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Abstract

Objectives: To compare the effects of chronic araatment with carvedilol or
amlodipine on blood pressure and blood pressuiabibty and target organ damage in

N-nitro-lI-arginine methyl ester (L-NAME) hypertemsirats.

Methods: Wistar rats were treated with L-NAME adisii@red in the drinking water for
8 weeks together with oral administration of cark@®0 mg/kg (n=6), amlodipine 10
mg/kg (n=6) or vehicle (n=6). At the end of the atreent, echocardiographic
evaluation, blood pressure and short-term varigbitieasurements were performed.
Left ventricular and thoracic aortas were remoweddsess activity of metalloproteinase
2 and 9 and expression levels of transforming dgndacttor3, tumor necrosis factar

and interleukin-6. Histological samples were pregdrom both tissues.

Results: Carvedilol and amlodipine induced a comiplar reduction of systolic and
mean arterial pressure and its short-term vartgibii L-NAME rats. The expression of
transforming growth factop, tumor necrosis factox and interleukin-6 decreased in
both organs after carvedilol or amlodipine treatmesnd the activity of

metalloproteinase was reduced in aortic tissueatiment with carvedilol or amlodipine
completely prevented left ventricular collagen dapon and morphometric alterations

in aorta.

Conclusion: Oral chronic treatment with carvedilot amlodipine significantly
attenuates blood pressure variability and reduarget organ damage and biomarkers of

tissue fibrosis and inflammation in L-NAME hypersare rats.
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Introduction

B-blockers have been the cornerstone in the tredtwfearterial hypertension due to
their ability to reduce cardiovascular-related rali in clinical trials [1]. However,
updated guidelines of the Eighth Joint National Guotree do not further recommefd
blockers for the initial treatment of hypertensi@onsidering the higher rate of the
primary composite outcome of cardiovascular deathocardial infarction, or stroke
compared to the use of an angiotensin receptoikéto@]. In addition, the National
Institute for Health and Clinical Excellence (NICEgs recently downgraded the use of
B-blockers from first-line agents for hypertensianfourth-line add-on therapy, based
on the findings from meta-analyses that show a tddkenefit of3-blockers compared

with placebo or other antihypertensive drugs [1].

The lack of clinical benefits of-blockers in uncomplicated hypertension has been
attributed to their lower ability to reduce centoddod pressure (BP) and blood pressure
variability (BPV) [3,4]. Findings from the ConduMrtery Function Evaluation (CAFE)
study suggest that treatment with antihypertensaggmen containing atenolol is less
effective than an amlodipine-based treatment ontraleraortic pressure reduction
despite similar impact on brachial BP [3]. In adumi{ central pulse pressure was
significantly associated with the degree of totalrdoovascular events and the
development of renal impairment, suggesting that réduced ability of atenolol to
reduce central BP might partially explain the lowmotection from cardiovascular

events [3].

Findings accumulated in the last decades have ls$teth that an increase in BPV
contributes to the development of target organ dmm&@rOD) associated with

hypertension [5]. It has been suggested that |IBf¢ induces the activation of local



angiotensin Il and mineralocorticoid receptor syste and chronic myocardial
inflammation, resulting in cardiac hypertrophy afilorosis [6]. Prospective clinical
trials have revealed that antihypertensive agerdag differ in their ability to control
excessive BPV, suggesting that calcium channelkielscare more effective than other
BP lowering drugs for the reduction of short-termd-term and long-term BPV [7]. A
post-hoc analysis of the ASCOT-BPLA has demondratkat amlodipine is
significantly more effective than atenolol in tlegluction of short-term and visit-to-visit
BPV, and these effects explain the lower risk able and coronary events in
amlodipine treated patients with respect to subjassigned to atenolol [4,8]. A recent
review summarizing the effect of antihypertensilerapy on various types of BPV in
hypertensive patients has concluded that calciuammml blockers are more effective
than other antihypertensive agents for the attéomaif short-term and long-term BPV
and may be considered a preferable treatment ucnegl BPV measures in high-risk

patients [9].

Although the lack of beneficial effects Btblockers on central BP and BPV explains
their lower ability to protect the hypertensiveipat from cardiovascular events, it is
important to point out that almost all the negativelings were obtained in clinical
trials using atenolol, a second generafshlocker with adverse effects on metabolic
parameters and lack of effect on central BP [1@n<idering thaf3-blockers greatly
differ in their pharmacokinetic and pharmacodynamigperties, the extrapolation of
these results to third generatifrblockers, such as carvedilol and nebivolol, seems
be inappropriate. Recently, we have shown thateaadministration of carvedilol or
nebivolol induces a greater attenuation of shartit8PV than atenolol in sinoaortic

denervated rats [11].



Taking into account these previous findings, then aif the present study was to
compare the effects of chronic oral treatment va#nvedilol or amlodipine on BP
control, BPV and TOD in a N-nitro-l-arginine methgster (L-NAME) rat model of

secondary hypertension.



M aterials and methods

Preparation of carvedilol and amlodipine formulation

Liquid formulations were prepared for oral admiragbn of carvedilol and amlodipine.
The formula of the carvedilol solution consisted0d®% (w/v) carvedilol (Droguerias
Saporiti, Buenos Aires, Argentina), 10% (w/v) ocBtocopheryl polyethylene glycol
1000 succinate (TPGS) and 40% (v/v) propylene dlysmlodipine solution consisted
of 0.5% (w/v) amlodipine (Droguerias Saporiti, BasrAires, Argentina) and 5% (w/v)

TPGS. Vehicle solution was composed by 10% (w/vizSPand 40% (v/v) propylene

glycol.

