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Abstract

Declined vasorelaxation function in aging resistance arteries is responsible for aging-related multiple organ dysfunctions.
The aim of the present study is to explore the role of peroxynitrite (ONOO) in aging resistance arterial vasorelaxation
dysfunction and the possible mechanism. In the present study, young (3-4 months olds) and aging (20 months olds) male
SD rats were randomized to receive vehicle (Saline) or FeTMPyP (ONOO™ scavenger) for 2 weeks. The vasorelaxation of
resistance arteries was determined in vitro; NOx level was tested by a colorimetric assay; the expression of nitrotyrosine (NT),
soluble Guanylate Cyclase (sGC), vasodilator-stimulated phosphoprotein (VASP), phosphorylated VASP (P-VASP) and cGMP
in resistance arteries were detected by immunohistochemical staining. In the present study, endothelium-dependent
dilation in aging resistance arteries was lower than in those from young rats (young vs. aging: 68.0%*4.5% vs. 50.4%=*2.9%,
P<0.01). And the endothelium-independent dilation remained constant. Compared with young rats, aging increased
nitrative stress in resistance arteries, evidenced by elevated NOx production in serum (5.3%=1.0 nmol/ml vs. 3.3%1.4 nmol/
ml, P<<0.05) and increased NT expression (P<<0.05). ONOO" was responsible for the vasorelaxation dysfunction, evidenced by
normalized vasorelaxation after inhibit ONOO™ or its sources (P<<0.05) and suppressed NT expression after FeTMPyP
treatment (P<<0.05). The expression of sGC was not significantly different between young and aging resistance arteries, but
the cGMP level and P-VASP/VASP ratio (biochemical marker of NO-sGC-cGKs signaling) decreased, which was reversed by
FeTMPyP treatment in vivo (P<<0.05). The present study suggested that ONOO™ mediated the decline of endothelium-
dependent vasorelaxation of aging resistance arteries by induction of the NO-sGC-cGKs pathway dysfunction.
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Introduction

Aging is an independent risk factor for cardiovascular diseases,
and aging-related decline of vascular function contributes to both
the vascular diseases and multiple organ dysfunctions. Consider-
able evidence exists that the vasorelaxation function of both aorta
[1] and small arteries, such as basilar arteries [2] and coronary
arteries [3], decreases with aging. The vasorelaxation dysfunction
of resistance arteries plays a crucial role in hypertension and
disorder of local blood flow distribution. Moreover, vasodilatation
dysfunction in aging resistance arteries contributes to damage of
body organs [4]. Nevertheless, mechanisms of aging-related
resistance arterial vasodilatation dysfunction remain largely
unknown.

The molecular mechanisms of aging-associated vasodilatation
dysfunction are complex, which include the elevated endothelin-1
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[5], over activated rein-angiotensin system [6] and decreased
Nitric Oxide (NO) bioavailability [7]. NO bioavailability decreas-
ing is the primary cause of vasorelaxation dysfunction in aging
resistance arteries. In the resistance arteries, NO binds to the heme
cofactor of sGC and increases the production of cGMP, which
induces the activation of cGMP-dependent protein kinases (cGKs)
and vasorelaxation. NO is an essential relaxing factor in NO-sGC-
c¢GKs pathway, and the declined content of NO leads to
vasorelaxation dysfunction in aging resistance arteries. However,
evidence exists that the production of NO is raised in sera [8] and
mesenteric arteries [9] from aging rats.

NO destruction is one of the causes for reduced NO
bioavailability in aging arteries [10]. Superoxide is an important
detrimental factor in NO destruction. Superoxide anion (‘Oy)
reacts with NO to form peroxynitrite (ONOOQO) in aging resistance
arteries [11]. The reaction consumes NO and produces ONOO".
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ONOQO' is known as a main harmful factor of nitrative stress in
many organs. ONOO’ impairs cell function in many ways,
including the injury to the cell signaling [12]. Several studies
reported that endogenous NO-induced vasorelaxation was de-
creased in arteries from both aging human [13] and rats [14]. It
suggests that the NO-related cell signaling is impaired in aging
arteries.

The purposes of this study were to determine whether ONOO®
was responsible for vasorelaxation dysfunction in aging resistance
arteries; and if so, to investigate whether the NO-sGC-cGKs
signaling pathway may be involved in ONOO™-induced vasore-
laxation dysfunction in aging resistance arteries.

