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Abstract

We have developed a sensitive high-performance liquid chromatography (HPLC) assay to quantitate total and lactone
forms of 20(S)camptothecin (CPT) in human plasma. Lactone and total CPT were extracted using solid-phase extraction and
liquid–liquid extraction, respectively. The extracted lactone samples could be stored without immediate HPLC analysis. The
two forms of CPT were quantitated by reversed-phase HPLC with fluorescence detection. The extraction efficiencies were
about 100% and 92% for the total and lactone forms, respectively. The lower limit of quantitation was 5.74 nM for the two
forms. The method was reproducible with a mean interday and intraday variability of 6% for total CPT and 4% and 6%,
respectively, for lactone CPT. The assay could effectively quantitate lactone and total CPT in patients receiving single dose
and multiple doses of oral CPT.  1998 Elsevier Science B.V.
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1. Introduction cell cycle [6], a prolonged exposure is required for
optimal efficacy. Due to improved patient com-

20(S)Camptothecin (CPT), derived from the Chi- pliance, oral administration is preferred over continu-
nese plant Camptotheca acuminata, is an alkaloid ous intravenous administration for achieving pro-
having antineoplastic activity [1]. The mechanism of longed drug exposure. We have completed a phase I
action involves poisoning of topoisomerase I, an trial of sequential oral CPT and etoposide [7,8].
enzyme essential for DNA transcription and overall Patients received oral CPT for 14 days followed by
cellular replication [2–5]. Since the drug has been intravenous etoposide. One of the objectives of the
shown to have maximal activity in the S-phase of the trial was to describe drug disposition following

single and multiple oral doses of CPT. Hence, we
*Corresponding author. Fax: 11 732 2357493. have developed a reproducible, sensitive high-per-
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formance liquid chromatography (HPLC) assay to 2. Experimental
rapidly quantitate CPT in patient plasma.

CPT is a pentacyclic indole alkaloid with the 2.1. Reagents
terminal a-hydroxy ring being extremely labile (Fig.
1). Opening of the ring to the carboxylate form under CPT lactone and internal standard SN-38 (7-ethyl-
alkaline conditions results in loss of activity [9,10]. 10-hydroxycamptothecin), were gifts from the
Hydrolysis of the lactone form involves a sequential Stehlin Foundation for Cancer Research (Houston,
conversion to the corresponding acid which is ion- TX, USA) and Pharmacia and Upjohn (Kalamazoo,
ized to the carboxylate form at pH values greater MI, USA), respectively. The acetonitrile and metha-
than the pK of the acid [11]. CPT is primarily in the nol used were of HPLC grade (Fisher, Springfield,a

lactone form at pH,5 and converts predominantly to NJ, USA). Potassium dihydrogenphosphate
the ionized carboxylate form at pH.8.0. Since the (KH PO ) and sodium heptanesulphonate were pur-2 4

pH of human plasma is about 7.58 [12], a substantial chased from Sigma (St. Louis, MO, USA). All
fraction of the CPT dose should be converted to the reagents were used as received. Fresh frozen human
inactive carboxylate. In addition, the carboxylate plasma was obtained from healthy volunteers.
form shows preferential binding with the plasma
albumin leading to stabilization of this form [13].

2.2. Preparation of standards
Since inhibition of topoisomerase I is mediated only
by the closed ring lactone [14], it is important to

A 1 mg quantity of CPT lactone was dissolved in
determine the relative concentrations of lactone and

1 ml dimethyl sulphoxide (DMSO) to produce a
total (lactone plus carboxylate) CPT in patients.

2.874 mM stock solution. Plasma calibration stan-
There have been previous reports of assay de-

dards were prepared by adding diluted stock solu-
velopment of the two forms of CPT. Scott et al. and

tions to fresh human plasma to give final con-
Loh and Ahmed have validated the quantitation of

centrations of 5.74 nM, 11.48 nM, 57.4 nM, 114.8
the lactone and carboxylate forms of the sodium salt

nM, 574 nM, and 1148 nM of total CPT. Stock
of CPT in rat plasma [15–17]. Supko and Malspeis

solutions of SN-38 were prepared in DMSO and
have also developed a reproducible and sensitive

were subsequently diluted in water to produce 20 nM
quantitation method of the two forms [18]. However,

