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AN VITRO AND IN VIVO STUDY OF THE NEW
ANTIFUNGAL AGENTS

CHAPTER |

INTRODUCT ION

CRYPTOCOCCUS NEOFORMANS 1S A PATHOGENIC FUNGUS

WHICH MAY CAUSE A PRIMARY PULMONARY INFECTION. DISSEMINAT~

ING TO OTHER PARTS OF THE BODY, Q. NEOFORMANS HAS SHOWN A

SPECIAL AFFINITY FOR THE CENTRAL NERVOUs sysTEM (CNS),

CRYPTOCOCCUS NEOFORMANS HISTORY 1S UNIQUE AMONG ALL
THE FUNG! PATHOGENIC TO MAN. IT WAS DISCOVERED ALMOST
SIMULTANEOUSLY TO EXIST AS A HIGHLY VIRULENT AGENT OF HUMAN
DISEASE AND AS A SAPROPHYTE IN NATURE. IN (894, Busse (7)
REPORTED A CASE INVOLVING SKIN AND BONE LESIONS IN A HUMAN
CAUSED BY A YEAST-LIKE FUNGUS, OURING THE SAME YEAR,
SANFELICE {34) RECOVERED A YEAST~LIKE ORGANISM FROM PEACHES
THAT PROVED TO BE PATHOGENIC FOR LABORATORY ANIMALS AND

WHICH HE NAMED SACCHAROMYCES NEOFORMANS, LATER Wets (52)

REPORTED ISOLATES FROM PEACHES AND MILK WERE MICROSCOPICALLY
AND CULTURALLY IDENTICAL TO THOSE RECOVERED FROM HUMAN CASES.
THE FI!RST HUMAN CASE OF CRYPTOCOCCOSIS OF THE

NERVOUS SYSTEM WAS DIAGNOSED POST MORTEM 8Y VeERsE (49)
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SHORTLY AFTERWARD, SToDDARD (44) REPORTED TWO ADDITIONAL

HUMAN CASES AND NAMED THE ORGANISM TORULA HISTOLITICA., HE

ALSO DESCRIBED THE PATHOLOGICAL DIFFERENCES BETWEEN CRYPTO-
coccosts AND NORTH AMERICAN BLASTOMYcOsSIs. In 1935, BeEnHAM

(2,3) SYSTEMATICALLY INVESTIGATED 22 ISOLATES OF CRYPTOCOCCUS

AND NAMED THE SPECIES HOMINIS. FINALLY, IN 1952 LooDeER (29)
IN HIS TAXONOMIC STUDY CLASSIFIED THIS ENCAPSULATED YEAST

AS CRYPTOCOCCUS NEOFORMANS.

SAPROPHYTIC VARIETIES OF CRYPTOCOCCUS SPECIES WERE
FOUND TO OCCUR ON THE SKIN AND IN THE INTESTINAL TRACT, IN
OVER HALF OF THE NORMAL SUBJECTS STUDIED BY BENHAM (4) AND
RaviTs (33). MAN AND ANIMALS FREQUENTLY ACQUIRE THIS FUNGUS
BY INHALATION OF SOIL AND PIGEON MATERIALS, AueLto (1)
SUGGESTS THAT ALTHOUGH HEAVILY EXPOSED, MAN MAY FREQUENTLY
HAVE UNDETECTED ASYMPTOMATIC INFECTIONS, RESISTANCE TO THE
DISEASE MAY BE EXPLAINED ON THE BASIS OF ONE'S ABILITY TO
RESIST PRIMARY INFECTION, EXCEPT UNDER UNUSUAL CIRCUMSTAN-
CES, SUCH RESISTANCE MAY RESULT FROM DEVELOPMENT OF A
SPECIFIC IMMUNOLOGICAL RESPONSE TO THE AGENT, THEREFORE,
IT APPEARS MORE LIKELY THAT NATURAL RESISTANCE MUST BE
ALTERED BEFORE ACTUAL INFECTION ocCuURS (11), GENDEL (12)
anp LiTtTtMan (27) REPORTED THAT DISSEMINATED CRYPTOCOCCOSIS
DEVELOPED MORE FREQUENTLY IN PERSONS WITH LOW HOST RESIS=~
TANCE OR IN THOSE INDIVIDUALS HAVING RETICULOENDOTHELIAL
DISEASES SUCH AS LEUKEMIA, MALIGNANT LYMPHOMA, OR HODGKIN'S

DISEASE. IN ADDITION, HUTTER (19) anD ZiMMERMAN (55) HAVE
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REPORTED THAT SYSTEMIC CRYPTOCOCCOSIS FREQUENTLY DEVELOPS
IN PATIENTS WHO RECEIVE EXTENSIVE STEROIDS AND BROAD SPEC-
TRUM ANTIBIOTICS TREATMENT, DISSEMINATION OFTEN OCCUR FROM
FOCI IN THE LUNG VIA THE BLOOD STREAM TO ALL ORGANS INCLUD=-
ING THE CNS.

THE FIRST TRULY ANTIFUNGAL ANTIBIOTIC UTILIZED IN
THE TREATMENT OF CRYPTOCOCCAL MENINGITIS WAS CYCLOHEXIMIDE

(ACTIDIONE), WHICH WAS PRODUCED BY STREPTOMYCES GRISEUS,

WaksMan (50) AnND WHIFFEN (54) HAVE SHOWN THAT THIS ANTIBI -
OTIC POSSESSED HIGH IN VITRO FUNGICIDAL ACTION AGAINST C,

MEOFORMANS AND OTHER YEASTS., However, LiTTman (28) pRovED

THIS ANTISIOTIC WAS INEFFECTIVE CLINICALLY,

LATER FisHER (10) USED DIAMIDINE (PROPAMIDINE)

AcaINST C, NEOFORMANS IN A CONCENTRATION OF 620 ug/ml WHICH
WAS FUNGICIDAL AND 80 upg/ml WHICH WAS FUNGISTATIC TO 2
STRAINS., 1N VITRO sTUDIES 8Y SoLoTorRovsky (41) REVEALED
PROPAMIDINE AND HYDROXYSTILBAMIDINE TO BE THE MOST ACTIVE

DIAMIDINES AGAINST 2. NEQFORMANS,

IN 1956, Goro (14) MADE THE SIGNIFICANT DISCOVERY
OF THE POLYENE ANTIBIOT!C, AMPHOTERICIN B, PRODUCED BY

STREPTOMYCES MODOSUS WHICH WAS ISOLATED FROM A VENEZUELAN

SOIL SAMPLE. AMPHOTERICIN A WAS DISTINGUISHED FROM AMPHO-
TERICIN B BY VANDEPUTTE (48), THESE FINDINGS MARKED THE
BEGINNING OF A MEW ERA IN THE TREATMENT OF SYSTEMIC MYCOSES,

