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Abstract

NC100668 is being developed as a new tracer for radiopharmaceutical imaging of venous thromboembolism. NC100668 consists of a targe
peptide of 13 amino acids witlPd™Tc-binding chelator linked to the C-terminal amino acid. The present report describes a method for quantificatior
of NC100668 in human citrated plasma. The method is based on solid-phase extraction followed by reversed-phase liquid chromatography usi
gradient of water and acetonitrile with 0.1% formic acid. The chromatographic system was coupled on-line with an electrospray mass spectrome
The analyses were performed by selective ion monitoring of the [M #24iid the [M + 3H}* ions of NC100668 and an internal standard which
was identical to NC100668 except for not being iodinated in the tyrosine residue. The limit of quantification of the method was 2 ng NC100668/
plasma. The calibration curve ranged from 2 to 250 ng NC100668/ml plasma and was fitted to a linear equation with a weighing f&ctadof 1/
found to be highly reproducible. The total precision of the method, expressed as the relative standard error of the mean, was 23.2, 8.8 and 1«
for the low, medium and high control samples, respectively. The accuracy of the method was 108.5, 100.0 and 105.0% for the low, medium
high control samples, respectively. NC100668 was stable in human plasma during at least three freeze/thaw cycles, during 30 h on dry ice an
to 3 months when stored in-a20°C freezer.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction is; -NH-CH—CH,—N[CHo—CHy,—NH—-C(CHs)2>—C(CHs) = N—
OH]Jz (Fig. 1).
99mMTc-NC100668 is being developed as a diagnostic radio- The peptide moiety of NC100668 is similar to the N-terminal
pharmaceutical forimaging of venous thromboembolism, whichsequence in humag-antiplasmiri2,3], which during the coag-
is a major health problem with an estimated average annuallation process is covalently linked to fibrin by the enzymatic
incidence in the US exceeding 1/1000]. NC100668 con- action of blood coagulation factor Xllla. It has been shown that
sists of a 13 amino acid peptide, N-terminally blocked with ana covalent bond is formed between a glutamine residuein
acetyl group, containing an iodinated tyrosine and coupled to antiplasmin (corresponding to GIn-2 in NC100668) and a lysine
Tc-chelator (NC100194) via the C-terminal glycine. Using theresidue in fibrin[4]. It is believed that a similar reaction medi-
common three letter abbreviations for amino acids the strucated by factor Xllla is the mechanism of action for binding of
ture of NC100668 is; acetyl-Asn—GIn—-Glu—GIn—Val-Ser—Pro-NC100668 to fibrin in blood clotg,6], thus making it possible
iodoTyr-Thr—Leu—-Leu-Lys—Gly—NC100194 where NC100194to obtain a scintigraphic image of the clot.
99MT¢ is one of the principal radionuclides used in nuclear
medicine due to its short half-life (6.02h) and favouralple
* Corresponding author. Tel.: +47 23 18 56 16; fax: +47 23 18 60 08. emitting energy. Th&™Tc-based radi-qpharme}ceuticals are dis-
E-mail address: kim.toft@ge.com (K.G. Toft). tributed to the pharmacy as a lyophilised kit in a Tc-free form.
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Fig. 1. The structure of NC100668.
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Prior to use,®™Tc (in the form of the pertechnetate anion, using a Milli-Q system (Millipore, Bedford, MA, USA). Other

i.e. TcQy~, eluted from a®®Mo/?®™Tc generator with saline) chemicals were of analytical grade. Citrated human blood for

is added to the freeze-dried active substance (called the ligangtandard and control samples was obtained from two healthy

NC100668 in the present study) and the ad®f¥Ic binds to  volunteers.

the chelator part of the ligand. There is a vast excess of the ligand

compared with the addei™Tc. Less than 1% of the ligand in  2.2. Standard and control samples

the injected solution is in the form of8™Tc-complex. Hence,

the unlabelled ligand makes up almost the entire amount of the The calibration standards and the control samples were made

injected drug, despite the fact that it is the very small amount oby dilutions in citrated human plasma. The calibration standards

the 9MTc-labelled agent that is responsible for the diagnosticcontained 2—250 ng NC100668/ml in addition to the internal

images obtained. During the last decade, several highly specifgtandard (100 ng TT106/ml) and were made fresh for every ana-

synthetic peptides or small molecular markers have been efflytical sequence. Control samples were made at three concentra-

ciently labelled witl?*™Tc in order to image the acute pathology tion levels, i.e. 10 ng (low), 100 ng (medium) and 200 ng (high)

of venous thromboembolisf]. NC100668/ml and stored at20°C. Before analyses, the con-
As part of the development of NC100668 it was necessaryrol samples were added internal standard (100 ng TT106/ml).

