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Abstract
Introduction—Angiotensin II (AngII) activates p38 mitogen-activated protein kinase (MAPK)
and elevates arginase activity in endothelial cells. Upregulation of arginase activity has been
implicated in endothelial dysfunction by reducing NO bioavailability. However, signaling
pathways activated by AngII in the penis are largely unknown.

Aim—We hypothesized that activation of p38 MAPK increases arginase activity and thus impairs
penile vascular function in AngII-treated mice.

Methods—Male C57BL/6 mice were implanted with osmotic minipumps containing saline or
AngII (42 μg/kg/h) for 14 days and co-treated with p38 MAPK inhibitor, SB 203580 (5 μg/kg/
day), beginning 2 days before minipump implantation. Systolic blood pressure (SBP) was
measured. Corpus cavernosum (CC) tissue was used for vascular functional studies and protein
expression levels of p38 MAPK, arginase and constitutive NOS, and arginase activity.

Main Outcome Measures—Arginase expression and activity; expression of phospho-p38
MAPK, -eNOS and nNOS proteins; endothelium-dependent and nitrergic nerve-mediated
relaxations were determined in CC from control and AngII-infused mice.

Results—AngII increased SBP (22%) and increased CC arginase activity and expression (~2-
fold), and phosphorylated P38 MAPK levels (30%) over control. Treatment with SB 203580
prevented these effects. Endothelium-dependent NO-mediated relaxation to acetylcholine was
significantly reduced by AngII and this effect was prevented by SB 203580 (P<0.01). AngII (2-
week) did not alter nitrergic function. However, SB 203580 significantly increased nitrergic
relaxation in both control and AngII tissue at lower frequencies. Maximum contractile responses
for phenylephrine and electrical field stimulation were increased by AngII (56% and 171%,
respectively), and attenuated by SB 203580 treated. AngII treatment also decreased eNOS
phosphorylation at Ser-1177 compared to control. Treatment with SB 203580 prevented all these
changes.

Conclusion—p38 MAPK inhibition corrects penile arginase activity and protects against erectile
dysfunction caused by AngII.
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Introduction
Nitric oxide (NO) is the principal mediator of cavernosal smooth muscle relaxation and
penile erection [1]. NO is derived from L-arginine by NO synthase (NOS), and both
endothelial NOS (eNOS) and neuronal NOS (nNOS) isoforms of the corpus cavernosum
(CC) serve as sources to produce relevant levels of NO. Reduced availability of L-arginine
to eNOS and nNOS has been implicated in erectile dysfunction in aging-associated
endothelial dysfunction [2], atherosclerosis [3] hypercholesterolemia [4], and diabetes [5,6].
The mechanisms of erectile dysfunction involve oxidative stress and vascular inflammation
[7], both of which have been associated with enhanced arginase activity and expression in
the vasculature [8–12].

In mammalian cells, L-arginine is used as a substrate by both NOS and arginase. Because
arginase and NOS share a common substrate, NO production is likely linked to regulation of
arginase activity [13]. Two distinct isoforms of arginase have been identified and both are
found in vascular tissue and endothelial and smooth muscle cells [14,15]. Arginase isoforms
compete with NOS for L-arginine and reduce production of NO [12,16]. Previous studies
have shown that arginase exists in human CC, and inhibition of this enzyme results in
facilitation of CC relaxation [8,17].

Angiotensin II (AngII), an active product of the renin-angiotensin system (RAS), is a
prominent regulator of erectile function and abnormal levels of AngII induce
vasoconstriction, vascular remodeling, and endothelial dysfunction, leading to vascular
complications in diabetes and other diseases [18]. AngII, which is found in human CC
endothelial and smooth muscle cells [19], appears to play a significant role in the regulation
of the erection process [20]. AngII concentrations in penile tissue are higher during
detumescence than during tumescence [20]. AngII also mediates activation of NADPH
oxidase [21,22], regulation of cell growth and proliferation through activation of receptor
tyrosine kinases, non-receptor tyrosine kinases, and mitogen-activated protein kinases
(MAPKs) [23,24].

