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Introduction—It is suggested that erectile dysfunction (ED) may be an early risk factor for
cardiovascular disease.

Aim—The goal of this study was to determine whether development of ED precedes the onset of
coronary artery endothelial dysfunction in response to a Western diet (WD), thereby establishing
whether the WD differentially impacts the endothelium in a time-dependent manner. Additionally,
a goal was to determine if diet-induced ED is reversible with intracavernosal sepiapterin treatment.

Methods—Male Sprague-Dawley rats were fed a WD for 4, 8, or 12 weeks, or a control diet for
8 weeks. Erectile function was evaluated by measuring the mean arterial pressure (MAP) and
intracavernosal pressure (ICP) in response to electrical field stimulation of the cavernosal nerve
near the major pelvic ganglion, in the absence and presence of sepiapterin. Coronary artery
endothelial function was evaluated ex vivo with cumulative doses of acetylcholine (ACh) applied
to segments of the left anterior descending coronary artery preconstricted with serotonin.

Main Outcome Measures—Erectile function was assessed as the ICP response to electrical
field stimulation (EFS), normalized to MAP. Coronary artery endothelial function was assessed as
the effective concentration producing 50% of a maximal response (ECsgp) of the ACh response.

Results—The ICP/MAP response to EFS was significantly attenuated following both 8 and 12
weeks of the WD compared with the control diet (P < 0.05). Sepiapterin treatment augmented the
ICP/MAP response in all WD groups (P < 0.05). The coronary artery ECgq of the ACh response
was not different from control following 4 or 8 weeks but was significantly elevated following 12
weeks of the WD (P< 0.01).

Conclusions—These data suggest that erectile function is reduced prior to coronary artery
endothelial function in response to the WD. Improvement of erectile function with sepiapterin in
WD rats indicates that nitric oxide synthase uncoupling is a key mechanism in diet-induced ED.

Keywords

High-Fat High-Sucrose Diet; Coronary Endothelial Function; Erectile Function; Sepiapterin; NOS
Uncoupling

Introduction

The prevalence of obesity in the United States has risen from 19% in 1997 to over 33% in
2008 [1]. Epidemiological studies indicate that obesity is a significant, independent risk
factor for erectile dysfunction (ED) [2—4]. Reduction in erectile function may be an early
indication of cardiovascular risk as patients with ED are twice as likely to develop major
adverse cardiac events compared with those without ED [5]. Recognition of reduced erectile
function may be an important indicator of future adverse cardiac events, as clinical trial data
suggest that the presence of ED in otherwise healthy men may be associated with early,
subclinical signs of coronary artery disease (CAD) that may not be detectable during stress
testing [6-9]. The time interval between the onset of ED symptoms and the occurrence of
CAD symptoms is estimated at 2—-3 years and an estimated 3-5 years between onset of ED
and a cardiovascular event (myocardial infarction or stroke) [10-12]. Additionally, multiple
regression analysis indicates that ED is the most efficient predictor of silent CAD in
apparently uncomplicated type 2 diabetic patients among a host of traditional cardiovascular
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disease (CVD) risk factors [13]. However, differential development patterns of ED and CAD
have not previously been investigated in a rodent model.

Electrical field stimulation (EFS) of the major pelvic ganglion (MPG) or cavernosal nerve in
rodents provides an in vivo method in which to evaluate erectile function. This method
produces information on the quality of erections assessed as an increase in intracavernosal
pressure (ICP) relative to mean arterial pressure (MAP) [14]. A reduction in erectile
response to EFS has been observed in several rodent models of the metabolic syndrome,
including type 1 diabetic models induced by streptozotocin [15,16] and alloxan [17],
obesediabetic Zucker rats [18], Goto-Kakizaki diabetic rats [19], as well as LDLR™~ mice
[20] and ApoE~"~ mice fed a hypercholesterolemic diet [21].