Animals and treatment

Animal experiments and animal care procedures apmroved by the Animal Care
Committee of the School of Pharmacy and Biochemidiiniversity of Buenos Aires

(EXP-UBA N°0062949/2015) and were in line with theblished Guide for the Care
and Use of Laboratory Animals (NIH, 8° Ed., 20JAnimals were maintained on a 12-
h light/dark cycle in a room at 22 + 2 °C with adatg air recycling. All animals were
fed standard rodent diet (Asociacion CooperativagyeAtinas, Buenos Aires,
Argentina) with the following composition (w/w): 20 proteins, 3% fat, 2% fiber, 6%
minerals and 69% starch and vitamin supplementstagung the same amount of
calories. Male Wistar rats (220-250 g) were treatétd L-NAME (Sigma Aldrich, St.

Louis, MO, USA) administered in the drinking watkiring 8 weeks (30 mg/kg/day).
The dose of L-NAME in the drinking water was seéectaking into account that L-
NAME reaches a maximal response at 10-15 mg kgfahycing an increase in BP in

the range of 30-40 mmHg [12]. Along with L-NAME ake, animals received 30



mg/kg carvedilol (n=6), 10 mg/kg amlodipine (n=@)\eehicle (n=6) by oral gavage
once a day for 8 weeks. Male Wistar rats receitapy water and administered with

vehicle were used as the control normotensive g(osp).

Deter mination of indirect BP and echocar diogr aphy

During the last two weeks of treatment, systolieal pressure (SAP) was measured
by the indirect tail-cuff method in awake animatsng a sphygmomanometer coupled
to a Grass 7C polygraph (Grass Instrument Co., QuiMA, USA). The rats were
trained to the procedure of SAP measurement atANI@B times a week for 2 weeks
previous to the final measurement and under theesaonditions. The final
measurement was carried out 3 times a week foreéksvetarting at 1:00 PM. Before
SAP determination, rats were conditioned in a thstiatic (28 °C) and silent room for
60 min and then transferred to a standard setup aviheating pad (37 °C) acrylic
restrainer, tail cuff and pulse sensor. Each d&y @as calculated as the average of six
separate measurements assessed during a peridi roinlites in restrained animals.
Intraday fluctuations of SAP related to short-tefAV, were calculated by assessing
the standard deviation (SD) of consecutive BP measents within the same day.
Interday variation of SAP, linked to mid-term BPWas assessed by the estimation of
SD of mean SAP calculated for each day. All indireeasurements were performed by
the same investigator, who was kept blind aboutpilngose of the study. Short-term
BPV was assessed by the estimation of SD of sisemrtive BP measurements, taking
into consideration the recommendations for BP nremsent in experimental animals

from the Subcommittee of Professional and Publiadation of the American Heart



Association Council on High Blood Pressure Reseamtiich include the assessment of

3 up to 10 measurements in each recording sesk#jn [

In the last week of treatment, rats were anestbetizith a mixture of ketamine (35
mg/kg) and xilazine (5 mg/kg), and an echocardiplgya was performed using
ultrasonography (Acuson Sequoia C512) using a 14=Nikear ultrasound transducer.
The two-dimensional parasternal short-axis imagilagne was used to obtain M-mode
tracings at the level of the papillary muscles.t hantricular (LV) internal dimensions
and LV wall thickness (LVWT) were determined atts{s and diastole using leading-
edge methods and guidelines of the American Socefchocardiography [14]. Left
ventricular end diastolic diameter (LVEDD) was maasl at the time of the maximal
LVEDD, while left ventricular end systolic diametgVESD) was assessed at the time
of the most anterior systolic excursion of the past wall. In the same images, the
diastolic posterior wall thickness (D. Post. WT)saaeasured. Ejection fraction (EF)
and shortening fraction (SF) were also calculated ased as ejective indexes of
systolic function. The E/A wave ratio (calculatedrh the ratio of the early (E) to late
(A) ventricular filling velocities), and the durati of the isovolumic relaxation time

(IVRT), were estimated by the Doppler-echo study.

Deter mination of direct hemodynamic parameters

At the end of the two-months treatment, animalsenanesthetized with mixture of
ketamine (35 mg/kg) and xilazine (5 mg/kg), and lgfecarotid artery was cannulated
with a polyethylene cannula containing heparinizadine solution (25 U/ml). The
cannula was tunnelled under the skin and exteedlat the back of the neck. The

