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Forty recent clinical isolates of three different Candida sp. were tested in the
microtiter system for susceptibility to two new 2,4-diaminoquinazoline (DAQ)
compounds, amphotericin B and flucytosine. The two DAQ preparations showed
activity similar to amphotericin B and flucytosine. The geometric mean miniimal
inhibitory concentrations for these four drugs were as follows: DAQ 1A, 0.64
,ug/ml; DAQ 2A, 1.39 ,ug/ml; amphotericin B, 1.03 ,ug/ml; and flucytosine, 0.72
,tg/ml. An additional seven DAQ compounds were tested but showed less or no

activity against 17 Candida isolates. Forty-eight-hour viability studies with DAQ
2A alone or in combination with amphotericin B, flucytosine, or sulfamethoxazole
were carried out with one isolate of intermediate susceptibility to each of these
agents except sulfamethoxazole. For this isolate the combination of DAQ 2A and
sulfamethoxazole was synergistic, and the combination ofDAQ 2A and AMB was
either synergistic or additive, whereas the combination ofDAQ 2A and flucytosine
was antagonistic. Although regrowth of cultures exposed to DAQ 2A was noted
over a 48-h period, neither degradation of the drug nor development of resistance
to the drug could be detected. Swiss white mice receiving DAQ 1A at a dose of 6
mg/kg for 5 days showed no obvious signs of toxicity, including weight loss.

Currently there are two agents available for
the treatment of systemic Candida infections,
amphotericin B (AMB) and flucytosine (FC)
(5-7, 12). Because of limitations associated with
each agent, efforts continue to develop addi-
tional drugs with activity against these species.
Members of the 2,4-diaminoquinazoline (DAQ)
class of compounds, which are antifolates, were
shown by Hynes et al. (17) to be active in vitro
against Candida albicans while displaying no
toxicity in mice at potentially therapeutic levels.
Hariri and Larsh (11) used a DAQ drug to cure
mice of infection with Cryptococcus neofor-
mans. The purpose of this study was to investi-
gate the in vitro activity of some other DAQ (9;
K. W. Ledwig, Chem. Abstr. 88:105410d) drugs
against several Candida sp. In addition, viability
experiments were carried out with one of the
more active DAQ compounds when combined
with either AMB, FC, or sulfamethoxazole
(SMX). Drug stability and resistance develop-
ment were investigated, and limited data are
also discussed concerning the toxicity of a new
DAQ compound in the mouse.

MATERIALS AND METHODS
Isolates. Forty recent clinical isolates of Candida

sp. were identified as to species by conventional tech-
niques (2, 10). Thirty-two were identified as C. albi-

cans, four were identified as C. tropicalis, and four
were identified as C. krusei.

Media. Synthetic amino acid medium-fungal
(SAAMF) was utilized and was kindly supplied by
John R. Dixon (Grand Island Biological Co., Product
Development Office, Lawrence, Mass.). This com-
pletely defined medium has been shown to have a
number of advantages for the in vitro testing of anti-
fungal compounds (14, 16).

Drugs. H. E. Album of Wyeth Laboratories, Phil-
adelphia, Pa., provided five of the DAQ drugs tested
(Fig. 1, compounds 1A to 5A), and the other four DAQ
drugs (Fig. 1, compounds 1B to 4B) were obtained
through the courtesy of E. F. Elslager of Parke-Davis
Laboratories, Detroit, Mich. AMB (Calbiochem, San
Diego, Calif.), FC (Hoffman-La Roche, Nutley, N.J.),
and the antifolates methotrexate (Lederle, Pearl
River, N.Y.), pyrimethamine (Burroughs Weilcome,
Research Triangle Park, N.C.), and trimethoprim
(Burroughs Wellcome) were used in susceptibility test-
ing, but SMX (Burroughs Weilcome) was used only in
the viability studies. Stock solutions of all drugs were
prepared at a concentration of 10 mg/ml. The DAQs
and methotrexate were stored in the dark at room
temperature, whereas all other drug solutions were
prepared just before use. Me2SO was used to solubilize
all the agents except FC (distilled water), trimetho-
prim (0.05 N HCl) and SMX (0.1 N NaOH).