p38 MAPK is a member of the superfamily of MAPKs that also includes the extracellular
signal-regulated kinase (ERK) and c-jun-NH2-terminal kinase (JNK). Activation of p38
MAPK can be triggered by a variety of cellular stresses including hyperglycemia, oxidative
stress and diabetes [25–28]. AngII markedly activates p38 MAPK [29–34] and inhibition of
p38 MAPK attenuates organ damage and improves vascular dysfunction in cardiovascular
diseases [33–35]. In addition, nitrergic neurovascular dysfunction in CC from diabetic
mouse is corrected by chronic treatment with a p38 MAPK inhibitor [28].

Activation of the p38 MAPK signaling pathway has been implicated in elevated arginase
activity and expression in macrophages [36,37]. Our previous study indicates that AngII
enhances arginase activity/expression through activation of p38 MAPK in bovine aortic
endothelial cells [38]. However, signaling pathways activated by Ang-II in the penis are
largely unknown. We hypothesized that AngII increases arginase activity/expression and
causes impairment of penile vascular function through activation of p38 MAPK and that
inhibition of p38 MAPK prevents arginase upregulation and improves CC relaxation. To
further explore the interaction between p38 MAPK and arginase, we determined the effect
of the selective isoform p38 α/β MAPK inhibitor SB 203580 in mice treated for two-weeks
with AngII. We provide in vivo evidence that two-week treatment with a selective p38
MAPK inhibitor prevents elevation of arginase activity/expression and enhances NO-
endothelium dependent relaxation in our AngII model.
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Methods
Animals

The protocols were approved by the Education Committee and Experimental Research of
the Medical College of Georgia. Ten-week old male C57BL/6J mice were used in this study.
Mice were implanted subcutaneously with osmotic mini pumps (Alzet, Durect Corp
Cupertino, CA, USA) after they were anesthetized with a mixture of ketamine (60 mg/kg)
and xylazine (10 mg/mg). Mice were either infused with saline as a control or AngII (42 μg/
kg/h) for 2 weeks. The mice were housed in individual cages and provided with standard
chow and water ad libitum. Body weight of each mouse was measured before and after the
two-week treatment.

Treatment with SB 203580
Two days prior to the implantation of mini pump, and during the two week-infusion of
AngII, some mice underwent treatment with the selective p38 MAPK inhibitor, SB 203580
(5 μg/kg/day). Mice were divided into four groups: (i) mice infused with saline only (CTL);
(ii) mice infused with saline and treated with SB 203580, ip; (iii) mice infused with AngII
only; and (iv) mice infused with AngII and treated with SB 203580. Systolic blood pressure
(SBP) was measured by tail cuff plethysmography in conscious mice before starting the
treatment and once a week to monitor the progression of hypertension during the two-week
treatment period.

Functional Studies in Cavernosal Strips
Mice were anaesthetized and the penes were removed and placed in chilled Krebs solution.
Following removal of the vein and urethra, the penile tissue was cleaned from connective
and adventitial tissue, and the fibrous septum separating the corpora cavernosa was opened
from its proximal extremity toward the penile shaft. A slit was made in the tunica albuginea
along the shaft to obtain two strips (approximately 11 × 1 × 1 mm) of corpus cavernosum
(CC) from each animal. Each strip was mounted under resting tension of 2.5 mN in a 4-ml
myograph chambers filled with Krebs solution (in mM: NaCl, 118; NaHCO3, 25; glucose,
5.6; KCl, 4.7; KH2PO4, 1.2; MgSO4 7H2O, 1.17 and CaCl2 2H2O 2.5) at 37°C (pH 7.4) and
continuously aerated with 95% O2 and 5% CO2. Isometric force was recorded using a
PowerLab 8/SPTM data acquisition system (Software Chart, version 5, AD Instrument, MA,
USA). Tissues were allowed to equilibrate for 1 h before starting the experiments.

