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Abstract: Background: Increasing evidence has suggested that high uric acid (HUA) is closely related to cardiovas-
cular disease (CVD). Mitophagy abnormalities have been reported to participate in multiple pathogenic processes 
of CVD. However, the potential molecular mechanisms remain unclear. Herein, we investigated the effect of HUA-
induced mitophagy and its potential molecular mechanism in cardiomyocytes. Methods: We established a model 
of cardiomyocytes induced by HUA in vitro and in vivo. Mitochondrial membrane potential (MMP), reactive oxygen 
species (ROS) production and adenosine triphosphate (ATP) content were measured. The mitophagy-related protein 
expression of LC3B-II, Parkin, Ca2+/calmodulin-dependent protein kinase II δ (CaMKIIδ) and P62 was measured by 
Western blot. Based on the colocalization of lysosomes and mitochondria, a confocal microscope was used to detect 
mitophagy. Additionally, we established a mitophagy inhibitor group (3-MA) and CaMKIIδ inhibitor group (KN-93) to 
verify the pathway. Results: In the HUA stimulation model, ROS production was increased, and mitochondrial injury 
indexes (MMP and ATP contents) were decreased. Moreover, these indicators were reversed by 3-MA and KN-93. 
Under HUA stimulation, the expression of LC3B-II, Parkin, CaMKIIδ and P62 increased significantly. Furthermore, 
these protein levels were reduced by 3-MA and KN-93. Conclusion: HUA can promote cardiomyocyte mitophagy ac-
tivation through the ROS/CaMKIIδ/parkin pathway axis. This study may provide a new target and theoretical basis 
for the prevention and treatment of HUA-related metabolic heart disease in the future.
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Introduction

Recent research shows that high uric acid 
(HUA) is closely related to cardiovascular dis-
ease (CVD) [1-6] and has been listed as the 
fourth highest cardiovascular risk factor by the 
Cardiology Journal [7]. The treatment of reduc-
ing uric acid has been shown to improve the 
survival prognosis of patients with adult CVD. 
However, the molecular mechanisms and sig-
nificance are not clear.

HUA increases oxidative stress in cardiomyo-
cytes. Our previous studies have unveiled in- 
creased reactive oxygen species (ROS) produc-
tion in cardiomyocytes by HUA treatment [8, 9]. 
The increase in ROS is closely related to mito-

chondrial dysfunction [10]. Although the key 
role of HUA in mitochondrial dysfunction in CVD 
has not yet been determined, increasing evi-
dence has shown that oxidative stress plays a 
vital role in CVD associated with mitochondrial 
dysfunction, and both ROS overproduction and 
mitochondrial dysfunction may be associated 
with CVD.

As a process of selectively degrading mitochon-
dria, mitophagy plays a significant role in the 
quality control of mitochondria. Mitochondria 
play an important role not only in energy pro-
duction but also as a major source of ROS. 
However, excessive ROS produced by mitochon-
drial damage can damage mitochondrial pro-
teins and DNA, leading to more pronounced 
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mitochondrial dysfunction [11]. Therefore, ra- 
pid and selective clearance of damaged mito-
chondria by mitophagy is critical for cell sur- 
vival. Two known pathways primarily regulate 
mitophagy, one of which is mediated by PTEN-
induced putative kinase 1 (PINK1) and the E3 
ubiquitin ligase Parkin [12, 13]. Parkin is nor-
mally located in the cytoplasm, and once the 
mitochondrial membrane is damaged, it will 
rapidly translocate to the mitochondria, ubiqui-
tinating the mitochondrial membrane protein 
[14] and thereby labeling the damaged mito-
chondria. The adaptor protein (p62) then binds 
to both ubiquitinated proteins on mitochondria 
and LC3B-II on autophagosomes. Increasing 
evidence suggests that mitophagy is involved 
in the pathogenesis of a variety of CVDs, includ-
ing cardiomyocyte ischemia [15], cardiomyo-
cyte infarction [16] and heart failure [17]. Under 
stress, cardiomyocyte mitophagy is enhanced, 
but whether HUA can affect mitophagy through 
oxidative stress and disruption of mitochondri-
al homeostasis has not been reported.

