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Cold stress accentuates pressure overload-induced cardiac hypertrophy
and contractile dysfunction: Role of TRPV1/AMPK-mediated autophagy
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Severe cold exposure and pressure overload are both known to prompt oxidative stress and pathological
alterations in the heart although the interplay between the two remains elusive. Transient receptor
potential vanilloid 1 (TRPV1) is a nonselective cation channel activated in response to a variety of exog-
enous and endogenous physical and chemical stimuli including heat and capsaicin. The aim of this study
was to examine the impact of cold exposure on pressure overload-induced cardiac pathological changes
and the mechanism involved. Adult male C57 mice were subjected to abdominal aortic constriction (AAC)
prior to exposure to cold temperature (4 �C) for 4 weeks. Cardiac geometry and function, levels of TRPV1,
mitochondrial, and autophagy-associated proteins including AMPK, mTOR, LC3B, and P62 were evalu-
ated. Sustained cold stress triggered cardiac hypertrophy, compromised depressed myocardial contractile
capacity including lessened fractional shortening, peak shortening, and maximal velocity of shortening/
relengthening, enhanced ROS production, and mitochondrial injury, the effects of which were negated by
the TRPV1 antagonist SB366791. Western blot analysis revealed upregulated TRPV1 level and AMPK
phosphorylation, enhanced ratio of LC3II/LC3I, and downregulated P62 following cold exposure. Cold
exposure significantly augmented AAC-induced changes in TRPV1, phosphorylation of AMPK, LC3 isoform
switch, and p62, the effects of which were negated by SB366791. In summary, these data suggest that
cold exposure accentuates pressure overload-induced cardiac hypertrophy and contractile defect possi-
bly through a TRPV1 and autophagy-dependent mechanism.

� 2013 Published by Elsevier Inc.
1. Introduction

Epidemiologic studies have indicated that exposure to low
ambient temperature may lead to compromised cardiovascular
health and/or precipitate cardiovascular events. In 1999, a group
of French scientists reported a winter peak in hospitalizations
and death in heart failure (HF) for the first time [1]. Over the fol-
lowing two decades, the same phenomenon was observed all over
the world [2–6]. Several mechanisms have been postulated to con-
tribute to the cold weather-associated aggravation of heart failure.
In particular, exposure to cold climate may facilitate sympathetic
over-activation. In consequence, vasoconstriction develops in asso-
ciation with higher afterload, increase of blood pressure [7] and a
decline in cardiac output in subjects living in cold climate [8].
Nonetheless, the precise cellular mechanism responsible for the
higher prevalence of heart failure under cold stress remains essen-
tially elusive.

Transient receptor potential vanilloid 1 (TRPV1) is considered as
an accessory of the breakthrough in the field of somatic sensory
biology and pain research [9]. As a nonselective cation channel,
TRPV1 may be activated by a wide variety of exogenous and
endogenous physical and chemical stimuli. Among which, heat
and capsaicin are perhaps two best-known activators [9,10].
Further studies revealed that functional TRPV1 channels are
located in the central nervous system [11,12] and non-neuronal
tissues including epidermal keratinocytes of human skin [13],
human bronchial fibroblast [14] and cardiovascular system
[15,16]. Moreover TRPV1 is reported to play a key role in not only
pain and temperature sensation but also many other physiological
or pathophysiological processes. With the identification for TRPV1
localization in left ventricles, the importance of this channel in the
regulation of heart function has drawn much attention recently
[17–19]. For example, increased TRPV1 channel expression was ob-
served in hypertrophic hearts [20]. Mice lacking functional TRPV1
are found to be protected against pressure overload-induced car-
diac hypertrophy [16]. Coincidentally, TRPV1 antagonists are
deemed effective in the management of cardiac hypertrophy and
heart failure [21]. More recent evidence indicated that TRPV1 facil-
itates autophagy in a ROS- and AMPK-dependent manner [22]. Not
surprisingly, cardiac hypertrophy was to be concomitant with an
increase in autophagosomes and mitochondrial biogenesis, in an
effort to replenish the damaged mitochondria and to restore en-
ergy production. As a major site of free radical production in the

http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbrc.2013.10.128&domain=pdf
http://dx.doi.org/10.1016/j.bbrc.2013.10.128
mailto:dezhongxu@126.com
http://dx.doi.org/10.1016/j.bbrc.2013.10.128
http://www.sciencedirect.com/science/journal/0006291X
http://www.elsevier.com/locate/ybbrc