Materials and Methods

Animals

The investigations conformed to the "Guiding Principles in the
Use and Care of Animals" published by the National Institutes of
Health (NIH Publication No. 85-23, Revised 1996) and were
approved by the Institutional Animal Care and Use Committee of
Capital Medical University. Animals were purchased from
Dongchuang animal provider, Changsha, Hunan Province,
China. Before the experiments, the rats were maintained in 12
hour light-dark cycles and fed ad libitum. Young (3—4 months,
250-300 g) and aging (20 months, 650-750 g) male SD rats were
randomly divided into 4 groups: (1) young, (2) young+FeTMPyP
(ONOQO" scavenger, Cayman), (3) aging, (4) aging+F'eTMPyP.
Young or aging rats received vehicle (Saline) or FeTMPyP
(ONOO' scavenger; 3 mg/kg/3 days; Cayman) via caudal vein
injection for 2 weeks. Animals were euthanized by a physical
method (decapitation, a suggested method for rodents by AVMA
Guidelines on Euthanasia). Animals were given chloral hydrate
(300 mg/kg) to reduce animals’ anxiety on the guillotine, and
ensure the euthanasia is rapidly accomplished to less the animals’
suffer.

Blood pressure and heart rate measurement

Blood pressure and heart rate of rats were measured indirectly
by using a non-invasive tail-cuff’ blood pressure measure system
(Softron) in awake rats.

Measurement of resistance arterial vasorelaxation

Small mesenteric arteries are generally considered as the
resistance arteries [15]. In the present study, vasorelaxation of
third or fourth branches of mesenteric arteries in rats were
detected. Freshly harvested intestines were placed into ice-cold and
oxygenated Hepes buffer (mM: NaCl, 144; KCI, 5.8;
MgCly6H20, 1.2; CaCl,, 2.5; Glucose, 11.1; Hepes, 35;
pH 7.38-7.40). Small mesenteric arteries were isolated (2 mm in
length), and mesenteric artery segments were attached to two wires
(40 um) connected to an isometric force transducer (DMT610M,
Danish Myo Technology). The segments were suspended in organ
bath chambers containing oxygenated (95% O,, 5% COy) Hepes
buffer. The temperature was set at 37 degrees Celsius. The artery
segments were stretched step by step until an optimal resting
tension of 100 mmHg, which was maintained throughout the
experiment. The segments were equilibrated for 2 h before
vasorelaxation measurements were taken.

After the equilibration period, the artery segments were exposed
to Hepes buffer containing 60 mM potassium (mM: 89.8, 144;
KCl, 60; MgCl12.6H20, 1.2; CaCl2, 2.5; Glucose, 11.1; Hepes, 5;
pH 7.38-7.40) until reproducible contractile responses were
obtained. After washing with Hepes buffer, segments of mesenteric
arteries were precontracted with norepinephrine (NE, 10™~ mol/L).
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Once a stable contraction was achieved, increasing concentrations of
vasodilators (107%-107° mol/1)) were added to the chamber to
obtain cumulative concentration-response curves. Endothelium-
dependent dilation was measured by Acetylcholine (ACh), and
endothelium-independent dilation was measured by sodium nitro-
prusside (SNP) or S-Nitroso-N-Acetyl-DI-Penicillamine (SNAP).
FeTMPyP (10~ mol/L)[16], Tempol (O, scavenger; 10~ * mol/
L; Sigma Aldrich)[17] or 1400W (inducible nitric oxide synthase
(iNOS) inhibiter; 10~% mol/L; Sigma Aldrich)[18] was preincubated
in the chamber for 30 min in order to inhibit ONOO" or its sources
in young and aging resistance arteries.

Nitrite plus nitrate measurement

The plasma levels of nitrite plus nitrate (NOx) were assessed as
nitrite concentration as described previously [10]. Briefly, serum
from young or aging rats was diluted in three times, and
ultrafiltered through a 10 kDa cutof filter (BioVision) to remove
serum proteins. NOx was measured by a commercial kit
(BioVision) based on the Griess reaction. The nitrate was
conversed to nitrite with nitrate reductase. The Griess Reagent
was added to the total nitrite, and the color was developed for
10 min at room temperature. After the reaction was completed,
NOx concentrations were determined at an optical density of
540 nm by comparison with standard solutions of sodium nitrite.

