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ACE inhibition enhances bradykinin relaxations
through nitric oxide and B1 receptor activation in

bovine coronary arteries

Abstract: Bradykinin causes vascular relaxations through
release of endothelial relaxing factors including prosta-
cyclin, nitric oxide (NO) and epoxyeicosatrienoic acids
(EETs). Bradykinin is metabolized by angiotensin convert-
ing enzyme (ACE) and ACE inhibition enhances brady-
kinin relaxations. Our goal was to characterize the role of
bradykinin receptors and endothelial factors in ACE inhib-
itor-enhanced relaxations in bovine coronary arteries. In
U46619 preconstricted arteries, bradykinin (10"-10%M)
caused concentration-dependent relaxations (maximal
relaxation >100%, log ECSO:-9.8iO.1). In the presence of
the NO synthase inhibitor, N-nitro-L-arginine (L-NA, 30
uM) and the cyclooxygenase inhibitor, indomethacin (10
uMm), relaxations were reduced by an inhibitor of EET syn-
thesis, miconazole (10 uM) (maximal relaxation=55+10%).
Bradykinin relaxations were inhibited by the bradykinin
2 (B2) receptor antagonist, D-Arg0-Hyp3-Thi5,8-D-Phe7-
bradykinin (1 um) (log EC,=-8.5+0.1) but not altered by
the Bl receptor antagonist, des-Arg9[Leu8]bradykinin
(1 um). Mass spectrometric analysis of bovine coronary
artery bradykinin metabolites revealed a time-dependent
increase in bradykinin (1-5) and (1-7) suggesting metab-
olism by ACE. ACE inhibition with captopril (50 um)
enhanced bradykinin relaxations (log EC, =-10.3+0.1). The
enhanced relaxations were eliminated by L-NA or the Bl
receptor antagonist but not the B2 receptor antagonist.
Our results demonstrate that ACE inhibitor-enhanced
bradykinin relaxations of bovine coronary arteries occur
through endothelial cell B1 receptor activation and NO.
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Introduction

In bovine coronary arteries, the nonapeptide bradykinin
causes potent endothelium-dependent relaxations that
are mediated through two distinct pathways; nitric oxide
(NO) and an endothelium-derived hyperpolarizing factor
(EDHF) (Pratt et al., 1996; Campbell et al., 2001). In this
vasculature, the epoxyeicosatrienoic acids (EETs), ara-
chidonic acid cytochrome P450 epoxygenase metabolites,
function as transferable EDHFs (Campbell et al., 1996;
Gebremedhin et al., 1998; Fisslthaler et al., 1999; Gauth-
ier et al., 2005). They activate smooth muscle large-con-
ductance, calcium-activated potassium channels to cause
membrane hyperpolarization and vascular relaxation
(Campbell et al., 1996; Pratt et al., 2001).

Kinin biological actions are mediated through the
activation of two G protein coupled receptors, Bl and B2
(for reviews see McLean et al., 2000; Marceau and Regoli,
2004). The B2 receptor is constitutively expressed in many
tissues types, including the vasculature, whereas B1
receptor expression is regulated by cytokines and inflam-
matory regulators although some cell types have some
constitutive expression (Hall, 1992; Marceau et al., 1998;
McLean et al., 2000; Figueroa et al., 2001; Passos et al.,
2004). Under physiological conditions, bradykinin relaxa-
tions of many arteries are mediated through endothelial
cell B2 receptor activation (Mombouli et al., 1992; Cock-
croft et al., 1994; Koller et al., 1995; Miyamoto et al., 1999;
Su et al., 2000; Ren et al., 2002).

