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bstract

A simple and sensitive HPLC method was developed to simultaneously determine CPT-11 and its major metabolite SN-38 in culture media
nd cell lysates. Camptothecin (CPT) was used as internal standard (I.S.). Compounds were eluted with acetonitrile–50 mM disodium hydrogen
hosphate buffer containing 10 mM sodium 1-heptane-sulfonate, with the pH adjusted to 3.0 using 85% (w/v) orthophosphoric acid (27/73, v/v) by
Hyperclon ODS (C18) column (200 mm × 4.6 mm i.d.), with detection at excitation and emission wavelengths of 380 and 540 nm, respectively.
he average extraction efficiencies were 96.9–108.3% for CPT-11 in culture media and 94.3–107.2% for CPT-11 in cell lysates; and 87.7–106.8%
or SN-38 in culture media and 90.1–105.6% for SN-38 in cell lysates. Within- and between-day precision and accuracy varied from 0.1 to 10.3%.
he limit of quantitation (precision and accuracy <20%) was 5.0 and 2.0 ng/ml for CPT-11 and 1.0 and 0.5 ng/ml for SN-38 in culture media and
ell lysates, respectively. This method was successfully applied to quantitate the cellular accumulation and metabolism of CPT-11 and SN-38 in
4-II-E, a rat hepatoma cell line.
2007 Elsevier B.V. All rights reserved.

h
o

m
t
fl
o
a
s
h

eywords: CPT-11; SN-38; Metabolism; Accumulation; HPLC

. Introduction

Irinotecan hydrochloride (CPT-11, Fig. 1), a semisynthetic
erivative of camptothecin (CPT), has been widely used for
he treatment of advanced colorectal cancer and many of other
olid tumours [1]. CPT-11 as a prodrug is hydrolyzed by
arboxylesterases to form the active metabolite, SN-38 (7-ethyl-
0-hydroxycamptothecin). SN-38 is further converted to its
lucuronide (SN-38G) by uridine diphosphate glucuronosyl-
ransferases 1A and 1A9, which is then eliminated by biliary

xcretion [2]. Both CPT-11 and SN-38 have two forms co-
xisting: the active lactone form and the inactive carboxylate
orm. The lactone form of CPT-11 and SN-38 has a closed �-
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ydroxy-�-lactone ring, which can be hydrolyzed to form the
pen-ring hydroxyl acid (carboxylate form).

Several high performance liquid chromatographic (HPLC)
ethods have been developed for the simultaneous determina-

ion of CPT-11 and SN-38 in buffered solutions and biological
uids [3–9]. Boyd et al. [9] reported the HPLC methods with flu-
rescence detection for simultaneous determination of lactone
nd hydroxy acid (carboxylate) forms of CPT and SN-38 in tis-
ue culture media and cancer cells, but no bio-analytical assay
as been validated for determination of total closed form of CPT-
1 and SN-38 in culture media and cell lysates. In order to study
he cellular pharmacology of CPT-11 analogs, we described

simple and sensitive isocratic HPLC method for the simul-
aneous determination of CPT-11 and SN-38 in tissue culture

edia and cancer cells with CPT as internal standard (I.S.). The

lasma concentrations of CPT-11 and SN-38 in lactone form
re correlated with the levels of total closed form of these two
ompounds [3,4,6,10,11]. Thus, most clinical and preclinical
tudies have determined the total concentrations of two forms of
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Fig. 1. Chemical structur

PT-11 and SN-38 by transferring carboxylate forms to lactone
orms through acidification of the sample [11–13] or by trans-
erring lactone forms to carboxylate forms through basification
f the sample [10]. The simultaneous measurement of CPT-11
nd SN-38 in both lactone and carboxylate forms requires more
omplicated separation procedure and longer chromatographic
unning times. Sometimes it needs several different HPLC con-
itions for each sample to determine the lactone form and total
orm separately. Therefore, the measurement of total closed form
f CPT-11 and SN-38 is a suitable marker in the studies of
ellular pharmacology of camptothecins.

. Experimental

.1. Chemicals and reagents

CPT analogues including CPT-11 and SN-38 (all compounds
ith a purity >99.0%) were purchased from SinoChem Ningbo

mport and Export Co. (Ningbo, China). CPT (with a purity
f 95.0%), the ion-pairing reagent sodium 1-heptane-sulfonate,
yophilized type IX-A �-glucuronidase (from Escherichia coli,
ith activity of 1,724,400 U/g solid form), Dulbecco’s modi-
ed Eagle’s medium (DMEM) were all purchased from Sigma
hemical Co. (St. Louis, MO). Fetal bovine serum was obtained

rom Hyclone Lab Inc. (Logan, UT, USA). The water used was
f Milli-Q grade purified by a Milli-Q UV Purification System
Millipore, Bedford, MA). All other reagents were of analytical
rade available commercially.