Detecting the protein expression by
immunohistochemical staining

Immunohistochemical staining was determined using the
method as described previously [19]. Briefly, mesentery and
mesenteric arteries were removed and stored in 4% paraformal-
dehyde for <48 h. Fixed mesenteric arteries were dehydrated and
embedded in paraffin, and sections were cut into 6 um thickness
and mounted onto glass slides. Antigen was retrieved by using a
microwave method (citric acid buffer, PH6.0). Endogenous
catalase was inactivated with 3% hydrogen peroxide for 10 min
at room temperature. The sections were stained with primary
antibody (anti-soluble Guanylate Cyclase (sGC) ol subunit,
Abcam; anti-soluble Guanylate Cyclase (sGC) B1 subunit, Sigma
Aldrich; anti-nitrotyrosine (N'T), Abcam; anti-vasodilator-stimu-
lated phosphoprotein (VASP), Cell Signaling Technology; anti-
phosphorylated VASP (P-VASP), Cell Signaling Technology;
cGMP, Merck Millipore) at 4 degrees Celsius overnight and
peroxidase-conjugated affinipure secondary antibody (Santa Cruz)
at 37 degrees Celsius for 30 min, successively. Target proteins
were detected with diaminobenzidine (DAB). Protein quantifica-
tion was performed by mean density of staining of the vessel tissues
using Image Pro (version 6.0).

Statistics analysis

Statistics analysis was performed with SPSS software (version
13.0). Statistical analysis was carried out by the one-way ANOVA
between means of groups. P value <<0.05 was considered
significant.

Results

Vasorelaxation function decreased in aging resistance
arteries; and NOx level increased in serum from aging
rats

ACh (an endothelium-dependent vasodilator) relaxed the NE-
induced vasoconstriction in young resistance arteries sufficiently,
but the vasorelaxation responses to ACh in aging resistance
arteries were impaired (Fig. 1A). Endothelium-dependent dilation
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Figure 1. Endothelium-dependent vasorelaxation function in aging resistance arteries was impaired compared with those in young
rats, while the NOx level in the serum of the aging rats was increased. (A) ACh produces dose-dependent relaxation of resistance arteries in
young and aging rats. (B) ACh-induced endothelium-dependent vasorelaxation in aging resistance arteries was lower than young rats, n>6. (C, D)
SNP and SNAP-induced endothelium-independent vasorelaxation remained constant, n>4. (E) NOx content in the serum of aging rats was increased
compared with the young rats, n>5. **P<<0.01 vs. young, *P<0.05 vs. young. Data represents the mean = SEM in (B, C, and D), and data represents
the mean = SD in (E).

doi:10.1371/journal.pone.0104788.g001
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Figure 2. NT expression in aging resistance arteries was elevated; and FeTMPyP treatment normalized the NT expression in aging
arteries, n=3-6. *P<<0.05 vs. young, # P<0.05 vs. aging, scale bar=50 um. Data represents the mean = SD.

doi:10.1371/journal.pone.0104788.9g002

in aging resistance arteries was lower than in those from young rats
(P<<0.01) (Fig. 1B). Relaxation values (% of maximal endotheli-
um-dependent dilation induced by ACh) decreased from
68.0% *£4.5% in the young animals to 50.4%*2.9% in the aging
animals. However, the endothelium-independent dilation induced
by SNP/SNAP in aging resistance arteries remained constant
(Fig. 1C, D). It suggests an endothelium dysfunction in aging
resistance arteries.

In order to detect the production of NO in aging arteries, the
level of NOx in serum from rats was determined. NOx level is
highly correlated with NO level in serum[20], and have been
considered as a marker of vascular function. NOx level in serum
from aging rats was increased compare with serum from young
ones (nmol/ml; young vs. aging: 3.3*1.4 vs. 5.3%£1.0, P<<0.05)
(Fig.1E), which suggested the increased NO production in aging

rats’ serum.

ONOQO' level increased in aging resistance arteries

ONOQ' nitrated tyrosine on proteins to form N'T. And NT is
considered generally as the biomarker of the ONOO™ in tissues
and cells [21]. To detect the NO destruction and the formation of
ONOQO, the level of NT was determined in young and aging
resistance arteries. In the present study, amounts of NT were
measured using immunohistochemistry. The level of NT increased
In aging rat’s resistance arteries (Fig.2, P<<0.05). Both the
endothelium and vascular smooth muscle were stained immuno-
cytochemically. It suggests an elevated ONOO level in aging
resistance arteries.