Additionally, Ca2+ plays a vital regulatory role in 
the function and metabolic activities of cardio-
myocytes. Homeostasis of [Ca2+] regulation in 
cardiomyocytes is a prerequisite for maintain-
ing normal function of the heart. The disorder 
of Ca2+ regulation not only affects the contrac-
tile and diastolic function of cardiomyocytes 
but also causes Ca2+ overload, which is the ulti-
mate pathway for cell damage and is associat-
ed with a variety of CVDs, such as ischemic car-
diomyopathy [18], cardiac hypertrophy [19], 
and heart failure [20]. Ca2+/calmodulin-depen-
dent protein kinase II δ (CaMKIIδ) is an impor-
tant signaling molecule that regulates [Ca2+]. Its 
increased expression and enhanced activity 
can induce cardiomyocyte apoptosis and car-
diac hypertrophy, which plays an important role 
in ischemic cardiomyopathy and even heart fail-
ure. Other studies have shown that CaMKIIδ 
can regulate mitochondrial dynamics, while 
mitochondrial dynamics are related to mitopha-
gy [23-25].

Our previous study showed that HUA affected 
cardiomyocytes through oxidative stress and 
other pathways [9], but it is still unknown 
whether HUA can affect cardiomyocytes th- 
rough the mitophagy pathway. Parkin mediates 
mitophagy in general, but whether Parkin medi-
ates HUA-induced mitophagy in HUA-induced 

injury is unknown. Delineation of how Parkin-
mitophagy affects cardiomyocyte damage cau- 
sed by HUA will enable the identification of new 
targets for the treatment of HUA-related meta-
bolic heart disease. We speculate that oxida-
tive stress and calcium overload induced by 
HUA in cardiomyocytes activate the CaMKIIδ 
pathway to induce mitophagy as a cytoprotec-
tive response.

Materials and methods

Reagents

Dulbecco’s modified Eagle’s medium (DMEM) 
and fetal bovine serum (FBS) were purchased 
from HyClone (Logan, UT, USA). Uric acid and 
3-methyladenine (3-MA) were purchased from 
Sigma-Aldrich Co. (Saint Louis, MO, USA). The 
following polyclonal primary antibodies were 
used in this study: anti-CaMKIIδ (Abcam, Cam- 
bridge, UK), anti-Parkin (Abcam, Cambridge, 
UK), anti-p62 (Abcam, Cambridge, UK), anti-
GAPDH (Sigma-Aldrich Co.) and anti-LC3B 
(Sigma-Aldrich Co.). Collagenase and trypsin 
were purchased from Sigma-Aldrich Co.

Cardiomyocyte culture and HUA treatment in 
vitro

The cardiomyocytes of newborn rats were pre-
pared by the Sprague-Dawley (SD) rat myocar-
dial enzymolysis method and cultured as des- 
cribed above [20] for 0, 6, 12, 24, and 48 h 
after exposure to UA. It was found that 24 h 
was the best processing time. Cells were also 
cultured at 0, 5, 10, 15, and 20 mg/dl after 
exposure to UA. Overall, 24 h and 15 mg/dl 
were the best processing time and concentra-
tion, respectively, and thus cells were stimulat-
ed with HUA (15 mg/dl) for 24 h and then used 
for subsequent experiments and analysis.

Detection of cardiomyocyte mitochondrial mor-
phology

Mitophagy is observed by the colocalization of 
lysosomes and mitochondria. H9C2 cells were 
cultivated with LysoTracker Red (50 nM) and 
MitoTracker Green (100 nM, molecular probe, 
Eugene, or USA) for 45 minutes. Confocal imag-
es were obtained via a Zeiss LSM 880 (Zeiss, 
Germany). ImageJ software was used to detect 
the number of MitoTracker- and LysoTracker-
positive lesions.
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Determination of ROS levels

Cardiomyocytes were subcultured in a 6-well 
plate (2.0×105 cells/well) for 24 h and exposed 
to HUA (15 mg/dl) for 24 h. The cells were 
stained with 10 mM DCFH-DA at 37°C for 30 
minutes, as described in [26]. Flow cytometry 
was used to detect stained cells with an excita-
tion wavelength of 530 nm and an emission 
wavelength of 480 nm.

Determination of MMP

The JC-1 kit (Sigma-Aldrich) was used for MMP 
measurement. After stimulation, the cells were 
incubated with JC-1 staining solution at 37°C 
for 20 minutes and then washed twice with 
JC-1 staining buffer. Flow cytometry and fluo-
rescence microscopy were used to detect MMP.

