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A simple, reliable, and inexpensive assay for quantitation of the imidazole drugs
miconazole, RV 40,500, and RV 41,400 was tested. The assay, similar to a Kirby-
Bauer test, was sensitive to less than or equal to 0.2 ,gg of drug per ml and linear
from less than or equal to 0.2 to 10.0 ,ug/ml. Concentration of inoculum and agar
depth in test plates was not as critical as the type of medium, amount of inoculum,
or type of drug used.

The mainstay of antifungal therapy since 1956
has been amphotericin B. However, several se-
rious problems are associated with amphotericin
B therapy (2, 6). Recently, several dioxolane
imidazole derivatives have been evaluated in
animal and human trials (4, 5, 7, 8; J. P. Sung,
G. D. Campbell, and J. G. Grendahl, Arch. Neu-
rol., in press). Miconazole, the most extensively
tested of these imidazoles, is administered by
intravenous infusion. However, the newer imid-
azoles have been structurally altered to improve
absorption by oral administration. Evaluation of
blood levels of miconazole has been accom-
plished primarily by using Sabouraud-dextrose
(Sab-dex) plates overlaid with agar containing
Coccidioides immitis endospores (5). This tech-
nique has not been commonly performed by
general clinical laboratories, and hence mailing
of specimens to a few reference laboratories has
been necessary. With the development of oral
imidazoles, the measurement of drug concentra-
tions in blood will become more important.
The procedure presented herein would allow

any clinical laboratory to evaluate blood levels
of miconazole or the newer oral imidazoles by a
simple, reliable, and economical test.
Organisms. Four isolates of Candida albi-

cans and one of Cryptococcus neoformans were
tested. All cultures were inoculated on Sab-dex
plates for 24 to 48 h before the assay was run.
The 24- to 48-h cultures were used to prepare
saline suspensions from 2 x 106 to 2 x 107 cells
per ml using a Neubauer hemacytometer.
Standards. The three drug standards used

(miconazole, RV 40,500, and RV 41,000) were
obtained from Janssen Pharmaceutica. Micon-
azole was in liquid form at 10 mg/ml (7). The
other imidazoles were in powder form and were
reconstituted in sterile water to 10 mg/ml. The
drugs were serially diluted in either pooled hu-
man serum or pooled horse serum (Grand Island
Biological Co.) to give concentrations ranging

from 10.0 to 0.16 ,ug/ml. Antibiotic assay disks
(Schleicher and Schuell no. 740-E; 12.7-mm di-
ameter) were completely filled by absorption
with the standards. Disks were dried for 2 h at
37°C before use.

Plates. The following standard Difco bacte-
riological agar media were tested: antibiotic me-
dium no. 1, brain heart infusion, Eugon, nutrient,
and Sab-dex. Quantities from 25 to 45 ml were
used in 150-mm petri dishes. All media were
prepared on the assay day and allowed to dry
for 4 to 6 h at room temperature before use.
Assay procedure. Agar plates were inocu-

lated with a saline suspension of the test orga-
nism by means of a saturated cotton swab. In-
oculation was in three planes at 120° to each
other (1). After the agar surface was seeded,
plates were allowed to dry for 1 h at room
temperature. Standard disks were positioned on
the agar plates, and all standards were in repli-
cates of five with no duplications per plate.
Plates were incubated at 4°C for 18 h, then at
25°C for 24 h. Diffusion of antibiotics at 4°C
prior to incubation at 25°C increased sensitivity
at the low standard levels. After incubation,
inhibition zones were measured to the nearest
0.5 mm. Datum points were analyzed using the
formula Y = a + b log X,. which is a linear
equation for Y (inhibition zone) and log X (con-
centration). Using a least-squares formula, a
best-fit linear line was obtained (3).
Of the five media tested, Sab-dex agar gave

the best results at the lowest standard level (Fig.
1). Sab-dex agar was chosen for the remainder
of the testing because zones of inhibition were
more easily measured due to increased growth
of test organisms, clarity of the medium, and
lack of contamination. Varying the amount of
agar per plate from 25 to 45 ml did not signifi-
cantly alter the results; however, a consistent
trend did appear (Fig. 2). Possibly more signifi-
cant than the volume of medium used on the
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FIG. 1. Effect ofmedia on inhibition zones using C. albicans 37and miconazole. Agar media: (a) antibiotic
medium no. I; (b) brain heart infusion; (c) Eugon; (d) nutrient; (e) Sab-dex.
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FIG. 2. Effect of agar depth (milliliters of agarper 150-mm plate) on inhibition zonesusing Sab-dexaBar,
C albicans 37, and miconazole. Symbols: (a) 25 ml; (b) 30 ml; (c) 35 ml- (d) 40 ml; (e) 45mle
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FIG. 3. Effect of inoculum type on inhibition zones using Sab-dex agar and miconazole. Symbols: C.

albicans strains (a) 35; (b) 36; (c) 37; (d) 38; (e) C. neoformans 40.
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FIG. 4. Effect of inoculum concentration on inhibition zones using Sab-dex agar, C. albicans 37, and
miconazole. Symbols: (a) 2 x 106, (b) 4 x 106, (c) 8 x 106, (d) 1.6 x 107 cells per ml.
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FIG. 5. Effect ofimidazole type on inhibition zones using Sab-dex agar (30 ml) and C. albicans 37. Symbols:
(a) miconazole; (b) RV40,500; (c) RV41,400.

effect of agar depth was the shape of the petri
dish bottom.

C. albicans 37 (ATCC 28516) was the most
susceptible of the organisms tested and gave the
best linear response (Fig. 3). When concentra-
tions from 2 x 106 to 16 x 106 cells per ml were

tested, the response to standards was not sig-
nificantly altered (Fig. 4).

All three imidazoles gave linear responses
from 0.16 to 10.0 ,ug/ml. The most water-soluble
imidazole, RV 41,400, had the steepest slope
(Fig. 5). No significant difference was observed
using standards in pooled human serum versus

pooled horse serum.
The procedure described is a simple, repro-

ducible, and inexpensive test to monitor serum
levels of imidazole drugs. Optimal results were

obtained by using 30-ml Sab-dex plates with C.
albicans 37 inoculum adjusted visually to 4 x
106 to 8 x 106 cells per ml. RV 40,500 was

included in this study to test the potential effect
of altering drug structure on the test results.
This compound was chemically modified to pro-
duce RV 41,400 and is no longer in production.

Initially it was hoped that large batches of
standard disks could be prepared in advance and
stored frozen. After 1 week of storage at -15°C,
however, sensitivity at low standard levels was

lost. Because of this, standards must be prepared
fresh, and patients' sera should be handled iden-
tically with the standards.

C. albicans ATCC 28516 can easily be ob-
tained by any clinical laboratory, as well as any
other susceptible Candida isolate. Suspensions
can be adjusted visually with little loss in repro-
ducibility. Standard Sab-dex plates are available
for the assay. Approximately 20% of the petri
dish bottoms used in this project were concave
in shape. This could have been responsible for
the apparent increase in zone size for the highest
standard (Fig. 2 and 3), as the 10-yg/ml standard
was always positioned in the plate center. Elim-
ination of these plates might improve linearity.
Drug standards can be prepared in pooled horse
sera. With the exception of the 18-h incubation
at 40C, the assay procedure is similar to a Kirby-
Bauer test for antibiotic susceptibility testing.
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