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Abstract
Objectives: Peripheral arterial disease affects mainly morphometry  were studied in  18-month-old
the aorta and lower extremities and commonly results spontaneously hypertensive stroke prone (SHRSP,
in tissue ischemia. Medical interventions to restore n=8) and age-matched normotensive Wistar (control,
blood flow can induce reperfusion injury. We n=8) rats. Whereas thoracic aortic rings of the control-
investigated the effects of both hypertension and and SHRSP groups were immediately mounted in
ageing on vascular graft responsiveness under organ bath chambers (normoxia-group), aortic
normoxia and ischemia/reperfusion (IR) conditions. segments in the control-IR and SHRSP-IR groups
underwent cold ischemic preservation, prior to
Methods:  Hemodynamic changes and aortic mounting.
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Results:  Significantly  increased  intima-media
thickness, intima-media cross-sectional area, and
lumen normalized to body weight were observed in
SHRSP displaying a systolic blood pressure of 205+16
mmHg compared to controls 124+8 mmHg, p < 0.05.
Phenylephrine-induced vasoconstriction was greater in
aorta of SHRSP compared to controls. IR injury
increased contractile responses to phenylephrine in
both control and SHRSP compared to the
corresponding groups, which was further increased in
SHRSP-IR compared to control-IR (as percentage of
KClI-contraction: SHRSP-IR 167+26% vs. control-IR
101+5%, p < 0.05). Compared to controls,
vasoconstrictive  response to high K™-induced
depolarization was significantly reduced in SHRSP,
control-IR, and SHRSP-IR. Additionally, KCI-induced
contraction was reduced in SHRSP-IR compared to
control-IR  (SHRSP-IR 0.7+0.1g vs. control-IR
25+0.1g, p < 0.05). IR reduced maximum
endothelium-dependent relaxation to acetylcholine in
the normoxia control group, whereas it had no effect in

the aortic rings from SHRSP.

Conclusions: IR increases the susceptibility of aortic
rings to vascular smooth muscle contractile

dysfunction in 18-month-old hypertensive rats.

Keywords: Aging; Hypertension, Aorta; Vascular

tone; Spontaneously hypertensive stroke-prone rats

1. Introduction

Peripheral arterial disease (PAD) is an arterial
occlusive disease affecting mainly the aorta and lower
extremities, resulting in ischemia. Hypoxic insult
impairs the regulation of vascular smooth muscle

(VSM) tone by altering the contractile properties of the
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vascular wall. Paradoxically, the reperfusion process
itself can cause further damage on top of ischemia.
During reperfusion, polymorphonuclear leucocytes
accumulate in the ischemic tissue, and reactive oxygen
species are generated, resulting in impaired vascular
function and altered tissue barrier functions [1].
Hypertension is defined as repeatedly elevated systolic
(= 140 mmHg) and/or diastolic blood pressures (> 90
mmHg) [2]. Essential hypertension, also known as
primary or idiopathic hypertension, constitutes 80-95%
of cases and the precise cause is poorly understood.
Secondary hypertension, accounting for 5-15% of all
patients, is due to a specific disease or abnormality. If
left untreated, the sustained increase in blood pressure
can lead to structural damage of the heart, coronary
vascular and endothelial changes, and alterations in the
cardiac conduction system. Hypertension acts as a
common risk factor for PAD. It is well-known that the
vascular wall is a target organ in hypertension-related
damage. From a hemodynamic perspective, one of the
most important factors underlying the development of
hypertension is increased vascular sensitivity to
vasoconstrictive stimuli. This is largely due to
alterations in arterial structure and function, leading to
an increase in total peripheral vascular resistance [3]. It
is well established that ageing is associated with
changes in the morphological and functional
characteristics of VSM and we have reported
alterations in endothelium-dependent relaxation and
vasocontractile  responses  [4-6].  Additionally,
persistently elevated blood pressure can lead to
vascular structural changes (remodelling), hyperplasia
of VSM, and increasing arterial stiffening. Thus, pre-
existent vascular damage, due to age and hypertension,
may be aggravated by reperfusion therapy in patients
with occlusive PAD and older hypertensive patients

may run a high risk for vascular complications. The
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spontaneously hypertensive stroke-prone rat (SHRSP)
is a genetic model of severe hypertension and cerebral
stroke [7,8]. The observed vascular dysfunction is
similar to the pathophysiology of PAD. Some features
of hypertension in this model are VSM remodelling
(growth rate increase), impaired endothelium-
dependent relaxation necrosis or sclerosis, and cardiac
hypertrophy [9-11]. The SHRSP thus offers a
convenient model for studying the pathogenesis of
hypertensive vasculopathy. Although preclinical and
clinical studies have examined changes induced by
hypertension in the vasculature, data describing
vascular damage induced by both ageing and high
blood pressure after IR injury is limited. In the present
study, we therefore investigated the influence of IR on
changes in thoracic aortic rings, as a model of a
conductance vessel, obtained from spontaneously
hypertensive and normotensive control in 18-month-

old rats.

