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Abstract

A high throughput method with ultra-low level quantification limit (10 pg/ml) was developed and validated for the quantitative determination
of LAGO078, a lipid modulator, in human plasma to support clinical studies employing low doses of the compound. The method consisted of
reverse phase chromatographic separation of the analyte from plasma extract followed by electrospray ionization (ESI) in the negative ion mode
and tandem mass spectrometry in the multiple reaction monitoring mode (MRM). Extraction was performed using a combination of protein
precipitation and liquid—liquid extraction in the 96-well plate format to increase the throughput of the method. Optimised chromatographic
separation in a short and high-resolution column (50 810 mm i.d., 3um particle size) coupled with MRM mode of detection yielded
clean chromatograms with minimal signal suppression. The standard curve waglm@#96) within the concentration range of 0.01 (lower
limit of quantification) to 50 ng/ml using 0.5 ml of human plasma. The accuracy of the method varied from 95-101% with a precision (CV)
of 5.29-13.2% over the concentration range. The method was simple and rapid.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction retard progression of coronary atherosclerosis, and reduce
the incidence of cardiovascular events, these drugs do not
Hyperlipidemia is a major risk factor for atherosclerosis prevent myocardial infarctions in a substantial percentage of
and coronary artery disease. The therapeutic standards fopatients. It has been reported that LDL elevation is only one
this indication are the statin drugs, which inhibit the HMG of the several lipid abnormalities associated with the risk of
CoA reductase enzyme. Some of the commonly used statinshaving a coronary event, including elevated levels of lipopro-
are atorvastatin, fluvastatin, simvastatin, prevastatin, and lo-tein Lp(a), triglyceride-rich lipoproteins, and the magnitude
vastatin. If one defines the signs and symptoms of hyper- of postprandial lipemidl1]. The well-known Framingham
lipidemia as the elevated clinical laboratory values for total study showed that although elevated blood cholesterol re-
cholesterol, low-density lipoprotein (LDL) and triglycerides, flects a high risk of heart disease, normal blood cholesterol
then the HMG CoA reductase inhibitors provide adequate does not necessarily reflect a low rigq.
response in roughly 70-90% of the general hyperlipidemic A new therapeutic approach for the treatment hyperlipi-
patients. Despite the potential of these agents to lower LDL, demia emerged from the important role of thyroid hormones
(L-T3, L-T4) in lipid metabolisn2,3]. It has been observed
that hypothyroidism in patients result in high plasma lev-
E-mail addresstapan.majumdar@pharma.novartis.com _eIS of (_:hOIeSterd .and low-density lipoprotein (LDL) lead-
(T.K. Majumdar). ing to increased risk of atherosclero§is5]. On the other
1 present address: Merck and Co., Rahway, NJ 07065, USA. hand, hyperthyroid patients have decreased levels of LDL.
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The hypocholesterolemic effect of thyroid hormones has been

well documented in human and laboratory animals, in which

it produces an upregulation of LDL receptors and a marked o //0

lowering of LDL-cholestero[2,3]. However, the excessive s F
myocardial activities associated with thyroid hormones and o 7

other synthetic thyromimetic agents have limited their use o ‘ \

as hypolipidemic$6,7]. The myocardial activities represent || - OH

both direct effects on the myocardium and indirect effects HO .

associated with the elevation in basal metabolic rate, which N

by enhancing peripheral tissue oxygen demand, increase the H
cardiac workload8]. The high-affinity, low-capacity nuclear
receptors for thyroid hormones are believed to be responsi-(A)
ble for the initiation of virtually all of the well-documented
effects of thyroid hormones. Thus, if the access of a thy-
romimetic was largely limited to the liver nuclei (the site of

its hyperlipidemic effects) and access to the nuclei of car-
diac and other tissues was reduced or eliminated, a cardiac
sparing hypolipidemic agent should result. Therefore, for a
thyromimetic to be clinically effective as a hypolipidemic
agent, it should be devoid of all cardiac effects. Based on
unpublished preclinical data, this class of compounds is ex-Ho
pected to exhibit at least comparable lipid lowering effects

to the HMG CoA reductase inhibitors with respect to total
cholesterol and LDL cholesterol. In addition, they would be
expected to decrease Lp(a), a lipoprotein that is also an inde-g)
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o) \ \
H . OH
N
H
pendent risk factor for cardiovascular disease, and produce

beneficial effects on postprandial lipemia, which has been Fig. 1. Structures of (A) LAGO78 and (B) the internal standatCf]-