In vivo, bradykinin’s half-life is estimated to be 17 s
(Ferreira and Vane, 1967). Enzymes responsible for brady-
kinin degradation include angiotensin converting enzyme
(ACE, kinase II), carboxypeptidase N (kininase I), neutral
endopeptidase and aminopeptidase P (Murphey et al.,
2000). The stable plasma bradykinin metabolite is the
pentapeptide bradykinin 1-5 (B(1-5)) formed by sequen-
tial ACE metabolism (Murphey et al., 2000). The ACE
activity responsible for this metabolism is most likely of
endothelial cell origin as ACE is highly expressed in this
cell type (Baudin et al., 1997).
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ACE inhibitors are utilized for the treatment of numer-
ous cardiovascular diseases including hypertension and
heart failure (Smith and Ball, 2000). They suppress the
conversion of angiotensin I to angiotensin II as well as
bradykinin metabolism to inactive peptides B(1-7) and
B(1-5) (Skeggs et al., 1956; Yang et al., 1971). Acute ACE
inhibitor exposure potentiates bradykinin relaxations in
arteries from numerous vascular beds. Possible mecha-
nisms of this potentiation include increased local con-
centrations of bradykinin or direct interaction of the ACE
inhibitor with B1 receptors (Mombouli et al., 1992, 2002;
Beril et al., 2002; Erdos et al., 2010). The goal of our study
was to characterize the role of B1 and B2 receptors and
endothelial relaxing factors in ACE inhibitor-enhanced
bradykinin relaxations in bovine coronary arteries. The
results from our study indicate that the ACE inhibitor, cap-
topril, enhances bradykinin relaxation of bovine coronary
arteries through endothelial Bl receptor-mediated NO
release.

Results

In bovine coronary arterial rings preconstricted with
U46619, the Bl receptor agonist, DesArg10-kallidin, caused
potent concentration-related relaxations (maximal relax-
ations=97+6%, log EC, =-9.9+0.8) (Figure 1A). The relaxa-
tions were eliminated by endothelium removal and greatly
reduced by NO synthase inhibition with L-nitro-arginine
(L-NA, 30 um) (maximal relaxations=30+7%). Similarly,
bradykinin, caused concentration-dependent relaxa-
tions (maximal relaxations=122+9%, log EC, =-9.5+0.1
(Figure 1B) that were eliminated by endothelium removal
and inhibited, but not blocked by L-NA (log EC, =-8.2+0.1).
To clarify the role of specific receptors in bradykinin relax-
ations, the relaxations were repeated with and without the
B1 receptor antagonist desArg9-Leu8-bradykinin (1 um) or
the B2 receptor antagonist, D-Arg0-Hyp3-Thi5,8-D-Phe7-
bradykinin (1 um) (Figure 2A). Maximal relaxations to
bradykinin were significantly reduced by the B2 receptor
antagonist (log EC, =-8.5+0.1). In contrast, the Bl receptor
antagonist did not alter the relaxation response to brady-
kinin. Thus, under control conditions, the endothelium-
dependent relaxations to bradykinin are mediated by B2
receptors only.

To verify the role of cytochrome P450 metabolites
in mediating the bradykinin NO-resistant relaxations,
relaxations to bradykinin were repeated in the presence of
the cyclooxygenase inhibitor, indomethacin (10 um) plus
the NOS inhibitor, L-NAME (30 um) with and without the
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Figure1 Effect of NO inhibition and endothelium removal on
DesArg10-Kallidin (A) and bradykinin (B) relaxations of bovine coro-
nary arteries. Relaxations responses were recorded in arterial rings
preconstricted with the thromboxane mimetic U46619 (10-50 nm).
Arteries were pretreated with the NO inhibitor L-NA (30 um). n=4-8.
Each value represents the meantstandard error of the mean (SEM).
*significantly different from control.

cytochrome P450 inhibitor, miconazole (10 um) (Figure 2B).
Miconazole reduced the maximal relaxations by over 40%
to 55+10%. Thus, in bovine coronary arteries, bradykinin
relaxations occur through endothelial B, receptor activa-
tion to increase NO release and the release of cytochrome
P450 metabolites, an EET.

We next examined bradykinin metabolism by bovine
coronary arteries. Bovine coronary arteries were incu-
bated with bradykinin (1 um) for 0, 5, 15 and 30 min with
and without L-NA (30 uM). Metabolites were extracted
and analyzed by liquid chromatography-mass spectros-
copy (LC-MS). Elution times of bradykinin standards,
the respective mass to charge ratios (m/z) used for their
detection and lower limit sensitivities are shown in
Table 1. Bradykinin metabolite concentrations increased
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Figure 2 Effect of (A) bradykinin receptor antagonists and (B)
cytochrome p450 inhibition on bradykinin relaxations of bovine
coronary arteries. Relaxations responses were recorded in arterial
rings preconstricted with the thromboxane mimetic U46619

(10-50 nm). (A) Arteries were pretreated with the B1 receptor anta-
gonist (B1antag), des-Arg9[Leu8]bradykinin (1 um) or the B2 recep-
tor antagonist (B2 antag), D-Arg-OHyp3-Thi5,8-D-Phe7] bradykinin
(1 um). (B) Arteries were treated with L-NA (30 um), indomethacin
(10 um) with or without miconazole (10 um). n=4-9. Each value
represents the mean+SEM. *significantly different from control.

