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Benzoylaconine induces mitochondrial biogenesis in mice via
activating AMPK signaling cascade
Xiao-hong Deng1,2, Jing-jing Liu1,2, Xian-jun Sun1,2, Jing-cheng Dong1,2 and Jian-hua Huang1,2

The traditional Chinese medicine “Fuzi” (Aconiti Lateralis Radix Praeparata) and its three representative alkaloids, aconitine (AC),
benzoylaconine (BAC), and aconine, have been shown to increase mitochondrial mass. Whether Fuzi has effect on mitochondrial
biogenesis and the underlying mechanisms remain unclear. In the present study, we focused on the effect of BAC on mitochondrial
biogenesis and the underlying mechanisms. We demonstrated that Fuzi extract and its three components AC, BAC, and aconine at
a concentration of 50 μM significantly increased mitochondrial mass in HepG2 cells. BAC (25, 50, 75 μM) dose-dependently
promoted mitochondrial mass, mtDNA copy number, cellular ATP production, and the expression of proteins related to the
oxidative phosphorylation (OXPHOS) complexes in HepG2 cells. Moreover, BAC dose-dependently increased the expression of
proteins involved in AMPK signaling cascade; blocking AMPK signaling abolished BAC-induced mitochondrial biogenesis. We
further revealed that BAC treatment increased the cell viability but not the cell proliferation in HepG2 cells. These in vitro results
were verified in mice treated with BAC (10mg/kg per day, ip) for 7 days. We showed that BAC administration increased oxygen
consumption rate in mice, but had no significant effect on intrascapular temperature. Meanwhile, BAC administration increased
mtDNA copy number and OXPHOS-related protein expression and activated AMPK signaling in the heart, liver, and muscle. These
results suggest that BAC induces mitochondrial biogenesis in mice through activating AMPK signaling cascade. BAC may have the
potential to be developed as a novel remedy for some diseases associated with mitochondrial dysfunction.
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INTRODUCTION
Aconiti Lateralis Radix Praeparata (“Fuzi” in Chinese), the lateral
roots of Aconitum Carmichaeli Debx., is a widely used herbal
medicine in China. In traditional Chinese medicine (TCM), Fuzi is
linked to the Yin-Yang theory and, with the properties of tonifying
Yang, increasing heat, and dispersing cold, it has a wide range of
applications for treating Yang-deficiency symptoms and Yang-
depletion symptoms. In modern research, Fuzi exhibits a wide
variety of pharmacological actions, such as effects on the
cardiovascular system [1], anti-inflammation activity [2], analgesic
action [3], anti-tumor activity [4], and a positive effect on the
immune system [5]. Aconitum alkaloids are the primary bioactive
compounds in Fuzi, which contribute to its pharmacological
efficacy as well as its toxicity, including diester-diterpenoid
alkaloids, monoester-diterpenoid alkaloids, and alkylol amine-
diterpenoid alkaloids [6, 7]. Aconitine (AC), benzoylaconine (BAC),
and aconine are three representative alkaloids. The toxicity of
these compounds is markedly decreased with undiminished
pharmacological activities when they are exposed to hydrolysis
and transformed into BAC-type or aconine-type alkaloids [8]. In
detail, BAC is much less toxic than AC, with an LD50 of 1500mg/kg
in mice [9, 10]. Some recently published articles proposed a link

between Fuzi as a Yang-enhancing agent in TCM and energy
metabolism in modern medicine. Fuzi exerts beneficial effects on
hepatic energy metabolism by raising the activity of mitochondrial
SDH to increase ATP production and by increasing the activity of
Na+-K+-ATPase and Ca2+-ATPase to increase ATP consumption
[11]. Another study demonstrated that Fuzi could improve energy
metabolism in rats through influencing the metabolism of sugar,
lipids, and amino acids. Fuzi was also found to promote the
production, storage, and utilization of energy [12]. Moreover, Fuzi
ameliorated heart failure in rats by enhancing mitochondrial
biogenesis [13], and Fuzi also increased mitochondrial mass [14].
Regarding the individual components of Fuzi, only one article has
reported that AC, BAC, and aconine increase intracellular ATP
levels and mitochondrial mass in LS174T and Caco-2 cells [15].
However, whether the component alkaloids promote mitochon-
drial biogenesis and the underlying mechanism remains unclear.
Mitochondria, which are known as the powerhouse of the cell,