S. Lu, D. Xu / Biochemical and Biophysical Research Communications 442 (2013) 8–15 9
face of oxidative phosphorylation, mitochondria are believed to be
the primary target for oxidative damage under stress [23]. To this
end, this study was designed to examine the impact of cold expo-
sure on pressure overload-induced cardiac pathological changes
and the underlying mechanisms involved. Given the pivotal role
of temperature sensor TRPV1 in the onset and development of car-
diac hypertrophy, special focus was made towards TRPV1 and sub-
sequently autophagy in the interplay between cold stress and
pressure overload in the heart.

2. Materials and methods

2.1. Experimental design and abdominal aortic constriction (AAC)
surgery

All animal procedures used in this study were approved by the
Animal Care and Use Committee at the Fourth Military Medical
University (Xi’an, China). In brief, one hundred and fifty 12- to
16-week-old adult male C57BL6 mice were randomly divided into
five groups: (1) Normal temperature + sham (NT-S); (2) Low tem-
perature + sham (LT-S); (3) Normal temperature + AAC (NT-AAC);
(4) Low temperature + AAC (LT-AAC); (5) Low tempera-
ture + AAC + SB366791 (LT-AAC-SB, 500 lg/kg, i.p.) [24]. Mice were
anesthetized (phenobarbital sodium, 50 mg/kg, i.p.) and were
placed in a supine position prior to the AAC or sham procedure.
Abdomen was opened under sterilize conditions and abdominal
aorta were dissected free at the suprarenal level of surrounding
adventitial adipose tissues and muscles. A 6-0 silk suture was tied
around the abdominal aorta between celiac and superior mesen-
teric arteries and a blunted 29-gauge needle to yield a �33% nar-
rowing of luminal diameter. Sham operation included all surgical
procedures except the suture ligation.

2.2. Cold exposure and drug treatment

Mice were housed at room temperature or low temperature in a
cold room (4 �C) with free access to food and water for 4 weeks
after sham or AAC surgery. Systolic and diastolic blood pressures
were evaluated using a semi-automated, amplified tail cuff device.
Myocardial morphology and function were examined. A cohort of
mice were subject to cold temperature for 4 weeks while receiving
the selective TRPV1 receptor antagonist SB366791 (500 lg/kg, i.p.,
Sigma Aldrich, Louis, MO, USA) or 0.2% dimethylsulfoxide (DMSO)
vehicle prior to the AAC surgery [25].

2.3. Echocardiographic assessment

Cardiac geometry and function were evaluated in anesthetized
(Avertin 2.5%, 10 ll/g body weight, i.p.) mice using the 2-D guided
Table 1
Biometric parameters of C57 mice in normal or cold exposure after AAC and sham surger

Parameter NT-sham NT-AAC

Body weight (g) 25.5 ± 1.3 25.2 ± 0.9
Heart weight (mg) 152 ± 5 179 ± 6*

Heart/body weight ratio (mg/g) 5.96 ± 0.15 7.10 ± 0.32*

Liver weight (g) 1.62 ± 0.09 1.59 ± 0.08
Liver/body weight (mg/g) 63.5 ± 2.3 63.1 ± 1.9
Kidney weight (g) 0.48 ± 0.03 0.42 ± 0.06
Kidney/body weight (mg/g) 18.8 ± 0.5 16.7 ± 0.7
EDD (mm) 2.53 ± 0.09 2.92 ± 0.10*