After equilibration, the ability of the preparation to develop contraction was assessed by a
high KCl solution (80 mM). Cumulative concentration-response curves to acetylcholine
(ACh; 10−9 to 10−5 M), an endothelium-dependent vasodilator and sodium nitroprusside
(SNP; 10−8 to 10−4 M), a NO donor were obtained in cavernosal strips contracted with
phenylephrine (PE; 10−5 M, α1-adrenergic receptor agonist). Cumulative concentration-
response curves to the contractile agent PE (10−9 to 10−4 M) were also obtained in the
cavernosal tissue.

In another set of experiments, electrical field stimulation (EFS) was applied in cavernosal
strips placed between two platinum ring electrodes connected to a grass S88 stimulator
(Astro-Med Industrial Park, RI, USA), and EFS was conducted at 20 V, 1-ms pulse width
and trains of stimuli lasting 10s at varying frequencies (1–32 Hz). In order to study the
nitrergic relaxations, cavernosal tissues were pretreated with bretylium tosylate (3 × 10−5

M) and atropine (10−6 M) to deplete the catecholamine stores and to block muscarinic
receptors, respectively. Involvement of NO on EFS-induced cavernosal relaxations was
confirmed by using L-NAME (10−4; NOS inhibitor). To evaluate adrenergic nerve-mediated
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responses, the strips were incubated with L-NAME (10−4 M) plus atropine (10−6 M), before
EFS was performed.

Arginase Activity Assay
Mice cavernosal tissues were frozen in liquid nitrogen, pulverized, combined 1:4 (wt:vol)
with ice-cold lysis buffer (50 mmol/L Tris-HCl, 0.1 mmol/L EDTA and EGTA, pH 7.5)
containing protease inhibitors, phosphates cocktail 1 and 2 and homogenized on ice. The
homogenate was sonicated and centrifuged at 14,000 g for 20 minutes at 4°C and the
supernatant was removed for enzyme assay. 25 μL of the supernatant was collected in
triplicate and then added to 25 μL of Tris-HCl 121 (50 mmol, pH 7.5) containing 10 mmol
MnCl2 and the mixture was activated by heating for 10 minutes at 55–60°C. Arginase
activity was assayed by measuring urea produced from L-arginine as previously described
[16].

Western Blot Analysis
Tissues were homogenized in lysis buffer containing protease inhibitors and centrifuged at
14,000 × g for 20 minutes at 4°C, supernatants collected and protein concentrations
determined. Total protein (20 μg) was resolved on a 10% SDS-polyacrylamide pre-cast gel
and transferred to polyvinylidene difluoride membrane. The membrane was blocked in
advance blocking agent (Amersham) and then incubated with primary antibody (anti-
arginase I, BD Transduction Laboratories, 1:1000; anti-arginase II, Santa Cruz
Biotechnology, INC, 1:250; anti-eNOS, anti eNOS phosphorylated at Ser1177 and Thr495,
Cell Signaling Technology, 1:1000; anti nNOS, Cell Signaling, 1:4000; anti p38 MAPK and
anti p38 MAPK phosphorylated at Thr180 and Thr182, Cell Signaling Technology, 1:1000) in
Tris-buffered saline/Tween 20 buffer overnight at 4°C. After washing, the membranes were
incubated with sheep anti-mouse (Amersham, 1:4000) or donkey anti-rabbit (GE Healthcare,
1:4000) horseradish peroxidase-labeled secondary antibody, respectively, and visualized
using an enhanced chemiluminescence kit (Amersham, Piscataway, NJ, USA). The protein
expression levels were normalized by α-actin.

Drugs and Chemicals
Acetylcholine, angiotensin II, atropine, bretylium tosylate, cocktail 1, cocktail 2, Nω-nitro-
L-arginine methyl ester (L-NAME), sodium nitroprusside, phenylephrine and protease
inhibitor were purchased from Sigma Aldrich (St Louis, MO, USA). 4-(4-Fluorophenyl)-2-
(4-methylsulfinylphenyl)-5-(4-pyridyl)1H-imidazole (SB 203580) was purchased from
Calbiochem (EMD Biosciences, Inc, La Jolla, CA, USA). All reagents used were of
analytical grade. Stock solutions were prepared in deionized water or ethanol and stored in
aliquots at −20°C; dilutions were prepared immediately before use.

