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Abstract: Increasing epidemiological and experimental evidence points to a link between arterial
stiffness and rapid cognitive decline. However, the underlying mechanism linking the two diseases is
still unknown. The importance of nitric oxide synthases in both diseases is well-defined. In this study,
we introduced arterial stiffness in both genetic (eNOS−/−, endothelial nitric oxide synthase knockout)
and pharmacological (N(G)-nitro-L-arginine methyl ester (L-NAME) treatment) NO dysfunction
models to study their association with cognitive decline. Our findings demonstrate that the non-
selective inhibition of NOS activity with L-NAME induces cardiac dysfunction, arterial stiffness,
and a decline in hippocampal-dependent learning and memory. This outcome demonstrates the
importance of neuronal NOS (nNOS) in both cardiovascular and neurological pathophysiology and
its potential contribution in the convergence between arterial stiffness and cognitive decline.
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1. Introduction

In recent years, there has been increasing interest in the potential interaction between
cardiovascular disease (CVD) and neurodegenerative syndromes. In the past, CVD and
neurodegeneration were considered separate entities based on the clinical classification
criteria. However, epidemiological studies increasingly report an independent, mecha-
nistic convergence between both pathological syndromes. In recent decades, there has
been increasing interest in the role of arterial stiffness in neurodegeneration, as it was
found to be an independent risk factor for both CVD and neurodegeneration [1–4]. Al-
though overwhelming evidence demonstrates an association between arterial stiffness and
neurodegeneration in human subjects, these studies are limited by correlative evidence.

Although nitric oxide (NO) is a small gaseous signaling molecule, it has a well-defined
importance in not only arterial stiffness [4–6], but also in neurodegeneration [7–10]. Studies
in murine models of NO dysfunction through the inhibition of nitric oxide synthase (NOS)
with N(G)-nitro-L-arginine methyl ester (L-NAME) or by a genetic knockout of endothelial
NOS (eNOS−/−) [11,12], have shown the importance of NO in arterial stiffness. Additional
studies using the same animal models have also demonstrated the importance of NO in
neurodegeneration following the acquisition of cerebrovascular structural changes and
cerebral infarcts as a result of its inhibition [13–15].
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There are three NOS isoforms: neuronal NOS (nNOS), inducible NOS (iNOS), and
endothelial NOS (eNOS), depending on their localization of action: nNOS is expressed
in neurons, eNOS is expressed in endothelial cells, and iNOS is expressed in glia cells
upon brain injury or inflammation [7,9]. Although for many years their functions were
thought to be tissue-specific, increasing evidence suggests that they have a broad spectrum
of physiological functions throughout the body.

In the present study, we sought to investigate in-depth the effect of arterial stiffness
on the progression of neurodegeneration in both a well-known genetic eNOS dysfunction
(eNOS−/−) mouse model and a pharmacological, non-selective NOS dysfunction mouse
model (L-NAME treatment) of arterial stiffness.

2. Materials and Methods
2.1. Experimental Animals and Tissue Collection

Non-selective nitric oxide synthase inhibition was induced by pharmacological treat-
ment of male C57BL/6 mice (The Jackson Laboratory, Bar Harbor, ME, USA) from the age
of 8 weeks onward with 0.5 mg/mL N(G)-nitro-L-arginine methyl ester (L-NAME) in drink-
ing water for 2 weeks (control n = 9; treated n = 10), 8 weeks (control n = 11; treated n = 11),
and 16 weeks (control n = 10; treated n = 7). Compared to other studies [16,17], a lower
L-NAME dosage was administered in order to obtain a partial inhibition of endothelial
nitric oxide synthase (eNOS) activity in the aortic vessel wall.