ESD (mm) 1.32 ± 0.11 1.86 ± 0.12*

FS (%) 55.2 ± 2.9 39.6 ± 1.6*

EDD = end diastolic diameters; ESD = end systolic diameters; FS = fractional shortening;
* p < 0.05 vs. NT-sham group.
# p < 0.05 vs. NT-AAC group.
$ p < 0.05 vs. LT-AAC group.
M-mode echocardiography (Sonos 5500) equipped with a 15 MHz
linear transducer. Left ventricular (LV) anterior and posterior wall
dimensions during diastole and systole were recorded from three
consecutive cycles in M-mode using methods adopted by the
American Society of Echocardiography. Fractional shortening was
calculated from LV end-diastolic (EDD) and end-systolic (ESD)
diameters using the equation (EDD-ESD)/EDD [26].

2.4. Isolation of murine cardiomyocytes and Cell shortening/
relengthening

After ketamine/xylazine sedation (ketamine 80 mg/kg and xyla-
zine 12 mg/kg, i.p.), hearts were removed and perfused with Krebs-
Henseleit bicarbonate (KHB) buffer at room temperature contain-
ing (in mM): 118 NaCl, 4.7 KCl, 1.2 MgSO4, 1.2 KH2PO4, 25 NaHCO3,
10 HEPES, and 11.1 glucose. Hearts were digested with collagenase
D for 20 min. Left ventricles were removed and minced before
being filtered. Mechanical properties of rod-shaped cardiomyo-
cytes were assessed using an IonOptix™ soft-edge system (IonOp-
tix, Milton, MA, USA). Myocytes were field stimulated at 0.5 Hz.
Cell shortening and relengthening were assessed including peak
shortening (PS), time-to-PS (TPS), time-to-90% relengthening
(TR90) and maximal velocities of shortening/relengthening (±dL/
dt) [27].

2.5. Histological examination

Following anesthesia, hearts were excised and immediately
placed in 4% paraformaldehyde at room temperature for 24 h.
The myocardial specimen were embedded in paraffin, cut in
5 lm sections and stained with hematoxylin and eosin (H&E) as
well as FITC-conjugated wheat germ agglutinin. Cardiomyocyte
cross-sectional areas were calculated on a digital microscope
(�400) using the Image J (version 1.34S) software [26,28].

2.6. Western blot analysis

Proteins were prepared as described [26]. Samples containing
equal amount of proteins were separated on 10% SDS–polyacryl-
amide gels in a minigel apparatus (Mini-PROTEAN II, Bio-Rad)
and transferred to nitrocellulose membranes. The membranes
were blocked with 5% milk in TBS-T, and were incubated overnight
at 4 �C with anti-TRPV1, anti-AMPKa, anti-pAMPKa (Thr172), anti-
mTOR, anti-pmTOR (Ser2448), anti-P62 anti-LC3B antibodies. After
immunoblotting, the film was scanned and the intensity of gel
bands was detected using a Bio-Rad Calibrated Densitometer.
GAPDH was used as the loading control. Protein levels of TRPV1,
AMPK, mTOR, P62, and LC3B were determined in left ventricular
tissues 30 days following AAC or sham surgery.
y.

LT-sham LT-AAC LT-AAC-SB

26.3 ± 1.2 24.9 ± 0.6 24.8 ± 1.2
153 ± 7 188 ± 4*# 162 ± 8$

5.82 ± 0.12 7.55 ± 0.21*# 6.53 ± 0.11$

1.65 ± 0.10 1.53 ± 0.06 1.55 ± 0.05
62.7 ± 1.5 61.4 ± 2.1 65.7 ± 1.8
0.51 ± 0.05 0.44 ± 0.06 0.46 ± 0.07
19.4 ± 0.7 17.7 ± 0.6 19.5 ± 0.7
2.56 ± 0.11 3.30 ± 0.12*# 2.93 ± 0.11$

1.23 ± 0.13 2.20 ± 0.11*# 1.79 ± 0.11$

48.6 ± 2.1 26.3 ± 1.9*# 40.6 ± 1.1$

Mean ± SEM, n = 13–14 mice per group.