Statistical Analysis
Experimental values of relaxation or contraction were calculated relative to the maximal
changes from the contraction produced by PE and KCl, respectively, taken as 100% in each
tissue. Data are shown as the mean ± SEM of the mean of n experiments. Two-way analysis
of variance (ANOVA) was used to evaluate the results followed by bonferroni post hoc test.
P<0.05 was considered significant. A program package was used for the statistical analysis
of all data (GraphPad Instat, version 5.00; GraphPad Software Inc., San Diego, CA).

Results
AngII-treated mice showed similar weight (26.3 ± 0.41 g) compared with the CTL group
(26.2 ± 0.34 g, N=10 in each group). However, weights in SB 203580-treated CTL (23.8 ±
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0.79 g) and Ang II-infused mice (24.5 ± 0.75 g) were statistically lower than their respective
controls (P <0.05). SBP at the end of treatment was significant increased in AngII-treated
mice compared to CTL mice (Table 1). Two-week treatment with the p38 inhibitor, SB
203580, did not alter SBP in CTL mice, but significantly attenuated the elevated SBP in
AngII- treated mice by 60 %.

SB 203580 Ameliorates Angiotensin II-Induced Endothelial Dysfunction
The cavernosal contraction induced by a high K+ concentration (KCl 80 mM) was not
significantly different among the groups (CTL, 0.79 ± 0.08 mN; AngII, 0.86 ± 0.08 mN;
CTL+SB 203580, 1.0 ± 0.12 mN; AngII+SB 203580, 0.78 ± 0.07 mN). Although there was
no significant difference in the potency (pEC50) of ACh between the CTL (7.24 ± 0.03) and
AngII (7.05 ± 0.04) group, the maximal relaxation response elicited by ACh in tissue from
AngII-treated mice (76 ± 3%, P < 0.05) was significantly impaired compared to CTL mice
(88 ± 3%, Figure 1A). Treatment with SB 203580 for two weeks significantly enhanced the
endothelium-dependent relaxation elicited by ACh at all concentrations, and prevented
endothelial dysfunction in AngII-treated mice (Figure 1A). In addition, there was a
significant increase in sensitivity of CC relaxation responses to ACh in the AngII+SB
203580 compared to AngII-treated group, with pEC50 values of 7.41 ± 0.09 vs 7.05 ± 0.04,
respectively. There was no difference in ACh-induced relaxation between strips from CTL
+SB 203580 and the CTL mice. Incubation with L- NAME (10−4 M) fully blocked ACh-
induced cavernosal relaxations in all groups (N = 4; not shown).

SB 203580 Augments Cavernosal Relaxation to Electrical-Field Stimulation (EFS) but not
to Sodium Nitroprusside (SNP)

Electrical-field stimulation (EFS) of cavernosal tissues caused frequency-dependent
relaxations in the four groups. Although there was a slight, non-significant decrease of
nitrergic relaxation at all frequencies in CC from AngII-treated mice compared to CTL
mice, treatment with SB 203580 significantly increased nitrergic relaxation at lower
frequencies in both groups (CTL by 33% and 20%, and AngII by 150% and 65% at 1 and 2
Hz, respectively, Figure 1B). Incubation of cavernosal tissues with L-NAME (10−4 M),
completely abolished the neurogenic relaxation evoked by EFS (1–32 Hz, N = 4, each, not
shown).

The NO donor SNP (10−8 to 10−4 M) caused concentration-dependent cavernosal
relaxations in all groups. No significant differences were observed in pEC50 and maximal
response (Emax) values among the groups (pEC50 and Emax; CTL, 6.49 ± 0.06, 79 ± 7%;
AngII, 6.34 ± 0.07, 85 ± 2%; CTL+SB 203580, 6.43 ± 0.08, 88 ± 5%; AngII+SB 203580
6.31 ± 0.06, 85 ± 8%, respectively).