PARTICULARLY CRYPTOCOCCAL MENINGITIS, lﬂ VITRO AND 1IN VIVO

EFFECTS OF AMPHOTERICIN B WERE EVALUATED BY STEINBERG
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(42,43)., THESE STUDIES PROVED THAT THE DRUG WAS EFFECTIVE
1IN VITRO AGAINST 9 STRAINS OF DEEP AND 8 STRAINS OF SUPER=-
FICIAL FUNGI, IN EXPERIMENTAL COCCIDIOIDOMYCOSIS AND MONI-
LIASIS IN MICE, INTRAPERITONEAL ADMINISTRATION OF AMPHOTER=
ICIN B PRODUCED PROTECTIVE AND THERAPEUTIC EFFECTS WITH
DOSAGES RANGING BETWEEN | To 2.5 mg/kg. ORAL ADMINISTRATION
OF AMPHOTERICIN B PROVED EFFECTIVE ONLY AGAINST COCCIDIOIDO-
MYCOSIS IN EXPERIMENTAL MICE, NO TOX!C EFFECTS WERE REVEALED
IN THE MICE BY EITHER ROUTE OF ADMINISTRATION. LAMPEN
(25,26) SHOWED THAT THE PRIMARY SITE OF DRUG ACTION WAS ON
THE MEMBRANOUS STKUCTURE OF THE CELL, HIS STUDIES OF CYTO-
PLASMIC MEMBRANES FROM YEAST CELLS TREATED WITH POLYENE AND
ISOLATED BY DIFFERENTIAL CENTIFUGATION REVEALED A CLOSE RE-
LATIONSHIP BETWEEN THE CONTENT OF STEROLS AND POLYENE FOUND
IN THE LIPID FRACTION OF THE MEMBRANES, GoTTLies (16) DE~-
MONSTRATED THAT THE ANTIFUNGAL ACTIVITY OF POLYENES WAS
REVERSED BY THE PRESENCE OF VARJOUS STEROLS IN THE MEDIUM,
Werssman (53) ALSO FOUND THAT AMPHOTERICIN B CAUSED SIGNI-
FICANT DAMAGE TO LYSOSOMES DERIVED FROM KIDNEY, THIS PHE=-
NOMENON MAY PARTIALLY EXPLAIN THE RENAL TOXICITY FREQUENTLY
ASSOCIATED WITH AMPHOTERICIN B,

TREATMENT OF SYSTEMIC MYCOSES WITH AMPHOTERICIN B
HAS BEEN RELATIVELY SUCCESSFUL. IN THE REVIEW BY HiLDICK=-
SMiTH (18) 72% oF THE 66 REPORTED CASES SHOWED A FAVORABLE
RESPONSE TO THIS ANTIBIOTIC, NEVERTHELESS, THERE REMAINS

A NEED FOR MORE ACTIVE AND LESS TOXIC DRUGS [N THE TREATMENT
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OF CRYPTOCOCCOSIS AND OTHER HUMAN SYSTEMIC FUNGAL JNFECTIONS,

THE AGENT 5-FLUOROCYTOSINE (5~FC) WAS FIRST SYNTHE~-
s1zeD BY DUSCHINSKY (8) AND UNLIKE OTHER COMPOUNDS OF THE
SERIES INCLUDING 5-FLUOROURACIL (5-FU), 1T LACKS cYTOoTOXIC
AND ANTITUMOR ACTIVITIES IN MAMMALIAN CELLS, ALTHOUGH THIS
COMPOUND DID NOT SHOW BACTERJOSTASIS, IT DID POSSESS SELEC~
TIVE ANT!FUNGAL ACTIVITY AGAINST YEAST~LIKE FUNGI IN VITRO
(17), IT EFFECTS THE NUCLEIC ACID SYNTHESIS BY INHIBITING
THE PYRIMIDINE BIOSYNTHETIC PATHWAY. SHADOMY (37,38,39,40)
AND UTz (47) HAVE SHOWN THAT 5-FC WAS EFFECTIVE IN THE
TREATMENT OF CRYPTOCOCCOSIS IN MAN, HOWEVER, MANY PATIENTS
TREATED WITH 5-FC FOR CRYPTOCOCCAL M 'INGITIS RELAPSED AFTER
SHOWING INITIAL IMPROVEMENT, RESISTANCE TO 5~FC HAS DEVEL~
OPED IN MANY STRAINS OF YEAST CELLS CULTURED FROM PATIENTS
TREATED WITH 5-FC. RESISTANCE MAY RESULT FROM FAILURE OF
THE PYRIMIDINE ANALOG TO PENETRATE THE YEAST (21),

ONLY A FEW ANTIFUNGAL AGENTS HAVE SHOWN EFFECTS
AGAINST VARIOUS MYCOTIC INFECTIONS, THEREFORE, THE SEARCH
FOR NEW POTENT, LESS TOXIC DRUGS FOR THE TREATMENT OF SYS-
TEMIC MYCOSES SEEMED DESIRASBLE,

THIS INVESTIGATION WAS PRIMARILY CONCERNED WITH NEW

ANTIFUNGAL AGENTS AND THEIR EFFECTS ON E. NEOFORMANS, INDI~

VIDUALLY AND IN COMBINATION WITH AMPHOTERICIN B, SPECIFIC
EFFECTS WERE STUDIED AT THE CELLULAR AND MOLECULAR LEVELS
AND IN ADDITION THEIR ANTIFUNGAL ACTIVITIES WERE DETERMINED

IN Vivo AGAINST C, NEOFORMANS.,




CHAPTER 11
MATERTALS AND METHODS

ORGANISM:

SToCK CULTURES OoF (., NEOFORMANS, STRAIN 184, ORIGIN~

ALLY ISOLATED FROM A HUMAN cAsg 3y DR, LORRAINE FRIEDMAN,
CHARITY HosPiTAL, NEw ORLEANS, LOUISIANA, WERE MAINTAINED
ON MODIFIED SABOURAUD'S DEXTROSE AGAR AND DEFINED AGAR

SLANTS AT ROOM TEMPERATURE., TRANSFERS OF THE ORGANISM TO

FRESH SLANTS WERE MADE AT TEN DAY INTERVALS,

MEDIUM:

THE DEFINED MEDIUM USED IN OUR EXPERIMENTS CONSISTED
oF: 0.0l mg BorlC AcID, 0.0l mg coPPER SULFATE, O,| mg
POTASSIUM 10DINE, 0,05 mg FERRIC CHLORIDE, 0.07 mg zINC SUL=-
FATE, O.] mg MANGANOUS SULFATE, 0,01 mg soDiUM MOLYBDATE,
| GRAM AMMON{IUM SULFATE, 0.l5 GRAM POTASSIUM PHOSPHATE DI-
BAasIic, O.! GRAM POTASSIUM PHOSPHATE MONOBASIC, 0,5 GRAM
MAGNESiUM CHLORIDE, O, GRAM soDIUM cHLORIDE, O, GRAM CAL-
CIUM CHLORIDE, 5 GRAMS CASAMINO AcIDs, !0 GRAMS GLUCOSE,

200 ug THIAMINE HYDROCHLORIDE IN 1000 ml OoF DISTILLED WATER.
SOLUTIONS OF BUFFERED SALTS, CASAMINO ACIDS, TRACE SALTS AND

GLUCOSE WERE AUTOCLAVED SEPARATELY AND MIXED AFTER COOLING,



7
THIAMINE SOLUTIONS WERE STERILIZED 8Y FILTERATION AND ADDED
TO ENTIRE MEDIUM,

SABOURAUD'S DEXTROSE AGAR MEDIUM CONTAINING 20 uUNITS
PENICILLIN AND 40 UNITS STREPTOMYCIN PER ml WAS USED TO DE-

TERMINE VIABLE COLCNY FORMING UNITS,

EXPERIMENTAL ANIMAL:

AN INBRED STRAIN OF MALE MICE, THE BALB/cj (oriainAL
STOCK OBTAINED FROM JAcKsoN LABORATORY, BAR HarRBOR, MAINE,
AND MAINTAINED THROUGH |10 GENERATIONS IN OUR LABORATORIES)

WERE USED THROUGHOUT THE | VIVO EXPERIMENTS,

——

AnTiBIOTICS AND CHEMICALS:

AmpHOTERICIN B (Amb) was PurRcHAsep From E., R, Squies
AND Sons; NALI@Ixic AciD (NA) wAs DONATED BY STERLING-
WiInTHROP REseArRcH INs., RENSSELAER, NeEw York 12144; MICONA=~
zZoLE NITRATE (Mn) (1-{2-(2,4-D1cHLOROPHENYL)=-2-[(2,4~
DICHLOROPHENYL) METHOXYJETHYL} IMIDAZOLE MONONITRATE, WAS
SUPPLIED BY JANSSEN PHARMACEUT!CA, 2340 Beerse, BeLGIuM;
AND QUINAZOLINE DERIVATIVE (Qu) (2,4~p1aMiN0-6-[2-(3,4-
DICHLOROPHENYL) ACDTAMIDO] QUINAZOLINE WAS OBTAINED FROM THE
DEPARTMENT OF MicroBloLOGY AND COLLEGE OF PHARMACY AT THE
MepicAL UNIVERSITY oF SouTH CAROLINA, CHARLESTON, SOUTH
CaroLINA 29401,

[3H] URIDINE (SPECIFIC ACTIVITY: 46.2 Ci/mmole),
[3H) ThyMIDINE (sPECIFIC ACTIVITY: 6.7 Ci/mmole) AND [3H]

L-LeuctnE (sPeEcIFic AcTIvITY: 31.9 Ci/mmole) WAS PURCHASED
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FrRoM New EncrLAnD NucLeEarR, 575 ArLsany STREET, BosToON,

MASSACHUSETTS 02118,

DETERMINATION OF THE MINIMAL INHIBITORY CONCENTRATION (MIC):
THE TUBE DILUTION SENSITIVITY METHOD WAS UTILIZED TO
DETERMINE THE MIC OF THE DRUGS,

C. NEOFORMANS CELLS WERE GROWN iN 500 ml ERLENMEYER

FLASKS CONTAINING 100 ml oF THE DEFINED MEDIUM FOR 24 HOURS,
CELLS WERE HARVESTED BY CENTRIFUGATION (1200 x G For 10
MINUTES AT 25 C IN 50 ml PLASTIC CENTRIFUGE TUBES IN INTER~-
NATIONAL CENTRIFUGE MopeL HN), THIS WAS FOLLOWED BY TWO
WASHINGS WITH THE SAME MEDIUM AND THE SUPERNATANTS WERE DIS=-
CARDED., THE CELLS WERE RESUSPENDED IN DEFINED MEDIUM AND
ADJUSTED TO A CONCENTRATION OF | X IO5 CELLS PER ml DETER-
MINED B8Y HEMOCYTOMETER COUNTS AND CONFIPMED BY COLONY COUNTS.,
ONE ml OF THIS CELL SUSPENS!ON WAS DISPENSED TO STERILE,
COTTON PLUGGED Tuses (si1ze 16 x 150 BerLrLco Grass INC.).
VARIOUS CONCENTRATIONS OF THE TEST ANTIBIOTICS IN ONE ml
VOLUMES WERE ADDED TO EACH TuBE. DEFINED MEDIUM WAS ADDED
TO THE TUBES TO THE FINAL VOLUME OF TEN ml. TUBES WERE
PLACED AT A 30° ANGLE IN A GYROTORY SHAKER AT 120 RPM aT

37 C.

TURBIDIMETRIC MEASUREMENTS (600 nm, BauscH Loms
SPEcTRONIC 20) ALONG WITH VIABLE PARTICLE COUNTS WERE DETER-
MINED AT TIMED INTERVALS TO ESTABLISH THE RELATIVE INCREASE
IN POPULATION OF THE YEAST. THE MIC wAsS DEFINED AS THE

LOWEST CONCENTRATION OF EACH DRUG THAT COMPLETELY INHIBITED




THE FUNGUS AS DETERMINED BY COLONY COUNTS,

SYNERGISM STUDIES:

CELLS WERE GROWN, WASHED AND RESUSPENDED AS PREVIOUSLY
DESCRIBED. A CONCENTRATION OF O.| ng/ml Amb wHicH was |/4
OF MIC, WAS USED ALONE OR IN COMBINATION WITH DIFFERENT CON=
CENTRATIONS OF ONE OF THE EXPERIMENTAL DRuUGS (Qu, Mn, AND
NA). DRUGS WERE ADDED SIMULTANEOUSLY TO EACH TUBE IN ONE
ml PORTIONS BEGINNING BELOW THEIR RESPECTIVE MIC's, Appi-
TIONAL TESTS WERE PERFORMED APPLYING DIFFERENT CONCENTRATIONS
OF THE THREE DRUGS IN THE ABSENCE OF Amb., THE DEFINED MEDIUM
WAS ADDED TO ALL TUBES TO A FINAL VOLUME oOF |0 ml AFTER WHICH
THE TUBES WERE PLACED ON THE SHAKER.,

ANTIFUNGAL DRUG SYNERGY WAS DEFINED AS A DECREASE
OF A HUNDRED FOLDS OR MORE IN THE COLONY COUNTS WHEN DRUGS
WERE USED IN COMBINATION WITH Amb AS COMPARED TO COLONY

COUNTS WHEN A SINGLE DRUG WAS USED (32).