In parallel, male eNOS knockout mice (eNOS−/−, The Jackson Laboratory, Bar Harbor,
ME, USA) with a C57BL/6 background were investigated at 2 months (C57BL/6 control
n = 14; eNOS−/− n = 10), 4 months (C57BL/6 control n = 11; eNOS−/− n = 10), and
6 months (C57BL/6 n = 25; eNOS−/− n = 22) of age. All mice used in this study were
bred and housed in the laboratory animal facility of the University of Antwerp. All mice
were socially housed in standard mouse cages with a maximum of eight animals per cage
under conventional laboratory conditions, with a constant room temperature (22 ± 2 ◦C)
and humidity (55% ± 5%), and an artificial day/night cycle of 12 h/12 h (lights on at
8:00 a.m.). Food and water were provided ad libitum. L-NAME intake was assessed
by weighing the drinking bottle at the beginning and end of each week, after which the
L-NAME drinking water was refreshed. The average intake of L-NAME-treated mice
was 3.3, 2.9, and 3.3 mg/day per animal at 2, 8, and 16 weeks of treatment, respectively.
Experiments were approved by the Animal Ethics Committee of the University of Antwerp
(ECD approval No. 2017/53, approved on 26 July 2017) and were carried out in accordance
with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animals, and were performed in accordance with the Animal
Research: Reporting of In Vivo Experiments (ARRIVE) Guidelines [18].

In the first week of the experiment, the spatial learning and memory of animals
were assessed using the Morris water maze (MWM) test. During the second week, blood
pressure measurements and echocardiographic analyses were performed, after which the
mice were humanely killed under deep anesthesia (sodium pentobarbital (Sanofi, Belgium),
250 mg/kg, i.p. [19]) by perforation of the diaphragm, for further ex vivo determination of
arterial stiffness.

2.2. Spatial Learning and Memory

Spatial learning and memory functions were evaluated at the age of 6 months (C57BL/6
vs. eNOS−/− at the age of 6 months and untreated C57BL/6 vs. treated C57BL/6 animals
after 16 weeks of treatment) by means of the MWM test [20,21]. The MWM consisted of a
circular pool (diameter: 150 cm, height: 30 cm) filled with opacified water using non-toxic
white paint and kept at 25 ◦C. Invariable visual cues were placed around the pool. The
MWM consisted of an acquisition phase and a probe trial. The acquisition phase was
performed over a period of 4 days and consisted of 2 daily trial blocks (1 at 10:30 a.m. and
1 at 03:00 p.m.) of 4 trials with a 15 min inter-trial interval. During the acquisition phase, a
round acrylic glass platform (diameter 15 cm) was placed 1 cm below the water surface on a
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fixed position in the center of one of the pool’s quadrants. Mice were placed in the water
facing the wall and were recorded while trying to find the hidden platform for a maximum
duration of 120 s. If the mouse was not able to reach the platform within 120 s, it was guided
to the platform, where they had to stay for 15 s before being returned to their home cage.
The starting positions varied in a semi-random order. The probe trial followed 4 days after
the final acquisition trial. For this trial, the platform was removed, mice were placed in the
MWM at a fixed position, and swimming trajectories were recorded for a period of 100 s.
During both acquisition and probe trials, the animals’ trajectories were recorded using a
computerized video-tracking system (Ethovision, Noldus, The Netherlands), with path
length, escape latency, and swimming speed recorded. Spatial accuracy is expressed as
percentage of time spent in each quadrant of the MWM, i.e., the specific location of the
platform during the acquisition phase. The experimenters were blind to the genetic or
treatment status of all mice.

2.3. Blood Pressure Measurements

Peripheral blood pressure was measured using a non-invasive CODA tail-cuff blood
pressure system (KENT Scientific CO., Torrington, CT, USA), as previously described [22].
Mice were immobilized in a Plexiglas restrainer and an occlusion cuff and volume pres-
sure cuff were placed around the tail of the mouse. Voltage output from both cuffs were
recorded and analyzed by PowerLab signal transduction unit associated chart software
(AD Instruments). To minimize discomfort for the animals and to increase the reliability
of measurements, the blood pressure of the animals was measured 3 days prior to the
effective measurement on day 4. For each mouse, a measurement consisted of 15 cycles (ap-
proximately 15 min per animal) and the reported values are the averaged values measured
on day 4.