I
e}

associated with increased risk for coronary artery disease.
LAGO78 is a thyromimetic lipid modulator that showed

promising lipid lowering activity in the normocholes-

terolemic human model while demonstrating no adverse

LAGO078. The'3C-labeled aromatic ring is shown by an asteriskig. 1B.

The arrow refers to the resulting bond cleavages during MS/MS to produce
the most abundant product iom/fg 366 for LAG0O78 andm/z 372 for the
internal standard).

cardiac side effects in the rat cardiovascular safety model pared by mixing 750 ml of water, 250 ml of acetonitrile, and
(unpublished data). This report describes a high-throughput1.0 ml of glacial acetic acid. LAGO78 ¢gH1gFNO7S, aver-

LC/MS/MS method for the quantitative determination of age MW =459.5 and monoisotopic mass =459.1) reference
LAG078in human plasmawith a LLOQ (lower limitof quan-  standard and*fCs]-LAG078 (*3C¢C16H18FNO;S, average
tification) of 10 pg/ml. Pharmacokinetic parameters from a MW =465.4 and monoisotopic mass =455.1) were obtained
dose-escalation study in healthy human subjects are also disfrom Novartis Pharmaceuticals Corporation (E. Hanover,

cussed.

2. Experimental
2.1. Chemicals

All the solvents and chemicals were of HPLC or analyt-
ical grade and used without further purification. Methanol,
ethanol, acetonitrile, antert-butyl methyl ether (MTBE)
were purchased from Sigma—Aldrich (St. Louis, MO, USA).
Acetic acid (glacial) was purchased from Fluka (Milwau-
kee, WI, USA). Water was purified using Milli-Q system
from Millipore Corporation (Bedford, MA, USA). Blank
human plasma (anticoagulant: disodium EDTA) was ob-
tained from Biological Speciality Corporation (Colmar, PA,
USA). The protein precipitation solvent was prepared by
mixing 900 ml of acetonitrile, 200 ml of ethanol and 1.0 ml
of glacial acetic acid. The reconstitution solvent was pre-

NJ, USA). LAGO78 was obtained as free acid monohy-

drate having an average molecular weight of 477.5 (free
acid/mono-hydrate ratio = 0.96). Chemical structures of these
compounds are shown Fig. 1

2.2. Standard and QC solutions

A stock solution (0.1 mg/ml) of LAGO78 was prepared
by dissolving 10.42mg of LAGO078 monohydrate (free
acid/mono-hydrate ratio of 0.96) in 100 ml methanol. Work-
ing solutions of the reference standard were prepared at con-
centrations 0.1, 0.24, 2.0, 20, 100, 250, and 500 ng/ml by
serial dilution of the stock solution in methanol. A kD
aliquot of each of the working solutions was spiked into
0.5 ml of blank human plasmato prepare the calibration stan-
dards at plasma concentrations of 0.01, 0.024, 0.20, 2.0, 10,
25, and 50 ng/ml, respectively. A stock solution (0.1 mg/ml)
for the QC samples of LAG0O78 was prepared by separately
weighing the solid compound and dissolving in methanol. QC
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Table 1 trogen was used as the collision gas at setting 8. The elec-
Chromatographic gradient used for the determination of LAGO78 in human g multiplier voltage was maintained at 2.3 kV. The MS/MS

plasma product ion transitions ofrvz 458 (precursor ion)> 366
Time Mobile phase Mobil phase Flowrate  (gwell time = 1.6 s) andVz464 (precursor ion)> 372 (scan
(mir) A () B (%) (mi/min) time = 1.2 s) were used for LAG078 and the internal standard
2'8 ;g gg 8-;2 ([*3C6]-LAG078), respectivelyFig. 2A and B depict repre-

o5 10 9 0.95 sentative MS/MS spectra obtained for LAG078 and the IS.
3.0 10 90 0.25