Determination of ATP levels

The ATP content in cardiomyocytes was deter-
mined by using an ATP kit (Beyotime). Briefly, 
cardiomyocytes were lysed with a cellular ATP 
release agent, and then the lysate was diluted 
in ATP detection solution and mixed with lu- 
ciferase solution. A luminometer was used to 
measure bioluminescence. Besides, the ATP 
content was estimated according to the stan-
dard curve. The results were normalized to cel-
lular protein concentrations.

Animals

The animal study was conducted in strict accor-
dance with the recommendations in the Na- 
tional Institutes of Health Guidelines for the 
Care and Use of Laboratory Animals. The ani-
mal experiment ethics committee of Shantou 
University approved this animal experiment 
(License no: syxk2007-0097). Male 7-week-old 
SD male rats weighing 200-220 g were acquired 
from the Experimental Animal Center, Shantou 
University Medical College. All operations were 
performed under pentobarbital sodium anes-
thesia, and their pain was relieved. The rats 
were fed a standard diet, kept in a separate 
cage, had a regular light-dark cycle, and were 
allowed to acclimate to the lab for a week. 
Pentobarbital sodium (50 mg/kg intraperitone-
ally) was used to anesthetize the animals. 
Individual ventricular myocytes were harvested 
as previously described [27]. Male SD rats at 
the age of 8 weeks were randomly divided into 
3 groups (4 rats in each group) for treatment: 

control, HUA and HUA+3-MA groups. For HUA 
treatment, after overnight fasting for 18 h, the 
rats were intraperitoneally injected with potas-
sium oxonate (300 mg/kg) and given hypoxan-
thine (500 mg/kg) by gavage for 12 h to estab-
lish an acute hyperuricemia model. The volume 
of the drug was calculated from the weight 
measured immediately before each dose. Then, 
serum UA levels were measured by phospho-
tungstic acid at different times [28]. Left ven-
tricular myocardial tissue was resected in  
the control, UA and HUA+3-MA rats. All tissue 
samples were stored in liquid nitrogen imme- 
diately.

Western blot analysis

After the cells were lysed, sonicated and ho- 
mogenized in radioimmunoprecipitation (RIPA) 
buffer, protease inhibitors (1 mmol/L phen- 
ylmethanesulfonyl fluoride, PMSF) and phos-
phatase inhibitors (phosphatase inhibitor mix-
ture) were added. The BCA Protein Assay Kit 
(Pierce, IL, USA) was used to determine the 
superalbumin concentration, and then proteins 
were electrophoresed with 12% SDS-PAGE and 
transferred to a membrane (Millipore Shanghai). 
Five percent nonfat milk was used to block 
membranes for 1 h and incubated with primary 
antibodies (1:1000 dilution), followed by a 
horseradish peroxidase-conjugated secondary 
antibody (1:10,000 dilution). The signal was 
detected by an enhanced chemiluminescence 
kit (Pierce, IL, USA). A digital image processing 
system (Universal Hood II76S/0608, Bio-Rad, 
Hercules, CA) was used to acquire images of 
blots, which were quantified using Quantity One 
(Bio-Rad).

Statistical analysis

The data were described as the mean ± SD  
and were analyzed using SPSS 22.0 software 
(SPSS Inc., Chicago, IL) by unpaired Student’s t 
test or one-way ANOVA. Significant differences 
were determined by Duncan’s multiple range 
tests. Diferences were considered significant at 
P<0.05.

Results

High uric acid activates cardiomyocyte mi-
tophagy

To determine the most suitable time and con-
centration for HUA treatment of cardiomyo-
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cytes, we applied gradients for time and con-
centration, and then the levels of mitophagy-
related proteins LC3B-II were measured. HUA 
significantly increased the levels of the mitoph-
agy-related protein LC3B-II after pretreatment 
with HUA (15 mg/dl) for 24 h. Therefore, we 
selected the time and concentration of 24 h 
and 15 mg/dl, respectively (Figure 1A, 1B). To 
study the effect of HUA on mitophagy in cardio-
myocytes, we measured mitochondrial morpho-
logical changes and the levels of mitophagy-
related proteins under HUA treatment. Fluores- 
cence imaging of the colocalization of lyso-
somes and mitochondria showed that the inter-
action between lysosomes and mitochondria 
was significantly increased under HUA treat-
ment (Figure 2A). Similarly, the levels of the 
mitophagy-related proteins Parkin, CaMKIIδ 
and P62 were increased after treatment with 
HUA, indicating that treatment with HUA acti-
vates mitophagy in cardiomyocytes (Figure 
2B-D).

