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Abstract

An LC/MS/MS method to quantify SN-38 in mouse plasma and tissue homogenates containing liposome entrapped SN-38 (LE-SN38)
was developed. Camptothecin (CPT) was used as the internal standard (IS). Sample preparation consisted of simple protein precipitation
by acetonitrile containing 0.5% acetic acid. SN-38 and IS were separated by a C18 HPLC column and detected using a mass spectrometer
operating in the multiple reaction monitoring (MRM) mode. The peak area omth&93.3— 349.1 transition of SN-38 and that of the
m/z 349.1— 305.2 transition of the IS were measured and a standard curve was generated from their ratios. The method had a LLOQ of
0.5 ng/mL in mouse plasma, which corresponds to 2.5 pg for ke ifjection volume. The linear range was 0.5-1000 ng/mL of SN-38 in
plasma sample spiked with LE-SN38. The LLOQ in tissue homogenates (5%, w/v) quantitation was 1 ng/mL (20 ng/g tissue) of SN-38 in
kidney, liver, lung, and spleen homogenates, and 2 ng/mL (40 ng/g tissue) in heart homogenate containing LE-SN38. The assay was linear
up to 400 ng/mL of SN-38 in tissue homogenates, and may be extended p@/AA0 by proper dilution of samples over the upper limit
of quantitation. Acceptable precision and accuracy were obtained for concentrations over the entire standard curve range, both between-run
and within-run for plasma and tissue homogenates. The method was successfully used to quantify SN-38 in plasma and tissues samples for
pharmacokinetic and tissue distribution studies of LE-SN38 in mice.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction maceutical solvents. To surmount this solubility obstacle, we
have developed a liposome entrapped SN-38 (LE-SN38) for-
SN-38 (7-ethyl-10-hydroxycamptothecin) is the ac- mulation. LE-SN38 demonstrated an enhanced efficacy to-
tive metabolite of CPT-11 (Irinotecan, 7-ethyl-10- [4- ward various xenograft models when compared with CPT-11
(1-piperodino)] carbonyloxy-camptothecin), an anti-cancer [4,5] and had better preclinical safgs,7].
drug against many malignancies including colorectal carci-  In recent years, various methods have been reported for
noma[1,2]. It has been shown that SN-38 is 100- to 1000-fold quantification of SN-38 and CPT-11 in biological samples
more active in vitro than its parent drug, CPT{BL. Despite using HPLC with fluorescence or mass spectrometer detec-
its promising anti-cancer potential, SN-38 has not been usedtion (LC/MS) to support preclinical and clinical studies of
as an anti-cancer drug due to its poor solubility in any phar- CPT-11. Most reported approaches involve long and tedious
sample preparation procedures, either solid phase extraction
* Corresponding author. Tel.: +1 847 887 0800; fax: +1 847 887 9281.  [8,9] Or liquid—liquid extractior{10-12} Some methods use
E-mail addressimran@neophrm.com (I. Ahmad). protein precipitation as a sample preparation technique, but
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often involve multiple stepd 3,14] Here we describe asensi-  Bioreclamation (Bioreclamation, Inc., Hicksville, NY). Nor-
tive LC/MS/MS method to quantify SN-38 in mouse plasma mal mouse tissues were collected from CD2F1 mice obtained
and tissue homogenates in the presence of LE-SN38. Thefrom Harlen Sprague—Dawly (Indianapolis, IN).
sample preparation is simple and requires only a one-step
protein precipitation. In the present study, between-run and 2.2. Preparation of the liposome entrapped formulation
within-run precision and accuracy of the assay were evalu- of SN-38 (LE-SN38)
ated, as were the effects of plasma freeze-thaw cycles and di-
lution. Short-term room temperature stability and long-term LE-SN38 contains 2mg/mL of SN-38, dioleoyl phos-
storage stability were also studied. The method was used tophatidylcholine (DOPC), cholesterol, and cardiolipin. The
quantify SN-38 in plasma and tissue samples to support adrugto lipid ratio and DOPC:choleterol:cardiolipin mole per-
pharmacokinetics and tissue distribution study of LE-SN38 centratios are approximately 1:18 and 50:40:10, respectively.
in mice. Sucrose and--tocopherol were added to the formulation as
stabilizers. Blank liposomes were prepared by using same
methodology without SN-38. Prior to use, LE-SN38 was re-
2. Experimental constituted with the lactate buffer and further dilutions were
made with normal saline.
2.1. Chemicals and reagents
2.3. Standard and quality control solutions
Camptothecin (CPT)Hig. 1), glacial acetic acid, and
dimethyl sulfoxide (DMSO) were purchased from Sigma CPT and SN-38 were dissolved in methanol:
Chemical Co. (St. Louis, MO). SN-38ig. 1) was ob- dimethylsulfoxide (50:50, v/v) at concentrations of 0.5
tained from Qventas (Newark, DE). Acetonitrile, methanol and 1mg/mL, respectively. SN-38 was then further di-
and isopropanol (HPLC grade) were purchased from EM luted with acetonitrile:20 mM ammonium acetate, pH 3.5
Science (Gibbstown, NJ). Ammonium acetate was obtained (20:80, v/v) to make a set of standards ranging from 0.5
from Fisher Scientific (Hampton, NH). High purity water to 1000ng/mL. These standards were used to determine
was obtained from an in-house Milli-Q purification system the concentration of total SN-38 in the LE-SN38 stock
(Millipore, Bedford, MA). Mouse plasma was obtained from solution.

