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Abstract

A fast and sensitive method of coupled high-performance liquid chromatography—electrospray tandem mass spectrometry for the assa
of lorazepam in human plasma was developed. Plasma samples were simply treated with acetonitrile to precipitate and remove proteins ar
the isolated supernatants were directly injected into the HPLC/MS/MS system. Chromatographic separation was performed on;g Zorbax C
(100x 2.2 mm 1.D.) column with a 65:35 (v/v) mixed solution of acetonitrile and 10 mM aqueous formic acid being used as mobile phase.
With diazepam as an internal standard, quantification was performed by selected reaction ion monitoring of the transii@24 ef m/z
275 for lorazepam anlVz 285— m/z 193 for the internal standard. The assay was validated in the concentration range of 0.71-71.3 ng/ml in
human plasma. A detection limit of 0.10 ng/ml for lorazepam was achieved, and inter- and intra-run precisions of better than 4.4% (R.S.D.)
were observed. The developed method has been successfully applied for pharmacokinetic study of the drug in man.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction [17-22] micellar electrokinetic capillary chromatography
(MECC) [23], immunoassay24—-26] adsorptive-stripping
Lorazepam, one of the 1,4-benzodiazepine derivatives, voltammetry[27], gas chromatography/mass spectrometry
is widely used or abused as an anti-anxietic and sedative(GC/MS)[28-32] tandem mass spectrometry (GC/MS/MS)
agent[1]. Identification and determination of this drug in [33] as well as high performance liquid chromatogra-
biological fluids is of great importance in clinical toxicol- phy/mass spectrometf$4,35]have been reported for the de-
ogy and forensic medicine. After oral administration of nor- termination of lorazepam in bio-samples. Among them, GC
mal dosage (usually in 2 mg), lorazepam undergoes exten-and HPLC coupled with various detectors are most widely
sive metabolism to its inactive glucuronide conjugate. The used. GC/MJ28-32] and GC/MS/MS[33] provided high
plasma concentration of the unchanged lorazepam is usuallysensitivity required by the bioanalysis of lorazepam. How-
at low ng/ml levels. Thus, a sensitive analytical technique is ever, the drug has to be derivatized before GC separation.
required by both pharmacokinetic study and therapeutic or When HPLC is used for separation of lorazepam with the co-
forensic assay. existing species such as its metabolism products, no deriva-
Several methods such as high performance liquid chro- tion of the drug is required. Nevertheless, (In these reports
matography (HPLC)[2-16], gas chromatography (GC) [2-15])eitherliquid—liquid extractiof2—4,6—12,15pr solid
phase extractiofb,13,14]was usually employed to perform
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procedures could enrich the analyte by several folds evenbitrary units) and auxiliary gas (10 arbitrary units) for nebu-

1-2 orders of magnitude, allowing the HPLC or HPLC/MS lization. Quantitation was performed using selected reaction

to be used for determination of lorazepam in low ppb levels. ion monitoring of the transitions afVz 321— m/z 275 and

But the procedures were complicated and tedious. An alter-nv/z 285— mvz 193 for lorazepam and I.S., respectively. To

native simple sample pre-treatment method involves protein increase the sensitivity, the flow of collision gas (argon) was

removal by precipitation (with organic solvent) and centrifu- setto 1.0 mTorr. The optimized collision energy of 20V was

gation. The isolated supernatants could then be directly in- used for analyte and I.S. to produce the highest intensity of

troduced into HPLJ16] or HPLC/MS[35] for lorazepam the selected ion peaks.

determination. Owing to lack of a pre-concentration step,the  Data acquisition, peak integration and calculation were

direct supernatant introduction technique could not provide interfaced to a computer workstation running Xcalibur 1.3

the sensitivity high enough for pharmacokinetic study of the software (Finnigan). The calibration curve was constructed

drug. by plotting peak area ratio (analyte to I.S.) against plasma
Recently, HPLC—tandem mass spectrometry (HPLC/MS/ concentration using a4 weighed linear regression model.