with time (Figure 3A). The major metabolites were B(1-5)
and B(1-7) whereas B(1-8) and B(2-9), the kininase I
and aminopeptidase P metabolites, respectively, were
minor metabolites (<2.3 ng/ml). B(1-5) was produced in
the highest concentration (141 ng/ml at 30 min). B(1-5)
represents two sequential C-terminal cleavages by ACE
and B(1-7) represents one C-terminal cleavage by ACE.
Bradykinin metabolism was not altered by pretreatment
with L-NA (Figure 3B). Thus, ACE activity represents the
primary metabolic pathway for bradykinin degradation in
bovine coronary arteries.

As B(1-7) is a primary metabolite of bradykinin, we
next examined its activity in preconstricted coronary
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Table1 Liquid chromatography-mass spectrometry (LC-MS) assay
parameters. Elution times of bradykinin and the various bradykinin
metabolite standards, mass to charge ratios (m/z) used for their
respective detection and lower limit detection sensitivities.

Elution m/z Sensitivity
times (min)

Internal Std 20.06 517 -
B(1-5) 11.72 573 25 pg/ul
B(1-7) 13.98 379 5 pg/ul

Bradykinin 21.49 531 5 pg/ul
B(2-9) 25.04 453 5 pg/ul
B(1-8) 28.92 453 5 pg/ul
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Figure 3 Bradykinin metabolism in bovine coronary arteries.
Bovine coronary arteries were incubated with bradykinin (1 um) for
0, 5, 15 and 30 min under control conditions (A) without L-NA and
(B) with L-NA (30 um). Metabolites were extracted and analyzed by
LC-MS. Bradykinin peptide sequence and metabolic cleavage sites
are noted above panel A. Site A represents cleavage by aminopepti-
dase P and formation of B(2-9). Site B represents two successive
cleavages by ACE and B(1-5) formation. Site C represents one
cleavage by ACE and B(1-7) formation. Site D represents cleavage
by carboxypeptidase and B(1-8) formation.
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arterial rings. B(1-7) was without activity. It did not cause
relaxation or further constriction (data not shown). Thus,
ACE metabolism represents an inactivation pathway for
the vascular relaxation effects of bradykinin in bovine
coronary arteries.

To determine the effect of ACE metabolism on brady-
kinin relaxations, we repeated the relaxations in the pres-
ence of the ACE inhibitor, captopril (50 um) (Figure 4A).
Captopril enhanced the relaxations (log EC_=-10.3+0.1)
compared to control bradykinin relaxations (log
EC,,=-9.8+0.1). Control relaxations without captopril were
inhibited by L-NA (log EC, =-9.0+0.1). Captopril-enhanced
relaxations were eliminated by L-NA (log EC, =-9.1+0.1),
(Figure 4A) and Bl receptor antagonism (log ECSO:-9.4J_rO.1)
(Figure 4B). Alternatively, captopril-enhanced relaxations
to bradykinin remained when relaxations were performed
with the B2 receptor antagonist (B2 antagonist alone,
max relaxations=6794+9.1%, B2 antagonist plus capto-
pril, max relaxations=95.6+3.2%) (Figure 4C). Thus, cap-
topril-enhanced relaxations to bradykinin occur through
Bl-receptor-mediated, NO-dependent mechanisms.

Discussion

This study clarifies the roles of B1 and B2 receptors in
bradykinin relaxations of bovine coronary arteries. Under
control conditions, bradykinin relaxation occurs through
activation of endothelial cell B2 receptors and are coupled
to the release of NO and a cytochrome P450 metabolite.
Previous studies have characterized the cytochrome P450
metabolite as an EET (Campbell et al., 1996; Fisslthaler
et al., 1999; Gebremedhin et al., 1998; Campbell et al.,
2001; Gauthier et al., 2005). In contrast, ACE inhibitor-
enhanced relaxations to bradykinin are mediated by B1
receptors and NO release. These pathways are illustrated
in Figure 5.