measurements of direct pressure were performe@atyfmoving animals 24 h after the



cannula placement. The day of the measuremenértbégal cannula was connected to a
Spectramed P23XL pressure transducer (Spectrame@r CA, USA) coupled to a
Grass 79D polygraph (Grass Instrument Co., QuivA, USA). The polygraph was
connected to a digital converter adaptor unit (Pely, PVA 1, Grass-Astro Med, West
Warwick, RI, USA), and 2-hour BP recordings werentawuously assessed at a
sampling rate of 500 Hz and stored for further wsial with a software program
(Polyview 2.3 Astro-Med, West Warwick, RI). Meanaral pressure (MAP), heart rate
(HR), and short-term BPV were assessed. MAP wasuledéd as the sum of the
diastolic pressure and one-third of the pulse piess HR was estimated
tachographically by counting the pulsatile waveamérial pressure recording and BPV
was continuously estimated by determination of $id apectral analysis of whole 3
min periods of BP recordings. As BPV largely demerfdom mean BP values,
coefficient of variation (CV %) was estimated bylateng average SD with the
corresponding MAP [5]. In addition, beat-to-beat\BRas evaluated by the spectral
analysis of the original data of whole 3-min MAPceoalings using Fast Fourier
Transform with a Hamming window as previously repdr[15], whenever the quality
of the MAP recording was visually considered toshésfactory and free from artifacts
and apparent cardiac arrhythmias. In this way,mptete 3-min segment of the original
blood pressure recording was selected and usegofwer spectral analysis using Fast
Fourier transform algorithm with a frequency resioln of 0.01 Hz. Spectral densities
were calculated in the very low frequency (VLF)1{0.2 Hz), low frequency (LF) (0.2-
0.7 Hz) and high frequency (HF) (0.7-2.5 Hz) randgdthough it is well-known that LF
variability is subject to modulation of neural syatipetic vascular tone, the LF/HF ratio
was used as an index of this activity, as the nbratson procedure tends to reduce the

effect of changes in the absolute values of BP¥ealF [16].



After the measurement of hemodynamic parametelsanainals were sacrificed by
decapitation, and the thoracic aorta and left veetiwere removed to assess TOD. The

left ventricular weight/body weight ratio was debéned using a precision balance.

Western Blot assessment of aortic and ventricular expression levels of

proinflammatory and profibrotic cytokines

Left ventricles and thoracic aorta tissue samplesewhomogenized in ice-cold
homogenization buffer (150 mM NaCl, 50 mM TrizmaddQ% (v/v) sodium
deoxycholate, 1 mM EGTA, 1 mM NaF, 1 Mm phenylmethsulfonyl fluoride and 1
mM sodium pervanadate (all reactives from Sigmaridld St. Louis, USA) in the
presence of 1X Halt Protease Inhibitor Cocktailéiho Scientific, Rockford, USA, pH
8.0). In order to obtain an adequate amount of sangdft ventricles and thoracic aorta
were diluted in 3 vol (w/v) and 10 vol (w/v) of Wef, respectively. Then, each
homogenate was centrifuged at 10,000 rpm for 10 amid °C and the supernatants
were used for the determinations. The protein cdntgas measured by the Lowry
method [17]. Samples were resuspended in a 6Xisolaf sample buffer (375 mM
Tris-HCI buffer, pH 6.8 containing 12% (w/v) SD)% (v/v) glycerol, 15% (v/vp-
mercaptoethanol and 0.06% (w/v) bromophenol blad)leated at 95 °C for 5 min. An
equal amount of protein (5d) was loaded onto a 12% SDS-PAGE and transfeaed t
PVDF membranes. After blocking for 1 h in 3% (whgnfat milk in saline phosphate
buffer (PBS), membranes were incubated overnigh4°& with the corresponding
primary antibodies (dilution 1:1000 in PBS): mouassi-transforming growth factdil
(TGHB1), goat anti-tumor necrosis facter(TNFa), goat anti-interleukin 6 (IL-6) and

rabbit anti-glyceraldehyde-3-phosphate dehydrogen@GAPDH) or rabbit ants-



tubulin. The blots were hybridized with a secondanyibody coupled to horseradish
peroxidase (dilution 1:5000 in PBS). Complexes wesaalized by chemiluminescence
detection (Pierce ECL Western Blot Substrate). Remetry analysis of the bands was
performed using Image J (National Institute of keaBethesda, Maryland, USA). All

antibodies were from Santa Cruz Biotechnology, Dallas, TX, USA.

Measurement of aortic and ventricular activity of matrix metalloproteinases

MMP-2and MM P-9

MMP-2 and MMP-9 activities were measured in veidriand aorta by gelatinolytic
zymography. Heart or aorta tissues were homogeniz&® mM Tris buffer, pH 7.4,
containing 5 mM CaGJ 1 uM ZnCl, and 1% (v/v) Triton X-100. 50 pg of protein were
applied to a non-reduced sodium dodecyl sulfate JSiwlyacrylamide gel
electrophoresis copolymerized with 0.1% (w/v) gelgc-8150, Sigma Aldrich, St.
Louis, MO, USA), substrate for MMP-2 and MMP-9, ah& zimography was carried
out as previously described [18]. Gels were runainMini Protean-3 (Bio-Rad
Laboratories, Hercules, CA, USA) and incubated 18rh in 0.15 M NaCl, 10 mM
CaCb, 50 Mm Tris HCI pH: 7.4 at 37°C. After stainingttviCoomassie blue R-250 (B-
0149, Sigma Aldrich, St. Louis, MO, USA) and distl with acetic acid-methanol-
water (1:3:6), enzyme activity was demonstratedth®y absence of staining in areas
where the gelatin had been degraded. Pro MMP-XDD&) and MMP-9 (84 kDa) were
identified by molecular weight. Conditioned mediam the promyelocyte U—937 cell
lines was used as activity standard. The CV inssag was < 4.8%, and CV inter-assay
< 8.6%. Because of the complexity of this assag, @V is considered as quite

satisfactory. Band intensities were quantified gsfBion-Image J software (Scion



Corporation, National Institute of Standards andhf®logy Gaithersburg, MD, USA),

and relative activity was expressed as a ratibedriternal standard.