Fig. 1. Contractile properties of cardiomyocytes from LT and NT treated mouse hearts following AAC or sham surgery. (A) resting cell length; (B) peak shortening (normalized
to cell length) (C) maximal velocity of shortening (+dL/dt); (D) maximal velocity of relengthening (�dL/dt); (E) Time-to-PS (TPS); and (F) Time-to-90% relengthening (TR90).
Mean ± SEM, n = 100 cells from 3 to 5 mice/group, ⁄p < 0.05 vs. NT-sham group, #p < 0.05 vs. NT-AAC group, $p < 0.05 vs. LT-AAC group.
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2.7. Measurement of mitochondrial membrane potential (MMP)

Cardiomyocytes were suspended in HEPES-saline buffer and
mitochondrial membrane potential (DWm) was detected as
described [29]. Briefly, after pre-incubation with 5 lM JC-1 for
10 min at 37 �C, cells were washed two times by sedimentation
using HS buffer free of JC-1 and resuspended in MEM
supplemented with MG-AGE or BSA (2.5 lmol/l) at 37 �C for
4 h. During the incubation period, cardiomyocytes were examined
periodically under confocal laser scanning microscope (Leica TCS
SP2) at excitation wavelength of 490 nm and emission fluores-
cence was recorded at 530 nm (monomer form of JC-1, green)
and at 590 nm (aggregate form of JC-1, red). Alternatively, fluo-
rescence of each sample was read at excitation wavelength of
490 nm and emission wavelength of 530 nm and 590 nm using
a spectrofluorimeter (Spectra MaxGeminiXS) at an interval
of 10 s. Results in fluorescence intensity were expressed as
590–530 nm emission ratio.

2.8. Generation of intracellular reactive oxygen species (ROS)

Production of ROS was evaluated by changes in the fluorescence
intensity resulted from oxidation of the intracellular fluoroprobe 5-
(and -6)-chloromethyl-20,70-dichlorodihydrofluorescein diacetate
(CM-H2-DCF-DA, Molecular Probes, Eugene, OR, USA). In brief,
cardiomyocytes were incubated with 25 lM CM-H2DCF-DA for
30 min at 37 �C. Cells were rinsed before fluorescence intensity
was measured using a fluorescent micro-plate reader at the excita-
tion and emission wavelengths of 480 and 530 nm, respectively
(Molecular Devices, Sunnyvale, CA, USA). Untreated cells without



Fig. 2. Effects of cold exposure on AAC-induced cardiac hypertrophy using H&E and FITC-conjugated staining. H&E staining transverse sections of left ventricular myocardium
(�400) in panels (A) (NT-sham), (B) (NT-AAC), (C) (LT-sham), (D) (LT-AAC) and (E) (LT-AAC-SB). FITC-conjugated Lectin immunostaining depicting transverse sections of left
ventricular myocardium in panels (F) (NT-sham), (G) (NT-AAC), (H) (LT-sham), (I) (LT-AAC) and (J) (LT-AAC-SB). Original magnification = 400�. (K) quantitative analysis of
cardiomyocyte cross-sectional area. Mean ± SEM, n = 15 and 10 fields from 4 to 5 mice per group for panel K, ⁄p < 0.05 vs. NT-sham group, #p < 0.05 vs. NT-AAC group, $p < 0.05
vs. LT-AAC group.
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fluorescence were used as the background fluorescence. The final
results were expressed as the ratio of the fluorescent intensity nor-
malized to respective protein content [30].

2.9. Data analysis

Data were mean ± SEM. Statistical significance (p < 0.05) for
each variable was estimated by analysis of one-way variance
(ANOVA) followed by a Tukey’s post hoc analysis.

