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Abstract
Early vascular changes at the molecular level caused by adoption of a sedentary lifestyle are
incompletely characterized. Herein, we employed the rodent wheel lock model to identify mRNAs
in the arterial wall that are responsive to the acute transition from higher to lower levels of daily
physical activity. Specifically, we evaluated whether short-term cessation of voluntary wheel
running alters vascular mRNA levels in rat conduit arteries previously reported to have marked
increases (i.e. iliac artery) versus marked decreases (i.e. renal artery) in blood flow during running.
We used young female Wistar rats with free access to voluntary running wheels. Following 23-
days of voluntary running (average distance of ~15-km/night; ~4.4-hrs/night), rats in one group
were rapidly transitioned to a sedentary state by locking the wheels for seven days (n=9) or
remained active (n=9) in a second group for an additional seven days. Real-time PCR was
conducted on total RNA isolated from iliac and renal arteries to evaluate expression of 25 pro-
atherogenic and anti-atherogenic genes. Compared to iliac arteries of wheel lock 0-day rats, iliac
arteries of wheel lock 7-day rats exhibited increased expression of TNFR1 (+19%), ET1 (+59%),
and LOX-1 (+31%) (p<0.05). Moreover, compared to renal arteries of wheel lock 0-day rats, renal
arteries of wheel lock 7-day rats exhibited decreased expression of ETb (−23%), p47phox (−32%),
and p67phox (−19%) (p<0.05). These data demonstrate that cessation of voluntary wheel running
for seven days produces modest, but differential changes in mRNA levels between the iliac and
renal arteries of healthy rats. This heterogeneous influence of short-term physical inactivity could
be attributed to the distinct alteration in hemodynamic forces between arteries.

INTRODUCTION
The trends for physical inactivity continue to escalate in modern societies. It has been
reported that more than 90% of Americans 12 years of age and older do not meet current
guidelines for physical activity (Troiano et al., 2008). Cardiovascular diseases are among the
chronic diseases most attributable to lack of physical activity (Nocon et al., 2008). While it
is well accepted that long-term physical inactivity is associated with an increased
cardiovascular risk (Szostak & Laurant, 2011; Booth et al., 2012), the early vascular changes
at the molecular level caused by the adoption of a sedentary lifestyle have not been
characterized.
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Using the rodent wheel lock model, it has been demonstrated that cessation of physical
activity increases visceral fat mass, hypothalamic leptin resistance, skeletal muscle insulin
resistance, hepatic triglycerides, and causes impairments of fatty acid oxidation in skeletal
muscle (Kump & Booth, 2005; Kump et al., 2006; Laye et al., 2007; Rector et al., 2008;
Laye et al., 2009; Roberts et al. 2012). Undoubtedly, the wheel lock model is a valid
translational tool to study the initiation of various metabolic maladies, as confirmed by
paralleled human studies indicating that reducing normal daily physical activity (i.e.,
reducing step count from >10,000 to <1,500) causes impairment in insulin signaling (Krogh-
Madsen et al., 2010) and expansion of intra-abdominal adipose tissue (Olsen et al., 2008).
Nonetheless, none of our previous wheel lock studies examined the vascular consequences
of removal of physical activity. Identification of vascular genes whose expression is altered
in response to short-term physical inactivity may provide important information regarding
the initial molecular mechanisms obligatory for a switch in vascular cell phenotype if
inactivity persists. A recent American Heart Association Policy Statement advocates that,
with primordial prevention (defined as prevention of risk factors in the first place),
cardiovascular diseases are largely preventable (Weintraub et al., 2011). Thus, detection of
early changes in vascular mRNAs induced by lack of physical activity and determination of
whether effects of inactivity are artery-specific may provide clues for targets in future
endeavors aimed at primordially preventing inactivity-associated cardiovascular risk.

