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The marked sensitivity of the yeast Hansenula wingei NRRL Y-2340 strain 5 to
a new antineoplastic alkaloid served as the basis for a logarithmic-ratio microbio-
logical assay which has been developed for the estimation of concentrations of
camptothecin lactone (or cytotoxic equivalents) in tissues of mice. The utility of
this assay has been demonstrated by presenting data which show the concentrations
of camptothecin lactone (or cytotoxic equivalents) detected in various tissues of mice
at intervals following intraperitoneal injection of a 1 or 0.5 LD1o dose of this drug.

Camptothecin lactone (designated NSC 100880 For the in vivo evaluation of a new and poten-
by the Cancer Chemotherapy National Service tially useful chemotherapeutic agent, it is essen-
Center, National Cancer Institute), a plant alka- tial to know the tissue distribution and concen-
loid isolated from Camptotheca acuminata, has trations of the drug. This report describes a

100.0

.I E A Blood Stondard curve B. Saline Standard Curve

o10.0

0.1

0

0

Diameter ameter

0 Paper aper
c DiscsDsc
0

1 .0

0

S

FIG.1.SLimit of Assay Sensitivity Limit of Assay sensitivity
E

0.

0 2 3 4 0 2 3 4
Diameter of Zone of inhibition (cm)

FiG. 1. Standard assay curves (constructed by method of least squares) for the logarithmic-ratio microbiological
assay ofcamptothecin lactone in tissues of mice. Assay microorganism: Hansenula wingei NRRL Y-2340 strain 5.
(A) Blood standard curve: index ofprecision, 0.07. (B) Saline standard curve: index ofprecision, 0.06.

been reported to have strong antileukemic and logarithmic-ratio microbiological assay which
antitumor activity (4) and is scheduled for has been developed for the determination of the
clinical evaluation. distribution and concentrations of camptothecin

lactone (or cytotoxic equivalents) in the tissues of
1Affiliated with the Sloan-Kettering Institute for mice which have been injected with nonlethal

Cancer Research. doses of this new antineoplastic alkaloid.
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MATERIALS AND METHODS
Previously described methods (2) were used to find

an appropriate microorganism for the assay of
camptothecin lactone. From more than 300 species of
bacteria, yeasts, and filamentous fungi tested for
sensitivity to this compound, Hansenula wingei
NRRL Y-2340 strain 5 was selected as the assay
organism. This yeast was maintained on agar slants
of Sabouraud Dextrose Agar (Difco). For the prepara-
tion of seeded agar assay plates (90 by 15 mm, no.
1029, Falcon Plastic, Inc., Los Angeles, Calif.),
stationary cultures of H. wingei were grown for 16 to
18 hr at 27 C in Sabouraud dextrose broth. Cells
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from these cultures were collected and washed twice
by centrifugation in saline (0.85% NaCI), resuspended
in saline, and adjusted to 20% light transmittance
(660 mu) in a Spectronic-20 colorimeter (Bausch &
Lomb, Inc., Rochester, N.Y.). This suspension was
diluted 1:50 with saline, and 20 ml of this suspension
was added to 1 liter of cooled (50 to 55 C) Sabouraud
Dextrose Agar. Five ml of the inoculated agar was
added to the previously described plates containing 8
ml of congealed sterile agar.
A stock solution of camptothecin lactone was pre-

pared in sterile saline and was suitably diluted so that,
when 0.08 ml of the various dilutions was added to
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FIG. 2. Concentrations of camptothecin lactone detected in tissues of mice by microbiological assay. Each
point represents the mean drug level offive mice. Assay microorganism: Hansenula wingei NRRL Y-2340 strain 5.
(A) Animals were injected with a single LDio intraperitoneal dose (158 mg/kg) of drug. (B) Animals were injected
with a single 0.5 LDio intraperitoneal dose (79 mg/kg) of drug.
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filter paper discs (1.27 cm in diameter, no. 740-E,
Schleicher and Schuell Co., Keene, N.H.), the follow-
ing concentrations (Mg of camptothecin lactone per
disc) were obtained: 0.4, 0.6, 0.8, 1.0, 2.0, 3.0, 4.0,
5.0, 6.0, 8.0, and 10.
An additional stock solution of drug was prepared