to establish a method to describe the kinetics of this agent in

animals receiving high doses (toxicokinetics) and in humans. 3. Sample preparation

receiving doses close to the clinical imaging dose (pharma-

cokinetics). As one clinical imaging dose consists of less than plasma was prepared by centrifugation at 3QQQ for

100wg NC100668, amethod with low limit quuantification was 10 min. The p|asma Samp|es (2‘50 were extracted by a SPE

needed for this purpose. We here report validation data Obtainqgi'ocedure using a VacMas%Bamme Processing Station from

with a method based on SPE of human citrated plasma followefsT (Hengoed, UK). The plasma samples were applied onto

by reversed-phase liquid chromatography coupled with electrosond Elut-C18 cartridges (100 mg) obtained from Varian Asso-

spray ion-trap mass spectrometry (LC-ESI-MS). This methodiates (Harbor City, CA, USA), which were preconditioned with

was found suitable for toxicokinetic purposes and it has als@ m| of methanol and 2 ml of water. TT106, the internal standard,

been used to describe the pharmacokinetics of NC100668 iaind plasma were added to the cartridge which were washed

humans (to be published elsewhere). with 2 ml of water and 2 ml of methanol +0.1 M HCI +water
(40+ 20+ 40, viviv). Finally, NC100668 and TT106 were eluted

2. Experimental with 2 ml of 80% methanol in 20% 0.1 M HCI (80 + 20, v/v).
The samples were evaporated under a stream of nitrogen at

2.1. Materials room temperature and the residues were dissolved inul50

of 20% (v/v) acetonitrile in water; 1@l were injected onto the
Acetonitrile and methanol were LiChrosolve grade andLC-column.

hydrochloric acid (37%) was pro-analysis grade, all from Merck
(Darmstadt, Germany). Formic acid was pro-analysis grade frord.4. Chromatographic conditions
Ratburn Chemicals Ltd. (Walkerburn, Scotland). NC100668
and TT106 (internal standard; structure identical to NC100668 A Hewlett Packard Series HP1100 system (Agilent Technolo-
except for not being iodinated in the tyrosine residue) were frongies, Palo Alto, CA, USA) was used with a Waters Symmetry
GE Healthcare (Oslo, Norway). Water was purified by reversed@hield RP8, 100 mnx 2.1 mm 1.D. (3.5u.m particle diameter)
osmosis, ion exchanged and filtrated through a p#Sfilter  column (Waters Corporation, MA, USA) with a Waters Symme-
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try Shield RP8 10 mnx 2.1 mm |.D. (3.5.m particle diameter) 3.0x107 (A)
guard column (Waters Corporation, MA, USA). Mobile phase A 1 NC100668

was 0.1% (v/v) formic acid in water and mobile phase B 0.1% ] \A

(v/v) formic acid in acetonitrile. To separate NC100668 from 2.0x107
endogenous peptide and protein material, a gradient was run 1 TT106
starting at 95% mobile phase A, decreasing to 50% A in 10 min ] \
and then back to 95% A in 1 min. Including 11 min equilibration 1.0x107
time, the total chromatographic run time was 22 min. The flow T
rate was 0.2 ml/min and the analysis was performed at ambient ]
temperature (approximately 2€). The samples were kept in 0 N
the autosampler at“€ during the entire analytical sequence 0 4 8 12
and 10ul was injected for each analysis. Time (min)

2.5. Mass spectrometry ) (B)
1.5x105 /616'0

The LC system was coupled on-line to a LCQ Classic ]
ion-trap quadrupole mass spectrometer (Thermo Finnigan,
San Jose, FL, USA); the interface between the LC and the
MS was electrospray ionization (positive mode). The ion-
source and ion-optic parameters were optimised with respect
to the [M+2HF* and [M+3HP* ions of NC100668, i.e.
mlz=986.5+1.0 andm/z=658.0+1.0, respectively. Quan-
tification of NC100668 in the calibration samples and control .
samples were conducted by single ion monitoring (SIM) of four T eb0 1000 1s00 2000
selected ions, the two ions mentioned above for NC100668 and
two ions for the internal standard TT1086, i.e. the [M + 2H] 7.5x10°1 -
and [M + 3HPF" ions atm/z = 923.5+ 1.0 andn/z = 616.0+ 1.0, E
respectively.