High uric acid causes oxidative stress and mi-
tochondrial damage in cardiomyocytes

To evaluate the effect of HUA on cardiomyocyte 
injury, ROS and ATP levels and MMP were 

detected. After treatment with HUA, flow cytom-
etry indicated that the ROS level of cardiomyo-
cytes was increased. In contrast, ROS produc-
tion was reduced after treatment with the anti-
oxidant NAC (Figure 3A). Similarly, pretreatment 
of cardiomyocytes with NAC prevented the 
HUA-mediated induction of LC3B-II and P62, 
indicating that ROS participated in HUA activa-
tion of mitophagy (Figure 3B, 3C). Flow cytom-
etry indicated that HUA treatment decreased 
MMP (Figure 4A, 4B). Meanwhile, HUA treat-
ment of cardiomyocytes caused ATP levels to 
decrease, indicating that HUA applied to cardio-
myocytes caused oxidative stress, resulting in 
mitochondrial damage, but autophagy inhibi-
tion by cotreatment with 3-MA caused ATP lev-
els to rise. The results suggest that HUA may be 
caused by excessive activation of mitophagy 
and mitochondria damage (Figure 4C).

High uric acid activates mitophagy via the 
ROS/CaMKIIδ/Parkin pathway

Previous research showed that Parkin was 
closely related to mitophagy [29]. To further 
clarify the pathways by which HUA activation 
leads to mitophagy, we pretreated cardiomyo-
cytes with the autophagy inhibitor 3-MA before 

Figure 1. (A, B) Immunoblotting showing the expression of LC3B-II in cardiomyocytes to obtain the most appropri-
ate concentration (A) and time (B). Quantification relative to GAPDH levels. *P<0.05 vs. 15 mg/dl, #P<0.05 vs. 0 h.
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HUA treatment and then examined Parkin, 
LC3B-II and P62 protein levels. Pretreatment of 
cardiomyocytes with 3-MA prevented the HUA-
mediated expression of Parkin and LC3B-II, 
whereas P62 levels continued to rise (Figure 
5A-C). In addition, to assess whether calmodu-
lin CaMKIIδ levels are involved in HUA activa-
tion of mitophagy, we pretreated cells with  
the calmodulin CaMKIIδ inhibitor KN-93 and 
revealed that CaMKIIδ levels were reduced and 
there was a decline in Parkin expression (Figure 
5D, 5E), indicating that calmodulin CaMKIIδ 
participated in HUA activation of mitophagy.

Mitophagy is also activated in the murine 
acute model of hyperuricemia

To determine whether HUA can also activate 
mitophagy in vivo, we established a murine 
model of acute hyperuricemia by applying HUA 
treatment for 24 h. Uric acid increased the 
expression of Parkin, LC3B-II and P62, and au- 
tophagy inhibition by pretreatment with 3-MA 
reduced Parkin and LC3B-II protein levels, 
whereas P62 levels continued to rise in cardiac 

tissue. Therefore, hyperuricemia also activated 
mitophagy in vivo (Figure 6A-C).

Discussion

In our study, we explored the mechanism of 
HUA-induced mitophagy in cardiomyocytes. 
HUA may induce oxidative stress in cardiomyo-
cytes, and oxidative stress plays an important 
role in the occurrence and development of 
mitophagy. The finding that HUA-increased  
parkin levels provides insight into one mecha-
nism whereby HUA exposure can promote 
mitophagy signaling. Furthermore, CaMKIIδ-
mediated Ca2+ signaling-activated HUA is linked 
to mitophagy and mitochondrial dysfunction in 
cardiomyocytes (Figure 7).

As the pathophysiological basis of gout, many 
studies have shown that HUA is closely related 
to CVD [1-6], but the specific mechanism con-
necting uric acid and CVD is still unclear. 
Previous studies have unveiled that mitophagy 
plays a role in the progression of CVD, including 
heart failure [30], myocardial I/R injury [31], 