SB 203580 Prevents Angiotensin II-Induced Augmented Responses to Phenylephrine (PE)
and Adrenergic Nerve Stimulation

PE (10−9 to 10−4 M) caused concentration-dependent contractions in cavernosal
preparations in all groups. Although no differences in pEC50 values were found between
groups, the Emax elicited by PE from AngII-treated mice (208 ± 6%) was significantly
augmented at the highest concentrations (10−4 M; P < 0.01) in comparison to that in CTL
tissue (134 ± 5%). SB 203580 treatment significantly decreased the maximal contractions to
PE at 10−5 M to 10−4 M from AngII-treated mice, and no effect was noted in the CTL group
(Figure 2A).

Cavernosal segments from AngII-treated mice also exhibited increased frequency-dependent
contractions, both in the absence and presence of L-NAME (10−4 M) and atropine (10−6 M)
when compared to strips from CTL mice. SB 203580 did not affect the contractile responses
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in CC from CTL mice, but significantly decreased contraction in the absence (Figure 2B)
and in the presence of L-NAME (Figure 2C) in CC from AngII-treated mice.

SB 203580 Treatment Prevent Angiotensin II-Induced Increased Corpora Cavernosa
Arginase Activity/Expression

A significant increase of arginase activity was observed in the cavernosal tissue from AngII-
treated mice compared with CTL (Figure 3). The AngII-induced increases in arginase
activity were blocked by SB 203580 treatment (73%). However, SB 203580 did not change
the basal levels of arginase activity in CTL mice.

Arginase II corporal protein expression levels were increased in AngII-treated mice (61%)
compared to control (P < 0.01). SB 203580 significantly attenuated arginase II expression in
CC from AngII-treated mice (by 54%), and no change was observed in CTL mice CC
(Figure 4). On the other hand, no differences were observed in arginase I protein expression
levels in the corporal tissue from CTL or AngII-treated mice with or without SB 203580
treatment (data not shown).

Angiotensin II-Treated Mice Exhibit Increased Corporal Levels of Phosphorylated p38
MAPK and Decreased Phosphorylated eNOS at Ser-1177

Protein levels of total p38 MAPK were not different among CC samples from all groups.
However, phosphorylated p38 MAPK expression was significantly increased in CC from
AngII-treated mice (by 45%) compared with CTL mice, and treatment with SB 203580
significantly attenuated this increase (Figure 5).

Decreased phosphorylated eNOS expression (at the regulatory site Ser-1177, but not at
Thr-495) was observed in CC from AngII-treated mice as compared with the CTL mice. No
differences were observed in total eNOS and nNOS protein levels between CC from CTL or
AngII-treated mice with or without SB 203580 treatment (Figure 6A and 6B).

Discussion
Our findings show that isolated CC from AngII-treated mice display decreased endothelium-
dependent relaxation, increased contractile responses to an α1-adrenergic receptor agonist
and adrenergic nerve stimulation, enhanced arginase activity and activation of p38 MAPK,
all favoring penile detumescence and dysfunction. Our study also shows altered expression
of key enzymes involved in the erectile responses, such as decreased phospho eNOS
expression in the positive regulatory site (Ser-1177) and increased arginase II expression, in
cavernosal strips from AngII-treated mice. In addition, we demonstrate for the first time that
in vivo treatment with the p38 MAPK inhibitor, SB 203580, attenuates AngII-induced
activation of p38 MAPK, suppresses arginase activity as well as arginase II expression, and
blocks AngII-induced endothelial dysfunction in mice CC.