1.0x105
923.5

5.0x10%

Intensity (arb. units)

658.0
(€)

5.0x10 57

2.6. Sample analysis and validation parameters

] 986.5
The samples were analysed by LC-MS (SIMnot 658.0, 2.5x10°7 /

986.5, 616.0 and 923.5) in sequence together with calibration .

standards, control samples and injection blanks. The calibration ] L

standards were positioned at the beginning of each sequence, L L I R N L

while the control samples and the blanks were randomly placed 500 1000 1500 2000

in the sequence together with the samples. The standard curve m/z

was evaluated from six calibration curves analysed on six differrig. 2. Typical total ion current full scann{z 150-2000) chromatogram and

entdays. The precision was measured by analysing the three conass spectrum of a standard containing 200ng NC100668/ml and 200 ng

trol samples (9.87, 98.7 and 197 ng NC100668/ml) in triplicateTTlOG/ml;_ (A) LC—_MS_chromatogra‘m, (B) mass spectrum of the TT106 peak

in a total of s_ix analytical sequences. The standard deviationfégg(ﬁgx't(g;eﬁg'f;gmg zft?rfgg;'fszg(mci)nr‘"asssr’ewum ofthe NC100668

were determined from the mean square values of an ANOVK

single factor calculations of the results where $®? = within-

group mean square am®.D. 2 = between-group mean square

(wheren is the number of replicates per analysis). Accuracy of3. Results and discussion

estimating NC100668 in human plasma was calculated from the

mean value of the precision data. 3.1. Specificity of the method

2.7. Data handling Chromatographic resolution of NC100668 and the internal
standard was achieved by using the LC—MS method as shown in

Thermo Finnigan Xcalibur version 1.0 SR1 was used for samFig. 2A. The mass spectrum of NC10066dd. 2C) shows that

pling and integration of the chromatograms and LCquan versiothe most abundant peaks aé 658.0 which is the [M + 3H}*

1.0 SR1 for quantification of NC100668 in the plasma samplesion andm/z 986.5 which is the [M + 2H}* ion, respectively. The

GraphPad Prism, version 2.0 was used for statistical evaluatiomolecular ion of NC100668 with am/z 1972.0 [M +H]" was

of the regression parameters. Microsoft Excel, version 5.0 wasot observed in this mass spectrum. The mass spectrum of the

used for the ANOVA calculations and the other statistical calinternal standard TT106-{g. 2B) shows that the most abundant

culations. peaks aren/z 616.0 which is the [M + 3H}* ion andm/z 923.5
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Fig. 3. Typicaltotalion current full scam{z 150-2000) LC—-MS chromatogram Fig. 4. Typical chromatograms in the SIM mode of; (A) a blank sample, (B)

a;:d mass spectrLIJBm of a plasma sample :om a he_a'”“( VOIUTE_!I_‘?I_“lé? LC_kM§n LOQ sample, and (C) a real plasma sample from the clinical trial. Note that
¢ romgtogram, (B) mass spectrum at the retention tl.me 0 pea a(Bnly the time window between 8 and 12 min in the chromatographic run time
9.90min from (A) and (C) mass spectrum at the retention time of NC100665§Nas analysed by the MS for the clinical samples

peak (10.40 min) from (A).

which is the [M + 2H}* ion, respectively. The molecular ion of LOQ sample (B), and a real plasma sample from the clinical trial

TT106 with anm/z 1845.0 [M+H]" was not observed in this _ ) )

mass spectrum. The retention times of TT106 and NC100668 in human
The selectivity and specificity of the method was measure@!@asma samples showed very little variation throughout the

by analysing extracted plasma samples from two donors in th@nalytical sequences (i.e. results from one typical analyt-

validation study. In addition, extracted plasma samples fronic@l sequence were 9.850.03min (meas:S.D., n=25)

nine healthy volunteers that received saline injections in stea@d 10.35£0.03min (meart S.D., n=25), for TT106 and

of NC100668 in the clinical phase | study were also tested foNC100668, respectively).

selectivity and specificity. As shown iRig. 3 there were no

major interfering peaks in the chromatogram and the mass spe8-2. Solid phase extraction

tra at the retention time of NC100668 or TT106. The late eluting

peaks inFig. 3A originated from peptide and protein material  Inorderto avoid clogging of the LC column and MS capillary,

that were not removed during the sample preparation step. Thae plasma samples were extracted via solid phase extraction.

selectivity of the method is further demonstrate&ig. 4show- It was not possible to obtain percentage extraction recoveries

ing chromatograms in the SIM mode of a blank sample (A), arof NC100668 and TT106 by comparing water and plasma as
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Fig. 5. Typical calibration curve (A) and residual plot (B) of the calibration 300
standards. 1 ©)
. . . . 1 ;
matrices, as these peptides in water solution adhere to surfaces 200 3 hd
whether it is glass or plastic. 1 - * ] s
3.3. Quantification 100
Carry-over effects were minimized by regular washing of |
the LC and the heated MS capillary with solutions of differ- 0
ent polarity. In addition, the guard column was back flushed 0 25 50 75 100
with mobile phase for 1-2h between every sequence. The
carry over was normally less than 1ng NC100668/ml when Days

qnalysmg a blank plasma sample after the hlgheSt Callbl"’;}Eig. 6. Stability of NC100668 in human plasma stored-80°C. Three con-
tion standard or the highest control sample, i.e. less thaBentration levels were tested; (A) 10 ng/ml, (B) 100 ng/ml, and (C) 200 ng/m.
0.5%. The dotted lines indicate the theoretical concentration levels.

