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Abstract

Background: Chronic heart failure (CHF) is a global health problem. Increased sympathetic outflow, cardiac
arrhythmogenesis and irregular breathing patterns have all been associated with poor outcomes in CHF. Several stud-
ies showed that activation of the renin-angiotensin system (RAS) play a key role in CHF pathophysiology. Interestingly,
potassium (KT) supplemented diets showed promising results in normalizing RAS axis and autonomic dysfunction in
vascular diseases, lowering cardiovascular risk. Whether subtle increases in dietary Kt consumption may exert similar
effects in CHF has not been previously tested. Accordingly, we aimed to evaluate the effects of dietary K™ supplemen-
tation on cardiorespiratory alterations in rats with CHF.

Methods: Adult male Sprague-Dawley rats underwent volume overload to induce non-ischemic CHF. Animals were
randomly allocated to normal chow diet (CHF group) or supplemented KT diet (CHF+K* group) for 6 weeks. Cardiac
arrhythmogenesis, sympathetic outflow, baroreflex sensitivity, breathing disorders, chemoreflex function, respiratory—
cardiovascular coupling and cardiac function were evaluated.

Results: Compared to normal chow diet, K™ supplemented diet in CHF significantly reduced arrhythmia incidence
(67.8415.1 vs. 31.04 3.7 events/hour, CHF vs. CHF++K™), decreased cardiac sympathetic tone (AHR to propranolol:

— 974494 vs. —60.8483 bpm, CHF vs. CHF4K™), restored baroreflex function and attenuated irregular breathing
patterns. Additionally, supplementation of the diet with K restores normal central respiratory chemoreflex drive and
abrogates pathological cardio-respiratory coupling in CHF rats being the outcome an improved cardiac function.

Conclusion: Our findings support that dietary K supplementation in non-ischemic CHF alleviate cardiorespiratory
dysfunction.

Keywords: Heart failure, Potassium supplemented diet, Autonomic imbalance, Breathing disorders, Chemoreflex
function

Background

Chronic heart failure (CHF) affecting ~26 million peo-

ple worldwide [1], represent the leading cause of hospi-

tal admissions in people over 65 years old [2]. One form
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CHEF is characterized by normal EFs and marked impair-
ments in cardiac diastolic function [3]. Notably, the
prevalence of non-ischemic CHF is increasing in the
worldwide population and mortality remains high. The
later evidence the lack of effective means to help in the
management of non-ischemic heart disease [3]. Despite
the progress in therapeutic strategies, non-ischemic CHF
prevalence is increasing over time and mortality remains
high due to the greater number of both elderly people and
comorbidities associated with CHF (i.e. hypertension,
obesity, and coronary artery disease) [3, 4]. Therefore,
novel treatments for non-ischemic CHF have become a
global health priority [1]. Pathophysiological hallmarks
of CHF patients include autonomic dysfunction char-
acterized by cardiac sympathetic overactivity and para-
sympathetic withdrawal [5, 6], alterations in heart rate
variability, and reduction of cardiac baroreflex sensitiv-
ity [7]. Importantly, enhanced cardiac sympathetic drive
is a potent trigger for cardiac arrhythmogenesis which
may lead to increase the risk of decompensation and
mortality in CHF [8]. Furthermore, almost ~50% of CHF
patients display alterations in resting breathing patterns
(i.e. apneas, hypopneas, periodic breathing) [9] that add
more stress to the heart through chemoreflex activation
of the sympathetic nervous system. Conversely, increased
chemoreflex activation also promotes the development of
altered breathing patterns then creating a vicious cycle
that compromises further deterioration in cardiac func-
tion [10].

Several molecular mechanisms have been pointed out
to contribute to CHF progression. However, a growing
body of evidence suggests that chronic activation of the
renin-angiotensin-system (RAS) is closely related with
CHF progression [11]. Indeed, Angiotensin II (AnglI)-
induced reactive oxygen species (ROS) production in the
central nervous systems enhances sympathetic outflow
in CHF [11, 12]. Furthermore, increases in systemic and
brain AnglI levels in CHF has also been reported. AnglI-
derived ROS are mainly originated through activation of
nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase via AnglI receptor type I (AT;R) [13, 14]. Impor-
tantly, previous studies shown that non-ischemic CHF
rats display enhanced NADPH oxidase activation and
superoxide production in the rostral ventrolateral
medulla (RVLM), a major site for sympathetic regulation
[15-17]. Therefore, strategies intended to reduce AnglI-
derived ROS and their well-known pathophysiological
consequences in CHF may contribute to the control of
cardiovascular and respiratory alterations.