.2. Apparatus and chromatographic conditions

Chromatographic analyses were performed using a Shi-
adzu HPLC system (Nakagyo-ku, Kyoto, Japan) consisted of

LC-10ATVP pump, a DGU-14A on-line solvent degasser, a
F-10A XL fluorescence detector and a SIL-10ADVP autoin-

ector. Shimadzu Class-LC10 Workstation was used for system
ontrol and data were monitored and analyzed using Shi-

d
1

(

PT-11, SN-38 and CPT.

adzu CLASS VP software. The analytical column used was
acked with Hyperclon ODS material (200 mm × 4.6 mm i.d.)
Phenomenex, Torrance, CA) and protected by a Phenomenex
18 guard column (Torrance, CA). The mobile phase com-
rised of acetonitrile–50 mM disodium hydrogen phosphate
uffer containing 10 mM sodium 1-heptane-sulfonate, with
he pH adjusted to 3.0 with 85% (w/v) orthophosphoric acid
27/73, v/v). The mobile phase was delivered at a flow-rate of
.0 ml/min, and the column effluent was monitored at 540 nm
ith an excitation wavelength of 380 nm. At an emission wave-

ength of 540 nm and an excitation wavelength of 380 nm, both
PT-11 and SN-38 in lactone form produced almost maximum

esponse.

.3. Cell culture

The H4-II-E, a rat hepatoma cancer cell line, was obtained
rom the American Type Culture Collection (Manassas, VA)
nd cultured in complete DMEM supplemented with 10% fetal
ovine serum, 100 U/ml penicillin G and 100 �g/ml strep-
omycin. The cells were grown in an atmosphere of 5%
O2/95% air at 37 ◦C and given fresh medium every 3 or
days. Experiments were performed on cells within 10 pas-

ages. Viable cells were counted using the trypan blue exclusion
ethod.

.4. Standard solution and sample preparation

Stock solutions of CPT-11, SN-38 and CPT (I.S.) were pre-
ared in dimethyl sulfoxide (DMSO) at the concentration of
mg/ml and working solutions were obtained by serial dilu-

ions with ice-cold 0.01 M HCl:methanol mixture (1:1, v/v).
ll stock and working solutions were stored at −20 ◦C under

ark condition and appeared to remain stable for more than
month.
Media standards were prepared by adding equal volume

100 �l) of the appropriate working solutions of CPT-11
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nd SN-38 as well as 100 �l CPT (final 0.1 �g) to a tube
ontaining 100 �l fresh blank media. After vortex-mixing and
entrifugation at 3000 × g for 10 min, the supernatant (100 �l)
as injected onto the HPLC. Cell monolayers were washed
ve times with ice-cold phosphate-buffered saline (PBS), and
echanically detached from the flasks by scraping with the

ddition of 5 ml ice-cold PBS. After gentle vortex, cell pellets
ere harvested by centrifugation at 2000 × g for 5 min. Cell

ysates standards were prepared by suspension of each cell pellet
n equal volume (50 �l) of CPT-11 and SN-38 working solu-
ions, I.S. CPT and extraction solution (0.01 M HCl:methanol,
:1, v/v). After vortex-mixing, the cellular extracts were
onicated and centrifuged at 15,000 × g for 15 min, and
he supernatant (100 �l) was then injected onto HPLC for
nalysis. Both media and cellular standards were prepared
reshly.

Calibration curves were generated in the concentration ranges
f 5–42,000 ng/ml in tissue culture media and 2–42,000 ng/ml
n cell lysates for CPT-11; and 1–1500 ng/ml in tissue culture

edia and 0.5–1500 ng/ml cell lysates for SN-38. They were
onstructed by plotting the peak area ratio of the analytes over
S versus the concentrations spiked using unweighted least-
quares linear-regression analysis. Because of the wide range
f the concentrations studied, we constructed the calibration
urves at two concentration ranges (5–42,000 ng/ml in tissue
ulture media and 2–42,000 ng/ml in cell lysates for CPT-11;
nd 1–1500 ng/ml in tissue culture media and 0.5–1500 ng/ml
ell lysates for SN-38) in culture media and cell lysates,
espectively.