In the present study, we employed the rodent wheel lock model to identify mRNAs in the
arterial wall that are responsive to the acute transition from higher to lower levels of daily
physical activity. Specifically, we evaluated whether cessation of voluntary wheel running
for seven days alters specific vascular mRNA levels in rat conduit arteries previously
reported to have marked increases (i.e. iliac artery) versus marked decreases (i.e. renal
artery) in blood flow during running (Laughlin & Armstrong, 1982). Given that
hemodynamic forces appear to be a key signal for regulation of vascular gene expression
(Laughlin et al., 2008; Newcomer et al. 2011), we hypothesized that changes in the levels of
vascular mRNAs with discontinuation of physical activity would be artery-specific.

METHODS
Animal protocol

The animal protocol was approved by the Institutional Animal Care and Use Committee at
the University of Missouri. We used generation 4–5 female Wistar rats (n=18) that had been
selectively bred to voluntarily run long distances. Our selective breeding procedures have
been recently described (Roberts et al., 2011; Roberts et al.). We used rats selected to be
highly active with the idea to mimic the high physical activity levels of our human ancestors
as well as to produce the greatest downward shift in physical activity levels with our wheel
lock model. Importantly, we used young healthy animals in order to study the vascular
effects of inactivity in the absence of other comorbidities; that is, examining effects that are
specific to inactivity before appearance of risk factors. At four weeks of age, rats were
housed in cages equipped with a voluntary running wheel outfitted with a Sigma Sport BC
800 bicycle computer (Cherry Creek Cyclery, Foster Falls, VA) for measuring daily running
activity. Rats were maintained on a 12:12-h light-dark cycle (0700 to 1900) and all animals
were provided food and water ad libitum. Following 23 days of access to voluntary running
wheels, rats in one group were rapidly transitioned to a sedentary state by locking the wheels
for seven days (n=9) or remained active (n=9) in a second group for an additional seven
days. Thereafter, between 0800 and 0900, rats were anesthetized [ketamine (80 mg/kg),
xylazine (10 mg/kg), and acepromazine (4mg/kg)] and whole body composition was
measured via dual-energy X-ray absorptiometry (Hologic QDR-1000). Animals were then
euthanized by removal of the heart in full compliance with the American Veterinary Medical
Association Guidelines on Euthanasia.
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Tissue sampling
Immediately following death, both renal and iliac arteries were harvested and rinsed with
ice-cold Krebs saline. The left renal and iliac arteries were placed in a cold RNA-stabilizing
agent (RNAlater; Ambion, Austin, TX); whereas the right renal and iliac arteries were
placed in neutral-buffered 10% formalin for determination of vessel structure. On the same
day as death, arteries were dissected clean of adipose tissue and excess adventitia in a petri
dish containing either RNAlater or neutral-buffered 10% formalin. At sacrifice, omental fat
was carefully removed and the weight was assessed.

RNA extraction and real-time PCR
We selected a panel of 25 mRNAs whose expression is frequently altered in association with
increased cardiovascular risk. In particular, we chose genes related to control of vascular
tone, antioxidant pathways, pro-oxidant pathways, inflammation, and thrombosis. Isolated
arteries were kept in RNAlater for 24 hours at 4°C, then removed from the RNAlater
solution and stored at −80°C until analysis. Arteries were homogenized in a lysing solution
(Buffer RLT; Qiagen, Valencia, CA) containing 14.3 M β-mercaptoethanol (β-ME) using a
tissue homogenizer (TissueLyser LT, Qiagen, Valencia, CA) following manufacture
specifications and tissue lysates were then passed through the QIAshredder (Qiagen,
Valencia, CA). Total RNA was isolated using the RNeasy fibrous tissue micro kit (Qiagen,
Valencia, CA) and assayed using a Nanodrop spectrophotometer (Thermo Scientific,
Wilmington, DE) to assess purity and concentration (Roseguini et al., 2010; Roseguini et al.,
2011). First-strand cDNA was synthesized from total RNA by reverse transcription primed
by a mixture of random hexamer and oligo(dT) primers (iScript cDNA synthesis kit; Bio-
Rad, Hercules,CA). The reactions were incubated in a PCR Express Hybaid thermal cycler
(Hybaid, Franklin, MA). Quantitative real-time PCR was performed as previously described
(Roseguini et al., 2010; Roseguini et al., 2011) using the ABI PRISM 7000 sequence
detection system (Applied Biosystems, Foster City, CA). Primer sequences (Table 1) were
obtained from published literature or designed using the NCBI website. All primers were
purchased from IDT (Coralville, IA). A 25-μl reaction mixture containing 20 μl of Power
SYBR Green PCR Master Mix (Applied Biosystems) and the appropriate concentrations of
gene-specific primers plus 5 μl of cDNA template was loaded in each well of a 96-well plate
(duplicate samples). PCR was performed with thermal conditions as follows: 95°C for 10
min, followed by 40 cycles of 95°C for 15 s and 60°C for 1 min. A dissociation curve
analysis was performed after each run to verify the specificity of the PCR products. β-actin
primers were used to amplify the endogenous control product. Our group has established
that β-actin is a suitable house-keeping gene for real-time PCR when examining vascular
gene expression. In the present study, β-actin CTs were not different between groups or
between arteries. mRNA expression values are presented as 2ΔCT whereby ΔCT = β-actin
CT - gene of interest CT (Roberts et al., 2011; Roberts et al., 2012).

