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Abstract
Objective—To determine if arachidonic acid (AA)-induced skeletal muscle arteriolar dilation is
altered with hypercholesterolemia in ApoE and LDLR gene deletion mice fed normal diet. This
study also determined contributors to altered AA-induced dilation between dyslipidemic mice and
controls; C57/Bl/6J (C57).

Methods—Gracilis muscle arterioles were isolated, with mechanical responses assessed
following challenge with AA under control conditions and after elements of AA metabolism
pathways were inhibited. Conduit arteries from each strain were used to assess AA-induced
production of PGI2 and TxA2.

Results—Arterioles from ApoE and LDLR exhibited a blunted dilation to AA versus C57. While
responses were cyclooxygenase-dependent in all strains, inhibition of thromboxane synthase or
blockade of PGH2/TxA2 receptors improved dilation in ApoE and LDLR only. AA-induced
generation of PGI2 was comparable across strains, although TxA2 generation was increased in
ApoE and LDLR. Arteriolar reactivity to PGI2 and TxA2 was comparable across strains.
Treatment with TEMPOL improved dilation and reduced TxA2 production with AA in ApoE and
LDLR.

Conclusions—These results suggest that AA-induced arteriolar dilation is constrained in ApoE
and LDLR via an increased production of TxA2. While partially due to elevated oxidant stress,
additional mechanisms contribute which are independent of acute alterations in oxidant tone.
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INTRODUCTION
Dyslipidemia, and specifically hypercholesterolemia, has repeatedly been demonstrated to
represent a strong predisposing risk factor for the development of coronary and peripheral
arterial disease (1). While this increased risk for the progression of vascular disease with
hypercholesterolemia is most commonly associated with an increased predisposition for the
development of atherothromboses, atherosclerotic lesions and plaque depositions (3,10,26),
investigations into the impact of hypercholesterolemia on vascular reactivity and endothelial
function, potentially as contributing mechanisms to vascular disease, is less clearly
understood.

While some disparity in the prevailing literature exists (25), the general consensus is that the
development of hypercholesterolemia is usually associated with a significant reduction in
the bioavailability of endothelium-derived nitric oxide (5,6,23), with the relatively
predictable ensuing outcome of an impaired vascular reactivity in response to stimuli that
are considered to have a significant contribution from this signaling molecule/pathway (i.e.,
flow-mediated dilation; ref. 12). In our recent study, we provided evidence suggesting that
development of familial hypercholesterolemia (a genetic disorder resulting in exceptionally
high low density lipoprotein [LDL] level, in the face of an otherwise relatively normal lipid
profile) in the LDL receptor gene deletion mouse or type III hyperlipidemia (a condition
wherein both LDL and plasma triglycerides are significantly elevated) in the apolipoprotein
E gene deletion mouse, was associated with a near complete abolition of the bioavailability
of endothelium-derived nitric oxide in response to imposed stimuli (22). However, this loss
of vascular nitric oxide bioavailability did not result in a profound reduction in dilator
reactivity, as an increased generation of dilator signaling molecules through 12/15
lipoxygenases emerged with evolution of the dyslipidemia (22), suggesting that alterations
to the metabolism of arachidonic acid may be associated with hypercholesterolemia, and that
these can have profound consequences for vascular function.

