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Abstract

A sensitive reversed-phase high-performance liquid chromatographic method has been developed and validated
for the quantitation of the lactone form (GI147211) of a topoisomerase I inhibitor and its carboxylate form
(GI190421) from dog plasma. The method consists of two solid-phase extraction methods. The first method,
referred to as the lactone-only method, utilizes a diol Bond Elut cartridge to separate the two forms and measures
the lactone directly. The second method, referred to as the total method, converts the carboxylate form to the
lactone through acidification of the plasma sample. Total lactone is then extracted from the sample using a C,,
Bond Elut cartridge. The carboxylate is quantitated indirectly from the difference of the total and lactone-only.
The range of the standard curve for the lactone-only method is 0.096-38.5 nM (0.05-20 ng/ml) and for the total
method is 0.193-19.3 nM (0.1-10 ng/ml). This is the most sensitive method reported to date for a camptothecin
analogue.

1. Introduction and alkaline media to form the carboxylate
GI1190421 (II) (Fig. 1). Both forms are present at

GI147211 (1), a novel topoisomerase 1 inhib- physiological pH and are monitored to support
itor, is being developed for its antitumor prop- pharmacokinetic studies in the dog. Historically

erties. The drug is an analogue of camptothecin,
a plant alkaloid obtained from Campiotheca
acuminata [1]. Camptothecin showed promising
antitumor properties in vitro and in animal
models but clinical evaluation of camptothecin
was discontinued due to its toxicity profile [2].
The poor water solubility of camptothecin was
also problematic.

Compound I contains a lactone ring which is
stable in acidic media but hydrolyses in neutral 647211 Gl190421

["owo

I Fig. 1. Structures and chemical equilibrium reaction between
* Corresponding author. GI147211 (1) and GI190421 (1I).
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in rat and human studies with this class of
compounds, the circulating levels of the car-
boxylate have been higher then the lactone
shortly after dosing due to the rapid conversion
of the lactone to the carboxylate at physiological
pH [3-5]. Because of this stability issue, proper
sample handling throughout processing is im-
portant in order to obtain a sensitive as well as
selective determination of each analyte.

Reported methods for the determination of
the lactone and carboxylate forms of camptoth-
ecin and its derivatives have utilized liquid-lig-
uid extraction techniques [6.7], protein precipi-
tation [3], and solid-phase extraction [5,8,9].
However, a method with greater sensitivity and
attention to specificity was needed. The method
described here utilizes two solid-phase extraction
methods. One method is specific for the lactone
only. The other method measures total lactone
and carboxylate collectively as the lactone. This
study is unique in that the accuracy of both
methods are evaluated with both the lactone and
carboxylate forms present in the sample. The
two methods described are then used in combi-
nation to indirectly calculate the concentration of
the carboxylate from the difference of total I and
lactone-only I.

2. Experimental
2.1. Instrumental

The liquid chromatographic instrument con-
sisted of Shimadzu components: LC-10AD
pumps, RF-10A fluorescence detector, SIL-9A
autoinjector, CTO-10A column oven, and the
SCL-10A system controller. The chromatograph-
ic system employed a BDS Hypersil C,; (250 X
4.6 mm 1.D., Keystone Scientific, Bellefonte,
PA, USA) analytical column thermostated at
30°C. The mobile phase for the lactone-only
method was acetonitrile—-100 mM ammonium
acetate (pH 4) (25:75, v/v) with a flow-rate of 1
ml/min. The retention time of 1 was 6.3 min.
The mobile phase for the total method was
acetonitrile-100 mM ammonium acetate (pH
5.5) (24:76, v/v) with a flow-rate of 1 ml/min.
The retention time of 1 was 6.1 min. Detection

was by fluorescence with an excitation wave-
length of 378 nm and an emission wavelength of
420 nm. Data was acquired on the PE Nelson
system (Perkin-Elmer, Cupertino, CA, USA)
using a PE Nelson 970 intelligent interface and
Turbochrom 3 data acquisition software (version
3.2).

2.2. Materials

I and II were obtained from Glaxo Research
Institute (Research Triangle Park, NC, USA).
All reagents were of analytical grade and dis-
tilled water (Milli-Q Plus system) was used.
Plasma was obtained from beagle dogs.

2.3. Standards

Standards of I for the lactone-only method
were prepared in 100 mM ammonium acetate
(pH 4) and serially diluted to various concen-
trations used to spike the dog plasma calibration
standards. Standards of I for the total method
were prepared in water and serially diluted to
various concentrations used to spike the dog
plasma calibration standards. Standards of II
were prepared in 100 mM phosphate buffer (pH
10) and serially diluted to various concentrations
used to spike the dog plasma samples.