2.3.1. Plasma

SN-38 Two separate vials of LE-SN38 were used for prepara-

CH,CH; tion of SN-38 stock solutions in plasma. One of the LE-
SN38 vials was used to prepare a standard stock solution
at 10,000 ng/mL. This was further diluted in plasma to make
a set of standards from 0.5 to 1000 ng/mL. The second LE-
SN38 vial was used to make 80,000 ng/mL quality control
(QC) samples stock solution, which was further diluted in
plasmato 0.5, 400, 800, 16,000 and 80,000 ng/mL to prepare
a set of QC samples.

2.3.2. Tissue homogenates

Standards and QC stock solutions of LE-SN38 were pre-
pared by dilution of the stock solutions in tissue homogenate
CPT to achieve standard concentrations of 1, 2, 5, 50, 100, 300 and
400 ng/mL and QC samples of 3, 15, 150 and 350 ng/mL, re-
spectively.

2.4, Sample preparation

2.4.1. Plasma

A single-step protein precipitation technique was used
for sample preparation. Briefly, 2L of acetonitrile with
0.5% acetic acid (containing 25 ng/mL of IS) were added to
100pL of a plasma sample. The mixture was vortexed and
centrifuged at 13,000 rpm for 10 min. A 2 aliquot of the
supernatant was transferred to a clean microtube and evapo-
Fig. 1. Chemical structures of SN-38 and camptothecin (CPT), the I1S.  rated to dryness under vacuum a8 The dry extracts were
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redissolved in 10Q.L of a mixture of acetonitrile:20 mMam-  Table 1

monium acetate, pH 3.5 (20:80, v/v), of whicluk was in- lonization mode and transition for SN-38 and camptothecin (IS)
jected onto the HPLC system. Parameter Plasma Tissue homogenate
Probe temperaturé ) 400 350
2.4.2. Tissues lonization voltage (V) 4500 5500
Tissues (heart, kidney, liver, lung, and spleen) were col- Neb_Ll’_“Z'”g gas (psi) 15 15
lected from normal CD2F1 mice, weighed accurately and ho- éﬂﬁ;ﬁ%gg?ggﬁ') 1150 1150
mogenized in water (5%, w/v). A 6Q€L of acetonitrile with CAD? gas (psi) 6 6
0.5% acetic acid (containing 50 ng/mL of I1S) was added to collision energy (eV) 40 35
200p.L of tissue homogenate. The mixture was vortexed for SN-38 transition 393 349.1
1 min, kept on ice for 10 min, then centrifuged at 13,000 rpm CPT (IS) transition 344 — 305.2

for 10 min. A 700uL aliquot of the supernatant was trans- 2 Collision-activated dissociation.
ferred to a clean microtube and evaporated to dryness un-
der vacuum at 50C. The dry extracts were reconstituted
in 100p.L of a mixture of acetonitrile:20 mM ammonium ac-
etate, pH 3.5 (20:80, v/v) by vortex-mixing for 30 s. The sam-
ples were centrifuged once more for 5 min at 10,000 rpm and
20pL of the clear supernatant was injected into the HPLC
system. 2.7. Assay validation

38 concentrations in plasma and tissue homogenate sam-
ples were determined by interpolation from the calibration
curve.