Potassium (K*) supplemented or enriched diets have
been proposed as a feasible complementary clinical
indication to prevent major detrimental cardiovascular
events, particularly for the management of arterial blood
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pressure in human and experimental hypertension [18—
21]. Indeed, K* intake prevents the induction of RAS,
improves sodium excretion and blood pressure regula-
tion by modulating renal sympathetic activity [22-24].
Furthermore, a cardioprotective effect of dietary K* has
also been described since subtle increases in K* inhibits
NADPH oxidase activity and reduced ROS formation [25,
26]. This evidence supports that dietary K* supplementa-
tion may have beneficial physiological effects in disease
states characterized by RAS activation and sympathoex-
citation [27]. Importantly, western diets are characterized
by K deficiency and excessive sodium (Na*) intake and
have been largely linked to the development/aggravation
of cardiovascular diseases [28—30].

Together, evidence support the notion that dietary
K" supplementation may offer benefit in the setting of
CHEF; however, to our knowledge there are no compre-
hensive studies showing if increases in daily K intake
may help improving cardiovascular and respiratory func-
tion in CHE. Accordingly, we aimed to determine the
effect of dietary Kt supplementation on sympathetic
and parasympathetic outflow, baroreflex sensitivity, car-
diac arrhythmogenesis, breathing disorders, chemoreflex
function, respiratory—cardiovascular coupling and car-
diac function in experimental non-ischemic CHF.

Methods

Ethical considerations and animals

Experiments were performed on 15 male Sprague—Daw-
ley rats housed in a controlled temperature environment
with light/dark cycle of 12 h and water-food ad libitum
(see Additional file 1: Fig. S1 for experimental timeline).
The protocol was approved by the Ethical-Scientific Com-
mittee of the Facultad de Ciencias Bioldgicas, Pontificia
Universidad Catolica de Chile (Protocol ID 170710022),
and was conducted in accordance with the National Insti-
tutes of Health (NIH) Guide for the Care and Use of Lab-
oratory Animals. All animals were humanely euthanized
with an overdose of sodium pentobarbital (100 mg kg™!

ip).

Experimental non-ischemic CHF

Non-ischemic chronic heart failure (CHF) was pro-
duced by the surgical creation of an arteriovenous
shunt between the abdominal aorta and the cava vein to
induced chronic volume overload [16, 17, 31-34]. Under
anesthesia (induction with 5% of isoflurane and 2% for
maintenance, balance with O,) laparotomy was per-
formed. Under a dissection microscope, abdominal aorta
and inferior cava vein were carefully exposed and the
abdominal aorta was punctured with an 18-gauge nee-
dle until the adjacent cava vein was reached. A drop of
Hystoacril (Braun) tissue glue was used to seal the aortic
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puncture. Fistula patency was visually confirmed by the
presence of arterial pulsatile blood flow towards the
venous circulation. Finally, abdominal cavity was closed
in layers with absorbable 4—0 Vycril suture (Braun). Anti-
biotic (enrofloxacin 10 mg Kg~! s.c.), analgesic (ketopro-
fen 5 mg Kg ™' s.c.) and saline (3 ml of 0.9% NaCl solution
i.p.) were administrated post-surgery. Sham-operated
rats underwent the exact same procedure with the only
exception that no puncture was done in the aorta.

Echocardiography

Under anesthesia (1.5-2% isoflurane balance with O,),
transthoracic M-mode echocardiography (Mindray Z6
Vet) at week 2 and 8 post CHF surgery were performed.
Recordings were made from the left parasternal short-
axis view. An increase of 1.5-fold in the end diastolic
volume (EDV) and stroke volume (SV) relative to sham
condition were the criteria for CHF [16, 17, 31, 33, 34].
Left ventricle (LV) end diastolic and systolic diameter
(LVEDD and LVESD, respectively) were measured from 3
consecutive cycles. LV end diastolic and systolic volume
(LVEDV and LVESV, respectively) where derived from
Teicholz method ([LVESV=7*ESD?/(2.4+ESD)] and
[LVEDV =7*EDD?/(2.4+EDD)]. The ejection fraction
(EF) and fractional shortening (FS) were calculated from
left ventricle volumes and diameters, respectively. The
cardiac output (CO) is the product from SV and heart
rate (HR).

