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Abstract
Objective—To use the obese Zucker rat (OZR) model of the metabolic syndrome to determine
the impact of dilator stimuli on myogenic activation (MA) of gracilis arterioles (GA) and middle
cerebral arteries (MCA). We tested the hypothesis that increased oxidant stress and thromboxane
A2 (TxA2) exacerbate MA, and prevent its blunting with dilator stimuli, in OZR.

Methods—GA/MCA from OZR and lean Zucker rats (LZR) were pressurized ex vivo. MA was
determined under control conditions and following challenge with acetylcholine, hypoxia and
adenosine. Responses were also evaluated after pre-treatment with TEMPOL (antioxidant) and
SQ-29548 (PGH2/TxA2 receptor antagonist).

Results—MA was increased (and dilator responses decreased) in GA/MCA from OZR,
dependent on the endothelium and ROS. In GA, the impact of ROS on MA and dilator effects was
largely via TxA2, while in MCA, this appeared was more dependent on NO bioavailability.
Intrinsic responses of GA/MCA to carbacyclin, U46619, and NO donors were similar between
strains.

Conclusions—A developing ROS-based endothelial dysfunction in MCA and GA of OZR
contributes to an enhanced MA of these vessels. While treatment of GA/MCA with TEMPOL
attenuates MA in OZR, the mechanistic contributors to altered MA, distal to ROS, differ between
the two resistance vessels.
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INTRODUCTION
The metabolic syndrome, also referred to as insulin resistance syndrome or cardiometabolic
syndrome, was fully articulated by Reaven in 1988 (25) but has since been more stringently
defined with its continual increases in both incidence and prevalence (1, 4, 6, 7). According
to the International Diabetes Federation (IDF), a clinical diagnosis of metabolic syndrome is
made in patients that have central (abdominal) obesity, and two of the following co-
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morbidities: dyslipidemia, hypertension and impaired glycemic control (1). With these
systemic pathologies, a companion pro-inflammatory and pro-thrombotic state is also
commonly present (16, 20, 22). The most significant health outcome of these states is that
they severely increase the risk for developing peripheral vascular disease (PVD) (4, 16, 20),
a condition characterized by an inability of the vasculature to effectively match blood
perfusion with local tissue/organ metabolic demand. As the regulation of vascular tone and
the ability to effectively integrate multiple vasoactive processes is a critical component of
blood flow regulation, alterations to the normal patterns of vascular reactivity could severely
compromise perfusion:demand matching.

The obese Zucker rat (OZR: fa/fa) is an excellent model for the development of the
metabolic syndrome and the associated negative vascular outcomes in humans. It possesses
a recessive mutation leading to leptin receptor dysfunction (3, 29), causing a chronic
hyperphagic state (17), which results in rapid-onset obesity. By 17 weeks of age, the OZR is
severely obese, with the combined presentation of profound insulin resistance, dyslipidemia,
and moderate hypertension (17, 26); a combination of pathologies that parallels metabolic
syndrome in humans.

Full manifestation of the metabolic syndrome in OZR has been well documented to be
associated with significant alterations to vascular reactivity (8, 15, 28). It has previously
been shown that myogenic activation of both cerebral (24) and skeletal muscle (10)
resistance vessels is enhanced, although there is no consistent understanding of the
mechanistic underpinnings of this elevated responsiveness to intralumenal pressure.
However, in ex vivo skeletal muscle and cerebral resistance arteries/arterioles from OZR,
there is an impaired response to multiple endothelium-dependent dilator stimuli (8, 9, 24,
28), and elevated levels of vascular oxidant stress can cause an increased production of the
potent vasoconstrictor metabolite thromboxane A2 (TxA2; refs: 15, 18, 21, 28). The extent
to which impaired dilator responses and elevated production of constrictor metabolites can
impact myogenic activation remains unclear.

