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Abstract
Background/Aims: Excessive salt intake and left ventricular hypertrophy (LVH) are both critical 
for the development of hypertension and heart failure. The uncoupling protein 3 (UCP3) plays 
a cardio-protective role in early heart failure development. However, the potential role for 
UCP3 in salt intake and LVH is unclear. Methods: UCP3-/- and C57BL/6 mice were placed 
on either a normal-salt (NS, 0.5%) or a high-salt (HS, 8%) diet for 24 weeks.The cardiac 
function, endurance capacity, energy expenditure, and mitochondrial functional capacity 
were measured in each group. Results: Elevated blood pressure was only observed in HS-fed 
UCP3-/- mice.High salt induced cardiac hypertrophy and dysfunction were observed in both 
C57BL/6 and UCP3-/- mice. However, the cardiac lesions were more profound in HS-fed UCP3-

/- mice.Furthermore, HS-fed UCP3-/-mice experienced more severe mitochondrial respiratory 
dysfunction compared with HS-fed C57BL/6 mice, represented by the decreased volume of 
oxygen consumption and heat production at the whole-body level. Conclusion: UCP3 protein 
was involved in the incidence of high-salt induced hypertension and the progression of cardiac 
dysfunction in the early stages of heart failure. UCP3 ablation exacerbated high-salt-induced 
cardiac hypertrophy and cardiac dysfunction.

Introduction

Excessive salt intake exacerbates hypertension and further increases left ventricular 
hypertrophy (LVH) in clinical essential and experimental hypertension [1]. LVH and its 
related dysfunction are important independent risk factors for the development of heart 
failure [2]. Previous studies demonstrated that salt reduction had a significant effect on 
reducing LV mass and the risk of heart attack in either hypertensive or normotensive patients 
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[3-5]. However, the pathophysiological mechanisms linking salt and LV hypertrophy remain 
unclear.

Mitochondria are the main sources of ATP production and occupy 30-40% of the cell 
volume in adult mammalian cardiomyocytes [6]. Both clinical and experimental studies 
have suggested that the dysfunction of mitochondrial bioenergetics may contribute to the 
development of cardiac hypertrophy  [7]. We have previously reported that the activation 
of transient receptor potential vanilloid subtype 1 (TRPV1), a non-selective cation channel 
type, could attenuate the cardiac hypertrophy caused by high salt intake through improving 
mitochondrial function [8, 9].

Uncoupling proteins (UCPs) belong to the family of mitochondrial transporter proteins 
that mainly involve in uncoupling the electron transport chain from ATP synthesis, hence 
its main role is to produce heat instead of producing ATP [10]. In mammals, more than five 
UCP family members have been identified, including UCPs1-5. A previous study suggested 
that UCP2 ablation exacerbated high-salt intake-induced vascular dysfunctionand plays an 
important role in preventing salt-sensitive hypertension [11]. UCP3 had been implicated in 
energy and fatty acid metabolism [12]. Importantly, UCP3 is expressed in cardiac muscle, 
although its role is relatively unexplored. Several recent studies have suggested that UCP3 
plays a cardio-protective role against lipid-induced mitochondrial dysfunction or reactive 
oxygen species(ROS)-mediated oxidative stress [13-15]. However, the potential cardio-
protective role of UCP3 under long-term high-salt challenge remains unclear. Therefore, we 
hypothesised that UCP3 ablation exacerbates high salt intake-induced cardiac hypertrophy 
and cardiac dysfunction through the impairment of mitochondrial respiratory function.

Materials and Methods

Animals
The animal experimental procedures were performed in accordance with protocols and approved by 

Institutional Animal Care and Use Committee of Chengdu Military General Hospital. The UCP3 knockout 
mice (UCP3-/-) were kindly donated from Professor Chenyu Zhang (Nanjing University, Nanjing, China). 
UCP3-/- mice were generated on a C57BL/6 background. C57BL/6 mice were purchased from the Laboratory 
Animal Research Centre of Chengdu Military General Hospital (Chengdu, China).