.5. Method validation

All validation runs were performed on 3 consecutive days
nd all samples used for validation were prepared as standard
amples. Six different concentrations of CPT-11 and SN-38 were
nvestigated for recovery, whereas CPT (the internal standard)
as measured at the concentration used in sample preparation.
he recovery was determined by comparing the analytical results

or extracted samples with unextracted standards that represent
00% recovery.

Quality control samples containing each analyte (CPT-11: 2,
0, 100, 1000, 10,000 and 42,000 ng/ml in cell lysates, and 5, 10,
00, 1000, 10,000 and 42,000 ng/ml in culture media; SN-38:
.5, 5, 20, 100, 500, 1500 and 2500 ng/ml in cell lysates, and
.5, 5, 20, 100, 500, 1500 and 2500 ng/ml in culture media) were
repared from weighing independent of those used for preparing
alibration curves. Within- and between-day precision and the
ean accuracy were determined by analysis of both CPT-11

nd SN-38 in triplicate on a single day and on 3 consecutive
ays, respectively. During each analytical run, QC samples were
ncluded and processed as the calibration and unknown samples.
he limit of quantification (LOQ) was defined as the lowest
rug concentration that could be determined with acceptable

recision [i.e. coefficient of variation (CV) ≤20%] and accuracy
i.e. recovery of 100 ± 20%). The limit of detection was defined
s the amount that could be detected with a signal-to-noise ratio
f 3.
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.6. Cellular metabolism and accumulation studies

H4-II-E cells were grown in BD FalconTM cell culture dishes
BD Biosciences, San Jose, CA) for metabolism and intracellu-
ar accumulation studies. Different concentrations of CPT-11
0.5–50 �M, i.e. 174.2–17420.0 ng/ml) and SN-38 (0.1–5 �M,
.e. 39.24–1962.00 ng/ml) in DMEM medium were added to
onfluent cell cultures. An aliquot of the culture medium (0.1 ml)
as collected from each dish over 120 min and concentrations
f CPT-11 and SN-38 in culture media were determined as
escribed above for metabolism study. The production of SN-
8G was determined with the conversion of SN-38G to SN-38 by
ncubation with �-glucuronidase. For SN-38G analysis, the �-
lucuronidase was dissolved in 0.1 M sodium phosphate buffer
pH 6.4) to obtain a concentration of 20,000 U/ml. An aliquot of
ulture media (50 �l) was incubated in water bath with 50 �l of
he solution of �-glucuronidase (1000 U) for 2 h at 37 ◦C. Then
he samples were processed by the same procedures as for CPT-
1 and SN-38, except that the volumes of all the added solutions
ere doubled.
Intracellular accumulation of CPT-11 (0.5–50 �M,

.e. 174.2–17420.0 ng/ml) or SN-38 (0.1–5 �M, i.e.
9.24–1962.00 ng/ml) was also tested by determination of
PT-11 or SN-38 concentration in cell lysates over 120 min
sing the method described above. Viable cells were monitored
sing the trypan blue exclusion method. The productions of
N-38 and SN-38G and the intracellular accumulation of
PT-11 and SN-38 were expressed as pmol/min/106 cells.

. Results and discussion

Representative chromatograms for CPT-11 and SN-38 in tis-
ue culture media and cell lysates are shown in Figs. 2 and 3. The
etention times for CPT-11, SN-38 and CPT were 10.04 ± 1.06,
.15 ± 0.06 and 7.80 ± 0.07 min (n = 40), respectively. The
eaks for SN-38 and CPT were slightly skewed to the right with
symmetry coefficients were between 1.03 and 1.10. The peak
f CPT-11 was remarkably skewed to the right under the chro-
atographic conditions, probably due to the effect of low pH

nd other unknown factors. The asymmetry coefficients were
etween 1.15 and 1.31. The skewing of CPT-11 peak did not
ffect the quantitativity in peak area. We evaluated peak skew
sing the asymmetry coefficient As = b/a, where b is the distance
fter the peak maximum and a is the distance before the peak
aximum, both a and b being measured at 10% of the total peak

eight.
These methods employed a simple protein precipitation step,

ith 87.7–106.8% recovery for both compounds at tested con-
entrations (Table 1). The average extraction efficiencies were
6.9–108.3% for CPT-11 in culture media and 94.3–107.2%
or CPT-11 in cell lysates; and 87.7–106.8% for SN-38 in cul-
ure media and 90.1–105.6% for SN-38 in cell lysates. Sample
reparation conditions were optimized to one step by the means