EFFECT ON SYNTHESIS OF MACROMOLECULES:
NUCLEIC ACID AND PROTEIN SYNTESIS WERE STUDIED IN

Q. NEOFORMANS BY FOLLOWING THE INCORPORATION OF APPROPRIATELY

LABELED RADIOACTIVE PRECURSORS INTO TRICHLOROACETIC ACID
(TCA) insoLUBLE MATERIAL., CELLS WERE GROWN ON DEFINED

MEDIUM FOR SIX HOURS AND HARVESTED IN THE MANNER PREVIOUSLY
DESCRIBED. CELL SUSPENSIONS WERE ADJUSTED TO OPTICAL DENSITY
oF 0,15, APPROXIMATELY 5 X 10° ceLLs PER ml. THE EXPERIMEN-

TAL DRUG AND RADIOACTIVELY LABELED MATERIAL WERE ADDED AND
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ONE ml ALIQUOTS WERE WITHDRAWN FROM THE CULTURES AT VARIOUS
TIME INTERVALS, FURTHER REACTIONS WERE ARRESTED BY THE AD-
DITION OF AN EQUAL VOLUME ofF 10% coLo TCA AND THE ACID IN-
SOLUBLE MATERIALS WERE COLLECTED ON 0,45 um MEMBRANE FILTERS
(MILLtIPORE). PRECIPITATES WERE WASHED THREE TIMES WITH 20
ml OF 5% coLp TCA, DRIED AND DISSOLVED IN 10 ml soLuTION
CONTAINING TWO PARTS TOLUENE, ONE PART TriTON X 100 AND
0.8% 2,4~DIPHENYLOXAZOLE (PPO), COUNTS WERE MADE WITH THE

BeckmaN L-5 100 L1QuID SCINTILLATION COUNTER.

SYNERGISTIc EFFECTS oN SYNTHESIS 0F MACROMOLECULES:

THE SAME PROCEDURES AS DESCRIBED PREVIOUSLY FOR
SINGLE ANTIBIOTIC WERE USED; HOWEVER, BOTH ANTIBIOTICS WERE
ADDED SIMULTANEOUSLY. THE CONCENTRATION OF 0.1 yg/ml Amb
WAS USED IN COMBINATION WITH EACH ONE OF THE OTHER DRUGS
(Qu, Mn, anp NA), A WIDE RANGE OF CONCENTRATIONS OF THE
OTHER DRUGS, STARTING WELL UNDER EAcH MIC's, WERE INVESTI~

GATED.

Mice EXPERIMENTS:

A 24 HOUR CULTURE OF C. NEOFORMANS GROWN IN MODIFIED

SABOURAUD'S DEXTROSE BROTH MEDIUM WAS HARVESTED BY CENTRIFU=-
cATION (1200 x G For 10 MINUTES AT 25 C IN 50 ml PLASTIC
CENTRIFUGE TUBES) FOLLOWED BY TWO WASHINGS WITH PHYSIOLOGICAL
SALINE., THE SUPERNATANTS WERE DISCARDED AND THE CELLS WERE
RESUSPENDED IN PHYSIOLOGICAL SALINE., MICE WEIGHING [8~22

GRAMS WERE INFECTED BY INJECTION OF O.,! ml CONTAINING




5 x lO6 VIABLE YEAST CELLS, INTO A LATERAL TAIL VEIN, THEY
WERE HOUSED IN GROUPS OF TEN, GIVEN FOOD AND WATER AD LIBITUM,
AND OBSERVED DAILY, THERAPY WAS BEGUN 72 HGURS POST INFEC~-
TION., TEN MICE WERE INCLUDED IN EACH CONTROL AND TEST GROUP,
EAcH MoOUSE RECEIVED |4 INTRAPERITONEAL INJECTIONS OR ORAL
DOSAGES OF DRUG INCORPORATED IN THE DAILY DIET, ONE EVERY

48 HOURS., CONTROLS CONSISTED OF GROUPS OF UNINFECTED MICE
TREATED WITH HIGH CONCENTRATION (S) OF DRUG, UNINFECTED MICE
TREATED WITH 1P INJECTIONS OF PHYSIOLOGICAL SALINE, AND IN-
FECTED UNTREATED MICE, ONE ADDED GROUP WAS INCORPORATED AS

A SHAM OPERATING CONTROL FOR |IP EXPERIMENTS, AFTER ADMINIS=~
TRATING 7 DOSAGES OF DRUGS, EACH MOUSE WAS WEIGHED AND DOS=-
AGE PER kg WAS ADJUSTED, DURING DAILY OBSERVATION, DEAD

MICE WERE AUTOPSIED AND THEIR ORGANS (BRAIN, BLOOD, AND
SPLEEN) CULTURED ON MODIFIED SABOURAUD'S DEXTROSE AGAR PLATES
WITH PENICILLIN AND STREPTOMYCIN., ON DAY 31 POST INFECTION,

THE SURVIVING MICE WERE SACRIFICED AND ORGANS WERE CULTURED,




CHAPTER (11
RESULTS

THE DATA IN FiGcurRe | sHow THE MIC VALUES OF THE
EXPERIMENTAL DRUGS (Amb, Qu, Mn, anpD NA) For C., MEOFORMANS.
THE MIC varLues oF Qu AND NA DIFFERED AT EACH TIME INTERVAL
AND INCREASED AS THE INCUBATION TIME WAS PROLONGED; WHEREAS,
THESE VALUES WERE RELAT!IVELY CONSTANT FOR Amb AND Mn.