The C57BL/6 (n=24, aged 6 to 8 weeks old) and UCP3-/- (n=24, aged 6 to 8 weeks old) mice were 
randomly divided into the following groups: normal-salt diet (NS, 0.5% NaCl by weight) and high-salt diet 
(HS, 8% NaCl by weight). The mice were housed at a controlled temperature (22 ±1°C) in a 12-h light/12-h 
dark cycle, with water available ad libitum. The mice were maintained for 24 weeks, and their body weight, 
food intake, drinking water volume, blood pressure and heart rate were measured.

Blood pressure measurement
The tail-cuff method was used for blood pressure measurement (BP-2010A, Softron Biotechnology 

Co., Ltd, China). The tail of each mouse was passed through a cuff and immobilised by adhesive tape in a 
V-shaped block. The analysis was photoelectrically evaluated, as blood flow in the tail produces oscillating 
waves that were digitally sampled and displayed in real time on a monitor. Tail-cuff BP was automatically 
measured three times, and the average value of systolic BP was used.

Echocardiography
The animals were anaesthetised with 0.5-1% isoflurane and fixed to a heating pad in a supine position. 

Echocardiography was performed by using the in vivo micro-imaging system Vevo-770 (Visual Sonics) with 
a real-time micro visualisation scan head of 17.5 MHz [17]. The hearts were imaged in the two-dimensional 
parasternal short-axis view and analysed in M-mode at the level of papillary muscles. The following 
parameters were measured: percentage of left ventricular fractional shortening (LVFS), LV ejection fraction, 
LV internal dimensions at both diastole and systole (LVIDd and LVIDs respectively), and LV posterior wall 
dimensions at both diastole and systole (LVPWd and LVPWs, respectively). The E/A ratio was assessed. LV 
mass was calculated using a standard cube formula, which assumed a spherical LV geometry according to 

http://dx.doi.org/10.1159%2F000489244


Cell Physiol Biochem 2018;46:1683-1692
DOI: 10.1159/000489244
Published online: April 25, 2018 1685

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2018 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

Lang et al.: UCP3 Ablation Exacerbates Cardiac Hypertrophy

the following formula: LV mass = 1.04 × [(IVSd + LVIDd + LVPWd)3− (LVIDd)3 ], where 1.04 is the specific 
gravity of the myocardium. The derived LV mass was normalised for body weight (LVW/BW).

Heart weight and histology analysis
The mice were anaesthetised with 0.2 ml i.p. injection of 10 mg.ml-1 sodium pentobarbitone. The hearts 

were quickly excised for either histology analysis or mitochondrial isolation. The hearts were weighed and 
washed in ice-cold PBS solution and then fixed in 4% formaldehyde solution for 1 h. Sections of 5 μM in 
thickness were cut and stained with Haematoxylin and Eosin to analyse the tissue morphology.

Endurance capacity
A test for endurance with increasing workload was used to assess the mouse endurance capacity. Prior 

to this experiment, all mice were trained to run on the treadmill with 10 m/min speed and 0° inclination for 
15 min each day. The test was initiated after acclimatisation to the treadmill, and the treadmill was set to a 
10° incline, which has been shown to elicit maximum O2 consumption in 8-month-old mice. The mice were 
forced to run at 10 m/min for 10 min, 14 m/min for 5 min, and 18 m/min until exhaustion, and exhaustion 
was defined as the failure to maintain workload and remain on the electrical grid for 4 s [18, 19]. Running 
Distance = Belt Speed (m/min) × Time (min). The running distance was recorded when the mice reached 
exhaustion.

Energy expenditure
Mice fed with HS or NS diet for 24 weeks were acclimatised to the monitoring cages for 24 h prior to 

data collection. The mice were weighed prior to housing in monitoring cages. Carbon dioxide (CO2) and 
oxygen (O2) content were calibrated. All data were automatically collected by the Comprehensive Laboratory 
Animal Monitoring System (CLAMS, Columbus Instruments, OH, USA) in subsequent experiments.

Isolation of mitochondria
The left ventricle of the heart was cut into fragments and homogenised in a glass homogeniser. Cardiac 

mitochondria were isolated by differential centrifugation using a commercial kit (Beyotime Institute of 
Biotechnology, Shanghai, China). The mitochondria were suspended in MiR05. The final mitochondrial 
suspension was immediately used to measure mitochondrial respiratory parameters, and the samples were 
stored at -80˚C. The concentration of the mitochondrial suspension was measured using a protein assay kit 
(Beyotime Institute of Biotechnology, Shanghai, China).