35 75 25 0.25 2.5. Assay procedure

4.0 75 25 0.25

Sample extraction and analysis were performed in 96-well
format. The working solutions (50l) of calibration standard
were added to designated wells in a 96-well 2 ml polypropy-
lene block (Microliter Analytical Supplies, Inc., Suwanee,
GA, USA). A 50ul aliquot of methanol was added to all the
other wells. Blank human plasma (0.5 ml) was added to each
well containing the calibration standards and blanks. The QC
samples were thawed to room temperature. A 0.5 ml aliquot
of each QC sample was added to specific wells in the 96-well
plate. Working solution (5Q.1) of the internal standard was
added to each well except the wells designated for blanks
where a 5Qul aliquot of methanol was added. The content of
the wells was mixed by gently shaking the 96-well block.

The next step in the assay procedure involved protein pre-
2.3. Liquid chromatography cipitation of the plasma samples followed by liquid—liquid

extraction in the same 96-well plate. Protein precipitation was

The chromatographic separations were performed us-performed by adding a 0.5 ml aliquot of protein precipitation
ing a Polaris Gg-A (50mmx 2.0mm i.d., 3um particle  golvent (Sectio2.1) to each well. The plate was vortexed for
size) column (Metachem Technologies, Inc., Torrance, CA, 5min. Liquid-liquid extraction was performed by adding a
USA). The column temperature was maintained at@0rhe .5 m| aliquot otert-butyl methyl ether (MTBE) to each well.
LC system consisted of two Shimadzu LC-10ADvp pumps The plate was then vortexed for 1 min and then centrifuged at
and a SCL-10Avp controller (Shimadzu, Columbia, MD, approximately 1006 g for 10 min. The organic layer from
USA). An on-line solvent degasser (Metachem, Torrance, the top was transferred to a clean 96-position square well
CA, USA) was also utilised with the LC system. The au- polypropylene block. All the pipetting steps during protein
tosampler was a HTS PAL (Leap Technologies, Carrboro, precipitation and liquid—liquid extraction were carried out on
NC, USA).Table 1lsummarises the chromatographic separa- 3 semi-automated Tomtec Quadra-96 Model 320 workstation
tion conditions performed using a gradient of solvent A (0.1% (Tomtec, Hamden, CT, USA). The liquid—liquid extraction
acetic acid in water) and solvent B (90% acetonitrile/10% a5 repeated one more time using 0.5ml of MTBE to the
methanol, v/v). The injection volume was @0and the col-  aqueous layer in each well as described above. The organic
umn pressure was approximately 1000 psi. The auto injector|qyer from each well was transferred to the 96-well plate con-
syringe, and the injector valve were washed sequentially threeggjning the extracts from the first extraction. The pooled or-
times with wash-1 acetonitrile:methanol:ammonium hydrox- ganic extract in the square well block was evaporated using
ide (80:19:1, v/v/v) and wash-2 (methanol:water, 50:50, V/V). the flow of dry nitrogen gas at 4€ in a 96-channel sol-

vent evaporator (TurboVap 96 Concentration Workstation,
2.4. Mass spectrometry Zymark Corporation, Hopkinton, MA, USA). The samples
were reconstituted by adding a 1@Daliquot of reconsti-