2. Methods

2.1 Animals

Male SHRSP (n=8) and age-matched Wistar control
rats (n=8) (Charles River, Sulzfeld, Germany) were
studied at the age of 18 months. The animals were
housed at a constant room temperature (22+2°C) and
12h-light/dark cycles, with free access to standard
laboratory rat diet and water. The study conforms with
the Guide for the Care and Use of Laboratory Animals
published by the US National Institutes of Health (NIH
Publication No. 85-23, revised 1996). All procedures
with, and handling of, the animals during the
investigations were reviewed and approved by the

appropriate institutional review committee.

2.2 Measurement of arterial blood pressure and

heart rate
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Rats were anesthetized with sodium pentobarbital (60
ma/kg, i.p.), placed on controlled heating pads
maintaining their core temperature at 37°C,
tracheotomised, intubated, and artificially ventilated. A
2F-microtip  pressure-volume catheter (SPR-838,
Millar Instruments, Houston, TX, USA) was inserted
into the right carotid artery and advanced into the
ascending aorta. The systolic (SBP) and diastolic
(DBP) blood pressures, and heart rate (HR) were
measured, the mean arterial pressure (MAP) was

calculated.

2.3 Rat model of endothelial dysfunction induced by
cold ischemic storage and reperfusion

The protocol has been previously described in detail
[12-14].

2.3.1 Preparation of aortic rings: After
hemodynamic measurements, the descending thoracic
aorta was carefully removed and quickly transferred to
cold (+4°C) Krebs-Henseleit-solution (118 mM NacCl,
4.7 mM KCI, 1.2 mM KH,PO,, 1.2 mM MgSO,, 1.77
mM CaCl,, 25 mM NaHCO;, 11.4 mM glucose;
pH=7.4) or cold physiological saline solution. The
aorta was cleaned of periadventitial fat and
surrounding connective tissue, and it was cut

transversely into 4-mm width rings.

2.3.2 Conservation of aortic rings and experimental
groups: Aortic rings in the control-IR (n=31 rings, 8
rats) and SHRSP-IR (n=28 rings, 8 rats) groups were
stored for 24h at 4°C in closed, air-free 5 ml tubes
filled with physiological saline. The tubes were
previously equilibrated with nitrogen to extrude
oxygen from the solution. After cold ischemic
conservation, the rings proceeded to the organ bath. To

stimulate free radical burst, which usually occurs
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during reperfusion in vivo, 200 pM hypochlorite were
added to the baths for 30 min. Aortic rings in the
control (n=26 rings, 8 rats) and SHRSP (n=23 rings, 8
rats) normoxia-groups did not undergo cold ischemic
storage, and hypochlorite incubation, but were

immediately mounted in organ baths.

2.3.3 Ex vivo organ bath experiments: As previously
reported, the aortic rings were mounted on stainless
steel hooks under 2g of resting tension in individual
organ baths (Radnoti Glass Technology, Monrovia,
CA), containing 30 ml of Krebs-Henseleit-solution,
continuously gassed with 95% 0O,-5% CO, and
warmed to 37°C [15-17]. The tissue was then
equilibrated for 60 min. During this period, the tension
was periodically adjusted to the desired level, and the
Krebs-Henseleit-solution was changed every 30min as
a precaution against interfering metabolites. Potassium
chloride (KCI) was used to test viability, prepare the
vessel rings for stable contractions and reproducible
dose-response curves to other vasoactive agents. At the
beginning of each experiment, maximal contraction
forces to KCI (80 mM) were determined and aortic
rings were washed until resting tension was again
obtained. An o-adrenergic  receptor  agonist,
10° M) was used to

precontract the rings until a stable plateau was reached,

phenylephrine (PE, 10° -

and the relaxation responses were examined by adding
cumulative concentrations of endothelium-dependent
vasorelaxant acetylcholine (ACh, 10° - 10* M) and
endothelium-independent dilator sodium nitroprusside
(SNP, 10" - 10° M). The contractility of PE was
evaluated as a percentage of KCI response and the
relaxation is expressed as percent of contraction
induced by PE. The half-maximal effective
concentration (ECsy) was determined from each

individual concentration-response curve to PE, ACh,
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or SNP by sigmoidal fits using Origin 7.0 (Microcal
Software, Northampton, Massachusetts, USA). The
sensitivity pD, (-logECs,) was then calculated.