SN-38. All stock solutions and plasma calibration
due to the instability of the lactone, these methods

standards were stored at 2708C.
require immediate extraction and HPLC analysis for
lactone quantitation. These procedures would be
inconvenient for our study which involved a 23 day 2.3. Plasma collection for pharmacokinetics
sampling schedule with some sample collections

2occurring during the evening. Therefore, we de- Patients received a 6 mg/m /day dose of CPT for
veloped a convenient and reproducible method which a period of 14 days. Heparinized blood samples were
would allow storage of collected samples until HPLC collected at predose, at 1, 2, 3, 4, 6, 8, and 10 h after
analysis. the first dose of CPT. A single sample was also

collected on days 2, 4, 6, 8, 15, 16, 17, 18, 19, 22,
and 23 during the dosing schedule. In addition, three
samples were obtained on day 14 (last dose of CPT).
Once the blood was drawn, it was immediately
placed on ice and transferred to the laboratory. The
samples were centrifuged at 400 g for 10 min at 48C
and the plasma was used for quantitation. For the
assessment of total CPT, plasma samples were
frozen at 2708C until further extraction and HPLC
analysis. For the quantitation of lactone CPT, ex-

Fig. 1. Chemical structures of CPT lactone and carboxylate forms. traction of the lactone from plasma was performed
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immediately and the extracted samples were stored at 2.6. Determination of extraction efficiency,
2708C. precision, and accuracy

The extraction efficiency (recovery) was deter-
2.4. Extraction of lactone and total CPT from

mined by comparison of peak height ratios (PHR) of
plasma

lactone or total CPT in plasma extracts versus
external standards prepared in DMSO and sub-

Lactone CPT was extracted from plasma using a
sequently diluted in methanol (for total CPT) or

modification of the solid-phase extraction described
mobile phase (for lactone CPT) (described in Section

by Takimoto et al. [12]. C solid-phase extraction18 2.2). All the external standards were acidified by 50
columns (Waters, Milford, MA, USA) were equili-

ml of 0.5 M HCl prior to HPLC analysis. Plasma
brated with 1 ml of methanol followed by 1 ml of

stocks of 1148, 574 and 114.8 nM were extracted
filtered water. A volume of 100 ml of plasma was

using the two methods. SN-38 was added to the
combined with 10 ml of SN-38, vortexed for 5 s and

extracted samples before HPLC analysis. The ex-
then loaded onto the column. The columns were then

traction efficiency was calculated by comparison of
washed twice with 1 ml of filtered distilled water

the PHR of extracted samples and external standards.
followed by 1 ml of 20% methanol. The 20%

The plasma standard solutions of lactone and total
methanol wash is effective in completely removing

CPT were extracted and analyzed by HPLC for three
the carboxylate form [12]. Lactone CPT and SN-38

consecutive days. Standard curves were generated by
were eluted with 1 ml of 75% methanol and 25 mM

plotting the PHR as a function of the plasma
KH PO at pH 2.55. The extracted samples were2 4 standard concentration and fitting the data using least
frozen at 2708C until HPLC analysis.

squares linear regression. The mean PHR and stan-
Total CPT was quantitated using a modification of

dard deviation was obtained for all the standards.
the procedure described by Supko et al. [18]. A 100

The interday assay variability (precision) was de-
ml volume of plasma was combined with 10 ml of

termined as the percent coefficient of variation. The
SN-38 and deproteinized with 300 ml of methanol.

intraday assay precision was based on extractions
The mixture was vortexed for 5 s and centrifuged at

and HPLC analyses performed three times during the
5800 g for 3 min. The clear supernatant was acidified

same day.
with 50 ml of 0.5 M HCl before HPLC analysis.

