THE ANATOLIAN
JOURNAL OF
CARDIOLOGY

Myricetin May Improve Cardiac Dysfunction
Possibly Through Regulating Blood

Pressure and Cellular Stress Moleculesin
High-Fructose-Fed Rats

ABSTRACT

Background: The aim of this study was to examine the effect of myricetin on cardiac dys-
function caused by high fructose intake.

Methods: Fructose was given to the rats as a 20% solution in drinking water for 15 weeks.
Myricetin was administered by oral gavage for the last 6 weeks. Systolic blood pressure
was measured by tail-cuff method. The effects of isoprenaline, phenylephrine, and ace-
tylcholine on cardiac contractility and rhythmicity were recorded in the isolated right
atrium and left ventricular papillary muscles. In addition to biochemical measurements,
the cardiac expressions of cellular stress-related proteins were determined by western
blotting.

Results: Myricetinimproved systolic blood pressure butdid not affect body weight, plasma
glucose, and triglyceride levels in fructose-fed rats. The impairment of isoprenaline- and
phenylephrine-mediated increases in atrial contraction and sinus rate in fructose-fed
rats was restored by myricetin treatment. Isoprenaline, phenylephrine, and acetylcho-
line-mediated papillary muscle contractions were not changed by fructose or myricetin
administration. The expression of the mitochondrial fission marker dynamin-related
protein 1and the mitophagic marker PTEN-induced kinase 1(PINK1) was enhanced in the
fructose-fed rat, and myricetin treatment markedly attenuated PINK1 expression. High-
fructose intake augmented phosphorylation of the proinflammatory molecule Nuclear
factor kappa B (NF-kB) and the stress-regulated kinase JNKT1, but myricetin only reduced
NF-kB expression. Moreover, myricetin diminished the elevation in the expression of the
pro-apoptotic Bax.

Conclusion: Our results imply that myricetin has a protective role in cardiac irregulari-
ties induced by a high-fructose diet through reducing systolic blood pressure, improving
cardiac adrenergic responses, suppressing PINK1, NF-kB, and Bax expression, and thus
reflecting a potential therapeutic value.

Keywords: Fructose, myricetin, cardiac dysfunction, blood pressure, cellular stress
molecules

INTRODUCTION

Dietary fructose consumption, in the form of high-fructose corn syrup or sucrose,
has gradually increased in daily diets, especially in beverages, over the last few
decades." Accumulating evidence has revealed that high fructose intake is asso-
ciated with the development of insulin resistance, dyslipidemia, obesity, diabetes,
and hypertension.** Chronic fructose consumption raises blood pressure and leads
to cardiovascular complications, which are reported to be a major cause of mor-
bidity and mortality worldwide.>”

Previous studies have reported that different dietary interventions, including a
high intake of fructose, lead to cardiac metabolic alterations affecting the per-
formance of the heart.®” Additionally, the changes in adrenergic receptor density
and responsiveness, as well as contractile proteins, are implicated inimpaired car-
diac function induced by high fructose consumption.®™ Moreover, excess fructose
intake profoundly affects cardiac parameters through numerous mechanisms,
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such as increased oxidative stress, mitochondrial dysfunc-
tion, inflammation, and apoptosis.® It is well known that
mitochondrial health is crucial for the maintenance of car-
diac function and energy homeostasis. Recent studies dem-
onstrated that mitochondrial dynamics (fusion and fission)
are changed due to the overproduction of reactive oxygen
speciesinthe hearts of rats with diet-induced metabolic syn-
drome.™"® Additionally, mitophagy, which is a specific mito-
chondrial quality control mechanism, selectively eliminates
dysfunctional mitochondria through the PTEN-induced
kinase 1 (PINK1)/parkin pathway. Excessive or insufficient
mitophagy can disrupt mitochondrial homeostasis and redox
balance, leading to dysfunction in organs.” Although a high
intake of fructose has been shown to impair the mitophagic
process in organs such as the liver and kidney,"® its effect
on the heart has not been examined yet. Moreover, chronic
fructose consumption causes low-grade inflammatory sta-
tus in several tissues, thus leading to systemic inflamma-
tion. Nuclear factor kappa B (NF-kB) is a redox-sensitive
pro-inflammatory factor and thus contributes to the devel-
opment of organ damage associated with cardiometabolic
diseases.””?® Apoptotic and mitogen-activated signaling
pathways (MAPK) have also been exhibited to play an influ-
ential role in the progression of fructose-induced cardiac
dysfunction.?"? Given this, it is thought that therapeutic
approaches to prevent oxidative stress, mitochondrial dys-
function, inflammation, and apoptosis may be beneficial in
preventing cardiac functional alterations induced by high
fructose consumption.

