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Abstract

A simple, rapid and sensitive LC-MS/MS bioanalytical method has been developed to simultaneously quantify Camptosar (CPT-11) and
its active metabolite, SN-38, in mouse plasma and tissues. A single step protein precipitation with acetonitrile in 96-well plates was used
for sample preparation. Camptothecin (CPT) was used as the internal standard. Fast separation of SN-38, CPT-11 and CPT was carried ou
isocratically on a @, 2mm x 50 mm, 5um HPLC column with a mobile phase containing acetonitrile and 20 MM ammonium acetate (pH
3.5) and a 2.5 min chromatographic run time. The API 4000 MS/MS system was operated in positive ionization multiple reaction monitoring
mode, and the transitions for SN-38, CPT-11 and CPT were 3933419.3, 587.6~ 167.2 and 349.3> 305.3, respectively. The SN-38 and
CPT-11 concentrations in samples were calculated from a standard curve of peak area ratios of the analyte to that of the internal standard using
a 1&% weighted linear regression. The quantitation limit of 0.5 ng/mL was achieved by using a low sample volume)(@0@lasma or
tissue homogenates. The assay was linear over the concentration range of 0.5-500 ng/mL with acceptable precision and accuracy. The metho
was used for the quantification of CPT-11 and SN-38 in plasma and tissues to support a preclinical pharmacokinetics and tissue distribution
study of CPT-11 in mice.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction malignanceq6,7]. CPT-11 acts as a prodrug in vivo and
is converted to its active metabolite, SN-3g-ethyl-10-
Camptosd? and SN-38 are among a unique class of an- hydroxycamtothecih (Fig. 1) by various enzyme systems,
ticancer agents and are derivatives of camptothecin, a plantprimarily carboxyl esteras¢8—10]. SN-38 has 100-1000
alkaloid which was first discovered in early 196Q$. The times greater in vitro cytotoxic activity than that of the parent
mechanism of action of camptothecins is based on the in-compound[11,12] Despite its promising anti-tumor activ-
hibition of topoisomerase |, which is a nuclear enzyme ity, SN-38 cannot be used as an anti-cancer drug because of
that plays a critical role in DNA replication and transcrip- its poor solubility in pharmaceutically acceptable solvents.
tion [2,3]. Camptosar (irinotecan, CPT-1X)7-ethyl-10-[4- This technical barrier can be eliminated using a liposome
(1-piperidino)-1-piperidino]carbonyloxy-camptothegiis a entrapped SN-38 formulation (LE-SN3R)3].
semi-synthetic and water-soluble derivative of camptothecin, LE-SN38 was very effective towards inhibiting tumors in
CPT (Fig. 1), that exhibits improved antitumor activity and  various xenograft models of human cancer in SCID mice and
decreased toxicity1,4,5] CPT-11 has shown clinical ac- showed a better preclinical safety profile].
tivity against colorectal, lung, ovarian cancers and other A simple, rapid and sensitive bioanalytical method was
needed to simultaneously quantify CPT-11 and SN-38 in
* Corresponding author. Tel.: +1 847 887 0800; fax: +1 847 887 9281.  Plasma and tissues to support pharmacokinetics and tissue
E-mail addressimran@neophrm.com (I. Ahmad). distribution studies in mice.
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Fig. 1. Chemical structures of CPT-11, SN-38 and CPT (IS).

Previously reported assays for the determination of CPT-
11 and SN-38in biological fluids suffered from lengthy sam-
ple preparation time using off-line and on-line solid-phase
extraction[14—16] or liquid—liquid extraction[14,17-19]
Several methods of physiological sample treatment, includ-
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step in a 96-well plate format, with automation performed
using a Tomtec Quadra-96 liquid handling system for high
sample throughput. Fast separation of CPT-11, SN-38 and
internal standard, CPT, was achieved within 2.5 min of chro-
matographic run time. The method was used for CPT-11 and
SN-38 guantification in plasma and tissue samples obtained
from pharmacokinetic and tissue distribution studies in mice.