THE SYNERGISM, RESULTING FROM DIFFERENT CONCENTRA=-
Tions oF Qu, Mn, orR NA IN COMBINATION WITH Amb, 18 ILLUS-
TRATED IN FIGURES 2~4, THE CONCENTRATION OF Amb EMPLOYED
IN EACH OF THE SYNERGY STUDIES WAS |/4 0oF MINIMUM INHIBI=-

TORY CONCENTRATION FOR Q. NEOFORMANS, AT THIS CONCENTRA-

TION, Amb HAS NO INHIBITORY EFFECT ON GROWTH OF THE YEAST-
LIKE ORGAMNISM, SEVERAL CONCENTRATIONS OF Qu, Mn, AnD NA,
STARTING WELL BELOW THE RESPECTIVE MIC VALUES WERE USED.,
SYNERGY WAS DEMONSTRATED WITH THE COMBINED USE oF Qu oRrR NA
AND Amb B8Y A DECREASE OF |00 FOLD OR MORE IN THE COLONY
COUNTS, AS COMPARED TO USING EITHER DRUG ALONE. HOWEVER,

SYNERG!ISM WAS NOT OBSERVED USING VARIOUS CONCENTRATIONS OF

Mn wiTtH Amb.




o8
a
06>
E
; P - =®
3‘0“----I---..-- .*
v
>3
0-2 i~
R ) L (]
1 2 3 IH"
DAYS -~
10 §-
b
L
” | e
e
..é .---..‘.
~
o5
=.
Y
z
2.5 -
! 4 ] 7 ‘
] 2 3 ! 7
DAYS

1.0

<
4
.0:75)~
£
mosl_ o m- [ [
2 ---.---.‘--
2.
: -
0:25
L) 1 |
> > ol [
DAYS
200
d
150
— ’.
£ .
o 100 )
=~ ....
[3) -m o= *
b3
50
1 | 5 1___|'~4
1 2 -
DAYS

FigurRe |. MINIMAL INHIBITORY CONCENTRATIONS OF AMPHOTERICIN B (A), QUINAZOLINE
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INCUBATION, COLONY COUNTS OF

L. NEOFORMANS AT DESIGNATED PERIODS OF

THE YEASTS WERE PERFORMED AFTER TREATMENT WITH SEVERAL CONCENTRATIONS

OF EACH CHEMICAL COMPOUND,
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FicurRe 2, DOSE RESPONSE OF THE VIABILITY OF C. NEOFORMANS

TO DIFFERENT CONCENTRATIONS OF Qu ALONE (0~-0)
AND IN COMBINATION WiTH O, ug/ml Amb (e--e),

COLONY COUNTS WERE DETERMINED AFTER 3 DAYS OF
INCUBATION,

Ficure 3. DOSE RESPONSE OF THE VIABILITY oF C., MEOFORMANS

TO DIFFERENT CONCENTRATIONS OF Mn ALONE (o0--o)
AND IN COMBINATION WITH 0.1 ug/ml Amb (e--e).
INCUBATIONS WERE 3 DAYS., COLONY COUNTS WERE
DETERMINED AT THE END OF THIRD DAY,

Fi1GURE 4., DOSE RESPONSE OF THE VIABILITY OoF C, MEOFORMANS
TO DIFFERENT CONGCENTRATIONS OF NA ALONE (o0~-o0)
AND IN COMBINATION WITH O, ug/ml Amb (e--e).

VIABILITY STUDIES WERE PERFORMED AFTER 3 DAYS
OF INCUBATION,
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AMPHOTERICIN B, AT CONCENTRATIONS UNDER THE MIC
VALUE APPEARED TO BE INEFFECTIVE IN PREVENTING THE UPTAKE

OF LABELED PRECURSORS BY THE MACROMOLECULES OF Q. NEOFORMANS

(Fieure 5). HoweveER, Qu ann NA INHIBITED LABELED URIDINE
INCORPORATION INTO RNA AND LABELED LEUCINE INCORPORATION

INTO PROTEIN iIN C, NEOFORMANS, IN ADDITION, NA INHIBITED

THYMIDINE INCORPORATION INTO THE DNA OF THE YEAST CELLS
(Fioures 6,7)., THE PRESENCE OF O.! pg/ml Amb, WELL BELOW
THE CONCENTRATIONS WHICH DEPRESS MACROMOLECULAR BIOSYNTHESIS,
POTENTIATED THE EFFECTIVENESS OF Qu up To 50% anp NA up TO
35%, IN CONTRAST, THE DATA IN FIGURE 8 INDICATE THAT MACRO-
MOLECULAR SYNTHESIS WAS NOT INHIBITED BY Mn ALONE OR IN

COMBINATION WITH O, pg/ml Amb.

INn Vivo STuDIES:

THE CURING DOSE 50 (CD-50) wAS THE DOSAGE REQUIRED
TO CURE APPROXIMATELY 50% OF THE INFECTED MICE AND WAS CON-
FIRMED BY THE ABSENCE OF C. NEOFORMANS YEAST CELLS IN THEIR
CULTURED ORGANS,

IN OUR EXPERIMENTAL MODEL SYSTEM, USING IV INJEC~-

TIONS OF Q. NEOFORMANS YEAST CELLS INTO THE TAfiL VEIN OF

MICE, RESULTS WERE REPRODUCIBLE. IN ALL CASES, CONTROL MICE
WHICH RECEIVED NO DRUG TREATMENT DIED BETWEEN |2 AND 30 DAYS
POST INFECTION, SURVIVING CONTROL GROUPS INCLUDED, UNINFFQ-
TED MICE RECEIVING THE HIGHEST DRUG DOSAGES REPORTED, MICE
UNINFECTED AND TREATED WITH PHYSIOLOGICAL SALINE AND THE

SHAM OPERATING UNINFECTED MICE,
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Ficure 5. Dose REsPONSE To Amb oF (3H] THYMIDINE (e-=6),
[SH] uripiIne (o--0), anp [3H] Leucing (w--x)
INCORPORATION inNTO TCA PRECIPITAZLE FRACTION
oF C, NEOFORMANS. THE YEASTS WERE GROWN IN
(341 THymioine (30 wci/ml), [3H] urioine (1
uci/ml) AND [SH] LeuciNe (5 uwci/ml) AT INDICATED
CONCENTRATIONS OF Amb FOR 4 110URS. ONE HUNDRED
PERCENT VALUE FOR [3H] THYMIDINE WweERe 4,4 x 103
COUNTS PER MIN PER ml, FOR [SH] URIDINE WERE
16.2 x 103 cpm/ml, aAND FOR ([SH] LEUCINE WERE
Ted X |03 cpm/ml_
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Dose RessonsSE TO Qu OF [3H] THYMIDINE (%0 pci/ml)
(A), [3H] urioine (! pexi/ml) (2), ano [SH]
Leucine (5 pci/ml) (Cy INCORPORATION AFTER 4
HOURS OF INCUBATION OoF C, MEOFORMAMS IN THE
PRESENCE (@--0) AND ABSENCE (o--o) oF Q,l