Susceptibility testing. Minimal inhibitory con-
centrations (MICs) were determined with the micro-
titer system. The inoculum employed was 5,000 col-
ony-forming units per ml, and the drug concentrations
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FIG. 1. Shown are the structures of the nine DAQ compounds.

ranged from 50 to 0.025 ,ug/ml. The final volume in
the microtiter wells was 0.1 ml. The concentration of
Me2SO never exceeded 1%, and preliminary experi-
ments showed that this did not have any inhibitory
effect on any ofthe Candida isolates. After inoculation
the microtiter plates were sealed with cellophane tape
and incubated at 37°C for 24 h. Small pinholes were
made in the plastic tape above each well allowing for
aerobic conditions. Minimum fungicidal concentra-
tions (MFCs) were obtained by subculturing, with a
0.001-ml bacteriological loop, on brain heart infusion
agar, and the lowest concentration of antifungal agents
which yielded no growth on subculture was considered
to be the MFC. MIC and MFC determinations were
performed in duplicate, and the maximum difference
noted between duplicates was one dilution. The higher
dilution was always utilized to determine the MIC and
MFC. AMB, FC, and the two most active DAQs, DAQ
1A and DAQ 2A, were tested against 40 Candida
isolates; the remaining compounds were tested against
17 isolates.

Viability studies. One of the more active com-
pounds, DAQ 2A, was employed with one of three
other compounds, FC, AMB, or SMX, to determine
the effect of these agents individually and in 'combi-
nation against an isolate of C. albicans. This isolate
had the following susceptibilities: AMB, MIC/MFC
= 0.75/0.75 jg/ml; FC, MIC/MFC = 0.75/3.1 jg/ml;
DAQ 2A, MIC/MFC = 0.75/0.75 ,g/ml; and SMX,
MIC/MFC > 50 uig/ml.

In these viability experiments the initial concentra-
tion of Candida organisms ranged between 104 and
105 colony-forming units per nl. Each of the drugs was
employed at a concentration equal to its MIC, except
for SMX which was inactive against the Candida
isolate used at 50 ug/ml and was utilized at this con-
centration. DAQ 2A was also used at a 10-fold-higher
concentration in experiments for studying its effect
when combined with SMX. In these experiments the
concentration of Me2SO was also maintained at less
than 1%, and the flasks were incubated in a shaking
water bath at 37°C for 48 h, with a sample of 0.5 ml
taken at 0, 3, 6, 9, 12, 24, 30 and 48 h. Serial dilutions
were plated out of each sample to determine the

number of viable organisms. Fungal growth without
any drug was run 11 times in the course of these
experiments, and a control curve was constructed from
all of these so that these curves are identical for Fig.
2, 3, and 4. The effect of DAQ 2A at 0.75 ,ug/ml was
repeated eight times, and a single curve was con-
structed from these data and is depicted in Fig. 3 and
4. All the other agents and combinations were run four
times, except DAQ 2A at 7.5 ,Lg/ml, SMX, and the
combination (Fig. 2), which were run three times each.
Drug stability and resistance development.

The stability ofDAQ 2A (at 7.5 ug/ml) was studied by
taking samples from times 0 and 48 h from two flasks
treated exactly like those in the viability study except
that only one was inoculated with Candida. The fun-
gistatic activity of the supernatants, obtained by cen-
trifugation, was then determined with the microtiter
system. Also, an attempt was made to detect resistance
development by repeating the MIC determination of
the isolate used in the viability studies after 48 h of
exposure to DAQ 2A at a concentration of 0.75 ,ug/ml.

Toxicity experiment. ICR Swiss female white
mice weighing between 22 and 25 g were treated with
6 mg of DAQ 1A per kg per day administered intra-
peritoneally for 5 days. Six animals were given the
drug and six animals were given Me2SO, and their
weights were determined daily.