It is known that high consumption of flavonoid-rich foods
with antioxidant properties may be favorable for various
pathologies, including cardiovascular and metabolic dis-
eases.”® Myricetin  (3,3',4',4',5',5",7-hexahydroxylflavone)
is a flavonoid compound with a high antioxidant capacity
found in several vegetables, fruits, and herbs.?*?* In addi-
tion to antioxidant action, it has been demonstrated to
have a variety of pharmacological activities, such as anti-
inflammatory, antiviral, and anticancer.?*?> Myricetin also
ameliorated insulin resistance and increased blood pressure
caused by high intake of dietary fructose.?*?*?” Moreover,
myricetin exhibited a cytoprotective effect on oxidative
stress-induced apoptosis through the regulation of MAPK
signaling.?® However, the effects of myricetin on high-fruct
ose-diet-induced cardiac dysfunction andits possible mech-
anistic action have not been examined yet. In the current

HIGHLIGHTS

e A high intake of fructose leads to increased systolic
blood pressure, impaired adrenergic cardiac contrac-
tile and rhythmic activity, and activated cellular stress
responses.

e Myricetin treatment decreased systolic blood pressure
and improved a- and f-adrenergic responses of isolated
cardiac tissues in fructose-fed rats.

e The positive effects of myricetin on cardiac functions
may be linked to suppression of PINK1, NF-kB, and Bax.
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study, we evaluated the potential effects of myricetin on
systolic blood pressure, cardiac functions (adrenergic and
cholinergic responses), and protein expression of some key
molecules associated with cellular stress response.

METHODS

Animals and Diets

The animal studies were organized according to the Guide
for the Care and Use of Laboratory Animals (NIH). The ani-
mal care and experimental procedures were approved
by the local ethics committee for animal experiments
(G.U.ET-23.050). Male Wistar rats (3-week-old) were housed
in temperature- (22°C * 1°C) and humidity-controlled rooms
with a light—darkness cycle (12 h:12 h). The rats were fed
with a standard rodent chow consisting of a mixture of 62%
starch, 23% protein, 7% cellulose, 4% fat, standard vitamins,
and salt. After a 1-week acclimatization period, rats were
randomly segregated into 4 groups containing 6 rats each:
control, CMC (carboxymethylcellulose), fructose, and fruc-
tose + myricetin. Fructose (Danisco Sweeteners OY, Kotka,
Finland) was administered to rats as a 20% solution (w/v) in
drinking water ad libitum for 15 weeks, and the fructose solu-
tion was freshly prepared daily.

Myricetin Treatment and Blood Pressure Measurements
Myricetin (Santa Cruz Biotechnology) was suspended in a
0.5% CMC solution and administered by oral gavage during
the last 6 weeks of the 15-week experimental period. The
dose and duration of myricetin administration (50 mg/kg/
day, for 6 weeks) were chosen based on previous studies.??3°
The same volume of water and 0.5% CMC solution was orally
given to the control and CMC groups, respectively. The body
weight of rats was recorded weekly during the experiment.
Systolic blood pressure measurements with the tail-cuff
apparatus started 1 week before myricetin treatment and
continued every week until the end of the study.

Upon completion of 6 weeks of treatment, the rats were
anesthetized with a mixture of ketamine and xylazine (80
and 10 mg/kg, respectively,i.p.). The blood samples were col-
lected from the abdominal aorta and quickly centrifuged.
Plasma samples were stored at —-80°C until plasma glucose
and triglyceride levels were measured by standard enzy-
matic techniques. The left papillary muscles and right atrium
were immediately dissected and placed in a cold Krebs solu-
tion (containing 112 mM NaCl, 5 mM KCl, 25 mM NaHCO,, 0.5
mM MgCl,, 1.2 mM NaH,PO,, 2.5 mM CaCl,, and 11.5 mM dex-
trose, pH: 7.4). The left ventricular tissue was rapidly frozen
in liquid nitrogen and stored at —80°C for the western blot
experiments.