2.4. Sample preparation

The lactone-only method utilized a diol (20H)
Bond Elut cartridge (100 mg) (Analytichem
International, Harbor City, CA, USA) for ex-
traction of I from a 1-ml dog plasma sample. The
cartridge was conditioned with 1 ml of water
prior to sample application. The 1-ml dog plasma
sample was diluted with 1 ml of cold (4°C) 0.05
M phosphate buffer (pH 7.4) and then applied
to the conditioned cartridge. The cartridge was
washed with 1 ml of 0.05 M phosphate buffer
(pH 7.4) followed by two 1-ml washes with
water—methanol (60:40, v/v). The endogenous
carboxylate, 1I, was removed by this wash step.
Compound I was eluted with two 0.75-ml
aliquots of methanol-1 M ammonium acetate
(pH 4) (95:5, v/v). The eluent was evaporated to
dryness under nitrogen at 25°C. The sample was
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reconstituted with 200 ul of mobile phase and
100 ul was injected onto the chromatographic
system.

The total method utilized an octadecyl (C,;)
Bond Elut cartridge (50 mg) (Analytichem Inter-
national) for the extraction of I from a 1-ml dog
plasma sample. The cartridge was conditioned
with 1 ml of methanol followed by 1 ml of 0.01
M HCI. The 1-ml dog plasma sample was incu-
bated for 5 min at ambient temperature with 1
ml of 0.01 M HCI to allow conversion of II to |
and then applied to the conditioned cartridge.
The cartridge was washed with 1 ml of 100 mM
ammonium acetate (pH 4). Compound I was
eluted with 1 ml of methanol and evaporated
under nitrogen at 25°C. The sample was reconsti-
tuted with 200 w! of 1 M ammonium acetate (pH
4) and 100 pl was injected onto the chromato-
graphic system.

2.5. Calibration curves

Calibration curves were prepared in dog plas-
ma by the addition of the appropriate I standard
in pH 4 buffer for the lactone-only method or
water for the total method to produce the
standard curve points. The range of the standard
curve for the lactone-only method was 0.096—
38.5 nM (0.05-20 ng/ml). The range of the
standard curve for the total method was 0.193-
19.3 nM (0.1-10 ng/ml). The lactone-only sam-
ples were prepared on ice to minimize conver-
sion of I to Il in the plasma sample before
application to the solid-phase extraction car-
tridge. Calibration curve samples were processed
as described in section 2.4.

2.6. Accuracy, precision and extraction
efficiency

Accuracy was determined by calculating the
percent difference of the interpolated values for
fortified dog plasma samples to the nominal
values. Replicate samples (n =6) for accuracy
assessment of the lactone-only method were
prepared at concentrations of 0.288, 5.76 and
28.8 nM. Replicate samples (n = 6) for accuracy
assessment of the total method were prepared at

concentrations of 0.288, 0.672, 2.88 and 5.76
nM.

Precision was determined by calculating the
coefficient of variation percentages (C.V.%) of
the interpolated values for fortified dog plasma
samples. Replicate samples (n = 6) for precision
assessment of the lactone-only method were
prepared at concentrations of 0.288, 5.76 and
28.8 nM. Replicate samples (1 = 6) for precision
assessment of the total method were prepared at
concentrations of 0.288, 0.672, 2.88 and 5.76
nM.

Extraction efficiency was determined by com-
paring the peak areas of extracted I fortified dog
plasma samples to the peak areas of non-ex-
tracted samples at identical concentrations. Rep-
licate samples (n =3) for determination of the
extraction efficiency of the lactone-only method
were prepared at concentrations of 0.288, 5.76
and 28.8 nM. Replicate samples (n =3) for the
determination of the extraction efficiency of the
total method were prepared at concentrations of
0.288, 0.672, 2.88 and 5.76 nM.

2.7. Stability/interconversion assessment

Dog plasma samples were prepared and as-
sayed using the lactone-only method to evaluate
the stability of I and II during sample processing
and thus assess the specificity of the method for
I. Dog plasma samples were prepared that con-
tained only 1 at a concentration of (.29 or 28.9
nM. Also dog plasma samples were prepared
that contained both I and II. One set of samples
contained 0.29 nM of T and 0.26 nM of II. The
other set contained 28.9 nM of I and 25.7 nM of
II. All the samples described above were pre-
pared in triplicate. The samples were prepared
and then stored at —70°C until analyzed, thus
mimicking the storage conditions of unknown
samples.