MS) [36—40]has become one of the major tools for biomed-

ical analysis due _to the fact tandem mass spectrome:_tryz_& Standards and sample preparation

(MS/MS) can provides not only extraordinarily high sensi-

tivity and selectivity but also low background noise caused 5 3 1 standard solutions

by the biological matrices. The purpose of this study is t0 A stgck solution of 10.7.g/ml lorazepam was prepared
develop a fast and sensitive liquid chromatographic—tandemby dissolving the drug in methanol. Working solutions of lo-
mass spectrometric method for determination of lorazepamin razepam was obtained by step-wise dilution of the stock solu-
plasma samples. This method has been successfully appliegiyn, with methanol. A stock solution of 1Q0y/ml diazepam

to pharmacokinetic studies after low oral administration. (1.S.) by dissolving the drug in acetonitrile. A working so-
lution of I.S. (40 ng/ml) was prepared by diluting the stock
solution with acetontrile. It should be pointed out that ace-
tonitrile served as the solvent for the I.S working solution also
acted as the reagent for precipitation of protein in plasma.

2. Experimental
2.1. Chemicals and material

Test lorazepam was obtained from Zhejiang Wanma 2.3.2. Calibration series and quality control samples

Pharmaceutical Company (Hangzhou, China). Reference lo- Calibration standards containing 0.71,_1.4, 2.8,7.1,14.3,
razepam was obtained from Atlantic Laboratories Co. Ltd. 28:6 and 71.3 ng/ml lorazepam, and quality control samples

(Bangkok, Thailand). Diazepam (internal standard, 1.S.) was containing 0.71 (low), 14.3 (medium) and 71.3 ng/ml (high)
supplied by National Institute for the Control of Pharmaceu- '0razepam were prepared with blank human plasma. To each
tical and Biological Products (Beijing, China). Acetonitrile ©f 300! plasma standards and control samples, |606f

and formic acid were of HPLC grade, and other chemicals I.S. working solution prepared in acetonitrile was added.

used were of analytical grade. Distilled water further purified 1"€n they were vortex mixed for Smin and centrifuged at
by a milli-Q purification system (Millipore, Bedford, MA, ~ 14,000rpm (4C) for 15min. A 20ul portion of the super-
USA) was used throughout the work. natant was subjected to HPLC/MS/MS analysis.

2.2. Instrumentation and analytical conditions 2.3.3. Plasma sample preparation for pharmacokinetic
study

The HPLC system used was a Surveyor High-performance  Twenty healthy male volunteers with a mean age of
Liquid Chromatograph (San Jose, CA, USA). Chromato- 24.0+ 1.7, mean weight of 632 6.5 kg, and mean height
graphic separations were performed with a Zorbax Eclipse of 174.24+4.7 cm were selected. The volunteers possessed
XDB Cjig column (100mnx 2.1mm i.d., particle size good health and have not taken any medication for at least 1
3.5um, Agilent, Wilmington, DE, USA) maintained at 2&. month prior to the study. Each volunteer was orally admin-
The mobile phase was a 65:35 mixed solution of acetoni- istered with a single 2mg dose of lorazepam. Blood sam-
trile and 10 mM aqueous formic acid at the flow-rate of ples were collected before drug intake and at different time
0.2 ml/min. points until 60 h after administration. Plasma was obtained

A Finnigan TSQ Quantum discovery triple quadrupole through centrifugation at 2000 rpm for 15 min. Three hun-
mass spectrometer (San Jose, CA, USA) interfaced to andred pl aliquots were transferred into polypropylene tubes
electrospray ionization (ESI) source was used for mass anal-and spiked with 60@Q.l of I.S. working solution prepared
ysis and detection. The mass spectrometer was operated ifn acetonitrile. The samples were vortex mixed for 5min
the positive ion detection mode with the spray voltage set at and centrifuged at 14000 rpm {&€) for 15min. A 20ul
3000 V. The heated capillary temperature was set af@00 portion of the supernatant was subjected to HPLC/MS/MS
for desolvation. Nitrogen was used as the sheath gas (25 aranalysis.
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3. Result and discussion protonated parent ionM+H]* at m/z 321 (Fig. 1A) and
285 (ig. 1B), respectively. The product ion spectra of
3.1. MS/MS optimization [M+H]* showed several fragment ionsratz 229, 275 and