Nitric oxide (NO) is a major mediator of penile erection [22]. A critical requirement for
normal NO synthase (NOS) functioning is an adequate presence of the essential cofactor
tetrahydrobiopterin (BH,4) [23]. Under conditions of elevated oxidative stress, cellular BH,4
is depleted, which destabilizes NOS and induces a state of “uncoupling,” where NOS
produces a proportionally higher amount of superoxide and lower amount of NO [23].
Administration of sepiapterin stimulates intracellular BH,4 production [24,25], providing a
potential pharmacological means of reversing NOS uncoupling.

In rodent models, diets rich in saturated fat and sucrose have been used to induce aortic
endothelial dysfunction [26,27]. In human populations, the Western diet (WD) has been
associated with inflammation and presence of vascular adhesion molecules [28], whereas
adipose tissue concentrations of linoleic acid have been positively associated with CAD
development [29]. There has been motivation to replace some of the saturated fat in the
American diet with polyunsaturated fatty acids (PUFA), resulting in mass consumption of
vegetable oils that are rich in linoleic acid [30]. Thus, the purpose of this study was to
investigate the time course of development of ED relative to the development of coronary
artery endothelial dysfunction in rats fed a WD that is high in saturated fat and omega-6
(n-6) PUFA derived from linoleic acid as well as simple sugars. Additionally, we sought to
determine the reversibility of ED with acute, intracavernosal administration of sepiapterin, a
BH, precursor.

Materials and Methods

Experimental Animals and Diets

Male Sprague-Dawley rats were purchased at 5, 9, or 13 weeks of age (Charles River
Laboratories, Wilmington, MA, USA) and housed in the Department of Comparative
Medicine, in pairs when possible, in a temperature-controlled room (22 + 1°C) with a 12 h:
12 h light—dark cycle. Rats were fed a WD (Teklad Diets 110365, Harlan Laboratories,
Madison, WI, USA) for the final 4 (N = 8), 8 (N = 8), or 12 (N = 5) weeks of life, or a
control diet (Teklad Diets 110367, Harlan Laboratories) for the final 8 (N = 5) weeks of life.
The WD was designed to be high in fat and sucrose, with an equal proportion of saturated
fatty acids (SFA) and PUFA, with a high proportion of n-6 PUFA derived from linoleic acid.
The control diet was designed to be a normal-fat, normal-carbohydrate diet with equivalent
levels of vitamins, minerals, and protein to the WD when considered on a basis of kcal
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density (Tables 1 and 2). All rats were sacrificed at 19-20 weeks of age. All procedures were
performed in accordance with the Guiding Principles in the Care and Use of Animals
established by the National Institutes of Health and approved by the Institutional Animal
Care and Use Committee.

Glucose, Insulin, and Lipid Profiles

All rats were fasted overnight prior to body composition studies. Approximately 0.3 mL of
blood was drawn from the tail vein prior to anesthesia, from which fasting glucose
concentration was measured from whole blood (Accu-Check, Roche, Basel, Switzerland).
Blood was centrifuged for 20 minutes (4°C, 14,000 rpm), and plasma was separated and
frozen in a —80°C freezer until analyzed for insulin concentration with a rat/mouse insulin
assay kit (Millipore, Billerica, MA, USA). The homeostatic model of insulin resistance
(HOMA-IR) was calculated from fasting glucose and insulin concentrations as HOMA-IR =
(Insulin [mU/L] * Glucose [mmol/L])/22.5 [31]. Approximately 1.5 mL of blood was drawn
through a splitter in the polyethylene (PE) tubing upon placement and stabilization of the
carotid cannula, at the onset of the erection assessment surgery, subsequently centrifuged
and serum was separated and frozen until analyzed. Serum total cholesterol, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, and triglycerides were measured
with a clinical mass analyzer (UniCel DxC 600, Beckman Coulter, Indianapolis, IN, USA).