2. Experimental
2.1. Chemicals and reagents

Mouse plasma was obtained from Bioreclamation
(Hicksville, NY, USA). Normal tissues from CD2F1 mice
were collected in house. High-purity water was obtained
from a Milli-Q purification system (Millipore, Bedford, MA,
USA). Acetonitrile and methanol were HPLC grade and were
purchased from EM Science (Gibbstown, NJ, USA). Am-
monium acetate was obtained from Fisher Scientific (Hamp-
ton, NH, USA). Camptothecin (CPT), glacial acetic acid, and
dimethyl sulfoxide (DMSO) were purchased from the Sigma
(St. Louis, MO, USA). Camptosar (Irinotecan hydrochloride
injection, 20 mg CPT-11/mL) was purchased from Pharma-
cia & Upjohn (now Pfizer), (Kalamazoo, Ml, USA). SN-38
was obtained from Qventas (Newark, DE, USA).

2.2. Standards and quality control samples

Standard and quality control (QC) primary stock solu-
tions of 2mg SN-38/mL in DMSO and 1mg CPT-11/mL
in methanol were prepared separately by dissolving the ap-
propriate amount of each compound in known volumes of
solvent.

Spiking solutions containing both CPT-11 and SN-38 at

ing the deproteinization step for sample clean-up, have beenconcentrations of 10, 20, 100, 200, 1000, 2000, 4000, 8000,

described in the literaturfl4,19,20] These HPLC meth-

10000, and 20 000 ng/mL were prepared by serial dilution

ods with fluorescence detection have chromatographic runof stock solutions with acetonitrile—20 mM ammonium ac-

times ranging from 8 to 20 mifil5,17,21,22] Also, rela-
tively high sample volumes (200-1000Q of plasma) were

etate, pH 3.5 (20:80, v/v). Standards and QC samples of SN-
38 and CPT-11 in plasma or tissue homogenates [5% (w/v)

typically used for the reported assays to achieve better sensitissue homogenate in water] were prepared fresh for each

tivity [15,19,22,23]
Lately, LC-MS/MS technology has become the method of

analytical run by spiking the respective matrices with a so-
lution containing appropriate concentrations of SN-38 and

choice for a number of studies due to a unique combination CPT-11. A stock solution of CPT, the internal standard (IS),
of high specificity, sensitivity and high sample throughput at0.5 mg/mL was prepared in DMSO-methanol (50:50, v/v).
possibilities. Nevertheless, the number of methods that haveStandards and QCs were combined with IS and processed by
been developed for CPT-11 and SN-38 based on this tech-protein precipitation as described in the following section.
nology are still very limited17,24,25] Recently, a sensitive

and rapid LC-MS/MS method for the quantification of SN- 2.3. Preparation of standards, QCs and samples

38 in human plasma has been developed and implemented tgplasma and tissue homogenates) for analysis

support clinical studief26].

We have developed an LC-MS/MS method for simulta- A single step protein precipitation technique was used for
neous quantification of CPT-11 and SN-38 in plasma and sample preparation. Two hundred. of a 10 ng/mL solu-
tissue homogenates with high selectivity and a lower limit of tion of CPT (IS) in acetonitrile were added to each well of a
quantitation (LLOQ) of 0.5 ng/mL for both analytes. Sam- 96-well plate. A 10Q.L volume of sample, standard or QC
ple preparation involves only a single protein precipitation (plasma ortissue homogenate) was then transferred in the ap-
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propriate well containing IS. The plate was covered and vor- Table 1
tex mixed for 1=2 min. then centrifuged for 30 min at 6100 g. Instrument parameters and transitions for SN-38, CPT-11 and IS (CPT)