Potassium diet supplementation

Rats were randomly assigned to Sham, CHF and
CHF+K" groups. Sham and CHF received standard
chow diet (Prolab® RMH3000 5P00/0.9% K*) while
CHF+KT" received the same formula but supplemented
with 3% K* (Prolab® RMH3000 5P00/2% K* and 1% KCl
in the drinking water) for 6 weeks as previously described
[22, 23]. Combination of K* supplementation in both
chow and tap water has been shown to increase toler-
ability to high-salt diets [35]. Body weight gain, daily food
and water intake were registered in all groups and aver-
aged. See Additional file 1: Table S1 for complete diets
composition.

Telemetry implant for blood pressure and heart rate
measurements

Radio-telemetry pressure transducer (HD-S10, ADIn-
struments) were implanted 7 weeks after CHF or sham
surgery. Rats under isoflurane anesthesia underwent a
skin incision to expose and isolate femoral artery. The
tip of a pressure transducer was guided into the femo-
ral artery and the HD-S10 digital transmitter was placed
subcutaneously. Then, rats received antibiotic (enro-
floxacin 10 mg Kg~! s.c.) and analgesic (ketoprofen
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5 mg Kg~' s.c.). After 1 week of recovery, arterial blood
pressure (BP) was measured in conscious rats [31, 34].
Mean arterial blood pressure (MABP), systolic blood
pressure (SBP), diastolic blood pressure (DBP) and pres-
sure pulse (PP) were derived from BP signal. Heart rate
(HR) was derived from dP/dt signal of BP.

Spontaneous baroreflex

Telemetry recording was used to analyze change in
spontaneous baroreflex 8 weeks after CHF induction.
MABP and HR were derived from BP signal. Baroreflex
sequences where changes in HR (AHR) where associated
with changes in MABP (AMABP) were used to estimate
spontaneous baroreflex function. The up sequences were
analyzed apart from down sequences. Then values were
plotted, and linear regression was calculated for each ani-
mal [36].

Sympatho-vagal balance

Cardiac sympathetic-vagal balance was evaluated by
effects of propranolol (1 mg Kg™' i.p.), a non-selective
B-adrenergic receptor antagonist, and atropine injection
(1 mg Kg™! i.p.), a muscarinic receptor antagonist on HR
in conscious rats. Changes in HR in response to propran-
olol were used as an indicator of sympathetic tone and
HR responses to atropine were used as an indicator of
parasympathetic tone. AHR represent the change in HR
respect from baseline HR [16, 33].

Arrhythmia incidence

Irregular heartbeats were visually inspected and counted
as previously described [33]. Arrhythmias were defined
as premature or delayed beats with changes greater than
3 standard deviations (SD) from the mean beat-to-beat
interval duration. The arrhythmia index was expressed as
events/hour.

Resting breathing patterns and chemoreflex function

Unrestrained whole-body plethysmography (Emka Tech-
nologies) was used to record resting breathing (RB) and
chemoreflex function. RB was recorded during 2 h at
room air. Central and peripheral chemoreflex function
was evaluated during 10 min of hypercapnia (7% F,CO,/
balance with N,) and hypoxia (10% F,O,/balance with
N,) gas challenges, respectively. An interval of 20 min in
normoxia separated the two stimuli. Tidal volume (Vi
[ml 100 g']), respiratory frequency (R; [breath min~'])
and minute volume (Vg [ml min~! 100 g~!]) was obtained
using ecgAUTO post-processing software (Emka Tech-
nologies). Regularity of breathing pattern was evaluated
using Poincare plots of the breath-to-breath interval vari-
ability from 6 independent and random intervals of ~ 400
breaths. Coefficient of variation of V. was also calculated
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to evaluate oscillations in ventilatory cycles. Irregular-
ity score (IS) was evaluated using the follow equation:
100*(Trorn—Trorn-1)/Ttome.1 for the nth respiratory
cycle as described previously [34].