produce the bulk of cellular ATP through oxidative phosphoryla-
tion (OXPHOS). Mitochondrial dysfunction plays a key role in many
acute and chronic diseases, ranging from classic mitochondrial
diseases that cause energy generation disorders, to a variety of
neurological diseases and cancer. Reduced mitochondrial mass,
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decreased mitochondrial function, and impaired mitochondrial
biogenesis are common features of aging, neurodegenerative
diseases, and diabetes and cardiovascular diseases. Mitochondrial
biogenesis is a crucial process for cell viability and survival, and
there is growing evidence to support a possible therapeutic role
for modulating mitochondrial biogenesis in these diseases [16–
19]. The most important regulator of mitochondrial biogenesis is
peroxisome proliferator-activated receptor-γ coactivator-1ɑ
(PGC1ɑ) [20, 21]. PGC1ɑ induces mitochondrial biogenesis by
activating a group of transcription factors, including nuclear
respiratory factor 1 (NRF1) and nuclear respiratory factor 2 (NRF2),
which are critical transcriptional regulators of nuclear genes
encoding all five electron chain complexes; additionally, PGC1ɑ
activates mitochondrial transcription factor A (TFAM) [22, 23].
AMPK, which is upstream of PGC1ɑ, has a critical role in regulating
intracellular energy metabolism and is a major regulator of
mitochondrial biogenesis in response to chronic energy depletion
[24, 25]. Therefore, AMPK cascade is crucial for mitochondrial
biogenesis and ensuring the maintenance of energy homeostasis.
In the present study, we aimed to confirm the effect of Fuzi and

its components on mitochondrial biogenesis and to reveal the
underlying mechanism in HepG2 cells and in mice. We primarily
focused on BAC, owing to its much lower toxicity and higher
pharmacological effect on mitochondrial mass. We found that BAC
induced mitochondrial biogenesis through activating AMPK-
PGC1α pathway both in vitro and in vivo.

MATERIALS AND METHODS
Chemicals and reagents
The processed Fuzi powder was purchased from Tianjiang
Pharmaceutical Co., Ltd. (Jiangyin, Jiangsu, China), dissolved in
saline at a concentration of 0.5 g/mL, and stored at 4 °C. AC, BAC,
and aconine (purity ≥ 98%) were obtained from Yousi scientific
Co., Ltd. (Shanghai, China). AC was dissolved in DMSO, and BAC
and aconine were dissolved in saline to a final concentration of 10
mM and then stored at −20 °C.

Cell culture and treatment
The HepG2 cell line was obtained from Shanghai Type Culture
Collection of Chinese Academy of Sciences (Shanghai, China).
HepG2 cells were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) (Gibco, Waltham, MA, USA) containing 10% (v/v) fetal
bovine serum (FBS) (Gibco) and a 1% (v/v) penicillin-streptomycin
solution (Gibco) at 37 °C in a humidified atmosphere with 5% CO2.
Fuzi extract (10 mg/mL), AC (50 μM), BAC (50 μM), and aconine (50
μM) were applied to the cells for 2 d to investigate their effects on
mitochondrial mass. In a separate experiment, BAC at concentra-
tions of 25 μM, 50 μM, and 75 μM or a saline control was applied to
the cells. To block AMPK, cells were cultured with compound C (2
μM, Selleck, Huston, TX, USA) for 2 h and then co-cultured with
BAC for 2 d.

Mitochondrial mass
Cells were collected and incubated with 200 nM MitoTracker
Green FM (Invitrogen, Waltham, MA, USA) at 37 °C for 30 min.
Mitochondrial mass was measured by fluorescence intensity using
flow cytometry (Guava, Millipore, USA).

ATP measurement
ATP production was examined using an ATP assay kit (Beyotime,
Shanghai, China) according to the manufacturer’s protocol. Briefly,
cells in 6-well microplates were lysed with 100 μL of lysis buffer.
Next, 100 μL of the ATP detection solution was added to a black-
flat, clear-bottom 96-well microplate, and incubated for 5 min at
room temperature, and then 20 μL of the lysate was added.
Chemiluminescence in the reaction mixtures was measured using
a microplate reader (Tecan, Switzerland).

Fluorescence microscopy
Cells were fixed with 4% paraformaldehyde at room temperature
for 20min, washed with PBS, and permeabilized with Triton X-100
for 10 min. The fixed cells were incubated with a rabbit primary
antibody against COX4 (Proteintech, Wuhan, China) at room
temperature for 90 min, then incubated with an anti-rabbit IgG
antibody for 60 min, and finally incubated with DAPI for 15 min.
Representative images were acquired using a fluorescence
microscope (Zeiss, Germany).