In 1996, the work of Pfister and colleagues (16,17) strongly suggested that diet-induced
hypercholesterolemia in rabbits can lead to changes in arachidonic acid metabolism,
mediated via lipoxyegnase are cytochrome P450 epoxygenase enzymes, causing profound
alterations to dilator reactivity determined in isolated aortic segments. Additionally,
Srisawat et al. (21), while providing additional evidence that diet-induced
hypercholesterolemia results in impaired endothelium-dependent dilation in aortic rings,
determined that chronic treatment with indomethacin improved endothelial function, and
was associated with reductions in urinary levels of 2,3-dinor-thromboxane B2 and 8-iso-
PGF2α, a stable urinary breakdown product of thromboxane A2 and a marker of chronic
oxidant stress, respectively. Most recently, Pfister demonstrated that impairments to
endothelium-dependent dilation in aortic rings of hypercholesterolemic rabbits were
diminished in a subgroup of animals lacking a functional thromboxane receptor (15). These
previous results suggest that a contributing mechanism underlying alterations to vascular
reactivity under conditions of hypercholesterolemia may involve both elevated vascular
oxidant stress and metabolism of arachidonic acid through cyclooxygenase pathways.
However, given recent observations in our laboratory (22) and by others (25) suggesting that
alterations to endothelium-dependent reactivity may reflect the specific challenge imposed
rather than a global impairment, we examined alterations to dilator reactivity in response to
direct challenge with arachidonic acid itself, wherein the bioavailability of endothelium-
derived nitric oxide is not a significant contributing element to the net mechanical response.
Using both apolipoprotein E and LDL receptor gene deletion mouse models of
hypercholesterolemia, the hypothesis tested in the present study was that arachidonic acid-
induced dilator reactivity of skeletal muscle arterioles would be impaired in the presence of
profound dyslipidemia and that this would be the result of alterations to either the
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production or vascular reactivity to metabolites of arachidonic acid via cyclooxygenase,
owing to the presence of an elevated oxidant stress.

MATERIALS AND METHODS
Animals

The present study used three strains of mice, the C57/Bl/6J (C57) as the control strain and
the apolipoprotein E gene deletion (B6.129P2-Apoetm1Unc/J; ApoE) and low density
lipoprotein receptor gene deletion (B6.129S7-Ldlrtm1Her/J; LDLR) mice on the C57/Bl/6J
background. All mice were purchased from Jackson Laboratories (Bar Harbor, ME) at 6
weeks of age. The ApoE mouse manifests type III hyperlipidemia, in which both plasma
cholesterol and triglyceride levels are elevated, although the elevations in LDL are not as
severe as in the LDLR gene deletion mouse (19). In contrast, the LDLR mouse is a model of
human familial hypercholesterolemia, manifesting a profound increase in serum LDL levels
while ingesting a normal diet (11).

Male mice of each strain were fed standard chow and drinking water ad libitum and were
housed in an AAALAC-accredited animal care facility at the West Virginia University
Health Sciences Center and all protocols received prior IACUC approval. At 20 weeks of
age, after an overnight fast, mice were anesthetized with injections of sodium pentobarbital
(50 mg·kg−1 i.p.), and received tracheal intubation to facilitate maintenance of a patent
airway. In all mice, a carotid artery was cannulated for determination of arterial pressure.
Blood aliquots were drawn from the jugular vein cannula for determination of glucose and
insulin (Linco), a lipid profile (Waco), and nitrotyrosine (Oxis).

Preparation of Isolated Skeletal Muscle Resistance Arterioles
In anesthetized mice, the intramuscular continuation of the right gracilis artery was removed
and cannulated, as described previously (8). These first order arterioles were extended to
their approximate in situ length and were equilibrated at 80% of the animal’s mean arterial
pressure in order to approximate the in vivo intralumenal pressure experienced by the animal
(13). Following equilibration, arteriolar reactivity was evaluated in response to increasing
concentrations of arachidonic acid (10−10 M – 10−6 M; Sigma). Additionally, in select
experiments arteriolar reactivity was also evaluated in response to increasing concentrations
of prostacyclin (PGI2; 10−10 M – 10−6 M; Biomol) or carbocyclic thromboxane A2 (TxA2;
10−10 M – 10−6 M; Cayman).