The hypercapnic ventilatory response (HCVR) was
obtained by determining the slope on the V| response
between F,CO, 0.03% and F,CO, 7%. The hypoxic venti-
latory response (HVR) was obtained by calculating the
slope between V; and F,0, 21% and F,O, 10%. All experi-
ments were conducted at ambient temperature in daily
time.

Breathing disorders including apneas (cessation in
ventilation for at least 3 consecutive respiratory cycles)
and hypopneas (reduction in V; under 50% of normal
breathing amplitude for at least 3 consecutive respiratory
cycles) were scored from 1 h of RB recordings [34].

Cardiorespiratory coupling

Several studies showed that coupling between respira-
tory and cardiovascular function promotes sympatho-
excitation and perpetuates the generation of breathing
disorders. Accordingly, we analyzed the effects of rising
dietary K* levels on cardiorespiratory coupling in the
setting of non-ischemic CHF. Accordingly, coherence
between V| and SBP were evaluated through MATLAB
routine (MathWorks) as described previously [31, 34,
37, 38]. Welch’s over-lapped segment averaging method
were used to calculate auto- and cross-spectral estimates
from 5 min recordings. Every variable underwent Fast
Fourier transform (FFT). Respiratory signal oscillations
were taken as the input and BP as the output for coher-
ence analysis. Cut-off to evaluate the magnitude of mean
square coherence was 0.015 Hz centered at the frequency
of maximum spectral peak of Vi in the very low fre-
quency domain (vLF: 0.01-0.25 Hz). Positive interaction
between ventilation and BP were obtained from square
coherence values over 0.5 (range of square coherence is
0-1).

Cardiac function assessment

LV function was evaluated using a pressure—volume (PV)
conductance catheter (SPR-869, Millar) [33, 39]. Under
anesthesia (a-chloralose and urethane, 800 mg Kg™* and
40 mg Kg!, respectively) a conductance catheter was
introduced into right carotid artery and advance toward
LV chamber. A laparotomy was performed to visual-
ized arteriovenous fistula and then perform a cava vein
occlusion. PV-loops were recorded for 1 h and fifteen to
twenty PV loops were used to calculate hemodynamic
parameters: cardiac output (CO), ejection fraction (EF),
end diastolic pressure (EDP), end systolic pressure (ESP),
Parameters dependent of load were: dP/dt,, .., dP/dt, ;.
Load-independent parameters: end-systolic pressure
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volume relationship (ESPVR) and end-diastolic pressure
volume relationship (EDPVR) were also calculated. Data
was processed using the PV-loop module of LabChart
v7.3.8 software (ADInstruments).

[Nat]and [K*] systemic concentrations

Under anesthesia a-chloralose/urethane anesthesia, arte-
rial blood samples were obtained from the abdominal
aorta using a 3 ml syringe. A drop of arterial blood was
immediately analyzed (iSTAT1 CG8+, Abbott) at the
end of cardiac function assessment. Ionic concentration
(K™ and Na™) of arterial blood was analyzed.

Statistical analysis

Data is expressed as mean + standard error mean (SEM).
Data is shown as min to max box and whiskers plot in fig-
ures. One-way or two-way ANOVA, depending on data
structure, was employed to evaluate differences between
groups following by Holm-Sidak post hoc test. P<0.05
was consider as statistically significant.

Results

K* supplementation decreases arrhythmias and restores
normal autonomic and baroreflex function in CHF

