHz/ \NCOO.CH; 3
cis=-form trans-form

rseudo ¥ethyl Acetylacrylate

Yethyl acetylacrylate cen exist in the cis (VII) and
trans-forms (VIIT). Pseudo methyl escetylacrylate is the
cis=form (VII).

The LDgn of each compound was determined by intrae
neritoneal administration into mice, Those compounds
which were insociuble in normal salline were put in solution
either in propylene glycol or in olive oill., The results
are recorded in Teble III,

An estimation of the IDgpn for each compound was obe
teined by »lotting the date from Table III on a semi-loge
arithmie psaper, the ordinstes being rercent mortality and
the ebscissse the dose in milligrams per 100 grems of animals,

The arproximate LDgp is the dose corresponding to the
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point where the curve crosses the 50% mortality line., These
approximate LDgs's ere given in Teble IV,
TABLE IIX

Toxicity Data by Intraneritoneal Administration into Nice

Tose ' Number ' rercent

]
Compound * mg,/100 t of t Yortelity
Studled ' grems ' animals !
' ' injected!
4 L} L
Biascetyl 178 8 100%
150 8 75
1285 8 37
100 8 0
8745 8 0
75 8 0
37.5 S 1007
VethyleSenitro= 30.0 9 77
2«furcate (NF 5) 22,5 9 44
18,0 g 22
Te8 8 3]
~ Be75 e 1007
FPseudo methyl TeH 6 100
scetylrerylete 6,25 6 83
5.0 6 66
Ze 78 6 33
‘-05 6 - 0
20.0 B 100%
kechiridines 10.0 8 87
7e5 g 62
5,0 e 25
2¢5 8 0
le25 8 0
6.25 g 100%
Dithiocysano-~ 5.0 8 75
acetaniliide 3678 8 a7
Leb 8 i2
1,25 8 )
4,5 g 1007
Hexachlorophene 375 8 87
SeD 8 75
Z2.258 8 62
1e5 8 37
0,75 g 0
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TARLE IV
The Approximaste ILDg, (24 hours) of the Compounds Ztudled

by Intraperitoneal Injection

iDSO in mg.
per xilogram
body welght

Qamnound Studied

- - . >

le Biszscetyl 1320,0

2, Yethyle=b=nitro-2-furoate 220,0

3¢ Pmeudo methyl scetvlecrilate 44,0

4, Eschridine 68,0

5o Tithiocysnosctanilide 40,0

6, liexachlorophene 18,0
Trisl of Treatment. !ice are very susceptible to

torulosise and most of them take the infection, Ve made
this study on ILSe strein of mice obtained from I'r, Flgge's
colonye.

After the snimals were inoculsted intrescerebrally with
the torula organi sm, they were divided into groups of ten,
Treetment was instituted on the following day, FHowever, one
group was used as s control, The maximum dose was determined
from the LDgn end was injected daily intraperitoneally,

Tecreasing doses of the drug invesligsete' were given to
the remeining groups of Infected mice,

The compounds which were not soluble in ssline solution

were dissolved in propylene glvcol or in warm olive oil,



56,

The syringe and needle were sterilized in bolling water before
sach group of wmice was injected, The results obtained are
recorded in Tables V,VI,VII,VIII,IX,X,XI and XII.

It is obvious from the dats given in these tables
that there was no difference in the survival tims between
the control mice and those which had been injected with the
drugs., Therefore, thess drugs did not influence the course

of the dlsease,

TARLE V
Effect of Eschridine on the Survival of ¥ice Inoculsted

with Torula histolytica

10 mice in each group

Deatha In i eeks
Daily Dose

First ' <Second ! Third T Fourth

- W W@ W .

week ' week ' week ' week
] ] ]

Control e 3 4 l
Group I

NeB% = D¢l CCoe 5 3 2 -
Group II

0.3% « D,1 cc, 4 2 3 1
Gro IIT

{}.15 fond ’).1 03' 2 5 3 ?