All mass spectrometric data were collected using a Sciex tution solvent (Sectior2.1) to each well and vortexing the
API 3000 triple quadrupole mass spectrometer (PE-Sciex, plate for 10 min. The plate was then centrifuged at 18@D
Toronto, Canada) equipped with a turbo-ionspray (TIS) in- for 10 min to settle any particulate in the extract. The extract
terface. The experiments were performed in negative ioniza- (30wl) was injected directly to the LC column for analysis.
tion mode. The nebulizer temperature was 400and the
ion spray voltage was-4.2 kV. Nitrogen gas was used as 2.6. Data processing, calibration curve and
both the nebulizer gas and the curtain gas at a setting 8 toquantification of samples
assist liquid nebulization and desolvation. Scanning was per-
formed in multiple reaction monitoring (MRM) mode. The Data acquisition and processing were performed using
collision energy was 20 eV for both LAG078 and the IS. Ni- TurboQuan software, version 1.0 for Apple Macintosh Com-

samples were prepared at plasma concentrations of 0.010
0.0246, 0.176, 8.80, 22.0, and 44.0 ng/ml by spiking work-
ing solutions of LAGO78 in pooled blank human plasma and
stored in small aliquots (2 ml) at20°C pending analysis. A
stock solution of the internal standard (13Cs]-LAG078
was prepared in methanol at 0.1 mg/ml. A working solution
(20 ng/ml) of the IS was prepared by diluting the stock so-
lution in methanol. A 5Q.l aliquot of the working solution
was spiked into each human plasma sample (0.5 ml) during
the analysis to yield a final concentration of 2 ng/mlin human
plasma.
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Fig. 2. The upper panel is a representative full scan TIS/IMS/MS spectrum of LAG078 (collision ergfgy and collision gas pressure at setting 8) showing
the product ion atn/z 366 and the precursor ion a¥z 458. The lower panel is a representative full scan TIS/MS/MS spectrum of the internal standard
[13Cs]-LAGO78 (collision energy-20 eV and collision gas pressure at setting 8) showing the product iofz a72.1 and the precursor ionratz 464.1. Mass

to charge ratiortVz) is shown on the horizontal axis and the ion intensity is shown in the vertical axis.

puter (Sciex Corporation, Toronto, Canada). Statistical anal-

ysis was performed using Microsoft Excel, version 6.0 (Mi-
crosoft Corporation, Redmond, WA, USA). The calibrators
were processed in duplicate. Calibration curues&x+b),
represented by the plots of the peak area ratigsof
LAGO78 to internal standard versus the concentratiofs (

of LAGO078 in the calibration samples, were generated using
weighted (1¥?) linear least-squares regression. The LAG078
concentrations were expressed in terms of the free acid.
Representative standard calibration curve parameters for
LAGO78 are shown iriTable 2 Concentrations in the QC
and stability samples were calculated from the resulting peak

Table 2

Summary of calibration curve obtained for the analysis of LAG078 in human plasma

Analysis day Nominal concentration (ng/ml) Slopg ( y-Intercept b) Correlation

coefficient )

0.010 0.024 0.200 2.0 10.0 25.0 50.0
Back-calculated concentration (ng/ml)

Day 1 Q0111 00207 0238 211 913 232 495 0.529 Q00493 0994
0.00985 00212 0222 198 107 227 505

Day 2 Q0105 00240 0225 187 947 258 461 0.561 Q0179 0997
0.00933 00241 0227 193 984 226 531

Day 3 Q0097 00224 0227 189 908 253 472 0.378 Q0172 0997
0.0104 00245 0204 197 954 249 568

Mean 00101 00228 0224 196 963 241 505 0.489 Q0281 0996

+S.D. Q000641 000165 00111 00859 0596 141 394 00977 00183 000173

CV (%) 6.35 7.24 496 438 619 585 7.80 200 651 0174

n 6 6 6 6 6 6 6 3 3 3

Accuracy (%) 101 9% 112 980 96.3 964 101 - - -

Calibration parametemandb of the calibration functiory=ax+ b and correlation coefficiemton each day of the validation.
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area ratios and the regression equation of the calibrationcoefficient was 0.996. The fit of the calibration standards

curve. to each curve Table 2 was assessed from the accuracy
(%): 100x (back-calculated concentration from the regres-
sion line equation} (nominal concentration). The mean ac-

