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ARTICLE INFO ABSTRACT

Keywords: A simple and rapid bioanalytical method was developed for the simultaneous quantification of irinotecan and
Irinotecan SN-38 in mouse plasma and tissue homogenates using High-Performance Liquid Chromatography with
SN-38 Fluorescence detection (HPLC-FL). Camptothecin was used as internal standard and protein precipitation with
P%asma acetonitrile-methanol (1:1, v/v) followed by acidification with 0.5 M hydrochloric acid was used for sample pre-
:;iuce_Fllomogenates treatment. The analytes and the internal standard were detected using an excitation and emission wavelength of

368 and 515 nm, respectively. The linearity, selectivity, accuracy and precision, carry-over, limit of detection
and lower limit of quantification of the method are described. The method was linear from 7.5 to 1500 ng/mL for
irinotecan and from 5 to 1000 ng/mL for SN-38. For all matrices, the accuracy bias and precision variation were
within + 15% and <15%, respectively. This method was successfully applied to study the pharmacokinetics of
irinotecan and SN-38 using in vivo mouse models.

1. Introduction

Irinotecan (CPT-11) is an antineoplastic agent indicated to treat
metastatic colorectal, pancreatic, ovarian, small and non-small cell lung
cancer [1,2]. Irinotecan is the prodrug of SN-38, which binds to to-
poisomerase I, producing double-strand breaks in DNA and, therefore,
causing cell death. Irinotecan is metabolized into SN-38 mainly by
Carboxylesterase (CES) enzymes: CES1, which is strongly expressed in
lung and liver, and CES2, mostly expressed in small intestine and kid-
neys [1,3,4]. Since the CES activity is related to irinotecan efficacy, it is
important to clarify the role of each isoenzyme in the irinotecan me-
tabolism.

In addition to predicting the efficacy, safety and toxicity, the
quantitative analysis of irinotecan and SN-38 in plasma and tissue
homogenates is essential to support either clinical or preclinical stu-
dies that provide more insights about this metabolic conversion. Some
bioanalytical methods using LC-MS/MS or UHPLC-MS/MS have been
described to quantify irinotecan and SN-38 in mouse plasma and tissue
homogenates [5-7]. However, their major disadvantage is the

necessity of a mass spectrometer, which is more expensive and deli-
cate compared to other detectors. Additionally, the use of a stable
isotope of the analyte is needed as an internal standard to correct for
the variation in the detector. Despite the popularity of MS/MS de-
tection in bioanalysis, fluorescence (FL) also offers a robust, highly
selective, and sensitive detection, as well as fewer problems with in-
strument instability. In the past years, several bioanalytical assays
using a fluorescence detection have been described for irinotecan and/
or SN-38 in plasma of different species, but not in tissue homogenates
[8-10].

The objective of this work is focused on the development and va-
lidation of a simple bioanalytical method using HPLC-FL to quantify
simultaneously irinotecan and SN-38 in mouse plasma and tissue
homogenates, including liver, kidney, lung, spleen, small intestine, and
colon. This method was specifically set up to support preclinical
pharmacokinetic experiments focused on the study of the metabolism of
irinotecan by the CES enzymes and was applied to measure samples
from mouse strains with different expression of these enzymes.
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2. Materials and methods
2.1. Chemicals and reagents

Irinotecan HCI, SN-38 and camptothecin were obtained from Sigma
Aldrich (Darmstadt, Germany). Dimethylsulfoxide (DMSO, SeccoSolv),
hydrochloric acid, ammonium acetate and acetic acid glacial (all
EMSURE® grade) were from Merck (Darmstadt, Germany). Water (LC-
MS grade), acetonitrile (MeCN) and methanol (both HPLC supra-
gradient) were provided by Biosolve Ltd (Valkenswaard, The
Netherlands).

Control human K,EDTA plasma originated from BioIVT (Hicksville,
NY, USA). Mouse plasma and tissues (liver, kidneys, small intestine,
colon, spleen, and lungs) were collected from the animal laboratory of
the Netherlands Cancer Institute (Amsterdam, The Netherlands).
Tissues were homogenized in the Fast Prep-24™ 5G (MP Biomedicals
Inc, Santa Ana, California, USA) using 4% bovine serum albumin (BSA)
in water. 3 mL of this solution was added to liver and small intestine,
2 mL to kidneys and lungs, and 1 mL to colon and spleen.