Activation of p38 MAPK is a stress-sensitive mechanism triggered by AngII, diabetes,
hyperglycemia and oxidative stress that has been linked to the pathogenesis of vasculopathy
via increased endothelial cell proliferation with lesion formation and impairment of
endothelial function [26,28,30,31,38]. We observed that cavernosal strips from AngII-
treated mice display decreased endothelium-dependent relaxation compared to control mice.
This impairment in ACh-induced relaxation was correlated with significantly elevated
arginase activity and arginase II protein levels in the CC. Treatment with SB 203580
prevented the endothelial dysfunction in AngII-treated mice and attenuated augmented
arginase activity/expression. Our results are consistent with previous studies showing that
AngII induces endothelial dysfunction in multiple vascular tissues, including corpora
cavernosa [19], and that p38 MAPK inhibition prevents endothelial dysfunction
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[28,33,34,39]. Our present findings relate to earlier studies which have shown that p38
MAPK inhibition reduces superoxide anion production [33], and has cardiac protective
actions [34,35]. However, our study is the first to show that activation of p38 MAPK
contributes to AngII-induced elevation of arginase activity/expression in CC. p38 MAPK is
markedly activated in a variety of cellular stresses including AngII stimulation [29]. AngII-
induced activation of p38 MAPK has been shown in vascular smooth muscle cells [40,41],
proximal tubular cells [42] and vascular tissues [28,43]. In the present study, two-week
infusion of AngII resulted in the activation of p38 MAPK. Indeed, administration of SB
203580 suppressed levels of phosphorylated p38 MAPK. Inhibition of p38 MAPK
activation by SB 203580 may be due to a direct inhibition of p38 MAPK
autophosphorylation [44]. Our findings also provide strong evidence that MAPK inhibition
causes reduction of arginase activity and expression levels of arginase II. These actions are
correlated with improved endothelium-dependent relaxation, suggesting that this
preservation of penile function by SB 203580 is mediated by suppression of vascular
arginase levels. Our results agree with a recent report that the p38 MAPK signaling pathway
is involved in the elevation of arginase activity in macrophages [37].

Arginase is a key regulator of the nitric oxide signaling pathway, competing with NOS and
limiting their shared substrate. Although two isoforms of arginase have been characterized
in human CC, the predominant isoform responsible for limiting NO production is arginase II
[8]. Increased arginase II expression and activity is associated with impotence in diabetic
patients [8]. We have demonstrated that arginase II plays an important role in decreasing NO
production since arginase II knockout diabetic mice maintain CC relaxation and prevent
vascular dysfunction [6]. Furthermore, enhanced arginase expression and activity in
pathological conditions may limit L-arginine bioavailability for constitutive NOS. The
constitutive eNOS and nNOS isoforms are tightly regulated and produce physiologically
relevant levels of NO in endothelial cells and autonomic nerve endings of the penis,
respectively [45]. Our results indicate that AngII suppresses eNOS phosphorylation at its
positive regulatory site Ser-1177 without any alteration in phosphorylation of eNOS at
Thr-495 or in total expression of either eNOS or nNOS. These data suggest a reduction in
NOS activity.

Our functional studies show that AngII treatment for two weeks reduced ACh-induced
cavernosal relaxation. However, this two week treatment did not markedly alter the nitrergic
relaxation responses compared with the control mice. Previous studies have shown that four
week treatment of rats with AngII impairs erectile function by preventing the increase in
intracavernosal pressure upon stimulation of the cavernous nerve in vivo [22]. A longer
period of our treatment with AngII may have produced obvious impairment of nitrergic
vasorelaxation and erectile dysfunction. We did observe that p38 MAPK inhibitor treatment
increased nitrergic relaxation of both control and AngII treated tissues at low frequencies
(1–2 Hz). The nitrergic relaxation responses at higher frequencies tended to increase with
p38 MAPK inhibitor, but were not significant. Although this apparent difference may be
directly related to inhibition of arginase function, other actions of p38 MAPK could be
involved.