Measurement of mitochondrial respiratory parameters
The respiratory rates of the cardiac mitochondria of the were monitored at 37˚C using the Oxygraph-2k 

(Oroboros, Innsbruck, Austria) with two 2-ml chambers. The respiratory rates were analysed by the DatLab 
software package. The protein from approximately 1 mg of mitochondria was added to each chamber after 
respiration stabilisation. The leak respiration of complex I (CI LEAK) was measured by the addition of 
Glutamate (5 mM) and malate (2 mM) as substrates. The oxidative phosphorylation of CI (CI OXPHOS) was 
determined after the addition of ADP (5 mM). Cytochrome c (10 μM) was added to evaluate the integrity of 
the outer mitochondrial membrane. The oxidative phosphorylation capacity of CI+II (CI+II OXPHOS, state 
P) was stimulated by the addition of succinate (2.5 mM). Further addition of oligomycin (1 μg.ml-1) after 
CI+II OXPHOS determination facilitated the measurement of leak respiration (state L). The capacity of the 
electron transport chain (ETS, state E) was titrated after the addition of uncoupler FCCP (injected stepwise 
up to 1-1.5 μM). The respiration of CII was evaluated after the addition of rotenone (0.5 μM), an inhibitor of 
CI, through inhibiting Complex I respiration. Residual oxygen consumption (ROX) was evaluated after the 
inhibition of CIII with antimycin A (2.5 μM).

Detection of the ATP level
The level of cardiac mitochondrial adenosine 5’-triphosphate (ATP) was measured using a firefly 

luciferase-based ATP assay kit (Beyotime Institute of Biotechnology, Shanghai, China) according to the 
manufacturer’s instructions. The level of ATP was normalised to the mitochondrial protein concentration.

Western blotting analysis
The UCP3 expression was assessed by western blotting analysis, and the samples were normalised 

to VDAC protein. Mitochondrial protein extraction was blocked with PBS-5% fat-free dried milk at room 
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temperature for 1h, and incubated overnight at 4-8℃ with anti-UCP3 (1:1000, ab-3477,Abcam), and anti-
VDAC (1:1000, ab-61273，Abcam) antibodies.

Mouse tail gene identification  [20]
 At fifteen days after birth,the tails of the mice were collectedand digested overnight at 55˚C by tissue 

cracking buffer containing protease K. DNA was extracted from the mice tailsas previously described. PCR 
were employed to genotype mice identification. The following primer sequences were used for detection: 
5’CCT CCA CTC ATG ATC TAT AGA TC3’, 5’GCA CTG CGG CCT GTT TTG3’, and 5’ACC CTC TGT GCG CAC CAT AGT 
CA3’. The PCR products were analysed by agarose electrophoresis.

Statistical analysis
The results aredescribed as the means±SD. The data were evaluated with SPSS 12.0 software (SPSS Inc., 

Chicago, IL). Comparisons between groups were analysed by Student’s t-test or ANOVA with the Student-
Newman-Keuls post hoc correction. A value of P < 0.05 was considered statistically significant.

Results

UCP3 deficiency aggravated HS-induced cardiac hypertrophy and cardiac dysfunction
The HS-fed UCP3-/- mice showed elevated systolic BP values compared to those of NS-

fed UCP3-/- mice (112±7 mmHg vs. 104±7 mmHg, respectively, P< 0.05), which was absent 
in C57BL/6 mice (Table 1). The genotype of UCP3-/- mice was identified by Southern blot 
analysis and multiplex PCR.A 600-bp band was detected in wild typemice, and an insertion 
mutation band of 300bp was detected in UCP3 KO mice (Fig. 1A).We examined the impact 
of long-term HS diet on morphologic changes in the heart. The enlargement of the cardiac 
wall and an increase in the heart weight to body weight ratio (HW/BW) was observed in 
HS-fed C57BL/6 and UCP3-/- micecompared to their NS-fed counterparts (Fig. 1B-E). The 
HW/BW ratiowas also increased in HS-fed UCP3-/- mice compared to that in HS-fed C57BL/6 
mice (Fig. 1C). A parasternal short-axis echocardiogram of C57BL/6 and UCP3-/- mice was 
obtained at the level of the papillary muscles (Fig. 1D and 1E). The thickness of the diastolic 
left ventricular posterior wall (LVPWd) and the anterior/interventricular septal wall (IVSd) 
were significantly increased in HS-fed mice compared with those in NS-fed mice. Compared 
with those in NS-fed mice, the thickness of LV internal diameter during diastole (LVIDd) 
in HS-fed mice was significantly decreased (Table 2). No differences were found in the % 
ejection fraction and % fractional shortening between WT and UCP3-/- mice (Table 2).