4-Hydroxynonenal (HNE) Adducts

The relative amount of serum HNE adducts was determined by a modified enzyme-linked
immunosorbant assay (ELISA) approach. A standard curve of HNE adducts was established
by incubating HNE with predetermined concentrations of bovine serum albumin (BSA).
Following an overnight incubation at 37°C, HNE-BSA adducts were added to an
Immunolon-coated 96-well assay plate (ThermoScientific, Rochester, NY, USA), along with
diluted serum (1:40 in PBS). Samples were incubated overnight at 4°C and subsequently
washed with PBS+0.05% Tween-20 and blocked for 2 hours with NB4025 (NOF Corp.,
Tokyo, Japan). Samples were then incubated with anti-HNE antibody (1 pg/mL in PBS, Oxis
Research, Beverly Hills, CA, USA) for 2 hours at 37°C. Samples were washed with PBS
+0.05% Tween-20 and incubated with secondary antibody for 2 hours at 27°C (goat anti-
mouse HRP, Bio-Rad, Hercules, CA, USA). Following this incubation, samples were
washed as before and incubated with TMBZ for 20 minutes. Reactions were quenched with
1M sulfuric acid, and the absorbance of the samples at 450 nm was determined.

Anthropometrics and Body Composition

Body weight was measured prior to surgery with a triple beam balance. Lean mass and fat
mass were measured immediately prior to surgery by nuclear magnetic resonance-magnetic
resonance imaging (EchoMRI 700, Echo Medical Systems, Houston, TX. USA). Body fat
percentage was calculated as (mass¢,i/(MasSjean + MasStat))-

Erectile Response Measurements

All rats were fasted overnight prior to erectile function studies. Rats were anesthetized with
an intra-peritoneal injection of 90 mg/kg ketamine and 10 mg/kg xylazine and supplemented
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with an intramuscular injection as needed. The left carotid artery was cannulated with a 20-
gauge needle connected via PE tubing to a pressure transducer, anti-coagulated with 2.0
U/mL heparinized saline allowing for continuous measurement of systemic blood pressure
and intra-arterial administration of saline. The shaft of the penis was freed of skin and fascia
and the right corpus cavernosum cannulated with a 27-gauge needle connected via PE tubing
to a pressure transducer, and the left corpus cavernosum cannulated with a 27-gauge needle
connected via PE tubing to a syringe containing heparinized saline. The abdominal cavity
was opened, and the right MPG was exposed. Platinum bipolar electrodes attached to a
Grass Stimulator (Grass S09, Grass Technologies, West Warwick, RI, USA) were positioned
near the MPG on the cavernosal nerve to deliver EFS, consisting of a series of 1-5 volts for
30 seconds at each voltage, delivered in 5-millisecond pulses at a frequency of 13 Hz [18].
MAP and ICP were recorded throughout each voltage series with LabChart 7 software
(ADInstruments, Sydney, Australia). Three-voltage series were conducted and averaged as
the erectile response. ICP returned to baseline between each series. Following the three-
voltage series, 12 uL of 10 pM sepiapterin (Cayman Chemical, Ann Arbor, MI, USA)
dissolved in heparinized saline was injected into the left corpus cavernosum. 10 uM
sepiapterin has previously been shown to augment endothelial function in aortas of ApoE~~
mice [32]. A voltage series was conducted 30 minutes postinjection where treatment effects
were maximal.

Coronary Artery Endothelium-Dependent and Endothelium-Independent Vasodilation

Immediately following the erection surgery, rats were euthanized by exsanguination and
double pneumothorax. Hearts were excised, and four segments (0.3-0.8 mm) of the left
anterior descending coronary artery were carefully dissected and freed from adhering
myocardium. Two, 40-um diameter, stainless steel wires were passed through each arterial
segment and mounted in a multiwire myograph (DMT 620 M, Aarhus, Denmark). Vessel
segments equilibrated for 45 minutes bathed in physiological saline solution (PSS) at pH
7.4, 37°C, gassed with medical grade air as described [18]. The relationship between passive
wall tension and internal circumference was determined for each segment, from which the
internal circumference (L1gg) corresponding to a transmural pressure of 100 mm Hg for a
relaxed vessel in situ was calculated. Vessels were set to an internal circumference equal to
0.9 times L1qg, at which tension development is maximal in these arteries [33]. Vessels were
allowed to equilibrate for another 45 minutes, and then challenged with 109 mM K* PSS to
test vessel viability. Vessels were depolarized for 10 minutes and relaxed with repeated
washes of PSS at 10-minute intervals. Vessels were preconstricted with 3.0 uM 5-
hydroxytryptamine (5-HT), and endothelial function was tested with cumulative doses of
acetylcholine (ACh) (0.001-10.0 uM). Vessels were washed for 30 minutes with repeated
washes of PSS at 10-minute intervals, and endothelium-independent relaxation was tested
with cumulative doses of sodium nitroprusside (SNP) (0.001-1.0 uM) following 5-HT
preconstriction.