2.2. Stock and working solutions

An independent stock solution from each analyte at 1 mg/mL in
DMSO was used for the preparation of working solutions of calibration
standards in the concentration range from 150 to 30,000 ng/mL and
100 to 20,000 ng/mL for irinotecan and SN-38, respectively. A second
stock solution from each analyte (1 mg/mL in DMSO) was used for the
working solutions of quality control samples, which were prepared at
450, 3000 and 20,000 ng/mL for irinotecan, and at 300, 2000 and
15,000 ng/mL for SN-38. All working solutions were prepared in
water:MeCN (1:1, v/v).

2.3. Calibration standards and quality control samples

Six non-zero calibration standards were prepared in the range from
7.5 to 1500 ng/mL for irinotecan and from 5 to 1000 ng/mL for SN-38,
by diluting working solutions 20-fold with control human plasma. A
blank (control matrix spiked with IS) and a double blank (control ma-
trix) were also prepared.

Quality control samples were prepared at three concentration levels:
low (QC L), medium (QC M) and high (QC H), by diluting 20-fold the
correspondent working solutions in control human plasma, resulting in
concentrations of 22.5, 150 and 1000 ng/mL for irinotecan, and 15, 100
and 750 ng/mL for SN-38.

2.4. Internal standard

Camptothecin (CPT), a molecule with an analogue structure, was
used as an internal standard (IS) and dissolved in DMSO to prepare a
stock solution of 50 ug/mL. It was further diluted up to 100 ng/mL with
MeCN:MeOH (1:1 v/v) for the working solution.

2.5. Sample pretreatment

For plasma samples an aliquot of 50 uL was used for the pretreat-
ment, then 100 pL of the working solution of the internal standard was
added followed by 100 pL of MeCN:MeOH (1:1 v/v), except for the
double blanks to which 200 pL of MeCN:MeOH (1:1 v/v) was added.
For tissue homogenate samples (prepared as described in section 2.1)
an aliquot of 100 pL was used for the pretreatment and the reagents
were added in the same ratio as explained above. After vortex mixing
and centrifugation of the samples (23,100 g and 4 °C for 10 min),
100 pL of supernatant was acidified with 10 uL of 0.5 M HCI. Subse-
quently, samples were vortex mixed again and transferred to a vial.
10 pL of the final extract was injected into the HPLC-FL system for
analysis.
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2.6. HPLC-FL system

An Agilent 1100 chromatograph (Palo Alto, CA, USA) was used,
which consisted of a binary pump, a degasser, an autosampler and a
column oven (Models G1312A, G1379A, G1367A, G1316A, respec-
tively). To achieve the chromatographic separation, a Zorbax SB C18
column (150 x 2.1 mm ID, 5 um) protected by a C18 (4 X 2 mm)
guard column (Phenomenex, Torrance, CA, USA) was used. Analytes
were eluted using 20 mM ammonium acetate in water pH 3.5 (eluent A)
and acetonitrile (eluent B) at a flow rate of 0.3 mL/min. A modified
gradient program from Guo et al. was used for the elution of the ana-
lytes: initially eluent B was kept at 25% for 2.7 min, in 2.3 min B in-
creased to 29%, in 2 min B increased to 66%, in 1 min B increased to
90%, and it was kept for 0.5 min. At 8.5 min, B decreased from 90% to
the initial conditions (25%) in 0.5 min, and it was maintained for 3 min
to condition the analytical column [11]. The temperatures of the au-
tosampler and oven were set at 6 and 35 °C, respectively. The Jasco FP-
920 E fluorescence detector (Easton, Maryland, USA) with a 16 uL flow
cell was used to monitor the analytes and the internal standard with the
following settings: the emission band width was set at 40 nm, for the
filter response settings a CR (analog) filter was selected with a slow
(SLW) response, and a gain of 100 was selected. The excitation and
emission wavelengths were, respectively, 368 and 515 nm to detect
irinotecan, SN-38 and CPT.

2.7. Method validation

A partial validation of the method was performed, where the line-
arity, limit of detection (LOD), lower limit of quantification (LLOQ),
selectivity, carry-over, accuracy and precision were evaluated.

Linearity was determined using the 6 non-zero calibration standards
prepared as described in 2.4, which were prepared and analyzed in
duplicate in at least three analytical runs. The concentration-response
correlation for both analytes was described using a linear regression
with a 1/x weighting factor (x = analyte concentration).

To determine the selectivity, at least one batch from each blank
matrix was evaluated for interferences at the analytes and IS retention
times. LOD and LLOQ were determined based on the signal-to-noise
ratio.

Carry-over was tested in at least three analytical runs, where two
double blank samples were injected after the upper limit of quantifi-
cation (ULOQ). The response obtained at the retention time of each
analyte in the double blanks was compared to the LLOQ response of
each analyte.