Vascular histology
Isolated arteries were kept in neutral-buffered 10% formalin for a minimum of 24 h and then
processed to paraffin embedment as described previously (Roseguini et al., 2011; Arce-
Esquivel et al., 2012). Four-micrometer sections were cut with an automated microtome
(Microm, Thermo Fischer Scientific, Bellefonte, PA), floated onto positively charged slides
(Thermo Fischer Scientific), baked for 20 min at 90°C and deparaffinized with xylene then
hydrated with water. Histological assessment (i.e. structural changes) in isolated arteries was
performed on sections stained with hematoxylin-eosin and Verhoeff’s method for elastin.
For immunohistochemistry, sections were cut to assess expression of selected proteins
(TNFR1, ET1, and LOX-1). Immunohistochemistry staining was performed on a Biocare
Intellipath FLX automated slide stainer (Biocare Medical, Concord, CA) according to the
following protocol. Sections were first treated with 3% hydrogen for 15 min peroxide to
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inhibit endogenous peroxidase. This was followed by a Tris buffer rinse. The LOX-1 and
TNF-I antibodies received a protein kinase pretreatment (Dako 53020, DAKO, Carpenteria,
CA) for 5 min, whereas no pretreatment was required for the ET1 antibody. Background
Sniper (BS966M, Biocare Medical, Concord, CA) was applied for 10 min to inhibit
nonspecific protein binding. All the primary antibodies were diluted using antibody diluent
DaVinci Green (Biocare Medical) and the sections were incubated for 30 min at room
temperature. After the appropriate washing steps were completed, sections were incubated
with Biocare Mach 2 Universal HRP (M2U522L) for 30 min. Biocare Romulin Red AEC
(RAEC810M) was applied for 10 min allowing visualization of primary antibody staining.
For negative controls, histological sections were prepared as described, but incubation in
primary antibody was replaced with mouse or rabbit IGg. Immunostaining was performed
using rabbit anti-rat LOX-1 (1:200 dilution; Abcam Inc., Cambridge, MA), rabbit anti-rat
TNFR1 (1:800 dilution, Abcam Inc., Cambridge, MA), or rabbit anti-rat ET1 (1:800
dilution; Peninsula Laboratories, Inc., San Carlos, CA). Immunostaining analysis was
performed in the entire vessel wall (i.e. intima to external elastic lamina boundaries)
following methods previously described (Arce-Esquivel et al., 2012). Sections were
examined using an Olympus BX61 photomicroscope (Olympus, Melville, NY), and pictures
that included the complete vessels’ cross-sectional area were captured at 20x magnification.
In each sample, Image Pro Plus software (version 6.2.0.424; Media Cybernetics, Inc., Silver
Spring, MD) was used to quantify the positive area of staining. Finally, in each sample
stained with hematoxylin-eosin, the perimeter of the intimal layer and the perimeter of the
outer medial layer (boundary between media and adventitia) were measured to determine
lumen diameter and intima-media thickness. An investigator who was blinded to the
experimental conditions performed the immunostaining procedures and measurements.