3. Results

3.1. General biometric and echocardiographic properties of C57 mice
after AAC in cold exposure

Neither cold exposure nor AAC surgery overtly affected body,
heart, liver, and kidney weights or sizes (liver and kidney)
(Table 1). AAC procedure but not cold stress significantly in-
creased cardiac size (normalized to body weight) with a more
pronounced effect with the combination of the two. AAC proce-
dure but not cold stress significantly enlarged LV EDD and LV
ESD as well as decreased fractional shortening, with a more pro-
nounced response with concomitant cold stress and pressure
overload. Interestingly, the TRPV1 antagonist SB366791 effec-
tively reconciled cold stress-induced accentuation of cardiac
hypertrophy and echocardiographic changes without affecting
the size of liver and kidney following pressure overload. These
data indicated that cold stress is capable of aggravating pressure
overload-induced cardiac geometric and functional anomalies,
the effect of which may be mitigated by the TRPV1 antagonist
SB366791.

3.2. Effects of cold exposure and TRPV1 antagonism on AAC-induced
cardiomyocyte contractile dysfunction

To evaluate the effect of cold exposure on pressure overload-
induced cardiomyocyte contractile function, mechanical property
of isolated cardiomyocytes was assessed in sham or AAC-operated
mice under normal temperature or cold stress. The resting cell
length was comparable among sham or AAC group under normal
or cold environment. As expected, AAC procedure significantly
reduced PS, ±dL/dt, and prolonged TR90 without affecting TPS.
Although cold stress itself did not affect cardiomyocyte
mechanical parameters, it significantly attenuated or abrogated
AAC-induced cardiomyocyte mechanical defects (Fig. 1).
Interestingly, cold stress-induced accentuation of AAC-induced
cardiomyocyte anomalies was nullified by the TRPV1 antagonist
SB366791.

3.3. Effects of cold exposure and TRPV1 antagonism on AAC-induced
cardiac hypertrophy

To further assess the impact of cold stress on AAC-induced
myocardial hypertrophy, cardiomyocyte cross-sectional area was
monitored. Data from H&E and FITC-conjugated wheat germ
agglutinin staining revealed that cold exposure overtly increased



Fig. 3. Effects of cold exposure on AAC induced change of mitochondrial membrane potential and ROS generation. Representative images of JC-1 staining of cardiomyocytes
(A–L) scale bar = 30 lm). (A–E) monomeric JC-1; (F and J) aggregate JC-1; (K–O) merged figures: (A, F, K) NT-sham; (B, G, L) NT-AAC; (C, H, M) LT-sham; (D, I, N) LT-AAC; (E, J,
O) LT-AAC-SB. (P) Quantitative analysis of the red/ green fluorescence ratio (�50 cardiomyocytes from 5 mice per group). (Q) ROS production measured by DCFfluorescence.
Mean ± SEM, n = 50 cardiomyocytes from 4 to 5 mice per group, ⁄p < 0.05 vs. NT-sham group, #p < 0.05 vs. NT-AAC group, $p < 0.05 vs. LT-AAC group. (For interpretation of
reference to colour in this figure legend, the reader is referred to the web version of this article.)
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AAC-induced enlargement of cardiomyocyte transverse cross-sec-
tional area without eliciting any effect itself, consistent with the in-
creased left ventricular mass and heart weight. Intriguingly, the
TRPV1 antagonist SB366791 effectively abrogated cold stress-exac-
erbated cardiomyocyte hypertrophy under pressure overload
(Fig. 2).
3.4. Effects of cold exposure on AAC-induced change of mitochondrial
membrane potential and ROS generation