To assess changes in cardiac function under HS diet and explore the potential role of 
UCP3, the transmitralDoppler indices (peak velocities of the early  [E] and late  [A] waves 
and the E/A ratio) were measured(Fig.1E). 
A significant reduction in the heart E/A 
ratio suggested cardiac diastolic dysfunction 
in HS-fed mice. Compared with C57BL/6 
mice, the heart E/A ratio in UCP3-/- mice was 
markedly declined (Table 2). Compared with 
normal-salt diet, the expression of UCP3 in 
animals fed a high-salt diet was significantly 
decreased in C57BL/6 mice(Fig.1F and 
1G).These findings demonstrated that the 
knockout of UCP3 plays a detrimental role in 
HS-induced cardiac disturbance.

UCP3 ablation exacerbated the HS-
mediated decrement of cardiac reserve 
function and energy expenditure
Cardiac reserve function was 

determined by endurance test, which 

Table 1. General characteristics of C57BL/6 and 
UCP3-/- mice treated with a normal-salt diet or 
high-salt diet. Values are expressed as the means 
± SD; * P<0.05, ** P<0.01 compared with different 
diet; #P<0.05 compared with C57BL/6 mice on a 
high-salt diet

 

 
 C57BL/6 UCP3-/- 
 n NS HS NS HS 
Weight (g) 10 27.7±1.6 26.8±2.6 27.4±2.2 26.9±2.0 
SBP (mmHg) 
 

10 106±8 108±8 104±7 112±7# 

HR (beat/min) 
 

10 491±54 494±51 498±42 501±59 

Food intake (g/day) 10 
3.7±0.6 

 
3.5±0.5 

 
3.8±0.6 

 
3.5±0.4 

 
Water (ml/day) 10 4.5±0.5 6.1±1.1** 4.5±1.1 5.7±0.6* 
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involved an incremental protocol with 
increasing workloads. During the test, the 
mice were forced to run on the treadmill 
until exhaustion. In both UCP3-/- and 
C57BL/6 mice, HS diet was associated 
with apparently impaired cardiac reserve 
function, represented by the shorter running 
distance (Fig.2A). Importantly, the total 
running distance was even shorter in HS-fed 
UCP3-/- mice compared with C57BL/6 mice 
(302±49 m vs. 367±52 m, P< 0.05). Thus, 
this finding indicated that UCP3 deficiency 
could aggregate HS-induced decrement of 
cardiac reserve function.

The endurance performance is directly 
related to the energy expenditure, and we 
next examined the effects of UCP3 knockout 
onHS-diet induced energy expenditure 
changes at a whole-body level. The total 
oxygen consumption and heat production 
of C57BL/6 and UCP3-/- mice were assessed 
using CLAMS. HS-fed mice showed 
decreased oxygen consumption (VO2) and 
heat production compared with their NS-
fed counterparts (Table 3). No significant 
differences were found in VO2 and heat 
production between C57BL/6 and UCP3-

/- mice fed NS diets (Table 3). In contrast, 
HS-fed UCP3-/- mice showed an apparent 
decrease in both VO2(2443±86 ml.kg-1.hr-1 
vs. 3100±113 ml.kg-1.hr-1, P<0.01) and heat production (0.34±0.011 kcal-1.h-1 vs. 0.39±0.005 
kcal-1.h-1, P<0.01) compared with HS-fed WT mice (Table 3, Fig. 2B-2C). Thereby, UCP3 
deficiency could exacerbatethe decrement in HS-inducedenergy expenditure.