Interstitial collagen deter mination in left ventricle and mor phometry of aorta

Part of the left ventricle and thoracic aorta (fréno 10 mm above diaphragm) were
sectioned and fixed in 10% (v/v) formaldehyde. Her&mbedded sections measuring
5 um were cut into slices. Aortas were stained wegimhtoxylin-eosin (HE), whereas
left ventricles were stained with Picrosirius R&ticroscopic fields from each section
were photographed at 400 X using a microscope (PhanCX31microscope, Japan)
and a digital camera (U-CMA D3 Olympus, Japan), andlyzed with a computerized
image analyser software (Image Pro-Plus 3.0; M&jibernetics, Silver Spring, MD,
USA). The interstitial collagen fraction (ICF) wealculated as the ratio of the collagen
area to the entire area of an individual sectiomjctv is the sum of the areas
representing the myocyte and interstitial spacq.[E®r aorta sections, randomized
microscopic fields under 50 X magnification wereaenned and aortic media wall
thickness and lumen area were calculated usingmbge Pro-Plus program according
to Xiong X, et al. [20]. Sections from both tissues were evaluatedeurblind

conditions.

Statistical Analysis

Regression analysis and statistical tests wereopeeld using standard software
(GraphPad Prism v. 6.01 for Windows; GraphPad SwoftwSan Diego, CA, USA).

Normal distribution of the data and variables weegified using the Kolmogorov—



Smirnov test. Comparisons between groups were mdtle one way analysis of

variance (ANOVA) followed by Tukey test. The coatbn between the BP, BPV and
parameters of myocardial damage were studied bysnebPearson’s test. Results are
expressed as means + SEM. A probability value $ @@s considered statistically

significant.



Results

Effects of thetreatment on indirect and direct BP

Table 1 shows the results of indirect and direct detertionaof BP in normotensive
Wistar rats and L-NAME hypertensive rats chronigcatteated with carvedilol,
amlodipine or vehicle. The analysis of tail-cuff BReasurements showed that both
treatments reduced SAP compared to vehicle admatict. Evaluation of direct
hemodynamics parameters revealed that hypertensimiuced by L-NAME
significantly increased HR and the treatment wittnvedilol, but not amlodipine or
vehicle were able to reduce HR. Central BP assedswie the carotid artery of
cannulated animals showed that carvedilol and aipiloel induced a slight but
significant reduction in MAPT(able 1).

Preliminary evaluation of the variability of SAP la direct method revealed that
chronic treatment with carvedilol or amlodipine wedd the intraday fluctuation of SAP
when compared with vehicle, suggesting that botiysliare able to attenuate short-term
BPV. Attenuation of short-term BPV induced by calil@ or amlodipine was
confirmed by direct BP measurement. In this contbrth carvedilol and amlodipine
significantly reduced SD and CV of MAP in comparisio vehicle treated L-NAME
rats. On the other hand, whilst amlodipine sigatfity reduced interday fluctuations of
SAP, the effects of carvedilol on mid-term BPV didt reach statistical significance
(Table 1). LF/HF ratio was calculated from BP data poirsnsidering the fact that
LF/HF has been suggested as a marker of sympatresaular activity [16]. Spectral
analysis of BP recordings established that chramégatment with carvedilol or

amlodipine, but not with vehicle, reduced LF/HRoah L-NAME hypertensive rats.



Effects of the treatment on echocardiographic data of systolic and diastolic

function

Table 2 shows the results of echocardiographic parametksystolic and diastolic
function. The analysis of the results revealed thatertension induced by L-NAME
increased D. Post. WT by 31%, and this effect waspietely prevented by oral
treatment with carvedilol and amlodipine, but notithw vehicle {Table 2).

Administration of carvedilol and amlodipine re-ddished the E/A wave ratio, which
was reduced by 37% in the L-NAME hypertensive réts. differences in the other
echocardiographic parameters were observed betweAME hypertensive rats

treated with carvedilol, amlodipine or vehicle.

Effects of the treatment on hypertrophy, heart fibrosis and morphometry of the

aorta

Chronic administration of carvedilol and amlodipmesulted in a decrease in LV mass
index expressed as the left ventricle weight/bodyght ratio (LVW/BW). Treatment
with vehicle did not modify the left ventricular smindex. Hypertension induced by
chronic administration of L-NAME was associated hwia significant increase of
interstitial fibrosis in the left ventricle when ropared to normotensive Wistar rats,
evidenced by intensification in the ICF of analyzigelds of a 56%. Furthermore,
carvedilol and amlodipine treatment reversed tHisration inducing a substantial
decrease in the content of collagen in the leftnga of L-NAME hypertensive rats
(Figure 1). Morphological data obtained from sections of #ieeta showed an increase
in the media thickness of the aorta and in the esamHumen diameter ratio in L-

NAME hypertensive rats treated with vehicle compavath Wistar rats (p < 0.05)



(Figure 2). Oral administration of carvedilol and amlodipisempletely prevented
these alterations in the aortic wall and signifitareduced media thickness and media-

to-lumen diameter ratio compared to L-NAME rats<(9.05).