Removal of the arteriolar endothelium was accomplished by passing an air bolus through the
perfusate line into the isolated microvessel, the efficacy of which was determined from a
loss of all dilator reactivity in response to application of 10−6 M acetylcholine (8). To assess
the contribution of nitric oxide production or the generation of metabolites via
cyclooxygenase as mediators of arteriolar reactivity, isolated vessels were treated with the
nitric oxide synthase inhibitor L-NG-nitroarginine methyl ester (L-NAME; 10−4 M for 45
minutes prior to agonist challenge; Sigma) or the cyclooxygenase antagonist indomethacin
(INDO; 10−6 M for 60 minutes prior to agonist challenge; Sigma), respectively. To
determine the contribution of metabolites of arachidonic acid mediated via cytochrome P450
enzymes, vessels were treated with the suicide substrate inhibitor 17-octadecynoic acid (17-
ODYA; 10−5 M for 60 minutes prior to agonist challenge; Sigma). Previous studies have
demonstrated that 17-ODYA profoundly attenuates both the ω-hydroxylation (producing 20-
hydroxyeicosatetraenoic acid; 20-HETE) and epoxygenation (producing epoxyeicosatrienoic
acids; EETs) reactions of arachidonic acid through cytochrome P450 (24), thus preventing
changes to vascular levels of 20-HETE or EETs as contributing mediators to endothelium-
dependent dilation. To assess the contribution of lipoxygenase metabolites to the patterns of
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arteriolar dilation, vessels were treated with nordihydroguaiaretic acid (NDGA; 3×10−5 M
for 45 minutes prior to agonist challenge; Biomol), a selective inhibitor of 12/15-
lipoxygenases (20,27). To antagonize vascular PGH2/TxA2 receptors, vessels were treated
with SQ-29548 (10−5 M for 30 minutes prior to agonist challenge; Biomol), while inhibition
of thromboxane synthase was accomplished using carboxyheptyl imidazole (CHI; 10−5 M
for 45 minutes prior to agonist challenge; Biomol). To reduce vascular oxidant tone,
arterioles were treated with 4-Hydroxy-2,2,6,6-tetramethylpiperidine-1-15N-oxyl
(TEMPOL; 10−4M for 60 minutes prior to agonist challenge, Sigma).

Determination of Vascular Metabolites of Arachidonic Acid
Vascular production of 6-keto-prostaglandin F1α (6-keto-PGF1α; the stable breakdown
product of PGI2; ref. 14), and 11-dehydro-thromboxane B2 (11-dehydro-TxB2; the stable
plasma breakdown product of TxA2; ref. 4) in response to challenge with arachidonic acid
within the three mouse strains was assessed using pooled conduit arteries (femoral,
saphenous, iliac, carotid arteries) from each mouse. Vessels were incubated in
microcentrifuge tubes in 1 ml of physiological salt solution for 30 minutes under control
conditions (21% O2), after which time arachidonic acid (10−6 M) was added to the tube for
an additional 30 minutes. After the second 30 minute period, the PSS was transferred to a
new tube, frozen in liquid N2 and stored at −80°C. Metabolite release by the vessels was
determined using commercially available EIA kits for 6-keto-PGF1α and 11-dehydro-TxB2
(Cayman).

Data and Statistical Analyses
Active tone of individual arterioles at the equilibration pressure was calculated as (ΔD/
Dmax)·100, where ΔD is the diameter increase from rest in response to Ca2+-free PSS, and
Dmax is the maximum diameter measured at the equilibration pressure in Ca2+-free PSS.

Dilator responses of isolated arterioles following challenge with dilator agonists were fit
with the three-parameter logistic equation:

where y represents the change in arteriolar diameter, “min” and “max” represent the lower
and upper bounds, respectively, of the change in arteriolar diameter with increasing agonist
concentration, x is the logarithm of the agonist concentration and log ED50 represents the
logarithm of the agonist concentration (x) at which the response (y) is halfway between the
lower and upper bounds.

Data are presented as mean±SEM. Statistically significant differences in measured and
calculated parameters in the present study were determined using analysis of variance
(ANOVA). In all cases, Student-Newman-Keuls post hoc test was used when appropriate
and p<0.05 was taken to reflect statistical significance.