2.3 Histology

Five-um thick aortic sections were stained with
hematoxylin and eosin as described elsewhere [17].
The wall thickness, wall and lumen cross-sectional
areas were determined under a microscope using
Cell*A software (Olympus Soft Imaging Solutions
GmbH, Germany), wall/lumen ratio was calculated,
and normalized to body weight [18]. The evaluation
from four randomized non-overlapping fields of the

aorta was done in a blinded fashion.

2.4 \Western Blotting

The protein expression of endothelial nitric oxide
synthase (eNOS) (1:1000, Abcam Cambridge, UK),
hypoxia inducible factor (HIF)-lo, and heme-
oxygenase (HO)-1 (1:2000, Abcam, Cambridge, UK)
in aortas was performed by Western blotting.
Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), housekeeping proteins was used as loading

control and for protein normalization.

2.5 Chemical reagents

PE, ACh, SNP and KCI were purchased from Sigma-
Aldrich, Steinheim, Germany and dissolved in 0.9%
NaCl. Sodium pentobarbital was purchased from
Merial GmbH (Halbergmoos, Germany).

2.6 Statistical analysis

All data is expressed as mean + standard error of the
mean (SEM). Statistical analyses were performed
using GraphPad Prism 7.02 software (GraphPad
Software, Inc., CA, USA). In cases of hemodynamic

and morphometric measurements, the Shapiro-Wilk
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normality test was used to assess deviations from
normal distribution before statistical tests were applied.
For data with normal distribution, two-sample
Student’s t-test was used to analyze the differences
between the control and SHRSP groups. For
quantitative analysis of vascular function (Table 3) and
western blot results the Shapiro-Wilk normality test
was used to assess normality of data distribution. For
data with normal distribution, one-way ANOVA
followed by Tukey’s post-hoc test was carried out for
multiple comparisons. If the data were not normally
distributed, the nonparametric Kruskal-Wallis test
followed by Dunn’s post-hoc test was used. In cases of
cumulative concentration-response curves to PE, ACh
and SNP, a two-factor mixed ANOVA (factors:
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hypertension and concentration of reagents [PE, ACh,
SNP]) and followed by Tukey’s post-hoc test was used
for multiple comparisons. A value of two-tailed p <

0.05 was considered statistically significant.

3. Results

3.1 Effects of high blood pressure in aorta of aged
rats

3.1.1 General characteristics: Recordings of arterial
blood pressure in the ascending aorta by a pressure
catheter showed that while the SBP, DBP, and MAP
were significantly higher, the HR remained unchanged
in SHRSP rats as compared to the control group (Table
1).

Control SHRSP
Systolic blood pressure (mmHg) 124 +8 205 + 16*
Diastolic blood pressure (mmHg) 101+7 161 + 10*
Mean arterial pressure (mmHg) 109 +7 176 + 12*

Table 1: Hemodynamic parameters

Data is represented as mean + SEM. n=6-8 rats in each group. * p < 0.05 vs. Control. SHRSP indicates spontaneously

hypertensive stroke-prone rats.

3.1.2 Aortic morphometry: SHRSP rats showed
significantly lower body weight compared to the
control group (326 + 5g vs 673 + 21g, p < 0.001).

Morphometrical analyses of aortas revealed that wall

thickness, wall cross-sectional area, the lumenal area
normalized to body weight, and the wall:lumen area
ratio were significantly higher in SHRSP rats

compared to controls group (Table 2, Figure 1).

