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Abstract

Potato carboxypeptidase inhibitor (CPI), a peptide with multiple isoforms (MW >4000 Da) was determined from African Green Monkey
plasma using a PE Sciex API-3000 LC-MS/MS in the positive ionization mode with the turbo ionspray interfatg)(45@mples were
prepared using an Oasis MCX 96-well solid phase extraction plate and chromatographed on anjAHREC Column (50 mnx 1.0 mm,
5m) using gradient elution. Upon analysis of the extracts using LC-MS/MS, the concentration of CPI was calculated using a single MS/MS
transition (/z830.5— 221.0) that was reflective of the mass concentrafiarfiL) of main the CPI isoforms present in plasma from monkeys
after they were given an intravenous dose of CPI. The assay was linear for CPI over concentrations of @08k hen extracting 20@sL
aliquots of African Green Monkey plasma. The assay was applied to the determination of CPI in African Green Monkey plasma samples in
two separate analytical runs (correlation of standard curyed).9991 and, =0.9953). Quality control (QC) samples were run at 0.05, 0.1,

0.2, 0.5, 1.0, 2.0 and 5y/mL for each assay. Average rangas:(12) for accuracy and precision for all concentrations of QCs during the
two runs were 92.0-102.0% of expected potency and 10.4-21.8% (coefficient of variations), respectively.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction a decrease in thrombosis and a related decrease in blood
viscosity.
Potato carboxypeptidase inhibitor (CPig. 1) is a known CPI was used at Merck Research Laboratories as a posi-

inhibitor of mammalian pancreatic carboxypeptidagts tive comparator to small molecule TAFI inhibitors and it was
and is of recent interest in drug development due to its ability necessary, as part of these studies, to develop a bioanalytical
to act as an antithrombotic agent by inhibiting the thrombin method to determine the concentration of CPI in African
activatable fibrinolysis inhibitor (TAFI) cascaf®. In sum- Green Monkey plasma. CPI can be present as one of three iso-
mary, TAFI acts on circulating fibrin protein and eventually form groups (CPI-I, Il and Ill, MW >4000 Da), which occur
brings about the formation of stabilized blood clots. TAFlin- due to the presence of three intramolecular disulfide bonds.
hibitors such as CPI prevent the formation of stabilized fibrin Each isoform group is known to have at least two different
leading to an increase in fibrinolysis. The systematic effect peptide sequences contained within it. The isoforms have
of the in vivo administration of a TAFI inhibitor is therefore  been found to possess nearly identical inhibitory actifdly

The CPIl dosed to the monkeys in this study was a commercial
_— isolate from potatoes and consisted of a mixture of these iso-
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as this naturally occurring mixture, multiple pharmacologi-
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Pyr-GIn’-His-Ala-Asp-Pro-Ile-Cys-Asn-Lys-Pro- 2. Experimental
Cys-Lys-Thr-His-Asp-Asp-Cys-Ser-Gly-Ala-Trp-
Phe-Cys-GIn-Ala-Cys-Trp-Asn-Ser-Ala-Arg-Thr- 2.1. Materials

Cys-Gly-Pro-Tyr-Val-Gly ¥

Fig. 1. Amino acid sequence of potato carboxypeptidase inhibitor, CPI (39 To approprlately evaluate potato carboxypeptldase

amino acids, 4276.2 Da). Additional CPI sequences observed in this samplelnhibitor  for pOtent_ia|_ in \_/iVO an_tithromb()tic _eﬁeCtS
were probably due to the deletion of GI(88 amino acids, 4148.1Da), the  through enhanced fibrinolysis, CPI isolate, obtained from