2.8. Assessment of carboxylate conversion to
lactone

The conversion of the carboxylate, 11, to the
lactone, I, was examined to ensure an accurate
measurement of total 1. Samples were prepared
in duplicate in dog plasma. The first sample set
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contained 0.674 nM of 1 and 0.597 nM of 1I. The
second sample set contained 6.74 nM of I and
5.97 nM of II. Samples were processed using the
total method to assess the conversion of II to I.

2.9. Method applications

Three sets of samples were prepared in trip-
licate in dog plasma at various concentrations of
I and II. The first set of samples contained 1.16
nM of I and 0.29 nM of II. The second set
contained 0.725 nM of I and 0.725 nM of II. The
third set contained 0.29 nM of I and 1.16 nM of
II. Samples were processed using the lactone-
only method and the total method. The moles of
II were calculated through subtraction of the
lactone-only moles from the total moles. For a
given volume, these amounts were converted to
concentration (nM).

3. Results and discussion
3.1. Chromatography

Chromatograms of extracted dog plasma sam-
ples at the lowest concentration of the calibra-
tion curve processed using the lactone-only and
total methods are shown in Figs. 2 and 3,
respectively. A 100-mM ammonium acetate (pH
4) buffer was initially used as the mobile phase
buffer for both methods but an interfering en-
dogenous peak was present in the dog plasma
samples processed using the total method. A
100-mM ammonium acetate (pH 5.5) buffer was
examined and found to resolve the endogenous
plasma peak and the peak of interest. The
conversion of lactone to carboxylate is slow at
pH 5.5. There was insufficient on-column con-
version to compromise the measurement of I at
pH 5.5. However, on-column conversion of I to
IT was observed at a pH higher then 5.5.

3.2. Calibration curves
The range of the standard curve for the

lactone-only method was 0.096-38.5 nM (0.05-
20 ng/ml) and 0.193-19.3 nM (0.1-10 ng/ml)
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Fig. 2. Chromatograms of extracted dog plasma samples
processed using the lactone-only method. (a) Blank, (b)
0.096 nM of I. BDS Hypersil C, (250 X 4.6 mm 1.D.) column
at 30°C, acetonitrile—-100 mM ammonium acetate (pH 4)
(25:75. viv), flow-rate 1 ml/min. Fluorescence detection
A, =378 nm, A,, =420 nm.

for the total method. A 1/x weighing scheme
was determined to be most suitable for both
methods. The standard curves for both methods
had acceptable linearity and goodness of fit with
a correlation coefficient of 0.99 or greater.

3.3. Accuracy, precision and extraction
efficiency

Accuracy and precision data for the lactone-
only and the total methods are shown in Table 1.
Accuracy was acceptable for the lactone-only
and the total methods, being + 20% of the nomi-
nal concentration. Precision for the lactone-only
method was 5.7% or better. Precision for the
total method was 9.2% or better.

Extraction efficiencies for I for the lactone-
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Fig. 3. Chromatograms of extracted dog plasma samples
processed using the total method. (a) Blank, (b) 0.193 nM of
I. BDS Hypersil C, (250 x4.6 mm 1.D.) column at 30°C,
acetonitrile-100 mM ammonium acetate (pH 5.5) (26:74,

v/v), flow-rate 1 ml/min. Fluorescence detection A,, = 378
nm, A, =420 nm.

Table 1
Accuracy and precision for the lactone-only and total method

only method were 65, 60 and 57% for the (.288,
5.76 and 28.8 nM samples, respectively. Ex-
traction efficiencies for I for the total method
were 72, 73, 87 and 73% for the 0.288, 0.672,
2.88 and 5.76 nM samples, respectively.

3.4. Stability /interconversion assessment

The presence of II does not contribute to the
calculated concentration of 1 in the fortified dog
plasma samples containing both I and II, as is
shown in Table 2. The calculated concentration
of I in the samples containing both forms is not
significantly different from the concentration
calculated for the samples containing only I.
During method development it was found that
approximately 97-98% of the carboxylate is
washed off of the solid-phase extraction cartridge
during the sample preparation. The slight
amount (2-3%) of carryover of the carboxylate
that may occur is insignificant considering the
amount of error associated with the method.