Group IV
(}.05?; - g.l CCoe 5

o]
Y
ok
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Effact of Vitamin K5 on the Survival of ¥ice Inoculeted

with Torulas histolytlica

10 mice in each group

. TesthS In GLOeks
Daily Dose ' ¥irst 'Second " %hird ! Fourth
t VWeek ! weeX t week ' vwveek
Control 2 4 4 -
Group I
1% ol 0.2 cc. 5 3 2 -
Grcqp IX
De5% = 0,2 cco 4 4 2 -
Group III
Q.S% - {}.Q Bc. 3 2 5 2
Group IV
Del% = Dol CCao 3 2 4 1

TABLE VII

Effect of Biacetyl on the Survival of ¥lce Inoculated with

Torula histolytica

€ mice in esach group

¢ Deaths ln “eeks

Daily Dose v~ First ' Second ¥ 1nird ' Fourth
! week ' weeok ' week ' week

Control 2 3 < -

Group I

3% = D¢3 cCe 5 2 1 -

Group II

2% e De3 cCo 4 2 2 -

Group III

1% = 0.3 cce 3 2 5 -

Group IV

NeBE = Ded CCo, 2

€
80

T4
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TABLE VIII
Effect of WMethyleSenitro-fL-furocate on the Survival of Mice

Inoculated with Torula histolytica

10 mice in esch group

' Desths in Veeks
Paily lose '™ First ' Second ' 7%hird ! Fourth
' week ' week ! week ! week
Control 3 2 & 2
Group I
1% - 0.1 CCa 4 2 4 -
Group II
0.5%: - 0.1 CCoe 2 5 3 -
Group TIX
0.2% - 9.1 GG. 2 3 5 2
Group IV
Del% = 0.1 cce 2 2 4 2
TABLE IX

Effect of Pseudo methyl acetylacrylate on the Survival of

#ice Inoculated with Torula histolytica

10 mice in each group

Deaths in Weeks

7
Daily Dose " ¥irst ' Jecond ' 7Third ' Fourth
' week ! week ! week ¢ week

Uontrol 2 & 4 1

Group I
0.55‘!2 - 0.1 Cly 4 2 S 1

Group I1
De3% = Dol co, 3 2 5 -

Group III
0.9% - 0.1 05. 3 2 E} 2

Group IV
0s1% = 0,1 co, 7 2 3 3 2




38,

TABLE X
Effect of !MMapharsen on the Survival of Mice Inoculated with

Toruls histolytica

10 mice in sach group

v Deaths in % ceks
Paily Dose t~ First ' Second ' dnird T Fourth
! week ' week ' weol i weak
Control 3 4 2 1
Dreoup T
f}gle‘i A 3.1 QGQ 4 3 a -
Group II
Ne0B% = D,1 cc 5 3 2 -
Groug T11
GpOQ?& - 0.1 GCe 2 4 2 2

Solutions of mapharsen were chsnged frequently teo avoid
changes in the active principsal,

TABLE XI
Effeet of Dithliocyanoascetanilide on the Survivsl of #¥lece

Inogulated with Yorula histolytica

10 mice in each group

t Deaths in Veeks
Dally Dose *~ ¥irst ' Second ' Third ' Fourth
t week ' weak ' week ' week
Control 3 2 4 1
group I
Group II
De3% = D41 ccCo4 3 3 3 1
Group III
0.2% = D4l cCCaq 2 4 3 1l
Group IV
Qllﬁ - Del CCo < & 3 e




TABLE XII
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ﬁffect of Hexachlorophene (G-11) on the Jurvivel of ¥ice

Inoculated with Toruls histolytica

10 mice 1in esch group

TDeathg in weeks

L]
7 7irst ' Second

Dally Dose T Third ' Fourth
g week ' week weegk ! we ek
Control £ 2 4 £
Group I
De2% = 041 cc, 4 z 3 -
Group II
Nels = D41 cCo k] 3 3 1
Group III
roup IV
0002%"; - Oql CC o ) 2 3‘ 5 2
SLECYION V
DISCUSSINN