Isolated Organ Bath Experiments

The effectsof myricetinoncardiacrhythmicactivity andcon-
tractile responses to adrenergic and cholinergic stimulation
were evaluated according to the previously published proce-
dure.* The left ventricular papillary muscles and right atrium
were prepared and mounted between holders connected to
the Grass FTO3 force transducer in an organ bath containing
Krebs solution warmed to 37°C and gassed with a mixture
of 95% oxygen and 5% carbon dioxide. The papillary muscles
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were stimulated with the Harvard Apparatus Advanced
Stimulator after being placed between the gold electrodes.
Initial tension (2 g) was applied, and then tissues were
allowed to equilibrate for 40 minutes, with washing every 10
minutes. Responses of tissues were determined using force-
displacement transducers (Grass FT03) connected with the
Grass polygraph system (model 79D). Cumulative concentra-
tion responses to acetylcholine (1078-10> M), phenylephrine
(1078-10-° M), and isoproterenol (10-"-10-7 M) were recorded.
Theseresults were presented as a percentage of the baseline
contraction magnitude and sinus rate. The atrial contractile
responses were calculated as developed tension and resting
tension. The developed tension is the contraction amplitude
of the atrial muscle at each beat, whereas the resting ten-
sion represents the basal tension of the atrium as modified
by the spontaneous beat.

Western Blot Experiments

Left ventricle tissues were homogenized in 4-fold volumes
of homogenization buffer, including 150 mM NaCl, 50 mM
Tris, 1% NP40 (v/v), 0.5% sodium deoxycholate, 0.1% SDS, and
a protease and phosphatase inhibitor cocktail. The homog-
enates were centrifuged at 1500 g for 20 minutes at4C, and
then the supernatants were collected. The protein concen-
tration of samples was determined by the Lowry method.*
Equal proteins (40 pg) for each group were separated with
10%-12% polyacrylamide gel by electrophoresis and trans-
ferred to polyvinylidene fluoride membranes using semi-
dry electroblotting. After being blocked with 3% bovine
serum albumin or 5% nonfat dried milk for 60 minutes, the
membranes were incubated with the primary antibodies:
DRP1 (sc-271583, 1:1000), Mfn2 (sc-515657, 1:1000), PINKI1
(sc-517353, 1:1000), NF-kB (BioLegend 622602, 1:250), p-NF-
KB pé5 (sc-136548, 1:100), JNK1 (ab199380, 1:1000), p-JNK1
(ab47337, 1:1000), Bax (E-AB-13814, 1:1000), Bcl-2 (sc-7382,
1:500), and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) (sc-32233, 1:2000) for overnight at 4°C. After the
washing step, membranes were treated with horseradish
peroxidase-conjugated secondary antibodies for 60 minutes
at room temperature. After that, the blots were exposed
to western blotting chemiluminescence substrate solution
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for 3-4 minutes. Images of the membranes were obtained
with the Azure chemiluminescence imaging system (Azure™
Imaging Systems, c300). The intensity of the bands was esti-
mated using the ImagelLabé.1 program. For normalization,
GAPDH proteins were used as an internal control.

Statistical Analysis

The findings were expressed as the mean * standard devia-
tion (SD). The compliance of all groups to the normal dis-
tribution was evaluated using the Shapiro—Wilk test. In
biochemical and metabolic findings, One-way analysis
of variance (ANOVA) post hoc Dunnett test was used for
the parametric data, and the Kruskal—Wallis followed by
Dunn’s post-test was used for the nonparametric data. In
isolated organ bath results, a repeated measures two-way
ANOVA followed by the Bonferroni post hoc test was used.
At a level of P < .05, values were accepted as statistically
significant. All analyses were performed using the statisti-
cal program GraphPad Prism software, version 8.0 (La Jolla,
CA, USA).