Statistical analysis
All data are presented as means ± SE. A 2 × 2 (group x artery) mixed design, repeated-
measures ANOVA was used to evaluate the effects of wheel lock and vessel type on gene
expression and all additional dependent variables. Between-group differences in body
composition variables were determined using an independent t-test. The relationship
between omental fat mass and vascular gene expression was evaluated using Pearson
correlations. For all statistical tests, significance was set at 0.05. Statistical analyses were
performed with SPSS 19.0. (SPSS, Chicago, IL).

RESULTS
During the period of access to wheel running, rats averaged a running distance of
approximately 15 km per night for days 17-23, and thereafter. There were no differences in
running distances between the two groups prior to wheel lock. Both groups of rats averaged
a calculated running speed of approximately 57 meter/min, an intensity that according to
data from treadmill studies (Laughlin & Armstrong, 1982) is sufficient to significantly
increase blood flow to the working skeletal muscles and decrease flow to the kidneys. The
estimated time per night of intermittent running was ~4.4 hours distributed over the initial
~9 hours of the dark cycle. At sacrifice, both groups of rats had similar total body mass and
total lean mass, however, wheel lock 7-day rats exhibited 42% and 117% greater total fat
mass and omental fat mass, respectively, compared to wheel lock 0-day rats that ran 30 days
(both p<0.05, Figure 1).

Figures 2 to 4 summarize the effects of wheel lock on iliac and renal artery gene expression.
Compared to iliac arteries of wheel lock 0-day rats, iliac arteries of wheel lock 7-day rats
exhibited increased expression of mRNA TNFR1 (+19%), ET1 (+59%), and LOX-1 (+31%)
(all p<0.05) (Figure 2). In addition, compared to renal arteries of wheel lock 0-day rats, renal
arteries of wheel lock 7-day rats exhibited decreased expression of mRNA ETb (−23%),
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p47phox (−32%), and p67phox (−19%) (all p<0.05) (Figure 3). Wheel lock did not produce
significant changes in mRNA levels in the iliac and renal arteries for the reminder of the 19
genes that were evaluated (Figure 4). Additionally, there were a number of differences
between iliac and renal arteries in mRNA levels (Figs 2-4).

Figure 5 illustrates immunohistochemical localization of proteins encoded by the three genes
(TNFR1, ET1, LOX-1) that demonstrated increased mRNA levels in the iliac artery with
inactivity. Results indicate that 7 days of inactivity did not appear to induce changes in
expression of these proteins as assessed by immunohistochemical staining. That is, no
significant differences in protein expression were detected between wheel lock 0 days and 7
days for TNFR1 (34.8±2.3 vs. 39.0±2.1%; p=0.19), ET1 (0.6±0.1 vs. 0.5±0.1%; p=0.41) and
LOX-1 (7.3±0.6 vs. 8.3±1.7%; p=0.57) in the iliac artery.

No differences in lumen diameter and intima-media thickness were found between groups of
rats. However, iliac arteries had greater lumen diameter (590±14 vs. 354±30 um; p<0.001)
and intima-media thickness (77±6 vs. 61±6 um; p=0.07) compared to renal arteries.

Omental fat mass was inversely correlated with expression of LOX-1 (r=-0.50, p=0.03),
p47phox (r=-0.50, p=0.03), p67phox (r=-0.59, p=0.01) in the renal artery and with
expression of NOX-4 (r=-0.53, p=0.02) in the iliac artery; whereas a trend for a positive
correlation was detected between omental fat mass and expression of SOD-3 (r=0.438,
p=0.07) in the iliac artery.

DISCUSSION
The primary finding of the present study is that transition from high to low physical activity
produced differential changes in vascular mRNA levels between rat iliac and renal arteries
for 6 of the 25 genes interrogated. We speculate that the different influence of short-term
physical inactivity on vascular mRNA levels between the iliac and renal arteries could be
related to the reported differences in blood flow to the tissues perfused by these arteries
during exercise (Laughlin & Armstrong, 1982). That is, when rats transition from daily
wheel running this could remove episodic bouts of increased iliac artery blood flow
occurring during running whereas, conversely, the renal arteries may experience the removal
of corresponding bouts of decreased flow during running (Laughlin & Armstrong, 1982).