2.5. Chromatographic conditions 2.7.1. Plasma
Linearity, limit of quantitation, between-run and within-

An Agilent 1100 (Agilent Technologies, Palo Alto, CA) run precision and accuracy, dilution, and stability for SN-38
chromatographic system consisting of a binary pump, de- in mouse plasma spiked with LE-SN38 were evaluated dur-
gasser, and thermostated autosampler was used. Chromatang the method validation. A total of four runs were con-
graphic separation was achieved by using a Zorbax SB-C18ducted. Each validation run included calibration curve with
(5pm, 50 mmx 2.1 mm) analytical column (Agilent Tech-  nine non-zero standards and QC samples in duplicates ex-
nologies, Palo Alto, CA) protected by a C18 guard cartridge. cept the within-run, where six replicates of QC samples were
For plasma, the mobile phase was 20 mM ammonium acetateanalyzed.
(pH 3.5):acetonitrile, 65:35 (v/v) with a 0.2 mL/min flow rate. Between-run accuracy and precision were assessed by an-
The retention times for SN-38 and CPT were 1.3 and 1.5 min, alyzing QC samples at four concentrations (1.5, 6, 400, and
respectively, with a total run time of 3 min. For tissue sam- 800ng/mL) in duplicates over four different runs. Within-
ples, the binary pump was set to deliver (60:40) solvent A run accuracy and precision were determined by assaying six
(20 mM ammonium acetate (pH 3.5):methanol, 80:20, v/v) replicates of four concentrations in a single run. Assay pre-
and solvent B (acetonitrile:isopropanol, 75:25, v/v) isocrati- cision was calculated and was reported as percent coefficient
cally, and the flow rate was 0.1 mL/min with total run time of of variation (% CV). Accuracy was determined as the agree-
5min. The retention times for SN-38 and CPT were 2.7 and ment between the interpolated concentration and the nominal
3.2min, respectively. Separate chromatographic conditionsconcentration and was reported as percent analytical recov-
for plasma versus tissue homogenate samples were used tery (% AR). Between-run and within-run experiments should
achieve better separation and quantification of SN-38 in the have precision (% CV) 0£15% as well as accuracy (% de-

different matrices. viation) of <15% from the nominal concentrations, except
at the lowest limit of quantification (LLOQ) where20% is
2.6. Mass spectrometric conditions acceptable for both parametéis].

The LLOQ is defined as the lowest concentration on the

An Applied Biosystems-Sciex AP14000 (Applied Biosys- standard curve that can be measured with acceptable accu-
tems, Foster City, CA) triple quadrupole mass spectrome- racy and precision. To be acceptable, six replicates of LLOQ
ter equipped with electrospray ionization interface was used. samples prepared independently of standards should have a
Samples were analyzed in the Multiple Reaction Monitor- percent analytical recovery of 18020% (accuracy) and %
ing (MRM), positive mode. Other details for quantification CV of <20% (precision).
of selected ions of SN-38 and CPT (IS) in plasma and tis-  Dilution effect was investigated to ensure that samples
sue homogenate samples are describethbie 1 The An- could be diluted with blank matrix and be accurately quan-
alyst 1.2 software (Applied Biosystems, Foster City, CA) tified. LE-SN38 spiked plasma samples prepared at three
was used to control the LC/MS/MS system and to perform concentrations: 400, 16,000, 80,000 ng/mL of SN-38 were
sample and data analyses. The peak area ratio of SN-38 taliluted at 2-, 20-, and 100-folds with blank plasma in six
IS was used to construct a linear calibration curve using replicates and analyzed to determine the precision and accu-
weighted (1/concentrati@ih regression analysis. The SN- racy.
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Fig. 2. Mass spectra of product ion scans for i 393.3 of SN-38 andvz 349.1 for IS.