Control SHRSP

Lumen area (mm?®) 2.20 + 0.04 1.81 +0.08*

Lumen area to body weight (mm?®g) (x1,000) 3.29+0.10 5.56 + 0.24*
Wall area (mm?) 0.857 +0.015 0.864 + 0.051

Wall area to body weight (mm?/g) (x1,000) 1.28 +0.04 2.66 +0.18*
Wall/lumen area ratio 0.390 + 0.006 0.478 £ 0.022*

Wall thickness (um) 140.9 £ 3.3 151.1+4.38

Wall thickness to body weight (um/g) (x1,000) 0.21 £0.01 0.46 + 0.02*

Table 2: Intima-media thickness, intima-media area, and lumen wall area

Data is represented as mean + SEM. n=8 rats. * p < 0.05 vs. Control. SHRSP indicates spontaneously hypertensive

stroke-prone rats.
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Figure 1: Aortic morphometry. Representative hematoxylin and eosin stained sections of thoracic aortas from control

and SHRSP rats used to measure intima-media wall and lumen area (top panels, x4 magnification, bar = 500 um) and

the intima-media wall thickness (bottom panels, x10 magnification, bar = 200 pm). Data is represented as mean +

SEM. n=8 rats/group. * p < 0.05 vs. Control. SHRSP indicates stroke-prone spontaneously hypertensive rats.

3.2 Effects of in vitro IR injury in aorta of aged
hypertensive rats

3.2.1 Contractile responses of aortic rings: PE-
induced vasoconstriction was greater in aorta of

SHRSP rats compared to controls. IR injury

significantly increased contractile responses to PE in
both control and SHRSP rats compared to the
corresponding groups, which was further increased in
SHRSP-IR rings compared to control-IR group (Table
3, Figure 2A).

Control SHRSP Control-IR SHRSP-IR
KCI (g) 4.69+0.11 3.35+0.07* 2.50 +0.12*" 0.68 +0.06* **
PE (% of KCI) 456+2.1 85.7 + 2.4* 101.0 + 4.6* 167.1+26.1*7
pD, to PE 6.90 + 0.89 7.32 £0.03* 6.88 +0.18" 7.05 +0.08"
Rinax ACh (%) 57.0+ 2.0 496+2.2 43,5+ 2.7* 48.2+3.0
pD, to ACh 7.06+0.13 7.15+0.18 7.06 +0.11 6.53 +0.14*"°
Rimax SNP (%) 98.5+0.5 99.4+0.4 96.0+1.0° 97.7+15°
pD, to SNP 9.07 +£0.07 8.44 + 0.05* 8.87 + 0.06" 8.97 +0.12°
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Table 3: Quantitative analysis of vascular function.

Data is represented as mean = SEM. In each group, 7-8
independent experiments (n=23-31 aortic rings/group).
* p < 0.05 vs Control; * p < 0.05 vs Control-IR; * p <
0.05 vs SHRSP. SHRSP indicates spontaneously
hypertensive stroke-prone rats and IR,

ischemia/reperfusion.

Furthermore, the sensitivity to PE (pD,-value) was
increased in the SHRSP rats compared to controls and
decreased in the SHRSP-IR rings compared to SHRSP
group. In contrast to PE, SHRSP rats showed
significantly reduced vasoconstrictive responses to
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high K'-induced depolarization when compared to
controls (Table 3, Figure 2B). IR injury significantly
decreased contractile responses to KCI in both control
and SHRSP rats compared to the corresponding
groups, which was further increased in SHRSP-IR rats
compared to control-IR group (Table 3, Figure 2B).
Values of maximal relaxation (Rmax, %) and pD; (-
logeCs, ECso being the concentration of substance
that elicited 50% of the maximal response) to the
vasorelaxant action of acetylcholine (ACh) and sodium
nitroprusside (SNP), and contraction induced by
phenylephrine (PE, 10°M) in thoracic aortic rings.
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Figure 2: Ex vivo vascular function. (A) Concentration-response curves for phenylephrine-induced vasocontriction, (B)

contractile responses to high K*-induced depolarization, concentration-response curves for (C) acetylcholine-induced
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endothelium-dependent- and for (D) sodium nitroprusside induced endothelium-independent vasorelaxation of isolated

thoracic aortic rings. Data is represented as mean + SEM. n=23-28 rings from 7-8 rats/group. * p < 0.05 vs Control; *p

< 0.05 vs Control-IR; * p < 0.05 vs SHRSP. SHRSP indicates spontaneously hypertensive stroke-prone rats; IR,

ischemia/reperfusion.

3.2.2 Endothelium-dependent vasorelaxation of
aortic rings: In aortic rings precontracted with 10° M
PE, 10° - 10* M ACh induced a concentration-
dependent relaxation (Figure 2C). IR significantly
reduced Rpax to ACh in the normoxia control group,
whereas unexpectedly, it had no effect on the aortic
rings from SHRSP rats. IR significantly reduced the
sensitivity of aortic rings to ACh in SHRSP-IR rats
compared to controls, SHRSP and control-IR groups
(Table 3).