RESULTS

Fructose administrationindrinking water torats significantly
increased systolic blood pressure, and the measurement
was started in the ninth week of the experiment. Myricetin
treatment significantly lowered the systolic blood pressure
of fructose-fed rats from the third week onward (Figure 1).
Fructose-fed animals had higher final body weight, plasma
glucose, and triglyceride levels than the control group, but
myricetin supplementation did not affect these parameters
(Table 1).

The effect of high fructose consumption on cardiac func-
tions (contractility and rhythmicity) was studied in isolated
right atrium and left ventricular papillary muscle tissues. In
the right atrium of fructose-fed animals, the isoprenaline-
induced increase in developed tension was lower, but the
sinus rate was greater than in the control animals. Myricetin
treatment restored these responses in the right atrial tissue
of fructose-fed rats. Contraction of the papillary muscle and
resting tension of the right atrium with isoprenaline stimula-
tion did not differ between groups (Figure 2).

—— Control

- CMC

-»- Fructose

¥+ Fructose+Myricetin

80 L] L] 1 1 L]

Figure 1. Effects of myricetin on the systolic blood pressure of rats. Myricetin reversed the increase in systolic blood pressure

caused by high intake of fructose. ****P < .0001 (control vs. fructose group); P < .05, #*P < .01 (fructose vs. fructose + myricetin
group). Values are presented as mean * SD, n=5-6.

57 m—



Bal et al. Potential Cardioprotective Effects of Myricetin in High-Fructose Intake

Anatol J Cardiol 2024; 28(1): 55-64

Table 1. Effects of Dietary Fructose and Myricetin on Body Weight, Systolic Blood Pressure, Plasma Glucose, and Triglyceride

Levels of Rats

Parameters Control(n=6Rats) CMC(n=5Rats) Fructose (hn=6Rats) Fructose+Myricetin (n=6 Rats)
Initial body weight (g) 9214 £15.92 95.00 + 3.69 90.00 +16.74 91.89 + 8.05

Final body weight (g) 361.43 £ 4819 360.00 +21.90 432.00 £ 46.91** 427.86 + 36.61

Final systolic blood pressure (mm Hg) 118.22 +5.74 115.49 + 7.00 155.38 +10.46**** 127.57 + Q.57####

Plasma glucose (mg/dL) 101.53 + 13.08 105.43 £12.20 147.45 +£18.34** 152.50 +18.06

Plasma triglyceride (mg/dL) 9772 +18.08 93.08 +30.05 233.07 + 49.00** 174.42 +56.71

Results are presented as mean + SD.
CMC, carboxymethylcellulose.

**P < .01.****P < .0001 (control vs. fructose group). ##P < 0001 (fructose vs. fructose + myricetin group).

In the right atrium of the fructose-fed group, the phenylephr
ine-stimulated increase in developed tension was less, but
the sinus rate was higher than in the control group. Myricetin
applicationimproved the phenylephrine-induced contractile
responses and sinus rate of the right atrium. The phenyleph-
rine-induced contractions of the left papillary muscle did not
differ between the groups (Figure 3).

The acetylcholine-mediated suppression of resting tension
in the right atrium was lower in the fructose-fed group com-
pared to the control group. Myricetin did not affect the ace-
tylcholine-mediated responses of the right atrium and left
papillary muscle (Figure 4).

Cardiac  mitochondrial homeostasis was evaluated
by determining the expression of fission, fusions, and

A Developed Tension
150+
—-»— Control
;\7; -+ CMC
‘C’ -a+ Fructose
o - Fructose+Myricetin
© 100
(1]
=
c
o
o
50 T T T T T
11 -10 9 -8 7
Log [Iso] M
C .
Sinus Rate
200
** T~ Control
B 1 o CMC
s sl 0 oA -4+ Fructose
2 w " Fructose+Myricetin
©
14
S
E 1004
7]
50 T T T T T
-11 -10 -9 -8 -7
Log [Iso] M

@

Contraction (%)

O

Contraction (%)

mitophagy-related proteins. Expression of dynamin-related
protein 1 (DRP1), a mitochondrial fission marker, was signifi-
cantly upregulated in the hearts of fructose-fed rats. There
was atendency to decrease in DRP1in the myricetin-treated
group, but it was not statistically significant. The expression
of Mitofusin2 (Mfn2), an indicator of fusion, was similar in all
groups. Theincrease in cardiac PINK1expression of fructose-
fed rats was attenuated by myricetin treatment (Figure 5).