ONOO s a significant factor in aging resistance arterial
vasorelaxation dysfunction

In order to certify the role of ONOO™ in aging-related resistance
arterial vasorelaxation dysfunction, ONOO™ scavenger (FeTM-
PyP, 10" mol/L) was used to inhibit ONOQ' in aging resistance
arteries. Vasorelaxation responses to ACh were normalized after
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ONOO" scavenger preincubation in aging resistance arteries
(Fig. 3A; P<0.05). FeTMPyP treatment increased relaxation
values from 50.4%*2.9% to 61.5%*3.5% in the aging animals.
ONOQO' is the product of the interaction between'Oy” and NO.
The present study inhibited the'Oy” and iNOS by Tempol (10™* mol/
L) and 1400W (10~° mol/L), respectively. Inhibition of eitherOy™ or
iNOS ameliorated the vasorelaxation function in aging resistance
arteries (aging+1400W/aging+Tempol wvs. aging: 63.3%=*5.1%/
66.6%%5.9% vs. 50.4%*2.9%; Fig.3 B, C, P<<0.05). The inhibitor
(FeTMPyP, 1400W or Tempol) treatment showed no significant effect
on vasorelaxation of young resistance arteries. It suggests that ONOO”
is a detrimental factor in aging-related resistance arterial vasorelax-
ation dysfunction.

Treatment with ONOO™ scavenger (FeTMPyP)
ameliorated NO-sGC-cGKs signaling pathway

To further identify the mechanism of ONOO™-induced
vasorelaxation dysfunction in aging resistance arteries, the NO-
sGC-cGKs pathway was determined. sGC is the cytoplasmic
receptor of NO, which plays an important role in NO-sGC-cGKs
signaling. Expression of sGC was detected by immunohistochem-
istry. Expression of sGC ol and sGC B1 subunit was unaltered in
aging resistance arteries compared with young resistance arteries
(Fig. 4A). And FeTMPyP treatment showed no effect on sGC
subunits expression in resistance arteries. When the NO-sGC-
c¢GKs signaling is activated, cGMP level increases and c¢GKs
phosphorylate VASP at serine 239 to form P-VASP. cGMP level
decreased in aging resistance arteries, which was reversed by
FeTMPyP treatment (Fig.4B, C; P<<0.05). The P-VASP/VASP
ratio is a biochemical marker for NO-sGC-cGKs signaling in
vascular tissues. The P-VASP/VASP ratio was significantly
diminished in aging resistance arteries (Fig.4D, E; P<0.05).
ONOQO" scavenger treatment elevated P-VASP/VASP ratio in
aging resistance arteries (Fig. 4B, C; P<<0.05) but not the young
ones. And ONOQO" scavenger treatment suppressed the expression
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Figure 3. Anti-peroxynitrite treatment ameliorated endothelium-dependent vasorelaxation function in aging resistance arteries.
(A) ACh-induced endothelium-dependent vasorelaxation was normalized after FeTMPyP treatment, n>6. *P<<0.05 vs. aging+FeTMPyP. (B) ACh-
induced endothelium-dependent vasorelaxation was normalized after Tempol treatment, n>4. *P<0.05 vs. aging+Tempol (C) ACh-induced
endothelium-dependent vasorelaxation was normalized after 1400W treatment, n>4. *P<<0.05 vs. aging+1400W. Data represents the mean * SEM.

doi:10.1371/journal.pone.0104788.g003

of NT in aging resistance arteries (Fig.2). The present results
suggest that ONOO' is involved with the NO-sGC-cGKs signaling
pathway dysfunction in aging resistance arteries.

Discussion

The present study confirms that vasorelaxation function
decreased in aging resistance arteries. And the elevated ONOO"
level is responsible for the vasorelaxation dysfunction in aging
resistance arteries. Moreover, the present study suggests that
ONOO" markedly impaired the NO-sGC-cGKs signaling, which
may be a significant mechanism for aging-related resistance
arterial vasorelaxation dysfunction.

The homeostasis of resistance arteries plays an important role in
the regulation of blood pressure [22]. Evidence exists that
endothelium-dependent vasorelaxation is impaired in the omental
arteries from aging human without hypertension [23]. In the
present study, the blood pressure was unaltered in aging rats
compared with young ones (table 1). And the dilation responses to
ACh, an endothelium-dependent vasodilator, were decreased in
resistance arteries isolated from aging animals. It suggests that
even the aging animals without hypertension have the endothe-
lium-dependent vasorelaxation dysfunction. The extensive exis-
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tence of endothelium dysfunction in aging animals may explain
the susceptibility of vascular diseases during aging. And the present
study had measured dilation responses to two kinds of NO donors,
SNP and SNAP, in resistance arteries. SNP is an enzymatic-
dependent NO donor. The process of SNP mediated NO release
requires the thiols in tissues [24]. SNAP is an enzymatic-
independent NO donor, and the progress of SNAP mediated
NO release is spontaneous in the water [25]. Nevertheless, dilation
responses to SNP and SNAP were unaltered in aging resistance
arteries compared with young resistance arteries. It suggests that
the vascular smooth muscle in aging resistance arteries has a
normal function.