The freeze-thaw stability of SN-38 in plasma was in- 2.7.2. Tissue homogenates
vestigated by using QC samples at 6, 400, and 800ng/mL.  The linearity, precision and accuracy were evaluated dur-
These samples were stored-af0+ 10°C for over 12h, ing the method validation for SN-38 in mouse tissue ho-
and then thawed unassisted at room temperature. This proimogenates spiked with LE-SN38.
cedure was repeated a total of three times. Samples that
did not undergo freeze-thaw cycles served as references2.8. Application
Samples were analyzed in six replicates at each concen-
tration. To be considered stable, the relative recovery (de- Female CD2F1 mice weighing 18-23g (11-12 weeks
fined as the agreement between three freeze-thaw cycleof age) were purchased from Harlen Sprague—Dawly (In-
and reference samples) should be within #006%. Short- dianapolis, IN). The animals were used in accordance with
term stability up to 4h at room temperature as well as the Guide for the Care and Use of Laboratory Animals of
long-term stability at—70+ 10°C up to 31 days was also the National Research Council, housed under standard con-
studied. ditions, and had ad libitum access to water and to a standard
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Fig. 4. Representative of MRM chromatogram of plasma (A) and liver ho-

mogenate (B) samples collected from mice at 0.5, 8, and 24 h after a sin-
gle intravenous dose (10 mg/kg) of liposome entrapped SN-38 (LE-SN38).
(Plasma samples were diluted 25- and 2-folds at 0.5 and 8 h, respectively,
and liver homogenate samples were diluted 10-folds).

Fig. 3. (A) Representative MRM chromatograms from the SN-8& (
393.3— 349.3) channel of extracts from (a) blank control plasma without
IS, (b) blank control plasma with 50 ng/mL IS, and (c) blank control plasma
with 0.5 ng SN-38/mL (LLOQ) and 50 ng/mL IS. (B) Representative MRM
chromatograms from the SN-38&z 393.3— 349.3) channel of extracts . . . .
from (a) blank control liver homogenate without IS, (b) blank control liver and spleen were rapidly excised following blood collection,

homogenate with 50 ng/mL IS, and (c) blank control liver homogenate with and quickly placed on dry ice. All samples were stored at
1.0ng SN-38/mL (LLOQ) and 50 ng/mL IS. —70410°C until analysis.

laboratory rodent diet. Mice were randomized according to

body weight, grouped three pertime point, and administered a3. Results and discussion

single 10 mg/kgi.v. dose of LE-SN38 via the tail vein. At pre-

defined time points, blood samples were collected by terminal 3.1. Assay development

retro-orbital bleeding under Cnesthesia into pre-labeled,

chilled micro tubes containing heparin as an anticoagulant SN-38 and CPT (IS) were first characterized by MS and
(Becton Dickinson, Franklin Lakes, NJ). Immediately af- MS/MS, respectively, through infusion to ascertain their pre-
ter collection, each blood sample was gently inverted sev- cursor ions and to select product ions for use in multiple re-
eral times to ensure complete mixing with the anticoagulant, actions monitoring (MRM) mode. Both SN-38 and IS were
and placed on ice. The blood samples were centrifuged forfound to give the most intense deprotonated molecular ions
10min at £C and 3000« g to separate plasma, and the lat- under positive ionization. Full scan spectra produced a pre-
ter was transferred to cryotubes. Heart, kidneys, liver, lungs, dominant peak for (MH) at vz 393.3 for SN-38. Collision

Table 2
Validation standards of SN-38 in mouse plasma spiked with LE-SN38
Nominal concentratich(ng/mL) Observed mean concentration (ng/mL) Coefficient of variation (% CV) Analytical recovery (% AR)
0.500 0509 121 102
2.00 199 917 994
5.00 502 107 100
10.0 9.70 127 97.0
50.0 499 8.97 100
100 101 106 101
200 201 798 101
500 512 806 102
1000 997 88 997

a Minimum of six replicates at each concentration.
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Table 3
Between-run and within-run results of SN-38 in mouse plasma QC samples spiked with LE-SN38

Nominal concentratich(ng/mL)  Observed mean concentration (ng/mL)  Coefficient of variation (% CV)  Analytical recovery (% AR)

Between-run B0 162 122 108

6.00 644 113 107

400 420 938 105

800 827 1@ 103

Within-run 150 153 147 102
6.00 277 667 924

400 461 679 115

800 893 114 112

& Minimum of six replicates at each concentration.