3.5. Assessment of carboxylate conversion to
lactone

The total method involves the conversion of 11
to I through the acidification of the plasma
sample. Total I is then extracted. The conversion

Theoretical Measured Coefficient Percentage
concentration concentration of variation of nominal
{nM) (mean = S$.D.) (nM) (%)
Lactone-only

0.288 0.316 = 0.018 5.70 110

5.76 5.79 =0.291 5.04 100
28.79 25.59+1.28 4.99 88.9
Total

0.288 0.323 = 0.024 7.40 112

0.672 0.658 = 0.032 4.84 97.9

2.88 2.87+0.265 9.23 100

5.76 6.76 £0.113 1.67 117

n=6.
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Table 2

Compound I fortified dog plasma samples with and without Il processed using the lactone-only method

Theoretical
concentration of I (nM)

Measured concentration of I (nM)

Without 11 With 11 (0.26 nM)
0.289 0.322 0.339
0.291 0.322
0.339 0.326
Average 0.317 0.329
S.D. 0.024 0.009
CV. (%) 7.67 2.70
Percentage of nominal 110 114
Without II With II (25.7 nM)
28.9 27.03 25.97
25.63 24.47
25.20 25.24
Average 25.95 25.23
S.D. 0.957 0.750
CV. (%) 3.69 2.97
Percentage of nominal 89.8 87.3

of II to 1 was examined to ensure an accurate
measurement of total I. Table 3 shows the results
from samples containing both forms that have

Table 3

Conversion of II to I in dog plasma

been processed with the total method. The
calculated values for total I are within = 15% of
the theoretical value of the sample.

Theoretical concentration

Total concentration of I calculated

of I (nM) (nM)
Total I: 1.27 nM 1.36
(0.674 oM of I + 0.597 nM of 11) 1.41
Average 1.39
S.D. 0.04
CV. (%) 29
Percentage of nominal 109
Total I: 12.71 aM 14.26
(6.74 nM of 1 + 5.97 nM of II) 14.43
Average 14.35
S.D. 0.12
CV. (%) 0.8

Percentage of nominal

13
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Table 4

Calculated concentrations of 11 from I and II fortified dog plasma samples

Concentration of [ only (nM)

Concentration of I1 (nM)

Total concentration of I (nM)

Theoretical Calculated Theoretical Calculated Theoretical Calculated
1.16 1.23 0.29 0.25 1.45 1.48
1.25 0.17 1.42
1.17 0.30 1.47
Mean 1.22 (.24 1.46
% Nominal 105 82.8 101
0.725 0.751 0.725 0.579 1.45 1.33
0.700 0.700 1.40
0.674 0.486 1.16
Mean 0.708 0.588 1.30
% Nominal 97.7 81.1 89.7
0.29 0.365 1.16 0.905 1.45 1.27
(0.383 0.887 1.27
0.284 1.11 1.39
Mean 0.344 0.967 1.31
% Nominal 119 83.4 90.3

3.6. Method applications

The application of the lactone-only and total
methods to determine the concentration of II
indirectly through the difference of total 1 and
lactone-only I is exhibited in Table 4. The
calculated lactone-only and total I in samples
containing both analytes and processed using the
two methods was within = 20% of the theoretical
concentration. The indirect determination of II
was also within =20% of the theoretical con-
centration. These results are quite acceptable
since the approximation of the carboxylate con-
centration is defined by the combination of
the errors of the lactone-only and total meth-
ods.

4. Conclusions

One method that measures both I and 11 in a
biological sample would be ideal. However, due
to the stability problems associated with the
interconversion of I and Il and the low con-

centrations of I in biological samples, this is an
extraordinary challenge. Attempts to develop
such a method included evaluating traditional
protein precipitation and liquid-liquid extraction
methods. Both of these methods lacked specifici-
ty and sensitivity due to analyte interconversion
during evaporative procedures and poor extrac-
tion efficiency for the carboxylate. A solid-phase
extraction method that separates I and II and
then measures I only was ultimately developed.
Concurrently, a solid-phase method was de-
veloped to determine total 1. The two methods
were used in combination to indirectly calculate
the concentration of II from the difference of
total 1 and lactone-only I.

In addition to being the most sensitive method
reported to date for a camptothecin analogue,
this approach incorporates a more comprehen-
sive evaluation of the specificity of the lactone-
only method. At the time of analysis of the
physiological sample, interconversion is ongoing
and in favor of the carboxylate form. The ana-
lytical process must in effect halt this process
without any perturbation of the natural lactone/
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carboxylate ratio in order to achieve an accurate
lactone-only measurement. The successful appli-
cation of the two methods described here to
samples containing known amounts of both car-
boxylate and lactone at various concentrations
illustrates the soundness of this dual-method
approach to directly measure lactone and to
indirectly calculate the carboxylate concentra-
tion.
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