deletion of GIy*® (38 amino acids, 4218.6 Da), and the deletion of bott?GIn  Sigma—Aldrich Chemical Company (St. Louis, MO, USA)
and Gly?® (37 amino acids, 4091.0 Da). The various sequences of CPI are was subjected to additional purification before its use in
known to contain three disulfide bonds and a blocked N-terminus (Pyr). analytical and pharmacological experiments. Antiplasmin
activity was removed from the preparation to avoid its
be measured. Previous research has shown that this naturahhibitory effects on the primary profibrinolytic mechanism
isolate is largely composed of a single isoform (CPI-ll) thatis of the compound. In addition, endotoxin activity, which
divided into approximately equal amounts of two polypeptide could complicate the interpretation of the study results,
chains containing 38 or 39 amino acid residues, respectively.was also removed. The CPI was separated from endotoxin
These two chains differ in the sequence of amino acids thatand antiplasmin activities in a 1.5 mL/min, 0-20% sodium
form their N-terminus and could be individually detected chloride gradient over 140 min in 15 mM Tris, pH 9.0 buffer
and measured in our experiments using LC-MS/MS. containing glycine (5 mM) using 15Q strong anion exchange
There have been many experiments reported previouslychromatography on a 1.0 cri16 cm, XK16 column (Phar-
which use LC-MS/MS for the characterization of peptides macia, Uppsa|a, Sweden) using a Pharmacia LCC-501 fast
or proteins, including proteomic analyg#, identification  performance liquid chromatograph. Peak fractions were
of endogenous peptidgS], or general characterization of  detected at 254 nm and analyzed for their ability to inhibit
peptide and proteins obtained from biological isol462], TAFI using an in-house protocol. Pooled CPI fractions were
and many of these applications have been recently revieweddialyzed against ultra pure water (1&§lusing a SpectraPor
[8,9]. Routine laboratory analysis of large peptides, and MwWCO 2000 CE membrane (Spectrum Medical Industries
proteins by LC-MS/MS is made possible due to their often |nc., CA, USA) to remove salts before quantitation by amino
possessing a high net charge that forces their mass to charggcid analysis. Purified CPI was lyophilized using an SC21A
ratio (m/2) into the relatively narrow mass analyzer range of Rotary SpeedVac Plus (Savant Industries Inc., NY, USA)
bench top LC-MS/MS instrumentsi(z< 3000 Da). Despite  and stored at-70° C. The CPI used for the preparation of
the significant number of publications detailing qualitative analytical standards came from the same batch used for the
characterization of macromolecules using LC-MS/MS, intravenous dosing of monkeys. This was necessary due to the
there are a limited number of reports concerning the use of yariable nature of each batch of CPlisolate, as well as the lack
this technique for their quantitative bioanalysis. LC-MS/MS  of meaningful purity information available for the individual
assays have been reported for endogenous endotfiBlins  jsoforms. The lack of extensive purity information of the in-
and bradykinin antagonist polypeptide B201 and substance Pdividual components of the CPl isolate limited the expression
[11]. LC-MS assays have been reported for synthetic humanof CP| concentrations to mass per volume unitg/(nL).
calcitonin[12], the decapeptide cetrorelj3] and the syn- Acetonitrile (Omnisolve, HPLC grade) was obtained from
thetic peptide, NR58-3.14.@34]. At present, it seems that EM Science (Gibbstown, NJ, USA). Drug free African
quantitative analysis of macromolecules is still performed Green Monkey plasma was obtained in-house at Merck Re-
principally usingimmunoassay and bioassay techniflffs ~ search Laboratories (West Point, PA, USA). Oasis mixed
This report details the development of bioanalytical phase cation exchange (MCX), 30 mg, 96-well extraction
methodology for the quantitation of CPI in African Green plates were obtained from Waters Inc. (Milford, MA, USA).

Monkey plasma using LC-MS/MS to allow an accurate All other reagents were ACS grade and were used as
assessment of the concentration of inhibitor in circulation. received.

Developing an analytical method that would provide relevant

information on the sum of these active compounds in plasma2 2. |nstrumentation

represented a unique challenge. In addition, to having to

measure a mixture of active compounds of unknown and  The HPLC system consisted of a Perkin-Elmer (Norwalk,
uncharacterized composition, the targeted isoforms also posT, USA) LC200 HPLC pump and an HTS PAL Autosam-
sessed a large molecular weight (>4000 Da), intramolecular pler from CTC Analytics (Zwingen, Switzerland). The mass
disulfide bonds contributing to tertiary structure, and multiple spectrometer was an AB/MDS Sciex (Toronto, Canada)
charge states. These combined factors added to the overalpp|-3000 Triple Quadrupole LC—MS/MS with a turboion-
complexity of providing an accurate and relevant measure of spray interface (450C). Data was collected and processed
inhibitor concentration. These issues and others encountereqjsing AB/MDS Sciex Analyst data collection and integration
as part of method development are detailed in the following software. Theoretical isotopic molecular weights of CPI
report. were calculated with the aid of Molecular Weight Calculator
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for Windows 9x/NT/2000/ME, Version 6.22 (freeware by and m/z 830.5— 221.0 are listed inTable 2 All other

Matthew E. Monroehttp://www.alchemistmatt.com/ parameters were optimized manually and were the same for
the four monitored transitions. These settings were TEM
2.3. Chromatographic conditions 450°C, NEB 8, CUR 8, IS 4700 V and CAD 12.