2.4. Echocardiography

Echocardiography was performed with a high-frequency, high-resolution digital
imaging platform with linear array technology and color Doppler mode for in vivo micro-
imaging (Vevo® 2100 Imaging System, FUJIFILM Visual Sonics Inc., Toronto, ON, Canada).
To assess systolic and diastolic heart function in mice, a high-frequency transducer probe
(Visual Sonics MS500D, FUJIFILM Visual Sonics, Inc., Toronto, Canada with a frequency
range of 18–38 MHz) was used to provide the appropriate resolution and depth of pen-
etration needed. Transthoracic echocardiograms were performed on anesthetized mice
(97% O2 and 3% isoflurane (Forene, Abbvie, North Chicago, IL, USA) for induction and
98.5% O2 and 1.5% isoflurane for maintenance). Mice were placed on a preheated plat-
form in a supine position in order to maintain their body temperature at 36–38 ◦C. Actual
body temperatures were measured by means of an anal thermometer probe and were
continuously monitored throughout the whole procedure. Isoflurane concentrations were
titrated (1–2%) during imaging to maintain heart rate at 500 ± 50 beats/min. Systolic left
ventricular dimensions were acquired via short-axis M-mode images. To calculate the
percentage of fractional shortening (FS%) and ejection fraction (EF%), end-systolic and
end-diastolic dimensions along with end-systolic and end-diastolic volumes and stroke
volume were recorded via short-axis M-mode images. Diastolic cardiac function was
determined using color and pulse wave (PW) Doppler recordings of the trans-tricuspid
flow. Reported cardiac parameters consist of averaged measurements of three consecutive
M-mode and/or PW Doppler images.

2.5. Non-Invasive Pulse Wave Velocity (PWV) Measurements of the Aortic Abdominal
Aorta (aPWV)

A high-frequency, high-resolution digital imaging platform (Vevo® 2100 Imaging
System, FUJIFILM Visual Sonics Inc., Toronto, ON, Canada) was used on anesthetized
mice (isoflurane in O2; 3% for induction and 1.5% for maintenance; Forene, Abbvie, North
Chicago, IL, USA)) to assess pulse wave velocity measurements of the abdominal aorta
(aPWV). Body temperature was maintained at 36–38 ◦C and mice were continuously
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monitored and isoflurane concentrations were titrated (1–2%) during imaging to maintain
heart rates at 500 ± 50 beats/min (bpm). PWV measurements were performed with a
24 MHz transducer (Visual Sonics MS400, FUJIFILM Visual Sonics, Inc., Toronto, ON,
Canada) using the method developed by Di Lascio et al. [23]. In brief, a 24 MHz transducer
was placed on the abdomen of the animal and B-mode images of 700 frames per second
of the abdominal aorta and carotid artery were obtained using the EKV imaging mode to
measure aortic diameter (D). A PW Doppler tracing was obtained to measure aortic flow
velocity (V). Velocity was plotted against the natural logarithm of the diameter, and the
slope of the linear part of the resulting ln(D)-V loop was used to calculate PWV values
using MATLAB v2014 (Mathworks, Natick, MA, USA).

2.6. Rodent Oscillatory Tension Set-Up for Arterial Compliance (ROTSAC)

After humanely killing the animals, the thoracic aorta was carefully removed and
cleared of adherent tissue. Starting approximately two millimeters distal to the aortic
arch, the descending thoracic aorta was cut into four segments of two millimeters’ length
for further vascular reactivity and stiffness analyses. These segments were immediately
immersed in Krebs Ringer (KR) solution (37 ◦C, 95% O2/5% CO2, pH 7.4) containing:
NaCl (118 mmol/L), KCl (4.7 mmol/L), CaCl2 (2.5 mmol/L), KH2PO4 (1.2 mmol/L),
MgSO4 (1.2 mmol/L), NaHCO3 (25 mmol/L), CaEDTA (0.025 mmol/L), and glucose
(11.1 mmol/L). The KR solution was continuously aerated with a 95% O2/5% CO2 gas
mixture to maintain the pH at 7.4 and was replaced periodically to prevent glucose de-
pletion. Aortic segments were mounted between two parallel wire hooks in 10 mL organ
baths filled with KR solution (37 ◦C, 95% O2/5% CO2, pH 7.4). The diameter and estimates
of transmural pressure were derived as previously described [24]. In short, the force and
displacement of the upper hook were measured with a force-length transducer connected
to a data acquisition system (Powerlab 8/ 30 and LabChart Pro, AD Instruments Inc.,
Colorado Spring, CO, USA). Force and displacement were acquired at 0.4 kHz. To estimate
the transmural pressure that would exist in the equilibrated vessel segment with the given
distension force and dimensions, the Laplace relationship was used. All measurements
were performed over a pressure range with pressure clamps between diastolic 80 to systolic
120 mm Hg at 10 Hz was chosen to allow calculation of the Peterson modulus (Ep):