We employed the rodent wheel lock model to replicate a shift from high to low physical
activity levels that is experienced in human life. The sudden lock of running wheels permits
the study of the biological consequences of transitioning from a physically active to a
sedentary life (Kump & Booth, 2005; Kump et al., 2006; Laye et al., 2007; Rector et al.,
2008; Laye et al., 2009; Roberts et al. 2012). It should be noted that rats retain ambulatory
cage activity after the wheel-lock and do not become fully immobile as occurs in other
models of extreme inactivity such as hindlimb suspension in animals and bed rest in humans
(Booth et al., 2008). Importantly, our objective was to identify mRNAs in the arterial wall
that are responsive to the transient changes in physical activity rather than to characterize the
long-term effects of inactivity on the vasculature. Identification of vascular genes whose
expression is altered in response to short-term physical inactivity may provide important
information regarding the initial molecular events underlying the first steps in the
progression towards an impaired vascular cell phenotype if inactivity persists. In the current
study, 25 target mRNAs (markers of endothelium-derived dilators, antioxidant pathways,
pro-oxidant pathways, inflammation, and thrombosis) were selected for examination based
on evidence that their expression is frequently altered in association with cardiovascular risk
(Hulsmans et al.; Ross, 1999; Li et al., 2006; Tedgui & Mallat, 2006; Pacher et al., 2007;
Atkins et al., 2008).
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To gain new insights about the role of hemodynamic forces in signaling the early changes in
vascular gene expression induced by physical inactivity, we studied two arteries perfusing
tissues that presumably exhibit differential blood flow responses to physical activity. Indeed
during treadmill running, blood flow is dramatically increased in the working skeletal
muscle (i.e. hindlimb) and decreased in visceral organs (e.g. kidney, liver, spleen) of rats
(Laughlin & Armstrong, 1982). As a result, it is reasonable to speculate that during wheel
running at a similar speed (e.g. ~57 meter/min) to that during treadmill running, iliac and
renal arteries may be exposed to increased and decreased levels of blood flow, respectively.
It is also well-established that mean arterial pressure and pulse pressures are increased
during exercise, but this has not been measured during wheel running; it is only logically
presumed.

Results in this study indicate that cessation of physical activity for seven days evoked a
statistically significant upregulation of mRNA for tumor necrosis factor receptor
superfamily member 1A (gene name TNFRSF1A, also TNFR1, which can activate NFκB,
mediate apoptosis and is a regulator of inflammation), endothelin 1 (EDN1, ET1, a potent
vasoconstrictor produced by endothelial cells), and oxidized-low density lipoprotein (lectin-
like) receptor 1 (OLR1, LOX-1, the receptor that mediates recognition, internalization and
degradation of oxidized low-density lipoprotein) in the iliac artery. In contrast, in the renal
artery, wheel lock induced a downregulation of mRNA for endothelin receptor type B
(ENDRB, ETb, a G protein-coupled endothelial cell receptor which activates a
phosphatidylinositol-calcium second messenger system upon binding with endothelin),
neutrophil cytosolic factor 1 (NCF1, p47phox, a cytosolic subunit of the NADPH oxidase
system), and neutrophil cytosolic factor 2 (NCF2, p67phox, also a cytosolic NADPH
oxidase subunit). The observation that short-term inactivity stimulated the upregulation of
expression of three pro-atherogenic genes in the iliac artery (Figure 2) and downregulation
of three pro-atherogenic genes in the renal artery (Figure 3) is consistent with the premise
that cessation of physical activity would produce distinct effects between arteries likely
experiencing differential blood flow responses during activity bouts. Our
immunohistochemical measures indicated that the amount of TNFR1, ET1, and LOX-1
protein in the iliac artery wall was not different between both groups of rats. The
observation that increases in mRNA levels induced by 7 days of wheel lock were not
associated with significant changes at the protein level, suggests that greater duration of
inactivity may be required for changes in mRNA levels to lead to increased expression of
these proteins. Nonetheless, the changes in mRNA establish alterations in pretranslational
regulation indicating changes at either transcription and/or mRNA stability in response to
inactivity.