Numerous studies have demonstrated a role of B2
receptors in bradykinin relaxations (Mombouli et al., 1992;
Cockcroft et al., 1994; Koller et al., 1995; Miyamoto et al.,
1999; Su et al., 2000; Ren et al., 2002). Because B2 recep-
tors are constitutively expressed, their contribution to
bradykinin relaxations is expected. Similar to our results,
B2 receptor-dependent dilations of canine and porcine
coronary arteries are partially mediated by NO plus an
additional relaxing factor, EDHF (Mombouli et al., 1992;
Fisslthaler etal., 1999; Su et al., 2000). Alternatively, the B1
receptor-specific agonist, DesArgl0-kallidin, stimulated
potent endothelium-dependent relaxations in bovine cor-
onary arteries. Bl-mediated relaxations were unexpected
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Figure 4 Effect of ACE inhibition on bradykinin relaxations of
bovine coronary arteries. Relaxations responses were recorded in
arterial rings preconstricted with the thromboxane mimetic U46619
(10-50 nm). (A) Effect of NOS inhibition with L-NA (30 um). (B) Effect
of B1 receptor inhibition (B1 antag) with des-Arg9[Leu8]brady-
kinin (1 um). (C) Effect of the B2 receptor antagonist (B2 antag),
D-Arg0-Hyp3-Thi5,8-D-Phe7-bradykinin (1 um). n=7-18. Each value
represents the mean+SEM. *significantly different from control or
B2 antagonist.
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Figure 5 Mechanisms of kinin relaxations in bovine coronary arteries. Kinins interact with endothelial cell B1 and B2 receptors to stimulate

relaxing factor release. (A) The B1 receptor agonist DesArg10-kallidin

stimulates endothelial NOS (eNOS) NO production. NO diffuses to the

smooth muscle and activates cGMP to cause vascular relaxation. (B) B2 receptor activation with bradykinin stimulates the release of two
relaxing factors: NO plus the cytochrome P450 arachidonic acid metabolite, the EETs. EETs activate smooth muscle potassium channels

to cause membrane hyperpolarization and vascular relaxation. (C) Th

e presence of captopril enhances bradykinin relaxations through B1

receptor-dependent NO production. This occurs through increased bradykinin availability for carboxypeptidase metabolism resulting in

increased DesArg9-bradykinin concentrations and the subsequent st

as this receptor subtype is not normally expressed, but
induced by inflammatory mediators. Similar to our obser-
vation, B1 receptor-specific relaxations were observed in
canine, porcine and human coronary arteries (Drummond
and Cocks, 1995; Pruneau et al., 1996; Su et al., 2000). Bl
receptor expression is observed in endothelial cells from
human coronary, pulmonary, renal and carotid arteries
plus others (McLean et al., 2000). This suggests that arte-
rial B1 receptor expression may be constitutive. The role
of NO in B1 receptor-dependent relaxations is in agree-
ment with previous studies establishing NO release from
endothelial cells during B1 receptor activation (Ignjatovic
et al., 2004; Stanisavljevic et al., 2006; Skidgel et al., 2006;
Zhang et al., 2011).

The LC-MS analysis of bradykinin metabolism by
bovine coronary arteries identified the major metabolites
as B(1-5) and B(1-7). This indicates that ACE is predomi-
nately involved in bradykinin degradation in these arter-
ies. Studies of isolated rat aorta, canine coronary arter-
ies or in vivo analysis of human plasma demonstrated
a similar metabolite profile of bradykinin degradation
(Murphey et al., 2000; Mombouli et al., 2002; Bujak-
Gizycka et al., 2011). A logical expectation is that ACE
inhibition enhances bradykinin relaxations by blocking
metabolism and increasing the local concentrations of
bradykinin at the level of the vascular endothelium. This
expectation is supported by our observation that ACE
metabolism of bradykinin is an inactivation pathway as
B(1-7) was without vascular activity in bovine coronary
arteries. In porcine coronary arteries, Beril and colleagues
have suggested that endothelial cell co-localization of ACE
and B2 receptors accounts for ACE inhibitor potentiation

imulation of Bl receptors. CP, carboxypeptidase.