Ep = D0·
∆P
∆D

(1)

where ∆D is the difference between systolic and diastolic diameter, ∆P is the pressure
difference of 40 mm Hg, and D0 is the diastolic diameter. This pulse pressure difference
of 40 mmHg, applied at a frequency of 10 Hz, and corresponding to a physiological heart
rate of 600 beats per minute in mice, was kept constant throughout the experiment. The
measurements took 5–10 min on average.

2.7. Statistical Analysis

Data are presented as mean ± SEM unless otherwise indicated. A factorial ANOVA
was performed with genotype, treatment, and time as factors. Differences between geno-
types/treatments were considered significant at p < 0.05. Applied statistical analyses are
shown in the figure legends and were performed using GraphPad Prism (version 9.1.2 for
Windows, GraphPad Software, San Diego, CA, USA). MWM probe trial results were addi-
tionally analyzed with Dirichlet distributions as described earlier [25], using R language
programming in Jupyter Notebook [26] with the Dirichlet package from Eric Suh (Fitting the
parameters of a Dirichlet distribution), available at: https://github.com/ericsuh/dirichlet
(accessed on 13 December 2021).

https://github.com/ericsuh/dirichlet


Biomedicines 2021, 9, 1905 5 of 12

3. Results
3.1. Chronic L-NAME Treatment Induces Hypertrophic Cardiomyopathy

In contrast to eNOS−/− mice, echocardiography revealed signs of hypertrophy in
L-NAME-treated animals by means of a significantly increased inner-ventricular septum
thickness (Figure 1A,C) and left-ventricular posterior wall thickness (Figure 1E,G), along-
side a significantly decreased left-ventricular inner-diameter (Figure 1B,D) and stroke
volume (Figure 1M,O) and a trend toward decreased left ventricular ejection volumes dur-
ing diastole (Figure 1N,P). In addition, ejection fractions were significantly elevated upon
L-NAME treatment (Figure 1I,K), indicative of hypertrophic cardiomyopathy (Figure 1B,D).
Other measurements of systolic heart functionality, i.e., left ventricular mass corrected for
body weight (Figure 1F,H) and fractional shortening (Figure 1J,L), as well as measurements
of diastolic heart functionality, remained unchanged in both murine models (Figure 1Q–T).
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Results of the genetic NO dysfunction murine model are depicted in the left model and those of the
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pharmacologically induced NO dysfunction murine model in the right one. Systolic heart parame-
ters: (A,C) IVS,d; (B,D) LVID,d; (E,G) LVPW,d; (F,H) LVmass/BW; (I,K) EF; (J,L) FS; (M,O) stroke
volume; and (N,P) LV volume,d. Diastolic heart parameters: (Q,S) E/A and (R,T) E/E′. Factorial
ANOVA for the factors genotype and treatment; * p < 0.05, ** p < 0.02, *** p < 0.002, **** p < 0.0002.
Data are presented as mean ± SEM. IVS,d = inner ventricular septum thickness during dias-
tole; LVID,d = left ventricular inner diameter during diastole; LVPW,d = left ventricular posterior
wall thickness during diastole; LV mass/BW = left ventricular mass corrected for body weight;
EF = ejection fraction; FS = fractional shortening; E/A = peak velocity blood flow in early diastole
(E) to peak velocity flow in late diastole (A); E/E′ = mitral peak velocity of early filling (E) to early
diastolic mitral annular velocity (E′).