Data and Statistical Analysis

The erectile response was calculated from the ratio of the average ICP divided by the
average MAP during the final 25 seconds of each 30-second voltage stimulation level. The
area-under-the-curve (AUC) of all voltages for each voltage series was calculated by
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GraphPad Prism (Prism 5.0, GraphPad, San Diego, CA, USA). Coronary artery
endothelium-dependent and endothelium-independent vasodilation was assessed by the
average stress produced by each vessel in the final 30 seconds of each dose. Vessel stress
was calculated by subtracting basal vessel force produced from the force produced at each
respective concentration and normalized to vessel surface area. The percent relaxation of 5-
HT induced constriction at each concentration was calculated as: ((1 — (StreSSconcentration’
stresss.4T)) * 100). The relaxation responses from the four vessel segments were averaged
for each rat and analyzed as a single observation. Concentration-response curves were
generated against the logarithm of each concentration, and fit by nonlinear regression to
generate ECsq and Hill-slope values to describe each curve (GraphPad Prism v. 5.0). Data
were presented as mean + standard error of the mean. Statistical analyses were performed
with GraphPad Prism v. 5.0 or SPSS v. 19.0 (IBM, Armonk, NY, USA), with an alpha level
of 0.05. Statistical differences were determined by one-way analysis of variance (anova) With
Tukey’s multiple comparisons post hoc analysis or two-way repeated measures anova With
Bonferroni’s post hoc analysis where appropriate. Trends were determined by one-way axova
with a linear trend posttest in GraphPad Prism v. 5.0.

Metabolic Parameters

There were no statistically significant increases in body weight or composition in response
to the WD (Table 3). Fasting blood glucose was significantly elevated in rats fed the WD for
12 weeks compared with all other groups. Despite increased glucose, no significant
differences existed for insulin or HOMA-IR between groups (Table 3). There were no
apparent differences in serum lipid profiles between the control diet and WD groups (Table
3). There was a trend for increasing serum HNE adducts with increasing diet duration (P=
0.028), suggesting increased lipid peroxidation and systemic oxidative stress in the 8-week
and 12-week WD-fed rats (Table 3).

Voltage-Dependent Erectile Response

Erectile function was assessed by measuring the AUC of the voltage-dependent erectile
response, suggestive of the ability to achieve and maintain an erection upon EFS. The AUC
was significantly depressed following 8 weeks of the WD and remained similarly depressed
following 12 weeks of the WD (Figure 1A). The ICP/MAP in response to the intermediate
voltages (2V and 3V) of stimulation were significantly attenuated following 8 and 12 weeks
of the WD (Figure 2). Intracavernosal treatment with sepiapterin had no effect on the
voltage-dependent erectile response of control diet rats, but it significantly augmented the
erectile response of all groups of WD-fed rats (Figure 3). The ICP/MAP following
sepiapterin treatment was increased in response to 3V of stimulation in 4-week (Figure 3B)
and 8-week (Figure 3C) WD-fed rats and in response to 4V of stimulation in 12-week WD-
fed rats (Figure 3D).