303 for lorazepamKig. 2A) and atm/z 154, 193 and 222
Quantitation was conducted using selected reaction for I.S. (Fig. 2B). The fragment ions of most significant
ion monitoring (SRM) mode. Lorazepam and I.S. gave intensity, which were observed atz 275 for lorazepam
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Fig. 1. Mass spectrum of (A) lorazepam and (B) I.S.
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andm/z 193 for I.S., can be attributed to;gHgNOCI, and (CID) efficiency for the selected product ions was assessed
C10HsNOCI, respectively. The mass transitions were chosen as a function of collision gas energy. CID conditions were
for quantitative determinatiomyz321— 275 for lorazepam  adjusted in order to obtain the maximum intensity of the
and m/z 285— 193 for |.S. Collision-induced dissociation product ions for the analytes. Collision energy of 20V
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Fig. 2. The product ion spectra d¥i[+ H]* of (A) lorazepam and (B) I.S.
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Fig. 3. Chromatograms of (A) plasma blank, (B) plasma spiked with lorazepam (7.13 ng/ml) and I.S. (26.7 ng/ml), (C) plasma spiked with lorazepam at the
limit of quantitation (0.71 ng/ml) and I.S. (26.7 ng/ml) and (D) plasma sample from a volunteer 2.0 h after administration of 2 mg lorazepam. £ehk:
lorazepam.

was chosen to obtain the highest intensity of the product and I.S., and the retention times were 1.61 and 2.42 min, re-

ions. spectively Fig. 3B). A total separation time of 3.5 min made
it possible to analyze a large number of samples in arelatively
3.2. HPLC separation and sample preparation short period of time.

Since the sensitivity and selectivity afforded by tandem

HPLC conditions were optimized with respect to sensitiv- mass spectrometry was high enough for pharmacokinetics
ity, speed and peak shape. It was found that acetontrile wasstudy of lorazepam, either liquid-liquid extraction or solid
more favorable for chromatographic separation of lorazepamphase extraction was excluded in the sample pre-treatment
from matrix than methanol. It was also founded that addition procedure. Therefore, direct sample injection model was
of formic acid to the mobile phase could improve sensitivity adopted after the simple removal of the plasma protein by
by promoting the ionization of analytes. The composition of precipitation with acetonitrile that was used as the solvent
the mobile phase was optimized by varying percentages offor I.S. solution.
organic solvents while keeping the flow rate at 0.2 ml/min.
It was found that a mobile phase composed of 65% (v/v) of 3.3. Analytical performance
acetonitrile and 35% (v/v) of 10 mM aqueous formic acid pro-
duced the highest sensitivity, lowest background noise, and3.3.1. Specificity
most stable MS signal. Under the optimized HPLC/MS/MS The specificity of the method was tested by screen analy-
conditions, excellent separation was achieved for lorazepamsis of 6 blank plasma samples. It was found no endogenous
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Table 1
Intra- and inter-day precision and accuracy for lorazepam from human plasma by the present nethdey(s, 6 replicates per day)

Amount added (ng/ml) Intra-day Inter-day

Amount detected (ng/ml) Precision (%) Accuracy (%) Amount detected (ng/ml) Precision (%) Accuracy (%)

0.71 0.69+ 0.02 29 97.2 0.68+ 0.03 44 958

143 148+ 0.2 15 103 15.1+ 0.6 40 106

713 75.0+ 0.9 12 105 76.0+ 1.4 18 106

Table 2

Stability of lorazepam in human plasna<6)

Lorazepam (ng/ml) 0.71 143 713

Freeze-thaw stability (relative error %) 0 cycle -31 20 0.3
3 cycles -4.0 -18 -0.5

Storage stability (<20°C) (relative error %) 0 day -33 17 -0.5
10 days -39 -31 0.6
20 days 3 14 0.2

Processed plasma samples at room temperature (relative error %) Oh -3.6 18 0.3
10h —-4.1 11 21
27h -5.2 22 18

plasma components were observed at the retention times cor3.3.4. Stability

responding to the analyte and I.S. Typical chromatograms  Stability studies were conducted in blank plasma spiked
of a plasma blank, plasma spiked with analyte at the limit with 0.71, 14.3, and 71.3ng/ml lorazepam, respectively,
of quantitation (0.71 ng/ml), plasma spiked with analyte at which was stored at20°C. The samples were analyzed on
7.13ng/ml, and plasma sample from a volunteer 2.0 h after the day of samples preparation and then every 10 days for 20
administration of 2 mg lorazepam, are respectively illustrated days.Table 2summarizes stability of lorazepam in human

in Fig. 3. plasma. The results demonstrate that the compound is sta-
ble in human plasma through at least three cycles of freeze
3.3.2. Linearity, LOD, and LOQ (—20°C)—thaw (room temperature) and for at least 20 days