Our previous work has suggested that the enhanced myogenic activation of skeletal muscle
and cerebral resistance vessels in OZR may not reflect a common mechanistic basis (10, 24).
Further, it is entirely unclear how myogenic activation in these critically important sites of
vascular resistance integrates stimuli from intralumenal pressure and dilator influences to
produce a change in diameter. As such, the general purpose of the present study is to
determine the fundamental mechanisms of altered myogenic activation between these
vascular beds, how this may be impacted by challenge with dilator stimuli, and if identified
alterations are due to a consistent, system-wide effect. The general hypothesis is that oxidant
stress-based increases in generation of vascular thromboxane A2 will contribute to enhanced
myogenic activation and blunted endothelium-dependent dilation in both cerebral and
skeletal muscle resistance vessels.

MATERIALS AND METHODS
Animals

Male lean Zucker (LZR; n=32) and obese (OZR; n=35) rats (Harlan, Indianapolis, IN) of
~17 weeks age were used for all experiments. Animals were housed and fed standard chow
and tap water ad libitum at the West Virginia University HSC and all protocols received
prior approval from the Institutional Animal Care and Use Committee. Table 1 summarizes
the baseline characteristics of animals used in the present study and clearly demonstrates the
systemic pathologies associated with the metabolic syndrome. Following an overnight fast,
all animals were anesthetized with pentobarbital sodium (50 mg/kg; i.p.) and received
tracheal intubation to facilitate maintenance of a patent airway. All animals also received
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cannulation of both a carotid artery for blood pressure recording and a jugular vein for
infusion of supplemental anesthetic (as needed) and the collection of blood samples. Venous
blood samples were analyzed for glucose (Freestyle Lite, Abbott, Alameda, CA), while the
plasma components were analyzed for insulin concentrations (Millipore; Billerica, MA) as
well as cholesterol/triglyceride levels (Wako Diagnostics; Richmond, VA), and nitrotyrosine
(Oxis International; Foster City, CA). Unless otherwise noted, all drugs and chemicals were
purchased from Sigma-Aldrich (St. Louis, MO, USA).

Preparation of Isolated Microvessels
After the initial surgery (above), a gracilis muscle resistance arteriole (GA) was surgically
removed from the anesthetized animal and prepared for video microscopy, as described
previously (5). Briefly, the arteriole was placed in a heated (37°C) bath, doubly-cannulated
with glass micropipettes and secured with silk suture. The vessel was then perfused and
superfused with a physiological salt solution (PSS) equilibrated with 21% O2, 5% CO2,
balance N2. Immediately following removal of the GA from the animal, the rat was
humanely euthanized and the brain was rapidly removed from the skull case, placed in
chilled PSS (~4°C), and the middle cerebral artery (MCA) was surgically removed from the
base of the brain. The MCA was then doubly-cannulated and prepared in an identical
manner as described for the GA. Both the MCA and the GA were allowed to equilibrate for
at least 45 minutes at an intralumenal pressure of ~80% of the individual animal's mean
arterial pressure (equilibration pressure). Vessel dimensions under control conditions and in
response to imposed challenge were obtained under pressurized, zero flow conditions using
video microscopy and an on-screen video-micrometer (5).

Changes in vessel diameter (myogenic activation) were measured following random changes
in intralumenal pressure between 60 mmHg and 140 mmHg in 20 mmHg increments. After
the initial assessment of myogenic responses, dilator reactivity was assessed at each level of
intralumenal pressure following challenge with hypoxia (20 minutes), acetylcholine (10-6

M), and adenosine (10-6 M). For the purposes of the present study, hypoxia was defined as a
change in PO2 of the superfusate/perfusate PSS from ~135 mmHg [21% O2, 5% CO2,
balance N2 in the equilibration gas] to ~45 mmHg [0% O2, 5% CO2, balance N2 in the
equilibration gas]). These oxygen pressures have been previously validated with O2
microelectrodes in the vessel chamber (19). Upon completion of data collection under
untreated control conditions (above), both MCA and GA were treated with either the
antioxidant TEMPOL (10-4 M) or the PGH2/TxA2 receptor antagonist SQ-29548 (10-5M)
and at least 30 minutes was allowed for incubation. Following the incubation period,
myogenic activation and dilator reactivity to the three stimuli at each level of intralumenal
pressure was determined as described above. In an additional series of experiments,
following the determination of responses under control conditions, the endothelium of both
MCA and GA was denuded by passage of air boli through the vessel lumen (19) and the
mechanical responses to intralumenal pressure and dilator stimuli were repeated.