CHF rats showed an increase in the number of car-
diac arrhythmias compared to Sham rats (67.8+15.1
vs. 10.4%2.1 events/hour, CHF vs. Sham, respectively;
p<0.05). CHF rats that received diet supplemented
with Kt showed a significant reduction in the num-
ber of arrhythmias compared to CHF rats (31.0+3.7
vs. 67.84+15.1 events/hour, CHF+K* vs. CHF, respec-
tively; p<0.05) (Fig. 1A, B). In agreement with previous
investigations, CHF rats displayed a heightened cardiac
sympathetic drive compared to Sham healthy rats (AHR
to propranolol: —97.4+9.4 vs. —24.5+3.6 bpm, CHF
vs. Sham, respectively; p<0.05) and this was normal-
ized by the enriched-K* diet in CHF. Indeed, CHF+K*
rats showed a significant reduction in cardiac sympa-
thetic tone compared to CHF rats (AHR to propranolol:
—60.848.3 bpm vs. —97.449.4 bpm, CHF+K" vs. CHF,
respectively; p<0.05) (Fig. 1C). In addition, CHF group
displayed a decreased parasympathetic drive compared
to Sham (AHR to atropine: 44.1£8.3 vs. 91.2+9.2 bpm,
CHF vs. Sham, respectively; p<0.05) and this was not
changed by K* supplementation in CHF (44.1+8.3 bpm
and 44.84+4.1 bpm, CHF+K" vs. CHF, respectively)
(Fig. 1D). In addition, tachycardic baroreflex gain was
reduced in rats with CHF compared to Sham rats (slope:
—0.7£0.3 vs —2.0+£0.3 bpm/mmHg, CHF vs. Sham,
respectively; p<0.05) and dietary K* supplementation
in CHF significantly improved baroreflex gain (Fig. 1E).
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Fig. 1 Dietary K™ supplementation decreases arrhythmia incidence, cardiac sympathetic tone and improves spontaneous baroreflex in CHF rats.
A Representative recording of heart rate (HR) tachograms obtained from one Sham rat, one CHF rat and one CHF+K™ rat. Arrowheads indicate
arrhythmic events. Note that K* supplemented diet reduces arrhythmic events in CHF. B Summary data showing arrhythmia index (events/hour). C
Heart rate responses (AHR) after sympathetic blockade with propranolol (1 mg/Kg). D AHR after parasympathetic blockade with atropine (1 mg/Kg).
E Baroreflex sensitivity (BRS) during spontaneous changes in HR and mean arterial pressure (MAP). Each dashed line represents the tachycardic or
bradycardic slope. *P < 0.05 vs Sham, *P <0.05 vs CHF4+K*. Holm Sidak post hoc after One-Way ANOVA, n =5 rats per group

Bradycardic baroreflex responses were undistinguishable
between groups (Fig. 1E).

Effects of K™ supplementation on breathing patterns

in CHF

Irregular resting breathing both in frequency and ampli-
tude of respiration were observed in CHF rats com-
pared to Sham (Fig. 2A). Indeed, interbreath interval
variability was higher in CHF rats compared to Sham
(SD1: 76.6+3.3 vs. 49.1+4.4 ms; SD2: 124.44+11.6
vs. 70.6+5.6 ms, CHF vs. Sham, respectively; p<0.05)

(Fig. 2B-D). Furthermore, the coefficient of variation
(CV) of each tidal volume (V) amplitude was signifi-
cantly greater in CHF (25.2+1.6 vs 16.4+1.8%, CHF
vs. Sham, respectively; p<0.05) (Fig. 2E). Accordingly,
CHF rats showed increased overall breathing irregu-
larity score (IS) compared to Sham rats (13.9£0.8
vs. 85+0.6%, CHF vs. Sham, respectively; p<0.05)
(Fig. 2F). Daily dietary KT supplementation in CHF rats
improved breathing pattern regularity at rest compared
to CHF untreated rats (Fig. 2A). Compared to CHF, rats
that received K™ diet showed significant (CHF+K™ vs.
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Fig. 2 Daily dietary K* supplementation improves breathing in CHF rats. A Representative ventilation recordings of ventilatory flow (ml/s),
breath-to-breath interval (B-B;, s) and tidal volume (V5, ml) obtained from one Sham rat, one CHF rat and one CHF+K™ rat. B Representative Poincare
plots showing B-B, variability. C-D Summary data displaying SD1 and SD2 in all groups. Note that irregularity of B-B; in CHF is markedly improve by
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supplemented diet significantly reduces V; oscillations in CHF. *P <0.05 vs Sham, *P <0.05 vs CHF+K*. Holm Sidak post hoc after One-Way ANOVA,
n=>5 rats per group

CHE p<0.05) improvements in breath-to-breath inter-  (8.541.5 vs. 13.94-0.8%) (Fig. 2B—F). Apneas and hypo-
val variability (SD1: 57.5+3.3 vs. 76.7+3.2 ms) and V1  pneas were also increased in CHF compared to Sham
oscillations (CV of V: 16.7+2.3 vs. 25.5+1.6%) and IS (apneas: 4.840.6 vs. 1.440.4; hypopneas: 3.6+0.5 vs.