Coronary Artery Endothelium-Dependent and Endothelium-Independent Relaxation

Coronary artery endothelial function was assessed from the concentration-response to the
endothelium-dependent agonist ACh. The effective concentration producing 50% of a
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maximal relaxation response (ECsq) following preconstriction was used to assess sensitivity
to ACh, and thus the ability of the endothelium to produce NO. The ECgq of the ACh
response was significantly elevated in 12-week WD-fed rats compared with all other groups
(Figure 1B). The ACh-induced relaxation curves are plotted in Figure 4A, where the
relaxation profile was significantly attenuated at a single concentration for the 8-week WD
rats and at three concentrations for the 12-week WD rats when compared with the relaxation
profiles of control diet rats. There were no significant differences in the Hill-slope for the
ACh response (Control: 1.01 + 0.23; 4 weeks: 0.96 + 0.16; 8 weeks: 1.01 + 0.21; 12 weeks:
0.64 + 0.09; P=0.522). Coronary artery endothelium-independent relaxation was assessed
from the concentration-response profile to the NO donor SNP. There were no significant
differences between groups for the relaxation response to SNP (Figure 4B), indicating no
diet-induced differences in vessel response to NO. There were no significant differences for
the ECgq (Control: 25.1 + 0.23 nM; 4 weeks: 21.7 + 6.8 nM; 8 weeks: 19.9 + 8.6 nM; 12
weeks: 14.5 £ 6.0 nM; P=0.821) or the Hill-slope (Control: 1.48 £ 0.18; 4 weeks: 1.45

+ 0.24; 8 weeks: 1.47 + 0.24; 12 weeks: 1.54 + 0.16; P= 0.994) values for the SNP
response.

Discussion

In the present study, we investigated the time course of development of ED and coronary
artery endothelial dysfunction in response to a WD that is high in sucrose and fat derived
from saturated fatty acids and n-6 PUFA. Rats demonstrated an impaired erectile response to
EFS of the cavernosal nerve near the MPG following 8 weeks of the WD, where an impaired
coronary artery relaxation response to ACh followed at 12 weeks. Additionally, sepiapterin
treatment improved the erectile response in all groups of rats fed the WD. These findings
indicate that uncoupled NOS is an important mechanism of WD-induced ED. Rats on this
WD did not demonstrate severe increases in body weight or adiposity. The 12-week WD-fed
rats developed significantly higher fasting blood glucose levels; however, there were no
severe elevations of insulin resistance or evidence of dyslipidemia. The 8-week and 12-week
WD-fed rats developed a trend for higher serum concentrations of HNE adducts, suggesting
elevated systemic oxidative stress. These findings indicate that chronic poor nutrition may
supersede many of the traditional metabolic risk factors at predicting risk of ED and CAD
development in this rodent model.

Consistent with the hypothesis that ED is an early indicator of future CAD, it is likely that a
reduction in erectile function occurs prior to the onset of coronary endothelial dysfunction in
the Zucker rat model, where obese Zucker rats (OZR) become diabetic and severely
hyperlipidemic [18,34,35]. In 17- to 18-week-old lean Zucker rats (LZR) and OZR, there is
a fourfold increase in the media : lumen ratio in the penile arteries of OZR compared with
LZR, where no difference was observed in the coronary arteries [35]. This finding indicates
that atherosclerotic development occurs in the penile artery prior to the coronary artery and
reflects the state of endothelial function as the vasodilatory response to ACh in the OZR is
attenuated in the penile artery but not the coronary artery [35]. Oltman et al. [34] found
similar results as there was no difference in the coronary vasodilatory response to ACh
between LZR and OZR at 16-24 weeks of age, where an impaired coronary vasodilatory
response to ACh was apparent in OZR at 28-36 weeks of age. It is also likely that the
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reduction in penile artery endothelial dysfunction corresponds to ED as Wingard et al. [18]
observed a reduction in ICP/MAP in OZR at 16-20 weeks of age. These findings in Zucker
rats may translate to other models of obesity, as 10 weeks of a 61.6% fat, lard-based diet
attenuates ACh-stimulated vasodilatory response in the penile artery of Wistar rats [36] but
not the coronary artery [37]. In the present study, there were no substantial diet-induced
differences in the coronary relaxation response to SNP, a direct NO donor and activator of
the cyclic guanosine monophosphate (cGMP)-mediated relaxation pathway. These findings
are in contrast to those where the coronary dilatory response to SNP is significantly
augmented in response to a high-fat diet [37], suggestive of a sensitization to NO in diet-
induced obesity. Considering the SNP response, the impaired relaxation response to ACh in
the 12-week WD-fed rats is likely a dysfunction of the endothelium via impaired NO
production as the smooth muscle retains a normal relaxation response to NO stimulation.