Mobile phase A was 0.1% (v/v) formic acid in water and 2.5. Preparation of standards
mobile phase B was 0.1% (v/v) formic acid in methanol. The
mobile phase was filtered through a Q.2 nylon filter prior Standard and quality control (QC) stock solutions were
to use. Mobile phase flow rate was jpl/min starting with separately prepared by weighing solid CPI (purified as de-
35% mobile phase B and ramping in a linear fashion to 95% scribed in Sectiog.1) into 10-mL volumetric flasks and fill-
mobile phase B over 4 min. After the gradient cycle was com- ing to the mark with 50/50 (v/v) methanol/water. The standard
plete, the column was allowed to reequilibrate for 4 min at stock was then used to make working standard solutions with
the starting mobile phase conditions (65:35 A:B) before the concentrations of 0.4, 0.8, 1.6, 4.0, 8.0, 16, 40 and@&®nL.
next injection. The HPLC column was a 50 mal.0 mm, Twenty-five microliters of each standard stock solution was
5wum Restek Corp. (Bellefonte, PA, USA) Allureigpro- then spiked into 20Q.L of drug-free African Green Monkey
tected by an inline filter, which was changed after each batch Plasma to form standards in plasma of 0.05, 0.1, 0.2, 0.5,
run to maintain peak efficiency. The column was operated at 1.0, 2.0, 5.0 and 1@g/mL. The QC stock solution was then

ambient laboratory temperature. diluted in the same fashion into QC working standard solu-
tions of 0.4, 0.8, 1.6, 4.0, 16.0 and g8/mL to form QC
2.4. MS/MS detection standards of 0.05, 0.1, 0.2, 0.5, 1.0, 2.0 andp®0nL in

African Green Monkey plasma. Both standards and quality

Precursor ions for quantitating potato carboxypeptidase controls in African Green Monkey plasma were made on the
inhibitor were determined from mass spectra obtained day of sample preparation and stored at room temperature
during the infusion of a neat solution containing CPI before extraction.
(100 ng/mL, 50/50 MeOH/0.1% formic acid) into the mass
spectrometer using the turbo ionspray source, operating2.6. Plasma extraction procedure
in the positive ionization mode with the collision gas off.
Upon manually identifying MS/MS transitions based on Q1 A 0.2-mL aliquot of African Green Monkey plasma
(Fig. 2 and product ion spectrédig. 3), auto optimization was pipetted into a Sarstedt (Newton, NC, USA) 5-mL
using the AB/MDS Sciex Analyst software was performed polypropylene tube. Tubes containing unknown samples
using the same infusion solution. This program was used received an additional aliquot of 50/50 (v/v) methanol/water
to select declustering potential (DP), focusing potential (25uL) after which they were vortex mixed. Phosphate
(FP), entrance potential (EP), collision energy (CE) and buffer (0.1 M, pH 2.0, 0.5 mL) was then added to each tube
exit potential (CXP). Transition-specific API-3000 analyst and they were vortex mixed again. All wells in a Waters
parameters (DP/FP/EP/CE/CXP) for the transitionsnét OasisM 96-well mixed phase cation exchange extraction
1070.2— 563.2, m/z 1038.2— 249.0, m/z 856.2— 563.4 plate were conditioned by sequential washes of 1000f
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Fig. 2. Full scan mass spectrum of protonated potato carboxypeptidase inhibitor (CPI) over the rafgf0e3000 Da. (insert) Magnification of the major
groups centered an/z840, 1050 and 1400 Da corresponding to the +5, +4 and +3 charge states of CPI.
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Fig. 3. (a—d) Product ion mass spectrum of potato carboxypeptidase inhibitor (CPI) for each of the precursor massgs&80(8)Da; (b)m/z856.2 Da; (c)
m/z1038.2 Da and (d)n/z1070.2 Da.