Using a Tomtec Quadra-96 liquid handling system [Model Parameter Value
320, Tomtec (Hamden, CT, USA)], the supernatants were Temperature°C) 550
transferred to a clean 96-well plate, and dried under nitrogen lenization voltage (V) 5000
at approximately 50C. The samples were reconstituted with  'on source (GS1) setting 20
. . . lon source (GS2) setting 40
100p.L of a mixture of acetonitrile—20 mM ammonium ac- Curtain gas settings 10
etate, pH 3.5 (29:80, viv). T.he plate was then covered, vorteX cap gas setting 8
mixed and centrifuged again for 30 min at 6100 g. The sam- Coliision energy (IS, SN-38) (eV) 35
ples were kept at 4C before and prior to injection onto the  Collision energy (CPT-11) (eV) 55
LC=MS/MS system. SN-38 transition 393.4> 349.3
IS transition 349.3» 305.3

CPT-11 transition 587.6> 167.2

2.4. Chromatographic conditions

, ) ) used to control the LC—MS/MS system and to perform anal-
An Agilent 1100 chromatographic system (Agilent Tech- yqaq The peak area ratios of CPT-11 or SN-38 to those of

nologies, Palo Alto, CA, USA) consisting of a binary pump, 6 |5 were used to construct a linear calibration curve using
degasser, and thermostated autosampler was used. Chromat@eignted (1/concentratidpregression analysis. The CPT-11
graphic separation was achieved by using either a Zorbax SB-5 4 5N-38 concentrations in plasma and tissue samples were

phenyl (2.0 mmx 50 mm, Sum) analytical column (Agilent  yotarmined by interpolation from the calibration curve.
Technologies, Wilmington, DE, USA) with a mobile phase

of 20mM ammonium acetate, pH 3.5—acetonitrile (65:35,
v/v) or an XTerra Gg (2.0 mm x 50 mm, 5um) analytical
column (Waters, Milford, MA, USA) with a mobile phase
20 mM ammonium acetate, pH 3.5—acetonitrile (67:33, v/v).
The analytical column was protected by a2 in-line filter

frit (Upchurch Scientific, Oak Harbor, WA, USA). The flow
rate was 0.2 mL/min, and the run time was 2.5 min.

2.6. Ruggedness of the method

Accuracy and precision were assessed by analyzing QC
samples. Ruggedness data have been generated separately for
CPT-11 and SN-38. Each ruggedness run included a calibra-
tion curve with eight non-zero standards and four concentra-
tion levels of QC samples in triplicate. Assay precision was
calculated and reported as the percent relative standard de-
viation (R.S.D.). Accuracy was determined as an agreement
between the interpolated concentration and the nominal con-
centration and was reported as the percent analytical recov-

2.5. Mass spectrometric conditions

An Applied Biosystems-Sciex AP14000 (Applied Biosys-

tems, Foster City, CA, USA) triple quadrupole mass Spec- g1y (AR). Acceptance criteria for precision were seta6%

trometer equipped with TurbolonSpféjonization interface R.S.D., while those for analytical recovery (AR) were set at
was used. Tuning and calibration of the mass analyzer wasq g4+ 15%][27].

performed by infusing poly(propylene glycol) calibration so-

lution (Applied Biosystems) at 10L/min and monitoring

eight mass-to-charge ratios in the range of 55-2300u. The3. Results and discussion

peaks were tuned to 0% 0.1 u FWHM, and the calibration

tolerance wag-0.1 u. Samples were analyzed in multiple re- 3.1. Assay development

action monitoring (MRM) positive ionization mode. Instru-

mental details for quantification of selected ions of CPT-11,  MS and MS/MS conditions were optimized for CPT-11,
SN-38 and IS in plasma and tissue samples are described ir6N-38, and IS through infusion to ascertain the precursor ion,
Table 1 The Analyst 1.2 software (Applied Biosystems) was and then to select the product ions in MS/MS mode.

