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bstract

The 99mTc complex of NC100692 is being evaluated as a diagnostic agent for imaging of angiogenesis. We here report in vivo studies performed
ith NC100692 and 14C-labelled NC100692 using liquid chromatography coupled to either an ion-trap mass spectrometer or a radiochemical
etector. Following injection of 14C-labelled NC100692, only the parent compound and no metabolites was observed in rat blood, whereas no
arent compound and only 1 metabolite was observed in urine. Analysis of rat urine samples with liquid chromatography with mass spectrometric
etection following administration of NC100692 verified the absence of the parent compound and showed the presence of 2 metabolites. The

tructures of the 2 metabolites were identified based on mass spectra and accurate mass determinations. The major metabolite was identified as
he molecule obtained following hydrolytic cleavage at the end of the C-terminal amino acid of NC100692. The minor metabolite was identified
s that obtained following removal of phenylalanine within the cyclic structure of the major metabolite.

2008 Elsevier B.V. All rights reserved.
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. Introduction

Diagnostic radiopharmaceuticals are radioactive or radiola-
elled imaging agents. For radiolabelling purposes 99mTc is most
requently used due to a short physical half-life (6.02 h) and
γ photon emission of 140 keV suitable for high-efficiency

etection resulting in low radiation exposure to the patient
1]. Due to the short half-life, the 99mTc-based radiopharma-
euticals are commercially distributed in a Tc-free form (i.e.
he ligand). These products are normally supplied as a freeze-
ried product which is added 99mTc at the hospital prior to
maging by reducing 99mTcO4

− eluted from a 99Mo/99mTc
enerator [1]. The added 99mTc binds to a chelator part of
he ligand. There is a vast excess of the ligand compared
ith the added 99mTc in such products as normally less than
% of the ligand in the injected solution is in the form of
99mTc-complex. Hence, the unlabelled ligand constitutes
lmost the entire amount of the injected drug, despite the
act that it is the very small amount of the 99mTc-labelled
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gent that is responsible for the diagnostic imaging information
btained.

Angiogenesis is a process present in several pathologies for
hich diagnostic imaging may be useful, e.g. disease screen-

ng, staging, monitoring, and follow-up purposes. The role of
ngiogenesis in tumors is well known [2]. Other diseases in
hich angiogenesis may be involved include endometriosis [3],

oronary arterial disease [4], atherosclerosis [5], and arthritis
6]. Targeting receptors expressed selectively or up-regulated
n endothelial cells in areas undergoing neo-vascularisation is
n approach to both the diagnosis and treatment of angiogenesis-
ependent diseases. Integrin �v�3 is one such receptor [7].
ubstances binding specifically and with a high affinity to this
eceptor are well known and include small peptides contain-
ng an RGD (arginine–glycine–aspartic acid) motif [7,8]. The
C100692 ligand contains an RGD sequence which binds selec-

ively with high affinity to the vitronection class of integrin
eceptors, such as the �v�3 receptor [9].

The 99mTc complex of NC100692 is being evaluated as

diagnostic imaging agent for the detection of angiogene-

is [10], and was recently used for detection of malignant
esions in patients with breast cancer [11]. NC100692 consists
f a peptide-based pharmacophore containing a cyclic RGD

mailto:line.roed@ge.com
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Fig. 1. Structure of NC100692. The asterisk (*) denotes

equence coupled to a biomodifier on the C-terminal part of the
eptide and a Tc chelator on the N-terminal part. The structure
f NC100692 is shown in Fig. 1; the synthesis of NC100692 has
een described by Indrevoll et al. [9]. We have previously devel-
ped and validated a quantitative method for the determination
f NC100692 in plasma [12]. The aim of the present study was
o elucidate the metabolism of NC100692 following intravenous
njection in rats.

. Materials and methods

.1. Chemicals

NC100692 was delivered by GE Healthcare (Oslo, Norway);
adiolabelled NC100692 ([Phe-U-14C]NC100692) was supplied
y GE Healthcare (Amersham, UK). All other chemicals were of
nalytical grade quality. Water was purified by reversed osmosis,
on exchanged and filtered through 0.45 �m filter on a Milli-Q
eagent Water System (Millipore, Molsheim, France).