Nuclear factor kappa B and p-NF-kB protein expressions
were examined to assess cardiac inflammatory status.
Although there was a trend for an increase in cardiac NF-«kB
expressionin fructose-fedrats, it did not reach astatistically
significant level. On the other hand, p-NF-kB expression was
considerably augmented in the cardiac tissue of the fructose
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Figure 2. Effects of myricetin on the isoprenaline-induced responses in the right atrium and left ventricular papillary muscle
isolated from the rat heart. (A) developed tension, (B) resting tension, (C) sinus rate, and (D) papillary muscle contraction. In

fructose-fed rats, the reduction in isoprenaline-mediated contraction (developed tension) and the elevation in isoprenaline-
induced sinus rate were reversed by myricetin. *P < .05, **P < .01 (Control vs. Fructose group); P < .05, *#P < .01, ###P < .0001

(fructose vs. fructose + myricetin group). Values are presented as mean * SD, n =5-6. Iso, isoprenaline.
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Figure 3. Effects of myricetin on the phenylephrine-mediated responses in the right atrium and left ventricular papillary muscle
isolated from the rat heart. (A) developed tension, (B) resting tension, (C) sinus rate, and (D) papillary muscle contraction.

Myricetin treatment restored the reduction of phenylephrine-induced contractile responses and the elevation of phenylephr
ine-stimulated sinus rate in the right atrium of the fructose-fed rats. *P < .05, **P < .01 (control vs. fructose group); P < .05,

#P < .01 (fructose vs. fructose + myricetin group). Values are presented as mean * SD, n=5-6. Phe, phenylephrine.

group. Myricetin shows abeneficial effect by decreasing car-
diac NF-kB protein expression (Figure 6).

Activation of JNK1, which is known as a stress-regulated
molecule from the MAPK family, was assessed by measur-
ing JNK1 and p-JNKI1 protein expressions. The JNK1 protein
level did not differ between the groups. While high intakes of
dietary fructose enhanced cardiac p-JNK1expression, myric-
etin did not affect JNK1and p-JNK1expression (Figure. 7).

Cardiac apoptosis was estimated by quantifying the protein
expressions of Bax and Bcl-2 involved in the apoptotic path-
way. The pro-apoptotic marker Bax expression was signifi-
cantly increased in the hearts of fructose-fed rats. Myricetin
application diminished the cardiac expression of this pro-
tein. The Bcl-2 protein expression was similar in all groups
(Figure 8).

In all the findings obtained from this study, no significant
difference was observed between the control and CMC
group; therefore, the CMC group was not used for statistical
comparisons.

DISCUSSION

Increased consumption of fructose could be linked to the
globally rising prevalence of metabolic and cardiovascu-
lar diseases. Fructose feeding leads to both functional and
structural cardiac abnormalities accompanied by oxidative,

inflammatory, and apoptotic insults.®™ Myricetin, show-
ing antioxidant, antiaging, anti-inflammatory, antidiabetic,
and anticancer activities, 28 could be proposed as a poten-
tial flavonoid for the treatment of various cardiac patholo-
gies. In this study, the possible effects of myricetin on blood
pressure and cardiac function, as well as its mechanistic
actionin high-fructose-fed rats, were evaluated for the first
time. Our results demonstrated that myricetin treatment
reduced the systolic blood pressure, restored the impaired -
and B-adrenergic responses of isolated cardiac tissues, and
improved cellular stress-related protein expressions such as
PINK1, NF-kB, and Bax in high-fructose-fed rats.

High fructose consumption has been reported to raise
blood pressure through several mechanisms, including dys-
function of the endothelium, stimulation of the sympa-
thetic nervous system, and elevation of salt absorption.**3¢
Consistently, this study demonstrated that administration
of a 20% fructose solution for 15 weeks markedly elevated
the systolic blood pressure of rats. Myricetin with potential
biological activity has been shown to lower blood pressure in
Deoxycorticosterone acetate-salt and fructose-fed rats.?**’
In the current study, we showed that myricetin (50 mg/kg/
day) reduced systolic blood pressure without changing met-
abolic parametersin high fructose intake.