A final series of experiments was performed to determine the responses of isolated GA and
MCA from both LZR and OZR, at the equilibration pressures, in response to increasing
concentrations of carbacyclin (10-12 – 10-8 M; a stable PGI2 analog; Enzo Life Sciences,
Farmingdale, NY), U46619 (10-12 – 10-8 M; a stable TxA2 analog; Enzo Life Sciences,
Farmingdale, NY), and sodium nitroprusside (10-10 – 10-6 M). These experiments were
performed to determine if the development of the metabolic syndrome had a significant
impact on the intrinsic responses of the GA or MCA in response to the major relevant
vasoactive metabolites under interrogation in the present study.
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Data and Statistical Analysis
All data are presented as mean±SE. Active tone of individual vessels 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. Curves describing myogenic activation under any of the imposed
conditions were fit with linear regression equations: y = α0 + βx; where y=vessel diameter
(μm), x=intralumenal pressure (mmHg), α0=y-intercept, and β=the slope of myogenic
activation of the vessel. All other statistical analyses utilized Student's t-test or analysis of
variance (ANOVA) with Student-Newman-Keuls test post-hoc. Statistical significance is
represented by p< 0.05.

RESULTS
The baseline characteristics of LZR and OZR used in the present study are summarized in
Table 1. At 17 weeks of age, OZR demonstrate significant increases in body mass,
moderately elevated blood pressure, increased insulin resistance, and systemic oxidant
stress. Table 2 summarizes the diameters of the vessels in this study from both LZR and
OZR, at the equilibration pressures, under the different treatment groups in the present
study. In GA, there were few differences between LZR and OZR, although the passive
diameter of the vessel at the equilibration pressure was reduced in the obese animals. In
contrast, MCAs manifested a significant increase in basal tone at the equilibration pressure,
but exhibited no reduction in passive diameter.

Figure 1 summarizes myogenic activation of isolated GA (Panel A) and MCA (Panel B)
from LZR and OZR in response to elevated intralumenal pressure. In both GA and MCA,
the pressure-induced vasoconstriction was significantly elevated in vessels from OZR as
compared to responses in LZR. The impact of endothelium denudation is presented in
Panels C (for GA) and D (for MCA). Removal of the vascular endothelium abolished almost
all of the differences in myogenic activation of either GA or MCA between LZR and OZR.

The impact of pre-treatment of vessels with the antioxidant TEMPOL or the PGH2/TxA2
receptor antagonist SQ-29548 on myogenic activation is presented in Figure 2. In GA from
OZR, pretreatment with either TEMPOL (Panel A) or SQ-29548 (Panel B) significantly
reduced the slope of the myogenic activation curve as compared to responses in untreated
control conditions. In contrast, while TEMPOL exerted a similar effect on myogenic
activation in MCA of OZR as compared to that in GA (Panel C), treatment with SQ-29548
did not significantly impact myogenic activation (Panel D). Combined treatment with both
TEMPOL and SQ-29548 did not significantly reduce the slope of myogenic activation
beyond that determined for either agent alone (data not shown).

