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a  b  s  t  r  a  c  t

Both  10-methoxycamptothecin  (MCPT)  and  10-hydroxycamptothecin  (HCPT)  are  the  natural  bioactive
derivatives  of  camptothecin  (CPT)  isolated  from  Camptotheca  acuminata,  and  have  been  confirmed  to
possess  high  anti-cancer  properties.  In the  present  study,  HCPT  was  identified  as  the major  metabo-
lite  of MCPT  in rat  plasma  through  HPLC/photodiode  array  detection  (PDA)  and  LC–MS/MS  analysis.  A
sensitive  and  reliable  RP-HPLC  method  with  fluorescence  detection  was  developed  and  validated  for
the simultaneous  analysis  of  MCPT  and  HCPT  in  rat  plasma.  The  parental  CPT was  used  as  an  internal
standard  (IS).  A piecewise  linear  function  was  used  over  lower  and  higher  concentrations,  respectively.
The  calibration  curves  were  linear  (r2 >  0.999)  over  concentrations  from  1.25  to 20  ng/mL  and  20  to
320  ng/mL  for  both  MCPT  and  HCPT.  The  method  had  an accuracy  of  92.24–113.90%,  and  the  intra-  and
uantification inter-day  precision  (RSD%)  were  10.05%  or less  for MCPT  and  HCPT.  The  stability  data  showed  no  signifi-
cant  degradation  occurred  under  the  experimental  conditions.  The  mean  recoveries  at  concentrations  of
2.5, 40  and 160 ng/mL  were  95.09  ± 3.94%,  98.67  ± 1.40%  and  95.65  ±  2.15%  for  MCPT  and  84.06  ±  4.39%,
84.85  ± 3.10%  and  81.03  ±  4.44%  for HCPT,  respectively.  The  lower  limit  of  quantification  (LLOQ)  using
0.1  mL  of  plasma  was  1.25  ng/mL  for  both  MCPT  and  HCPT.  This  method  was  successfully  applied  to the
pharmacokinetic  study  of  MCPT  and its metabolite  HCPT  in  rat  plasma  after  intravenous  administration.
. Introduction

Camptothecin (CPT, Fig. 1) is a naturally occurring pentacyclic
ndole alkaloid first isolated from a native Chinese tree Camptotheca
cuminata Decne. (Nyssaceae), by Wall et al. in 1966 [1].  CPT has
hown broad-spectrum antitumor activity [2].  Further fractiona-
ion of C. acuminata resulted in the isolation and identification of

inor CPTs, including 10-hydroxycamptothecin (HCPT, Fig. 1) and
0-methoxycamptothecin (MCPT, Fig. 1) [3],  both possessing better
ctivities against the cell line 9KB (human nasopharyngeal carci-
oma) in vitro and P388 lymphocytic leukemia system in vivo [4].
he anticancer mechanism of CPTs is based on the inhibition of DNA
eplication by stabilizing cleavable complexes formed between
opoisomerase I and DNA [5]. Topoisomerase I is a ubiquitous

nzyme found in all cell types from viruses to human. Moreover,
opoisomerase I was found to be over-expressed in advanced stages
f human colon adenocarcinoma and other malignancies but not
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in normal tissues [2].  Therefore CPTs showed high activity in a
wide range of cancers. The reduced toxicity of HCPT compared to
CPT [6] has brought the growing interest of in vivo and clinical
studies on the pharmaceutics and pharmacology of HCPT [7–11].
HCPT is currently clinically used against gastric carcinoma, hep-
atoma, leukemia, and tumors of head and neck in China [8,9]. Apart
from the initial isolation and identification of new CPTs and their
in vitro antitumor activities [4,12–14], few studies were carried out
on MCPT due to its higher toxicity [15]. To elucidate the potential
of MCPT in the development of new anticancer drugs, we tested
its antitumor activity against 2774, an ovarian cancer cell line, and
MCPT showed higher cytotoxicity than HCPT. More surprisingly,
assaying for MCPT metabolites in plasma after intravenous (i.v.)
administration found four new chromatographic peaks (implying
four metabolites), of which one of the major metabolites was  iden-
tified as HCPT. It brings new interest to the potential use of MCPT
in the development of novel anticancer drugs.