pg/ml Amb. ONE HUNDRED PERCENT VALUE FOR [3H]
THYMIDINE INCORPORATION INTO TCA PRECIPITABLE
MATERIALS WAS 3.1 x 103 cpm/ml, FOorR [SH] URIDINE
was 13,9 x 103 cpm/ml AND FOR [3H] LEUCINE WAS
6.6 x 103 cpm/ml. '
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Dose REsPONSE To NA orf [3H] THymipine (30 uci/ml)
(A), [3H] uripine (I uci/ml) (B) ano ([3H] Leucine
(5 uci/ml) (C) INCORPORATION AFTER 4 HOURS OF IN~-
CUBATION OF C. NEOFORMANS IN THE PRESENCE (o--eo)
AND ABSENCE (o0--0) oF 0.l pg/ml Amb. ONE HUNDRED
PERCENT VALUE FOR [SH] THYMIDINE INCORPORATION
INTO TCA PRECIPITABLE MATERIALS WAS 3.9 x 103
cpm/m}, FOR 3H uRIDINE WAS 16 x 103 cpm/ml AND
FOR [°H] LeucIiNE was 7.5 x 103 cpm/ml.
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FicuRe 8, Dose REsPONSE To Mn ofF [3H] THymioine (30 uci/ml)
(A), [3H] urioInNE (! ueci/ml) (B) ano [SH] LEuUCINE
(5 wei/ml) (C) INCORPORATION AFTER 4 HOURS OF IN-
CUBATION OF C, MEOFORMANS IN THE PRESENCE (e@--e)
AND ABSENCE (0--0) of O.] ug/ml Amb. ONE HUNDRED
PERCENT VALUE FOR [3H] THYMIDINE INCORPORATION
INTO TCA PRECIPITABLE MATERIALS wAs 3,3 x 103
cpm/ml, FOR [3H] URrIDINE was 17.3 x 103 cpm/ml
AND FOR [SH] LEucINE was 8,1 x 103 cpm/ml.
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To EstasLisH THE CD-50 fFor Amb, Qu, Mn, anD NA, a
MINIMUM OF TWO DIFFERENT EXPERIMENTS FOR EACH DRUG WERE PER~-
FORMED AND ACCUMULATED DATA ARE SHOWN IN FIGURES 9-13,
THESE DATA INDICATE THAT THE PERCENTAGE OF SURVIVING MICE
INCREASED PROGRESSIVELY WITH INCREASING DRUG DOSAGE,

THE DOSE RESPONSE TO Amb THERAPY IS PRESENTED IN
FIGUurRE 9, MORTALITY WAS PREVENTED COMPLETELY AND CULTURES
OF VARIOUS ORGANS (BLOOD, SPLEEN, AND BRAIN) WERE NEGATIVE
AFTER A COMPLETE COURSE OF TREATMENT WITH .5 mg/kg/dose.
YiiTH THE use oF 1,0 mg/kg/dose, ALTHOUGH ALL MICE SURVIVED,
C. NEOFORMANS WAS [SOLATED FROM THE SPLEEN OF TWO AND THE
BRAIN OF ONE MOuUstE., THE CD-50 was 0.5 mg/kg/dose.

THE SURVIVAL RATES OF INFECTED MICE, TREATED WITH
ORAL OR 1P Qu AT DIFFERENT CONCENTRATIONS, ARE PRESENTED
IN Firgures 10 ano 11, AFTER TERMINATING THERAPY VWiTH AT
LEAST AN 800 ug/kg/dose 1P, ALL MICE SURVIVED AND THE CUL-

TURES WERE NEGATIVE FOR C. NEOFORMANS, THE CD-50 oF Qu FoOR

IP THERAPY WAS APPROXIMATELY 200 ug/kg/dose. ANIMALS FAILED
TO RESPOND TO ORAL TREATMENT IN THAT 95% D1E0 DUE To C.

NEOFORMANS INFECTION,

THE RESULTS OBTAINED FROM ORAL ADM!INISTRAT{ONS OF
VARIOUS CONCENTRATIONS OF Mn TO MICE INFECTED WITH (., NEO-
FORMANS ARE SHOWN IN FI1GURE 12, DATA INDICATE TOTAL SURVIVAL
OF THE MICE WHEN ONE mg/kg/dose WAS useDd. THE CD-50 fForR Mn
WAS APPROXIMATELY 500 ug/kg/dose.

ORAL TREATMENT OF INFECTED MICE WITH A 400 ug/kg/dose
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% SURVIVORS

Figure 9,

~

L ~ L

PERCENTAGE OF SURVIVORS OF MICE INFECTED WITH

Q. NEOFORMANS AND TREATED IP WITH DIFFERENT

CONCENTRATIONS OF Amb OVER 3| DAYS TESTING
PERIOD, ConTROLS: (@) SHAM OPERATING, UN-
INFECTED TREATED WiTH PES orR .5 mg/kg/dose,
(o) INFECTED UNTREATED. TESTS: INFECTED AND
TREATED wiTH: (@) 0.25 mg/kg/dose, (x) 0.5
mg/kg/dose, (G) 0,75 mg/kg/dose, (*) 1.0
mg/kg/dose anp (@) 1.5 mg/kg/dose.
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oF NA, RESULTED IN COMPLETE SURVIVAL, C., NEOFORMANS WAS

NOT CULTURED FROM ANY oRaAN (Fi1gure 13), THE CD-50 oF THIS

DRUG wAS 100 ug/kg/dose.
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0AYs, ConTtroLs: (0) UNINFECTED TREATED wiTH
10 mg/kg/cose, (o). INFECTED UNTREATED. TESTS:
INFECTED AND TREATED wiTh (@) 500 ug/kg/dose,
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PERCENTAGE OF SURVIVORS OF MICE IKFECTED WITH
C, NEOFORMANS ANO TREATED P WIT~ OIFFZRENT
CONCENTRATIONS OF QU OVER PERLOO OF 3 2Javs,
CONTROLS: (®) A=SHAM OPERATING, B=UNINFECTED
TREATED wiTH PES, AND C~UNISFECTEO TREATED
wiTH 800 mg/kg/dose,{@) INFECTES UNTREATED.
TESTS: INFECTED AUD TREATED witw: (8} 100
wg/kg/dase, (x) 200 ug/kg/dose, (e) 420
wg/kg/dosa Ano (e) 80O ug/kg/dose.
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CHAPTER 1V