Effects of the treatment on biochemical markersof TOD

The expression and activity of molecular markersT@D were assessed on left
ventricle and thoracic aorta of normotensive Wiséas and L-NAME hypertensive rats
chronically treated with carvedilol, amlodipinea@hicle. We evaluated the expression
of TGH3 as a marker of ventricular and aortic fibrosigj #me expressions of IL-6 and
TNFa to determine the effect of these drugs on inflatenyaprocesses. The results
showed a double of T@Fexpression in hypertensive rats compared to na@nsoie
animals. This increase in T@Eexpression was completely attenuated by oralrtreat
with carvedilol and amlodipine, re-establishing ddae levels of TGE in both left
ventricle and aorta. L-NAME hypertensive rats clicalty treated with vehicle showed
higher levels of the inflammatory cytokines T&NBnd IL-6 in both tissues (84% and
48% in left ventricle, respectively and 44% and 5@%horacic aorta, respectively; p <
0.05 vs Wistar rats). Oral treatment with carvddiend amlodipine reduced
overexpression of TNEFin both tissues (p < 0.05 vs. L-NAME rats). Simitasults
were obtained in ventricular expression of IL-Gats treated with the third generation
B-blocker or the calcium channel blocker. Amlodipitheit not carvedilol, completely
attenuated the increase of IL-6 levels in aortaiced by L-NAME Eigure 3).

In accordance with the Western Blot analysis of-fismtic and pro-inflammatory
cytokines, L-NAME induced hypertension increaseé #ctivities of MMP-2 and
MMP-9 in thoracic aorta with regards to normotemsWistar rats. Carvedilol and

amlodipine attenuated the increase in 72 kDa proRvR&vand 84 kDa MMP-9 activities



in L-NAME hypertensive rats. Conversely, we founa significant differences in the
gelatinolytic activity of MMP-9 on the left venttee of normotensive Wistar rats and L-
NAME hypertensive rats chronically treated with veadilol, amlodipine or vehicle
(Figure 4 andFigure5). The activity of pro MMP-2 could not be deterndniea the left

ventricle because of the sensibility of the method.

Relationships between BP, BPV, myocardial and aortic damage in L-NAME
hypertensiverats

Relationships between BP, BPV, myocardial and aadimage are shown imable 3.

A positive and significant correlation was foundvibeeen LVW/BW and intraday SD of
SAP, SD of MAP, CV% of MAP and MAP, but not with 8/r interday SD of SAP. A
negative correlation between E/A ratio and intra8&y of SAP, SD of MAP, CV% of
MAP was also found. Interstitial LV fibrosis wasgpvely related to SAP, intraday SD
of SAP, SD of MAP and CV% of MAP. Finally, both madhickness and media-to-
lumen diameter ratio were positively correlatedhwiBP and BPV values with the

exception of CV% of MAP.



Discussion

Chronic intake of L-NAME has been established as experimental model of
hypertension characterized by an increase of bdthadd BPV [12, 21-24] and
associated to TOD. Previous studies have shownctivahic blockade of nitric oxide
synthase by oral intake of L-NAME increases walckhess of the thoracic aorta,
proinflammatory cytokines levels, T@Fexpression in coronary arteries and relative
wall thickness of the left ventricle [21, 25-29]hi©@nic oral treatment with carvedilol
and amlodipine induced a slight reduction of pezijghindirect and carotid direct BP in
L-NAME rats, although both treatments were not dbleormalize BP when compared
with normotensive control animals. Conversely, batarvedilol and amlodipine
attenuated short-term BPV in L-NAME hypertensives rallowing the shift of intraday
SD of indirect SAP and SD of direct carotid MAPvilues detected in Wistar animals,
reducing thereby CV of MAP in L-NAME hypertensivats. These results suggest that
carvedilol and amlodipine are more effective inugdg short-term BPV than in the
control of mean BP levels. Moreover, the effectlofonic treatment with carvedilol on
BP and its short-term variability was comparable amlodipine, suggesting that
vasodilating3-blockers provide similar hemodynamic benefits wloempared with
calcium channel blockers. Nowadays, the effectan¥edilol on BPV has been scarcely
reported in animal models of hypertension. In prasistudies, we showed that acute
intravenous treatment with carvedilol induced ateratation of short-term BPV in
normotensive animals, spontaneously hypertensigearad fructose-fed rats [30,31]. At
the clinical setting, treatment with 25 mg carvelddid during 3 months has resulted in
an attenuation of the coefficient of BP in mildrtepderate essential hypertensive

patients [32].



The analysis of mid-term BPV, estimated as inter@&y of SAP from indirect BP
measurement, revealed that amlodipine, but noteddiol, is able to reduce the day-to-
day BPV in L-NAME hypertensive rats. Day-to-day BRY related to factors
influencing the degree of BP control, including quigte dosing and titration of the
antihypertensive treatment and the half-life oféhenination of antihypertensive agents
[33,34]. Therefore, the greater ability of amlodipito control the day-to-day BPV in L-
NAME rats can be explained by its sustained antghtgmsive effect. Clinical findings
have shown a greater trough-to-peak ratio for SA& administration of amlodipine
once-daily in hypertensive patients compared waitvedilol [35,36].

In the present study, beat-to-beat BPV by speatralysis of continuous direct BP was
used to assess the effects of carvedilol and apiteelion vascular sympathetic activity
in L-NAME hypertensive rats. ldentification of fregncy components of BPV by
power spectral analysis can potentially provideonimfation about the mechanisms
involved in BP regulation [37]. Whilst LF of beai-beat BPV variability is modulated
by sympathetic vasomotor tone, HF variability i$luanced by cardiac output [16].
Hypertensive state induced by chronic intake of AMNE has been associated with an
increase in LF/HF ratio when compared with controtmotensive animals, indicating
the contribution of the vascular sympathetic system BP regulation in this
experimental model. Similar findings were foundaimprevious study in two weeks L-
NAME hypertensive rats, suggesting the maintenaf@arly hemodynamic alterations
during the chronic stage of hypertension inducednibyrc oxide synthase inhibition
[11]. Chronic treatment with amlodipine and canl@dinduced the shift of LF/HF
values to levels reported in Wistar normotensius, rauggesting that both carvedilol
and amlodipine are able to attenuate vascular syrap@ overactivity after 8 weeks.