Generating pharmacokinetic data for MCPT requires the devel-

opment of an analytical method for the simultaneous detection
of both MCPT and HCPT in biological matrices, however no such
method has been reported to date. Several methods have been
reported for the extraction and detection of CPT and its analogs

dx.doi.org/10.1016/j.jchromb.2012.07.001
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:ywang1971@hotmail.com
mailto:ywang@nefu.edu.cn
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ig. 1. Chemical structures of CPTs (R: H, CPT; R: OH, HCPT; R: OCH3, MCPT).

n biological fluids. Biological samples were treated with ace-
onitrile/methanol to precipitate proteins [16], or extracted with
rganic solvents using conventional liquid–liquid extraction (LLE)
17] via the detection approaches such as high-performance liquid
hromatography (HPLC) with fluorescence detection [18,19] or UV
etection [20] and mass spectrometry [21–23].  LLE is based on the
istinct distribution of analytes between two immiscible solvents
24]. Despite the disadvantages of large volumes of organic solvents
nd the poor potential for automation [25,26],  LLE is widely used for
he extraction of aqueous samples [27] due to its fast and effective
eparation of two phases together with the high efficiency for the
reparation of plasma samples [28–30].  The objective of the present
tudy is to establish a validated HPLC method coupled with a flu-
rescence detector for the pharmacokinetic studies of MCPT and
ts major metabolite HCPT. CPT was used as the internal standard
IS) while measuring MCPT and HCPT concentrations by HPLC in
his study. The method was applied to the pharmacokinetic study
f MCPT in rats after i.v. injection.

. Experimental

.1. Chemicals and reagents

MCPT was synthesized in-house according to reported proce-
ures [31]. CPT and HCPT with purities of 99% were purchased from
arbin Foran High-Tech Development Ltd. (Harbin, Heilongjiang,
hina).

HPLC-grade acetonitrile (ACN), methanol (MeOH) and dimethyl
ulfoxide (DMSO) were obtained from Sigma–Aldrich (St. Louis,
O,  USA). HPLC-grade water (resistivity 18.2 M� cm)  was pro-

uced by purification of distilled water with a Milli-Q gradient
ystem (Billerica, MA,  USA). All other reagents or solvents used
ere of analytical grade and purchased from Sinopharm Chemical
eagent Co., Ltd. (Shanghai, China).

.2. In vitro cytotoxicity of MCPT and HCPT against human
varian cancer cell line 2774

Human ovarian cancer cell line 2774 was a generous gift from
he CHRISTUS Stehlin Foundation for Cancer Research (Houston,
X, USA). The cells were cultured in RPMI-1640 medium (Gibco,
A, USA) supplemented with 10% fetal bovine serum (FBS; PAA,
K), l-glutamine (0.29 mg/mL) and 1% penicillin–streptomycin in

 humidified atmosphere of 5% CO2 at 37 ◦C. Cells were sub-
ultured every 4–5 days by total replacement using 0.25% (w/v)
rypsin. Cells were seeded in 96-well culture plates at a den-
ity of 4 × 103 cells in 0.2 mL  of growth medium per well and
llowed to attach for 24 h. The culture medium was replaced
ith either MCPT or HCPT at different concentrations in four

eplicates followed by 72 h of incubation. After incubation, 20 �L
f 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
MTT; Amresco, USA) solution at a concentration of 5 mg/mL  was

dded to each well followed by the 4 h of incubation. MTT  solu-
ion was then aspirated and 150 �L of DMSO was  added to each
ell to dissolve the dark blue crystals thoroughly. The absorbance
as measured at 490 nm using a microplate reader (Infinite 200
. B 903 (2012) 81– 87

NanoQuant, Tecan, Austria). The relative growth rate (%) was cal-
culated as (mean absorbance of the sample/mean absorbance of
the control) × 100%, considering the optical density of the control
as 100% [32,33].

2.3. Chromatographic conditions

2.3.1. Identification of MCPT and HCPT
The identification of MCPT and HCPT in plasma samples was

conducted by HPLC with a photodiode array (PDA) detector and a
liquid chromatography–tandem mass spectrometry (LC–MS/MS),
respectively.