.2. Animals and husbandry

Three male Bkl:SD (Sprague-Dawley) rats from Scanbur-
K (Sollentuna, Sweden) and 3 male HanTac:WH (Wistar
annover) rats from Møllegaard (Lille Skensved, Denmark),

ach 260–300 g at termination, were injected intravenously with

C100692. Four male Hsd:SD (300–350 g) from Harlan (Horst,

he Netherlands) were given an intravenous injection with [Phe-
-14C]NC100692. The animals of each breed were allocated

o a common cage after assignment to study in the NC100692

2
1

i
d

able 1
tudy design overview

ubstance injected Amount (�g/kg) Blood collected (

Phe-U-14C]NC100692 833 (1.76 MBq) 5, 15, 30, 60
Phe-U-14C]NC100692 1036 (2.85 MBq) 2, 5, 10, 15
Phe-U-14C]NC100692 833 (1.76 MBq) –
C100692 75 –
C100692 750 –

a Screening by use of liquid chromatography with radiochemical detection.
b Identification by use of liquid chromatography with mass spectrometric detection
e of uniformly 14C labelling of [Phe-U-14C]NC100692.

iotransformation experiments. The animals were acclimatized
or at least 5 days prior to study start and were housed in a
olycarbonate cage type IV and placed on racks in the assigned
oom. Bedding was Beekay lab bedding from B & K Universal
/S (Nittedal, Norway) and was changed every other day. On

he day of dosing the animals were placed in fresh cages. The
emperature was kept at 21 ± 2 ◦C, and the humidity maintained
t 55 ± 10%. Lighting was controlled to give 12 h light and 12 h
ark per 24 h in phase with natural daylight. Ventilation provided
pproximately 20 air changes per hour. The rats were provided
unicipal tap water and diet (Rat & Mouse No. 1 Maintenance
iet, Special Diets Service, Northwith, UK) ad libitum.

.3. Dosing and sampling

A brief summary of the study design is presented in Table 1.
ll rats from which urine was sampled were trained for con-
nement to the metabolism cages during the acclimatization
eriod before study start. Pre-dose urine samples (0.5 ml) were
ollected from all animals in the metabolism cages during the
raining period. On the day of urine sampling, the animals
ere placed individually in metabolism cages for urine sam-
ling for 5 h after dosing. All 3 Bkl:SD rats were administered
single intravenous injection of 750 �g NC100692/kg body
eight (bw), while all 3 HanTac:WH rats were administered
single intravenous injection of 75 �g NC100692/kg bw. The

Hsd:SD rats were administered 1.76 MBq (833 �g [Phe-U-

4C]NC100692/kg bw) in 0.5 ml injection solution as a bolus
njection in the tail vein. The urine sampled was kept on ice
uring the collection period, and subsequently frozen below

min) Urine collected Use of samples

–
Metabolic screeninga–

Up to 5 h
Up to 5 h

Metabolite identificationb
Up to 5 h

.
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15 ◦C and stored for maximum 11 weeks prior to analysis. The
rine samples were diluted (urine + saline, 1 + 2 (v/v)) prior to
nalysis using liquid chromatography with radiochemical detec-
ion.

The 4 Hsd:SD rats to be blood sampled were admin-
stered 1.76 MBq (833 �g [Phe-U-14C]NC100692/kg bw) (2
ats) or 2.85 MBq (1036 �g [Phe-U-14C]NC100692/kg bw) (2
ats) in 0.5 ml injection solution as a bolus injection in the
ail vein after being anaesthetised with subcutaneous injec-
ions of Dormicum in combination with Hypnorm. Dormicum
midazolam 5 mg/ml) and Hypnorm (fentanyl 0.315 mg/ml with
uanison 10 mg/ml) were both mixed 1 + 1 (v/v) with sterile
ater, and an injection solution was prepared by mixing diluted
ypnorm and Dormicum solutions 1 + 1 (v/v) and injecting
.2–0.3 ml/100 g bw. Blood samples from the tail vein (1 ml)
ere collected in a tube containing citrate as an anticoagu-

ant (1.76 MBq: 5 and 30 min post-injection from 1 rat and 15
nd 60 min from the other rat; 2.85 MBq: 2 and 10 min post-
njection from 1 rat and 5 and 15 min post-injection from the
ther rat). Plasma was prepared after collection by centrifuga-
ion at 1500 × g for 10 min at room temperature, and frozen
elow −15 ◦C if not analyzed immediately. Prior to analysis the
lasma samples were protein precipitated (sample + 5% (v/v)
rifluoroacetic acid in acetonitrile, 1 + 1 (v/v)). The protein pre-
ipitated sample was incubated at 4 ◦C for 30 min prior to the
entrifugation (13,000 RPM) for 10 min at 4 ◦C before removal
f the supernatant which after dilution (supernatant + saline,
+ 2 (v/v)) was analyzed using liquid chromatography with

adiochemical detection.
All rats used for urine sampling were killed by an intra-

enous overdose of Pentobarbital (100 mg/kg bw) immediately
fter urine sampling was completed, while the animals used
or blood collection were killed by exsanguination from the
ena cava while under deep surgical anaesthesia with Hyp-
orm and Dormicum. During intravenous administrations (both
osing and termination) the rats were immobilised by a des-
gnated restraining device and the injections were administered
hrough the tail vein using a 1 or 2 ml syringe with 25 G butterfly
eedle.