Several studies have reported that high fructose intake
leads to a detrimental influence on cardiac structure and
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Figure 4. Effects of myricetin on the acetylcholine-stimulated responsesin the right atrium and left ventricular papillary muscle
isolated from the rat heart. (A) developed tension, (B) resting tension, (C) sinus rate, and (D) papillary muscle contraction.

Acetylcholine-induced suppression of resting tension was markedly lower in fructose-fed rats than in the control rats. **P < .01
(control vs. fructose group). Values are presented as mean * SD, n=5-6. ACh, acetylcholine.

function.’3%* The changes in contractility and rhythmic = some inconsistency. Kamide et al’ reported that high-fruc-
activity in response to adrenergic stimulation have been tose diet increased al-receptor density but not p-receptor
reported to play an important role in impaired cardiac func-  density in the left ventricle of rats. Moreover, fructose feed-
tion caused by high fructose feeding, but the findings have ing did not alter the chronotropic response to noradrenaline
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Figure 5. Effects of myricetin on the protein expression of DRP1(A), Mitofusin2 (B), and PINK1(C) in the heart. In the heart tissue
of fructose-fedrats, DRP1and PINK1expression were increased while Mitofusin2 expression was unchanged. Myricetin treatment

only decreased cardiac PINK1expression. *P < 0.05 (control vs. fructose group); #P < 0.05 (fructose vs. fructose + myricetin group).
Values are presented as mean * SD, n=5-6.
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Figure 6. Effects of myricetin on the protein expression of NF-kB (A) and p-NF-kB (B) in the heart. p-NF-kB expression was
enhancedin the heart of fructose-fed rats. Myricetin administration prevented the increase in NF-kB expression. *P < .05 (control
vs. fructose group); P < .05 (fructose vs. fructose + myricetin group). Values are presented as mean * SD, n=5-6.

stimulation in the isolated atrium.” However, other studies
demonstrated that high-fructose consumption produces a
significant positive chronotropic effect in the isolated atria
of fructose-fed rats.” In the present study, we show that
high-fructose intake decreased the contractile responses
(developed tension) to isoprenaline and phenylephrine in
the right atrium. Consistent with our decreased atrial con-
tractility response, chronotropic responses to isoprenaline
and phenylephrine were markedly augmented in fructose-
fed rats. However, the a and p-adrenergic responses of the
left ventricular papillary muscles were not affected by the
high intake of fructose. Importantly, myricetin treatment
reversed the changes in atrial contractility and sinus rate
induced by isoprenaline and phenylephrine stimulation.
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Although several studies have examined the adrenergic
receptor density and responsiveness in cardiac tissues in
high-fructose-fed animals, the muscarinic function has
been less addressed. Lee et al*® indicated that both mRNA
and protein expressions of muscarinic cholinergic receptors
in cardiac tissue were unchanged in fructose-fed rats. In the
current study, fructose feeding further suppressed the ace-
tylcholine-induced decrease in resting tension of the right
atrium. However, myricetin did not affect acetylcholine-
mediated responses in the right atrium and left papillary
muscle tissues. These results propose that myricetin treat-
ment in high fructose-fed rats can improve impaired cardiac
function by restoring a and f receptor-mediated contrac-
tions and rhythmic activity in the atrium of the heart.
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Figure 7. Effects of myricetin on the protein expression of JNK1 (A) and p-JNK1 (B) in the heart. The elevation in cardiac p-JNK1
expression induced by high intake of fructose was not affected by myricetin. *P < .05 (control vs. fructose group). Values are
presented as mean £ SD, n=5-6.
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Figure 8. Effectsof myricetin onthe protein expressionof Bax(A)andBcl-2(B)inthe heart. Theincreasein cardiac Bax expression
caused by high intake of fructose was ameliorated by myricetin administration. The Bcl-2 expression were similar in all groups.
**P < .01 (control vs. fructose group); *##P < .0001 (fructose vs. fructose + myricetin group). Values are presented as mean * SD,

n=5-6.