RESULTS
Table 1 presents baseline characteristics of the mouse groups in the present study. While all
mice were of similar mass at 20 weeks of age, LDLR experienced a significant elevation in
mean arterial pressure and fasting insulin concentration versus values in C57 or ApoE.
Additionally, both ApoE and LDLR manifested a profound hypercholesterolemia, most
severe in LDLR. Further, ApoE exhibited a significant hypertriglyceridemia as well, while
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plasma triglyceride levels in LDLR were not different from that in C57. Finally, plasma
levels of nitrotyrosine, a marker of chronic elevations in oxidant stress, were significantly
elevated in ApoE and LDLR as compared to C57. With regard to basal vascular tone,
isolated arterioles from all mouse groups demonstrated a comparable resting active diameter
and passive (calcium-free) diameter, such that no significant difference in active tone was
calculated between C57, ApoE and LDLR in the present study.

Data summarizing the dilator responses of skeletal muscle resistance arterioles from C57,
ApoE and LDLR in response to challenge with increasing concentrations of arachidonic acid
are presented in Figure 1. Under control conditions, the reactivity of arterioles from ApoE
and LDLR, while not significantly different from each other, both demonstrated a reduction
in their maximum bound as compared to responses in arterioles from C57. Endothelium-
denudation via perfusion with an air bolus eliminated mechanical responses of vessels
across the three strains in response to application of arachidonic acid.

The effects of pharmacological blockade of lipoxygenases and cyclooxygenases with
NDGA and INDO, respectively, on arachidonic acid-induced vasodilation in isolated
arterioles are summarized in Figure 2. In arterioles from C57 (Panel A), blockade of
lipoxygenases with NDGA had no impact on dilator responses to arachidonic acid, while
treatment with indomethacin abolished all dilation to arachidonic acid. Arterioles from
ApoE, while demonstrating a blunted overall reactivity to arachidonic acid, also experienced
a severe reduction in dilator reactivity following cyclooxygenase inhibition with
indomethacin (Panel B). However, while treatment with NDGA alone did not impact
arachidonic acid-induced dilation in vessels from ApoE, application of NDGA to vessels
that had been treated with indomethacin eliminated the residual dilation in response to
arachidonic acid that remained following cyclooxygenase inhibition alone. Finally, arterioles
from LDLR appeared to demonstrate a dilator response to arachidonic acid challenge that
was dependent on the production of metabolites generated via both lipoxygenases and
cyclooxygenases, as antagonists to these pathways given in isolation resulted in modest
reductions to the compromised level of reactivity, while treatment with both NDGA and
indomethacin abolished all arachidonic acid-induced reactivity (Panel C). Treatment of
isolated arterioles from C57, ApoE or LDLR with either L-NAME or 17-ODYA did not
result in either significant or consistent effects of dilator responses following challenge with
increasing concentrations of arachidonic acid (data not shown).

Figure 3 presents the effects of antagonizing thromboxane A2 generation (with CHI) and
action (with SQ-29548) on dilator responses of skeletal muscle arterioles in the present
study. In control animals, application of either CHI or SQ-29548 had no impact on arteriolar
dilation in response to increasing concentrations of arachidonic acid (Panel A). In contrast,
arterioles from both ApoE (Panel B) and LDLR (Panel C) exhibited a significant
improvement to their degree of arachidonic acid-induced dilation relative to untreated
conditions following either inhibition of thromboxane synthase with CHI or blockade of the
PGH2/TxA2 receptor (SQ-29548).

Data describing the arachidonic acid-induced generation of the cyclooxygenase products
PGI2 (estimated from levels of 6-keto-PGF1α) and TxA2 (estimated from levels of 11-
dehydro TxB2) from pooled arteries of the three mouse groups in the present study are
summarized in Figure 4. Following application of 10−6 M arachidonic acid, arteries from
C57, ApoE and LDLR all demonstrated a significant increase in PGI2 release, the degree of
which was comparable between the three mouse strains (Panel A). In contrast, arachidonic
acid-induced generation of TxA2, while statistically significant in arteries from C57,
demonstrated a substantially more robust response in vessels from both ApoE and LDLR
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(Panel B). Pre-treatment of pooled vessels with either CHI or indomethacin severely
attenuated all arachidonic acid-induced TxA2 generation in all three strains.