Various high-fat or hypercholesterolemic diets have previously been employed to investigate
erectile function, cavernosum dynamics, and biochemical characteristics. Feeding Sprague-
Dawley rats a 2% cholesterol, 10% lard diet for 5-6 months has previously shown to
attenuate the voltage-dependent erectile response, in addition to induction of cavernosal
smooth muscle hyperplasia and a reduction in cavernosal endothelial cell content and
neuronal nitric oxide synthase (nNOS) positive nerve fibers [38—40]. In a design similar to
the present study, Xie et al. [41] fed C57BI6 mice a 45% fat diet for progressive durations
and observed a progressive decline in ACh-mediated relaxation of cavernosal strips and
cavernosal endothelial cell content with increased diet duration. Similarly, ApoE ™~ mice fed
a hypercholesterolemic diet for progressive durations displayed a progressive decline in
cavernosal nNOS content, eNOS Serl177 phosphorylation, capillary density, and ACh-
mediated relaxation of cavernosal strips with increased diet duration [42]. In addition to
decreased cavernosal strip endothelium-dependent dilation, feeding ApoE~/~ mice a
hypercholesterolemic diet has promoted increased lipid peroxidation and superoxide
production as well as decreased NO production from cavernosal tissue [43]. Consistent with
the findings that the metabolic syndrome promotes an enhanced oxidative burden in the
penis, feeding Yucatan miniature swine a 46% fat diet for 24 weeks has shown to increase
penile thiobarbituric acid reactive substances and decrease the penile eNOS dimer :
monomer ratio, an indicator of uncoupled eNOS [44]. Similarly, LDLR™'~ mice fed a
hypercholesterolemic diet demonstrate an impaired voltage-dependent erectile response,
increased penile HNE adducts and a decreased eNOS dimer : monomer ratio [20]. In the
present study, there was a trend for increased serum HNE adducts with increased WD
duration, which coincided with an impaired voltage-dependent erectile response.
Furthermore, intracavernosal exposure to sepiapterin augmented the erectile response in WD
fed rats. This is the first study to demonstrate reversal of diet-induced ED with sepiapterin
treatment; however, four days of IP injection of sepiapterin augmented erectile function in
aged rats [45], indicating that oxidative stress and uncoupled NOS are commonly associated
with diet and aging-associated ED. It should be noted that sepiapterin stimulates intracellular
BH,4 production, which may act as an antioxidant [23]. Thus, in the absence of NOS dimer :
monomer measurements, we cannot be certain that the reversal of ED with sepiapterin
treatment is driven by enhanced NOS coupling rather than oxidant scavenging.
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ED and CAD both have the common underpinnings of endothelial dysfunction. This study
supports the notion that ED may be an early marker of cardiovascular risk, as has been
proposed in several review articles [46—49]. In a large clinical study, Thompson et al. [50]
found that the association between ED and CVD was nearly identical to the risk associated
with current smoking or family history of myocardial infarction, both of which have long
been established as CVD risk factors. Presentation of ED may provide an opportune time-
point for clinician intervention. Long-term weight loss interventions through increased
physical activity and/or caloric restriction have proven successful at improving erectile
function in obese men [51,52]. Although it is logical that such lifestyle interventions
initiated at the onset of ED would postpone, or perhaps prevent CAD development, future
studies are necessary to establish these relationships.

Conclusion

Taken together, the findings of this study show that rats fed a high-fat, high-sucrose Western
pattern diet demonstrated a depressed voltage-dependent erectile response prior to a
depression in Ach-stimulated vasodilation of the left anterior descending coronary artery. A
strength of this study is the use of nongenetically modified rodents that demonstrated modest
characteristics of the metabolic syndrome with prolonged exposure to the WD, in contrast to
studies that utilize overtly diabetic or hypercholesterolemic models. Additionally, acute
cavernosal exposure to sepiapterin improved erectile function in rats exposed to each
duration of the WD, suggesting that restoration of the coupled state of NOS is a mechanism
by which diet-induced ED may be reversible.
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Figurel.

