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Although amphotericin B is the principal antibiotic for treating systemic
mycoses, its clinical use is restricted, primarily because of the toxicity associated
with the required prolonged therapy. Other investigators have reported results
from in vitro experiments demonstrating that amphotericin B can potentiate
antifungal activity of other antibiotics which are ineffective when used alone. In
the present study, amphotericin B was used in combination with tetracycline for
treating experimental coccidioidomycosis in mice. The results show that the
combination of antibiotics is effective with a dosage of amphotericin B reduced
2.5 to 4 times of that required for effective chemotherapy with amphotericin B

alone.

The choice of chemotherapy for patients with
systemic mycoses is limited almost exclusively
to the polyene antibiotic, amphotericin B, al-
though 5-fluorocytosine has been used with
some success for yeast infections. Unfortu-
nately, treatment with amphotericin B is ac-
companied by immediate and delayed toxic
effects which may become more severe and even
irreversible with prolonged use (3). The antibi-
otic must be administered by slow, intravenous
infusion with the dosage increasing gradually
from 0.1 to 1.0 mg/kg/day. Patients frequently
experience nausea and fever during the infu-
sion. Therapy must be continued for extended
periods and is associated with hypokalemia and
changes in blood urea levels and creatinine
clearance. Repetitions of therapy are usually
required, and kidney damage may become per-
manent when the total accumulated.dose ex-
ceeds 3 to 4 g. Obviously, current treatment for
systemic mycoses has severe limitations.

Medoff, Kobayashi, Kwan and their col-
leagues (5, 6, 9, 10, 12) have published results
of in vitro experiments indicating that combined
drug therapy might be more effective than
amphotericin B alone. Their hypothesis was
based on the known mechanism of action of
several antibiotics. The polyenes increase the
permeability of the fungus cell membrane. This
damage might permit entry of other drugs
which were excluded by normal cells. Therefore,
the combined effect of a polyene with a second
drug which blocks intracellular synthetic mech-
anisms might be synergistic. The results of their
in vitro experiments supported this hypothesis.

The experiments reported here were designed
to test this hypothesis in an in vivo situation.
Mice infected with Coctidioides immitis were
treated with amphotericin B alone or in combi-
nation with tetracycline. The results were not
dramatic, but did show that addition of tetracy-
cline to the therapy achieved effective treat-
ment with possibly one-fourth the dosage of
amphotericin B required for the same result
when the polyene was used alone.

MATERIALS AND METHODS

Animals. Male mice (dba strain) were obtained
from two commercial sources: Leonell C. Strong
Research Foundation, Inc., San Diego, Calif., and
Laboratory Supply, Indianapolis, Ind. Animals from
different sources were not mixed, but were used in
repetitions of experiments. There were no significant
differences related to the source of animals, and they
have been considered as a uniform supply under
Results. On arrival, mice were weighed and distrib-
uted at random, five per cage, and held for a mini-
mum of 2 weeks before use in experiments. Weighings
were repeated at weekly intervals. Food and water
were available ad libitum at all times.

Chemicals. Amphotericin B (Fungizone intrave-
nous, amphotericin B for injection, U.S.P.) was ob-
tained from E. R. Squibb & Sons, and the tetracycline
was from Milan Pharmaceuticals, Inc. Dilutions of
the former were made with sterile 5% aqueous glucose
solution (wt/vol) and of the latter with distilled water.

Culture and infection inoculum. A single strain of
C. immitis (C-34) was used. Cultures were grown on
1% glucose agar enriched with 0.5% yeast extract (1)
at room temperature for 1 to 2 months, and arthro-
spore suspensions were harvested in minimal amounts
of sterile saline by the spinning bar technique de-
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scribed earlier (4). Visual arthrospore counts were
made by hemocytometer, and the suspensions were
adjusted to contain the desired number of spores per
milliliter. Viable counts were obtained by dilution,
plating, and averaging the number of colonies on all
countable duplicate plates.