Arteriolar reactivity in response to challenge with prostacyclin (Panel A) or carbocyclic
thromboxane A2 (Panel B) in the three mouse groups is summarized in Figure 5. In response
to increasing concentrations of prostacyclin, arterioles from C57 and ApoE demonstrated a
very similar degree of dilator reactivity, although this response demonstrated a trend toward
impairment in vessels from LDLR as compared to that in vessels from either other strain
(Panel A). Arterioles from all three mouse strains exhibited very similar patterns of
constrictor reactivity in response to challenge with increasing concentrations of carbocyclic
thromboxane A2 (Panel B).

Figure 6 presents the effects of treating vessels with the antioxidant TEMPOL, the
thromboxane synthase inhibitor CHI, or both, on arteriolar responses to increasing
concentrations of arachidonic acid. Addition of TEMPOL did not have a significant impact
on arteriolar diameter in vessels from any of the three mouse strains under resting
conditions. In arterioles from C57 (Panel A), neither treatment with TEMPOL nor CHI had
a significant impact on dilator reactivity to arachidonic acid. In contrast, for arterioles from
both ApoE (Panel B) and LDLR (Panel C), treatment with either TEMPOL or CHI
significantly improved dilator responses to arachidonic acid, with the effects of CHI being
stronger than that for TEMPOL. Interestingly, in both ApoE and LDLR, combined treatment
with CHI and TEMPOL did not have any effect on arachidonic acid-induced dilation beyond
that determined for CHI treatment alone.

Figure 7 presents data describing the effects of treating arteries from C57, ApoE or LDLR
with TEMPOL on arachidonic acid-induced thromboxane A2 production. While treatment
with the antioxidant had an insignificant impact on vascular thromboxane production in
C57, incubation of vessels with TEMPOL significantly reduced the arachidonic acid-
induced production of TxA2 in both ApoE and LDLR. However, this reduction in
thromboxane generation was only partial in nature, and levels of TxA2 production in
response to challenge with arachidonic acid following treatment with TEMPOL remained
significantly increased versus that in untreated arteries from ApoE and LDLR.

DISCUSSION
Although hypercholesterolemia represents a powerful risk factor for the development of
peripheral artery disease (1), the effects of hypercholesterolemia on vascular reactivity and
endothelial function is less clearly understood. Given recent studies suggesting that diet-
induced hypercholesterolemia can alter arachidonic acid metabolism and profoundly impact
vascular reactivity through signaling mechanisms associated with the generation of
thromboxane A2 (15,18,21), the present study determined the effects of genetic
hypercholesterolemia on the dilator reactivity of skeletal muscle resistance arterioles in
response to challenge with arachidonic acid. More specifically, the hypothesis tested in this
study was that arachidonic acid-induced arteriolar dilation in ApoE and LDLR would be
impaired owing to either the production of, or vascular reactivity to, metabolites of
arachidonic acid via cyclooxygenase, and that these alterations would be associated with an
elevated oxidant stress.

Contrary to our results with dilator stimuli that are more strongly dependent on the
bioavailability of endothelium-derived nitric oxide, where reactivity was largely maintained
in the face of a profound reduction in this parameter (22), the results presented in Figure 1
indicate that skeletal muscle arteriolar dilation in response to increasing concentrations of
arachidonic acid was significantly reduced in both ApoE and LDLR as compared to
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responses determined in C57. Interestingly, the data presented in this figure also strongly
suggest that not only is the overwhelming majority of dilator reactivity in response to
arachidonic acid dependent on a functional endothelium in control animals, the impairments
to arteriolar dilation with this stimulus may also originate with alterations to endothelial
function, rather than within vascular smooth muscle.