f incorporation of I.S. (CPT) to samples in acidified methanol
olution. In the HPLC method using a solid-phase extraction
pproach utilizing C2-bonded silica particles (100 mg, 1 ml)
eported by Boyd et al. [9], an 93.5–111.6% recovery of CPT and
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Fig. 2. Respective chromatograms of (A) blank DMEM medium sample; (B) a
spiked DMEM medium sample (CPT-11 at 5 ng/ml; SN-38 at 1 ng/ml; and CPT
at 1 �g/ml); (C) culture media collected 5 min after incubation of H4-II-E cells
with CPT-11 (20 �M, i.e. 6968 ng/ml); (D) culture media collected 5 min after
incubation of H4-II-E cells with SN-38 (1 �M, i.e. 392.4 ng/ml). Peak 1, SN-38;
Peak 2, CPT; and Peak 3, CPT-11.

Fig. 3. Respective chromatograms of (A) blank cell lysates sample; (B) a spiked
cell lysates sample (CPT-11 at 2 ng/ml; SN-38 at 0.5 ng/ml; and CPT at 1 �g/ml);
(C) cell lysates collected 30 min after incubation of H4-II-E cells with CPT-11
(20 �M, i.e. 6968.0 ng/ml); and (D) cell lysates collected 5 min after incubation
of H4-II-E cells with SN-38 (1.0 �M, i.e. 392.4 ng/ml). Peak 1, SN-38; Peak 2,
CPT; and Peak 3, CPT-11.
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Table 1
Recovery (%) of analytes from culture media and cell lysates (expressed as
mean ± S.D.)

Concentration (ng/ml) No. of sample (n) Recovery (%)

Culture media Cell lysates

CPT-11
2 or 5 5 100.6 ± 2.1 107.2 ± 4.1
10 5 102.8 ± 7.3 102.0 ± 3.7
100 5 96.9 ± 1.8 94.3 ± 2.5
1000 5 103.2 ± 1.2 97.6 ± 1.8
10,000 5 108.3 ± 1.3 103.0 ± 3.9
42,000 5 108.3 ± 0.9 103.4 ± 0.1

SN-38
0.5 or 1 5 87.7 ± 10.4 90.1 ± 4.7
5 5 98.3 ± 9.4 93.8 ± 3.5
20 5 101.9 ± 8.0 94.4 ± 8.7
100 5 102.1 ± 6.7 96.0 ± 3.4
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Table 2
Within- and between-day precision and accuracy of the HPLC methods for the
determination of CPT-11 and SN-38 in culture media and cell lysates

Concentration (ng/ml) Culture media Cell lysates

CV (%) Accuracy (%) CV (%) Accuracy (%)

Within-day
CPT-11

2/5 4.3 95.0 4.8 92.4
10 9.6 103.9 6.5 102.3
100 4.2 110.3 7.9 90.8
1000 3.1 98.4 5.3 102.6
10,000 4.9 91.5 4.2 95.6
42,000 3.4 102.4 6.0 110.1

SN-38
0.5/1 3.6 106.4 4.8 98.9
5 4.5 97.5 6.5 90.5
20 7.6 108.1 7.9 102.4
100 2.3 98.7 5.3 99.3
500 3.8 102.4 4.2 98.1
1500 1.2 92.9 6.0 103.2
2500 4.7 93.6 2.9 101.7

Between-day
CPT-11

2/5 6.3 98.4 4.6 102.5
10 3.8 100.3 3.7 88.9
100 2.0 98.0 2.9 100.8
1000 1.1 97.8 4.5 110.4
10,000 1.3 104.6 3.8 102.7
42,000 1.0 109.1 3.8 103.8

SN-38
0.5/1 7.4 105.7 9.1 107.7
5 8.5 96.8 6.6 101.6
20 8.9 95.9 9.7 104.1
100 3.4 107.7 9.6 98.6
500 6.4 93.9 3.2 96.3
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500 5 106.8 ± 7.9 96.3 ± 6.9
1500 5 104.8 ± 2.5 105.6 ± 2.9

N-38 lactones over 1–400 ng/ml was achieved from cell culture
edium; and a greater variability (59.6–110.3%) was observed
ith the CPT and SN-38 carboxylates over 1–400 ng/ml. The

imple one-step extraction method used in our study achieves
uantitative recovery of both CPT-11 and SN-38 from culture
edia and cell homogenates. The recovery of the IS, CPT, deter-
ined at the concentration used was 90.4–103.2 and 93.2–98.7%

n = 5) from culture media and cell lysates/sonicates, respec-
ively.