.4. Liquid chromatography with radiochemical detection

A Spectra Physics SP 8800 ternary pump (Mountain View,
A) coupled to a Gilson 231 autoinjector (Middleton, WI) was
sed for LC on a 4.6 mm × 100 mm Waters Symmetry 3.5 �m
18 analytical column (Waters, Milford, MA) using a binary
obile phase gradient at 1 ml/min at ambient temperature. The
obile phase consisted of Mobile phase A (0.1% (v/v) triflu-

roacetic acid in water) and Mobile phase B (0.085% (v/v)
rifluoroacetic acid in acetonitrile) according to the following:
nitially 15% B, 15%–20% B in 15 min, 20%–35% B in 5 min,
5% B for 5 min, 35%–15% B in 0.1 min and subsequently
e-equilibration for 20 min. The radiochemical detector was a

ackard Radiomatic Flo-One\Beta A 140 A (PerkinElmer) at
tandard 14C setting with a 250 �l flow-cell and 3 ml/min scin-
illation liquid (Packard Ultima-Flo M; PerkinElmer) flow rate.
n injection volume of 10 �l was used for the in vitro stability
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tudy and the metabolism profiling of rat urine while 50–100 �l
as injected for the metabolism profiling of rat plasma.

.5. Liquid chromatography with mass spectrometric
etection

A Hewlett Packard series 1100 LC (Agilent Technologies,
alo Alto, CA) hyphenated with an ion-trap MS (Finnigan LCQ;
hermo, Waltham, MA) was used for LC–MS analysis. The LC
as controlled by the Hewlett Packard ChemStation software,
ersion A.06.01 and Xcalibur (Thermo) was used to control
he MS detector and for data sampling. The chromatographic

ethod used with radiochemical detection was not compatible
ith mass spectrometric detection with regard to the use of triflu-
roacetic acid in the mobile phase. Furthermore it was of interest
o reduce the volumetric flow in addition to improve the peak
erformance by decreasing the column dimensions. Therefore,
new chromatographic method was developed for the use of
ass spectrometric detection.
A 2 mm × 4 mm Phenomenex C18 column was used as the

uard column (Torrance, CA) and a 2.1 mm × 75 mm Supelco
iscovery HS C18 (3 �m particle diameter) delivered by
upelco (Bellefonte, PA) was used as the analytical column at
flow rate of 0.3 ml/min at ambient temperatures. An injec-

ion volume of 10 �l was used with autosampler cooling to
◦C. Mobile phase A (0.1% (v/v) formic acid in water) and
obile phase B (0.1% (v/v) formic acid in acetonitrile) were

sed for gradient elution according to the following: Initially
% B, 5%–50% B in 8 min, 50% B for 1 min, 50%–5% B in
min and subsequently re-equilibration for 9 min. The ion-trap
S was used with positive electrospray mode. Full scan was

erformed from m/z 150 to 2000, while selective ion monitoring
SIM) of NC100692, Metabolite A and Metabolite B was per-
ormed using [M+2H]2+ (m/z 849.4 ± 0.5) and [M+3H]3+ (m/z
66.6 ± 0.5), [M+H]+ (m/z 1408.6.6 ± 0.5) and [M+2H]2+ (m/z
04.8 ± 0.5), and [M+H]+ (m/z 1279.6 ± 0.5) and [M+2H]2+

m/z 640.3 ± 0.5), respectively. Exact mass determination was
erformed using a 2695 Alliance LC system (Waters) coupled
o a QTOF Micromass spectrometer (Waters). Five microlitres
f rat urine were injected.