The calibration curve was made by plotting the peak area
ratio of NC100668 to TT106 against the theoretical concentraz 4 i of quantification
tion of NC100668. The curvature was evaluated by using an

F-test, compgring'lineary(':a+bx) and quadrafcic regressio’? Based on pre-validation work, 2ng NC100668/ml (corre-
(y=a+bx+cx?), with the linear regression giving the best fit g5onding to 40 pg injected) was chosen as the lowest standard of

(data not shown). The calibration curve was weighted with e calibration curve. The repeatability of this calibration stan-
weighing factor of 1y2 to get the best fit of the lower calibration
standards. An example of a calibration curve and residual plot
are shown irFigs. 5 and 6The calculated regression parame- Table 1 o ] )
ters together with the 95% confidence interval of the calibratiorc9ression parameters of the calibration curve fitted to the equatiart bx

. . . . and weighted with 32. The mean values are calculated based on six individual
curves from six analytical sequences are I|s_tedfable 1The  calibration curves
results show that the slope is statistically different form 0, the .
intercept is not statistically different from 0, and the regressiorXc9"ession parameters

coefficient is not statistically different from 1.00. The goodness

MeanH6) 95% confidence interval
of the mean

of fit of the calibration point to the calibration curve was also"]terczptﬂ 8-(1)3(2) ig-(l)ig
L . Slope, . .
calculated and the largest deviation from the theoretical concer?zegression coefiicient? 0.990 0,008

tration was 8% Table 2.
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Table 2
The goodness of fit of the calibration points

Target concentration
(ng NC100668/ml)

Recovery (% of theoretical value)

2.0 106+ 4
5.0 93+ 6
10 104+6
20 96+ 7
50 104+9
100 98+5
250 108+ 6

The values were estimated from six analytical series for each calibration standal

and are given as meanS.D.

2.6. The repeatability R.S.D. of the control samples was found to
be 10.5, 6.5 and 6.4% for the low, medium and high control sam-
ples, respectivelyTable 3. The intermediate precision R.S.D.
was found to be 23.2, 8.8 and 14.7% for the low, medium and
high quality control samples, respectivelable 3. These data
show a good precision, except for the lowest control sample,
where the between-run variation was slightly higher than 20%.
The accuracy was found to be 108.5, 100.0 and 106.0% for the
low, medium and high control samples, respectivaighle 4,

i.e. these data show a good accuracy of the method.

5{}.'6. Sample stability

The stability of NC100668 in human plasma store¢20°C

The analytical precision of the method calculated by ANOVA single factorwas tested by analysis of the three control samples for a period

Table 3

calculations

Control Meanvalue S.Dyp — S.Dg¢ R.S.Dw(p) R.S.Dy
sample (ng/ml) (ng/ml) (ng/ml) (%) (%)
High 209 13 31 6.4 14.7
Medium 99 6 9 6.5 8.8
Low 10.7 11 2 105 23.2
Table 4

The accuracy of the method

Control sample Concentration (ng NC100668/ml)

Accuracy (%)

Theoretical Found (meat S.D.)
High 197 209 106.0
Medium 98.7 98.7 100.0
Low 9.87 10.7 108.5

dard was during the validation study, found to be 28.8% R.S.D

of 99 days Fig. 5. The data show that NC100668 is sta-
ble in human plasma for at least 3 months when stored at
—20°C. Moreover, analyses of the three control samples showed
NC100668 to be stable in human plasma during at least three
freeze/thaw cycles and for at least 30h on dry ice (data not
shown). NC100668 extracted from plasma was found to be sta-
ble in the autosampler for at least 32 h &CG4(data not shown).

4. Conclusion

An LC-MS method for quantification of NC100668 in human
plasma was developed and validated. The method was found to
be suitable for quantification of NC100668 in animal plasma for
toxicokinetic calculations and in human plasma for calculations
of pharmacokinetic parameters. The pharmacokinetic data will
be published separately as part of a clinical phase | study.
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