methanol and 100QL of water. The entire volume of each Company (Meridian, CT, USA) and transferred to a 96-well
sample (72%.L) was then transferred using an 8-channel autosampler for injection (20L) onto the LC-MS/MS.
pipetter (Matrix Technologies Corp., Hudson, NH, USA), Recovery of this preparation method was determined
applied to individual wells in the 96-well extraction plate and by extracting samples of African Green Monkey plasma
drawn through the plate using vacuum. The entire volume (200uL) containing 5.0 and 0.pg/mL of CPI (1=5), and
was transferred to obtain the best possible limit of quantita- comparing them to control samples of African Green Mon-
tion (LOQ). The wells were then washed sequentially with key plasma which were first extracted and then spiked to
1000u.L of HCI (0.1 M) and 100Q.L of water. Washing with contain a concentration of CPI representative of 100% recov-
dilute HCI was recommended as a wash step for removing ery. Recoveries of the two major isoforms were as follows:
“unretained proteins” in the manufacturer literature. After 5.0ng/mL—4148.1Da, 76.%7.5%, 4276.2Da, 732
rinsing the underside of the plate with distilled water, the plate 5%; 0.5ug/mL—4148.1 Da, 82.% 7.6%,4276.2 Da, 754

was positioned on an ELISA plate (Corning Costar Corp., 5%. No assessment of the effect of sample matrix on MS/MS
Cambridge, MA, USA), and then centrifuged (356@, detection was performed.

5 min) to remove retained solvents. The extraction plate was  Dilution integrity was tested by performing triplicate anal-
returned to the extraction manifold containing a 96-position ysis of CPI in two different lots of African Green Monkey
deep-well collection plate (MicroLiter Analytical Supplies plasma {5 wg/mL) and then diluting each 1:10 with African
Inc., Suwanee, GA, USA), and 9 aliquots of 5/95 (v/v) Green Monkey plasma and retesting. Multiplication of di-
ammonium hydroxide/methanol were pipetted into each well luted sample concentrations ten-fold gave mean concentra-
of the extraction plate. Vacuum was used to elute retainedtions of CPI within 4.6% of those for the undiluted samples.
analytes into the deep-well collection plate. The extracts  Stability of CPI in African Green Monkey plasma and
were evaporated to dryness under nitrogen°(&Qusing an was addressed by fortifying plasma from two different mon-
EvapArray 96-Well Sample Concentrator, and then reconsti- keys with 5.0 and 0.5@g/mL of CPI. The sample concen-
tuted using 15@.L of 20/80 (v/v) methanol/water. Following  trations were determined (triplicate) before and after one
reconstitution, the deep-well plate was sealed with Packardweek of storage at-20°C. The concentrations (using/z
TopSealM-S heat sealing film from Packard Instrument 830.5— 221.0) for high and low samples, were as follows:
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Table 1

Molecular weights of CPI sequences calculated from the +5, +4, and +3 charge states

[M+5H]*>  Found molecular [M+4H]™  Found molecular [M+3H]*3  Found molecular Average Theoretical molecular
weight weight weight molecular weight  weigh®

819.1 4090.5 1023.6 4090.4 1365.0 4092.0 4091.0 4094.68

830.5 41475 1038.2 4148.8 1383.7 4148.1 4148.1 4151.71

844.8 4219.0 1055.8 4219.2 1406.9 4217.7 4218.6 4222.74

856.2 4276.0 1070.2 4276.8 1426.3 4275.9 4276.2 4279.76

2 Molecular weights before formation of up to three Cys—Cys intramolecular bonds.

plasma 1:initial 5.202 0.179 and 0.533 0.024u.g/mL, af- each composed of at least four peakg4, which originated

ter storage, 4.814 0.145 and 0.573 0.019u.g/mL; plasma from probable CPI isoformsTable 1shows the four most

2: initial 4910+ 0.314 and 0.54% 0.035p.g/mL, after stor- abundant peaks within each envelope, the molecular weight

age, 5.2730.124 and 0.553 0.019ug/mL. Mean CPI calculated from the individual peaks, and then the average

concentrations were within 15% of expected, before and af- molecular weight using all three charge states. An average of

ter storage indicating that the analyte was stable in the matrix4276.2 Da corresponds to the largest CPI peptide possessing

over the time of pharmacological experiments. the full 39 amino acid compliment as pEig. 1, while the
average of 4148.1 Da corresponds to the 38 amino acid pep-
tide resulting from the deletion of Grirom the N-terminus.