Rats developed erectile dysfunction prior to coronary artery endothelial dysfunction in
response to a Western diet. (A) The area under the curve (AUC) of all voltages of the

voltage-dependent erectile response was attenuated 8 weeks into the Western diet. (B) ACh-
stimulated vasodilation of the coronary artery was attenuated 12 weeks following initiation
of the Western diet (elevated ECsg). *£ < 0.05 vs. Control group, **P < 0.01. Reported are
means £ SEM for 5-7 animals in each group. ACh = acetylcholine; SEM = standard error of

the mean; ECs = effective concentration producing 50% of a maximal response.
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\oltage-dependent erectile response following control diet or Western diet for 4, 8, or 12
weeks. ICP/MAP was reduced at 2 and 3 volts in the 8-week (hatched bars) and 12-week
(open bars) Western diet-fed rats compared with control diet-fed rats (black bars). Reported
are means £ SEM for 5-7 animals in each group; *~ < 0.05, TP <0.01 vs. Control. ICP =
intracavernosal pressure; MAP = mean arterial pressure; SEM = standard error of the mean.
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Figure 3.
Effect of sepiapterin on voltage-dependent erectile response. Following the untreated voltage

series (open bars), 10 uM sepiapterin was injected intracavernosally, and a voltage series
was applied 30-minutes postinjection (hatched bars). No treatment effects were observed in
rats fed the control diet (A), whereas rats fed the WD for 4 weeks (B), 8 weeks (C), and 12
weeks (D) demonstrated an enhanced erectile response with sepiapterin treatment. *P <
0.05, ***P < 0.001. Reported are means + SEM for 4-6 animals in each group. ICP =
intracavernosal pressure; MAP = mean arterial pressure; SEM = standard error of the mean;
WD = Western diet.
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Figure 4.

Mean concentration-response of left-anterior descending coronary artery segments following
3.0 UM 5-HT pre-constriction to (A) acetylcholine (ACh) stimulation (0.001-10.0 uM) or
(B) sodium nitroprusside stimulation (SNP) (0.001-1.0 uM) in rats exposed to the control
diet or Western diet for 4, 8, or 12 weeks. Reported are means + SEM for 5-7 animals in
each group. TP< 0.05 8-week vs. Control; *P< 0.05 12-week vs. Control; ***P< 0.001 12-
week vs. Control. 5-HT = 5-hydroxytryptamine; SEM = standard error of the mean.
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Composition of the Western diet and control diet

Western diet  Control diet

Diet content a/kg kg
Casein 195 155
L-Cystine 3 2.3
Sucrose 340 150
Corn starch 62.46 445.19
Maltodextrin 60 100
Anhydrous Milk fat 120 26
Soybean ail 30 18
Safflower oil 80 6
Cellulose 50 50
Mineral mix, AIN-93M-MX 44 35
Vitamin mix, AIN-76A 12.5 10
Choline bitartrate 3 25
TBHQ 0.04 0.01

TBHQ = tert-butylhydroquinone
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Table 2

Macronutrient composition of the Western and control diets

Body composition Western diet  Control diet
keal/g 4.68 3.67
Fat, % by weight 23.2 5.2
Carbohydrate, % by weight 47.6 66.3
Protein, % by weight 17.3 13.7
Fat, % of kcal 44.6 12.7
Carbohydrate, % of kcal 40.7 72.4
Protein, % of kcal 14.8 15
SFA, % of total fatty acids 39 40
MUFA, % of total fatty acids 24 26
PUFA, % of total fatty acids 37 33
C18:2 linoleic, % by weight 8.2 15
C18:3 linolenic, % by weight 0.3 1.57
n-6 to n-3 27 9.6
Vitamin E, IU/kg 62 50

MUFA = mono-unsaturated fatty acid; PUFA = poly-unsaturated fatty acid; SFA = saturated fatty acid
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