The amount of the metabolites in the urine samples was esti-
ated by using the calibration curve for NC100692 covering the

anges 5–5000 ng NC100692/ml or 50–10000 ng NC100692/ml.
he calibration standards were prepared by diluting a stock solu-

ion (1 mg NC100692/ml in water) with human urine obtained
rom 2 healthy volunteers. Fresh calibration standards were
ade for each analytical sequence. The calibration curve was
ade by plotting the peak area of the total ion current of
C100692 (sum of m/z 566.6 ± 0.5 and m/z 849.4 ± 0.5) against

he nominal concentration of NC100692 in the calibration stan-
ards. The calibration curve was fitted to a non-linear equation,
= a + bx + cx2, and weighted with a weighing factor of 1/y.
ue to the lack of pure standards the amounts of Metabolites

and B were estimated by assuming similar response as the

arent compound NC100692. Hence, the estimated amount of
ach metabolite was obtained by correlating the peak area of
he total ion current of the metabolite in the urine samples with
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he area found in the NC100692 calibration standards using the
alibration curve.

. Results

.1. Studies performed with [Phe-U-14C]NC100692

Only the chromatographic peak corresponding to [Phe-U-
4C]NC100692 was observed in blood following injection of
Phe-U-14C]NC100692 in male rats, i.e. no biotransformation
as observed in blood. In the urine samples, only 1 metabolite

nd no parent compound was observed (data not shown). The
adioactive peak in the urine chromatogram was shown to be
ifferent from the parent compound by spiking experiments (the
etabolite and the parent compound eluted at 13.6 and 15.3 min,

espectively).

.2. Qualitative analysis of rat urine samples following
njection of NC100692

NC100692 was not present in the post-dose rat urine samples
t detectable levels using LC–MS, in agreement with the results
btained following injection of [Phe-U-14C]NC100692. To eval-
ate all metabolites of NC100692 potentially present in rat urine,
re-dose and post-dose samples were analyzed using LC with
ull scan MS detection in the range m/z 150–2000 (Fig. 2). Two
etabolites, Metabolites A and B, were observed in post-dose
rine from animals receiving 75 or 750 �g NC100692/kg bw.
etabolite A was the major and least hydrophilic metabolite and
etabolite B was the minor and most hydrophilic metabolite as

etermined from the elution order. Spiking experiments revealed

ig. 2. Total ion current chromatograms (m/z 150–2000) of the (A) pre-dose
nd (B) post-dose urine samples.
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atogram of the post-dose urine sample in Fig. 2B and (B) Metabolite B obtained
t 4.9 min in the chromatogram of the post-dose urine sample in Fig. 2B.

o-elution of NC100692 reference standard and Metabolite A in
he chromatographic system used for LC–MS.

A mass spectrum of Metabolite A is shown in Fig. 3a. For all
nimals both [M+H]+ (only at high dose level) and [M+2H]2+

at both dose levels) were detected at m/z 1408.7 ± 0.6 and
04.7 ± 0.1, respectively. The possibility of metabolism in the
helate part of NC100692 was investigated. MS–MS of the
M+H]+ ions of NC100692, Metabolite A, and Metabolite B
emonstrated a loss of 99 mass units for all chemical species
m/z 1697.8 → m/z 1598.4, m/z 1408.3 → m/z 1309.3, and m/z
279.3 → m/z 1180.3, respectively), similarly to that described
or another agent containing the same chelate [13]. The same
ass loss was proposed by Mass FrontierTM software version

.0 (Thermo) for the fragmentation of the chelate part, thereby
howing the chelate part to be intact in both Metabolites A and B.
etabolite A was further investigated using exact mass determi-

ation as [M+H]+ resulting in an m/z of 1408.6556. This result
t very well with a metabolite formed upon hydrolysis on the
-terminal end of the cysteine (Cys) residue corresponding to a

heoretical m/z of 1408.6540 for [M+H]+. Thus, Metabolite A
as identified as the structure shown in Fig. 4A.
A mass spectrum of Metabolite B is shown in Fig. 3b. For all

ats both [M+H]+ (only at high dose level) and [M+2H]2+ (at
oth dose levels) were detected at an m/z of 1279.6 ± 0.6 and
40.1 ± 0.1, respectively. Metabolite B was also further inves-
igated using exact mass determination as [M+H]+ resulting in
n m/z of 1279.5976. This result fits very well with the mass

f Metabolite A following the removal of the phenylalanine
Phe) residue corresponding to a theoretical m/z of 1279.5961 for
M+H]+. The exact mass difference observed between Metabo-
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Fig. 4. Structures of (A) Metabolite A and (B) Metabolite B.

ites A and B is 129.0580 which correspond to the residue mass
f Phe minus H2O (theoretically 129.0579). Thus, Metabolite B
as identified as the structure shown in Fig. 4b. Interestingly; the

heoretical intermediate between Metabolites A and B (hydrol-
sed Metabolite A with an m/z of A + 18) was not present at
etectable levels.