UCP3 deficiency aggravated mitochondrial dysfunction and reduction of ATP production 
in HS-fed mice
Mitochondrial function and its related ATP production are pivotal for the maintenance 

of cardiac function.We measured the ATP level of cardiac mitochondria in C57BL/6 and 

Fig. 1. Effects of UCP3 knockout on high salt-induced 
cardiac morphology and cardiac dysfunction. (A) 
Genotyping of UCP3 knockout mice and wild-type 
littermates. (B) Representative images of cardiac 
morphology with H&E staining of coronal section. 
Scale bar denotes 2000 µm. Each n = 10. (C) The 
heart weight (HW) and heart weight/body weight 
(HW/BW) ratio. (D) Representative images of 
M-mode echocardiography. (E) Representative E 
and A waves of mitral valve. Each n = 10. Data are 
presented as the means ± SD. Each n = 10. *p<0.05 vs 
NS. (F) Representative blots of UCP3. (G) Quantitative 
analysis of UCP3 expression in C57BL/6 and UCP3-/- 
mice fed HS and NS diets. The values are presented as 
the means ± SEM (n = 6). *P<0.05.

 

Figure 1. 

 

A 

 

B 

 

 

 Table 2. Echocardiographic characteristics C57BL/6 
and UCP3-/- mice treated with a normal-salt diet or 
high-salt diet. Values are expressed as the means ± 
SD; * P<0.05, ** P<0.01 compared with different diet; 
#P<0.05 compared with C57BL/6 mice on a high-salt 
diet

 

 
  

n 

C57BL/6 
 

UCP3-/- 

 NS HS NS HS 

IVS.d (mm) 10  0.94±0.08 1.24±0.11** 1.03±0.10 

3.52±0.16 

0.95±0.19 

81.74±3.83 

62.24±6.45 

1.38±0.09**# 

LVID.d (mm) 10  3.87±0.22 3.16±0.17** 3.13±0.22**# 

LVPW.d (mm) 10  0.90±0.11 1.08±0.08** 1.21±0.10**# 

EF% 10  83.02±4.41 79.8±7.85 79.86±2.03 

FS% 10  60.75±4.89 58.92±5.75 60.55±1.86 

E/A ratio 10  1.92±0.19 1.55±0.29* 1.81±0.34 1.25±0.14**# 

Heart Rate (beat/min) 10  430±21 418±17 438±23 428±21 

LV mass (mg) 10  96.93±10.53 118.14±14.55* 102.34±11.44 125.66±15.58** 
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UCP3-/- mice fed HS and 
NS diets for 24 weeks. No 
significant difference in 
the ATP level was observed 
between in C57BL/6 
and UCP3-/- mice on a NS 
diet, 42.7±2.3 (nmol.mg-1 
protein) versus 42.2±2.7 
(nmol.mg-1 protein), 
respectively. Similar results 
were obtained, showing 
that the production of 
ATP was diminished in 
C57BL/6 and UCP3-/- mice 
on a HS diet, and ATP 
level decreased by 8.3% 
and 14.7%, respectively 
(Table 4). We next 
analysed the mitochondrial 
respiration capacity in 
cardiac mitochondria 
isolated from C57BL/6 and  
UCP3-/- mice fed either a NS 
or HS diet. Among the mice 
in the NS-fed group, there 
were no overt differences in 
mitochondrial respiratory 
capacity, except the 
CI+II OXPHOS between C57BL/6 and  
UCP3-/- mice (Fig. 3A). In contrast, HS-fed  
UCP3-/- mice showed a remarkably 
decreased capacity of CIOXPHOS, CI+II 
OXPHOS, CI+II ETS, and CII ETS, which 
decreased by 36.4%, 26.1%,17%, and 
32.8%, respectively (Fig. 3B). The P/L ratio 
is an index of coupling control at a specific 
substrate supply and displays the capacity 
of OXPHOS over leak respiratory, and the 
L/E ratio reveals the maximum capacity of 
the ETS needed to compensate for proton 
leak. HS-fed UCP3-/- mice were associated 
with decreased P/L ratio (2.28 ± 1.13 vs. 2.66 ± 0.87) and increased L/E ratio (0.49 ± 0.23 
vs. 0.42 ± 0.19). Altogether, these data suggest that UCP3 plays a potential protective role in 
the mitochondrial respiratory dysfunction mediated by high salt intake.