RESULTS
Table 1 summarizes the susceptibility data for

all compounds which showed any activity at a
concentration of 50 ,ug/ml. AMB, FC, DAQ 1A,
and DAQ 2A all showed comparable inhibitory
activity against the 40 Candida isolates. The
geometric mean MICs for these compounds were
as follows: AMB, 1.03 ,tg/ml; FC, 0.72 ,ug/ml;
DAQ 1A, 0.64 ,tg/ml; and DAQ 2A, 1.39 ,ug/ml.
Only AMB showed fungicidal activity against
the majority of the isolates. The eight isolates
which were not C. albicans exhibited a similar
susceptibility pattem to these agents except for
FC; the two isolates resistant to FC were C.
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TABLE 1. Susceptibility of Candida isolates to AMB, FC, and seven DAQ compounds
No. of isolates susceptible at concn of agent (jg/ml):

Agent Determination
0.05 0.1 0.19 0.38 0.75 1.5 3.1 6.2 12.5 25 -50

AMB MIC 3 19 15 3 0 0
MFC 1 5 17 12 3 2

FC MIC 3 6 10 9 4 5 1 0 1 1
MFC 0 0 2 2 4 8 7 6 0 11

DAQ 1A MIC 2 1 2 9 13 12 1 0 0 0 0
MFC 0 0 0 1 1 2 1 11 15 8 1

DAQ 2A MIC 3 8 22 5 2 0 0 0
MFC 0 2 0 1 12 4 3 18

DAQ 3A MIC 1 1 3 2 3 5 2
MFC 0 0 0 0 1 1 15

DAQ 4A MIC 3 7 5 2 0 0
MFC 0 0 1 1 3 12

DAQ 5A MIC 1 1 2 13
MFC 0 0 0 17

DAQ 3B MIC 3 3 6 4 1 0
MFC 0 0 0 1 5 11

DAQ 4B MIC 1 6 4 4 2
MFC 0 2 4 5 6

tropicalis and C. krusei. DAQ 3A, DAQ 4A,
DAQ 5A, DAQ 3B, and DAQ 4B demonstrated
less activity, whereas DAQ 1B, DAQ 2B, meth-
otrexate, pyrimethamine, and trimethoprim all
showed no activity at a concentration of 50
ytg/ml.

Viability data are shown in Fig. 2, 3, and 4.
Figure 2 shows the effect ofDAQ 2A, SMX, and
the combination of both agents on the growth of
Candida. The combination resulted in more
pronounced killing of the organism, and re-
growth occurred later and to a lesser degree,
indicating that an inactive concentration of
SMX was sufficient to markedly augment the
action ofDAQ 2A. The regrowth ofthe organism
after 24 h of exposure to DAQ 2A was marked,
so that by 48 h the original concentration of
organisms was slightly exceeded.

Figure 3 demonstrates the effect of DAQ 2A,
AMB, and the combination of both agents on
Candida growth. AMB resulted in more than a
10-fold reduction in numbers of Candida orga-
nisms when compared with the control at 12 h,
although by 48 h considerable regrowth had
occurred. The most striking effect of the com-
bination of DAQ 2A and AMB was to delay
regrowth of the organisms after 12 h.
The effects of DAQ 2A, FC and the combi-

nation of both agents on Candida growth are
shown in Fig. 4. FC retards growth of the yeast,
but when combined with DAQ 2A the growth
curve is similar to the control curve. DAQ 2A
alone results in slower growth initially, but by
30 h the concentration of organisms is equal to
that of the control. It should be noted that these
viability studies employed an inoculum 10 times

greater than that used to determine MICs. This
may explain why some of these drugs, despite
being used at a concentration equal to the MIC
of the Candida isolate, only minimally inhibited
its growth.

Resistance development to DAQ 2A was not
detected because the MIC of the isolate (0.75
,ug/ml) used in the viability studies was not
significantly different from that obtained after
48 h of exposure to the drug (1.5 ,a.g/ml or one
twofold dilution). In addition, 0- and 48-h sam-
ples of SAAMF, containing an initial DAQ 2A
concentration of 7.5 t&g/ml in the presence and
absence of organisms, were both effective at a 1:
8 dilution in inhibiting the organism used in the
viability studies.

Finally, mice given 6 mg of DAQ 1A per kg
per day for 5 days showed no weight loss or
other signs of toxicity.

