213619

MALANISHNNE LATNIIATNUIU A dnusAualy

JOURNAL OF MEDICAL TECHNOLOGY AND PHYSICAL THERAPY ORIGINAL ARTICLE

AMagndasYatiauarAaNTInEalunIsInTzissiveydaunuly

¢

Wanau feslean iadnunsandu wialasunlans i wuaadnlndings
Tnyad nusuns' wagrsiug inTesgunsia™

Received: May 4, 2018
Revised: August 22, 2018
Accepted: October 2, 2018

UNANED

yiauny (Jusnafivrinnduuedaanis o fldsmiulslaanoanlus Sadusnanidui
yiaun a1 lumuauanmzvesiioneunsugnanelunszgn dedestimsfinnnunsldeuaznsusuuna
g1vesiiredilnddn elfindszavsamsne uazdeadhsyiseduenduseyanaly amnuideiouas
FrThasgiesunniiivesnsmsvssdusydauilunaian Jaflanuddyegnede nsfnuidlditns
ATITIATIZR FemnalndT 1Buea MauuazaTvaeuANLgnAesesMInTIvialunaamn ddldimadians
afenandegamanain antuhuwiidueuiusieladeslolelad feufivsiinseiseniedd Buiea
nsafafeswemaveudaduisilddmiunsinud waeiimsflidulsildvaniunznsaaouaiy
QNFBINLILIMITBIBIANTO IS LAT I UIAMS§aIEN U TndrdnvesnisinyTanasande 10 uilundy
fefiadans dwsunarmeinsgisrduen ydauu dldTunsnsnaeussgniasnsuiiu feinuaruuug,
arndudunss (7>0.9994) AuAsiareden warnsatafundureaueendedafaus 99.65-100.19%
Tnensvhen uagisnmsfiiautudasnsahlulddmsumsienmedlutesufoinmsldognsmns uiug ua
fanuidotiogs

o o w ad & o [y a '3
AENARY: AT LOULRE, YA, szaAUY, lodeslalolng

iU uinsiiwinendiin uiiwing) 1samenu1afssy AusuneransAssIsneIuIa univeIduuing ngawns 10700
2 MIATYINUITIYANARNS AUZWNVIEANANSAZIITNEIUIE UM INeNGaNna NFINN 10700

* JIUiAYeUUNAIY

J Med Tech Phy Ther x Vol. 31 No. 1 x January - April 2019 1



213619

o 19ATANISUNNY LaZN18ATNUIU A dnwusauadu
Y, bl o
"aiaay™

JOURNAL OF MEDICAL TECHNOLOGY AND PHYSICAL THERAPY ORIGINAL ARTICLE

Reliability and rapid analysis method of plasma busulfan

by solid phase extraction gas chromatography-mass spectrometry
Paiboon tummarintra' and Worapant Kriengsoontornkij™*

Abstract

Busulfan is an alkylating agent used in combination with cyclophosphamide as a conditioning
agent prior to bone marrow transplantation. Therapeutic drug monitoring and dose adjustment are
currently used to optimize and individualize therapy with busulfan. The reliability and rapid analysis
method of plasma busulfan are important. GC-MS assay method was developed and validated for the
determination of plasma busulfan. Busulfan was extracted from plasma samples and derivatized with
Nal, prior to GC-MS determination. The Solid Phase Extraction (SPE) was used for extraction. The method
was developed and fully validated according to USFDA guideline. The limit of quantification (LOQ)
was 10 ng/mL for busulfan. The method was fully validated in terms of selectivity, accuracy, precision,
linearity (>0.9994) and stability. The recoveries of extraction ranged from 99.65-100.19% with repeatability.
A rapid, sensitive, accurate and reproducible of GC-MS method for quantification of busulfan plasma

levels were developed and validated, suggesting that this method could be used for routine analysis.
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INTRODUCTION

Busulfan (BU, 1, 4-butanediol dimethane-
sulfonate) is a bifunctional alkylating agent, used
for the treatment of chronic granulocytic myeloid
leukemia. It is frequently used in high-dose
regimens in combination with cyclophosphamide
for myeloablative treatment.”? The high-dose
busulfan given prior to the autologous bone
marrow transplantation can exhibit significant
non-hematological toxicity such as hepatic
veno-occlusive disease (VOD).” The toxic effects
are strongly related to high plasma concentrations
of busulfan, while low levels are associated with
increased incidence of graft rejection. Therefore,
therapeutic drug monitoring (TDM) has been
considered for individual optimization of busulfan
therapy.”