Discussion

The present study demonstrates several novel findings regarding the important role 
of UCP3 in high-salt mediated cardiac hypertrophy and dysfunction.First, we showed that 
long-term high-salt caused cardiac hypertrophy, and cardiac dysfunction was more severe in 
UCP3-/- mice than in C57BL/6 mice. Compared with C57BL/6 mice, HS-fed UCP3-/-mice had 
significantly decreased cardiac reserve function and volume oxygen and heat production 
at the whole-body level. Furthermore, the UCP3 deficiency exacerbated mitochondrial 

Fig. 2. Effects of UCP3 
knockout on endurance ca-
pacity and energy expendi-
ture change. (A) Changes 
in running distance in 
C57BL/6 and UCP3-/- mice. 
Data are presented as the 
means ± SD. Each n = 10. 
**p<0.01 vs. NS, # p<0.05 
vs. C57BL/6 HS. (B) Com-
parison of the oxygen con-
sumption of C57BL/6 and 
UCP3-/- mice on NS and 
HS over 48 h. Data are pre-
sented as the means ± SD. 
Each n = 10. (C) Compari-
son of the heat production 
of C57BL/6 and UCP3-/- 
mice on HS over 48 h. Data 
are presented as the means 
± SD. Each n = 10. **p<0.01 
vs. C57BL/6 mice.
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Table 3. Metabolic parameters of C57BL/6 and 
UCP3-/- mice on a normal-salt diet and high-salt diet. 
Values are expressed as the means ± SD; * P<0.05, 
** P<0.01 vs. NS; ## P<0.01 vs. HS-fed C57BL/6 mice

 

 
 C57BL/6 UCP3-/- 

 
NS 

(n=8) 

HS 

(n=8) 

NS 

(n=8) 

HS 

(n=8) 

VO2（ml.kg-1.hr-1） 3643±171 3100±113* 3578±125 2443±86**## 

Heat 

(kcal-1.h-1) 
0.43±0.010 0.39±0.005** 0.41±0.008 0.34±0.011**## 

Figure 2.
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respiratory dysfunction mediated by high 
salt intake. These results suggested that 
UCP3 might be a potential molecular target 
in the pathophysiological mechanism 
linking salt-sensitive hypertension and 
cardiac hypertrophy.

Salt sensitivityrefers to the dependence 
of BP on salt intake, which can be detected 
in half of patients with hypertension and 
one-fourth of normotensive subjects [21]. 
Several epidemiological studies have 
shown that salt sensitivity is influenced by 
race, age and gender, and South American 
and elderly individuals are more likely to 
experience salt-sensitive hypertension [22, 
23]. Experimental studies have indicated 
that salt sensitivity is correlatedwith 
the strain of rat or mouse [24]. The results of the 
present study suggested that UCP3-/- mice were more 
susceptible to elevated blood pressure than C57BL/6 
mice under high salt intake, supporting a potential 
role for UCP3 in salt sensitivity.

Salt-induced LV hypertrophy primarily occurs 
in the interventricular septum [25]. The present 
findings also support the above idea. Increasing 
evidence has suggested that highsalt is directly 
linked to left ventricular hypertrophy, independent 
of blood pressure. The present study showed that 
salt overload induced LV hypertrophy in control 
animals, independent of increased blood pressure.
Therefore, we speculated that high salt intake might 
be an independent risk factor for cardiac hypertrophy.
Currently, the mechanism responsible for highsalt-
induced cardiac hypertrophy remains unclear.
Severalmechanisms, such as the overstimulation 
of the sympathetic activity and activation of the 
renin-angiotensin system,have been implicated in 
the development of cardiac hypertrophy mediated 
by high salt intake [25]. Antagonising sympathetic 
activity or activation of the renin-angiotensin system 
can effectively improve cardiac hypertrophy and 
dysfunction in both human and animal heart failure 
[26, 27]. The present results implicated UCP3 protein 
in the pathophysiology mechanism for a link between 
salt-sensitive hypertension and cardiac hypertrophy.