3. Results and discussion The other two peptides observed in the mixture, with average
molecular weights of 4218.6 and 4091.0 Da, corresponded

3.1. MS/MS characterization of potato respectively to the sequence of the these first two peptides,

carboxypeptidase inhibitor (CPI) but each also without C-terminal glycine (G%.

After examination of the full scan spectrum, collision in-

Analysis of macromolecules using LC-MS/MS is often duced dissociation (CID) was performed on the four most
more difficult than that of small molecules (MW < 1000) due prominent molecular ion peaks within each of the three
to their larger more complex structure and their often being charge envelopes to determine if detectable product ions
observed in multiple charge states. CPI has been the subjectould be obtained. The best product ion spectra originated
of much past characterization due to its biological activity from the +5 and +4 charge groudsiq§. 3a—d), and many of
and these experiments have been summajgiizgld but none these transitions were considered to be of sufficient magni-
of this information gave a strong indication of what could tude for use in LC-MS/MS. CID performed on precursor ions
be expected while analyzing CPI in biological samples us- chosen from the +3 charge group resulted in products ions
ing LC-MS/MS. In this case, quantitation of circulating CPI that were too small as to allow MS/MS detection at the tar-
presented some additional analytical challenges due to thegeted LOQ of 0.0g/mL. This poor detectability excluded
presence of multiple active isoforms of this peptide, which these transitions from further use during method develop-
possessedH{g. 1) possibly 37, 38 or 39 amino acids7]. ment. The AB/MDS Sciex Analyst software was then used
Fig. 2 shows the full scan spectrum over the rangemst to optimize the MS/MS response of the two most prominent
10-3000 Da for the CPI (purified natural isolate) that was peaks in each of the product ion spectra showkign 3. Four
used in this study. Notable characteristics of the spectrum of these eight transitions provided significantly larger signal
included multiple peaks at less themz400 Da, a series of  than the others, so they were chosen to be monitored in the fi-
groups centered at approximai#z840, 1050 and 1400 Da, nalassay. The four final detection transitions and their related
with no significant peaks observed higher timafz1500 Da. detection parameters are listedTiable 2
It was immediately obvious from this information that the
three groups centered @at/z840, 1050 and 1400 Da corre- 3.2. Chromatographic development
sponded to the +5, +4 and +3 charge states of CPI (MW ap-
proximately 4000 Da), respectively. A closer examination of ~ The choice of chromatographic method to be used for
the charge envelopeBi@. 2 insert) indicated that they were  CPI was initially not an obvious one as it was assumed that

Table 2

Selected reaction monitoring transitions and instrument parameters for the API-3000

CPI (MW/charge) Precursor iom{2 Fragment iontf/2 DP/FP/EP/CE/CXP (eV)
4148.1/+5 8306 221.0 41/200/-10/70/30
4148.1/+4 1032 249.0 46/280/-10/80/16
4276.2/+5 856 563.4 41/250/-10/57/36

4276.2/+4 107@ 563.2 41/270/-10/73/34
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size, secondary or tertiary structure, charge, or a combina-pharmacological studies. The assay development proceeded
tion of these would make it problematic to chromatograph with the intent to obtain the best possible LOQ while using
this molecule using conventional, small pore, reverse phasethe API 3000 LC-MS/MS instrument to measure CPI in a
HPLC packings. In the past, CPI has been separated from re2200-uL monkey plasma sample. The rationale behind this
lated compounds using large-pore (Ci’()QJackings tailored intended LOQ was to make the assay applicable to the full
to macromolecules and these included a Zorbax 300&B C range of pharmacological experiments, which were initially
[18]and a Vydac @s[19]. Sharp peaks were obtained for CPl  planned using this peptide isolate. Ultimately, the best LOQ
when using a Nova-Pakig[20], although this column did  that could be obtained while consistently meeting assay
not provide as much selectivity between related compoundsacceptance criteria, was 0.0§/mL. The LOQ that was
and interferences as the wide pore columns. Based on thesebtained for CPI is fully 1-2 orders of magnitude higher
past reports, it was felt that gradient chromatography using than that routinely obtained for small molecules using
a conventional &g column should be attempted as there was the same instrumentation. This was not surprising as a
not an immediate need to resolve the CPI from interfering higher LOQ is commonly observed when using LC-MS/MS
matrix components due to the high specificity of MS/MS detection for the measurement of macromolecules due to
detection, which resulted in the chromatography shown in both their larger molecular weight and their propensity to