A Waters HPLC system consisting of a 1525 binary pump, a
PDA detector (2996) and an analytical Phenomenex Luna C18 col-
umn  (5 �m,  250 mm × 4.6 mm;  Torrence, CA, USA) was used in
this study. The column temperature was maintained at room tem-
perature. The lifetime UV spectrum ranges from 210 to 400 nm
was scanned by the PDA detector. A flow rate of 1.2 mL/min was
used with a 50-�L of injection volume. The binary gradient mobile
phases were water (containing 5% ACN) as mobile phase A and ACN
as mobile phase B. The time program of the gradient was  as follows:
phase B was linearly increased from 20% to 60% in the first 12 min,
then increased to 90% within 3 min, and then linearly decreased
from 90% to 20% in the following 4 min  and kept stably at 20% for
4 min. The total data acquisition time was  15 min  with a column
balance time of 8 min. The Waters Empower software was  used for
system control and data acquisition.

The LC–MS/MS system consists of a Waters Acquity UPLC unit
with a Waters BEH phenyl column (2.1 mm × 50 mm,  1.7 �m,
Waters, MA,  USA) and a Waters Xevo TQ MS  tandem quadrupole
mass spectrometer (Waters, MA,  USA). The optimized method
used binary gradient mobile phases with water (5 mM ammonium
acetate, pH 3.0) as mobile phase A and ACN as mobile phase B. A
flow rate of 0.25 mL/min was used with a 5-�L  of injection volume.
The time program of the gradient was  as follows: phase B was ini-
tially balanced at 20% for 0.2 min, and then linearly increased from
20% to 60% in the following 1.30 min and kept for 0.5 min, then
decreased from 60% to 20% in 0.2 min  and kept stably at 20% for
0.8 min. The total running time was  3 min. The column temperature
was maintained at room temperature. Samples were maintained at
4 ◦C in the auto-sampler tray until injection. Mass spectral ioniza-
tion, fragmentation and acquisition parameters were optimized by
directly injecting MCPT and HCPT standard solutions in the posi-
tive electrospray ionization (ESI) mode. Nitrogen was employed as
the desolvation and nebulization gas at the flow rates of 650 L/h
and 50 L/h, respectively. Argon was  employed as the collision gas.
The desolvation temperature was maintained at 450 ◦C. The source
temperature was  150 ◦C. The capillary voltage was 3.00 kV and the
cone voltage was 35 V. The data were acquired under multiple reac-
tion monitoring (MRM)  mode. The identification was developed by
monitoring the transitions m/z 379.2 → 335.1 and 379.2 → 279.1
for MCPT, and m/z 365.20 → 321.10 and 365.20 → 265.10 for HCPT.

2.3.2. Quantification of MCPT and HCPT
The HPLC conditions for the quantification of MCPT and HCPT

were the same as that used for PDA detection above except for using
the 2475 fluorescence detector other than the PDA detector. The
eluent was monitored at the excitation and emission wavelengths
of 380 and 515 nm, respectively. An injection of ACN with 10% acetic
acid was used to wash the column every 3–5 injections.

2.4. Preparation of standard and quality control (QC) samples
A mixed stock solution of MCPT (1 �g/mL) and HCPT (1 �g/mL)
was prepared by dissolving 10 mg  of MCPT and HCPT in 10 mL
of DMSO and further diluting 1000 times with MeOH. Calibration
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urves were prepared by spiking 100 �L of the appropriate standard
olution with 100 �L of blank rat plasma. The effective concentra-
ions in plasma samples were 1.25, 2.5, 5, 10, 20, 40, 80, 160 and
20 ng/mL for both MCPT and HCPT. A stock solution of CPT (IS)
as prepared in DMSO at a concentration of 1 mg/mL and further
iluted with MeOH given the working solution at the concentration
f 50 ng/mL. QC samples were prepared in pools as a single batch
t concentrations of 2.5 (low), 40 (medium) and 160 ng/mL (high),
ivided into aliquots and stored in the freezer at −80 ◦C until anal-
sis. The spiked plasma samples (standards and quality controls)
ere treated following the sample processing procedure as for the
nknown samples.

.5. Sample processing

One hundred micro-liters of rat plasma spiked with 100 �L of
tandard solution and 100 �L of IS working solution (CPT, 50 ng/mL)
ere mixed in a 2-mL test tube. A 100 �L aliquot of 1% acetic acid

nd 600 �L of diethyl ether were added to the mixture. After vor-
exing for 1 min, the mixture was incubated at room temperature
or 30 min  on a shaker followed by centrifuging at 12,000 × g for
0 min. The organic layer was then transferred to a clean tube, and
vaporated to dryness under a nitrogen stream. The residue was
econstituted in 200 �L of MeOH. After centrifuged at 12,000 × g
or 10 min, a 50 �L aliquot was injected into the chromatographic
ystem using a Waters 717 plus auto-sampler.