Figure 2. (A) H9c2 cardiomyocytes were treated with UA (uric acid) (15 mg/dl) for 24 h and then co-incubated with 
MitoTracker Green and LysoTracker Red to show lysosomal-mitochondrial interactions. Mitochondria are shown in 
green, lysosomes are shown in red, and mitophagy sites are in yellow. (B-D) Immunoblotting showing the expres-
sion of CaMKIIδ (B), P62 (C) and Parkin (D) in cardiomyocytes. Quantification relative to GAPDH levels. Data are 
presented as the mean ± SD (n=3). *P<0.05 vs. Control.
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cardiomyocyte hypertrophy [32] and cardiomy-
opathy [33]. Our previous studies have shown 
that HUA increases oxidative stress in cardio-
myocytes [8, 9]. In addition, oxidative stress is 
a major cause and mediator of mitophagy in 
many cell types [34, 35], including cardiomyo-
cytes [10]. In this study, we proved that HUA 
could induce mitophagy directly in cardiomyo-
cytes via oxidative stress. Importantly, the anti-
oxidant NAC protected against HUA-induced 
mitophagy in cardiomyocytes, suggesting a 
major role of oxidative stress in HUA-induced 
mitophagy. Our results provide new evidence 

for HUA as an independent risk factor for CVD 
and a new explanation for how HUA affects the 
mitochondrial function of cardiomyocytes and 
is related to CVD. To the best of our knowledge, 
this is the first study to explain the role of HUA 
in cardiomyocyte damage via the regulation of 
mitophagy.

It’s reported that CaMKII is also an important 
signaling molecule that regulates mitophagy 
[36]. Many studies have demonstrated that oxi-
dative stress in response to cellular stress can 
cause a large number of calcium ions in cardio-

Figure 3. (A) Effect of HUA on ROS generation in H9c2 cardiomyocytes. Cells were co-incubated with HUA, stained 
with DCFH-DA and analyzed by flow cytometry. (B, C) Immunoblotting showing the expression of LC3B-II (B) and P62 
(C) in cardiomyocytes. Quantification relative to GAPDH levels. Data are presented as the mean ± SD (n=3). *P<0.05 
vs. control, #P<0.05 vs. HUA and N-acetyl-L-cysteine (NAC).
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myocytes to enter the mitochondria from the 
cytoplasm [21, 22], and oxidative stress direct-
ly activates CaMKII [37, 38]. Li et al. [39] report-
ed that mitophagy can be directly activated by 
CaMKII in endothelial cells. Similarly, we found 
that the treatment of H9c2 cardiomyocytes 

with HUA increased CaMKIIδ and Parkin levels, 
suggesting that CaMKIIδ may be involved in 
mitophagy. In addition, to further verify the spe-
cific mechanism of CaMKII in mitophagy, we 
treated the cells with KN-93, an inhibitor of 
CaMKII. It’s identified that the levels of CaMKIIδ 

Figure 4. A. Cells were stained with PI and Annexin V-FITC and then subjected to flow cytometric analysis. B. Fluo-
rescence images showing lysosomal-mitochondrial interactions. Mitochondria are shown in green, and lysosomes 
are shown in red. C. Intracellular ATP levels were determined by using an ATP assay kit with a luminometer. Data are 
presented as the mean ± SD (n=4). *P<0.01 vs. control, #P<0.01 vs. HUA, 3-methyladenine (3-MA).
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and Parkin were decreased by KN-93, indicat-
ing that CaMKIIδ regulates the Parkin-mediated 
mitophagy caused by HUA.

Parkin is a crucial counter regulated mediator 
of the mitophagy pathway, which is the most 
studied and understood mitophagic pathway, 
at least in terms of mechanism [29, 34]. More- 
over, Parkin-regulated mitophagy was activated 
when cardiomyocytes were subjected to vari-
ous extracellular stresses. Catanzaro et al. [40] 
found that doxorubicin-induced cardiomyocy- 
te death was mediated by Parkin-mitophagy. 
Wang et al. [41] showed that melatonin acti- 
vated Parkin translocation and rescued the 
impaired mitophagy activity of diabetic cardio-
myopathy through Mst1 inhibition. Similarly, in 
the present study, we found that treatment  
of H9c2 cardiomyocytes with HUA increased 

Parkin, LC3B-II and P62 levels. Importantly, the 
autophagy inhibitor 3-MA protected against 
HUA-induced mitophagy in cardiomyocytes, 
suggesting that Parkin plays a pivotal role in 
HUA-induced mitophagy under oxidative stress 
in cardiomyocytes. P62 is a key protein for 
mitophagy. Under normal mitophagy condi-
tions, P62 is degraded with the progression of 
mitophagy. Intriguingly, in our study, exposure 
of cardiomyocytes to HUA also resulted in 
increased expression of P62. This signifies a 
possible blockade of mitophagic flux, leading to 
the accumulation of mitophagosomes. After 
NAC treatment, the P62 level was lower than 
that before the treatment in the HUA group, 
indicating that NAC prevents HUA activation 
and mitophagy and that ROS are involved in the 
process of mitophagy. After treatment with the 
autophagy inhibitor 3-MA, the P62 level did not 