The impact of hypoxia on myogenic activation of GA and MCA is summarized in Figure 3.
In GA from LZR, imposition of hypoxia increased arteriolar diameter at the equilibration
pressure and blunted myogenic activation. In contrast, challenge with hypoxia had no
significant impact on myogenic activation of GA from OZR (Panel A). Pre-treatment with
either TEMPOL (Panel B) or SQ-29548 (Panel C) altered this response in GA from OZR,
causing not only an increased diameter at the equilibration pressure, but also a significant
reduction (i.e., less negative) in the β coefficient describing the pressure-induced constrictor
response. Combined treatment with both TEMPOL and SQ-29548 did not result in any
significant additive effect beyond that determined for either application alone (data not
shown). The impact of hypoxia alone (Panel D) and hypoxia following pre-treatment with
TEMPOL (Panel E) on myogenic activation of MCA were similar to that for GA from OZR.
Hypoxia alone did not significantly impact the enhanced pressure-induced constriction from
MCA in OZR, although pre-treatment with TEMPOL not only increased the vessel diameter
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at the equilibration pressure, it also blunted to slope of the myogenic activation curve to
levels that were comparable to that in LZR. In contrast, pre-treatment with SQ-29548 did
not significantly impact the relationship of myogenic activation and hypoxia in MCA from
OZR (Panel F). As with GA, treatment of MCA with both TEMPOL and SQ-29548 did not
alter the response as compared to the maximum improvement following single treatment
(data not shown).

The impact of acetylcholine on myogenic activation of GA and MCA from LZR and OZR is
presented in Figure 4. In GA from OZR, treatment with acetylcholine resulted in a modest
dilation at the equilibration pressure, but did not significantly impact the slope of the
myogenic activation curve (Panel A). While pre-treatment of GA from OZR with TEMPOL
resulted in both an increased dilation at the equilibration pressure and a shifted slope
coefficient for myogenic activation to levels that were not different from that in LZR (Panel
B), treatment with SQ-29548 (Panel C) demonstrated no identifiable improvements to either
the diameter at the equilibration pressure or the slope of myogenic activation. In MCA,
acetylcholine increased the vessel diameter at the equilibration pressure in LZR, while also
causing a significant shift in slope. In contrast, challenge with acetylcholine resulted in
directionally similar, although less striking effect on myogenic activation of MCA from
OZR (Panel D). Pre-treatment of MCA from OZR with TEMPOL (+acetylcholine) reduced
the severity of myogenic activation to a slope coefficient that was actually more positive
than that determined under control conditions in LZR (Panel E). Treatment of MCA from
OZR with SQ-29548 (Panel F) did not elicit a significant impact on myogenic activation
following treatment with acetylcholine beyond that identified in for acetylcholine treatment
alone (Panel D).

The mechanical responses of GA and MCA from LZR and OZR to increasing concentration
of carbacyclin (Panel A), U46619 (Panel B) and sodium nitroprusside (Panel C) are
summarized in Figure 5. For carbacyclin and sodium nitroprusside, dilator responses of GA
and MCA in response to increasing concentrations of the agonist were brisk throughout the
concentration range, with no significant differences between vessels from LZR and OZR.
Similarly, constrictor responses to U46619, while brisk and extensive for both GA and MCA
were not significantly different between LZR and OZR.

Figure 6 presents myogenic activation of GA and MCA from LZR and OZR in response to
the presence of elevated adenosine (10-6M). In both GA (Panel A) and MCA (Panel B), the
presence of adenosine significantly increased vessel diameter at the respective equilibration
pressures and blunted the severity of the enhanced myogenic activation.

DISCUSSION
Systemic PVD is an insidious disease that is characterized by an inability of the tissue/organ
vasculature to adequately match local metabolic demand with perfusion. While there can be
several contributors to this outcome, alterations to the control of vascular tone within
resistance vessels represents a dominant factor. The OZR has proven to be an excellent
model for the human progression to non-atherosclerotic PVD as the metabolic syndrome can
alter vascular reactivity in the absence of plaque/lesion development (2). However, one of
the challenges of studying any disease with a functional outcome on the regulation of blood
flow and its intra-organ distribution is an understanding of how resistance arteries/arterioles
integrate multiple inputs to produce an appropriate response. It has been established that
OZR possess an enhanced myogenic activation in response to intralumenal pressure in both
the skeletal muscle (10) and cerebral circulation (24). It has also been demonstrated that the
chronic increase in vascular oxidant stress in OZR results in a shift in arachidonic acid
metabolism, increasing production of vascular TxA2 over levels determined in LZR (15).
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Further, it has been demonstrated that this this process can have a marked deleterious impact
on intra-organ distribution of perfusion via alterations to the integrated regulation of
vascular tone in skeletal muscle (11). From this, the question arises as to how vascular
myogenic activation within the metabolic syndrome is impacted by changes in dilator
stimuli and whether interventions targeting elevated oxidant stress or elevated TxA2
production are effective at restoring normal patterns of reactivity between myogenic
activation and interactions with dilator influences.