To examine the potential mechanism(s) of action behind the
cold stress and TRPV1 antagonism-elicited effects in cardiac geom-
etry and contractile function following AAC surgery, ROS genera-
tion, and mitochondrial membrane potential (using JC-1) were
examined in cardiomyocytes from cold stress- and/or AAC-treated
mice. Results in Fig. 3 depict that LT-AAC group displayed signifi-
cantly pronounced DCF staining in conjunction with decreased lev-
els of JC-1 compared with NT-AAC group. The TRPV1 antagonist
SB366791 effectively restored the levels of ROS and JC-1. These
results indicate that generation of ROS and mitochondrial integrity
were significantly altered in cardiomyocytes from pressure over-
loaded mice, with a more pronounced response under cold stress.
Consistent with its mechanical and morphometric responses,
SB366791 obliterated or significantly ameliorated cold exposure-
induced ROS generation and mitochondrial injury. Cold exposure
itself exerted minimal effects on ROS generation and mitochondrial
integrity in the absence of cold stress.
3.5. Western blot analysis of TRPV1, activation of AMPK, mTOR and
autophagy markers

To further elucidate the potential mechanism(s) involved in
cold stress- and/or TRPV1 antagonism-elicited cardiac geometric
and functional changes under pressure overload, we went onto
examine the expression of the temperature sensor TRPV1 and its
downstream signaling molecules including AMPK and mTOR. Gi-
ven that AMPK and mTOR are two key regulators of autophagy,
protein markers for autophagy including p62 and LC3II were also



Fig. 4. Western blot analysis of TRPV1, activation of AMPK, mTOR and autophgy markers including p62 and LC3B. (A) representative gel blots of TRPV1, pAMPK, AMPK,
pmTOR, mTOR, PGC1a, p62, and LC3B and GAPDH (loading control) using specific antibodies; (B) TRPV1; (C) pAMPK, AMPK; (D) pmTOR, mTOR; (E) p62; and (F) LC3II/LC3I. All
proteins were normalized to the loading control GAPDH. Mean ± SEM, n = 8–9 mice per group, ⁄p < 0.05 vs. NT-sham group, #p < 0.05 vs. NT-AAC group, $p < 0.05 vs. LT-AAC
group.
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monitored. As shown in Fig. 4, AAC surgery led to upregulated
TRPV1 expression, AMPK phosphorylation, downregulated P62
and enhanced ratio of LC3II/LC3I, without affecting the phosphor-
ylation of mTOR. Although cold exposure itself failed to affect these
proteins or signaling markers of autophagy, it significantly aug-
mented AAC-induced changes in TRPV1, phosphorylation of AMPK,
and mTOR, LC3 isozyme switch and p62. SB366791 effectively re-
versed cold stress-induced deterioration in these proteins. Total
protein expression of AMPK and mTOR was unaffected by either
cold exposure or AAC procedure.
4. Discussion

The salient findings from our present study demonstrated that
cold exposure significantly accentuated pressure overload-induced
cardiac geometric and contractile dysfunction. Our data further re-
vealed that sustained cold exposure significantly augmented pres-
sure overload-induced generation of ROS and mitochondrial injury,
upregulation of the temperature sensor protein TRPV1, and down-
regulation of p62, indicating a likely role of TRPV1 and autophagy
in cold stress-induced exacerbation of cardiac contractile and geo-
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metric anomalies. Our observation further depicted that cold expo-
sure-induced changes in cardiac contractile and geometric defects
under pressure overload may be effectively rescued by the TRPV1
antagonist SB366791. Our findings supported a pivotal role of
TRPV1 in cold exposure-induced accentuation of pressure over-
load-induced cardiac hypertrophic and contractile anomalies.
These data support the notion of the TRPV1-AMPK signaling cas-
cade and upregulated autophagy in the pathogenesis of cold
stress-induced exacerbation of myocardial anomalies in response
to pressure overload. These findings suggest the likely therapeutic
potential of TRPV1 antagonism and autophagy in pressure over-
load-induced myocardial anomalies under cold exposure.