.3. Estimation of metabolite amounts

Due to the lack of pure standards the amounts of Metabolites
and B could not be accurately quantified. Instead, the amounts

f the metabolites were estimated by assuming similar response
s the parent compound NC100692. A urinary excretion in male
ats of 3.5–7.3% of injected dose was estimated for Metabolite
, whereas a recovery of 0.2–0.8% of the injected dose was

stimated for Metabolite B. These experiments were performed
t a high dose level (750 �g/kg bw) using Sprague-Dawley strain
nd at a reduced dose level (75 �g/kg bw) using Wistar strain
Wistar Hannover) without observing any differences.

. Discussion

Following injection of [Phe-U-14C]NC100692 in rats, only

he parent compound and no metabolites were observed in
lood, whereas only 1 metabolite and no parent compound was
bserved in urine. The absence of NC100692 in urine was ver-
fied with LC–MS analyses, which also clearly demonstrated

o
n
i
t
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he presence of 2 metabolites in urine. The structures of these
etabolites were revealed using exact mass determination. The
ajor and least hydrophilic metabolite (Metabolite A) was iden-

ified as the molecule following hydrolytic cleavage at the end of
he C-terminal amino acid of NC100692. The minor metabolite
Metabolite B) was identified as that obtained following removal
f Phe from Metabolite A. These results thus explain why only
metabolite was observed in urine following injection of [Phe-
-14C]NC100692, as Metabolite B lacks the 14C labelled Phe,
recluding detection of Metabolite B with the radiochemical
etector.

The different chromatographic systems used in the 14C work
nd in the LC–MS study explain why the radiolabelled species
bserved in urine did not co-elute with the parent compound,
hile Metabolite A was found to co-elute with the parent com-
ound in the LC–MS system. In the 14C study, a significantly less
teep gradient was employed in addition to the use of different
hromatographic columns.

In a quantitative whole body autoradiography study,
he results following intravenous injection of [Phe-U-
4C]NC100692 in rats were very similar to those obtained
sing [14C]Phe only (data not shown). This further supports the
bservation in the present study, as Metabolite B is generated fol-
owing the removal of Phe from Metabolite A; thus the released
he may explain the similarity of the autoradiography results
etween injection of [Phe-U-14C]NC100692 and [14C]Phe. In
onclusion, all data obtained in studies using the 14C-labelled
C100692 fit with the identified structures for Metabolites A

nd B. It should be noted that the enzymatic cleavage reactions
eading to the 2 metabolites do not take part in the chelating part
f the molecule or close to the chelating part and thus probably
o not affect the chelating ability of the metabolites compared
ith NC100692. Moreover, the present data are in agreement
ith data obtained following injection of 99mTc-NC100692 in

ats, where only the parent compound and no metabolites were
bserved in blood, whereas no parent compound and 2 radioac-
ive metabolites were observed in urine (Dave Edwards, personal
ommunication; data generated within GE Healthcare).

Our estimates of the amounts of Metabolites A and B in
at urine are highly uncertain, mainly for 2 reasons. Firstly,
he assumption of similar responses for these metabolites and
C100692 may not be valid. Both underestimation and overes-

imation may result from such estimations. Secondly, the effect
f ion suppression may result in underestimation of the sig-
al responses and should therefore also be considered [14]. Ion
uppression may be expected both due to the complex and vari-
ble nature of the matrix but also due to the limited sample
reparation performed (dilution only). In our previous experi-
nce with a similar substance quantification of metabolites in
at urine has proven difficult, probably due to the much higher
and varying) concentration of both high- and low-molecular
eight substances in rat urine [15]. In light of that more than
0% of the radioactivity is excreted in urine 5 h after injection

f 99mTc-NC100692 in rats (Dave Edwards, personal commu-
ication), we believe that the low recovery of the 2 metabolites
n urine in the present study is due to a large underestimation of
he metabolites due to reasons discussed above.
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It is not known which enzymes are involved in forming the
metabolites observed, but some speculations regarding this

ssue are presented in the following. The bond within NC100692
hich must be hydrolyzed to generate Metabolite A is quite
nusual and probably non-existent in endogenous substances.
t is very likely that this metabolite is generated by one of the
any kidney brush border enzymes. Theoretically there exist at