Infection. Mice were anesthetized by intraperito-
neal (i.p.) injection of sodium pentobarbital (54
mg/kg) and then were infected intranasally (i.n.) by
inhalation of a measured drop (0.025 ml) of the spore
suspension suspended from the tip of a 1-ml pipette
(graduated in 0.01 ml). The volume of the drop was
controlled with a tuberculin syringe attached by a
short piece of rubber tubing to the lower half of the
1-ml pipette. The pipette was filled with 0.4 ml of the
suspension and rinsed three times with the mixed
suspension before refilling.

Design of experiments. After the animals had
stabilized to their new environment and were gaining
weight, the population was made more homogeneous
by including only those mice weighing within +2
standard deviations of the average for the entire
population. The average weights and standard devia-
tions in three separate experiments were: 24.9 + 3.1,
21.5 + 2.2, and 21.2 + 1.7. Twenty anesthetized mice
were sham infected with 0.025 ml of saline (i.n.). Ten
were caged for treatment with the highest dose of
amphotericin B (i.p.), and water was administered
per os (p.o.) by stomach tube. The second 10 mice
were caged for treatment with the highest dose of
amphotericin B (i.p.) and with tetracycline (p.o.).
None of these treatment controls exhibited any ill
effects, and all gained weight throughout the experi-
ment. The remaining anesthetized mice were infected
(i.n.) by inhalation of 0.025 ml of the spore suspen-
sion. These were distributed at random in groups of
five per cage. The assignment of cages to specific
treatments was randomized again with two cages for
each treatment.

Therapy was begun at 5 days postinfection, a time
at which infected mice showed evidence of being sick;
i.e., weight loss, lethargy, ruffled fur. Amphotericin B
was injected i.p. (0.5 ml) on a daily schedule with
different groups receiving dosages ranging from 0.006
to 0.4 mg/kg in fourfold increments. The groups
treated with only amphotericin B were given 0.2 ml of
water p.o. on the same schedule. A second set of mice
receiving amphotericin B were given tetracycline (8
mg/kg) in place of the water. Treatments were contin-
ued for 5 days. Deaths were recorded on a daily basis
and weights on a weekly interval for 40 days when
survivors were sacrificed. Confirmation of infection
was obtained by demonstration of endosporulating
spherules in excised lung.

The significance of differences among treatments
was evaluated by nonparametric tests in terms of
survival times, total survivors, and 50% end points.
Gehan’s generalized Wilcoxon test (2) was used for
survival time, Fisher’s exact probability test for total
survivors (13), and a logarithmic-probit graph plot for
50% end points (11).

RESULTS

Preliminary. Certain conditions were set for
the experimental animal model of coccidioido-
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mycosis. The mice should exhibit clinical evi-
dence of illness by the 5th day postinfection, at
which time chemotherapy would be initiated.

No mice should die before the 7th day, and the
most rapid rate of death should occur between
10 to 15 days, with the day of 50% survival in the
same interval. The rapidly rising curve of cumu-
lative mortality would serve as the comparative
base for measuring effects of chemotherapy. A
substantial majority of untreated animals
should succumb prior to 30 days, at which time
the developing acquired resistance (7 and 8)
might influence evaluation of chemotherapeutic
effects.

A preliminary experiment was performed to
determine the number of arthrospores adminis-
tered by inhalation which would produce a
course of disease satisfying the established con-
ditions. Groups of mice were infected via the
i.n. route with graded doses of arthrospores. The
results in Table 1 show that 10® spores by the
i.n. route produced a suitable pattern of infec-
tion. In three separate experiments, the suspen-
sion of spores was adjusted to 4 x 10* spores/ml
by visible count, and the comparable viable
counts were in the 3.5 to 5.7 x 10*/ml range.
Therefore, the infecting dose of arthrospores
was 0.9 to 1.4 x 10° spores contained in 0.025
ml.

Combined drug therapy. The experiments
involving treatment of infected animals with
amphotericin B alone or in combination with
tetracycline were performed at two separate
times with strains of mice from two different
commercial sources. There were no significant
differences in the patterns of response among
these two strains of mice, and the following
results are from the combined data. The re-
ported results, therefore, are based on 20 mice
per treatment group. In addition, there were no
differences in terms of survival times or total
number of survivors among the groups of in-
fected animals treated with the 5% glucose
solution (i.p.) in combination with either water
or tetracycline (p.o.), and the results for these
40 mice have been combined as a single “con-
trol”’ group.