Although the effects of chronic administration @irneedilol on beat-to-beat BPV have



not been previously reported, a reduction in BPYhatLF has been demonstrated after
acute intravenous administration of carvedilol WNAME hypertensive rats [38]. On
the other hand, the decrease in LF induced by dipyddine calcium channel blockers
has been attributed to the blockadeagfadrenoceptor-mediated vasoconstriction via
blockade of store-operated Ca@hannels [37]. In addition, Nobee al. [39] found that
oral treatment with amlodipine is able to normalize elevation of LF BPV in in two-
kidney, one-clip (2K1C) hypertensive rats.

A second objective of the present work was to camplae effects of chronic treatment
with carvedilol or amlodipine on TOD at left verig and thoracic aorta of L-NAME
hypertensive rats by means of morphological, edubegraphic, histological and
biochemical investigations. It is a well-known faleat inflammatory cytokines, such as
TNFa and interleukin f, contribute to TOD associated to hypertension by t
modulation of matrix metalloproteinases express[d0,41]. In our study, both
carvedilol and amlodipine were able to preventitffiammatory state at left ventricle
and aorta of L-NAME hypertensive rats, evidencedalrgduction in the expression of
TNFa and IL-6. Previous studies have shown that calvedkerts anti-inflammatory
actions in rats with myocardial infarction by thedkade ofua;- andf3-adrenoceptors in
cardiomyocytes [25]. In this context, it was foutitat 3-adrenoceptor activation
increases the IL-6 gene family expression in cardidoroblasts and enhances
lipopolysaccharide induced TNFexpression in cardiomyocytes [42,43]. On the other
hand, the blockade of calcium channel blockers waitiiodipine is also able to reduce
the proinflammatory state associated to hypertendiavarro-Gonzalezt al. found
that the treatment of hypertensive diabetic pasiemth amlodipine partially reduced

the elevation of serum levels of cytokines, suchildsa and IL-6 [44].



Chronic treatment with carvedilol or amlodipine watso able to prevent the
overactivity of both MMP-9 and pro MMP-2 in thoracaorta, which contributes to
vascular remodeling associated to hypertensiot286]. Our results are in line with
the fact that carvedilol has been shown to reduce activities of different
metalloproteinases by its ability to modulate redebated pathways [47]. In a previous
study from other authors, treatment with amlodipmas also able to attenuate the
increase MMP-2 activity in aorta of two-kidney, eclg (2K1C) hypertensive rats [48].
In accordance with the actions of carvedilol andlogipine on proinflammatory
cytokines and MMP activity, both antihypertensiveatments exert protective effects
on vascular and ventricular remodeling in L-NAMEpbBytensive rats evidenced by
morphological, histological and echocardiographiadihgs. Chronic treatment with
carvedilol or amlodipine of L-NAME rats induced a@mgar preventive effect of
myocardial TOD, taking into account their ability prevent the increase in the LV
hypertrophy index, the enhancement of interstittalllagen deposition and the
overexpression of the profibrotic biomarker T&GHEnduced by L-NAME intake.
Although the effects of carvedilol on cardiac hypgshy have not been previously
studied in this experimental model of hypertensioatvedilol was able to reduce
myocardial hypertrophy and ventricular fibrosigats with acute myocardial infarction.
Moreover, the amelioration of structural heart raftiens promoted by carvedilol was
accompanied by a reduction on the expression ofilinegenic cytokine TGE[25].
More recently, Cheret al. [49] found that the early administration of catiel
protected against doxorubicin-induced cardiomyopdili reducing both myocardial
expression of TGEand collagen deposition. Beneficial effects of ahipoe on

ventricular alterations associated to hypertensimere also described in previous



studies. In this way, chronic oral treatment wittnl@dipine 8 or 20 mg/kg/day
prevented cardiac hypertrophy and fibrosis in spo@busly hypertensive rats [50].

In our study, the analysis of echocardiograms aldaated that hypertensive animals
have ventricular hypertrophy evidenced by an iregea diastolic posterior wall
thickness and diastolic dysfunction, demonstratgar inversion of E/A ratio, which
was lower than 1. This alteration in the E/A rati@y be caused by the increase in
collagen deposition in the left ventricle that ledd an increased myocardial stiffness,
which can lead to diastolic heart failure. Treatimaith carvedilol or amlodipine was
also able to prevent the echocardiographic altaratiinduced by L-NAME,
demonstrating their ability to reduce left venttaauhypertrophy and improve diastolic
dysfunction.

At the vascular level, chronic oral administratmincarvedilol or amlodipine attenuated
in a similar manner aortic thickening and overegpi@n of TG induced by L-NAME
hypertension. Previous studies in spontaneousletgpsive rats evidenced the ability
of carvedilol and amlodipine to reduce vascular @mephy of mesenteric arteries
[51,52]. In addition, amlodipine has demonstratedréduce TGB expression in
coronary arteries of chronic L-NAME hypertensivesrg29].