DISCUSSION
The data in Table 1 show that two new DAQ

compounds, DAQ 1A and DAQ 2A, were as
effective as AMB and FC in inhibiting the
growth of 40 Candida isolates. However, AMB
acted fungicidally, whereas the DAQ drugs were
more similar to FC in that only occasional iso-
lates were killed by lower drug concentrations.
However, from the viability experiments it was
evident that if the concentration of drug was
increased 10-fold against the same isolate, killing
of the organism occurred (compare Fig. 2 and 3).
The synergistic activity of the DAQ 2A-SMX

combination has a rational basis. SMX antago-
nizes folate synthesis, and DAQ 2A acts to in-
hibit the enzyme dihydrofolate reductase,
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thereby providing a sequential blockade of a
single biochemical pathway. A similar phenom-
enon occurs when trimethoprim is combined
with SMX (13). This potentiation of DAQ 2A's
activity by SMX may be important in utilizing
DAQ drugs for the treatment of rungal infection.
The enhanced activity of AMB by DAQ 2A,
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FIG. 3. Effect ofDAQ 2A and AMB, alone or com-

bined on C. albicans in SAAMF. Shown are means
plus and minus one standard error. AMB and DAQ
2A were used at a concentration equql to the MIC of
the Candida isolate used. Symbols: control with
no drugs; ....., AMB at 0. 75 pg/ml; - . -. -, DAQ 2A
at 0.75 pg/ml; -----, DAQ 2A plus AMB both at 0.75
pg/ml.

Time (hoors)

FIG. 2. Effect of DAQ 2A and SMX, individually
and in combination, on C. albicans in SAAMF broth.
DAQ 2A was used at a concentration 10 times the
MIC of the Candida isolate used. Symbols:
control with no drugs; ....., 50 pg ofSMX per ml;
---, 7.5pg of DAQ 2A per ml; -----, 50 pg ofSMX
plus 7.5 pg ofDAQ 2A per ml.

which is demonstrated by the slower regrowth
of the organism but not by greater killing, is of
considerable interest. To explain this enhanced
activity one can propose that AMB acts on the
fungal cell membrane to increase its permeabil-
ity to other drugs (19). This interpretation may
be the explanation for the enhancement, by
AMB, of the activity of FC (20), clotrimazole (4)
and antimicrobials such as rifampin (3) and
some tetracyclines (1, 18) against fungi.
The antagonism of the activity of FC by DAQ

2A was not expected but is explainable. FC
enters the fungal cell and is converted to fluo-
rodeoxyuridine monophosphate (7). This com-
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FIG. 4. Effect ofDAQ 2A and FC, alone and com-
bined, on Candida albicans in SAAMF broth. Shown
are means plus and minus one standard error. DAQ
2A and FC were used at a concentration equal to the
MIC of the Candida isolate used. Symbols:
control with no drugs; ....., FC at 0.75 jig/ml;
-.-.-, DAQ 2A at 0.75 /ml; -----, DAQ 2A plus FC
each at 0.75 ug/ml.

pound, in the presence of 5,10-methylenetetra-
hydrofolate, is capable of irreversibly inhibiting
the action ofthe enzyme thymidylate synthetase
(8). However, DAQ 2A inhibits the formation of
folate derivatives including 5,10-methylenetet-
rahydrofolate and could thereby interfere with
FC's action.
The regrowth of Candida when exposed to

7.5 jig of DAQ 2A per ml is puzzling because no
breakdown of the drug could be detected during
the 48-h incubation period, nor did the isolate
develop resistance to the drug during this time.
We have no explanation for this phenomenon.
The regrowth observed after 12 h of exposure to
AMB is probably related to the breakdown of
this material in SAAMF (15).
The in vivo activity of some DAQ compounds

and the lack of obvious toxicity in the mouse of

one of the most active of these compounds en-
courage further work on the use of these drugs
as antifungal agents in animal models. Further-
more, if activity can be shown in an animal
model, potentiation of activity should be sought
by utilizing combinations of DAQ compounds
with sulfonamides or AMB.

ACKNOWLEDGMENTS

We wish to thank Lucien Cote and Stephen Jenkins for the
Candida isolates, and the suppliers of the various donated
materials employed in these studies.

UITERATURE CITED

1. Ansehn, S., S. Granstrom, H. Hoker, L Nilsson, E.
Akesson, A. Lundin, and A. Thore. 1976. In vitro
effects on Candida albicans of amphotericin B com-
bined with other antibiotics. Scand. J. Infect. Dis.
9(Suppl):62-66.