Downregulation of eNOS activity and increased arginase endothelial activity has been
demonstrated in penes from aged mice [9]. Previous studies have reported that inhibition of
p38 MAPK corrects endothelial dysfunction in vascular tissues like aorta [33–35], renal
artery [39], and pulmonary artery [46] as well as in the CC in disease state [28]. Our
findings also indicate that treatment with SB 203580 in AngII mice prevents downregulation
of eNOS activity. New mechanisms whereby inhibition of p38 MAPK restores endothelial
NOS-dependent function in AngII-treated mice may involve inhibition of arginase activity
and suppression of arginase II expression in the CC. Because inhibition of p38 MAPK
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prevented enhancement of arginase activity/expression, it is an essential step in this action of
AngII. Although the mechanism of its action is not clear, one may speculate that active p38
MAPK causes phosphorylation of transcription factors, leading to enhanced expression of
arginase [38].

No differences in the cavernosal relaxing responses to SNP, an endothelium-independent
NO donor, were observed in AngII-treated or control mice, either in the absence or in the
presence of SB 203580. These findings indicate that AngII induces endothelial dysfunction,
with no alteration in vascular smooth muscle function.

AngII and elevated levels of arginase activity and expression are also associated with
oxidative stress and activation of the small GTPase RhoA and Rho kinase in endothelial
cells and in vascular smooth muscle [16,38]. Rho/ROCK pathway is considered as a central
upstream regulator of MAPK activity [47], thus we expect that p38 MAPK activation is a
downstream target of Rho/ROCK that is involved in increased arginase activity in corporal
cavernosa tissue. Studies in our laboratory indicate that exposure of endothelial cells to
reactive oxygen species or AngII activates RhoA/ROCK and p38 MAPK [38,48].

Corpora cavernosa and penile vessels are contracted mainly via stimulation of α1-
adrenoceptors. Increased sensitivity to α1-adrenergic agonist, phenylephrine, was reported in
disease states [49]. In addition, AngII increases contractions to other agents in pathological
processes, such as arterial hypertension [50]. Our results showed that phenylephrine- and
EFS-induced corporal contractions are clearly greater in AngII mice, and these enhanced
contractions are attenuated by SB 203580 treatment. Similar contractile responses to EFS
were observed in the absence or presence of L-NAME. Our data suggest that increased
contractile responses to EFS in the strips from AngII mice are due to changes in
prejunctional events, most likely to enhanced sympathetic nerve function. Increased
sympathetic nerve transmission associated with increased vasoconstrictor action mediated
by α1-adrenoceptor activation contributes to detumescence and flaccidity state of the penis.
Accordingly, these mechanisms may play a role in impaired erectile function in AngII-
treated mice.

In conclusion, our study shows that CC tissue from AngII-treated mice exhibit increased
arginase activity and arginase II expression, which can contribute to reduced endothelium-
dependent relaxation and eNOS activity. Since Inhibition of p38 MAPK prevents vascular
endothelial dysfunction through reduction of arginase activity/expression, this pathway
could serve as a therapeutic target worthy of consideration for clinical trials.
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Figure 1. SB 203580 ameliorates AngII-induced endothelial dysfunction
Endothelium-dependent NO-mediated relaxation to acetylcholine (ACh, 10−9 to 10−5 M,
panel A) in cavernosal segments from control (CTL, open circle), AngII (closed circle),
AngII+SB 203580 (closed square) and CTL+SB 203580 (open square) mice. Treatment with
SB 203580 significantly prevented endothelial dysfunction in AngII mice. Panel B,
Nitrergic relaxation induced by electrical field stimulation (EFS). Nitrergic relaxation
induced by EFS (1–32 Hz) in cavernosal strips from CTL (open bars), AngII (grey bars),
CTL+SB 203580 (solid bars) and AngII+SB 203580 (hatched bars). Data were calculated
relative to the maximal changes from the contraction produced by phenylephrine (PE, 10−5