3. Results and discussion curacies were within 95.0-112% from theoretical value and
indicated a good fit of the regression model over the con-

The ana'ytica| approach used in th|s method Satisfied the centration range 0.01-50 ng/ml of the calibration curve. The
need for a high throughput assay for LAG078 to supportclini- coefficient of variation (CV) did not exceed 7.8%.
cal studies. The LC/MS/MS of LAG078 exhibited a good sen-
sitivity with linear response within the concentration range 3.2 Accuracy and precision of the quality control (QC)
of 0.01-50 ng/ml in the negative ion mode using a turbo- samples
ionspray (TIS) interphase. The extraction procedure was op-

timized to minimize the matrix interference. The chromato- Both intra-day and inter-day accuracy and precision of the
graphic separation was optimized on a minibore (2.0 mmi.d.) method were evaluated from six replicates of QC samples of
short (5 cmlong) and high resolution(8n particle size) col-  known concentrations. These QC samples were prepared at
umn for the early elution of polar matrix interferences ren- iy different concentrations spread along the calibration curve
dering minimal ion suppression typically observed during range. The lowest QC sample of 0.0102 ng/falt{le 3 was
electrospray ionizatioi9—14]. Both specificity and sensi-  z1so used to validate the lowest limit of calibration (LLOQ)
tivity of the method was also maximized by using negative of the method. The experiments were repeated on three dif-
mode of ionization in conjunction with MS/MS in the MRM  terent validation days and the data are showrTable 3
mode. The M —H]™ ion in the negative ionization mode  Accuracy was determined by calculating the mean recovery
was intense due to the presence of ~COOH group in thefor the observed concentrations as percent of the nominal
molecule that spontaneously formed —CO®@n. A repre-  concentrations in QC samples. Precision was assessed from
sentative MS/MS product spectrum of iovz458 M — H]~ the coefficient of variation (CV) of the mean recoveries. As
from LAGO78 is shown irFig. 2A. The product iomVz366  shown inTable 3 the intra-day mean accuracies varied from
[(M — H)~-C,0sHF] with highest intensity was selected for 875 to 112% over the 0.01-44 ng/ml concentration range
MRM scan to achieve good sensitivity. For the ISthe MSIMS ot | AG078: the corresponding precision< 6) varied from
product ion withm/z 372 was formed from the precursor .79 to 12.1%. The inter-day mean recoveries varied from
ion [M—H]~ by the same fragmentation process as that of 950 to 101% and the corresponding precisiors {8) var-

LAGO078 and is shown iifrig. 2B. ied from 5.29 to 13.2%.
3.1. Calibration curves 3.3. Lower limit of quantitation
The calibration curve parameters from 3 days of vali-  The lower limit of quantitation (LLOQ), defined as the

dation are summarised iMable 2 The mean correlation lowest concentration on the standard curve that could be mea-

Table 3
Accuracy and precision of QC samples for LAG078 in human plasma
Analysis day Nominal concentration (ng/ml)
0.0102 0.0246 0.176 8.80 22.0 44.0
Day 1 h=6)
Intra-day mean accuracy 107 92 935 100 941 982
+S.D. 122 101 5.26 464 0745 272
CV (%) 114 110 5.63 464 0790 277
Day 2 (h=6)
Intra-day mean accuracy 102 110 .B7 941 958 929
+S.D. 123 5.94 450 454 570 393
CV (%) 121 5.40 514 482 595 423
Day 3 ((=6)
Intra-day mean accuracy B 100 104 98 112 110
+S.D. 104 6.75 893 350 324 414
CV (%) 111 6.75 859 354 289 376
Inter-day meanr(=18) 101 101 9% 97.8 101 100
+S.D. 133 109 9.72 517 911 818