2.4£0.5 events/hour, respectively; p<0.05). While KT
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10 21
FiO2 (%)

supplementation in CHF decreases the incidence of
apneas this was not rise statistical significance (Addi-
tional file 1: Table S2). Frequency of sighs and post sigh
apneas, as well as apnea duration, were not different
between groups (Additional file 1: Table S2).

K* supplemented diet decreases central chemoreflex drive
in CHF

CHF rats showed an exaggerated central chemore-
flex drive compared to Sham rats as evidenced by an
enhanced ventilatory reflex response to hypercap-
nia (HCVR) (5.6+0.6 vs. 2.8+£0.7 AV /F,CO, 7%,
CHF vs. Sham, respectively; p <0.05) (Fig. 3A—C). The
observed potentiation in HCVR in CHF was abolished
by dietary K* supplementation (2.540.5 vs. 5.640.6
AVg/%F,CO,, CHF+K" vs. CHF, respectively; p <0.05)
(Fig. 3C). No differences in the hypoxic ventilatory
response (HVR) were found between groups (2.0 +0.2
vs. 1.9£0.3 vs. 1.6 £ 0.5 AV /%F,0,, Sham vs. CHF vs.
CHF+KT, respectively) (Fig. 3D, E). Also, no significant
changes in resting V nor in respiratory frequency in

normoxia were found between experimental conditions
(Additional file 1: Table S3).

Effects of K™ supplementation in the diet on pathological
cardiorespiratory coupling in CHF

Rats with CHF exhibit cardiorespiratory coupling
evidenced by the presence of significant coherence
between Vi and SBP oscillations (Coherence: 0.8 +0.1
vs. 0.0740.1, CHF vs. Sham, respectively; p<0.05). In
addition, coherence in CHF was characterized by a posi-
tive phase angle (53.2+18.6°) supporting that breathing
oscillations and blood pressure were in phase with the
cyclic changes in V| amplitudes. CHF rats that received
K" supplemented diet displayed a decrease in the mag-
nitude of coherence between V and SBP to levels com-
parable to the ones obtained in Sham rats (Coherence:
0.5£0.1 vs. 0.8+0.1, respectively; p<0.05) (Fig. 4A,
B). No differences in baseline SBP were found between
groups (Additional file 1: Table S4). High coherence val-
ues between ventilation and heart rate were found in all
groups (Fig. 4C). In summary, dietary K* supplementa-
tion ameliorates the potentiated respiratory-sympathetic
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coupling in non-ischemic CHF rats, one pathophysiologi-
cal hallmark of CHF disease.

Effect of dietary K™ supplementation on echocardiographic
parameters

Both CHF and CHF+K" had a significant increase in
LVEDV and LVESV compared to Sham rats (Fig. 5). Fur-
thermore, CHF rats under K* supplemented diet showed
similar stroke volume, LV chamber diameter and ejec-
tion fraction compared to untreated CHF rats (Fig. 5A-G;
Additional file 1: Table S5). Accordingly, cardiac hyper-
trophy index was not different in CHF animals compared
to CHF+K™ animals (Additional file 1: Table S5). No dif-
ference in body weight (BW) at the end of the experimen-
tal protocol were found between experimental conditions
(Additional file 1: Table S5). Indeed, daily food intake was
similar between groups (Fig. 5H). Plasma levels of [Na*]
and [K*] were comparable between CHF animals and
Sham animals (Fig. 5], K). On the contrary, dietary K*
supplementation in CHF significantly increased plasma
[K™] concentrations and reduced [Na®] concentration
when compared to CHF untreated animals (Fig. 5], K).
Accordingly, [Nat/K*] plasma ratio was significantly
lower in CHF+K™ (28.8+£1.2 vs. 35.24+ 1.6, CHF+K™ vs.
CHE, respectively; p <0.05).