.6. Method validation

The analytical method was validated to meet the acceptance
riteria as the guidance from Food and Drug Administration (FDA)
nd per guidelines of the International Conference on Harmoniza-
ion of Technical Requirements for Registration of Pharmaceuticals
or Human Use (ICH).

Selectivity was assessed by comparing the chromatograms of six
ifferent batches of blank plasma with the corresponding spiked
lasma.

Plasma samples were quantified using the peak area ratio of
CPT or HCPT to that of the IS. A standard curve in the form of

 = Ax + B was used, where x represents MCPT or HCPT concentration
n the plasma sample and y represents the ratio of the analyte peak
rea to that of the IS. A linear least-square regression analysis was
onducted to determine the slope, intercept, and coefficient (r2) to
emonstrate the linearity of this method. To evaluate the linearity,
lasma calibration curves were prepared and analyzed in triplicates
n 5 consecutive days.

The accuracy and precision were also determined by repli-
ate analyses (n = 6) of QC samples at three concentrations (2.5,
0 and 160 ng/mL) on different validation days. The accuracy
as expressed by (mean observed concentration)/(spiked concen-

ration) × 100% and the precision was done by relative standard
eviation (RSD%). The concentration of each sample was  calculated
sing the calibration curve and analyzed on the same day.

The extraction recoveries of MCPT and HCPT at three QC levels
ere evaluated by assaying the samples as described above and

omparing the area ratio of the peaks for MCPT or HCPT to that
f IS with those for neat solution of standard compounds without
xtraction.

.7. Stability

The stability of the standard solutions was tested after standing

t room temperature for 6 h and after refrigeration at 4 ◦C for 30
ays. The stability of QC samples was examined by keeping repli-
ates of QC samples of MCPT and HCPT at room temperature for

 h, in the auto-sampler tray for 24 h, and in a freezer at −80 ◦C
. B 903 (2012) 81– 87 83

for 30 days; the freeze–thaw stability was obtained over three
freeze–thaw cycles, by thawing at room temperature for 2–3 h and
then refreezing at −80 ◦C for 12–24 h. For each concentration and
each storage condition, 6 replicates were analyzed in one analytical
batch. The concentration of analytes after each storage period was
related to the initial concentration, which was determined when
the samples were originally prepared and processed.

2.8. In vivo studies

Male Wistar rats (200 ± 20 g) obtained from the Laboratory Ani-
mal  Center of Jilin University (Changchun, China) were chosen for
in vivo studies. Animal handling procedures were according to stan-
dard operating procedures approved by the institutional animal
care and use committee at Northeast Forestry University. All rats
were dosed following an overnight fasting (except for water). For-
mulations of MCPT (25 mg/mL  for the identification and 5 mg/mL
for the pharmacokinetic studies, respectively) were prepared by
mixing MCPT in DMSO/PEG-400/0.01 mol/L H3PO4 (5/45/50, v/v/v)
[20].

2.8.1. Administration for MCPT and HCPT identification
Considering the lower response of UV absorbance than fluores-

cence, three rats were i.v. administered with a dose of 100 mg/kg
MCPT via the tail vein, and blood samples were collected in
heparinized tubes via cardiac puncture 20–30 min  after drug
administration. Then 300 �L of rat plasma sample was  pipetted
into a 2-mL test tube and treated with the LLE sample processing
method in Section 2.5.

2.8.2. Pharmacokinetic studies in rats
Six rats were taken jugular vein cannulation [34] and i.v. admin-

istered with a single dose of 5 mg/kg MCPT via the tail vein. Serial
blood samples (about 0.3 mL)  from the right jugular vein were col-
lected into sodium heparin-containing tubes before and at 0.08,
0.17, 0.33, 0.5, 0.67, 1.0, 1.5, 2.0, 4.0, 6.0, 8.0, 10.0, 12.0 and 24.0 h
time points after administration. Plasma was  separated by centrifu-
gation at 4000 × g for 30 min  at 4 ◦C and stored frozen at −80 ◦C until
analysis.