CV (%) 132 108 102 529 902 818
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Fig. 3. HPLC/TIS/MS/MS ion-chromatograms in blank human plasma. Panel (A) is the ion chromatogram for LAG078. Panel (B) is the ion chromatogram
for the internal standard. Retention time (min) is shown on the horizontal axis and the peak intensity is shown in the vertical axis.

sured with acceptable accuracy and precision, was 0.01 ng/mito the MRM channel of LAG078 at the same retention time
using 0.5 ml of human plasma. The accuracy (8) of de- as LAGO078 as shown iRig. 4A. This contribution was due

termination at LLOQ was 101% with a precision of 13.2% to a small amount (0.9%) of unlabeled LAG078 present in
the internal standard as isotopic impurity. It is important to

(Table 3.
keep this contribution to a minimum so that the LLOQ (lower
3.4. Specificity limit of quaptification) of the method was not.affected ;ignifi—
cantly. Inthis method the plasma concentration of the internal

The instrument was operated in the MRM mode to max- standard was 2 ng/ml. lon chromatograms of LAG078 at the
imise the specificity and sensitivity. The fragmentation re- LLOQ (_0'0_1 ng/mi) a“‘?‘ the mternal-standard (2ng/ml) are
actions ofm/z 458—> 366 andm/z 464—> 372 were mon- shown inFig. 5. FromFigs. 4 and 5t is clear that the con-

tribution of the internal standard was very low compared to

itored for LAGO78 and the internal standard, respectively. ! ] '
Representative chromatograms of extracts of blank (free of ("€ signal intensity of LAGO78 at the LLOQ level. Further-
LAGO78) human plasma and of the same plasma spiked MOre. ion chromatograms of LAGO78 at 25ng/ml and the
with the internal standard are shown fiigs. 3 and 4re- internal standard (2 ng/ml) are shownFig. 6. Specificity

spectively. Peak assignment was established from sample&f the method was investigated further by analyzing six dif-
ferent lots of blank human plasma samples in duplicates on

spiked individually with each compound and treated as de- .
scribed in the sample preparation procedure. The retention€ach day of validation.
times for LAG078 and the internal standard were approxi-

mately 2.85 and 2.90 min, respectively. It was expected that3.5. Stability

the stable isotope labeled internal standard would contribute
to the MS/MS ion chromatogram of the parent compound  The stability of LAGO78 under different conditions was

LAGO78. In this method the internal standard did contribute studied at concentrations 0.0246, 22, and 44 ng/ml. Analy-
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Fig. 4. HPLC/TIS/MS/MS ion-chromatograms in blank human plasma spiked with the internal standard (2 ng/ml): Panel (A) is the ion chromatogram for
LAGO078. Panel (B) is the ion chromatogram for the internal standard. Retention time (min) is shown on the horizontal axis and the peak intensitg is show

the vertical axis.

ses were performed in triplicate and the results are displayed22.0, and 44.0 ng/ml after 24 h of storage at room tempera-
in Table 4 LAGO78 was stable in human plasma for at least ture (Table 4. The effect of freeze{20°C)-thaw cycles on

24 hatroomtemperature (2€). The respective meanrecov- the stability of LAGO78 was studied on freshly prepared QC
eries were 91.5, 93.6, and 90.2% at concentrations 0.0246 samples. Analogous to the room temperature experiments, no

Table 4

Stability data for LAG078 in human plasma

Storage period and Nominal concentration Recovery (%) Mean recovery (%)

storage conditions (ng/ml) - - -

1st replicate 2nd replicate 3rd replicate

4h, 25°C 0.0246 111 114 ox 107
220 102 964 973 986
440 843 914 103 929

24h,25°C 0.0246 882 87.0 992 915
220 895 945 96.8 936
44.0 955 909 841 902

3 Freeze-thaw cycles .ar46 793 108 972 94.8
220 104 918 87.3 944
44.0 948 936 927 937

3 Weeks,—20°C 0.0246 865 913 111 963
220 104 105 9® 102

44.0 894 937 96.2 931
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Fig. 5. HPLC/TIS/MS/MS ion-chromatograms in blank human plasma spiked with LAG078 at a final concentration of 0.01 ng/ml (LLOQ) and the internal
standard (2 ng/ml). Retention time (min) is shown on the horizontal axis and the peak intensity is shown in the vertical axis.