Table 4
Dilution effect for SN-38 in mouse plasma spiked with LE-SN38

Nominal concentratich(ng/mL) Dilution factor Observed mean concentration (ng/mL) Coefficient of variation (% CV) Analytical recovery (% AR)

400 2 431 7.40 108
16000 20 17183 6.43 107
80000 100 87933 4.90 110

& Minimum of six replicates at each concentration.

induced dissociation of the (MH)on produced a major frag-  cision) ranged from 8 to 12%, whereas the accuracy (% AR)
mentanvz349.1, as shown iRig. 2 Therefore, the transition  ranged from 97.0 to 102%.

pair 393.3— 349.1 was optimized for SN-38. Using similar The LLOQ, determined to be 0.5 ng/mL in plasma, metthe
procedures, the precursor ion of IS was determined to be theacceptance criteria wita % CV(precision) of 18.7% and %
base peak (MH)ion atmyz349.1, and the MRM transitionof AR (accuracy) of 86.2%Fig. 3A illustrates representative
IS was determined to b&/z 349.1— 305.2. The fragments MRM chromatograms of blank plasma without or with IS,
used for SN-38 and IS in MRM transition mode resulted due and 0.5ng/mL SN-38 in plasma with IS. No interference was
to the loss of CQ@ (—44 U) from the respective protonated observed at or near the retention time of SN-38 when the

precursor ionsKig. 2). selected MRM transition pair was monitored.
A summary of the between-run and within-run precision
3.2. Assay validation and accuracy data generated for the assay validation is pre-
sented inTable 3 The method was shown to be accurate,
3.2.1. Plasma with an analytical recovery at the four tested concentrations

The standard curve was established by plotting the ratio of within 100+ 15%, and precise wita % CVwithin 15%.

the peak area of SN-38 to that of the IS with linear-regression  Six replicates of three concentrations representing 2-, 20-,
correlation coefficients 0£0.99 in all validation runs. The  and 100-fold dilutions were analyzed. The results show that
concentration of each standard calculated from the standardsamples with concentrations up to 80,000 ng/mL can be an-
curve showed minimum deviation from its corresponding alyzed by proper dilution with acceptable precision and ac-

nominal concentration. Standard curves generated acceptableuracy [[able 4.

data over the concentration range of 0.5-1000 ng/mL plasma SN-38 was shown to be stable in LE-SN38 spiked plasma
spiked with LE-SN38, as shown fable 2 The % CV (pre- through three freeze-thaw cycles. It was also demonstrated

Table 5
Stabilities of SN-38 in mouse plasma spiked with LE-SN38
Nominal concentratich Observed mean Coefficient of Analytical
(ng/mL) concentration (ng/mL) variation (% CV) recovery (% AR)
Three freeze-thaw cycles .a® 589 147 981
400 412 129 103
800 854 108 107
4 h Room temperature storage .06 647 111 108
400 425 666 106
800 855 862 107
31 Days at-70+10°C 6.00 571 644 952
400 408 265 102
800 826 324 103

2 Minimum of six replicates at each concentration.
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Table 6
Precision and accuracy for SN-38 standards in mouse tissue homogenates spiked with LE-SN38
Nominal concentratich(ng/mL) 1 2 5 50 100 200 300 400
Kidney
Observed concentration (ng/mL) .0B 193 504 451 986 205 302 391
Coefficient of variation (% CV) 54 520 121 7.07 659 561 7.63 298
Analytical recovery (% AR) 103 96 101 902 986 103 101 977
Liver
Observed concentration (ng/mL) .08 203 498 451 101 215 282 381
Coefficient of variation (% CV) 13 6.25 6.39 7.07 381 580 7.95 367
Analytical recovery (% AR) 104 101 8 902 101 108 940 952
Spleen
Observed concentration (ng/mL) .on 202 482 488 94.9 206 296 384
Coefficient of variation (% CV) [i51] 197 6.06 439 600 429 464 533
Analytical recovery (% AR) 101 101 96 97.6 949 103 986 960
Lung
Observed concentration (ng/mL) 990 195 483 488 101 216 295 376
Coefficient of variation (% CV) 1B 8.86 838 439 473 530 583 494
Analytical recovery (% AR) 99 975 96.6 97.6 101 108 98 94.0
Heart
Observed concentration (ng/mL) NA .9B 512 523 101 206 297 387
Coefficient of variation (% CV) NA B3 921 827 7.37 561 727 111
Analytical recovery (% AR) NA 9% 103 105 101 103 20 96.7