NO is one of the endothelium-derived relaxing factors (EDRF).
The decreased NO bioavailability is involved in many aging-
related vascular dysfunction. In the present study, the level of NOx
was elevated in the serum from aging rats. NOx is generally
considered as the level of vascular NO and its in vivo metabolic
products. Increased level of NOx suggests the elevated NO
production in aging vasculature. Most of the NO in the arteries is
produced from endothelial nitric oxide synthase (eNOS) and
iNOS. eNOS is the major player in NO production in the young
arteries, and eNOS-derived NO has been considered as the
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Figure 4. sGC expression remained constant, but cGMP and P-VASP/VASP ratio was decreased in aging resistance arteries; and
FeTMPyP treatment reversed aging-related downregulation of the P-VASP/VASP ratio. (A, B, D) sGC a1, sGC 1, cGMP, VASP and P-VASP
immunostaining in resistance arteries. Expression of sGC a1 and sGC 1 in young and aging resistance arteries was not significant different. (C, E)
Densitometry analysis of the cGMP level and P-VASP/VASP ratio in resistance arteries. Senescence decreased the cGMP and P-VASP/VASP ratio, and
which was reversed by the FeTMPyP treatment in vivo. n=3-6. *P<<0.05 vs. young, # P<0.05 vs. aging, scale bar=50 um. Data represents the mean

+ SD.
doi:10.1371/journal.pone.0104788.g004

fundamental mediator of vascular homeostasis. However, the
expression of eNOS seems to be controversial in the aging arteries.
Both the increased [26] and declined expression [27] of eNOS has
been reported in the previous studies. However, the activity of
eNOS is impaired in aging arteries [28], which suggests that the
eINOS does not appear to be responsible for the increased NO
production in aging serum. On the other hand, iINOS expression is
increased in aging arteries [29]. And the NO production ability of
iNOS is much higher than eNOS. Therefore, we presume that
increased iINOS expression is the main effecting factors in the
elevated NO production in aging arteries.

Increased superoxide generation is involved in the NO
destruction. Considerable evidence exists that the increased
oxidative stress in aging arteries is associated with elevated
superoxide production [30]. It is the consequence of increased
NADPH oxidase expression and the anti-oxidative system
dysfunction. Increased’Oy” reacts with NO, and this reaction
produces ONOO™ [31]. This reaction inactivates NO and the
production ONOO™ has been indicated to have a destructive effect
on vascular function. Our preliminary study revealed that the level
of N'T (biomarker of ONOQ") was increased in aging aorta, which
was suppressed by inhibition of iNOS [32]. It reveals that iNOS
derived NO may be inactivated in aging arteries. In the present
study, the expression of N'T was increased in aging resistance
arteries. It suggests the NO destruction and the ONOO"
production in the aging resistance arteries.

Studies have shown that increased ONOOQO" is associated with
vasorelaxation dysfunction in aging arteries, such as the aorta [33]
and the coronary artery [34]. And in our preliminary study, the
vasorelaxation function of aging aorta was ameliorated after
suppressing the level of ONOO™ by inhibition the iNOS
expression [32]. In the present study, ONOO™ and its source
(‘Og” and iINOS) were inhibited respectively to demonstrate the
role of ONOO™ in the vasorelaxation dysfunction in aging
resistance arteries. FeTMPyP is the specific scavenger of ONOO".
FeTMPyP treatment ameliorated ACh-induced dilation in aging
resistance arteries. In addition, either Tempol (‘Oy” scavenger) or
1400W (iINOS inhibitor) preincubation normalized vasorelaxation
responses to ACh in aging resistance arteries. It suggests that
ONOO' is involved in the vasorelaxation dysfunction in aging
resistance arteries.