TABLE 1. Determination of infective dose of
arfhrospores for meeting conditions set for
experimental animal model of coccidioidomycosis

Concn of Earliest Days to 50% | (%) Survival
spores day of death survival on day 30
10? 15 25.0 30
10 11 13.0 22
10¢ 7 8.5 0
10 7 7.0 0
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The effect of these several treatments on
infected mice is illustrated in Fig. 1 and 2 in
terms of cumulative percentage of mortality
over a 40-day postinfection period. When vari-
ous doses of amphotericin B were used in
combination with water (Fig. 1), apparently
only amphotericin B at 0.400 mg/kg provided
some degree of effective therapy compared with
the control group. In contrast, when the am-
photericin B treatments were supplemented
with tetracycline (Fig. 2), the combination
appeared to be effective (compared with the
control group) at an amphotericin B dose of
0.100 mg/kg as well as at 0.400 mg/kg. These
impressions were supported by statistical analy-
ses for significance of the differences in survival
times (Table 2) and in total number of survivors
(Table 3) when comparing the response for each
treatment group to that for the control group.
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TasLE 2. Comparison of survival times among mice
infected (i.n.) with C. immitis: treatment groups
versus controls

Amphot- Significance of

ericin B Treatment survival times

(mg/kg/ per os®
day) Day 20 | Day 30 | Day 40
0.006 Water NS NS NS
0.025 Water NS NS NS
0.100 Water NS NS NS
0.400 Water <0.001 | <0.001 | <0.001
0.006 Tetracycline NS NS NS
0.025 Tetracycline NS NS NS
0.100 Tetracycline 0.02 0.02 0.02
0.400 Tetracycline <0.001 | <0.001 | <0.001

® Water or tetracycline (8 mg per kg per day), single
treatment daily for 5 days.
* NS, Not significant; P > 0.10 in all comparisons.

TaBLE 3. Comparison of total number of survivors
among mice infected (i.n.) with C.immitis: treatment
groups versus controls
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F16. 1. Combined drug therapy for coccidioidomy-
cosis in mice by using amphotericin B (i.p.) and water
(p.o.), single treatment daily for 5 days: @, controls,
5% aqueous glucose (i.p.) and water (p.o.); O, am-
photericin B, 0.006 mg/kg; O, amphotericin B, 0.025
mg/kg; A, amphotericin B, 0.100 mg/kg; A, am-
photericin B, 0.400 mg/kg.
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Fic. 2. Combined drug therapy for coccidioidomy-
cosis in mice by using amphotericin B (i.p.) and 8 mg
of tetracycline per kg per day (p.o.), single treatment
daily for 5 days; @, controls, 5% aqueous glucose (i.p.)
and tetracycline (p.o.); O, amphotericin B, 0.006
mg/kg; O, amphotericin B, 0.025 mg/kg; A, am-
photericin B, 0.100 mg/kg; A, amphotericin B, 0.400
mg/kg.

30 35 40

Amphot- Significance of

ericin B Treatment total survivors

(mg/kg/ per os®
day) Day 20 | Day 30 | Day 40
0.006 Water N§® NS NS
0.025 Water NS NS NS
0.100 Water NS NS NS
0.400 Water <0.001| <0.001 0.006
0.006 Tetracycline NS NS NS
0.025 Tetracycline NS NS NS
0.100 Tetracycline <0.001| <0.001 0.004
0.400 Tetracycline <0.001| <0.001 | <0.001

® Water or tetracycline (8 mg per kg per day), single
treatment daily for 5 days.
®* NS, Not significant; P > 0.10 in all comparisons.