Figure 5. (A-C) Immunoblotting show-
ing the expression of P62 (A), Parkin 
(B) and LC3B-II (C) in cardiomyocytes 
in the 3-MA group. (D, E) Immunob-
lotting showing the expression of 
CaMKIIδ (D) and Parkin (E) in cardio-
myocytes in the KN-93 group. Quan-
tification relative to GAPDH levels. 
Data are presented as the mean ± SD 
(n=3). *P<0.01 vs. control, #P<0.01 
vs. HUA, 3-methyladenine (3-MA) and 
CaM kinase II inhibitor (KN-93).
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decrease but rose further because 3-MA is 
mainly a specific inhibitor of PI3K and inhibits 
the conversion of LC3B-I to LC3B-II. This has 
also been verified in our study, and the addition 
of 3-MA cannot reverse the level of P62, but it 
inhibits the process of autophagy, increasing 

in cardiomyocytes and causes mitochondrial 
damage and mitophagy disorders.

In the mouse model, the expression of CaMKIIδ 
and the mitophagy-related proteins Parkin, 
LC3B-II and P62 was increased in the experi-

Figure 6. (A-C) Immunoblotting showing the expression of P62 (A), Parkin (B) and LC3B-II (C) in cardiac tissue. Quan-
tification relative to GAPDH levels. Data are presented as the mean ± SD (n=3). *P<0.01 vs. control, #P<0.01 vs. 
HUA, 3-methyladenine (3-MA).

Figure 7. Schematic model of the mechanism underlying the regulatory role 
of ROS/CaMKIIδ/Parkinpathway in HUA-induced mitochondrial damage and 
mitophagy. This schematic model was made using Pathway Builder Tool 2.0.

the accumulation of P62. This 
is in consistent with previous 
studies on mitophagy dys-
function after cell stress [42, 
43]. HUA stimulation leads  
to the activation of mitophagy 
in cardiomyocytes. However, 
autophagy flow is inhibited, 
resulting in the failure of 
autophagy, an increase in 
P62, mitophagy dysfunction, 
and the accumulation of dam-
aged mitochondria, which fur-
ther causes cell damage and 
development of CVD. To verify 
whether mitochondrial injury 
occurred in mitophagy disor-
der induced by HUA, we mea-
sured MMP and ATP produc-
tion. The results revealed that 
exposure to HUA significantly 
downregulated the MMP and 
impaired mitochondrial func-
tion, as evidenced by the ATP 
production rate, suggesting 
that HUA activates mitophagy 
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mental group treated with HUA, while the 
expression of these proteins was decreased in 
the 3-MA treatment group compared with the 
experimental group. HUA can also activate 
mitophagy in vivo, as verified in animal models. 
No previous studies have shown that HUA is 
related to mitophagy in the myocardium, which 
may be a new therapeutic target for drugs.

In summary, HUA can promote cardiomyocy- 
te mitophagy activation through the ROS/
CaMKIIδ/Parkin pathway axis in vivo and in 
vitro. Exposure of cardiomyocytes to HUA leads 
to a significant increase in ROS levels and an 
increase in mitophagy initiation, but hinders 
mitophagy maturation, suggesting impaired 
mitophagy clearance and accumulation. The 
accumulation of damaged mitochondria con-
taining mitotic bodies eventually causes mito-
chondrial damage in cardiomyocytes, decreas-
es membrane potential, and reduces ATP pro-
duction. Strategies to decrease uric acid levels 
may have prophylactic therapeutic potential for 
preventing HUA-induced cardiovascular dys-
function. The mechanism between hyperurice-
mia and CVD is further explained.

Limitations

After treatment with HUA, we did not observe 
mitophagy by electron microscopy. Generally, 
electron microscopy is more intuitive. Second, 
we did not measure changes in the levels of 
Pink, another key protein in mitophagy [42]. 
When detecting autophagy flow, we only used 
the 3-MA and LC3B-II rather than chloroquine 
or bafilomycin A1 (autophagy flow inhibitors), 
the gold standard for testing the flow of autoph-
agy. To date, we have only conducted experi-
ments in animal models with acute high uric 
acid. In the future, our research will verify our 
experimental results in chronic models and 
even human models.
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