The finding that ET1 mRNA levels are increased following one week of inactivity may be of
particular relevance in view of evidence indicating that enhanced vascular tone of extremely
inactive legs of long-term spinal cord injury patients is largely ET1 mediated (Thijssen et
al., 2007). There is also evidence in humans that ET1 plays a role in the control of arterial
compliance. For example, McEnery et al. (McEniery et al., 2003) experimentally
demonstrated in humans that exogenous ET1 increases pulse wave velocity in large arteries
(i.e., a non-invasive marker of arterial stiffness), a response that can be blunted by ETA
receptor blockade. This observation may explain why conditions that exhibit upregulation of
ET1 (e.g., inactivity) are also associated with arterial stiffening. Given that studies in
endothelial cell culture provide direct evidence that a reduction of shear stress increases ET1
mRNA (Toda et al., 2008), it is likely that alterations in vascular expression of ET1 with
inactivity are due to the removal of episodic bouts of increased blood flow.

While the present data support the hypothesis that changes in blood flow with physical
inactivity might modulate vascular cell phenotype, the fact that the ‘responsive genes’ were
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different between the iliac and renal arteries allows the speculation that hemodynamic forces
could interact with other physical inactivity-induced signals in the regulation of gene
expression. In this regard, we (Company et al., 2010; Padilla et al., 2011a; Jenkins et al.,
2012) and others (Szostak & Laurant, 2011) have recently proposed that physical inactivity
may exert its effects on the vasculature by altering the normal phenotype of cells in adipose
tissue resulting in changes in adipokine secretion into the systemic circulation. The crosstalk
between adipose tissue and vascular cells is in fact well recognized in the literature (Ohman
et al.; Esposito et al., 2002; Lyon et al., 2003; Hutley & Prins, 2005; Ritchie & Connell,
2007; Ouwens et al., 2010; Vykoukal & Davies, 2011). Herein, we observed that
discontinuation of physical activity for seven days stimulated a remarkable (117%)
expansion of omental fat mass (Figure 1), a finding that is consistent with other studies
using the wheel lock model (Laye et al., 2007; Laye et al., 2009) and studies in humans
assessing the impact of reducing the number of daily steps (Olsen et al., 2008). Interestingly,
we observed significant inverse correlations between omental fat mass and the expression of
four pro-oxidant mRNAs (LOX-1, p47phox, p67phox, NOX-4), and a trend for a positive
correlation was detected between omental fat mass and the antioxidant gene SOD-3. While
on one hand the direction of these relationships may be unexpected, these results could
reflect a homeostatic mechanism whereby vascular cells decreased the expression of pro-
oxidant genes and increased the expression of antioxidant genes in response to physical
inactivity-induced visceral fat expansion. In addition to the possible alteration in adipokine
secretion with physical inactivity, it is also conceivable that other circulating factors (e.g.
myokines, inflammatory cells) may be responsible for the modulation of vascular mRNA
levels after seven days of physical inactivity.