While results from the present study did not demonstrate a role for either nitric oxide
bioavailability or for metabolites of arachidonic acid mediated via cytochrome P450
enzymes in terms of contributing to the arachidonic acid-induced dilator reactivity of
skeletal muscle arterioles in any of the three mouse strains, activity mediated through
cyclooxygenase (and to a lesser extent lipoxygenase) were critical. While arteriolar dilation
in response to arachidonic acid was mediated entirely via cyclooxygenase in vessels from
C57, vessels from ApoE and LDLR demonstrated a dilator response that was increasingly a
function of metabolites via both cyclooxygenase and lipoxygenase, with this effect being
more pronounced in LDLR than in ApoE, where the response was still predominantly
cyclooxygenase-dependent. However, the data presented in Figure 2 do not provide
significant insight into the impaired dilator reactivity demonstrated in arterioles of ApoE and
LDLR in response to challenge with arachidonic acid beyond the critical involvement of
cyclooxygenase. Given previous studies suggesting that the development of the
hypercholesterolemic condition can profoundly impact arachidonic acid metabolism in
general (7,18), and the recent studies from both Pfister (15) and Srisawat et al. (21) that
implicate altered behavior mediated through thromboxane generation/action as contributing
mechanism to altered patterns of vascular reactivity with hypercholesterolemia, we treated
vessels from ApoE and LDLR with an inhibitor of thromboxane synthase (CHI) or an
antagonist for the PGH2/TxA2 receptor (SQ-29548). As shown in Figure 3, while neither of
these agents had a significant role in the dilator responses in arterioles from C57, application
of either CHI or SQ-29548 resulted in a significant improvement in the dilator responses of
arterioles from ApoE or LDLR in response to challenge with increasing concentrations of
arachidonic acid. Interestingly, the ameliorative effect was comparable with either
pharmacological agent. While this implicates either increased thromboxane generation or an
increased gain/sensitivity at the vascular thromboxane receptor as contributing mechanisms
to the impaired arachidonic acid-induced arteriolar dilation, these data do not provide insight
into which component may be most responsible. However, these data do strongly suggest
that the development of a thromboxane-sensitive component which may act to constrain
arachidonic acid-induced arteriolar dilation accompanies the evolution of genetic
hypercholesterolemia.

As both CHI and SQ-29548 elicited similar improvements to arteriolar dilation in response
to arachidonic acid challenge in ApoE and LDLR, it was necessary to discern which
processes contributed to the constrained dilator reactivity: 1) increasing thromboxane A2
production in response to arachidonic acid production, 2) increased vascular reactivity to
produced thromboxane A2, or both. The data presented in Figure 4 indicate that arachidonic
acid-induced generation of PGI2 (estimated from 6-keto-PGF1α levels) remained intact in
arteries of ApoE and LDLR as compared to that determined in C57, an observation that is
consistent with previous studies in the coronary vasculature of ApoE mice (9). In contrast,
arachidonic-acid induced generation of thromboxane A2 (estimated from 11-dehydro-TxB2
levels) was significantly increased with the evolution of genetic hypercholesterolemia in
ApoE and LDLR. When taken together with data in Figure 5, which suggest that the
sensitivity of resistance arterioles from ApoE and LDLR in response to increasing
concentrations of either prostacyclin or thromboxane A2 is not dramatically altered from that
determined for C57 control mice, these data may provide compelling evidence that a
predominant contributing mechanism underlying the constrained arteriolar dilation with
increasing concentrations of arachidonic acid may be the development of an increased
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generation of the constrictor prostanoid thromboxane A2, which antagonizes the dilator
effects associated with the generation of prostacyclin.