The initial observation from this study is that pressure-induced constriction is increased in
both GA and MCA from OZR as compared to LZR, supporting previous observations (10,
24). Removal of the vascular endothelium largely abolished differences in myogenic
activation between OZR and LZR, suggesting that the endothelium may represent the
primary contributor to differences between the strains. Previous evidence using OZR (9, 10,
15, 28) and similar models (2) suggests that two endothelium-dependent mechanisms, both
of which stem from a chronically elevated vascular oxidant stress, may be responsible for
the endothelial influence on myogenic activation: a reduction to vascular NO bioavailability
via increased ROS scavenging and a shift in arachidonic acid metabolism toward production
of the vasoconstrictor TxA2. This interpretation is supported by data presented in Figure 2,
where pre-treatment of GA or MCA of OZR with the TEMPOL shifted myogenic activation
to levels that were comparable to those determined in LZR. However, while is it clear that
ROS plays a role in myogenic activation of both GA and MCA, the role for TxA2 is less
consistent. In GA, pre-treatment with SQ-29548 resulted in a similar effect to that for
TEMPOL, a restoration of pressure-induced constriction to levels in LZR. However, this
treatment was largely without effect in MCA from OZR (Figure 2, Panel D). These data
suggest that the contribution of ROS to increased myogenic activation may not be consistent
across vascular beds; being more dependent on TxA2 in skeletal muscle arterioles, and more
dependent on NO bioavailability in the cerebral circulation.

To further explore the potential contribution of altered arachidonic acid metabolism to the
main observations, the myogenic activation of ex vivo GA and MCA was evaluated under
conditions of hypoxia. While other contributors to this response have been identified,
including NO (8, 13, 24) and metabolites produced from cytochrome P450 ω-hydroxlases
and epoxygenases (8, 12, 13), in both GA and MCA, this has been demonstrated to be a
dilator response that is largely-dependent on the production of PGI2 from arachidonic acid
(15, 19, 21). As shown in Figure 3, imposition of hypoxia alone had only mild effects on
myogenic activation in either GA or MCA from OZR. This was not surprising, as hypoxic
dilation of resistance vessels is impaired in OZR, in large measure due to a reduction in
mediator bioavailability and an increased production of TxA2 (8, 15, 24). However, when
pre-treated with TEMPOL, the impact of hypoxia became much more pronounced,
significantly blunting the slope of myogenic activation in vessels from OZR. This
observation clearly suggests that the increased vascular oxidant stress is contributing to not
just the enhanced myogenic activation of GA and MCA, but also to the inability of hypoxia
to blunt the enhanced pressure-induced constriction in vessels from OZR. An intriguing
disparity exists when this is extended to the potential role for TxA2, as pre-treatment with
SQ-29548 resulted in an identical outcome as that for TEMPOL pre-treatment in GA from
OZR (Figure 3, Panel C), while having a very limited effect in MCA (Figure 3, Panel F).
These data clearly suggest that the impact of ROS on myogenic activation in GA from OZR,
and the relative inability of hypoxia to blunt the pressure-induced constriction in these
vessels, may be mediated predominantly through the production and actions of TxA2. In
contrast, while the effects of ROS and the impact of hypoxia on myogenic activation of
MCA from OZR are qualitatively similar in MCA, the contribution of TxA2 to this process
may be considerably lower.

Butcher et al. Page 6

Microcirculation. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Pursuant to this, we switched to a mechanistically different dilator, acetylcholine, which is
largely NO-dependent in the rat vasculature (27). While the impact of acetylcholine on
myogenic activation of GA and MCA from OZR was comparable to that for hypoxia, and
pre-treatment with TEMPOL increased the impact of the stimulus on myogenic activation of
both GA and MCA, pre-treatment with SQ-29548 had no identifiable impact on myogenic
activation of either vessel (+ acetylcholine; Figure 4, Panels C and F). Based on previous
data regarding the mechanistic pathways for acetylcholine and the results presented above,
these data provide additional support for the concept of a divergence in ROS-dependent
contributors to the enhanced myogenic activation of GA and MCA from OZR.