apparentloss of LAGO78 was detected after three freeze-thawdifferent dose groups are shown kig. 7. The area under
cycles. The respective mean recoveries after three freezethe plasma concentration—time curve (AUC) values of the
thaw cycles were 94.8, 94.4, and 93.7% of the nominal val- analyte were calculated from 0 to 24 h postdose samples by
ues of 0.0246, 22.0, and 44.0 ng/nlable 4. No notice- the trapezoidal rul¢l5]. LAGO78 was rapidly absorbed as
able loss of LAG0O78 was observed after storage of freshly shown byTmnax values of 1 h or lessTaéble 5. The results
prepared QC samples at20°C for 3 weeks. The mean

(Table 5 showed that LAGO78 exposure (in terms of both
recoveries of the frozen samples were 96.3%, 102%, andAUC andCyax) increased with dose in a dose proportional
93.1% of the nominal values of 0.0246, 22.0, and 44.0 ng/ml manner.
(Table 4.

3.6. Pharmacokinetic application

The validated method was used to support a dose-Dose (.g)

escalation study in which healthy subjects ware adminis-
tered orally (solution) with single doses of LAG078 at 30,
100, 200, 450, 900, and 18p@. Pharmacokinetic parame-

ters were calculated using the plasma concentrations obtained4>0

from 0—24 h samples and the mearr@) values are shown

: N X 180
in Table 5 The mean plasma concentration-time profiles of

Table 5

Mean &S.D., n=4) pharmacokinetic parameters of LAG078 after oral

administration

AUC(O—24 h) (ng h/ml) Cmax (ng/ml) Tmax (h)

30 1.23+0.391 0.318:0.133 0.438:0.125
100 5.16t4.11 1.28+0.976 1.38:1.18
200 6.97+ 2.46 2.4 0.497 0.375:0.144

14.6+0.818 3.6 1.00 0.75G£ 0.500
33.6-7.33 9.16+ 0.661 0.438:0.125

0 64.0+14.3 18.5-6.82 1.00+0.00
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Fig. 6. HPLC/TIS/MS/MS ion-chromatograms in blank human plasma spiked with LAG078 at a final concentration of 25 ng/ml and the internal standard

(2 ng/ml). Retention time (min) is shown on the horizontal axis and the peak intensity is shown in the vertical axis.
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4. Conclusions

A LC/MS/MS method has been developed and validated
for the quantification of LAG0O78 in human plasma. The

method exhibited ruggedness and was successfully used in

T.K. Majumdar et al. / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 1039-1048

[2] G.R. Thompson, A.K. Soutar, F.A. Spengel, A. Jadhav, S.J.P.
Gavigan, N.B. Myant, Proc. Natl. Acad. Sci. U.S.A. 78 (1981)
2591-2595.

[3] A.M. Slater, R. Hayashi, M. Al-Seeni, N.F. Brown, J. Bruce, O.
Sorenson, E.A. Atkinson, B. MiddLeton, R.C. Bleackley, D.N.
Brindley, Biochem. J. 276 (1991) 825-832.

a dose escalation study in healthy human subjects. Excel- [4] P. Hansson, S. Valdemarsson, P. Nilsson-Ehle, Horm. Metab. Res.

lent linearity was observed over the concentration range of

0.01-50 ng/ml of LAGOQ78. Use of automated liquid—liquid
extraction procedure in 96-well format for sample prepara-
tion followed by LC separation using gradient on a short
column provided a high throughput method. The application
of negative turbo-ionspray followed by MRM mode of de-
tection resulted in excellent selectivity of the method.
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