Effects of dietary K* supplementation on cardiac function
in CHF

Cardiac diastolic dysfunction has been described in
experimental non-ischemic CHF [16, 33]. Indeed, we
found a significant increase in LV-end diastolic pressure
(LVEDP) in CHF rats compared to Sham rats and this
was not significantly reduced by enriched-K* diet in CHF
(Additional file 1: Table S6). Since cardiac diastolic func-
tion is influenced by ventilation, we determined ventila-
tion-dependent modulation of cardiac function during
each inspiratory and expiratory cycles [40]. Intraventricu-
lar pressures at the end of diastole (nEDV) during inspi-
ration (ins) were similar between Sham and CHF groups
(Fig. 6A, B). However, CHF animals showed a~ twofold
increase in intraventricular pressures during expiration
(exp) (332.9£95.0 vs. 162.8 +108.2%exp, CHF vs. Sham,
respectively; p<0.05). In CHF+K™ animals, the exacer-
bated increase in nEDV during expiration was abolished
and the values were comparable to ones obtained in
Sham rats (159.9428.7 vs. 162.8 +108.2%exp, CHF+K*
vs. Sham, respectively; p <0.05). Accordingly, APressures
between exp-ins were larger in CHF rats compared to
Sham rats (232.9+59.6 vs. 67.8 +34.9%, CHF vs. Sham,
respectively; p<0.05) and this effect was absent in
CHF+K™ rats (Fig. 6C, D).
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Discussion

This proof-of-concept study describes, for the first time,
the beneficial effects of daily dietary Kt supplementa-
tion on major pathophysiological (i.e. autonomic imbal-
ance, breathing disorders) mechanisms associated with
the development/maintenance/progression of non-
ischemic CHF. We found that dietary K™ supplementa-
tion improved: (i) cardiac autonomic control balance; (ii)
arrhythmia incidence; (iii) breathing pattern regularity;
(iv) central respiratory chemoreflex; and (v) cardiores-
piratory coupling. Together, our results support that K*

supplementation of the diet improves cardiorespiratory
outcomes in CHF.

Increasing dietary K* levels has been linked to several
cardiovascular benefits. Indeed, evidence from animal
studies, clinical trials and meta-analyses have shown that
enriched potassium diets are closely linked to marked
reductions in the incidence of stroke, protects against
vascular injury and reduces cardiac oxidative damage
[24, 26, 41-45]. Here, we showed that supplementation
of an enriched K' diet in experimental non-ischemic
CHF markedly reduces sympathoexcitation, normalizes
chemoreflex function and improves cardiac function.
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The precise mechanism underlying the salutary benefits ~ K* supplementation decreases the expression of the
of enriched-K* diets in cardiac failure are not known. Na*-Cl~ contransporter (NCC) in the distal nephron
However, decreases in cardiac pre-load has been associ-  which reduce Na™ circulating levels (less reabsortion),
ated to daily ingestion of high K" diets. Indeed, dietary  and leads to effective reductions in circulating blood
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volume [45-47]. Our results showed that enriched K*
diet in CHF significantly decreased plasma [Na']. The
later support that high K* diet reduced Na* reabsortion
in CHF and suggests that high K™ may also reduce cir-
culating volume being the outcome an improved cardiac
function due to volume unloading. Further studies will
be needed to totally address whether enriched K* diets in
CHEF elicit changes in circulating blood volume.