Intra- and inter-assay accuracy and precision were evaluated in
control human plasma at three concentration levels (QC L, QC M and
QC H). For mouse matrices, accuracy and precision was tested in one
day at one concentration level 300 and 200 ng/mL for irinotecan and
SN-38, respectively. These spiked samples were quantified using cali-
bration standards in human plasma. The bias between the nominal and
measured concentrations within- and between-run was determined to
evaluate the accuracy. ANOVA was used to determine the within- and
between-run precision of the method at each concentration level ac-
cording to the following formulas:

. o VMSw
Within-run precision = v x100%
MSg — MSw
Between-run precision = T"xlOO%

where, MSy, is the within-run mean square, MSg is the between-run
mean square, M is the mean of all measured concentrations, and n is the
number of determinations per group [12].
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2.8. Applicability of the method

This method was developed to support preclinical investigation of
the irinotecan conversion into SN-38 by CES enzymes in mouse models
(unpublished data). Animal housing and mouse studies were conducted
according to institutional guidelines complying with Dutch and
European Union legislation. All experiments were approved by the in-
stitutional board for the care and use of laboratory animals. Irinotecan
HCI trihydrate was intravenously or orally administered at a dose of
20 mg/kg. After intravenous administration of irinotecan, blood was
collected from the tip of the tail at several time points (0.125, 0.25, 0.5,
1 and 2 h) in heparin-coated tubes. Prior the last time point at 4 h, mice
were anaesthetized with isoflurane, and blood was collected by cardiac
puncture. In a separate experiment, irinotecan was orally administered
to mice; prior to organ collection, mice were sacrificed by cervical
dislocation and the tissues (liver, kidneys, small intestine, colon, spleen
and lungs) were collected and weighed. Tissues were homogenized as
described in 2.1. Blood samples were centrifuged (9000g, 4 °C, for
6 min) to obtain plasma. To complete the volume needed for the sample
pretreatment, 10 pL of mouse plasma was diluted with 40 uL of control
human plasma, when necessary.

3. Results and discussion
3.1. HPLC-FL method development

Irinotecan and SN-38 are determined in this bioanalytical method
after acidifying the final extract with 0.5 M HCI to favor the conversion
to the lactone ring. Irinotecan and SN-38 molecules have a lactone ring
which can be reversible hydrolyzed into a carboxylate form (Fig. 1).
This hydrolysis depends mainly on pH: at pH less than 5 the lactone
form is favored, while at pH > 9 the carboxylate form is formed
[2,13,14]. Only the lactone form can bind the topoisomerase I, how-
ever, it has been previously described that the quantification of the
lactone and carboxylate forms (total irinotecan and SN-38), is as
clinically relevant as the quantification of the lactone form, since the
pharmacokinetics of both forms is correlated [2,15,16].

Compound Ry
Camptothecin H
CPT-11 N
SN-38 OH
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3.2. Method validation

The typical chromatograms obtained after spiking the analytes and
internal standard in human plasma at the lower and upper limit of
quantification are shown in Fig. 2 (A and B, respectively). The resolu-
tion between the peaks was always > 2.5 between irinotecan and SN-
38 and > 1.5 between SN-38 and camptothecin.

The selectivity of the method was evaluated in all the previously
described matrices. In Fig. 2 C-J the chromatograms obtained with
blank matrices are shown, where no interferences were observed at the
retention times of the analytes. The method was selective for all the
matrices tested, since no peaks were detected at the retention times of
the analytes.

The LOD and the LLOQ for irinotecan were 1.3 and 7.5 ng/mL,
respectively, and for SN-38 1.7 and 5 ng/mL, respectively. Both para-
meters were estimated based on the signal-to-noise ratio (S/N) for each
analyte. The LOD was calculated considering a S/N = 3 and the LLOQ
was selected considering a S/N of at least = 5; for both analytes the
bias of the back-calculated concentration was within = 20% of the
nominal concentrations.

The calibration range for irinotecan and SN-38 was selected as wide
as possible due to the high variability in the study samples. It was
limited by the capacity of the fluorescence detector, which is based on
the S/N ratio for the LLOQ and the signal saturation for the irinotecan
ULOQ. The calibration curves for both analytes were linear using a
weighting factor of 1/x in the range of 7.5-1500 ng/mL for irinotecan
and 5-1000 ng/mL for SN-38. The correlation coefficient of the cali-
bration model was 0.9988 for irinotecan and 0.9993 for SN-38.