Table 2
Precision and accuracy for CPT-11 and SN-38 quantification in mouse plasma
Nominal concentration (ng/mL) SN-38 CPT-11
Mearf measured Precision, Accuracy, AR (%) Meafimeasured Precision, Accuracy,
concentration R.S.D. (%) concentration R.S.D. (%) AR (%)
(ng/mL) (ng/mL)
1.50 131 271 870 144 127 960
3.00 335 7.13 112 D9 462 100
30.0 310 4.85 103 238 381 994
300 289 2.31 9 295 0781 984

R.S.D., precision expressed as relative standard deviation (standard deviation/meanxrd€f)AR, accuracy expressed as analytical recovery (mean
result/nominal concentratiory 100.
2 Three replicates at each concentration.
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Fig. 3. Representative chromatograms of spiked mouse tissue homogenate
Fig. 2. Representative chromatograms of mouse plasma extracts containing(intestine) extracts containing CPT-11, SN-38 and CPT (IS). (A) SN-38
CPT-11, SN-38 and CPT (IS). (A) SN-38 channel; (B) CPT-11 channel; channel; (B) CPT-11 channel; (C) CPT channel. 1: Blank matrix sample; 2:
(C) CPT channel. 1: Blank plasma sample; 2: standard, 0.5 ng/mL; 3: QC standard, 0.5ng/mL; 3: QC sample, 1.5 ng/mL.
sample, 1.5 ng/mL.
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Table 3
Precision and accuracy for CPT-11 and SN-38 quantification in mouse tissue homogenates
Tissue Nominal concentration (ng/mL)  SN-38 CPT-11
Mearf measured Precision, Accuracy, Mearf measured  Precision, Accuracy,
concentration R.S.D. (%) AR (%) concentration R.S.D. (%) AR (%)
(ng/mL) (ng/mL)
Kidney 150 154 555 103 169 190 113
3.00 316 411 105 334 229 111
300 312 259 104 326 0.812 109
300 291 130 971 283 154 943
Liver 150 131 246 871 148 304 990
3.00 298 503 992 312 519 104
300 302 156 101 300 270 999
300 289 0200 964 278 0360 107
Spleen 150 154 110 103 152 102 101
3.00 323 314 108 278 0623 927
30.0 313 176 104 283 1.09 942
300 307 105 102 307 1 102
Lung 150 147 577 980 159 267 106
3.00 306 6.69 102 317 255 106
30.0 297 243 990 318 0.831 106
300 308 150 103 301 @879 100
Heart 150 153 310 102 149 194 991
3.00 314 542 105 307 543 102
30.0 318 350 106 325 186 108
300 318 110 106 319 B30 106
Intestine 150 168 282 112 169 331 107
3.00 318 363 106 326 245 109
300 306 132 102 332 444 111
300 294 0392 981 286 Q0700 953
Tumor 150 166 525 111 156 418 104
3.00 312 389 104 309 279 103
300 314 431 105 323 112 108
300 309 141 103 308 46 103

2 Three replicates at each concentration.

The following transitions were identified to be optimal tively. In this case, the two analytes had to be assayed sepa-
for analysis of the analytes and IS: SN-38: 393:4349.3;  rately when the level of CPT-11 was 100 times higher than
CPT-11: 587.6—~ 167.2; CPT: 349.3» 305.3 {Table J. that of SN-38.

HPLC conditions were developed to optimize the separation
for CPT-11 and SN-38 peak shape, resolution, selectivity and 3.2. Assay selectivity, linearity, accuracy and precision
sensitivity.

Two HPLC columns were evaluated for the analysis of Representative chromatograms for plasma and tissue ho-
CPT-11 and SN-38 in both plasma and tissue homogenatesmogenates without analytes (blanks), LLOQ standards and
a Zorbax SB-phenyl 2mnx 50 mm, 5um column with a low level QC samples are shown Kigs. 2 and 3respec-
mobile phase composition of 20 mM ammonium acetate, pH tively, for SN-38, CPT-11 and CPT (IS) channels. As can be
3.5—acetonitrile ratio of 65:35 (v/v), and an XTerrgg@ mm seen from these figures, no significant interfering peaks were
x 50 mm, 5um column using the same mobile phase with observed at the retention times of the analytes and/or internal
buffer—acetonitrile ratio of 67:33 (v/v). Both columns were standard.
found to be suitable for the application, producing good peak  Standard curves were established by plotting the peak area
shapes and sulfficient retention of the analytes and IS. How-ratio of SN-38 or CPT-11 to that of the IS versus nominal
ever, the XTerra g column provided better peak shape for concentration of the analyte. The resulting linear-regressions
SN-38 in samples with CPT-11 concentration 100 times or yielded correlation coefficients0.995 for all runs, and the
more higher than that of SN-38. The method sensitivity limit range of linearity was 0.5-500 ng/mL for both CPT-11 and
was 0.5 ng/mL for both analytes. The LC—-MS quantification SN-38 in plasma and tissue homogenates. Assay results
method described ifiL7] had a sensitivity of 10ng/mL and  from QC samples showed acceptable precision and accuracy.
0.5ng/ml in human serum for CPT-11 and SN-38, respec- In plasma, the R.S.D. ranges for CPT-11 and SN-38 were
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from 0.781 to 12.7% and from 2.31 to 7.13%, respectively
(Table 9. The AR ranged from 96.0 to 100% and from 87.0 to