Fig. 4a. exist in multiple charge states during electrospray ionization.
Molecular weight serves to reduce detectable molecules
3.3. Sample analysis per mass of analyte as it increases, while multiple charges

cause a dilution of the detection signal in proportion to the

At the initiation of method development for CPI, there humber of different ionsn/2 that are present. The LOQ

was not a firm expectation of what limit of quantitation ©f 0.05ug/mL for CPI was obtained by fully optimizing the
would be required to provide relevant information during API1-3000 on the most sensitive mass transitions that were
identified per Sectiod.1 and by using a small bore HPLC

5505, M/MS Tousiions e — column which served to concentrate the sample, and also to
G| “TEISERA0 enhance ionization by reducing mobile phase flow into the
woar A S mass spectrometer. The response of the mass spectrometer
e to CPI was linear from the LOQ of 0.05 to 2@/mL.
G o While considerable effort was placed into optimizing the
g 3565 miz830.5- 221.0 ; ;
o : : instrument to reach a LOQ of 0.¢&/mL, this was even-
3 2'585 tually not important to the analysis of the plasma samples
2 E'Oes bR S generated in the pharmacological studies. CPI was dosed in-
- 1'595 travenously to eight different African Green Monkeys using
1.095 a 0.2mg/kg bolus followed by an infusion of 0.05 mg/kg/h
5'094 oEI0rea - beni for 4 h. This dosing regimen resulted in high concentrations
'00 (rg/mL) of CPI in circulation relative to the LOQ of the
700 05 10 15 20 25 30 85 40 method. Ultimately, all of the samples collected over the 4 h
(a) Time, min

period had to be diluted 1-10 to bring them within the range
of the calibration curve of the pre-developed method.
aopp| SIS Transitons ‘The assay for CPI was developed to meet pre-established
—" r:vszggg:g;g criteria r_equwed to support dlscqvery studies. These can be
0705 BEa.o summarized as follows. The calibration curve used for the
3000 i assay had to have a minimum of five points that were within
hﬂ +20% of their calculated value. Assay acceptance was based
on the quantitation of six sets of quality control (QC) samples
at varying concentrations on the calibration curve, including
the limit of quantitation. Two thirds of the QC concentrations
had to be determined within 25% of their theoretical value
at three concentrations along the standard line, and within
o b A AL e Vo VARV a4 30% of their theoretical value at the limit of quantitation.
05 10 15 20 25 30 35 40 The coefficient of variation for the QCs that were acceptable
(b) Time, min could not exceed 20%.
Circulating CPI concentration was monitored using the
Fig. 4. Representative, overlaid selected reaction monitoring chro- four most sensitive mass transitions that were identified
matograms fc_>r_an African Gr(_een Monkey: (a) sample collected@hia, during method developmenEig. 4a shows an overlaid
after the administration of an intravenous dose of CPI (0.2 mg/kg bolus fol- - .
lowed by an infusion of 0.05 mg/kg/h). The peak represents a concentration Chromatogram of the four mass transitions from an African
of 37.4ug/mL CPI after a 1:10 dilution with control plasma and (b) predose. Green Monkey after four hours of CPI infusioRig. 4b
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shows chromatograms of the predose plasma sample from 70
that same monkey. Upon performing the assay acceptance . g,
calculations using all four detection channels, accuracy and
precision were best for the two most sensitive transitions
(m/z1038.2— 249.0 andn/z830.5— 221.0), both of which
originated from detection of the 4148.1 Da sequence. The
m/z 830.5— 221.0 transition was used to calculate the
final concentrations of circulating CPI since an interference
peak, shown inFig. 4 (b), was observed in some of the
predose samples in tha/z 1038.2— 249.0 channel. CPI
concentration was calculated from the equatygrmx+ b,

by weighted (1¥?) linear least square regression of the
calibration line constructed from peak areas versus nominalrig. 5. Mean CPI plasma concentratiopsg(mL) in eight African Green
CPI concentration. The assay was applied to the determi-Monkeys after the administration of an intravenous dose of CPI (0.2 mg/kg
nation of CPI in African Green Monkey plasma samples in bolus followed by an infusion of 0.05mg/kg/h) when calculated using