One question that arises from the results of the present study is the intrinsic sensitivity of
GA and MCA from LZR and OZR in response to PGI2 (carbacyclin), TxA2 (U46619) and
nitric oxide, and whether this changes with the evolution of the metabolic syndrome.
However, the data presented in Figure 5 indicate that vascular responsiveness to these three
metabolites remains robust and does not demonstrate any consistent alteration in this model.
As such, it is plausible at this time to ascribe differences in vascular responses to myogenic
stimulation and dilator influences as an issue of mediator bioavailability, rather than one of
vascular responsiveness.

Used as a proxy variable for elevated metabolic demand, the impact of elevated adenosine
(10-6 M) on myogenic activation of GA and MCA from OZR reveals an intriguing
relationship. In skeletal muscle arteriole of OZR, elevated adenosine attenuated the severity
of the pressure-induced vasoconstriction, resulting in a response that was similar to that
determined in GA from LZR. One would predict that this would be an appropriate response
of the resistance vasculature in response to elevated metabolic demand – a shift in the
overall setting of myogenic activation, such that flow regulation can still be maintained,
although at a lower overall resistance. However, given that this ‘adenosine-treated’ response
remains blunted below that in GA from LZR treated with adenosine, altered myogenic
activation in GA of OZR may still represent a contributor to reduced bulk perfusion and
altered perfusion distribution with elevated metabolic demand (14). In contrast, application
of adenosine to MCA resulted in a very comparable blunting of myogenic activation in
vessels from both LZR and OZR. Speculatively, these observations suggest that the ability
of local metabolic demand in the brain may be more able to override the increased pressure-
induced constriction in the cerebral resistance vessels of OZR than in the skeletal muscle
microcirculation. However, the extent to which this may serve as a protective mechanism
under conditions of cerebral ischemia or hypoxia in OZR, where stroke severity may be
enhanced (22) remains unknown at this time.

PERSPECTIVES
With the development of the metabolic syndrome in this model, an increased pressure-
induced constriction of resistance vessels develops in both the skeletal muscle and cerebral
circulation. While the genesis of this increased myogenic activation for both vessels appears
to lie within an elevation in vascular oxidant stress, the increased response in skeletal muscle
vessels appears to reflect an increased contribution from the production of TxA2, while
responses in the cerebral circulation appear to reflect a loss of dilator metabolite
bioavailability. Importantly, the ability of local metabolic demand to override myogenic
activation appears to still be present in both tissues, and may be fully intact in the brain.
While this may reflect a protective mechanism in the brain versus skeletal muscle, further
interrogation into the functional impact of these differences on organ perfusion as well as
therapeutic interventions against the increased myogenic activation should keep this in
mind.
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Figure 1.
Data describing myogenic activation of isolated gracilis muscle arterioles (Panels A and C;
n=5 for both) and middle cerebral arteries (Panels B and D; n=5-6 for both) from LZR and
OZR in response to increased intralumenal pressure. Data, presented as mean±SE, are
presented for vessels under control conditions (Panels A and B) and following removal of
the endothelium (Panels C and D). Slope (β) coefficients describing the curve of myogenic
activation are presented in the inset legend. * p<0.05 vs. LZR-Control; † p<0.05 vs.OZR-
Control.
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Figure 2.
Data describing myogenic activation of isolated gracilis muscle arterioles (Panels A and B;
n=5-7 for both) and middle cerebral arteries (Panels C and D; n=6 for both) from LZR and
OZR in response to increased intralumenal pressure. Data, presented as mean±SE, are
presented for vessels under control conditions and following pre-treatment of the vessels
with either TEMPOL (10-4M) or the PGH2/TxA2 receptor antagonist SQ-29548 (10-5M).
Slope (β) coefficients describing the curve of myogenic activation are presented in the inset
legend. * p<0.05 vs. LZR-Control; † p<0.05 vs.OZR-Control.
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Figure 3.
Data describing myogenic activation of isolated gracilis muscle arterioles (Panels A-C;
n=5-6 for all) and middle cerebral arteries (Panels D-F; n=5 for all) from LZR and OZR in
response to increased intralumenal pressure. Data, presented as mean±SE, are presented for
vessels under control conditions, following imposition of hypoxia and following pre-
treatment of the hypoxic vessels with either TEMPOL (10-4M) or the PGH2/TxA2 receptor
antagonist SQ-29548 (10-5M). Slope (β) coefficients describing the curve of myogenic
activation are presented in the inset legend. * p<0.05 vs. LZR-Control; † p<0.05 vs.OZR-
Control; ‡ p<0.05 vs. OZR-Hypoxia.
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Figure 4.
Data describing myogenic activation of isolated gracilis muscle arterioles (Panels A-C; n=5
for all) and middle cerebral arteries (Panels D-F; n=5-6 for all) from LZR and OZR in
response to increased intralumenal pressure. Data, presented as mean±SE, are presented for
vessels under control conditions, following challenge with acetylcholine (10-6 M) and
following pre-treatment of the acetylcholine-challenged vessels with either TEMPOL
(10-4M) or the PGH2/TxA2 receptor antagonist SQ-29548 (10-5M). Slope (β) coefficients
describing the curve of myogenic activation are presented in the inset legend. * p<0.05 vs.
LZR-Control; † p<0.05 vs.OZR-Control; ‡ p<0.05 vs. OZR-Hypoxia.