DISCUSSION

IN OUR INVESTIGATIONS, WHICH INCLUDED SEVERAL
SCREENING PROCEDURES, THREE CHEMICALS SHOWED PROMISE AS

NEW ANTIFUNGAL AGENTS, PARTICULARLY AGAINST Q. NEOFORMANS,

QUINAZOLINE DERIVATIVES HAVE BEEN USED EXTENSIVELY

AGAINST EUCARYOTIC PARASITES ESPECIALLY PLASMODIUM SPECIES

(45,46). HOWEVER, THIS PARTICULAR DERIVATIVE WAS FOUND TO

LACK ANY ACTIVITY AGAINST PLASMODIUM SPECIES, SUBSEQUENT

IN VITRO ANTIMICROBIAL SCREENING AGAINST SEVERAL YEASTS,
REVEALED THAT THIS COMPOUND DISPLAYED ANTIFUNGAL PROPERTIES,
The MIC wAS IN THE RANGE OF 6-8.,25 ug/ml AGAINST C. NEOFOR-
MANS BUT FUNGISTATIC DOSE VARIED SLIGHTLY AS THE TIME OF

I NCUBATION INCREASES.,

Mn DERIVATIVE OF |-PHENETHYLIMIDAZOLE, EXHIBITED
INHIBITORY ACTIVITY AGAINST BACTERIA AND FUNgI (13) AND
ORAL ADMINISTRATION REDUCED TETRACYCLINE~INDUCED FUNGAL
OVERGROWTH IN THE FECES. Mn WAS ABSORBED READILY FROM THE
GASTRO-INTESTINAL TRACT (6). IN OUR INVESTIGATIONS, Mn
DEMONSTRATED INHIBITORY ACTIVITIES AGAINST SEVERAL YEAST

CELLS INCLUDING C, NEOFORMANS WITH AN MIC VALUE OF APPROXI=-

26
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MATELY 0.5 ug/ml. DOSAGES UP TO THIS CONCENTRATION PROVED
NOT TO BE INHIBITORY TO MACROMOLECULES BIOSYNTHESIS,
NA HAS BEEN SHOWN TO BE EFFECTIVE AGAINST PROCARYO=-
Tic cerLs (20), IN THAT IT INHIBITS DONA SYNTHESIS IN BAC-
Terta (15), THE ErFFecTs oF NA ON EUKARYOTIC ORGANISMS HAVE
BEEN STUDIED AND IN TWO INVESTIGATIONS THIS AGENT INHIBITED

THE GROWTH OF EUGLENA GRACILIS BY BLOCKING CHLOROPLASTS RE-

pLicaTion (9,30)., IN OUR INVESTIGATION, WE FOUND THAT PAR-
TIAL INHIBITION OF TOTAL CcELL DNA, RNA AND PROTEIN SYNTHESIS
WAS ACHIEVED, USING CONCENTRATIONS BELOW THE MIC, CRYPTO-

COCCUS NEOFORMANS WAS INHIBITED BY NA AT 60 pg/ml oN THE

FIRST DAY INCREASING TO |40 ug/ml BY THE SEVENTH DAY,

THE ABOVE DATA iINDICATES THAT THE MIC's WERE DIRECTLY
PROPORTIONAL TO THE PERIOD OF EXPOSURE 7O Qu AnND NA, WHILE
THE MIC's oF Amb anND Mn WERE INDEPENDENT OF TIME. THIS
SUGGESTS THAT Qu AND NA WERE PROBABLY FUNGISTATIC AND THAT
Amb ANDp Mn WERE PROBABLY FUNGICIDAL. THE N VITRO FUNGIS=
TATIC OR FUNGICIDAL PROPERTIES OF MOST DRUGS DEPEND ON MANY
FACTORS SUCH AS TIME, TEMPERATURE, ORGANISM, AND DOSAGE.

AN INCREASE IN pose OF Qu orR NA ABovE THEIR MIC's, EVEw,UALLY
LEADS TO FUNGICIDAL LEVELS,

THIS CONCEPT SHOULD BE CONSIDERED WHEN APPLYING A
DRUG THERAPEUfICALLY IN THé MAMMAL IAN SYSTEM WHICH MAY LIMIT
THE UTILIZABLE (0OSE, THESE LIMITATIONS INCLUDE ADVERSE
EFFECTS ON THE MAMMALIAN SYSTEM IN RESPONSE TO INCREASED

DOSAGES, ALTHOUGH THERAPEUTIC ACTIVITY MAY BE ENHANCED,
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AN EXAMPLE OF THIS PHENOMENON CAN BE SEEN WITH Amb WHICH
EXHIBITS DOSE DEPENDENT TOXICITY TO THE HOST., LOWERING THE
DOSAGE ELIMINATES OR DIMINISHES SIDE EFFECTS OF THIS DRUG,
AS WELL AS ITS ANTIFUNGAL PROPERTIES,

Amb AND OTHER POLYENE ANTIBIOTICs (5,31,35) BIND
WITH STEROLS WHICH ARE PRESENT IN THE CELL MEMBRANE, CAUSING
ALTERATIONS IN THEIR PERMEABILITY AND IMPAIRMENT OF THE
TRANSPORT SYSTEM OF SENSITIVE ORGANIsMS (22,23)., INDIVIDUAL
POLYENE ANTIBIOTICS DIFFER IN THEIR AFFINITY TO CERTAIN
LIPIDS, FOR EXAMPLE, FILIPIN BINDS TO ERGOSTEROL AND CHOLES-
TEROL, WHILE Amb HAS MAINLY AN AFFINITY TO ERGOSTEROL (51).
THESE DIFFERENCES ACCOUNT IN PART FOR THE PARTICULAR ANTI-
MICROBIAL SPECTRUM AND TOXICITY OF INDIVIDUAL POLYENES,
POLYENES POSSESSING THE BROADEST SPECTRUM OF LIPID AFFINITY
HAVE PROVED THE MOST TOXIC TO MAMMALIAN CELLS,

THE MECHANISM OF Amb ACTION ON MODEL MEMBRANES (24)
PROBABLY FACILITATES THE PASSAGE OF OTHER DRUGS THROUGH THE
CELLS MEMBRANE AND INCREASES THEIR AVAILABILITY IN THE
cYTosoL,

EXPERIMENTAL EVIDENCE INDICATES THAT THIS PHENOMENON
CAN BE USED TO MANIPULATE THE PERMEABILITY OF THE YEAST
CELL, LOWER, LESS TOXIC DOSES OoF Amb CAN BE USED IN COM=~
BINATION WITH ANOTHER ANTIFUNGAL AGENTS HAVING A DIFFERENT
MODE OF ACTION THAN Amb. THIS HAS PROVED FEASIBLE AND AN
EXAMPLE WAS SHOWN IN OUR STUDIES USING EITHER Qu or NA ALONG