3.2. NO Dysfunction Is Associated with Hypertension

Peripheral blood pressure measurements showed significantly increased systolic and
diastolic blood pressure in both murine models (Figure 2A,B). In contrast to L-NAME-treated
animals, eNOS−/− animals presented chronically elevated pulse pressures (Figure 2C).
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treated (L-NAME, right column) animals. Factorial ANOVA for the factors of genotype/treatment
and time; ** p < 0.02, *** p < 0.002, **** p < 0.0002. Data are presented as mean ± SEM.
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3.3. NO Dysfunction Is Characterized with Arterial Stiffness In Vivo and Ex Vivo

An in vivo assessment of arterial stiffness resulted in marked age-dependent increases
in aPWV in both murine models at all ages (Figure 3A). An ex vivo assessment of arterial
stiffness revealed chronically elevated Ep values in both murine models, though more
pronounced in eNOS−/− mice (Figure 3B).
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3.4. Long-Term L-NAME Treatment Leads to Deteriorated MWM Probe Trial Performance

No deterioration of spatial learning or memory probe trial performance was measured
in eNOS−/− mice with increasing age (Figure 4A,C,E). In contrast, long-term (26 weeks)
but not short-term (2 and 8 weeks) L-NAME treatment led to deterioration in MWM probe
trial performance compared to controls (Figure 4B,D,F).
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4. Discussion

In the present study, we longitudinally induced arterial stiffness in C57BL/6 mice via
the inhibition of NO synthases in order to study its effect on cognitive decline. Although
NO is a small gaseous signaling molecule with a short half-life of only a few seconds, it
has well-defined importance in a large number of physiological processes [7]. There are
three NOS isoforms: neuronal NOS (nNOS), inducible NOS (iNOS), and endothelial NOS
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(eNOS). The nomenclature of these three isoforms reflects their localization of action: nNOS
is expressed in neurons, eNOS is expressed in endothelial cells, and iNOS is expressed in
glia cells upon brain injury or inflammation. Both nNOS and eNOS produce low levels of
NO, while iNOS rapidly produces large amounts of NO [7,9].

Although for many years their functions were thought to be tissue-specific, increasing
evidence suggests that they have a broad spectrum of functions. Neuronal NOS is involved
in modulating cerebral physiology, such as neurogenesis, learning, memory, and the long-
term regulation of synaptic transmission [27,28]. Until recently, eNOS was considered the
most prominent NOS isoform in cardiac function. However, a study conducted on left
ventricular tissue obtained from explanted human hearts demonstrated the importance
of nNOS, rather than eNOS and iNOS, in the pathophysiology of cardiac dysfunction in
ischemic heart disease [29]. Additionally, previous research in mice has shown pathological
left ventricular remodeling and functional decline after myocardial infarction in nNOS defi-
cient animals [30,31]. Moreover, nNOS is the only NOS isoform that is expressed in intrinsic
cardiac neurons and thereby regulates parasympathetic and sympathetic heart rhythm
and contractility [32,33]. Here, we reported the presence of hypertrophic cardiomyopathy
in L-NAME-treated animals. This contrasted with the cardiac functionality of eNOS−/−

mice, where no clear differences were measured compared to C57BL/6 control animals,
reinforcing the importance of nNOS rather than eNOS in the functionality of the heart.

In addition, nNOS is involved in the central regulation of blood pressure and plays an
important role in the regulation of vascular tone [34–36]. In particular, many peripheral
smooth muscle tissues, such as those in coronary arteries [37], are innervated by nitrergic
nerves containing nNOS activity. From this perspective, both eNOS and nNOS affect the
physiological regulation of vascular tone [38]. In the present study, both genetic eNOS
knockout and the pharmacological inhibition of nNOS, iNOS, and eNOS by L-NAME
resulted in hypertension and elevated aPWVs to a similar extent. As expected, pharmaco-
logical treatment showed increasing trends in blood pressure and aPWV with age, while
congenital genetic eNOS knockout demonstrated constant trends in blood pressure and
aPWV from a young age.