ND: not applicable.
@ Minimum of six replicates at each concentration.

that SN-38 is stable in mouse plasma for at least 4 h at roomheart homogenate with correlation coefficients >0r9§. 3B

temperature, and for atleast 31 days @0+ 10°C (Table 5. illustrates representative MRM chromatograms of control
liver homogenate without or with IS, and 1 ng/mL SN-38 in
3.2.2. Tissues control liver homogenate spiked with LE-SN38 and IS. No

The linearity range for SN-38 was 1-400 ng/mL in liver, interference was observed at or near the retention time of SN-
kidney, spleen, and lung homogenates and 2—-400 ng/mL in38 when the selected MRM transition pair was monitored.

Table 7
Precision and accuracy for SN-38 quality control samples in mouse tissue homogenates spiked with LE-SN38
Nominal concentratich(ng/mL) 3 15 150 350
Kidney
Observed concentration (ng/mL) 97 137 143 340
Coefficient of variation (% CV) B3 297 532 7.02
Analytical recovery (% AR) 99 913 953 97.1
Liver
Observed concentration (ng/mL) 13 153 154 366
Coefficient of variation (% CV) 52 371 914 104
Analytical recovery (% AR) 106 102 103 105
Spleen
Observed concentration (ng/mL) 15 144 145 347
Coefficient of variation (% CV) 55 914 953 118
Analytical recovery (% AR) 105 96 96.7 9291
Lung
Observed concentration (ng/mL) .13 159 149 322
Coefficient of variation (% CV) A8 388 644 284
Analytical recovery (% AR) 104 106 €B 920
Heart
Observed concentration (ng/mL) 73 133 137 326
Coefficient of variation (% CV) 37 365 612 794
Analytical recovery (% AR) 97 887 913 931

a Minimum of six replicates at each concentration.



142 S. Khan et al. / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 135-142

Standard curves generated acceptable data in mouse tissueE-SN38 pharmacokinetic and tissue distribution study in
homogenates spiked with LE-SN38 as showifiable 6 An mice.
acceptable precision and accuracy for quality control samples
in mouse tissue homogenates are presentédbie 7
SN-38 was shown to be stable in tissue homogenate Acknowledgements
through three freeze-thaw cycles, at least 4 h at room temper-

ature, and at least 31 days-af0+ 10°C (data not shown). We thank Dr. Fadil Dahhani for tissue samples analyses
and Jennifer Ayoub for collection of mouse plasma and tissue
3.3. Application samples.

The LC/MS/MS method described here was used to quan-
tify SN-38 in plasma and tissue samples obtained from a References
pharmacokinetic and tissue distribution study of LE-SN38 in _ _
mice.Fig. 4A and B show MRM chromatograms for SN-38  [11 P- Rougier, R. Bugat, Semin. Onc. 23 (1996) 34-41.

ired from plasma and liver samples. respectively. ob- [2] M.L. Rothenberg, J.R. Eckardt, J.G. Kuhn, H.A. Burris 3rd, J. Nel-

a(?qu're p ; ples, p_ ; Y’ son, S.G. Hilsenbeck, G.l. Rodriguez, A.M. Thurman, L.S. Smith,
tained at 0.5, 8 and 24 h after intravenous administration of S.G. Eckhardt, G.R. Weiss, G.L. Elfring, D.A. Rinaldi, L.J. Schaaf,
10 mg/kg LE-SN38 to mice. The mean SN-38 concentrations D.D. Von Hoff, J. Clin. Oncol. 14 (1996) 1128-1135.
were 1150, 32.5, and 5.07 ng/mL, respectively, in plasma [3] M.L. Rothenberg, J.G. Kuhn, H.A. Burris 3rd, J. Nelson, J.R.
samples obtained at 0.5, 8 and 24 h after LE-SN38 adminis- ~ Eckardt, M. Tristan-Morales, S.G. Hilsenbeck, G.R. Weiss, L.S.