Mitochondrial DNA copy number
The total genomic DNA of cells and tissues was extracted using
TIANamp Genomic DNA kit (Tiangen, Beijing, China). The mtDNA
copy number was quantified by real-time PCR using D-loop
primers (Human: forward, 5′-ACCCTATGTCGCAGTATCTGTCT-3′;
reverse, 5′-CTGTGTGGAAAGTGGCTGTG-3′. Mouse: forward, 5′-
GGTTCTTACTTCAGGGCCATCA-3′; reverse, 5′- GATTAGACCCGTTA
CCATCGAGAT-3′). The following GAPDH primers were used as a
nuclear genome control for normalizing the D-loop level (Human:
forward, 5′-AAGGTGACAGCAGTCGGTT-3′; reverse, 5′-
TGTGTGGACTTGGGAGAGG-3′. Mouse: forward, 5′-AAATGGT
GAAGGTCGGTG-3′; reverse, 5′-AGGTCAATGAAGGGGTCGTT-3′).

Western blotting
Cells and tissues were lysed in RIPA lysis buffer containing 1%
EDTA (Thermo Fisher Scientific, Waltham, MA, USA) and a protease
inhibitor cocktail (Thermo Fisher Scientific). The protein concen-
trations were determined using a BCA protein assay kit (Thermo
Fisher Scientific) according to the manufacturer’s protocol.
Proteins (30 to 50 μg per lane) were separated by 10% SDS-
PAGE and electroblotted onto polyvinylidene difluoride mem-
branes (Immobilon-P, Millipore, USA). The membranes were
blocked with 5% BSA-TBS-T, followed by overnight incubation at
4 °C with the indicated primary antibodies. The following primary
antibodies were used: NDUFS1 (1:500, Proteintech), UQCRC1
(1:1000, Proteintech), SDHA (1:1000, Proteintech), COX4 (1:1000,
Proteintech), ATP5A1 (1:1000, Proteintech), TFAM (1:500, Protein-
tech), PGC1ɑ (1:1000, Sigma, St. Louis, MO, USA), NRF1 (1:1000, Cell
Signaling Technology, Boston, MA, USA), AMPKɑ (1:1000, Cell
Signaling Technology), and phospho-AMPKɑ (Thr172) (1:1000, Cell
Signaling Technology). β-actin (1:5000, Cell Signaling Technology)
served as the loading control. After immunolabeling, the
membranes were washed in TBS-T and incubated with HRP-
conjugated anti-rabbit, goat, or mouse IgG for 1 h. Immunoreac-
tive bands were detected using an ECL detection kit (Millipore,
USA), and a LAS-4000 mini system (Fujifilm Corporation, Tokyo,
Japan) was used for visualization.

Gene specific knockdown
A specific lentiviral system was used to knockdown the
expression of PRKAA1 which encodes for AMPKα. We used lenti
GV248EGFP shRNA PRKAA1 gaATGCAAAGATAGCTGATTT (Gene-
Chem, Shanghai, China). HepG2 cells were grown in 6-well
plates at a density of 2 × 104 cells per well and then transduced
for 72 h with 10 multiplicity of infection (MOI) of lentiviral shRNA
directed against PRKAA1 or with a nonsilencing scrambled EGFP
negative matched shRNA as control, according to the manu-
facturer’s instructions. Then, the cells were incubated with BAC
at 25, 50, and 75 μM for 2 d.

Cell proliferation
The cell proliferation was measured using an EdU (5-ethynyl-2-
deoxyuridine) imaging kit (Thermo Fisher Scientific) according to
the manufacturer’s protocol. Treated cells were incubated with a
10-μM EdU solution at 37 °C for 2 h, fixed with 4% formaldehyde
for 15min, permeabilized with 0.5% Triton X-100 for 20 min,
incubated with a reaction cocktail for 30min, and then incubated
with Hoechst 33342 for 20 min at room temperature.
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Representative images were acquired using a fluorescence
microscope and analyzed using ImageJ software.

Cell viability
Cell viability was examined using a WST-1 assay kit (Beyotime,
Shanghai, China) according to the manufacturer’s protocol. Briefly,
10 μL of WST-1 solution was added to the treated cells in 96-well
plates and cultured at 37 °C for 3 h. The absorbance in the reaction
mixtures was measured using a microplate reader (Tecan).