Both mouse models showed markedly increased Eps, with eNOS−/− mice showing
more extreme Peterson moduli compared to the aortas of L-NAME-treated animals. This
observation can be explained by the genetic loss of eNOS, which ablates NO production
in vascular endothelial cells and severely affects the modulation of artery function. In the
long term, changes in the lumen shear and wall stress due to abnormal artery modulation
could stimulate arterial wall remodeling, including the production and degradation of the
extracellular matrix [39,40]. In contrast, the less extreme Eps of L-NAME-treated aortas
compared to eNOS−/− aortas may be explained by the rather short duration of treatment
and the less invasive elimination of NOS activity by gastrointestinal absorption of the NOS
inhibitors via the drinking water.

An evaluation of a progressive decline in hippocampal learning and memory via the
MWM test showed a significant effect after 16 weeks of L-NAME treatment. However,
the effect of L-NAME treatment fluctuated with time. Specifically, cognitive decline was
observed after 2 and 16 weeks of treatment, while an 8 week L-NAME treatment resulted
in a similar probe trial performance between the treated and untreated animals. This
fluctuation may have been due to the maturation process of the animals; the observed
deterioration in probe trial performance after 2 weeks of treatment may have been due to the
invasiveness of the treatment for the still-immature animals. Overall, an unmistakable effect
of treatment with L-NAME on the cognitive ability of the animals can be observed. These
results contrast with ageing eNOS−/− animals that do not show progressive cognitive
deterioration until 6 months of age. However, cognitive decline is reported in these animals
from the age of 22 months onwards [41,42].

Age is perhaps the most critical factor affecting arterial stiffness and cognition. Our
findings clearly demonstrate the age-related presence of arterial stiffness from a young
age onward in both mouse models. At the neurobehavioral level, Shoji et. al. recently
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studied age-related neurobehavioral changes from young adulthood to middle age in
male C57BL/6J mice. The authors concluded that 4–6 month old C57BL/6 mice exhibited
reduced locomotor activity toward novel environments, depression-related behavior, and
deficits in spatial and cued fear memory, amongst others, compared to 2–3 month old
C57BL/6 mice [43]. These results align with our recent findings, which demonstrated an
age-related cognitive decline in spatial learning and memory in C57BL/6J mice from the
age of 6 months onward [44]. In addition to this report, our results showed a significant
effect of L-NAME treatment on spatial learning and memory in adult (6 month old) male
C57BL/6 mice.

Altogether, our findings demonstrated that the non-selective inhibition of NOS activity
induces cardiac dysfunction, arterial stiffness, and a decrease in hippocampal-dependent
learning and memory, whereas the genetic deletion of eNOS activity only causes arterial
stiffening. Therefore, this result argues for the important role of nNOS in both cardiovas-
cular and neurological pathophysiology and its possible contribution in the convergence
between arterial stiffness and cognitive decline. However, since L-NAME has a similar
structure to L-arginine, and amino acid transporters are expressed at the blood–brain
barrier [45], L-NAME is expected to cross the blood–brain barrier via arginine transporters.
L-NAME has a 72% probability of crossing the blood–brain barrier [46], making it conceiv-
able that cognitive decline following L-NAME treatment is merely due to the inhibition
of nNOS in the brain, independent of arterial stiffening. However, because a relatively
low dose of L-NAME was administered to the mice in this study [16,17], and because
L-NAME exhibits the lowest inhibitory constant (Ki) value for nNOS compared to eNOS
and iNOS [47,48], it is likely that nNOS activity was inhibited in the brain.