Assay specificity for CPT-11 and SN-38 determination was
ndicated by the absence of interfering chromatographic peaks
n cancer cell lysates/sonicates and tissue culture media in the
resence of potentially combined drugs such as thalidomide,
yclophosphamide, 5-flurouracil, nifedipine, probenecid, MK-
71, or verapamil.

Both compounds gave linear response as a function of con-
entration over 5–42,000 ng/ml for CPT-11 and 1–1500 ng/ml
or SN-38 in culture medium while 2–42,000 ng/ml for CPT-11
nd 0.5–1500 ng/ml for SN-38 in cell lysates. The mean cor-
elation coefficients (r) for the daily calibration curves were
ll >0.998 (n = 6) and the within- and between-run CVs of the
esponse factors for each concentration assayed were below
0%. For each point on the calibration curves, the concentrations
ack-calculated from the equation of the regression analysis
ere within acceptable limits for accuracy and precision of
20%. A linear regression of the back-calculated concentra-

ions versus the nominal values provided a unit slope and an
ntercept not significantly different from zero. The distribution of
he residuals showed random variation, was normally distributed
nd centered on zero. The bias was not statistically different from
ero, and the 95% confidence intervals included zero (data not
hown).

The LOQ values were 5.0 and 1.0 ng/ml for CPT-11 and SN-

8 in culture media; and 2.0 and 0.5 ng/ml for CPT-11 and SN-38
n cell lysates, respectively. Such sensitivity ensured the deter-

ination of CPT-11 and SN-38 at lower concentrations that are
ften achieved in clinical settings. Boyd et al. [9] reported on

B
l
t
o

1500 5.6 92.7 7.8 103.2
2500 4.9 90.5 7.1 110.3

he LOQ was 0.2 ng/ml for CPT lactone, 0.5 ng/ml for SN-38
actone; and 2 ng/ml for CPT and SN-38 carboxylate. The LOQ
alues of our method were comparable to those reported by
oyd et al. [9]. The limit of detection was 1.0 and 0.25 ng/ml

or CPT-11 and SN-38 in culture media; and 0.5 and 0.2 ng/ml
or CPT-11 and SN-38 in cell lysates, respectively.

The validation data in terms of within- and between-day pre-
ision and accuracy are represented in Table 2. The differences
etween the theoretical and the actual concentration and the CVs
aried from 0.1 to 10.3% at any quality control sample concen-
rations including the high concentration for SN-38 (2500 ng/ml)
hich needs 1:10 dilution.
The validated method has been applied to investigate cel-

ular metabolism and accumulation of CPT-11 and SN-38 in
4-II-E rat hepatoma cell line. The metabolism of CPT-11 and
N-38 in H4-II-E cells incubated with DMEM with regard to

ncubation time and substrate concentration is shown in Fig. 4.

oth SN-38 and SN-38G were detectable and achieved peak

evels after 5 min incubation of CPT-11 with H4-II-E cells;
hereafter, the formation of both metabolites rapidly declined
ver 120 min. The formation of both SN-38 and SN-38G in H4-
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[
B Biomed. Sci. Appl. 740 (2000) 159.
ig. 4. Effects of incubation time and substrate concentration on the hydrolysis o
edium. The curves in plots B and D represent the best fit of one-binding site m

I-E cells increased with increasing CPT-11 concentration and
ollowed Michaelis–Menten kinetics with the one-binding site
odel being the best fit. The estimated Km and Vmax for SN-

8 formation in DMEM were 43.80 �M and 9.68 pmol/min/106

ells, respectively. For SN-38G formation, the Km and Vmax were
1.22 �M and 1.59 pmol/min/106 cells, respectively. In addi-
ion, when SN-38 was incubated with H4-II-E cells, SN-38G
ppeared rapidly in the medium and then declined over 120 min.
he formation of SN-38G increased in a substrate concentration-
ependent manner and followed Michaelis–Menten kinetics.
ne-binding site model was the best fit for the formation of
N-38G with Km 2.50 �M and Vmax of 278.80 pmol/min/106

ells.
In conclusion, we reported herein on a simple and sensitive

PLC method for simultaneous determination of CPT-11 and
ts major metabolite SN-38 in culture media and cell lysates. By
he means of incorporation of CPT (I.S.) to samples in acidified

ethanol solution, we condensed the three phases in just one
tep: addition of I.S., acidification of sample and protein pre-
ipitation, so that the assay gains simplicity and efficiency. The
eparation was carried out on a reversed-phase C18 column and
onitored at appropriate excitation and emission wavelengths

t which both compounds have good response. This method was
uccessfully applied to quantitate the cellular accumulation and
etabolism of CPT-11 and SN-38 in H4-II-E cells.
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