In order to establish the relative contributiorB&f and BPV on the vascular and cardiac
protective effects induced by carvedilol or amladgin L-NAME hypertensive rats,
we correlated aortic and ventricular damage witifiedint hemodynamic parameters
using pooled data from the different therapeutiougs. Regression analysis of
morphological parameters of abdominal aorta anddagmamic variables of the pooled
data revealed a statistical positive relationst@pwieen media wall thickness and media
thickness/lumen diameter, with both BP and sharitBPV. The analysis showed that

the LV hypertrophy index, E/A ratio and interstitlaV fibrosis showed a significant



correlation with the degree of short-term BPV. GCensely, in most comparisons, SAP
and MAP did not show any correlation with the difiet markers of ventricular
damage. These results suggest that both BP reduamtio short-term BPV attenuation
induced by carvedilol and amlodipine contributéhte prevention of TOD at abdominal
aorta of chronic L-NAME hypertensive rats. Howewatenuation of BPV, rather than
reduction of BP, contributes to the TOD protectairthe left ventricle induced by the
chronic oral treatment with carvedilol or amlodipirSome previous studies are in line
with our results. In this context, Xig al. [50] have found that long-term treatment
with atenolol, nifedipine, irbesartan, or hydroaioliiazide markedly reduced BPV,
enhanced baroreflex sensitivity, and produced Bggmt organ protection in
spontaneously hypertensive rats. Compared witlBtPdevel, the degree of BPV and
the baroreflex sensitivity values showed a muckealaeelationship with TOD in treated
hypertensive rats [50]. Moreover, by comparing TibZham-operated and sinoaortic-
denervated WistaKyoto rats and spontaneously hypertensive rats,oMst al.
established a greater contribution of BPV than BPLV hypertrophy, glomerular
damage, and aortic hypertrophy [51]. At the chhigsetting, a weak positive correlation
was recently found between short-term BPV and L\ésnadex in a meta-analysis of
cohort, cross-sectional or case—control studiep [52

It is important to recognize some limitations of study. In first place, both the direct
and indirect BP assessment methods used in thi& we complicated by stress.
Moreover, the indirect SAP measurement by tail-aufiot a good methodology for the
guantification of short-term BPV [13]. Neverthelegbe effects of carvedilol or
amlodipine on SD of SAP assessed by sparse inddBctmeasurement were in line
with those obtained from the analysis of continudl&P recording in cannulated

animals. In second place, we do not assess thealefgnitric oxide synthase inhibition



in the different experimental groups. Previous ®&sidhave shown that carvedilol
stimulates nitric oxide production via its "biasagonism" activity, and the increased
levels of nitric oxide contribute in the antihypErsive response of this third generation
B-blocker [53,54]. A remarkable point is the factatthcarvedilol exerts similar
hemodynamic and cardioprotective effects than aipioe in an unfavorable animal
model of hypertension, reinforcing the beneficidets of third generatioff-blockers.
Further comparative studies in other models of hyosion will contribute to clarify
the relative efficacy of carvedilol and amlodipioa the control of BPV and the
prevention of TOD.

In conclusion, the results of the present studyeaévhat chronic oral treatment with
carvedilol shows a comparable ability to reducertstesm BPV than amlodipine,
providing similar TOD protection at the left verta and abdominal aorta. Regression
analysis of the data suggests that attenuatiomat-¢erm BPV induced by carvedilol
and amlodipine contributes in a greater manner tten reduction of BP in the
prevention of myocardial damage in L-NAME hyperigasrats. Although further
studies are needed, including a group of animadated with atenolol, our results
suggest that third generati@Ablockers with pleiotropic actions, such as carkedare
superior to non-vasodilatirfgtblockers, providing similar cardioprotective betsethan

calcium channel blockers, in part due to theirigbib attenuate short-term BPV.
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FIGURE LEGENDS:

FIGURE 1. Effects of the treatments on interstititosis. Panel A shows the value of
collagen surface area (in percentage) in the kftricle of Wistar rats (white bars) and
L-NAME hypertensive rats after 8 weeks of treatmesith vehicle (black bars), 30
mg/kg carvedilol (light gray bars) or 10 mg/kg adiftine (gray barsfp < 0.05 versus
Wistar rats;’p < 0.05 vs L-NAME rats. Panel B shows represeveaiinages of left
ventricular Picro-Sirius Red staining, showing rstiial fibrosis (Original

magnification 400 X).

FIGURE 2. Effects of the treatments on aortic morpktry. Panel A shows media wall
thickness jgm) and Panel B shows the media wall thickness/luthameter in Wistar

rats (white bars) and L-NAME hypertensive ratsraBeveeks of treatment with vehicle
(black bars), 30 mg/kg carvedilol (light gray baps)10 mg/kg amlodipine (gray bars).
% < 0.05 versus Wistar rafyy < 0.05 vs L-NAME rats. Panel C shows represergati
images of thoracic aorta stained with hematoxytid aosin (Original magnification 50

X).

FIGURE 3. Expression of T@F(panel A), TNFe (panel B) and IL- 6 (panel C)
connoted in percent respect to normotensive Wistds and their representative
photographs of Western blot analysis of left vendar and aorta homogenates of
Wistar rats (white bars) and L-NAME hypertensivts rafter 8 weeks of treatment with
vehicle (black bars), 30 mg/kg carvedilol (lighagtars) or 10 mg/kg amlodipine (gray
bars).% < 0.05 versus Wistar ratyp < 0.05 vs L-NAME rats. TGFE transforming
growth factor B; TNFa: tumor necrosis factow; IL-6: interleukin 6; GAPDH:

glyceraldehyde-3-phosphate dehydrogenase.