east 4 possibilities for obtaining Metabolite B from Metabo-
ite A. The first possibility is to have a protease splitting on
he C-terminal of the Phe residue, followed by removal of Phe
y a carboxypeptidase. A chymotrypsin-like protease has been
eported to be present in kidney brush border [16] and should
heoretically be able to split C-terminal to Phe. Although this
athway should not be excluded, we are not aware of any car-
oxypeptidase in kidney brush border that has been described
o have a “carboxypeptidase A-like” activity and thus be able
o split off the new C-terminal Phe. The second possibility is
o split Metabolite A at the N-terminal side of the Phe residue.
his could be obtained by neprilysin, also called kidney brush
order neutral proteinase, neutral endopeptidase or NEP (EC
.4.24.11), which constitutes approximately 4% of the protein
f the renal brush border membrane proteins [17]. Following
plitting at the N-terminal side of Phe, the Phe residue may
e removed by membrane alanyl aminopeptidase (EC 3.4.11.2)
hich represent as much as 8% of the kidney brush border mem-
rane proteins and has broad substrate specificity with a high
ctivity concerning removal of Phe [18]. The third possibility is
hat the first split of Metabolite A may be performed by peptidyl
ipeptidase (also called angiotensin I converting enzyme; EC
.4.15.1) present in kidney brush border followed by removal
f Phe by the membrane alanyl aminopeptidase. Although this
ipeptidase has been described to be able to cleave off different
-terminal dipeptides, it would be somewhat surprising if it is
ble to perform this task with the very special C-terminal struc-
ure of Metabolite A. Finally, there is a theoretical possibility
o obtain Metabolite B from Metabolite A by having a two-step
ttack from a carboxypeptidase. As mentioned above, we are
ot aware of any carboxypeptidase described to have this kind
f activity in kidney brush border. It is therefore unlikely that
here exists an enzyme able to produce Metabolite B without a
ignificant amount of intermediate between Metabolites A and
, i.e. having the mass of Metabolite A plus 18. Interestingly

uch an intermediate was not detected.

In conclusion, our data indicate a rapid formation of Metabo-

ite A from NC100692 in kidney brush border. Metabolite B
as to be formed by 2 enzymatic steps from Metabolite A; the
bsence of an intermediate in this reaction indicates the second

[

[
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tep to be much faster than the first step. Based upon theoretical
onsiderations Metabolite B is most likely formed from Metabo-
ite A by the sequential attack of neprilysin and membrane alanyl
minopeptidase, which both are very abundant in kidney brush
order membrane. It should be noted that the urinary excretion
f peptides/proteins may differ between different species and
etween rat strains and sexes [19]; no difference was observed
n the metabolites in urine of the 3 rat strains used in the present
tudy.
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We thank Åsmund Larsen for performing the exact mass
eterminations.

eferences

[1] S. Banerjee, M.R. Pillai, N. Ramamoorthy, Semin. Nucl. Med. 31 (2001)
260–277.

[2] A. Giatromanolaki, E. Sivridis, M.I. Koukourakis, APMIS 112 (2004)
431–440.

[3] D.L. Healy, P.A.W. Rogers, L. Hii, M. Wingfield, Hum. Reprod. Update 4
(1998) 736–740.

[4] M. Cusack, S. Redwood, J. Coltart, Postgrad. Med. J. 76 (2000) 542–546.
[5] M. Hoshiga, C.E. Alpers, L.L. Smith, C.M. Giachelli, S.M. Schwartz, Circ.

Res. 77 (1995) 1129–1135.
[6] R.L. Wilder, Ann. Rheum. Dis. 61 (2002) 96–99.
[7] M.A. Horton, Int. J. Biochem. Cell Biol. 29 (1997) 721–725.
[8] E. Ruoslahti, Annu. Rev. Cell Dev. Biol. 12 (1996) 697–715.
[9] B. Indrevoll, G.M. Kindberg, M. Solbakken, E. Bjurgert, J.H. Johansen,

H. Karlsen, M. Mendizabal, A. Cuthbertson, Bioorg. Med. Chem. Lett. 16
(2006) 6190–6193.

10] J. Hua, L.W. Dobrucki, M.M. Sadeghi, J. Zhang, B.N. Bourke, P. Cavaliere,
J. Song, C. Chow, N. Jahanshad, N. van royen, I. Buschmann, J.A. Madri,
M. Mendizabal, A.J. Sinusas, Circulation 111 (2005) 3255–3260.

11] T. Bach-Gansmo, R. Danielsson, A. Saracco, B. Wilczek, T.V. Bogsrud, A.
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