Therefore, more in-depth studies comparing the effect of a selective nNOS inhibitor,
e.g., 3-bromo-7-nitroindazole [49,50], with the effect of L-NAME on the brain and the
subsequent cerebral NOS expression of both treatments would provide further insight.
Further research is also needed to determine the NO-dependent causal relationship between
arterial stiffness and cognitive decline, especially in an established model of cognitive
decline such as hAPP23+/− transgenic mice. This will allow for further investigation of
whether arterial stiffening accelerates or exacerbates pre-existing cognitive decline.
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46. Majzúnová, M.; Pakanová, Z.; Kvasnička, P.; Bališ, P.; Čačányiová, S.; Dovinová, I. Age-dependent redox status in the brain stem
of NO-deficient hypertensive rats. J. Biomed. Sci. 2017, 24, 1–14. [CrossRef]

47. Pfeiffer, S.; Leopold, E.; Schmidt, K.; Brunner, F.; Mayer, B. Inhibition of nitric oxide synthesis by NG-nitro-L-arginine methyl ester
(L-NAME): Requirement for bioactivation to the free acid, NG-nitro-L-arginine. Br. J. Pharmacol. 1996, 118, 1433–1440. [CrossRef]

48. Reif, D.W.; McCreedy, S.A. N-nitro-L-arginine and N-monomethyl-L-arginine exhibit a different pattern of inactivation toward
the three nitric oxide synthases. Arch. Biochem. Biophys. 1995, 320, 170–176. [CrossRef] [PubMed]

49. Bland-Ward, P.; Pitcher, A.; Wallace, P.; Gaffen, Z.; Babbedge, R.; Moore, P. Isoform selectivity of indazole-based nitric oxide
synthase inhibitors. Br. J. Pharmacol.-Proc. Suppl. 1994, 112, 351P.

50. Bland-Ward, P.A.; Moore, P.K. 7-Nitro indazole derivatives are potent inhibitors of brain, endothelium and inducible isoforms of
nitric oxide synthase. Life Sci. 1995, 57, PL131–PL135. [CrossRef]

http://doi.org/10.1161/CIRCULATIONAHA.105.557892
http://doi.org/10.1161/CIRCULATIONAHA.105.539437
http://www.ncbi.nlm.nih.gov/pubmed/16344403
http://doi.org/10.1016/j.pharmthera.2004.11.003
http://doi.org/10.1113/jphysiol.2013.270306
http://doi.org/10.1111/1440-1681.12049
http://doi.org/10.3389/fphys.2016.00206
http://doi.org/10.1152/ajpheart.01342.2006
http://doi.org/10.1016/j.tcm.2010.02.007
http://www.ncbi.nlm.nih.gov/pubmed/20447567
http://doi.org/10.1161/01.CIR.102.10.1186
http://doi.org/10.1161/HYPERTENSIONAHA.107.103440
http://doi.org/10.1016/S0002-9440(10)63963-6
http://doi.org/10.1186/s13024-015-0020-0
http://www.ncbi.nlm.nih.gov/pubmed/26104027
http://doi.org/10.1186/s13041-016-0191-9
http://doi.org/10.1016/j.bbr.2021.113649
http://www.ncbi.nlm.nih.gov/pubmed/34728276
http://doi.org/10.1021/acschemneuro.0c00564
http://doi.org/10.1186/s12929-017-0366-4
http://doi.org/10.1111/j.1476-5381.1996.tb15557.x
http://doi.org/10.1006/abbi.1995.1356
http://www.ncbi.nlm.nih.gov/pubmed/7540822
http://doi.org/10.1016/0024-3205(95)02046-L

	Introduction 
	Materials and Methods 
	Experimental Animals and Tissue Collection 
	Spatial Learning and Memory 
	Blood Pressure Measurements 
	Echocardiography 
	Non-Invasive Pulse Wave Velocity (PWV) Measurements of the Aortic Abdominal Aorta (aPWV) 
	Rodent Oscillatory Tension Set-Up for Arterial Compliance (ROTSAC) 
	Statistical Analysis 

	Results 
	Chronic L-NAME Treatment Induces Hypertrophic Cardiomyopathy 
	NO Dysfunction Is Associated with Hypertension 
	NO Dysfunction Is Characterized with Arterial Stiffness In Vivo and Ex Vivo 
	Long-Term L-NAME Treatment Leads to Deteriorated MWM Probe Trial Performance 

	Discussion 
	References