Prom our studies on Torula histolytics, & variety of

compounds were found to possess a remarkable inhibitory

action on the growth of this fungus in vitro,

They represent

a diverse group of substances among wWhich vitamin Kg (4=

anmino-2-methyl=l=-naphthol hydroehloride}, biacetyl, thymol,

oetyl resorcinol, hexachloronhene,

alkyl methyl pyridinium chloride, eschridine,

p-chlorobenzoic scld,

sulfepyridine,

dithlocyanoacetsnillide, methyl-B-nltro-2-furoste snd pseudo

methyl acetylascrylaste were found to be most effective,

No single theory is adequate to explein the inhibitory

power of such diverse compounds,

It hes been sugrested that
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the ability of certain hydroquinones, quinones, and their
nitrogen anslogs to Inhiblt enzymes may result from their
ability to resct with sulfhydryl groups, Ouch interference
with essent al enzymes would Inhibit growth of the fungus,
Also these compounds sre effectlve hydroren accentors and
mey thus interfere with oxldstionereduction cyeles sssential
to 1ife snd reproduction of the organism, Tswab and Krantsz
(1549) made the observation that certein orgenic thiocysnates
ugsed inhibit the eytochrome oxidase and reductase, This

may be the explanstion for the inhibitory action of dithioe-
cysnoacetanilide on the toruls organism, Comnounds such as
thymol, ocetyl resorecinol, pe-chlorobenzocic acid, hexschloro-
~hene, ete, are probably protoplsasmie polsons, Alkyl methyl
pyridinium chloride snd other gueternsry e monium compounds
exert their fungicidsl sction by means of & lowering of the
surface tension, There is evidence that furascin derivatives
diminish the actlivity of tiassues dehydrogenases, In moat cases,
however, an explanestion of the spperent moleculer specificity
exhibited within 8 series of analogous com<-ounds 1s not
avallable at nresent, Unfortunately, maeny of the compounds
wilceh anpeared promising in vitro, ere very toxic,

The therapeutic doses empleoyed were besed on the Lﬁsg
of the compounds as determined in this work, Approximately
ons=third of the Lnﬁﬂ per mouse was considered the maximum
dose snd injected daelly into each mouse to prevent desth dus
to the drug, This mesy not nroduce blood levels of the come
pounds suflfielently high to Inhiblt the growth of ths fungus,
Higher levels likely would hesve been too toxic.
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The almost complete loss of activity of these compounds
52'1112 sugzests that the serum snd blood proteins, or other
collolids might be involved in this ineciivatlion, Also, it 1is
theoreticelly osslble that the blood merely provides e
medium suficiently enriched to accelersts growth snd thils
wesks sny Inhlbition by chemiecsl agents, Perhsps the cheme
fcal agent, in the presence of bloocd, 1s destrcyed or some
portion of the molecule is elther combined with some other
substaence or is sltered sufficiently to deprive ths compound

£ its activitye.

Further the thick capsule and the inaccersibility of
the drug to resch the organism may account for this fallure
to influence the progress of the diseass, The msarked alline

ity of Torula histolytica to the nervous tlssue complicates

the ﬁéttsr beceuse the »rein tissue is known for lts diffi-
cult penetration by drugs. The relative efficlency of such
agents must be dependent upon their mechsnical &l finity for
lipoid substences on the one hand, and for the remaining
body eonstituents, 1,6, principslly water, on the other hand,
Thelr efficlency is, therefore, dependent upon thelr partition
coefficisent which determines thelr distribution in s mixture
of water and lipold substences, #All chemicel substances
which are soluble In fates end fstelike bodles must exert an
action on living protoplasm, insofar ss ithey can become disge
tributed In 1t, However, in the case of toruls, the thick

capsule does not allow any penetration,
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SECTION IV
SUMMARY
An extensive series of organic compounds wes examined

for thelir in vitro, inhibitory action on Torule histolytica,

Two methods for studying inhibition of the organis~ vere em-
ployed, sn agar-diffusion technique and & liguid medium
method, The following compounds were found to be the moat

effective inhibitors of Torulas histolyticas

Blzcetyl

Vitemin Ks

Pseudo methyl acetylacrylate
Hexachlorophene

Eschridine
IMthiceyenoacetanilide
Butadiene dithlocysnate
Jetyl resorcinol
p=Chlorobenzoic acid

Nata as to the toxleity of the first six compounds were
determined in terms of LDgp's. Nice were infected intra-

cerebrally with Toruls histolytica, The foregoing compounds

were injected into these miee in order to study their poss-
ible therapeutic value., However, these compounds falled to

influence the course of torulosis induced in mice,
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