Animal and experimental design
Male Balb/c mice (6–8 weeks old) were obtained from Shanghai
JSJ Laboratory Animal Co., Ltd. (Shanghai, China). The mice were
housed in an air-conditioned room at 22 ± 2 °C with a lighting
schedule of 12 h light and 12 h dark. Standard chow and tap water
were available ad libitum. Mice were acclimatized for 7 days prior
to the experiments. All experiments were conducted in accor-
dance with the ethical standards of Experimental Animal Ethics
Committee of School of Pharmacy Fudan University (Ethical
approval number: 2014-01-HSYY-HJH-01). The mice were ran-
domly divided into the following 2 groups (n= 8): the control
group and the BAC group. The control group was treated with
vehicle (normal saline, ip), and the BAC group was treated with
BAC (10mg/kg per day, ip). The treatments were continued for
7 days.

Oxygen consumption rate
The oxygen consumption rate in the mice was measured using a
closed-circuit respirometer according to a previously published
protocol [26, 27].

Intrascapular temperature
The intrascapular temperature was measured 10 cm up the backs
of the mice using a thermal infrared imager (Flir, Wilsonville, OR,
USA) and analyzed using Flir tools.

Statistical analysis
All results are presented as the mean ± standard deviation (SD).
The statistical significance between two groups was tested using
an unpaired t-test. Statistical differences were considered
significant at P < 0.05.

RESULTS
Fuzi extract and its components, AC, BAC, and aconine, increased
mitochondrial mass in HepG2 cells
Fuzi extract at 10 mg/mL and its three primary components, AC,
BAC, and aconine at a concentration of 50 μM all significantly
increased MitoTracker Green FM staining (Fig. 1). These results
suggest that Fuzi extract and its components promote an increase
in mitochondrial mass in HepG2 cells. Thus, any one of these three
compounds may represent Fuzi and be used to investigate its
underlying mechanisms. However, only BAC was used in the
following studies.

BAC increased mitochondrial mass and COX4 expression in HepG2
cells
BAC increased mitochondrial mass at concentrations of 25, 50, 75
μM in a dose-dependent manner (Fig. 2a). COX4 is one subunit of
the terminal enzyme of the mitochondrial respiratory chain. We
found that BAC increased the protein expression of COX4 (Fig. 2b).

Fig. 1 Fuzi, AC, BAC, and aconine increased mitochondrial mass in HepG2 cells. HepG2 cells were exposed to Fuzi (a), AC (b), BAC (c), and
aconine (d). Mitochondrial mass was measured using FACS
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These results suggest a possible enhancing effect of BAC on
mitochondrial biogenesis.

BAC increased mtDNA copy number and ATP production in
HepG2 cells
The mtDNA copy number is an important parameter that directly
reflects mitochondrial biogenesis. After exposure to BAC at 25, 50,
and 75 μM, mtDNA copy number of HepG2 cells increased by 34,
27, and 30%, respectively, compared to the control group (Fig. 2c).
ATP production, the most important function of mitochondria,
increased by 11 and 22% after treatment with 50 and 75 μM BAC,
respectively (Fig. 2d). BAC at 25 μM did not increase ATP
production (Fig. 2d).

BAC promoted the protein expression of OXPHOS in HepG2 cells
Compared with the control group, cells treated with BAC exhibited
a notable increase in the protein expression of the OXPHOS
subunits, including NDUFS1 (Complex I), SDHA (Complex II),
UQCRC1 (Complex III), COX4 (Complex IV), and ATP5A1 (Complex
V) (Fig. 3a).

BAC activated AMPK-PGC1α pathway
PGC1ɑ-NRF1-TFAM pathway plays a central role in regulating
mitochondrial biogenesis [28]. Therefore, we investigated the
effect of BAC on this pathway and found that, indeed, BAC
activated the PGC1ɑ-NRF1-TFAM pathway. Compared to the
control group, the protein expression levels of PGC1ɑ, NRF1, and
TFAM were markedly increased (Fig. 3b). We further examined the
effect of BAC on AMPK and its phosphorylation status. It was

demonstrated that the levels of AMPKɑ and p-AMPKɑ (Thr172)
increased as a result of BAC exposure (Fig. 3b).