of bradykinin relaxations (Beril et al., 2002). In isolated
canine coronary arteries, investigators similarly con-
cluded that ACE inhibitor potentiation of bradykinin
relaxation involved the protection of bradykinin from
ACE metabolism (Mombouli et al., 2002). Following this
reasoning, enhanced relaxations secondary to increasing
bradykinin concentrations would be sensitive to B2 recep-
tor blockade and not B1 receptor blockade. However, the
captopril-enhanced relaxations of bovine coronary arter-
ies remained intact in the presence of the B2 receptor
antagonist. It is possible that the overall bath concentra-
tions of bradykinin overwhelm and mask small increases
in bradykinin concentrations during ACE inhibition and
therefore a role of B2 receptors was not observed. In con-
trast, the captopril-enhanced relaxations were eliminated
by the B1 receptor antagonist. Taken together, this sug-
gests that enhanced relaxations that occur with captopril
are complex and not simply caused by increases in brady-
kinin because bradykinin is not a B1 receptor agonist.
Des-Arg9-bradykinin(B(1-8)), the bradykinin car-
boxypeptidase metabolite lacking the C-terminal argi-
nine, is an endogenous B1 receptor agonist (Marceau and
Regoli, 2004; Skidgel et al., 2006). This metabolite was
produced in low concentrations when bradykinin was
incubated with bovine coronary arteries. Previous studies
indicate that carboxypeptidase M is co-localized with Bl
receptors in the plasma membrane of endothelial cells.
This provides for local B(1-8) delivery to the B1 receptor
(Skidgel et al., 2006; Zhang et al., 2011). ACE metabolism
of bradykinin removes the C-terminal Phe8-Arg9, decreas-
ing bradykinin availability for carboxypeptidase metabo-
lism to B(1-8) and limits local B(1-8) concentrations. ACE



1210 —— K.M. Gauthier et al.: ACE inhibition enhances bradykinin relaxations

inhibition would therefore increase bradykinin availability
for carboxypeptidase metabolism, increasing B(1-8) con-
centrations and the subsequent stimulation of B1 recep-
tor, NO-dependent relaxations. It should be noted that our
metabolism studies measured metabolites released into
the incubation media. Local bradykinin metabolite con-
centrations at the endothelial cell may be underestimated
by measurements in the incubation media. However,
under control conditions, it does not appear that brady-
kinin metabolism to B(1-8) is of significance in the bovine
coronary artery because the B1 receptor antagonist had
little effect on the relaxations to bradykinin.

A direct interaction of ACE inhibitors and B1 receptors
has been previously demonstrated in pulmonary endothe-
lial cells with ACE inhibitors stimulating NO release
through direct B1 receptor activation (Ignjatovic et al.,
2004; Stanisavljevic et al., 2006; Zhang et al., 2011). Most
importantly, Erdés and colleagues indicated that ACE
inhibitors are allosteric enhancers of B1 receptor function
and bind a Zn-binding consensus sequence, a site inde-
pendent of the bradykinin orthostatic ligand binding site
(Ignjatovic et al., 2004; Erdos et al., 2010). This interac-
tion could occur in bovine coronary arteries and result in
increased B1 receptor sensitivity to bradykinin. However,
a direct effect of captopril was not apparent. Captopril
alone did not alter vascular function of the bovine coro-
nary arteries as similar concentrations of U46619 were
used to constrict arteries treated with captopril as com-
pared to the control arteries (10.3+1.4 nm and 10.8+1.4 nM,
respectively).

In summary, our results indicate that captopril
enhances relaxations to bradykinin by increased B1 recep-
tor function. The enhanced relaxations to bradykinin with
ACE inhibition are mediated by endothelial B1 receptor-
mediated NO release.

Materials and methods

Reagents

L-NA, L-NAME, miconazole, indomethacin, desArg10-kallidin, B(1-8)
and buffer reagents were purchased from Sigma Aldrich, St. Louis,
MO. Bradykinin was purchased from Sigma Aldrich (functional vas-
cular studies) and American Peptide, Sunnyvale, CA (mass spec-
troscopy standard). Des-Arg9,Leu8-bradykinin and D-ArgO-Hyp3-
Thi5,8-D-Phe7-bradykinin were purchased from Bachem, Torrance,
CA. U-46619 was purchased from Cayman Chemical, Ann Arbor, MI.
DesArg9-bradykinin and Phe8¥W(CH-NH)-Arg9-bradykinin, the mass
spectrometry internal standard, were purchased from Tocris Biosci-
ence, Bristol, UK. B(1-5), B(1-7), B(2-9), and Lys-des-Arg9-bradykinin
were purchased from American Peptide. Captopril was purchased
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from Spectrum Chemicals & Laboratory Products, New Brunswick,
NJ. All solvents were high-performance liquid chromatography grade
and were purchased from Sigma Aldrich.