Similar analyses were performed for the water
and the tetracycline supplements to treatment
for comparable dosage groups of amphotericin
B. Addition of tetracycline to therapy with
0.100 mg of amphotericin B per kg was signifi-
cantly more therapeutic than the polyene with
water at this dose in terms of prolonged survival
time (Table 4) and an increase in total survivors
(Table 5) for the time period studied. The effect
of the tetracycline supplement was not appar-
ent with mice treated with 0.400 mg of am-
photericin B per kg, because the latter was
therapeutically effective even in combination
with the water supplement. By 40 days postin-
fection, however, it was apparent that treat-
ment with the 0.400 mg of amphotericin B-tet-
racycline per kg combination was better than
with the polyene-water combination, although
the statistical probability was not significant at
the usually acceptable level of P = 0.05. Addi-
tional support for the superiority of treatment
with the amphotericin B-tetracycline combina-



476 HUPPERT, SUN, AND VUKOVICH

TABLE 4. Significance of survival times among mice
infected (i.n.) with C. immitis: amphotericin B and
water versus amphotericin B and tetracycline

Amphotericin B + water® Amphotericin B + tetracycline®
(mg/kg/day) Day 20 Day 30 Day 40
0.006 NS§® NS NS
0.025 NS NS NS
0.100 0.02 0.03 0.03
0.400 NS NS 0.08
All groups 0.05 0.05 0.04

2 Water or tetracycline (8 mg per kg per day), single
treatment daily for 5 days.
® NS, Not significant; P > 0.10 in all comparisons.

TaBLE 5. Significance of total number of survivors
among mice infected (i.n.) with C. immitis:
amphotericin B and water versus amphotericin B and

tetracycline
Amphotericin B + water® Amphotericin B + tetracycline®
(mg/kg/day) Day 20 Day 30 Day 40
0.006 NS§® NS NS
0.025 NS NS NS
0.100 0.02 0.03 0.09
0.400 NS NS 0.09
All groups 0.10 0.10 NS¢

@ Water or tetracycline (8 mg per kg per day), single
treatment daily for 5 days.

® NS, Not significant; P > 0.10 in all cases.

°P = 0.12.

tion is evident in the comparison between all
groups on one or the other combination, espe-
cially in terms of survival time (Table 4).

A somewhat more precise evaluation can be
obtained by determination of 50% end points.
The time, in days, to survival of 50% of the mice
in the various groups is presented in Table 6.
Once again, an apparently effective chemother-
apy is obtained with both higher levels of
amphotericin B combined with tetracycline
(27.0 days, P = 0.06; 45.1 days, P < 0.001). A
comparable degree of therapeutic response oc-
curs only with the highest dose of the polyene-
water combination (34.8 days, P = 0.009). The
dose of amphotericin B required to achieve
survival of 50% of the infected mice (SDg,) is
presented in Table 7. At each postinfection time
interval, less amphotericin B is required when
used in combination with tetracycline than with
the water supplement. The ratio of the SD,, for
the polyene-water combination relative to the
SDj, for the polyene-tetracycline therapy varies
from 3.19 to 2.50, indicating that this much
more amphotericin B is required with the water
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supplement than when combined with tetracy-
cline. These ratio values should be compared
with the fourfold estimate derived from the data
in Tables 2 to 6.

DISCUSSION

Although at least 87 polyenes have been
described adequately (3), only amphotericin B
has been clinically useful for general treatment
of systemic mycoses. Clinical experience, how-
ever, has demonstrated that practical consider-
ations severely limit the potential of this drug.
Administration by infusion is cumbersome and
difficult, and the immediate responses among
patients vary from discomfort to toxicity suffi-
ciently severe to cause termination of therapy.
The necessarily slow infusion requires several
hours and must be repeated on a daily or
alternate day schedule over a period of several
weeks. Successful response to a single course of
therapy frequently is not sustained, and repeti-
tions of the therapeutic regimen are common.
Although initial nephrotoxicity is usually re-
versible following cessation of therapy, pro-
longed or successive repetitions of chemother-
apy can result in permanent changes. The need
for improvement is obvious.