Several methods have been developed
for the determination of plasma concentrations
of busulfan, including gas chromatography-mass
spectrometry (GC-MS),” gas chromatography with
electron capture detection (GC-ECD),*” high-
performance liquid chromatography with
ultraviolet detection (HPLC-UV)® and Ultraper
formance liquid chromatography (UPLC).” These
methods have time-consuming due to many steps
of derivatization and extraction,”” hence they
may not suitable for routine analysis. This study
demonstrates a new method which takes shorter
duration for derivatization and fewer steps for
preparation. The new method will be useful for

routine analysis.

MATERIALS AND METHODS
1. Chemicals
Busulfan and sodium iodide (Nalz)

were purchased from Sigma-Aldrich Ltd.

(Steinheim, Germany). The HPLC grade
acetonitrile, acetone and methanol were
purchased from Labscan Ltd. (Bangkok,
Thailand). Milli-Q water, Millipore Corporation
(Massachusetts, USA) was used. Other chemicals
were of analytical grade. Drug-free human
plasma was derived from the Department of
Transfusion Medicine, Siriraj Hospital, Bangkok,
Thailand.

2. Instrumentations

The extraction and analysis of busulfan
was carried out with CTC Combi AAL auto sampler
injector and injected to a GC-MS (Agilent
Technologies 7890A system, Santa Clara, CA, USA)
and operated in the split/ splitless mode at an
injection temperature of 260°C. The separation of
target analysts was achieved on a DB-624 fused
capillary column (30 m x 0.25 mm i.d. x 1.40 um
film thickness). Helium (carrier gas) was set to a
constant flow rate of 2 ml/min with linear
velocity of 40 cm/s. The GC column oven
temperature program was set as follows. Initially
set at 100°C for 1 min, ramped at 40°C/min to
180°C, then ramped to 260°C at 20°C/min, and
finally to 260°C held for 3 min, for a total runtime
of 10 min, The MS operation condition includes
transfer line of 260°C, the ion source of 230°C,
electron ionization (El) of 70 eV. The optimization
of methods was done in scan mode while
quantitation was done in selected ion monitoring
(SIM) mode. The developed method was fully
validated according to the USFDA guideline™” and
EURACHEM guide."?
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3. Standard stock solutions

Standard stock solutions of busulfan
were prepared in acetone and were diluted with
milli-Q water. The stock solutions of busulfan were
diluted to the concentrations ranged from
10-5,000 ng/mL and used as working solutions.
The Quality Control (QC) samples were prepared
at 10, 100, 500, and 1000 ng/mL Solutions were
stored at -20°C until used. The derivatization
reagent was prepared by dissolving 1.0 mg Nal in

5 ml of acetonitrile and 5 ml of methanol.

4. Sample extraction

The Solid Phase Extraction (SPE), QOasis
HLB extraction cartridge 30 mg¢ 1 mL was used for
sample preparation. The SPE column were initially
conditioned with 1 mL of methanol and equilibrated
with 1 mL of Milli-Q water before use. A 200 L of
plasma samples, QC and standard solution were
aspirated into the wetted preconditioned cartridges.
Afterward, the sample components were washed
with two steps of the wash solvent by 0.5 mL of
D.l. water and 0.5 mL of 296NH_in 5% methanol.
Busulfan was subsequently eluted from the dried
columns using 200 pL of derivatization reagent and
injected into the GC-MS.

5. Bioanalytical method validation

Selectivity and sensitivity

The selectivity was examined using six
sources of free drug plasma which were extracted
and analyzed by the developed method. The
result should not have any interfering peak of
busulfan. The sensitivity at the limit of quantification
(LOQ) was also examined by dilution of standard

compounds in plasma which were extracted and

then quantified for the lowest detectable

concentration.

Accuracy and precision

Accuracy and precision were examined by
six replicate analyses of plasma spiked with four
different concentrations (LOQ, 50, 500 and 1000
ng/mL) for three separate days. The percentage
of relative error (%RE), indicating accuracy, was
calculated as the measured concentration divided
by the spiked concentration. The percentage of
coefficient of variation (%CV), indicating precision,
was obtained from the ratios of standard deviation
(SD) to the mean of the measured concentration.
Both %RE and %CV should be within + 20% at

LOQ and 15% at other concentrations.

Linearity and calibration curve

A calibration curve was represented by a
linear regression model, y=mx+b and weighting
by 1/x, where y is the ratio of peak area of analyze
to the peak area of IS, x is the concentration at
different levels including 10, 50, 100, 500, 1,000
and 5,000 ng/mL. All calibration ranges yielded
linear relationships with coefficients of determination

(") and their value must exceed 0.995.