2. Baltimore Biological Laboratory. 1973. BBL manual
ofproducts and laboratory procedures, p. 172-173. BBL,
Division of Becton, Dickinson and Co., Cockeysville,
Md.

3. Beggs, W. H., G. A. Sarosi, and F. A. Andrews. 1974.
Synergistic action of amphotericin B and rifampin on
Candida albicans. Am. Rev. Respir. Dis. 110:671-673.

4. Beggs, W. H., G. A. Sarosi, and N. M. Steele. 1976.
Inhibition of potentially pathogenic yeastlike fungi by
clotrimazole in combination with 5-fluorocytosine or
amphotericin B. Antimicrob. Agents Chemother. 9:
863-865.

5; Bennett, J. E. 1974. Chemotherapy of systemic mycoses.
N. Engl. J. Med. 290:30-32.

6. Bennett, J. E. 1974. Chemotherapy of systemic mycoses.
N. Engl. J. Med. 290:320-323.

7. Bennett, J. E. 1977. Flucytosine. Ann. Intern. Med. 86:
319-322.

8. Bertino, J. R., W. L Sawicki, C. A. Lindquist, and
V. S. Gupta. 1977. Schedule-dependent antitumor ef-
fects of methotrexate and 5-fluorouracil. Cancer Res.
37:327-328.

9. Elslager, E. F., and J. Davoll. 1974. Antimalarial drugs.
36. Synthesis of fused pyrimidines as folate antagonists.
Lect. Heterocycl. Chem. 2:97-133.

10. Haley, L D., and P. G. Standard. 1973. Laboratory
methods in medical mycology, p. 107-129. Center for
Disease Control, Atlanta.

11. Hariri, A. R., and H. W. Larsh. 1976. In vitro and in
vivo activity of 2,4-diamino-6-2-(3,4-dichlorophenyl) ac-
etamido quinazoline against Cryptococcus neoformans
(39168). Proc. Soc. Exp. Biol. Med. 151:173-176.

12. Hermans, P. E. 1977. Antifungal agents used for deep-
seated mycotic infections. Mayo Clin. Proc. 52:687-693.

13. Hitchings, G. H. 1973. Mechanism of action of trimeth-
oprim sulfamethoxazole. J. Infect. Dis. 128(Suppl):
S433-S436.

14. Hoeprich, P. D., A. L Barry, and G. D. Fay. 1971.
Synthetic medium for susceptibility testing. Antimi-
crob. Agents Chemother. 1970, p. 494-497.

15. Hoeprich, P. D., and A. C. fluston. 1978. Stability of
four antifungal antimicrobics in vitro. J. Infect. Dis.
137:87-90.

16. Hoeprich, P. D., M. A. Saubolle, and A. C. Huston.
1977. Susceptibility testing of fungi, p. 101-106. In A.
Bondi, J. T. Bartola, and J. E. Prier (ed.), The clinical
laboratory as an aid in chemotherapy of infectious
disease, 1st ed. University Park Press, Baltimore.

17. Hynes, J. B., L V. Hough, A. B. Smith, and G. R.

85VOL. 15, 1979



86 CASTALDO, GUMP, AND McCORMACK

Gale. 1976. Activity ofselected 2,4-diaminoquinazolines
against Candida albicans in vitro. Proc. Soc. Exp. Biol.
Med. 153:230-232.

18. Lew, M. A., K. M. Beckett, and M. J. Levin. 1977.
Antifungal activity of four tetracycline analogues
against Candida albicans in vitro: potentiation by am-
photericin B. J. Infect. Dis. 136:263-270.

19. Medoff, G., G. S. Kobayashi, C. N. Kwan, D. Schles-

ANTIMICROB. AGENTS CHEMOTHER.

singer, and P. Venkov. 1972. Potentiation of rifamp-
icin and 5-fluorocytosine as antifungal antibiotics by
amphotercin B. Proc. Natl. Acad. Sci. U.S.A. 69:
196-199.

20. Shadomy, S., G. Wagner, A. Espinel-Ingroff, and
B. A. Davis. 1975. In vitro studies with combinations
of 5-fluorocytosine and amphotericin B. Antimicrob.
Agents Chemother. 8:117-121.