The NO-sGC-cGKs pathway, by which NO reduces vascular
tone, is crucial to the regulation of vasorelaxation in resistance
arteries. sGC is the cytoplasmic receptor of NO, which plays an

important role in NO-derived vasorelaxation. NO binds to the
heme cofactor of sGC and enhances the production of cGMP,
which induces the activation of cGMP-dependent protein kinases
(cGKs) and vasorelaxation [35]. Heterodimeric sGC consists of o
and B subunits, and expresses in most tissues. Vasodilatation is
mediated primarily by the alB1 isoform in arteries [36]. Deletion
of either ol [37] or Bl [38] subunit in mice exhibited elevated
blood pressure and dysfunction in smooth muscle contractility. It is
reported that the decreased expression of sGC subunits was one of
the mechanisms for vasodilatation dysfunction in aging aorta [39].
The reduced expression of sGC in the aorta is mediated by
downregulation of the human-antigen R (HuR) [40]. And HuR is
mRNA-binding protein, which stabilizes the sGC subunits mRNA
at the posttranscriptional level. However, in the present study,
expression of both the sGC al and sGC B1 was not significantly
different between aging and young resistance arteries. It suggests
that the mechanism of aging related vascular impairment in
various types of arteries is different. cGMP is the production of
sGC. In the present study, cGMP level was downregulated in
aging resistance arteries, and FeTMPyP elevated cGMP level. We
consider two important possibilities regarding the relationship
between the unchanged sGC expression and decreased cGMP in
aging resistance arteries. The first possibility is that sGC itself may
be inactivited by ONOO' in aging resistance arteries. Evidence
exists that ONOQO™ alters the activity of proteins by nitrated the
tyrosine residues[41]. And the results of the present study showed
that the total NT expression in the aging resistance arteries is
increased. The second possibility deserves consideration is that the
production of ONOO" consumes NO and reduces the activity of
sGC. In the present study, Nox level is increased in serum from
aging rats. NOx is a marker of NO production but not NO
bioavailability in aging arteries. The elevated NO production may
be consumed by reactive oxygen species in aging resistance arteries
and leads to sGC inactivity.

The NO-sGC-cGKs pathway plays a critical role in vascular
tone maintaining. The present study suggests that impaired NO-
sGC-cGKs pathway may be responsible for the vasorelaxation
dysfunction in aging arteries. When NO-sGC-cGKs pathway is
activated, cGKs phosphorylate VASP at serine 239 [42]. The P-
VASP/VASP ratio is considered a biochemical marker to monitor
the NO-sGC-cGKs signaling pathway [43]. In the present study,
P-VASP/VASP ratio was declined in aging resistance arteries,
which indicated the NO-sGC-cGKs pathway inhibition. FeTM-
PyP treatment in vivo down regulated the expression of NT and

Table 1. The weight, heart rates, systolic pressures and diastolic pressures of animals.

Young Aging Aging+FeTMPyP
Wight(g) 251.7+16.0 693.0+68.4** 661.3+£64.6**
Heart Rate(time/min) 359.7+11.4 363.1+13.2 366.49.0
Systolic Pressure(mmgH) 105.4+5.7 104.3+6.1 100.9%10. 7
Diastolic Pressure (mmgH) 80.4*5.0 80.8+4.1 79.0+8.7

**P<0.01 vs. young.
doi:10.1371/journal.pone.0104788.t001
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reversed the P-VASP/VASP ratio in aging resistance arteries. It
suggests that the increased ONOQO™ may be an important cause of
vasorelaxation dysfunction in aging resistance arteries. In addition,
it is reported that ONOQO™ may be involved in numerous
physiological processes in vasorelaxation. For example, ONOO"
up regulated the activity of prostaglandin endoperoxide Hy
synthase (PGHS) and down regulated the activity of prostacy-
clin-synthase (PGI2-synth), suggesting that ONOO" is involved
with the disorder of the synthesis of prostaglandins in aging
arteries [44]; and ONOO™ impaired the endothelium-derived
hyperpolarizing factor (EDHF) induced vasorelaxation by injury of
the potassium channels, such as large-conductance Ca**-activated
K* channels (BK¢,) [45], small-conductance K¢, (SK) and
mtermediate-conductance K¢, (IK) [46]. In the case of an
elevated level of ONOQO" in aging resistance arteries, vasorelax-
ation dysfunction induced by ONOO™ may be underlying
mechanisms of vascular tone maintaining dysfunction in aging
resistance arteries.

In the present study, the NT level was decreased incompletely
after FeTMPyP treatment, but p-VASP/VASP value was fully
ameliorated. The possibility that warrants consideration is that NT
is the production of ONOO' nitrated proteins but not ONOO"
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