The standard curves showed good linearity over the con-under—20°C freeze conditions. Tests also revealed that the
centration range of 0.71-71.3 ng/ml for lorazepam in human protein-removed samples were stable at room temperature
plasma. A linear regression equatioryaf0.0406 — 0.0005 for at least 27 h.
was observed with a correlation coefficient of 0.9999. Under
the optimized conditions, the limit of detectio® = 3) and 3.3.5. Pharmacokinetic study
the limit of quantification N = 10) were observed to be 0.10 The developed HPLC/MS/MS method was applied to
and 0.71 ng/ml, respectively. evaluate the pharmacokinetic parameters of the drug. A typ-

ical plasma concentration—time profile is shownFig. 4.
3.3.3. Accuracy, precision and recovery

The precision and accuracy of the method was evaluated

by analyzing quality control samples (QCs), prepared at high, o5

medium and low concentrations (71.3,14.3,and 0.71 ng/ml). =

The intra-assay precision and accuracy was assessed by meas 20 | —o—Test
suring QCs in replicatesnEé 6) on a single day. Inter-assay ¢ -2- Reference
precision and accuracy was determined from the results of %

three different QCs of five days. The results (intra- and inter- % 15

day precision and accuracy from the QC samples) are listed ‘S’

in Table 1 The intra- and inter-run precisions (expressed by g 10 §

RSD) for the high, medium and low concentrations were bet-

ter than 2.9% and 4.4%, respectively. The intra- and inter-run ﬁ s

accuracy was found to be in the range 95.8-106%. Recov- §

ery tests were performed by comparing the peak areas ob-

tained from injection of the spiked plasma to those obtained
by injection of the analyte dissolved in the mobile phase. The
recoveries of lorazepam were 9&4.2%, 102+ 3.1% and
97.1+ 1.8% at concentrations of 0.71, 7.13 and 71.3ng/ml, rig.4. Mean plasmaconcentration—time curve of lorazepamin 20 volunteers
respectively. after a single oral dose of 2 mg lorazepam.

Time (h)
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Table 3 [5] T. Kondo, D.C. Buss, P.A. Routledge, Ther. Drug. Monit. 15 (1993)
Pharmacokinetic parameters (meanS.D.) after oral administration of 35-38.
2mg lorazepam to 20 healthy individuals [6] W.M. Awni, L.J. Bakker, Clin. Chem. 35 (1989) 2124-2126.
Parametér Test Reference [7] S. Gunawan, D.M. Treiman, Ther. Drug. Monit. 10 (1988) 172-176.
[8] A.R. Cynthia, E.E. William, J. Chromatogr. Biomed. Appl. 382

Crnax (ng/ml) 20.2+ 4.6 19.6+ 5.0 [9] J.M. Egan, R.A. Darrell, J. Chromatogr. 380 (1986) 196—201.
AUCo-60n(ng h/ml) 370.2+ 88.3 357.6£70.9 [10] S. Gunawan, N.Y. Walton, D.M. Treiman, Biomed. Chromatogr. 4
AUC( (ng h/ml) 396.4+ 103.6 379.5+ 81.0 (1990) 168-170.
tuz (h) 14.4+ 3.7 143+ 28 [11] K. Wolff, D. Garretty, AW.M. Hay, Ann. Clin. Biochem. 34 (1997)

@ Parametertmax: time of peak concentratio@max: peak plasma concen- 61-67.
tration; AUCy_so1; area under the plasma concentration—time curve (0-60h); [12] E. Tanaka, M. Terada, S. Misawa, C. Wakasugi, J. Chromatogr. B
AUC( ,: area under the plasma concentration—time curve extrapolated to 682 (1996) 173-178.
infinity; t1/,: terminal elimination half life. [13] H. Kanazawa, Y. Kunito, Y. Matsushima, S. Okubo, F. Mashige, J.

Chromatogr. A 871 (2000) 181-188.

The calculated pharmacokinetic parameters obtained by us{14] H. Kanazawa, Y. Kunito, Y. Matsushima, S. Okubo, F. Mashige,

. . . . Chromatography 20 (1999) 81-87.
ing Bio-Equivalence computing software (Magnasoft Corp., ;o x5, o . Staub (J Ph;rm. Biomed. Anal. 35 (2004) 555-562.