Because none of the currently available an-

TaBLE 6. Comparison of the days to 50% survival for
mice infected with C. immitis

Days to 50% survival with
Amphotericin B amphotericin B plus
(mg/kg/day)
Water Tetracycline
0 10.8 114
0.006 10.7 11.2
0.025 10.1 11.9
0.100 12.0 27.0
0.400 34.8 45.1°

@ By extrapolation.

TaBLE 7. Dose of amphotericin B required for
survival of 50% of mice infected with C. immitis

SD,,* (mg/kg/day) with
Day amphotericin B plus Ratio
Water Tetracycline
20 0.102 0.032 3.19
30 0.145 0.053 2.74
40 0.220 0.088 2.50

%SDso, Survival dose for 50% of mice. Standard
errors of all values were + 0.009 to 0.010.

®*Ratio = SD,, (amphotericin B + water)/SDs,
(amphotericin B + tetracycline).
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tifungal agents is likely to replace amphotericin
B as the drug of choice for most cases of
systemic mycoses, one must consider alterna-
tives in the use of this antibiotic. The demon-
stration in vitro that amphotericin B, by in-
creasing cell membrane permeability, opens the
way for other antibiotics which are not effective
against the intact cell indicates a potential for
combined drug therapy (5, 6, 9, 10, 12). In our
opinion, the experimental animal model re-
ported here is a valid one, with certain limita-
tions, for testing this hypothesis in an in vivo
situation. The route of infection corresponds to
that in natural disease, and animals are clini-
cally ill before therapy is instituted. On the
other hand, the infecting dose of spores is
probably far more massive than occurs in natu-
ral disease, the incubation period is shorter, the
disease course is more fulminating, and mortal-
ity is considerably higher than in naturally
acquired coccidioidomycosis. These factors,
combined with the very short course of treat-
ment, constitute a severe test for the efficacy of
the chemotherapy. In this context, the evidence
that a significant measure of effective therapy
was achieved is very promising.

Several aspects of the combined drug therapy
must be considered. The results certainly are
not dramatic in that there were still a signifi-
cant number of deaths among animals treated
with the higher doses of antibiotics and in that
active lesions containing endosporulating sphe-
rules were found in tissues of surviving mice
after sacrifice and necropsy. It was necessary,
therefore, to rely on statistical analyses for
evaluating whether one should place any confi-
dence in the apparent differences among the
several treatments. All these evaluations—sur-
vival times, total number of survivors, and time
to survival of 50% of the animals—justified the
conclusion that the amphotericin B-tetracycline
combination resulted in a more efficacious ther-
apeutic regimen than amphotericin B alone.
The question of how best to use this combina-
tion of antibiotics is another aspect requiring
consideration. Should tetracycline be added to
amphotericin B at the maximally tolerated dose
or at a reduced dosage? The evidence that there
were no significant differences among animals
receiving 0.400 mg of amphotericin B per kg,
with or without tetracycline, might suggest that
the additive or synergistic effect of adding
tetracycline is of no consequence when the
dosage with amphotericin B alone is effective.
Yet it is apparent that there were some differ-
ences, although not statistically significant,
among these two groups on the highest dose of
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amphotericin B by 40 days postinfection (Ta-
bles 4 and 5). On the other hand, the evidence
from all the statistical evaluations consistently
indicates that the combination of antibiotics
results in significantly effective therapy at an
amphotericin B dosage which is not effective
when used alone (Tables 2 to 6). Furthermore,
the results in Table 7 indicate that a desirable
therapeutic response can be achieved when the
effective dosage of amphotericin B alone is
reduced by at least 2.5 times, provided tetracy-
cline is added to the regimen. This should be an
important consideration because of the cumula-
tive toxicity of prolonged treatment with am-
photericin B.

These aspects require further investigation.
Extending the treatment period beyond 5 days
and increasing the dosage of tetracycline by
multiple daily administration are projected for
further experiments. In addition, there are sev-
eral other antibiotics (e.g., streptomycin and
rifampin) which, in combination with am-
photericin B, are synergistic against fungi in an
in vitro environment (5, 6, 9, 10), and these are
the subject of current studies with the experi-
mental animal model of coccidioidomycosis.
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