10

—— Spleen
112% for CPT-11 and SN-38, respectivelnble 2. In tissue 1 —— Heart
homogenates, the R.S.D. and the AR met acceptance crite — Liver

ria for both CPT-11 and SN-38 at all tested concentrations
(Table 3.

(=}
o
=

3.3. Assay application
0.001

Recently, the number of studies using LC—MS technol-
ogy in the field of pharmacokinetics and clinical toxicology © .., . ‘ ' : . ‘
has significantly increasefd4,28] At the same time only 0 6 12 18 24 30 3 42 48
few LC-MS/MS methods had been published for the simul- (A Time (h)
taneous quantification of both CPT-11 and SN-BB24,25]
An HPLC-atmospheric pressure chemical ionisation (APCI)
MS method was used in clinical studies primarily for identi-
fication of photodegradation products of CPT{R4]. An
HPLC method with parallel fluorescence and mass spec-
trometric detection of CPT-11, SN-38 and other metabo-
lites of CPT-11 in human plasma has been also described
[25]. This method has achieved the quantification of CPT-11
and SN-38 with sensitivities of 5 and 1 ng/mL, respectively,
using fluorescence detection, while mass-spectrometric de-
tection was used for identification and monitoring of CPT-
11 metabolites. An LC-MS/MS method with an improved
sensitivity of 0.05ng/mL for SN-38 was used to support
clinical studies for LE-SN3§26]. The method presented 0.0001+—— D A
here was successfully used to quantify CPT-11 and SN- B .

. . L Time (h)
38 in plasma and tissue samples from a pharmacokinetics
and tissue distribution study of CPT-11 in mice. The rep- Fig. 5. Representative tissue homogenate concentration—time profiles of (A)
resentative concentration—-time profiles for CPT-11 and SN- sN-38 and (B) CPT-11 following intravenous administration of CPT-11 in
38 in plasma and tissues following intravenous administra- mice at a 35 mg/kg dose level. Data points represent niestandard error
tion of 35 mg/kg of CPT-11 are presentedfigs. 4 and 5 of the meanp = 3 animals per time point.
respectively.

Concentration of SN-38 (pug/mL)
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o
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, N
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4. Conclusion

A simple, sensitive and rapid LC-MS/MS assay was suc-
1005 cessfully developed for the simultaneous determination of
] total CPT-11 and SN-38 levels in mouse plasma and tissues.
The selectivity and sensitivity of tandem mass spectromet-
ric detection enabled a short chromatographic run time of
2.5min and a lower limit of quantitation of 0.5ng/mL for
both analytes in plasma and tissues homogenates. Sample
preparation involved only a one step protein precipitation
procedure which allowed high sample throughput yet gave

10 4

—=—CPT-11
—a+—SN-38 (CPT-11)

Plasma Concentration (pg/mL)

001 5 high sensitivity using a low sample volume of 100. The
assay was successfully implemented for a pharmacokinetics
0001 5 and tissue distribution study of CPT-11 in mice. This method
] will be used to support pharmacokinetic and tissue distribu-
0.0001 . ' B ' ' . tion studies of LE-SN38 in mice.

Time (h)
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