Shanghai) are summarizedTable 3 The bioavailability of [16] C. Pistos, J.T. Stewart, J. Pharm. Biomed. Anal. 33 (2003)

lorazepam is determined using the Allgphvalue from test 1135-1142.

versus that from reference to the last collected data point[17] P. Lillsunde, T. Seppala, J. Chromatogr. Biomed. Appl. 98 (1990)
(60 h) and found to be 103% € 20). The pharmacokinetic 97-110. , - Cen omed
data is in accordance with the parameters observed by Greent:8l ;'pifcgi' ('1'9';‘;')rjrl";'_ F;'ZZ"O a, SR. Bareggi, J. Chromatogr. Biomed.
blatt and Shade1] (1 x 2mMg;tmax 2N, Cmax: 16.9ng/MI 1197 v Luo, L. Pan, J. Pawliszyn, J. Microcolumn. 10 (1998) 193-201.

andtyo: 12 h).Fig. 4andTable 3indicate that the proposed [20] R.G. Lister, D.R. Abernethy, D.J. Breenblatt, S.E. File, J. Chro-
method has been successfully applied to pharmacokinetic ~ matogr. Biomed. Appl. 28 (1983) 201-208.
studies to determine the concentration of lorazepam in hu-[21] D.J.G. Reenblatt, K. Franke, R. Shader, J. Chromatogr. 146 (1978)

311-320.
man plasma. [22] Z.L. Jiang, Y.J. Tan, L.J. Yao, L.M. Xing, Sepu 19 (2001) 341-343.

[23] J.J. Berzas Nevado, G. Castala Pdvo, M.J. Pinilla Caldeém, J.
Chromatogr. B 773 (2002) 151-158.
4. Conclusion [24] W. Huang, D.E. Moody, D.M. Andrenyak, D.E. Rollins, J. Anal.
Toxicol. 17 (1993) 365-369.

. [25] P.G. Agbuya, L. Li, M.V. Miles, A.L. Zaritsky, A.D. Morris, Ther.
It has been demonstrated that lorazepam presented irf Drug. Monit, 18 (1996) 194-199,

plasma samples at low ppb levels can be reliably assayed,e) r. meatherall, A.D. Fraser, Ther. Drug. Monit. 20 (1998) 673-679.
with coupled HPLC/MS/MS system by using a direct sample [27] A. zapardiel, J.A. Perez-Lopez, E. Bermejo, L. Hernandez, M.J.

injection technique after the plasma protein was simply Valenciano, Microchem. J. 41 (1990) 10-21.
removed by acetonitrile precipitation. The quantification [28] S. Higuchi, H. Urabe, Y. Shiobara, J. Chromatogr. 164 (1979) 55-61.

- : : 29] D. Borrey, E. Meyer, W. Lambert, C. Van Peteghem, A.P. De Leen-
of lorazepam has been validated in the concentration range[ heer, J. Chromatogr. B 765 (2001) 187197,

fro_m 0.71 to_ _71-3 ng/ml, which demo_nStrate_d a highly [30] V. Cirimele, P. Kintz, B. Ludes, J. Chromatogr. Biomed. Appl. 700
reliable precision and accuracy; no signal interferences (1997) 119-129.

from endogenous compounds have been observed. Furthel81] R.L. Fitzgerald, D.A. Rexin, D.A. Herold, J. Anal. Toxicol. 17 (1993)
quality controls revealed adequate analyte stability under all _ 342-347.

e . 32] R. Meatherall, J. Anal. Toxicol. 18 (1994) 369-381.
conditions applied. More than 150 samples could be assaye 33] S. Pichini, R. Pacifici, I. Altieri, A. Palmeri, M. Pellegrini, P. Zuc-

daily, including sample preparation, data acquisition and caro, J. Chromatogr. B 732 (1999) 509-514.

processing. The present method was used successfully tq34] H. Kanazawa, Y. Konishi, Y. Matsushima, T. Takahashi, J. Chro-

evaluate the pharmacokinetic study of lorazepam in human matogr. A 797 (1998) 227-236.

after an oral administration. [35] X.P. Lee, T. Kumazawa, J. Sato, Y. Shoji, C. Hasegawa, C. Karibe, T.
Arinobu, H. Seno, K. Sato, Anal. Chim. Acta 492 (2003) 223-231.

[36] H. Zeng, J.T. Wu, E.U. Steve, J. Pharm. Biomed. Anal. 27 (2002)

967-982.
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