: : the 4148.1 Da peptide sequendk, (n/z 830.5— 221.0). The CPI con-
two separate an . . :
P alytlcal runs (Correlatlon of standard CurVes’centranon when calculated using the 4276.2 Da peptide sequehaen/t

r1=0.9991 and2=0.9953). The performance of the assay 856.2— 563.4) is shown (offset slightly) for comparison. Error bars repre-
during two analytical runs, when monitoring the transition sent: standard deviatiom8).
m/z 830.5— 221.0, is summarized ifable 3 (both runs
combined). QC samples were run at 0.05, 0.1, 0.2, 0.5, 1.0,circulating CPI. Ultimately, even with this limitation, the
2.0 and 5.Qug/mL for each assay. Average ranges-(2) bioanalytical method provided the information that was
for accuracy and precision for all concentrations of QCs required, which included a relative assessment of CPI
during the two runs were 92.0-102.0% of expected potency concentrations in each monkey as well as the time to reach
and 10.4-21.8% (coefficient of variations), respectively. steady state concentration. The plasma-time concentrations
Precision was within the acceptance criteria for all QC (ng/mL), calculated using then/z830.5— 221.0 transition
concentrations, although it was high when compared to the (4148.1 Da), for the eight monkeys given an intravenous
routine precision historically obtained on small molecules. dose of CPI are shown ifig. 5. Also included in this Figure
Since the assay passed the pre-established acceptancare the mass concentrationsg{mL) of CPI as determined
criteria, no efforts were made during these experiments to based on the LC-MS/MS detection of the second CPI-II
identify a suitable internal standard. Identification and use sequence, when using th®e/z 856.2— 563.4 transition
of a suitable internal standard would be expected to offer (4276.2 Da). Particularly noteworthy are the approximately
some improvement in the precision of the assay for CPI. superimposable plasma concentration-time curves for the
The analytical methodology was developed with the two sequences, indicating that the two forms of CPI-Il are
assumption that any of the four transitions would be repre- probably cleared at a similar rate. Despite this similarity there
sentative of the mass concentration of CPI in circulation and did seem to be a slight bias to higher concentrations when
that the ratio of CPI peptides did not significantly change usingthe 4148.1 Da peptide sequence for calculating the total
throughout their residence time in the body. This assumption CPI in circulation. A comparison of chromatographic peak
was necessary due to the fact that there was not a characareas for the two isoforms in standards (@dImL, n=8) in
terized working standard of CPI available that contained a control monkey plasma versus samples obtained from CPI
single isoform sequence. This lack of a working standard dosed African Green Monkeys (240 mins 8) indicated that
eliminated the ability to provide molar concentrations of there was a statistically significant (unpaitetgst,p=0.01)
mean increase in the 4148.1/4276.2 Da peak area ratio in
Table 3 dosed samples (1.09 versus 1.16). These observations would

QC precision and accuracy data for the determination of potato carboxypepti- &cCount _for the slight bias_toward higher concentrations
dase inhibitor (CPI) from African Green Monkey plasma using LC-MS/MS When using the 4148.1 Da isoform to calculate total CPI
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Nominal CPI determined Accuracy (%)  Precisiol and indicated that the 4276.2 Da isomer may be cleared at a
concentration  concentration mean (%CV) slightly higher rate than the 4148.1 Da isoform.

(rg/mL) (rg/mL,n=12)

0.050 0.046 9D 21.8

0.100 0.102 102 16.3 4. Conclusions

0.200 0.194 9D 16.2

0.500 0.494 9B 11.8 . R .