Mitochondria, which account for 30% of cardiomyocyte vol-
ume, are the main organelles for cellular metabolism through
theproductionof adenosine triphosphate and control of redox
status.*" Mitochondrial homeostasis, which is produced
by mitochondrial biogenesis, dynamics, and mitophagy, is
essential in the maintenance of the physiological functions
of the heart.™*? Mitochondrial dynamics, regulated by the
balance of fusion (association of mitochondria) and fission
(division of mitochondria), are considered the critical linkage
between mitochondrial biogenesis and mitophagy. High fruc-
tose consumption has been reported to disrupt the balance
of mitochondrial dynamics in the heart."“* Consistent with
the above studies, we observed that the fission protein DRP1
was significantly enhanced while the fusion protein Mfn2
was unchanged in the hearts of the high fructose-fed rats.
Mitochondrial dynamics are closely linked to the mitophagic
process because proper fission of mitochondria is a prereqg-
uisite for mitophagy. According to the elevation in DRP1 lev-
els, protein expression of PINK1, which mediates selective
removal of damaged mitochondria, was also augmented in
the hearts of fructose-fed rats. These results indicate that
increased fission induced by a high intake of fructose leads
to excessive mitochondrial fragmentation. These findings
also revealed that mitophagic activity is enhanced to elimi-
nate the fragmented mitochondriain the hearts of fructose-
fed animals. There was a trend to decrease in cardiac DRP1
expression in the myricetin-treated group, but it did not
achieve statistical significance. However, myricetin applica-
tion markedly reduced mitophagic activity, as evidenced by
suppressed PINK1 expression in cardiac tissue. Our findings
demonstrated that one of the cardioprotective mechanisms
of myricetin could be related to the regulation of disrupted
fission and mitophagy.

Recent studies have shown that excessive fructose con-
sumptiontriggerstheinflammatoryresponseinhearttissue,

—J.y]

leading to cardiacimpairments.”"?44 Redox-sensitive NF-«B
signaling is the main pathway in the progression of inflam-
mation.” In support of these findings, the current study
shows that p-NF-kB expression was upregulated in the
heart of fructose-fed rats. Previously, myricetin was shown
to have anti-inflammatory properties, decreasing NF-«xB
activation in different cells and tissues.?®?? Similarly, myric-
etin treatment significantly attenuated cardiac NF-«B pro-
tein expressions, showing anti-inflammatory activity.

Extracellular signal-regulated kinase signaling pathways
including c-JUN N-terminal kinase (JNK), extracellular
signal-regulated kinase (ERK), and p38-MAPK, have been
known to play a pivotal role in organ injury and apoptosis
caused by harmful challenges, including high-fructose con-
ditions.??*> Previous studies also show that inhibition of the
stress-regulated protein kinase JNK leads to attenuation of
cardiac dysfunction caused by metabolic disorders.**#” In the
present study, long-term fructose consumption enhanced
cardiac p-JNK expression. However, myricetin treatment
did not change the expression of this protein. On the other
hand, excessive fructose consumption triggers the apop-
totic process along with other cellular stress pathways that
contribute to cardiac dysfunction.?? Likely in this study,
the protein level of the pro-apoptotic marker Bax was ele-
vated in the hearts of fructose-fed rats. Myricetin evidently
restored the increase in Bax protein expression in the heart
tissue. Consistent with other cardiac abnormalities tested
with myricetin,*®4° suppression of pro-apoptotic protein may
mediate the favorable effects of the flavonoid in the heart
tissue of fructose-fed rats.

Study Limitations

The cardioprotective effect of myricetin may be partly due
to its antihypertensive activity; however, there are no data
for a mechanistic explanation of the blood pressure-lower-
ing effect of myricetin in this study. Therefore, the potential
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mechanisms underlying this effect of myricetin will remain
the objective of future studies.

CONCLUSION

In the fructose-fed rats, myricetin treatment significantly
lowered blood pressure and restored cardiac dysfunction
by improving o« and } receptor-mediated responses without
ameliorating metabolic parameters. Mechanistically, these
positive impacts of myricetin on cardiac functions might
also be related to the suppression of PINK1, NF-kB, and Bax.
Although the relevance of these results in humans remains
to be determined, our findings suggest that myricetin may
have promising therapeutic potential in high-fructose-diet-i
nduced cardiac dysregulations. Further research is needed
to clarify the clinical consequences of myricetin.
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