in which the drug was dissolved in heparinized whole
mouse blood. Additional paper discs were impreg-
nated with 0.08 ml of this solution and appropriate
dilutions thereof to yield the concentrations per disc
indicated previously. After the addition of the graded
concentrations of drug to the discs, the latter were
promptly and securely placed on the surface of the
seeded agar plates. Drug concentrations per disc and
unknown samples were prepared in triplicate. Each
plate contained a maximum of three discs. Two of
these discs contained either experimental samples
(blood or tissue homogenates) or standard curve
solutions of different concentrations. The third disc
contained an empirically selected concentration of
1.0 ,ug of camptothecin lactone per disc, which allowed
for correction of plate-to-plate variation in zone sizes.
The plates were incubated for 15 to 18 hr at 27 C.
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FIG. 3. Parallel relationship between the saline
standard curve for the logarithmic-ratio microbiological
assay of camptothecin lactone and points from the
assay of undiluted and diluted bloodfrom mice injected
with a single 0.5 LD10 intraperitoneal dose ofdrug. (A)
Undiluted blood, 1:2, 1:3, and 1:4 dilutions thereof.
(B) Saline standard curve reconstructed from Fig. 1.
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FIG. 4. Analysis of the accuracy of the logarithmic-
ratio microbiological assay for camptothecin lactone.

The resulting zones of inhibition on the plates were

measured and corrected as previously reported (3).
The corrected mean diameters of the zones of inhibi-
tion surrounding the discs, which contained known
concentrations of drug, were plotted on semiloga-
rithmic graph paper, the zone sizes on the arithmetic
scale and drug concentrations per disc on the loga-
rithmic scale. Standard curves were constructed
through the points thus obtained by the method of
least squares. Drug concentrations in the experi-
mental samples were obtained by reading the drug
concentrations on the ordinate of the blood standard
curve which corresponded to the size of the corrected
zones of inhibition surrounding the discs impregnated
with the tissue preparations.

In all experiments, BDF, mice (mixed sexes, 18 to
22 g) were used. With the exception of blood, tissues
were prepared for assaying by homogenizing weighed
portions (approximately 1 g) of the respective tissues
in an Omni-Mixer (Ivan Sorvall, Inc., Norwalk,
Conn.) containing 2 ml of saline.

RESULTS AND DIscUSSION

H. wingei was selected as the microorganism for
the assay of camptothecin lactone because of its
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sensitivity to this inhibitor, its linear dosage re-
sponse, and its rapid growth rate. Representative
standard assay curves, obtained with campto-
thecin lactone dissolved in saline and in hepari-
nized whole mouse blood, are shown in Fig. 1.
In either diluent, concentrations as low as 0.4
Ag/disc (5.0 Ag/ml), which is <0.04 of 1 LD1o dose
of this drug, could be detected. The concentra-
tions of camptothecin lactone detected in the
tissues of mice, which were injected intraperi-
toneally with a 1 or 0.5 LD1o dose of drug, are
shown in Fig. 2. Maximal drug levels were de-
tected immediately after the administration of
drug; however, no drug was detected in brain
tissue. In microbiological assays, it is assumed
that the product being assayed in the experi-
mental samples differs from the standard drug
solution only by some dilution factor. This as-
sumption was tested since dilutions of the un-
known preparations, when assayed, should yield
points which parallel the standard curve in a
logarithmic-ratio assay (1). Data which sub-
stantiate this assumption are presented in Fig. 3.
The indices of precision (X) for the blood and

saline standard curves are 0.07 and 0.06, respec-
tively, where X equals the standard deviation of
the points on the individual curve/slope of curve
in millimeters between any two points which rep-
resent a 10-fold difference in the concentration of
the assay compound. A linear relationship be-
tween drug concentrations and response is essen-
tial for microbiological assays (1). From the
blood standard curve (Fig. 1A), the diameters of
zones of inhibition, which resulted from five rep-
resentative concentrations (0.4, 0.6, 0.8, 1.0, and
2.0 Ag/disc) of camptothecin lactone, were used
to calculate the sample regression coefficient (b)
and the sample standard deviation of the regres-
sion coefficient (Sb). The values obtained for b
and Sb were 1.08 and 0.12, respectively. A test of
significance for b was conducted where t =
b/Sb or 9.0, which indicated a highly linear rela-
tionship between drug concentrations and di-
ameters of zones of inhibition. An analysis of the
accuracy of the assay method is presented in
Fig. 4; the standard deviation (s) and standard

error (s,-) are expressed as a percentage of a
known concentration of drug, and are based on
2, 3, and 6 assay zones of inhibition per known
concentration of drug. From this figure, the num-
ber of zones required to give a desired level of
accuracy can be obtained. For example, three
assay zones for each sample can be expected to
yield a standard error not greater than 5.0%.
Thus, 95% of all three-zone replicate assays
should yield data with a standard error no larger
than 2 = s.- or -110.0%. If data are needed with
a standard error no larger than 2.8%, six assay
zones would be required for each sample. The
curves in Fig. 4 can be used with numerical values
taken from any portion of the standard curves
in Fig. 1, since a standard control disc, which al-
lowed corrections for any plate-to-plate variation
in zone sizes, was placed on each assay plate.
Thus, all points on the standard curves are
equally strong.
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