Given that previous studies have clearly demonstrated the critical role for elevated oxidant
tone in the increased generation of thromboxane through cyclooxygenase in response to
challenge with arachidonic acid (2,28,29), and our observations of an increase in the plasma
levels of nitrotyrosine in the ApoE and LDLR as compared to that determined in C57, the
data presented in Figures 6 and 7 provide some insight into the potential role that elevated
vascular oxidant tone may play in the increased arachidonic acid-induced thromboxane A2
generation with genetic dyslipidemia. While treatment with TEMPOL had no impact on
arachidonic acid-induced dilation or TxA2 generation in arterioles from C57, it significantly
improved the dilator response in microvessels from both ApoE and LDLR and reduced the
levels of TxA2 production. However, in vessels from both strains, this improvement in
dilator reactivity following treatment with the antioxidant was less pronounced than that
determined following treatment with the inhibitor of thromboxane synthase, CHI. Further,
combined treatment with both TEMPOL and CHI did not result in an improvement beyond
that determined with CHI treatment alone. Additionally, while pre-treatment of pooled
vessels with TEMPOL lowered arterial thromboxane production in response to challenge
with arachidonic acid, the levels of thromboxane production remained significantly elevated
despite the addition of the antioxidant. Taken together these results suggest that, while an
enhanced arachidonic acid-induced genesis of thromboxane A2 via thromboxane synthase
represents a strong contributor to the constrained dilator reactivity in skeletal muscle
arterioles of ApoE and LDLR mice, the presence of an elevated vascular oxidant tone may
represent a partial contributor to this shift in the metabolism of arachidonic acid. Clearly,
these results suggest that other parameters, independent of acute changes in vascular oxidant
tone, also contribute to this increased generation of thromboxane A2. Potential avenues for
ongoing investigation in this regard can include the study of not only the effects of chronic
elevations in vascular oxidant tone, but also the progression of a chronic state of
inflammation associated with dyslipidemia (10,26) and how these processes can ultimately
impact pathways of arachidonic acid metabolism.