Recovery of extraction

The recovery method was performed by
comparing concentration of the extracted samples
at three different concentrations (50, 500 and 1000
neg/mlL) with a concentration of non-extracted
standard solutions at the same concentrations.
The percentage of absolute recovery (%RV) was
the ratio of the measured extracted concentration

to the non-extracted concentration.

a Nsanswadanisunngiaznien nditn x U7 31 atuil 1 x unsIAY - Ww1eY 2562



Stability

The stability of analysis was performed by
three replicate analyses of plasma spiked with three
different concentrations (50, 500 and 1000 ng/mL)
under various conditions with freshly prepared
samples. The first condition was freeze and thaw
in which plasma samples were frozen at -20°C and
thawed at room temperature for three cycles
before analysis. For short-term stability tests, the
plasma samples were stored at room temperature
for 6 hours before analysis. Post-preparative
stability tests were done by placing the vials of
plasma samples in the auto-sampler at 25°C for 10
hours before analysis. Lastly, for long-term stability,
plasma samples were frozen at -20°C for 1 month
before analysis. The acceptable percentage of

variation in each condition must be within +15%.

RESULTS

The results obtained for validation
parameters described in the methods section
were satisfactory for the studied analysts. No
interferences from endogenous matrix compounds
in blank blood from other drugs in spiked samples
were observed. LODs ranged from 1 to 10 ng/mL
for the substances investigated, except for
busulfan that had a LOD of 1 ng/mL (Figure 1).
The method was linear in the range from the LOQ
(10ng/ml) to 5000 ng/mL for stimulants, giving a
regression coefficient (R?) always higher than
0.9994 (Figure 2).
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Figure 1 Chromatogram of extracting and derivatized of busulfan plasma spiked with concentration

1 ng/ml
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Figure 2 Linearity study for the calibration curve of busulfan by GC-MS in the calibration range 10-5000 ng/ml

Table 1. The recovery of busulfan in plasma samples preparation by SPE extraction.

Concentration (ng/ml) Recovery of extraction (%RV) Precision(%CV)
50 (n=6) 99.65 0.39
100 (n=6) 99.94 1.45
1000 (n=6) 100.19 13.18

n = Number of replicates

Table 2. The precision and accuracy (within-day and between-day).

Expected Within-day (n=6) Between days (n=18)
concentration MeanzS.D. Precision  Accuracy Mean+S.D. Precision  Accuracy
(ng/ml) (ng/ml) (%CV) (%RE) (ng/ml) (%CV) (%RE)
10 (LOQs) 10.03+0.07 0.01 100.30 10.02+0.07 0.01 100.20
50 49.94+0.75 0.56 99.88 49.91+0.54 0.29 99.82
100 100.52+1.22 1.48 100.52 100.25+1.16 1.36 100.25
1000 1000.65+3.47 12.06 100.01 946.28+3.79 14.40 94.62

n = Number of replicates
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Table 3 Variation of busulfan level in spiked plasma samples under four different conditions (n=3)

Variation (%)

Stability test
LQC (50 ng/ml) MQC (100 ng/mUl) HQC (1000 ng/ml)
Freeze and thaw (3 cycles) -1.18 4.22 0.37
Short term (6 hr.) 6.01 2.07 -0.13
Long term (30 days) 3.16 3.00 -0.08
Post- preparative (24 hr.) 0.32 -2.13 0.13
n = number of replicates
Accuracy and precision, both intra- and CONCLUSION

inter day, were acceptable, giving values of
percentage of coefficient of variation and
percentage of relative error lower than 15%. The
analysts were stable in the auto sampler for 24
hours at room temperature, without showing a
significant decrease in the concentrations. The
recoveries for the three concentrations studied
(50, 500 and 1000 ng/mL) were in the range from
99.65 to 100.19% for the analysts (Table 1). No
carryover was observed for any of the analysts.
Validation results are presented in Table 2 (LOQs
precision, accuracy and process efficiency) and
Table 3 (stability).

DISCUSSION

The extraction method in this study was
rapid and reliable for plasma busulfan analysis.
This method was highly sensitive, precise and
accurate. For the extraction, the process of eluting
with derivative reagent was reactive between
busulfan and iodine in the process then used few
minutes for the process. The previously published
method used liquid-liquid for extraction,
derivatization and incubation that took a long

period.

This paper presented a rapid extraction
method of busulfan analysis by GC-MS. It was
based on derivatization with Nalz, which was
rapid, quantitative and easy. This method was
suitable for routine drug monitoring analysis. It will
be beneficial for the patients who need urgent

determination of busulfan level.
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