M) in each tissue, which was taken as 100%. Data represent the means ± S.E.M. of 5–7
experiments. *P < 0.05 compared with CTL mice; †P < 0.05 and ††P < 0.01, compared with
the respective control group; #P < 0.05 compared with AngII+SB 203580. No differences
were observed in CTL vs SB 203580 tissues.
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Figure 2. SB 203580 treatment prevents AngII-induced augmented corporal contractile
responses
Contractile responses upon stimulation of α-1-adrenergic receptor phenylephrine (PE, 10−9

to 10−4 M, panel A) or adrenergic nerves (electric field stimulation, EFS 1–64 Hz) in
cavernosal segments from control (CTL), AngII, CTL+SB 203580 and AngII+SB 203580
mice. Frequency-response curves elicited by EFS were performed in the absence (panel B)
or in the presence of L-NAME (10−4 M) and atropine (10−6 M, panel C). Data were
calculated relative to the maximal changes from the contraction produced by KCl (80 mM),
which was taken as 100%. Data represent the mean ± S.E.M. of 6 animals. *P < 0.05; **P <
0.01, and ***P < 0.001 compared with CTL mice; #P < 0.05, compared to AngII mice.
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Figure 3. Treatment with SB 203580 significantly attenuates AngII-induced increased corporal
arginase activity
Arginase activity in cavernosal tissues from CTL (open bar), AngII (grey bar), CTL+SB
203580 (closed bar) and AngII+SB 203580 (hatched bar) mice was determined by the
conversion of L-arginine to urea and L-ornithine. AngII mice markedly increased arginase
activity. Treatment with SB 203580 significantly attenuated arginase activity in AngII mice.
Data are expressed as % of control. Data represents the mean ± S.E.M. of 5 experiments. *P
< 0.05, compared to CTL mice; #P < 0.05, compared to AngII mice.
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Figure 4. AngII increases corporal expression of arginase II
Western blot analysis of arginase II expression in cavernosal tissues of CTL (open bar),
AngII (grey bar), AngII+SB 203580 (hatched bar) and CTL+SB 203580 mice (closed bar).
SB 203580 treatment suppressed arginase II expression in CC from AngII mice. A
representative blot is shown in the top panel. Results were quantified by densitometry.
Protein expression of arginase II was normalized to α-actin levels and expressed as % of
control. Data represent the mean ± S.E.M. of 6 experiments (each group). **P < 0.01,
compared to CTL mice; #P <0.05, compared to AngII mice.
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Figure 5. AngII increases corporal p38 MAPK activity
Western blot analysis of phophorylated (P)-p38 MAPK and total p38 MAPK expression in
cavernosal tissue of CTL (open bar), AngII (grey bar) and AngII+SB 203580 mice (hatched
bar). SB 203580 treatment significantly attenuated increased P-p38 MAPK expression in
AngII mice. Representative blot of P-p38 MAPK and total p38 MAPK is shown in the top
panel. P-p38 MAPK and total p38 MAPK were normalized by α-actin levels and expressed
as % of control. A summarized bar graph shows that increased P-p38 MAPK was detected
in tissues from AngII mice when normalized to total p38 MAPK (N = 5, each group).*P <
0.01, compared to CTL mice; #P < 0.05, compared to AngII mice.
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Figure 6. SB 203580 prevents decreased corporal expression of eNOS-Ser1177
Western blot analysis of total eNOS, phosphorylated eNOS in the regulatory site at
Ser-1177, at Thr-495 (panel A) and nNOS expression (panel B) in cavernosal tissues of CTL
(open bar), AngII (grey bar) and AngII+SB 203580 (hatched bar). Representative blot is
shown in the top of each panel. Protein expression of constitutive NOS were normalized by
α-actin levels and expressed as % of control. A summarized bar graph shows phosphorylated
eNOS at Ser-1177 was decreased in tissues from AngII mice when normalized to total
eNOS (N = 5, each group) **P < 0.01, compared to CTL mice.
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Table 1

AngII-treated mice display increased systolic blood pressure (SBP) compared with CTL mice. Chronic
treatment with SB 203580 for two week attenuated the increase of SBP.

Group SBP after 14 days

CTL 114.8 ± 1.9

AngII 140.6 ± 2.1**

CTL+SB 203580 115.6 ± 3.9

AngII+SB 203580 129.6 ± 2.0* #

Data are the mean ± SEM (N = 6–8).

*
P < 0.05;

**
P < 0.01 compared with CTL mice;

#
P < 0.05, compared with AngII mice.
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