2.9. Statistical analysis

A non-compartmental pharmacokinetic analysis using the
KineticaTM software package (version 5.0, Thermo Fisher Scientific
Inc., MA,  USA) was performed to determine the key parameters
including the maximum plasma concentration (Cmax), the time-
to-maximum concentration (Tmax), the elimination half-life time
(T1/2), the mean residence time (MRT), the area under the plasma
concentration–time curve from 0 to 24 h (AUC0–24), and the area
under the plasma concentration–time curve from zero to infinity
(AUC0–∞).

3. Results and discussion

3.1. Cytotoxicity of MCPT against the human ovarian cancer cell
line 2774

To evaluate the cytotoxicity of MCPT, an in vitro test against the
human ovarian cancer cell line 2774 was performed. The relative
proliferation rates of 2774 cells exposed to different concentrations
of MCPT and HCPT are shown in Fig. 2. At equivalent concen-
tration, MCPT showed a higher inhibition rate than HCPT, which

was more prominent at high concentrations (p < 0.001). The IC50
value of MCPT, 9.43 ± 0.87 nmol/L, was  much lower than that of
HCPT (17.70 ± 1.59 nmol/L), which suggests an approximate 2-
folds higher in cytotoxicity against 2774 cells than HCPT. Previous
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ig. 2. Relative growth rate of 2774 cells incubated with different concentration of
CPT and HCPT (*p < 0.05; **p < 0.01; ***p < 0.001).

esearch has shown that MCPT is more cytotoxic than HCPT against
 human breast carcinoma cell line BT-20, while an opposite effect
as seen in a human breast carcinoma cell line MDA-231 [35],
hich indicates MCPT may  have a selected inhibition to different

ell lines.

.2. Metabolite identification

The ability of the PDA detector to acquire lifetime UV spectrum
anges from 210 to 400 nm allows us to obtain three-dimensional
3D) chromatograms showing the variations of spectral absorbance
n relation to wavelength and time. This provides the possibility for
hemical identification [36]. Representative 3D and conventional
D (� = 254 nm)  chromatograms of a blank rat plasma sample, a rat
lasma sample after MCPT administration and a blank rat plasma
ample spiked with MCPT and HCPT are shown in Figs. 3 and 4,
espectively. Besides the peak of MCPT (10.80 min) and an endoge-
ous peak (13.11 min), a major chromatographic peak with the
ame retention time (6.03 min) and a UV spectrum similar to HCPT
as detected along with 3 minor peaks which are underwent fur-

her studies (Figs. 3B and 4B).
For further identification of MCPT and HCPT, LC–MS/MS detec-

ion in the positive ion MRM  mode was used to detect MCPT and
he possible metabolite, HCPT. To achieve the optimal sensitivity,
irect infusion of standard solution was carried out to optimize MS
arameters. The protonated molecular ions were selected as the
recursor ions at m/z 379.20 for MCPT and m/z  365.20 for HCPT. The
haracteristic product ions were produced at m/z 335.10 and 279.10

or MCPT, and at m/z  321.10 and 265.10 for HCPT, which were due
o the loss of CO2 (−44) or CO2 and C2H3CHO (−100) from the pro-
onated precursor ions for both MCPT and HCPT, respectively. As
hown in Fig. 5B, two peaks were detected by monitoring the above

ig. 3. Representative 3D chromatograms of (A) a blank rat plasma sample; (B) a rat pla
lank  rat plasma sample spiked with MCPT (5 �g/mL) and HCPT (5 �g/mL).
Fig. 4. Representative chromatograms at � = 254 nm of (A) a blank rat plasma sam-
ple; (B) a rat plasma sample at 0.5 h after i.v. administration of MCPT at dose of
100 mg/kg.

four pairs of transitions (m/z 379.20 → 335.10 and 379.20 → 279.10
for MCPT, and 365.20 → 321.10 and 365.20 → 265.10 for HCPT) in
rat plasma samples 0.5 h after i.v. administration of MCPT at a dose
of 5 mg/kg. By comparing the retention time of analytes with HCPT
and MCPT standards (Fig. 5C), the peak at 1.43 min  of retention time
was confirmed to be HCPT, the demethylated metabolite of MCPT.