The accuracy of the assay methodology was
determined by fitting the lactone or total CPT PHR

2.5. HPLC to the standard curve equation obtained on the same
day and comparing the predicted and actual con-

Separation of the compounds of interest was centrations.
carried out at room temperature on a mBondapak, 10
mm, 3.9 mm3300 mm C column preceded by a18

mBondapak precolumn (Waters). The solvent deliv- 2.7. Stability of CPT
ery system (L-7100; Hitachi, Danbury, CT, USA)
was used to deliver an isocratic mobile phase of 35% The reduction of total CPT concentrations in
acetonitrile and 65% 25 mM KH PO containing 1 donor plasma was determined at 2708C, 48C and at2 4

mM sodium heptanesulphonate, pH 4.8. The flow- 378C. Chilled plasma was spiked with CPT to give
rate was maintained at 0.85 ml /min. Plasma extracts final concentrations of 5.74 nM, 57.4 nM and 574
were injected onto the column using an autosampler nM and equilibrated at the respective temperatures
(L-7200; Hitachi). The detection of the CPT and before the initiation of the stability studies. Aliquots
SN-38 peaks were achieved using a scanning fluores- of 100 ml were removed at 1 h, 2 h, 4 h and 24 h for
cence detector (474; Waters) at l 360 nm and l liquid–liquid extraction and HPLC analysis as de-ex em

440 nm. Chromatographic peak height data acquisi- scribed in Section 2.5.
tion and integration was achieved using Powerchrom The stability of CPT in patient plasma samples
(AD Instruments, Castle Hill, Australia). stored at 2708C was evaluated in five different
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patients. Using 100 ml aliquots of plasma, the initial
liquid–liquid extractions for total CPT were per-
formed within 24 h after receiving the samples. After
a period of 30 days, 100 ml aliquots of the stored
plasma were extracted again and the concentrations
were compared to those obtained after the initial
extraction. In a similar manner, we determined the
stability of extracts of lactone CPT obtained from
patient plasma samples which were stored at 2708C
over a period of 30 days. Following solid-phase
extraction, aliquots of the extracts were analyzed by
HPLC within 24 h and after 30 days of storage at
2708C.

2.8. Determination of pharmacokinetic parameters

The plasma concentration–time profiles of lactone
and total CPT were analyzed by noncompartmental
methods using PCNONLIN (v4.2; SCI, Lexington,
KY, USA). The maximal plasma concentrations
(C ) and the corresponding times (t ) after themax max

first dose were determined by visually inspecting the
profiles. The elimination halflife (t ) was the ratio1 / 2

of 0.693 and l , the slope obtained by loglinearz

regression of the profiles. AUC (area under plasma
concentration–time curve) was estimated by the Fig. 2. Representative chromatograms of plasma samples. (A)

Predose sample spiked with 20 nM SN-38. (B) Sample from thetrapezoidal rule [19]. Following multiple CPT dos-
same patient after receiving an oral dose of CPT. Chromato-ing, the average steady state concentrations (C )ss graphic peaks: SN-38, 4.7 min; CPT, 6 min.

were obtained by averaging concentrations obtained
on days 4, 6 and 8.

shown). Mobile phase consisting of 25% acetonitrile
in buffer pumped at a flow-rate of 0.85 ml /min

3. Results and discussion resulted in an acceptable column pressure of 1200
p.s.i.. The retention times of SN-38 and CPT were

We have developed a sensitive and convenient 4.7 and 6.0 min, respectively, and a run time of
method to quantitate both total and lactone forms of about 7.5 min was sufficient to quantitate both
CPT in human plasma. Unlike other methods requir- compounds. Interference due to endogenous com-
ing immediate extraction and HPLC analysis of the pounds was not observed. A typical patient profile
lactone form, our method involves solid-phase ex- included 12 standards (six each for total and lactone,
traction which separates carboxylate from lactone respectively) and 42 samples (21 each for total and
CPT. This method, therefore, allows extracted lac- lactone, respectively) collected over 23 days. Due to
tone samples to be stored until HPLC analysis. the short run time all 54 samples could be analyzed

Representative chromatograms of plasma extracts within 10 h thus ensuring rapid analysis of patient
from a patient receiving CPT are shown in Fig. 2. samples.
Use of an ion-pairing agent (sodium hepta- The extraction efficiency for total CPT was 107%,
nesulfonate) and a mobile phase pH of 4.5 enhanced 105% and 112% for the concentrations of 1154, 574
sensitivity as well as peak symmetry (data not and 114.8 nM, respectively. The recoveries for the
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Table 2lactone form at the same concentrations were 95%,
Accuracy of HPLC quantitation of total and lactone CPT in80% and 102%, respectively. The lower recovery of
human plasma

the lactone form could be attributed to the instability
Concentration (nM) Total CPT Lactone CPTof this form. The halflife of the lactone in plasma is

about 341 min at 08C and 6.98 min at 378C [18]. 5.74 92% 115%
11.48 118% 109%Thus even for samples placed on ice, a delay of 5
57.4 103% 96%min before extraction would result in hydrolysis of

114.8 100% 95%
8% of the initial concentration. Therefore, for the 574 100% 102%
lactone quantitation, immediate placement of sam- 1148 100% 99%
ples on ice followed by rapid extraction would aid in

The calculated concentration was expressed as percentage of the
minimizing hydrolysis. actual CPT concentration.