FIGURE 4. Activity of matrix metalloprotease MMPH left ventricle (panel A) and
aorta (panel B) homogenates of Wistar rats (whats)and L-NAME hypertensive rats
after 8weeks of treatment with vehicle (black baBf) mg/kg carvedilol (light gray
bars) or 10 mg/kg amlodipine (gray baf).< 0.05 versus Wistar raf¥y < 0.05 vs L-

NAME rats.

FIGURE 5. Activity of matrix metalloprotease pro MWR in aorta homogenates of
Wistar rats (white bars) and L-NAME hypertensivts rafter 8 weeks of treatment with
vehicle (black bars), 30 mg/kg carvedilol (lighagtars) or 10 mg/kg amlodipine (gray

bars).%p < 0.05 versus Wistar rafg < 0.05 vs L-NAME rats.



TABLE 1. Cardiovascular and morphometric parametérsormotensive Wistar rats and L-NAME

hypertensive rats chronically treated with carn@dimlodipine or vehicle. Results are expressed as

means + SEM. Abbreviations: SAP: systolic artepadssure; SD: standard deviation; MAP: mean

arterial; CV: coefficient of variation; HR: headte; LF: low frequency; HF: high frecuency.

Wistar L-NAME L-NAME Carvedil' L-NAME
(n=6) Amlodipine
(n=6) (n=6) (n=6)
Indirect blood pressure (tail cuff)
SAP (mmHg) 13442 170£4 156+7 158+4
IntradaySD of SAP (mn 3.38+0.52 7.36+0.67 3.60+0.32 3.80+0.28
Interday SD of SBP (mi 3.04+0.75 14.25+1.95 10.92+0.72 5.96+1.08°
Direct Blood pressure (carotid artery)
MAP (mmHg) 119+8 179+7 1508 15048
SD of MAP (mmHg) 3.84+0.15 6.24+0.50 3.67+0.4% 3.02+0.43
CV of MAP (%) 2.78+0.20 3.92+0.98 2.49+0.16 2.06+0.25
HR 32447 40013 304+17° 37630
LF/HF Ratio 4.96+0.43 8.00+0.28 4.41+0,45 4.08+0.28
Left ventricle weight (m 884.8+12.02  1020.0+83 875.3+19.7 874.8+16.2
Body weight (g) 411424 41114 402+10 41117
Left Ventric 2.17+0.10 2.44+0.05 2.18+0.07 2.15+0.16

Hypertrophy Index (mgi

% <0.05 vs. Wistar Rats
®p <0.05 vs. L-NAME Rats

‘p <0.05 vs. L-NAME Carvedilol Rats

% <0.05 vs. L-NAME Amlodipine Rats



TABLE 2. Echocardiographic data of systolic andsttidic function in normotensive Wistar rats

and L-NAME hypertensive rats chronically treatedhwcarvedilol, amlodipine or vehicle.

Results are expressed as means = SEM. AbbrevialiMisDD: left ventricular end diastolic

diameter; D.POST.WT: diastolic posterior wall tmelss; LVESD: left ventricular end systolic

diameter; EF: ejection fraction; SF: shorteningfian; E/A: ratio of the early (E) to late (A)

ventricular filling velocities; IVRT: isovolumic faxation time.

Wistar L-NAME L-NAME L-NAME
Carvedilol Amlodipine
(n=6) (n=6) (n=6) (n=6)
LVEDD 7.64+0.22 7.46+0.23 7.53+0.13 7.90+0.31
D.POST.WT 1.60+0.04 2.10+0.10 1.70+0.04 1.68+0.13
LVESD 4.88+0.18 5.04+0.36 5.15+0.17 5.30+0.32
EF 71.48+1.56 66.60+4.39 64.98+2.21 66.80+3.69
SF 36.29+1.20 32.83+3.03 31.57+1.80 32.94+2.87
E/A 1.41+0.10 0.89+0.13 1.48+0.04 1.57+0.10
IVRT 31.60+2.20 36.80+1.90 35.25+1.03 32.00+1.73

% <0.05 vs. Wistar Rats

®p <0.05 vs. L-NAME Rats



TABLE 3. Linear regression coefficient (Pearson r) between values of blood pressure, blood

pressure variability and ventricular or aortic damage. Abbreviations: SAP: systolic arterial

pressure; SD: standard deviation; MAP. mean arterial pressure; CV: coefficient of variation;

E/A ratio: ratio of the early (E) to late (A) ventricular filling velocities

Left E/A rétio Interstitial left Mediawall Media
Ventricle ventricular thickness (um)  thickness/lumen
Hypertrophy fibrosis (%) diameter
Index (nm/mm)
(mg/g)
SAP 0.2120 0.04595 0.5414* 0.8052* 0.7431*
(mmHg)
Intraday SD 0.5964* -0.7171* 0.5588* 0.6865* 0.9090*
(mmHg)
Interday SD -0.05173 -0.2120 0.3528 0.5519* 0.6210*
(mmHg)
MAP 0.6587* -0.0666 0.1774 0.7239* 0.8767*
(mmHg)
SD of MAP  0.5741* -0.8893* 0.5403* 0.5792* 0.6054*
(mmHg)
CV of MAP  0.5216* -0.8298* 0.5490* 0.3105 0.1732
(%)

*p<0.05
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Highlights

e Carvedilol or amlodipine similarly attenuates short-term blood pressure
variability.

e Carvedilol or amlodipine prevented target organ damage associated to
hypertension.

» Attenuation of blood pressure variability contributes in the prevention of organ
damage.