3.3. Method development

The parental compound CPT was  generally selected as the IS
for the structural similarity to its derivatives [18–22], which also
showed a satisfied extraction recovery and proper retention time
in the present study.

For differences in fluorescent characteristics of CPT, MCPT and
HCPT, different detective excitation (Ex) and emission (Em) wave-
lengths were estimated. At the optimal Ex and Em wavelengths
of 347 and 446 nm for MCPT or that of 383 and 553 nm for HCPT
[7], the other compound was undetectable, respectively. To solve

this problem, different Ex and Em wavelengths were tested for the
simultaneous detection of MCPT, HCPT and CPT (Ex: 370 nm,  Em:
434 nm)  [37], which yielded optimal Ex and Em wavelengths of 380
and 515 nm for all three compounds.

sma sample at 0.5 h after i.v. administration of MCPT at a dose of 100 mg/kg; (C) a
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Fig. 5. LC–MS/MS chromatograms for MCPT and HCPT identification of (A) a blank rat plasma sample; (B) a rat plasma sample 0.5 h after i.v. administration of MCPT at a
d /mL).
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ose  of 5 mg/kg; (C) a blank rat plasma spiked with MCPT (5 ng/mL) and HCPT (5 ng

Water consisting 5% ACN (v/v) was used as mobile phase A
n the present study, which showed good bacteria resistance and
enefited the instrument subsequently. Under the selected chro-
atographic conditions, the data acquisition time for each sample
as 15 min  followed by an equilibration time of 5–8 min. The typi-

al retention times were 11.44, 7.02 and 10.24 min  for MCPT, HCPT
nd CPT, respectively.

.4. Method validation

.4.1. Selectivity
The selectivity was assessed by comparing the chromatograms

f six different batches of blank rat plasma samples with the
orresponding spiked plasma samples. Fig. 6 shows the typical
hromatograms of a blank rat plasma sample (A), a blank rat plasma
piked with standard MCPT (10 ng/mL), HCPT (10 ng/mL) and IS
50 ng/mL) (B), a rat plasma sample 1 h after i.v. administration of

CPT at a dose of 5 mg/kg (C). They showed well-separated ana-
ytes with no significant interference from endogenous substances
bserved at their corresponding retention times under current
PLC conditions.

.4.2. Linearity of calibration curves and lower limits of
uantification (LLOQ)

The standard curve was established by plotting the ratio of
he peak area of MCPT or HCPT to that of the IS. The linear-
egression correlation coefficients were greater than 0.999 in all
alidation runs. In this study, a piecewise linear function was
sed under the consideration of the differences in signal response
mong the lower and higher concentrations, and the concentra-
ion ranges were 1.25–20 ng/mL and 20–320 ng/mL, respectively.
he typical standard curves were y1 = 2.46 × 10−2x1 + 1.40 × 10−2

or MCPT and y2 = 2.73 × 10−2x2 + 1.03 × 10−2 for HCPT over the

ange of 1.25–20 ng/mL; and y′

1 = 1.98 × 10−2x′
1 + 0.19 for MCPT

nd y′
2 = 2.17 × 10−2x′

2 + 2.17 × 10−2 for HCPT at 20–320 ng/mL,
here y represents the ratio of the peak area of MCPT or HCPT to

S and x represents MCPT or HCPT concentration.

Fig. 6. Representative chromatograms of (A) a blank rat plasma sample; (B) a blank
rat plasma sample spiked with MCPT (10 ng/mL), HCPT (10 ng/mL) and IS (CPT
50  ng/ml); (C) a rat plasma sample at 1 h after i.v. administration of MCPT at a dose
of  5 mg/kg and spiked with IS (CPT 50 ng/mL).
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Table  1
Accuracy and precision for the analysis of MCPT in rat plasma.

Added, C (ng/mL) Found, C
(ng/mL)

RSD (%) Relative
error
(%)

Accuracy
(%)

Intra-day (n = 18)
2.5 2.39 3.30 −4.12 95.88
40  41.15 1.81 2.88 102.88
160  159.83 1.14 −0.11 99.89

Inter-day (n = 30)
2.5 2.39 4.94 −4.35 95.65

b
b
f
w
t
m
a

3

T
w
T
F
l
d
9
c
a
t
(
a
M
c
t
M

Table 2
Accuracy and precision for the analysis of HCPT in rat plasma.