Vascular reactivity studies

Measurements of isometric tone in bovine coronary arterial rings
were conducted as described previously (Campbell et al., 1996;
Gauthier et al., 2002). Fresh bovine hearts were obtained from a lo-
cal slaughterhouse. Sections of the left anterior descending coronary
artery were dissected, cleaned and cut into 1.5-2.0 mm diameter rings
(3 mm length). Arterial rings were suspended on two stainless hooks.
Tension was measured using either a model FT-03C force transducer
(Grass Instruments), ETH-400 bridge amplifier, and MacLab 8e A/D
converter with MacLab software and Macintosh computer or a four-
chamber myograph (model 610 M, Danish Myo Technology) contain-
ing a Kreb’s-bicarbonate buffer equilibrated with 95% 02-5% CO2
and maintained at 37°C. Data were recorded using MacLab software
and a Macintosh computer. The arterial rings were slowly stretched
to a basal tension of 2.5-3.5 g and equilibrated for 0.5 h. KCI (60 mm)
was repeatedly added and rinsed until reproducible stable contrac-
tions were observed. The thromboxane mimetic, U46619 (5-20 nm),
was added to increase basal tension to approximately 50-75% of
maximal KCl contraction. Vessels were pretreated for 10 min with
vehicle, L-NA (30 um), L-NAME (30 um), indomethacin (10 um), D-
Arg0-Hyp3-Thi5,8-D-Phe7-bradykinin (1 um), des-Arg9[Leu8]brady-
kinin (1 um) or captopril (50 um) 10 min before preconstruction. Re-
laxation responses to cumulative additions of bradykinin, B(1-7) and
DesArg10-kallidin were recorded. Basal tension represents tension
before the addition of U46619. Results are expressed as % relaxation
of the U46619-treated rings with 100% relaxation representing basal
tension.

Bradykinin metabolism

Bovine coronary arterial rings (35 mg/vial) were incubated in 2 ml
HEPES buffer (130 mm NaCl, 5 mMm KCl, 20 mm HEPES, 1 mMm CaCl,,
2mm MgCl, and 5.5 mm glucose, pH 7.4) with bradykinin (1 um) for 0,
5, 15 and 30 min at 37°C in a shaker bath. In addition, a control sam-
ple of bradykinin in buffer alone without incubation was also pro-
cessed. After incubation, the supernatant was immediately removed
and extracted the same day.

Solid-phase extraction of bradykinin and
bradykinin metabolites

The internal standard (Phe8¥(CH-NH)-Arg9-bradykinin) was added
to each sample with ethanol containing 1% trifluoroacetic acid (TFA)
to a final volume of 15% followed by 1 ml of water containing 1% TFA.
The samples were applied to a preconditioned Sep Pak C18 SPE car-
tridge (Waters Corp., Milford, MA) and washed with 20 ml of water
containing 1% TFA. Peptides were eluted from the column using 6 ml
of methanol containing 1% TFA and dried under a stream of nitro-
gen gas. The sample was dissolved in 500 pl of 75% acetonitrile/25%
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water containing 1% TFA, centrifuged, and the supernatant was re-
moved and dried under a stream of nitrogen gas. For LC-MS, the sam-
ples were dissolved in 30 ul of 50% methanol/50% water containing
3% formic acid and 0.01% TFA, centrifuged, and the supernatant
analyzed.

Liquid chromatography, mass spectrometry
(LC-MS) quantification of bradykinin peptide
metabolites

LC-MS was performed using a modification of a previously described
method (Cui et al., 2007; Gauthier et al., 2008). Analyses were per-
formed using a Waters-Micromass Quattro micro API electrospray
triple quadruple mass spectrometric system coupled with a Waters
2695 high-performance liquid chromatograph (HPLC). The mass
spectrometer is equipped with a Z-spray dual orthogonal ionization
source and is controlled by MassLynx 4.1 software. Samples were sep-
arated on a reverse phase C18 column (Jupiter 2.0x250 mm, Phenom-
enex) using water-methanol with 0.3% formic acid as a mobile phase
at a flow rate of 0.2 ml/min. The mobile phase of 20% methanol in
water linearly increased to 50% methanol over 30 min, followed by
a linear increase to 100% methanol over 5 min. Positive ion electro-
spray ionization mass spectrometric conditions were as follows: cap-
illary voltage, 3.2 kV; cone voltage, 34 V; desolvation temperature,
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