3.2.3 Endothelium-independent vasorelaxation of
aortic rings: Figure 2D shows concentration-
dependent relaxations induced by 10°-10° M SNP, an
endothelium-independent vasodilator. Ry.x to SNP was

significantly increased in the shrsp-IR group compared

to control-IR (Table 3). The concentration-response
curve to SNP was significantly shifted to the right in
aorta from SHRSP compared to controls and in the
SHRSP-IR rats compared to SHRSP group (Table 3,
Figure 2D).

3.4.4 Protein expression in the aorta: The
densitometric analysis of bands for eNOS showed a
tendency toward higher expression in the SHRSP
compared to controls and in the SHRSP-IR compared
to control-IR rats (Figure 3A). HO-1 protein
expression was significantly increased in the SHRSP-
IR compared to the control-IR (Figure 3B). HIF-1a
protein expression was significantly decreased in the
SHRSP-IR rats compared to SHRSP group (Figure
3C).
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Figure 3: Protein expression in the aorta. Representative western blot analysis of (A) endothelial nitric oxide synthase
(eNOS), (B) heme-oxygenase (HO)-1, and (C) hypoxia inducible factor (HIF)-1a. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), housekeeping protein was used as reference. Data is represented as mean + SEM. n=4-6
rats/group. * p < 0.05 vs. Control, ¥ p < 0.05 vs. Control-IR, * p < 0.05 vs. SHRSP. SHRSP indicates stroke-prone

spontaneously hypertensive rats and IR ischemia/reperfusion.

4. Discussion

In the present study, we explored the influence of IR
on high blood pressure and age induced pathogenic
vascular changes, in a model of in vitro vascular IRI.
To the best of our knowledge, this is the first paper
showing that cold ischemia followed by warm

reperfusion in aortas of aged SHRSP with established
hypertension increases the susceptibility to smooth
muscle contractile impairment. Alteration in HO-1
protein expression may, in part, contribute to the
pathological processes. Elderly patients with arterial

hypertension are more prone to PAD. Therefore,
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targeting  specific proteins and gaining an
understanding of the molecular mechanisms may
represent a promising therapeutic approach to reduce
the IR injury, and thus the vascular complications, in

older hypertensive patients.

4.1 Effects of high blood pressure in aorta of
senescent rats

Hypertension is associated with an increased
sympathetic tone and changes in vascular responses,
such as impaired relaxation or augmented contractility
[19,20]. In the present study, combination of arterial
hypertension and ageing was associated with an
increased contractile function of the VSM aortic rings
to al-adrenergic receptor agonist PE. In contrast to PE,
we observed significantly reduced vasocontriction
responses to high K+-induced depolarization in aged
aorta from hypertensive rats when compared to
controls. Possibly, the difference between the
reactivity of aortic segments to PE and to KCI may be
the consequence of the weaker calcium permeability of
the VSM cell membrane in old hypertensive rats
compared to old normotensive animals. In these old
SHRSP, the VSM cells may have undergone adaptive
changes in response to the increased arterial pressure.
The increase in vascular reactivity could have been
caused by an increase in wall thickness [21]. In
essential hypertension, large arterial remodelling is
characterized mainly by an increase in intima-media
thickness and a lumen enlargement of proximal elastic
arteries [22]. When normalized to the body weights,
the mean aortic lumen area, wall thickness and area
were significantly higher in old SHRSP than in
controls. Due to chronic high pressure and ageing, the
compliance of the vascular system is reduced (i.e.
arterial stiffness is increased), and thus the capacity of