Added, C (ng/mL) Found, C
(ng/mL)

RSD (%) Relative
error
(%)

Accuracy
(%)

Intra-day (n = 18)
2.5 2.48 4.38 −0.72 99.27
40  41.31 2.96 3.28 103.28
160  159.78 2.24 −0.14 99.86

Inter-day (n = 30)

centration reached the maximum within the first 5–10 min  after

T
S

40 40.34 2.06 0.86 100.86
160 159.24 1.33 −0.47 99.53

The LLOQ was defined as the lowest concentration on the cali-
ration curve with an acceptable accuracy of ±15% and a precision
elow 15% [30]. The present method offered a LLOQ of 1.25 ng/mL
or both MCPT and HCPT. MCPT and HCPT in rat plasma samples
ere detectable till 24 h after i.v. injection of 5 mg/kg MCPT. Thus

his method provides a sufficient sensitivity to investigate the phar-
acokinetic behaviors of MCPT and its major metabolite HCPT after

dministration of MCPT in rats.

.4.3. Accuracy and precision
Tables 1 and 2 summarize the precision and accuracy results.

he intra- and inter-day precision and accuracy for MCPT and HCPT
ere evaluated by assaying the QC samples (2.5, 40 and 160 ng/mL).

he precision is indicated by relative standard deviation (RSD%).
or each QC level of MCPT, the intra-day precision was 3.30% or
ess, and the accuracy was between 95.88% and 102.88%. The inter-
ay precision was 4.94% or less, and the accuracy was  between
5.65% and 100.86%. For each QC level of HCPT, the intra-day pre-
ision was 4.38% or less, and the accuracy was between 99.27%
nd 103.28%; while the inter-day precision was 4.48% or less, and
he accuracy was between 97.31% and 100.88%. For LLOQ samples
1.25 ng/mL), the corresponding accuracy and precision for MCPT
nd HCPT were also tested on five validation days. The accuracy for

CPT and HCPT was 92.24% and 113.90%, respectively, and the pre-

ision were 10.05% and 5.21%, respectively. These data suggest that
he method is accurate and precise for the quantitative analysis of

CPT and HCPT in rat plasma.

able 3
tability of HCPT and MCPT in rat plasma samples (n = 6).

Experimental condition Added, C (ng/mL) MCPT 

Found, C ± S.D. (ng/mL

Standard solutions 6 h at RT
2.5 2.39 ± 0.07 

40  39.95 ± 0.48 

160  158.73 ± 1.83 

Standard solutions 30 days at
4 ◦C

2.5 2.39 ± 0.04 

40  39.93 ± 0.63 

160  159.17 ± 2.78 

QC  samples 6 h at RT
2.5 2.32 ± 0.06 

40  36.82 ± 0.61 

160  148.55 ± 5.10 

QC  samples auto-sampler 24 h
2.5 2.38 ± 0.05 

40  40.04 ± 1.2 

160  166.22 ± 4.69 

QC  samples 30 days at −80 ◦C
2.5 2.42 ± 0.09 

40  40.57 ± 0.83 

160  162.63 ± 4.33 

QC  samples 3 freeze–thaw cycles
2.5 2.36 ± 0.03 

40 37.13 ± 3.58 

160 156.19 ± 6.09 
2.5 2.43 4.48 −2.69 97.31
40 40.35 2.59 0.88 100.88
160 159.47 2.24 −0.33 99.67

3.4.4. Recovery and stability
Recoveries were determined at three QC sample concen-

trations (2.5, 40 and 160 ng/mL). For MCPT, the values were
95.09 ± 3.94%, 98.67 ± 1.40% and 95.65 ± 2.15% (n = 6), respectively,
and for HCPT, the values were 84.06 ± 4.39%, 84.85 ± 3.10% and
81.03 ± 4.44% (n = 6), respectively. The recoveries of IS (50 ng/mL),
MCPT (2.5 ng/mL) and HCPT (2.5 ng/mL) were also calculated by
comparing the peak areas with those for neat solution of standard
compounds without extraction. The value for IS was 53.87 ± 6.40%
(n = 6), very consistent with that of MCPT (52.08 ± 6.63%) and HCPT
(45.98 ± 5.81%).