. .. . Smith, G.l. Rodriguez, M.K. Rock, D.D. Von Hoff, J. Clin. Oncol.
tration. Similarly, the mean SN-38 concentrations were 2195, 11 (1993) 21942204,
975 and 338 ng/mL liver homogenate corresponding to 43.9, [4] N. Kamath, AK. Sarkar, S. Sheikh, A. Zhang, S. Ali, I. Ahmad,
19.5, and 6.7@.g/g tissue in liver samples obtained at 0.5, 8 Proc. Am. Assoc. Cancer Res. 44 (2003) 405, Abs. # 1784.

and 24 h after LE-SN38 administration. [5] A. Pal, S. Sheikh, A. Zhang, S. Ali, I. Ahmad, Proc. Am. Assoc.
Cancer Res. 44 (2003) 405, Abs. # 1785.

[6] S. Khan, S. Ali, D. Carbonaro, A. Ahmad, A. Zhang, I. Ahmad,
, Toxicol. Sci. 72 (S-1) (2003) 386, Abs. # 1873.
4. Conclusion [7] A. Sarkar, N. Kamath, D. Carbonaro, S. Sheikh, A. Zhang, S. Alj,
I. Ahmad, Toxicol. Sci. 72 (S-1) (2003) 83, Abs. # 403.
The LC/MS/MS method presented here for SN-38 quan- [8] I. Barilero, D. Gia, J.P. Armand, A. Mathieu-Béu M. Ré, A.
tification in mouse plasma and tissue homogenates is the first __ Gouyette, G.G. Chabot, J. Chromatogr. 575 (1992) 275-280.
.. . . . [9] L.P. Rivory, M. Findlay, S. Clarke, J. Bishop, J. Chromatogr. B 714
procedure for quantitative determination of total SN-38 in the (1998) 355-359
presence of LE-SN38. In plasmé_\, the LLOQis0.5ng/mLand [10] S. Ragot, P. Marquet, F. Laatre, A. Rousseau, E. Lacassie,
assay is linear over a concentration range of 0.5-1000 ng/mL. ~ J.M. Gaulier, J.L. Dupuy, G. Laéltre, J. Chromatogr. 736 (1999)
Additionally, the method requires only 1QQ plasma for 175-184.

SN-38 quantification. The sample preparation is rapid and (1] rF;bci)?)nliruJijinC’: th-O\r;e;’cV)Zig' ;V-gég?i’;'g;- 2'\'7070‘%56- Stoter, A. Spar-
involves one-step protein precipitation compared to other te- ;51 b e Bruijin, M.J.A. de Jonge, J. Verweij, W.J. Loos, K. Nooter, G.
dious methods employing liquid—liquid or solid phase extrac- =~ stoter, A. Sparreboom, Anal. Biochem. 269 (1999) 174-178.
tion. This procedure allows for timely analysis of large num- [13] D.F. Chollet, L. Goumaz, A. Renard, G. Montay, L. Vernillet, V.
bers of samples. The sample preparation procedure can also _ Arnera, D.J. Mazzo, J. Chromatogr. B 718 (1998) 163-175.

be applied to tissue homogenates. Overall, the LC/MS/MS [14] éhienjg‘t’(;;z% 7A40A('ggéb)cl'sgaig'anos' E. Calvo, JalGez, J.
methOd IS smple, sensitive, precise, ;_ind accurate to,quan'[lS] Food and Drug Administration, Center for Drug Evaluation and Re-
titate SN-38 in mouse plasma and tissue samples in the  search, Guidance for Industry, “Bioanalytical Method Validation”,

presence of LE-SN38. The method was used to support a  May 2001. http://www.fda.gov/cder/guidance


http://www.fda.gov/cder/guidance

	A simple and sensitive LC/MS/MS assay for 7-ethyl-10-hydroxycamptothecin (SN-38) in mouse plasma and tissues: application to pharmacokinetic study of liposome entrapped SN-38 (LE-SN38)
	Introduction
	Experimental
	Chemicals and reagents
	Preparation of the liposome entrapped formulation of SN-38 (LE-SN38)
	Standard and quality control solutions
	Plasma
	Tissue homogenates

	Sample preparation
	Plasma
	Tissues

	Chromatographic conditions
	Mass spectrometric conditions
	Assay validation
	Plasma
	Tissue homogenates

	Application

	Results and discussion
	Assay development
	Assay validation
	Plasma
	Tissues

	Application

	Conclusion
	Acknowledgements
	References