The precision of the assays (Table 1) is estab-
lished by the low mean inter-day variability of 6%
(total) and 10% (lactone) and mean intra-day vari- percent of drug recovered at the end of 24 h was
ability of 5.7% (total) and 6.1% (lactone). The $99% for all the three concentrations of plasma
standard curves for the total and lactone forms were standards that were evaluated. CPT was also stable
linear within the range of 5.74 nM–1148 nM. The in patient plasma samples stored at 2708C. There
average correlation coefficient was 0.998. Based on was #10% variability in total CPT quantitation
the degree of accuracy at the lowest concentrations between samples that were processed within 24 h or
(Table 2), the lower limit of quantitation was 5.74 30 days after storing at 2708C. The plasma extracts
nM for CPT. These limits of quantitation enabled for the quantitation of lactone CPT that were ana-
CPT estimation in the terminal sampling time points. lyzed with 24 h and after 30 days of storage at
Thus a relatively small blood volume of 2–3 ml 2708C also exhibited a similar stability profile
(1–1.5 ml plasma) would be sufficient for quantita- (#12% variability). Since all patient samples were
tion of the two forms. extracted and analyzed within 30 days after receiving

CPT was stable in spiked plasma at 2708C, 48C them, there were no alterations in the lower limit of
and 378C during the 24 h evaluation period. The quantitation (5.74 nM), precision or accuracy of the

quantitations.
Table 1 Fig. 3 shows a representative total and lactone
Precision of HPLC quantitation of total and lactone CPT in human CPT profile in a patient after a single dose (A) and
plasma

multiple doses (B). The average lactone to total ratio
Concentration (nM) Total CPT Lactone CPT in the samples was about 9.6%. The two forms
Inter-day variability appeared to have similar disposition profiles having a

5.74 5.3% 21.7% slow and sustained absorption with steady state being
11.48 16.8% 7.8% attained within 2–3 days of dosing. Pharmacokinetic
57.4 1.6% 6.5%

parameters obtained in three patients after single and114.8 4.7% 13.1%
multiple doses of CPT are listed in Table 3. The drug574 2.9% 6.7%

1148 4.9% 5.6% appeared to be absorbed slowly and peaked at 2 to 3
h after administration. A prominent feature of theIntra-day variability
parameter estimates was the substantial interpatient5.74 10.5% 17.3%

11.48 11.8% 4.2% variability in the C and AUC estimates. Thismax
57.4 3.2% 6.3% finding suggests that the bioavailability of CPT is

114.8 3.6% 3.7% variable. Substantial variability was also noted in the
574 3.4% 4.2%

C of CPT following multiple doses. To our knowl-ss1148 1.9% 1.0%
edge this is the first description of the oral absorption

Plasma standards were extracted and analyzed for three consecu-
of CPT. Since camptothecins have a narrow thera-tive days for estimation of inter-day variability. Three separate
peutic index, the variability in bioavailability may bestandard curves were extracted and analyzed the same day for

quantitation of intra-day variability. a critical determinant of the therapeutic efficacy and
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Table 3 toxicity of oral CPT. Mechanistic factors affecting
Pharmacokinetic parameter estimates of total and lactone CPT in CPT intestinal absorption are presently being investi-2patients after a single and multiple doses of oral CPT (6 mg/m )

gated.
Parameter Patient 1 Patient 2 Patient 3 In summary, we have established an accurate and
Total CPT convenient assay for lactone and total CPT that
C (nM) 283 127 482max enables pharmacokinetic evaluation of the two forms
T (h) 2 2 4max in patient plasma.
AUC (nM?h) 2080 1659 3052
t (h) 20.9 23.7 10.51 / 2

aC (nM) 299 82.3 491ss
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