Butcher et al. Page 13

Microcirculation. Author manuscript; available in PMC 2014 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
Data describing the mechanical responses of isolated gracilis muscle arterioles and middle
cerebral arteries from LZR and OZR in response to increased concentrations of carbacyclin
(Panel A; n=5 for all), U46619 (Panel B; n=5 for all) and sodium nitroprusside (Panel C;
n=5 for all). Data, presented as mean±SE, are presented for vessels under control conditions,
at their equilibrium pressure. There were no significant differences in the mechanical
responses of GA or MCA between LZR and OZR for the three agonists.
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Figure 6.
Data describing myogenic activation of isolated gracilis muscle arterioles (Panel A; n=5)
and middle cerebral arteries (Panel B; n=5) from LZR and OZR in response to increased
intralumenal pressure. Data, presented as mean±SE, are presented for vessels under control
conditions and following challenge with adenosine (10-6 M). * p<0.05 vs. LZR-Control; †
p<0.05 vs.OZR-Control.
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Table 1

Baseline characteristics of 17 week-old LZR and OZR used in the present study.

LZR (n=30) OZR (n=34)

Mass (g) 344±11
669±12

*

MAP (mmHg) 106±6
126±5

*

[Glucose]plasma (mg/dl) 105±11
181±10

*

[Insulin]plasma (ng/ml) 1.4±0.2
8.5±1.2

*

[Nitrotyrosine]plasma (ng/ml) 15±5
45±8

*

*
p<0.05 versus LZR.
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Table 2

Inner diameter (at the equilibration pressure) of gracilis arterioles (GA) and middle cerebral arteries (MCA) of
LZR and OZR used in the present study.

Gracilis Arteriole Middle Cerebral Artery

LZR OZR LZR OZR

Control 104±5 (44±4%) 96±5 (43±3%) 121±4 (43±4%)
105±5 (46±4%)

*

-Endothelium 101±4 100±5 118±5 114±4

+Hypoxia 118±4 100±5 138±4
115±5

*

+SQ-29548 107±4 102±4 120±5 109±4

+TEMPOL 104±5 105±4 116±5 113±5

+Acetylcholine 115±5 101±5 133±5 112±4

+Adenosine 118±4 109±5 129±4 119±5

Ca2+-free PSS (Passive) 184±5
169±5

* 204±4 194±5

Data in parentheses represents % active tone.

*
p<0.05 versus LZR.
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