In summary, with the development of genetic hypercholesterolemia in ApoE and LDLR
mice, the dilator reactivity of skeletal muscle resistance arterioles in response to increasing
concentrations of arachidonic acid is impaired. This impairment does not appear to be
associated with a reduction in the generation/release of, or an altered arteriolar reactivity to,
prostacyclin. However, with the evolution of this dyslipidemic condition, there appears to be
an increase in the arachidonic acid-induced generation of the vasoconstrictor metabolite
thromboxane A2. While there does not appear to be an alteration to the arteriolar constrictor
reactivity to thromboxane, the increased generation of this metabolite may compete with the
dilator effects of prostacyclin, thus limiting net dilator reactivity in response to arachidonic
acid. Further, while an increase in vascular oxidant stress appears to contribute to this
response, additional mechanisms which are independent of acute alterations to oxidant tone
also contribute to this effect. Future investigation will be required to discern which
mechanistic alterations associated with the development of hypercholesterolemia contribute
to the increased production of thromboxane A2, and what the implications of this shift in the
metabolism of arachidonic acid are for issues such as the integrated control of tissue
perfusion, tissue oxygenation and the protection from atherogenesis and atherothrombosis.
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Figure 1.
Data describing the dilator reactivity of isolated skeletal muscle resistance arterioles of C57,
ApoE and LDLR mice in response to increasing concentrations of arachidonic acid. Data,
presented as mean±SEM, are shown for arterioles under control conditions and following
removal of the vascular endothelium using air bolus perfusion (please see text for details).
n=6 animals for each strain; * p<0.05 vs. C57; † p<0.05 vs. control within that strain.
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Figure 2.
Data describing the dilator responses of isolated skeletal muscle resistance arterioles of C57
(Panel A), ApoE (Panel B) and LDLR (Panel C) mice in response to increasing
concentrations of arachidonic acid. Data, presented as mean±SEM, are shown for arterioles
under control conditions, and following pharmacological inhibition of cyclooxygenases with
indomethacin, lipoxygenases with NDGA or combined inhibition of both enzymatic
pathways (please see text for details). n=5–10 animals for each group; * p<0.05 vs. control
conditions, † p<0.05 vs. no response.
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Figure 3.
Data describing the dilator responses of isolated skeletal muscle resistance arterioles of C57
(Panel A), ApoE (Panel B) and LDLR (Panel C) mice in response to increasing
concentrations of arachidonic acid. Data, presented as mean±SEM, are shown for arterioles
under control conditions, and following pharmacological inhibition of PGH2/TxA2 receptors
with SQ-29548 and thromboxane synthase with CHI (please see text for details). n=6–7
animals for each group; * p<0.05 vs. control conditions.
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Figure 4.
Data describing the arterial production of prostacyclin (as 6-keto-PGF1α; Panel A) or
thromboxane A2 (as 11-dehydro TxB2; Panel B) from C57, ApoE and LDLR in response to
10−6 M arachidonic acid. Data, presented as mean±SEM, are shown under control
conditions, and following pharmacological inhibition of cyclooxygenase with indomethacin
or thromboxane synthase (with CHI), as appropriate. n=8 animals for each group, with each
n representing pooled arteries from an individual mouse; please see text for details. *p<0.05
vs. respective control; † p<0.05 vs. C57 under that condition; ‡ vs. ApoE under that
condition.
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Figure 5.
Data (mean±SEM) describing the reactivity of isolated skeletal muscle resistance arterioles
of C57, ApoE and LDLR mice in response to increasing concentrations of prostacyclin
(Panel A) or carbocyclic thromboxane A2 (Panel B). n=6 animals for each group, no
significant differences were identified in the vascular reactivity in response to increasing
concentrations of prostacyclin or thromboxane A2.
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Figure 6.
Data, presented as mean±SEM, describing the dilator responses of isolated skeletal muscle
resistance arterioles of C57 (Panel A), ApoE (Panel B) and LDLR (Panel C) mice in
response to increasing concentrations of arachidonic acid. Data are shown for arterioles
under control conditions, following treatment of vessels with the antioxidant TEMPOL,
following pharmacological inhibition of thromboxane synthase with CHI, and following
treatment with both TEMPOL and CHI. n=8–10 animals for each group; * p<0.05 vs.
control conditions; † p<0.05 vs. treatment with TEMPOL alone.
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Figure 7.
Data describing the arterial production of thromboxane A2 (as 11-dehydro TxB2; Panel B)
from C57, ApoE and LDLR in response to 10−6 M arachidonic acid. Data, presented as
mean±SEM, are shown under control conditions, and following treatment of pooled arteries
with the antioxidant TEMPOL (10−4 M). n=6 animals for each group, with each n
representing pooled arteries from an individual mouse; please see text for details. * p<0.05
vs. within-strain/no arachidonic acid; † p<0.05 vs. within-strain/with arachidonic acid.
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Table 1

Baseline characteristics of mice and individual arterioles used in the present study

C57 ApoE LDLR

Mass (g) 33±2 34±2 33±2

MAP (mmHg) 88±4 92±3 106±5*†

[Glucose]blood (mg/dl) 84±7 103±11 115±7*

[Insulin]plasma (ng/ml) 1.1±0.3 1.6±0.3 2.8±0.5*

[Total Cholesterol]plasma (mg/dl) 88±9 288±17* 364±22*†

[LDL Cholesterol]plasma (mg/dl) 49±5 260±11* 338±19*†

[Triglycerides]plasma (mg/dl) 88±10 175±14* 116±18†

Nitrotyrosineplasma (ng/ml) 14±5 54±11* 60±14*

Inner Diameter – Active (μm) 54±4 55±5 51±4

Inner Diameter – Passive (μm) 128±5 122±4 118±7

Active Tone (%) 57±3 55±4 56±4

*
p<0.05 vs. C57;

†
p<0.05 vs. ApoE.
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