WITH Amb. ACTUALLY, COMBINATIONS LED TO POTENTIATED ANTI-
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FUNGAL EFFECTS ON THE YEAST CELLS WHEN COMPARED TO THE USE
OF EITHER DRUG ALONE., POTENTIATION WAS NOT OBSERVED USING
Mn IN COMBINATION WiTH Amb AT EITHER THE CELLULAR OR MOLE-
CULAR LEVEL. Mn ALONE DOES NOT EXHIBIT ANY INHIBITORY
EFFECTS ON MACROMOLECULAR BIOSYNTHESIS WHILE Qu or NA Do
INHIBIT MACROMOLECULAR BIOSYNTHESIS.,

BROAD SPECTRUM ANTIBACTERJAL AGENTS HAVE BEEN USED
TO POTENTIATE THE EFFECTS OF ANTIFUNGAL AGENTS IN VITRO
(36)., THIS CAN NOT BE PRACTICALLY APPLIED TO FUNGAL INFEC=-
TIONS IN MAMMALIAN SYSTEM AS IT LACKS THERAPEUTIC VALUE FOR
SEVERAL REASONS, LONG TERM BROAD SPECTRUM ANTIBACTERIAL
THERAPY UPSETS THE BALANCE BETWEEN BACTERIAL AND FUNGAL
FLORA, DEPLETING THE BACTERIAL POPULATION THUS FACILITATING
THE ESTABLISHMENT OF A FUNGAL INFECTION (19,55), THEREFORE,
EACH DRUG SHOULD BE ESTABLISHED AS AN ANTIFUNGAL AGENT PRIOR
TO ITS USE IN COMBINATION WITH OTHER AGENTS.

IN VITRO INVESTIGATION OF Qu, Mn, aAno NA INDICATED
THAT THEY WERE PROMISING ANTIFUNGAL AGENTS AND TO OUR KNOW=-
LEDGE, THEIR USE IN THE TREATMENT OF EXPERIMENTAL CRYPTOCOC~-
coslIs IN MICE HAS NOT BEEN PREVIOUSLY REPORTED. OUR RESULTS

WITH THIS ) VIVO MOUSE MODEL INDICATED A STATISTICALLY SiG-

NIFICANT DOSE RELATED THERAPEUTIC EFFECT OF ALL FOUR DRUGS,

IT WAS ENCOURAGING TO OBSERVE THAT NO APPARENT DEATHS OCCURRED

DUE TO DRUG TOXICITY AT THESE EXPERIMENTAL DOSAGES.
EXPERIMENTALLY INFECTED MICE DID MNOT RESPOND TO ORAL

ADMINISTRATION OF Qu AS A THERAPEUTIC AGENT, THIS waAs
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PROBABLY DUE TO LACK OF PROPER ABSORPTION OR DENATURATION OF
THE DRUG IN THE GASTRO-INTESTINAL TRACT, INTERAPERITONEAL
INJECTIONS OF INFECTED MICE WITH Qu RESULTED IN COMPLETE
RECOVERY FROM THE DISEASE,

FURTHER EVALUATIONS AND INVESTIGATIONS OF THESE
CHEMICAL COMPOUNDS ARE NEEDED TO PROVIDE SUFFICIENT INFORM-
ATION REQUIRED TO ALLOW SAFE APPLICATION OF THESE AGENTS
AGAINST MYCOTIC INFECTIONS, AREAS OF INVESTIGATIONS MUST
INCLUDE CYTOLOGICAL AND PATHOLOGICAL EFFECTS OF THE AGENTS
ON MAMMALIAN TISSUE, THE ROUTE OF ELIMINATION OR EXCRETION
FROM THE BODY AND TARGET ORGANS OR TISSUES OF DRUG ACTIVITY.
HOPEFULLY, THE CONTINUATION OF OUR STUDIES WILL LEAD TO
ANSWERS TO THE ABOVE AND OTHER QUESTIONS AND RESULT IN THE
FINDING OF AGENTS TO MORE SUCCESSFULLY TREAT MYCOTIC INFEC-

TIONS,




CHAPTER V

SUMMARY

THE MINIMUM INHIBITORY CONCENTRATIONS OF QUINAZOLINE
DERIVATIVE, MICONAZOL NITRATE, NALIDIXIC ACID, AND AMPHOTER=-
1ciIN B WERE DETERMINED BY THE TUBE DILUTION METHOD FOR

CRYPTOCOCCUS NEOFORMANS, STRAIN [84,

THE EFFICIENCY OF Qus Mn, orR NA ALONE AND IN COM=-
BINATION WITH Amb wAS INVESTIGATED JN VITRO, AMPHOTERICIN
B WAS FOUND TO POTENTIATE THE ANTIFUNGAL EFFECTS OF Qu AND
NA, B8Y ALTERATION OF THE FUNGAL CYTOPLASMIC MEMBRANE PERME~-
ABILITY PERMITTING INCREASED PENETRATION OF THESE CHEMICAL
COMPOUNDS. ON THE OTHER HAND, COMBINATION OF Amb AND Mn
DID NOT RESULT IN SYNERGISM,

THE EFFECTS OF CHEMICAL AGENTS ON MACROMOLECULAR

METABOLISM ON Q. NEOFORMANS WERE STUDIED, IT WAS FOUND THAT

Amb AND Mn AT CONCENTRATIONS UNDER THE MIC VALUES DO NOT
EFFECT THE SYNTHESIS OF MACROMOLECULES., However, Qu anD NA
INHIBITED THE INCORPORATIONS OF LABELED PRECURSORS INTO RNA

AND PROTEIN OF Q. NEOFORMANS., IN ADDITION THERE WAS A DE-

CLINE IN RATE OF THYMIDINE UPTAKE IN THE CELLS TREATED WITH

NA, WHen Ou orR NA WAS USED IN COMBINATION WITH Amb THIS

31
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INHIBITORY EFFECT OF CHEMICAL COMPOUNDS ON MACROMOLECULAR
BIOSYNTHESIS WAS ENHANCED,

A MOUSE MODEL INFECTION WITH C. NEOFORMANS WAS ES-

TABLISHED, AFTER WHICH THE ANIMALS WERE GIVEN IP OR ORAL
ADMINISTRATION OF VARIOUS CONCENTRATIONS OF EXPERIMENTAL
DRUGS., THE CURING DOSE 50 (CD-50) WAS DETERMINED ON THE

BASIS OF ISOLATION OF Q. NEOFORMANS FROM THE ORGANS OF

ANIMALS DURING OR AT THE TERMINATION OF THE EXPERIMENTS,
INFECTED MICE RESPONDED TO DRJG TREATMENTS WITH THE EXCEP-
TION OF ORAL ADMINISTRATION OF Qu AND THE PERCENTAGE OF
SURVIVING MICE INCREASED PROGRESSIVELY WITH INCREASING DRUG

DOSAGE.,
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