2,000 2012 106 123 Potato carboxypeptidase inhibitor (CPI), dosed intra-
5.000 4.924 9% 10.4 venously as its natural isolate was quantified in African
2 Expressed as [(mean observed concentration)/(nominal concentra—Green Monkey plasma durlng pharmaCO|Oglcal experiments.

tion)] x 100. At least four different amino acid sequences of CPI were de-
b Coefficient of variation. tected in the natural isolate when using LC-MS/MS. A single



702

M.J. Rose et al. / Journal of Pharmaceutical and Biomedical Analysis 38 (2005) 695702

isoform sequence was chosen for MS/MS detection and was [8] R. Bakhtiar, F.L.S. Tse, Mutagenesis 15 (2000) 415-430.
shown to be representative of the total mass concentration of [9] M. Mann, R.C. Hendrickson, A. Pandey, Annu. Rev. Biochem. 70

CPlincirculation. The LC-MS/MS assay developed was lin-
ear over the range of 0.05—@/mL when extracting 20QsL
samples of African Green Monkey plasma.

References

[1] Clarance A. Ryan, G. Michael Hass, Robert W. Kuhn, J. Biol. Chem.
249 (1974) 5495-5499.

[2] M. Nagashima, M. Werner, M. Wang, L. Zhao, D.R. Light, R. Pagila,
J. Morser, P. Verhallen, Thromb. Res. 98 (2000) 333-342.

[3] G. Michael Hass, Clarance A. Ryan, Methods Enzymol. 80 (1981)
778-791.

[4] M.T. Davis, J. Beierle, E.T. Bures, M.D. McGinley, J. Mort, J.H.
Robinson, C.S. Spahr, W. Yu, R. Luethy, S.D. Patterson, J. Chro-
matogr. B 752 (2001) 281-291.

[5] J. Schaller, B.C. Pellascio, U.P. Schlunegger, Rapid Commun. Mass [18]

Spectrom. 11 (1997) 418-426.

[6] Y.G. Tsay, Y.H. Wang, C.M. Chiu, B.J. Shen, S.C. Lee, Anal.
Biochem. 287 (2000) 55-64.

[7] S. Vaidyanathan, D.B. Kell, R. Goodacre, J. Am. Soc. Mass Spec-
trom. 13 (2002) 118-128.

(2001) 437-473.

[10] M. Carrascal, K. Schneider, R.E. Calaf, S. Van Leeuwen, D. Canosa,
E. Gelpi, J. Abian, J. Pharm. Biomed. Anal. 17 (1998) 1129-1138.

[11] W.Y. Feng, K.K. Chan, J.M. @vey, J.Pharm. Biomed. Anal. 28
(2002) 601-612.

[12] N. Kobayashi, M. Kanai, K. Seta, K. Nakamura, J. Chromatogr. B.
672 (1995) 17-23.

[13] M. Niwa, K. Enomoto, K. Yamashita, J. Chromatogr. B 729 (1999)
245-253.

[14] S.M. Wilbert, G. Engrissei, E.K. Yau, D.J. Grainger, L. Tatalick,
D.B. Axworthy, Anal. Biochem. 278 (2000) 14-21.

[15] K.J. Miller, R.R. Bowsher, A. Celniker, J. Gibbons, S. Gupta, J.W.
Lee, S.J. Swanson, W.C. Smith, R.S. Weiner, Pharm. Res. 18 (2001)
1373-1383.

[16] M.A. Marti-Renom, R.H. Stote, E. Querol, F.X. Aviles, M. Karplus,
J. Mol. Biol. 284 (1998) 145-172.

[17] G.M. Hass, H. Nau, K. Biemann, D.T. Grahn, L.H. Ericsson, H.

Neurath, Biochemistry 14 (1975) 1334-1342.

J.Y. Chang, L. Li, F. Canals, F.X. Aviles, J. Biol. Chem. 275 (2000)

14205-14211.

[19] J.Y. Chang, F. Canals, P. Schindler, E. Querol, F.X. Aviles, J. Biol.
Chem. 269 (1994) 22087-22094.

[20] G. Venhudova, F. Canals, E. Querol, F.X. Aviles, J. Biol. Chem. 276
(2001) 11683-11690.



	Determination of potato carboxypeptidase inhibitor in African Green Monkey plasma using 96-well SPE and LC-MS/MS
	Introduction
	Experimental
	Materials
	Instrumentation
	Chromatographic conditions
	MS/MS detection
	Preparation of standards
	Plasma extraction procedure

	Results and discussion
	MS/MS characterization of potato carboxypeptidase inhibitor (CPI)
	Chromatographic development
	Sample analysis

	Conclusions
	References