We observed that high salt intake reduced the 
expression of UCP3 in cardiac mitochondria. Although the difference in LV hypertrophy 
between UCP3-/- and C57BL/6 mice is small, this effect was significantly increased in HS-fed 
UCP3-/- mice compared with that in HS-fed C57BL/6 mice. The physiological role of cardiac 
UCP3 remains unknown, and theavailable datado not provide a unified answer. Previous 
studies have suggested that energy deficiency in cardiac muscle is related to heart failure, 
and UCP3 might contribute to thisenergy deficiency. We examined the energy expenditure 
of C57BL/6 and UCP3-/- mice under long-term high salt intake. The results suggested 
that UCP3 ablation exposure to high salt intake impacted the energy metabolism through 

Table 4. Respiratory flux; coupling control ratios 
(P/L, OXPHOS/LEAK; L/E, LEAK/ETS); and ATP 
content (nmol.mg-1.protein) of C57BL/6 and UCP3-/- 

mice on a normal-salt diet and high-salt diet. Values 
are expressed as the means ± SD; * P<0.05, vs. NS

 

 

 
C57BL/6 (n=8) UCP3-/- (n=8) 

NS HS NS HS 

CⅠ LEAK (pmol.s-1.mg-1) 43.7±12.1 45.6±22.6 37.4±10.6 39.1±11.9 

CⅠ+Ⅱ LEAK 13.1±4.3 12.9±2.3 14.1±2.3 13.7±3.6 

P/L (CⅠ+Ⅱ) 3.32±0.54 2.66±0.87 3.22±0.90 2.28±1.13* 

L/E (CⅠ+Ⅱ) 0.29±0.09 0.42±0.19 0.26±0.06 0.49±0.23* 

ATP (nmol.mg-1.protein) 42.7±2.3 39.2±2.4 42.2±2.7 35.9±2.4* 
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Fig. 3. Changes in cardiac mitochondrial 
respiratory chain function in C57BL/6 
and UCP3-/- mice fed with NS (A) and 
HS (B). Data are presented as the means 
±SD. Each n = 10. *p<0.05, **p<0.01 vs. 
C57BL/6.
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decreasing oxygen volume and heat production at the whole-body level. The role of UCP3 in 
the development of cardiac remodelling might be associated with mitochondrial respiration, 
except for elevated BP.

Subsequently, cardiac mitochondrial respiratory measurement further supported this 
hypothesis, andan overall reduction in mitochondrial respiratory was found in UCP3-/- mice 
under conditions of high salt. Therefore, cardiac UCP3 could also protect the heart against 
salt-sensitive hypertension-induced cardiac hypertrophy. UCP3 showed a beneficial effect 
in the development of cardiac remodelling mediated by salt-sensitive hypertension. The 
absence of UCP3 under conditions of high salt exposure reduced ATP production, resulting in 
abnormalities in the energy metabolism of cardiac muscle. Clinical and experimental studies 
suggested that UCP3 played a cardio-protective role in the development of early heart failure 
[28, 29]. Energy deficiency in heart failure might result from increased mitochondrial UCPs 
(i.e., less efficient ATP synthesis) and depleted GLUT4 (i.e., reduced glucose uptake) [30]. 
The increased UCP3 level is likely to contribute to an adaptive response in the failing heart. 
UCP3 likely delayed the progression of the early stages of heart failure through the reduction 
of reactive oxygen species production [15].

Conclusion

High salt intake is an independent risk factor for cardiac hypertrophy. The results of 
the present study suggest that UCP3 protein is involved in the incidence of salt-sensitive 
hypertension and the progression of cardiac dysfunction in the early stages of heart failure. 
Mitochondrial respiratory dysfunction contributes to the cardiac hypertrophy induced by 
salt-sensitive hypertension. Regardless of the precise operating mechanism, UCP3 protects 
mitochondria against cardiac remodelling mediated by salt-sensitive hypertension, making 
thisprotein a potential player in the development of early heart failure caused by salt-
sensitive hypertension. However, the deficiency of this study was that the difference of 
results was slight and the data were not be repeatedly measured, which might lead to not 
reproducibility of the obtained results. Therefore, more researches are needed to further 
confirm the role of UCP3 in the heart.
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