modulating flow pulsatility is diminished. The
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thickening of the intima-media and increased cross-
sectional luminal area reflect morphological
abnormalities and could contribute to aortic stiffness.
HIF-1, a key regulator of the cellular hypoxic
response, is involved in different vascular diseases.
Inhibition of HIF-1a has been shown to decrease
vascular wall thickness in a model of carotid stenosis
in rats.23 In the present study, the tendency toward an
increase in HIF-1a protein expression in the aorta of
SHRSP may be involved in vascular remodelling.
Additionally, with ageing and elevated mean blood
pressure, an enlargement of proximal elastic arteries
has been extensively described in humans [23,24]. This
is generally attributed to the fragmentation of the load-
bearing component, such as elastin fibers, from
pulsatile wall stress, ultimately leading to fatigue and
failure of elastin within the vessel wall. However,
cellular ~ growth and  apoptosis, low-grade
inflammation, and fibrosis of VSM cells could also be
involved [25]. It is well known that endothelial cells
produce nitric oxide (NO), prostacyclin (PGI2), and
endothelium-derived hyperpolarizing factor (EDHF)
regulating the vascular tone. Endothelial function was
evaluated ex vivo by performing ACh concentration-
response curves in PE-precontracted isolated aortic
rings [26-29]. In the present study, hypertension had
slight effect on endothelium-dependent relaxation in
SHRSP compared with that in normotensive rats.
Although we did not examine endothelial NO
production, tendency toward an increase in protein
expression of eNOS was observed in the thoracic aorta
from SHRSP. It is tempting to speculate that the
enhanced eNOS expression is an adaptive response
related to the increase in superoxide anion generation.
It has been shown that this genetic model of
hypertension (i.e. SHRSP rats) was associated with an

increase in vascular superoxide production, which
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could contribute to the decreased availability of basal
NO [30]. Additionally, Imai et al. have showed that
transgenic overexpression of HO-1 in VSM cells leads
to an elevation of arterial pressure and aortic rings
exhibited a reduction of NO-mediated relaxing
responses [31]. In line with these observations, the
protein expression of HO-1, an important modulator of
blood pressure, showed a tendency to be increased in
the aorta of SHRSP, suggesting its involvement in
vascular endothelial dysfunction. The nitrodilator SNP
releases NO spontaneously and acts directly on the
VSM, leading to the relaxation of the muscle cells,
thus inducing blood vessels dilatation. SNP has most
commonly been wused to assess the vascular
responsiveness as endothelial-independent vasodilator.
In the present study, in older hypertrophic aorta the
concentration-response curves for the SNP were
significantly shifted rightwards compared to the

senescent group.

4.2 Effects of IR injury in aorta of older
hypertensive rats

To the best of our knowledge, this is the first study that
shows significant alterations of vascular reactivity by
IR in old hypertensive rats. In the present work, we
demonstrated that augmented ol-receptor-mediated
contractions induced by PE in SHRSP aorta was
further increased by IR. During IR, reactive oxygen
species produced by VSM cells have been reported to
be responsible for the impaired adrenergic function in
aortic rings. The release of calcium from the
sarcoplasmic reticulum constitutes the major defect in
hypoxia/reoxygenation  induced  vasoconstrictive
dysfunction [32,33]. Additionally, we showed that high
K+-induced contraction was further reduced in SHRSP
aorta subjected to IR, indicating smooth muscle

damage. The lack of oxygen has multiple effects
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modulating the vascular system. The main hypoxia
sensors at the cellular levels are HIF and HO. It has
been shown that HIF-1a, a key factor for responses to
low oxygen, seems to play an important role in the
regulation of VSM cell contraction induced by
hypoxia, by regulating eNOS, COX-2 and HO-1
expression [34]. In the present study, our western blot
results showed that IR down-regulated HIF-1a in the
both normotensive and hypertensive rats, suggesting its
detrimental role in vascular IR injury. Furthermore, the
impaired vascular reactivity in the ischemic/reperfused
aortic segments could be related to the marked increase
in the protein expression of eNOS, evidenced by our
western blot analysis. Additionally, HO-1 expression
can be increased by various stress factors including IR.
In the present study, its expression in the aorta from
SHRSP submitted to IR was increased when compared
to the control-IR group. Some limitations need to be
addressed. The vascular reactivity of the isolated
thoracic aortic rings was studied ex vivo in a standard
tissue bath system. Translation of these findings into
meaningful in vivo conditions should be confirmed
with the involvement of non-aortic tissue, blood flow
to the tissues, and leucocytes activation. Even though it
is not common in clinical practice, storage at 4°C for
24h is a well-established in vitro vascular model for IR
injury. Additionally, further studies are required to
confirm the effects of IR injury on peripheral arteries
of the legs. In conclusion, both structural changes and
alteration in HO protein expression, in part, may
contribute to the pathological processes associated
with the impairment in vascular contractile function in
response to IR from old hypertensive rats. Collectively,
targeting  specific proteins and understanding
molecular mechanisms may be a promising and
therapeutically feasible approach to protect elderly

hypertensive patients with PAD.
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