Cold exposure, if sustained, decreased plasma nitric oxide (NO)
levels and cardiac antioxidant capacity, while promoting ROS pro-
duction and apoptosis [31]. Our present study revealed that cold
exposure for a duration of 4 weeks exacerbated pressure over-
load-induced cardiac hypertrophy and contractile dysfunction.
The capability of ROS accumulation to facilitate myocardial hyper-
trophy under pressure overload is somewhat consistent with our
current findings of enlarged cardiomyocyte size and hypertrophied
heart following cold stress. These findings clearly indicated a role
of oxidative stress in cold stress-induced exacerbation of cardiac
injury. Results from immunoblotting analysis indicated that cold
exposure-induced exacerbation of cardiac hypertrophic and con-
tractile changes following pressure overload were associated with
the enhanced myocardial autophagy. Our data further exhibited
that cold stress augmented cardiac remodeling following pressure
overload as evidenced by heart weight, heart size, left ventricular
wall thickness, and histological changes. Our observation that cold
stress augmented AAC-induced TRPV1, AMPK phosphorylation,
and downregulated P62 expression in the face of pressure overload
further suggested a possible role of the TRPV1-AMPK driven facil-
itation of autophagy in the regulation of cardiac hypertrophy.

Perhaps the most interesting findings from our study were that
cold stress augmented pressure overload-induced upregulation of
TRPV1 and subsequently AMPK activation along with upregulated
autophagy. This is in concert with the findings that TRPV1 antago-
nist rescued against cold stress-induced exacerbation of cardiac
geometric and functional defects under pressure overload. It is
likely that TRPV1 governs the AMPK-dependent autophagy en route
to cardiac remodeling under cold stress and/or pressure overload.
TRPV1 as a six trans-membrane tetrameric nonselective cation
channel is typically associated with peripheral sensory neurons in-
volved in nociception and baroreflex responses [9]. In addition to
the peripheral sensory neurons, TRPV1 is also widely distributed
in the heart and circulatory system including cardiomyocytes,
blood vessels, pulmonary artery smooth muscle cells, and coronary
endothelial cells. TRPV1 expression is upregulated in hypertrophic
and myocardial infarction-remodeled hearts [16,32]. Given that
TRPV1 antagonism rescued against cold stress-induced contractile
defects in response to pressure overload, our data support a
TRPV1-mediated mechanism in the regulation of cardiac homeo-
stasis under cold stress and/or pressure overload. Our data re-
vealed that cold exposure accentuates pressure overload-induced
mitochondrial injury as evidenced by loss of mitochondrial mem-
brane potential (MMP), an indicator for mitochondrial integrity
[33]. Further study is warranted to better elucidate the precise
mechanism behind TRPV1-engaged regulation on mitochondrial
integrity, autophagy and contractile function in the heart under
concomitant cold stress and pressure overload.

Our current study suggested that cold stress-induced phosphor-
ylation of AMPK may underscore facilitated autophagy under pres-
sure overload. Although the precise mechanism of action cannot be
offered at this time, it may be speculated that cold stress-promoted
ROS production under pressure overload may contribute to cold
stress-induced regulation of AMPK activation [34]. It is noteworthy
that the natural TRPV1 ligand capsaicin is capable of activating the
cellular fuel signal molecule AMPK [22]. Thus upregulated TRPV1
expression under cold stress with concomitant pressure overload
may drastically promote excessive autophagy.

In summary, our present study provides evidence, for the first
time, that cold tress accentuated pressure overload-induced car-
diac hypertrophy and contractile anomalies. Our data indicated
that TRPV1, oxidative stress, and AMPK overactivation associated
excessive autophagy are involved in mitochondrial damage and
cardiac pathology in cold stress- and pressure overload-elicited
changes in cardiac anomalies. Our further study using the TRPV1
antagonist consolidated a therapeutic potential of TRPV1 as a tar-
get in cold stress-associated myocardial comorbidities, in particu-
lar with concomitant pressure overload.
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