Blocking AMPK signaling suppressed mitochondrial biogenesis
induced by BAC
To confirm that AMPK-PGC1ɑ pathway serves as the master
regulator of mitochondrial biogenesis induced by BAC, we
investigated whether the effect of BAC-induced mitochondrial
biogenesis would be suppressed by the antagonist compound C
against AMPK or the lentiviral shRNA directed against PRKAA1.
Following the inhibition of AMPK activity, the increases in mtDNA
copy number induced by BAC were abolished (Fig. 3c, f). Similarly,
the protein expression of the OXPHOS subunits decreased
significantly (Fig. 3d, g). Moreover, the levels of AMPKɑ and its
phosphorylated counterpart p-AMPKɑ, as well as PGC1ɑ, NRF1,
and TFAM were also reduced (Fig. 3e, h).

BAC increased cell viability but not cell proliferation in HepG2 cells
Treatment with BAC at 6.25–75 μM significantly promoted cell
viability, as revealed in the WST-1 assay (Fig. 4a). However, BAC did
not promote EdU incorporation into cells, suggesting that BAC
cannot increase cell proliferation or cell number (Fig. 4b, c). Taken
together, these results indicate that BAC did not promote
mitochondrial content via increasing the cell number.

BAC increased the oxygen consumption rate but not the
intrascapular temperature in mice
BAC treatment for 3 days increased the oxygen consumption rate
by 4%, but this increase was not significant. However, after

Fig. 2 BAC increased mitochondrial mass and function in HepG2 cells. a HepG2 cells were exposed to BAC at concentrations of 25, 50, and 75
μM, and mitochondrial mass was measured using FACS. b COXIV expression levels were assayed using immunofluorescence microscopy. c
mtDNA copy number was measured by qPCR. d ATP production was measured using an ATP kit. *P < 0.05, **P < 0.01. Scale bar, 50 μm
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exposure to BAC for 7 days, the oxygen consumption rate in mice
increased by 8%, which was a significant increase (Fig. 5a).
Intrascapular temperature reflects the thermogenesis of brown
adipose tissue. We measured the temperature of this area and
found no significant increase in the intrascapular temperature of
the BAC group at the 7th day, compared to the control group
(Fig. 5b, c).

BAC induced mitochondrial biogenesis and activated AMPK-
PGC1ɑ pathway in mice
We found that mtDNA copy number of the BAC group in the
heart, liver, and muscle increased by 22, 31, and 47%,
respectively, compared to the control group (Fig. 6a, d, g). The
protein expression of the OXPHOS subunits (NDUFS1, SDHA,
UQCRC1, COX4, and ATP5A1) increased as well (Fig. 6b, e, h).
Moreover, we confirmed that BAC increased the levels
of AMPKɑ, p-AMPKɑ, PGC1ɑ, NRF1, and TFAM in mice,
suggesting the activation of AMPK- PGC1ɑ pathway in vivo
(Fig. 6c, f, i).

DISCUSSION
Due to the need to respond to diverse metabolic situations,
mitochondria should be able to repair or replace their oxidatively
damaged parts or increase their mass to maintain function [29]. If
mitochondria fail to carry out such repair, then, theoretically, they
cannot withstand stress or excessive oxidative injury, and thus
they initiate programmed cell death [30]. Indeed, mitochondria do
undergo biogenesis [31]. Mitochondrial biogenesis involves
replication of the mitochondrial genome followed by division
into two daughter mitochondria, a process known as fission. This
process has a massive impact on cellular function [32]. Inspired by
the knowledge of TCM on the Yang-enhancing effects of Fuzi, two
studies that demonstrated that Fuzi promotes mitochondrial
biogenesis or increases mitochondrial mass [13, 14] caught our
attention.
In the present study, first, we confirmed that Fuzi extract and its

three representative components, AC, BAC, and aconine, all
increased mitochondrial mass. We focused on BAC in the
following studies, given its much lower toxicity and considerable

Fig. 3 BAC promoted the expression levels of proteins related to mitochondria biogenesis in HepG2 cells. a The expression levels of OXPHOS
complex proteins were examined by Western blotting. b The expression of proteins in AMPK-PGC1ɑ pathway were examined using Western
blotting. Blocking AMPK signaling abolished the effect of BAC on mtDNA copy number (c, f), OXPHOS-related protein expression (d, g), and
AMPK-PGC1ɑ pathway-related protein expression (e, h). *P < 0.05, **P < 0.01, ***P < 0.001
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pharmacological activity. We found that BAC increased mitochon-
drial mass and mtDNA copy number in HepG2 cells. Additionally,
cellular ATP production, which is the most important function of
mitochondria, increased after exposure to BAC at 50 μM and 75
μM. The OXPHOS complex plays an essential role in the process of
ATP synthesis and mitochondrial function; therefore, we examined
the expression levels of OXPHOS. The results revealed that BAC