It has been shown that during early stage of CHF, sym-
pathoexcitation and RAS activation act as an adapta-
tive physiological mechanism to improve cardiovascular
function; however, eventually it becomes maladaptive
and sustain disease progression [15, 48]. Importantly,
chronic sympathetic hyperactivity and RAS promotes
arrhythmia incidence and the further deterioration of
cardiac function [7, 27, 33]. One major neuronal net-
work that has been proposed to contribute, at least in
part, to sustained high sympathetic activity in CHF
encompassed the subfornical organ, paraventricular
nucleus of the hypothalamus and the rostral ventrolat-
eral medulla (SFO-PVN-RVLM) [15]. SFO is a highly
vascularized nuclei with a permeable blood brain barrier
(BBB) and is considered a major source of brain AngllI
[15, 49, 50]. Furthermore, it has been shown that Angll
elicits increase in sympathetic outflow by acting on the
SFO/PVN [6, 15, 51] or directly on the RVLM once BBB
is disrupted [52]. The specific mechanisms underlying
Angll-induced sympathoexcitation in the setting of CHF
have not been fully dilucidated. However, one accepted
mechanism is associated with Angll-induced oxidative
stress and neuronal hyperexcitability [15, 53]. Indeed,
activation of AT ;R which is present in the SFO, PVN and
RVLM promotes ROS formation via NADPH oxidase
[15, 50, 53-55]. Accordingly, experimental non-ischemic
CHF rats showed increased levels of phosphorylated
NADPH oxidase in the RVLM and this was closely linked
to ROS levels and autonomic imbalance [17]. In the pre-
sent study we found that dietary K supplementation in
CHF rats reduced the heightened cardiac sympathetic
outflow and reduced arrhythmogenesis. It is worth not-
ing that the present study was not intended to provide a
detailed description of the molecular signaling pathways
by which enriched K* diets reduced sympathoexcitation
in CHF but rather to highlight its potential to improve
cardiovascular and ventilatory outcomes. However, pre-
vious studies showing that dietary K™ downregulates
renin and angiotensin-I converting enzyme and reduce
Angll generation [22, 23] allow us to speculate that one
potential mechanism associated with the beneficial
effects of K* supplementation in CHF may be linked to
RAS regulation. Future studies should focus on uncover-
ing the molecular footprints related to K* supplementa-
tion and cardiovascular regulation in the setting of CHF.
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Altered chemoreflex function play a pivotal role in
the pathophysiology of CHF [16, 31, 56-58]. Indeed, an
increased ventilatory response to hypercapnia associ-
ated with an enhanced chemoreceptor function is associ-
ated with heightened sympathetic nerve activity, cardiac
arrhythmogenesis and breathing disturbances in humans
[56, 59]. More importantly, the former is closely linked
to higher mortality risk [59]. Here, we confirmed and
extend previous results showing that in CHF alterations
in chemoreflex response are associated with cardiores-
piratory disorders [16, 31, 58], but also added new and
novel findings showing that dietary K supplementation
represents a useful strategy to normalize chemoreflex
function in CHFE. How enriched K* diet reduced central
chemoreflex sensitivity in non-ischemic CHF is unknown
and deserves future investigations. Interestingly, data
from epidemiological studies strongly suggests that
healthy dietary interventions (i.e. Kt supplemented diets)
may improve cardiovascular outcomes in several dis-
eases [19-21]. Here, we provided the first evidence show-
ing that daily dietary K™ supplementation significantly
improves both cardiovascular and respiratory function in
experimental non-ischemic CHE. Future and larger stud-
ies are needed to fully uncover the salutary potential of
dietary K* supplementation in CHF pathophysiology.

Several limitations are inherent in our study. Experi-
mental CHF shows several relevant pathophysiological
hallmarks of human non-ischemic CHF such as auto-
nomic imbalance, increased cardiac arrhythmogenesis,
alterations in breathing and cardiorespiratory coupling.
However, it lacks cardiometabolic disorders (i.e. dia-
betes mellitus, hypertension, obesity) which has been
associated with non-ischemic CHF onset and progres-
sion. Nevertheless, we found that K* diet supplementa-
tion markedly improved cardiorespiratory outcomes in
experimental non-ischemic CHE. Though, caution should
be taken when extrapolating these results into human
non-ischemic CHF due to the well-known differences
between rodents and large mammal physiology. Also, we
cannot rule out long-term effects of K™ supplemented
diets on CHF. However, Chang and cols. [60] showed
that adult subjects receiving potassium-enriched diets for
31 months displayed significantly lower cardiovascular
disease mortality. Also, potassium-enriched diets appear
to be well tolerated up to 31 months in humans. Whether
this can be directly translated into human non-ischemic
CHEF patients is not clear. Future studies in both experi-
mental and human non-ischemic CHF are required to
fully determine the effects of long-term administration of
potassium-enriched diets on cardiorespiratory function.
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Conclusion

Together, dietary K™ supplementation exerts beneficial
effects on cardiorespiratory function in experimental
CHEF. This study provide first comprehensive physi-
ological data that support the salutary effects of Kt
supplementation on the maintenance of heightened
cardiac sympathetic activity and breathing disturbances
in CHF. In addition, we acknowledge that this study
was not intended to provide the exact cellular mecha-
nism of dietary K*- mediated physiological outcomes.
Accordingly, upcoming research should focus on the
cellular/molecular mechanisms associated with the
beneficial effects of daily dietary K* supplementation in
the setting of non-ischemic CHEF.
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