Potential limitations of the present investigation should be considered. First, while there is
sufficient evidence from earlier microsphere studies that blood flow is increased in the rat
iliac artery and decreased in the renal artery during treadmill running (Laughlin &
Armstrong, 1982), shear stress levels in these arteries have not been quantified. We
speculate that shear stress in the iliac and renal arteries parallels changes in blood flow
during wheel running and during inactivity. Consistent with this presumption is the frequent
observation that conduit artery diameter changes during exercise are relatively minor and
therefore not sufficient to offset the positive relationship between blood flow and shear
stress (Padilla et al., 2011a; Padilla et al., 2011b). It would have been advantageous to have
measured iliac and renal blood flows in the present study, but microsphere studies during
wheel running are particularly challenging. In fact, we are not aware of any studies in which
regional blood flows have been measured during wheel-running activity. In addition,
currently there are no available techniques to measure shear stress in peripheral arteries of
rats during running. Second, because we studied mRNA levels from whole artery
homogenates, it is unclear whether differences in gene expression reported in this study are
originating from the endothelium, smooth muscle or adventia. In this context, Figure 5
illustrates immunohistochemical localization of TNFR1, ET1 and LOX-1 in cross-sections
of the iliac and renal arteries. In addition, it should be noted that while iliac arteries had
greater lumen diameter and intima-media thickness compared to renal arteries, seven days of
wheel lock did not produce any structural changes in these arteries. Third, the present study
was focused at identifying artery-specific changes in vascular mRNAs that would reflect
initial transcriptional events underlying a shift in phenotype if inactivity were to persist.
Thus, while our study achieved its primary aim, future studies are required to establish the
time point at which changes in mRNA levels triggered by inactivity may result in changes at
the protein level that can potentially lead to functional consequences. Fourth, while we
advocate that maintenance of a physically active lifestyle, mimicked by access to voluntary
running wheels, provides optimal vascular health and thus should represent the normal (i.e.,
control) state, the inclusion of a lifetime sedentary group into the study design would have
facilitated better interpretation of the changes induced by 7 days of wheel lock.
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In conclusion, the results of this study demonstrate that cessation of voluntary wheel running
for seven days produces modest, but differential changes in vascular mRNA levels between
the iliac and renal arteries of healthy rats. We speculate that the differing influence of short-
term physical inactivity on vascular mRNA levels in these two arteries could be attributed to
iliac arteries exhibiting removal of episodic bouts of increased blood flow during exercise,
while renal arteries experiencing removal of episodic decreases in flow during exercise. We
consider that the changes in mRNA levels reported here, although modest, may be of
biological significance given the short term nature of the inactivity stimulus.
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Figure 1.
Effects of 7 days of wheel lock on total body mass (A), total lean mass (B), total fat mass
(C), and omental fat mass (D). *p<0.05, ***p<0.0001 vs. Wheel Lock 0 Days.
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Figure 2.
List of vascular genes whose mRNA levels are upregulated in the iliac, but not renal, artery
in response to 7 days of wheel lock. *p<0.05 vs. Wheel Lock 0 Days; ††p<0.01, †††p<0.001
vs. Iliac Artery.
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Figure 3.
List of vascular genes whose mRNA levels are downregulated in the renal, but not iliac,
artery in response to 7 days of wheel lock. *p<0.05, ***p<0.0001 vs. Wheel Lock 0 Days;
†p<0.05, ††p<0.01, †††p<0.001 vs. Iliac Artery.
Abbreviations: ETb, endothelin b receptor.

Padilla et al. Page 13

Exp Physiol. Author manuscript; available in PMC 2014 January 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Figure 4.
List of vascular genes whose mRNA levels are unchanged in the iliac and renal arteries in
response to 7 days of wheel lock. †p<0.05, ††p<0.01, †††p<0.001 vs. Iliac Artery.
Abbreviations: TNF-α, tumor necrosis factor-alpha; TNFR2, tumor necrosis factor receptor
2; IL-6R, interleukin-6 receptor; OB-RB, leptin receptor; NOX, NADPH oxidase; VCAM-1,
vascular cell adhesion molecule 1, ICAM-1, intercellular adhesion molecule 1; MCP-1,
monocyte chemotactic protein; PAI-1, plasminogen activator inhibitor-1; TM,
thrombomodulin; eNOS, endothelial nitric oxide synthase; SOD, superoxide dismutase
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Figure 5.
Representative images of immunohistochemical staining (shown here in brown) for TNFR1,
ET1, and LOX-1 in cross-sections of the iliac and renal arteries of wheel lock 0 days and 7
days rats. Pictures were captured at 20x magnification, whereas insets for ET1 were taken at
40x (scale bar = 50 microns). As illustrated, immunoreactivity of TNFR1 was abundant and
it appeared homogenous across the arterial wall. In contrast, immunoreactivity of ET1was
usually minimal and primarily localized in the endothelial cell layer. Immunoreactivity of
LOX-1 generally appeared to be greater in the adventitia and endothelium, compared to the
media. As summarized in text of the results section, mean data revealed no significant
differences for any of the markers between groups.
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