promoted the protein expression of NDUFS1 (complex I), SDHA
(complex II), UQCRC1 (complex III), COX4 (complex IV), and
ATP5A1 (complex V). Moreover, in mice, BAC increased mtDNA
copy number and expression of genes related to mitochondrial
biogenesis in three organs with a high metabolic rate—the heart,
liver, and skeletal muscle. The oxygen consumption rate is an
essential parameter of mitochondrial function. BAC significantly

Fig. 4 BAC increased cell viability but not cell proliferation in HepG2 cells. a Cell viability was measured using a WST-1 kit. b Cell proliferation
was measured using an Edu imaging kit. c The relative cell proliferation ratio was analyzed using ImageJ software. **P < 0.01, ***P < 0.001.
Scale bar, 400 μm

Fig. 5 BAC increased the oxygen consumption rate but not the intrascapular temperature in mice. a The oxygen consumption rate was
measured after 7 days of BAC administration. b Intrascapular temperature was measured using a thermal infrared imager. c Average
intrascapular temperature was analyzed using the FLIR tolls software. *P < 0.05
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increased the oxygen consumption rate in mice by 8% after 7 days
administration. These findings support the hypothesis that BAC
induces mitochondrial biogenesis in vitro and in vivo.
AMPK is a multisubunit enzyme that is recognized as a major

regulator of energy metabolism throughout the body. It has been
shown that the ɑ subunit Thr172 is the major AMPK activating site
that is phosphorylated by the upstream kinases [33]. Once
activated, AMPK regulates its downstream target gene, PGC1ɑ,
which is the crucial factor for the activation of the full program of
mitochondrial biogenesis [28]. The decreased cellular capacity for
mitochondrial biogenesis is associated with reduced levels of
PGC1ɑ in various diseases, such as aging, cardiovascular diseases,
metabolic diseases, and neurodegenerative diseases [19, 34–36].
PGC1ɑ coordinates the activities of several transcriptional factors

involved in mitochondrial biogenesis, including NRF1 and TFAM.
In our study, BAC activated AMPK-PGC1ɑ pathway in HepG2 cells
and in mice. To probe the causal link between the effects of BAC
and AMPK-PGC1ɑ pathway, the AMPK inhibitor compound C and
lentiviral shRNA against PRKAA1 were used. In the presence of
these agents, the increased mtDNA copy number and activated
expression of proteins related to the OXPHOS and AMPK-PGC1ɑ
pathway induced by BAC were markedly reversed.
To the best of our knowledge, the current study is the first to

explore the effect of BAC on mitochondrial biogenesis and the
underlying mechanism both in vitro and in vivo. Mitochondria
play a fundamental role in the survival and function of
cardiomyocytes and are critical for the high demand of energy
in the myocardium. Mitochondrial biogenesis is severely impaired

Fig. 6 BAC increased mtDNA copy number and expression levels of proteins related to mitochondrial biogenesis in the heart, liver, and
muscle in mice. The mtDNA copy number in heart (a), liver (d), and muscle (g) were measured using q-PCR. The levels of OXPHOS complex-
related proteins in the heart (b), liver (e), and muscle (h) were examined using Western blotting. The expression of AMPK-PGC1ɑ pathway-
related proteins in the heart (c), liver (f), and muscle (i) was examined using Western blotting
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in the human failing heart, as evidenced by the reduction in
mtDNA replication and depletion of mtDNA [37]. Garnier et al.
found that heart failure induced by aortic banding in rats is
associated with the downregulation of all primary transcription
factors that promote mitochondrial biogenesis [38]. It has also
been reported that aging, metabolic diseases, and neurodegen-
erative diseases involve mitochondrial dysfunction [16–19].
Stimulation of mitochondrial biogenesis may be a new strategy
for the treatment of such disorders. BAC promotes mitochondrial
biogenesis, and therefore the potential therapeutic effect of BAC
in treating the abovementioned disorders warrants further study.

CONCLUSION
These in vitro and in vivo findings suggest that BAC increases
mitochondrial mass and function through AMPK cascade. Since
impaired mitochondrial biogenesis contributes to various diseases,
BAC may represent a potential new remedy for treating these
disorders.
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