No peak was detected in the double blank samples injected after the
ULOQ, neither for irinotecan nor for SN-38, therefore there was not
carry-over for the established concentration ranges.

The intra- and inter-assay accuracy and precision of this method is
shown in Table 1, where the bias and the coefficient of variation were
within + 15% and < 15%, respectively for both analytes. The accu-
racy and precision obtained for the mouse matrices are summarized in
Table 2, where all the results met the criteria previously mentioned.

Prior experiments indicate that approximately 85.8% of irinotecan
and 102% of SN-38 are recovered after processing human plasma

R2
H
o0—
N‘< -CH,CHs
o

Fig. 1. Chemical structures (lactone and carboxylate forms) of irinotecan (CPT-11), SN-38 and camptothecin.
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Fig. 2. Representative chromatograms of human plasma spiked with irinotecan, SN-38 and the internal standard at the LLOQ (A) and ULOQ (B). Chromatograms
obtained after processing blank samples from different matrices (C-J).

Table 1 Table 2
Intra- and inter-assay precision and accuracy for irinotecan and SN-38 in human Accuracy and precision in mouse matrices (n = 3, one analytical batch).
plasma. ] . . .
Matrix Irinotecan (nominal SN-38 (nominal
Analyte Nominal Intra-assay (n = 3) Inter-assay (n = 25 in 10 concentration 300 ng/mlL) concentration 200 ng/mlL)
concentration analytical batches)
(ng/mL) Accuracy (%  Precision (%  Accuracy (%  Precision (%
Accuracy  Precision  Accuracy  Precision Bias) V) Bias) Ccv)
(% Bias) (% CV) (% Bias) (% CV)
Mouse plasma 13.5 1.5 3.7 0.7
Irinotecan 22.5 —-3.2 3.3 —8.3 4.5 Liver homogenate -1.5 2.5 3.6 0.7
150 4.6 2.8 —-7.7 6.3 Kidney homogenate 0.2 0.3 4.1 0.9
1000 2.0 2.8 —-0.8 2.2 Spleen homogenate 8.6 0.9 6.8 2.3
SN-38 15 —4.0 5.0 —4.8 1.8 Small intestine 7.5 3.1 2.6 1.4
100 0.9 1.4 -5.7 3.8 homogenate
750 2.8 1.5 —-0.4 2.6 Colon homogenate 10.5 5.0 5.2 5.8
Lung homogenate 10.6 1.4 4.3 0.6
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Fig. 3. Measured concentrations of irinotecan (CPT-11) and SN-38 (ng/mL) in mouse plasma samples (A-B), and tissue homogenates (C-D).The concentration range
of the bioanalytical method is indicated in the graphs with a black line; for plasma samples the dilution factor (5x) is considered in the indicated range.

samples with the described sample pre-treatment at concentrations
within the calibration range.

3.3. Application of the method

This bioanalytical method developed was used to support in vivo
studies of the conversion of irinotecan into SN-38 by CES enzymes.
Fig. 3 shows the measured concentrations in each matrix. Plasma
samples were diluted 1:5 (v/v) to complete the sample volume required
for the pre-treatment. The calibration ranges included for mouse
plasma are corrected for this dilution factor (Fig. 3A, B). Fig. 3C and D
show the measured concentrations in each tissue homogenate for ir-
inotecan and SN-38, respectively. Most of the measured samples fit in
the calibration range for both compounds. Irinotecan was abundant in
liver and small intestine homogenate samples, in some of them the
concentration of irinotecan was above the ULOQ, where it was neces-
sary to dilute the samples to properly quantify it. Lung homogenates
showed low concentrations for irinotecan, where 30% of the samples
were below the LLOQ and above the LOD, and 25% were below the
LOD. For SN-38, none of the samples exceeded the ULOQ. For most
matrices the concentration of SN-38 was within the calibration range,
except for lung and spleen homogenates, where SN-38 had a very low
distribution and this was reflected in the negligible measured con-
centrations (Fig. 3D). For the other matrices there was a high difference
in SN-38 concentration among the measured samples (Fig. 3D),
showing that this method is useful for either normal or negligible
conversion of irinotecan into SN-38.

4. Conclusions

A bioanalytical assay for irinotecan and SN-38 in plasma and tissue
homogenates using HPLC-FL is described. We showed that this method
is linear, accurate, precise, selective and sensitive to simultaneously
measure the total irinotecan and SN-38 in mouse plasma and tissue

homogenate samples using human plasma as a surrogate matrix. This
method was successfully applied to study the conversion of irinotecan
into SN-38 in vivo.
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