The stability of MCPT and HCPT was evaluated as described in
the method section. Data shown in Table 3 suggest that no signifi-
cant degradation occurred under the experimental conditions.

3.5. Application to a pharmacokinetic study

In this study, the mean plasma concentration–time curves of
MCPT and its metabolite HCPT were quantified in six rats each
receiving a single 5 mg/kg i.v. dose of MCPT via the tail vein. The
curve and the pharmacokinetic parameters of MCPT and HCPT are
shown in Fig. 7 and Table 4.

After i.v. administration, the level of MCPT reached the
maximum concentration, and declined immediately. HCPT con-
administration, and declined promptly. This indicates a sponta-
neous conversion from MCPT to HCPT in vivo. As shown in Fig. 7,
the concentration of HCPT was higher than that of MCPT, and the

HCPT

) Relative error (%) Found, C ± S.D. (ng/mL) Relative error (%)

−4.47 2.39 ± 0.03 −4.29
−0.12 39.83 ± 0.45 −0.42
−0.80 159.06 ± 3.64 −0.59

−4.46 2.42 ± 0.14 −3.07
0.17 39.91 ± 0.61 −0.21

−0.52 159.58 ± 4.14 −0.26

−8.80 2.80 ± 0.11 12.00
−7.95 36.57 ± 0.54 −8.58
−7.16 169.09 ± 3.23 −5.68

−4.98 2.38 ± 0.05 −4.68
0.09 39.71 ± 1.15 −0.72
3.89 165.40 ± 4.33 3.38

−3.02 2.41 ± 0.05 −3.64
1.43 40.27 ± 0.50 0.67
1.64 162.37 ± 4.65 1.48

−5.45 2.34 ± 0.15 −6.02
−7.17 37.07 ± 2.04 −7.32
−2.38 155.61 ± 3.69 −2.74
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Table  4
The pharmacokinetic parameters of MCPT and its major metabolite HCPT after i.v.
administration with 5 mg/kg of MCPT.

Parameters MCPT HCPT

AUC0–24 (ng h/mL) 112.76 ± 26.45 184.63 ± 107.46
AUC0–∞ (ng h/mL) 157.99 ± 18.47 279.65 ± 118.08
Cmax (ng/mL) – 85.64 ± 57.70
Tmax (h) – 0.15 ± 0.04
T1/2 (h) 14.24 ± 6.83 16.53 ± 9.21
MRT  (h) 19.76 ± 8.64 23.68 ± 9.17
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ig. 7. Mean concentration vs. time profiles of MCPT (�) and HCPT (♦) in rat plasma
amples from four subjects each receiving a single dose of 5 mg/kg MCPT.

atio of AUC0–∞ of HCPT to MCPT was 151.47%, demonstrating that
ormation of demethylated HCPT may  be a dominant metabolic
eaction for MCPT in rats. The ratios of AUC0–24 to AUC0–∞ were
1.37% for MCPT and 66.02% for HCPT. Both the elimination half-

ife (T1/2) and the mean residence time (MRT) of HCPT were longer
han that of MCPT, suggesting a longer residence time for HCPT
n vivo.

. Conclusion

10-Methoxycamptothecin (MCPT) and 10-hydroxycampto-
hecin (HCPT) were first isolated and identified at the same time,
ut few studies were conducted on MCPT while HCPT have been
idely investigated. In this study, HCPT was  identified as the
ajor metabolite of MCPT in rat plasma through HPLC/PDA and

C–MS/MS analysis. A sensitive and reliable RP-HPLC method with
uorescence detection was developed and validated for the simul-
aneous analysis of MCPT and HCPT in rat plasma. A piecewise linear
unction was used to estimate both lower and higher concentra-
ions. The calibration curves were linear (r2 > 0.999) for MCPT and
CPT within concentrations of 1.25–20 ng/mL and 20–320 ng/mL.
he intra- and inter-day assay data variations as well as the stability
ata showed no significant degradation under current experi-
ental conditions. This method was successfully applied to the

uantification of MCPT and HCPT in rat plasma even 24 h after
.v. administration. The mean plasma concentration–time curve

nd the pharmacokinetic parameters of MCPT and HCPT were cal-
ulated. The results showed that MCPT is mainly metabolized to
emethylated HCPT in rats (the ratio of AUC0–∞ of HCPT to that of
CPT was 151.47%).
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