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Telmisartan modulates mitochondrial function in
vascular smooth muscle cells

Kiyo Takeuchi1, Koichi Yamamoto1, Mitsuru Ohishi1, Hikari Takeshita1, Kazuhiro Hongyo1,
Tatsuo Kawai1, Masao Takeda1, Kei Kamide1, Theodore W Kurtz2 and Hiromi Rakugi1

The development of atherosclerosis is associated with disturbances in mitochondrial function that impair effective adenosine

triphosphate (ATP) production, increase generation of superoxide and induce subsequent apoptosis in vascular smooth muscle

cells (VSMCs). As peroxisome proliferator-activated receptor gamma (PPARc) has a potentially important role in the regulation

of mitochondrial metabolism, we studied effects of the partial PPARc agonist and angiotensin receptor blocker telmisartan,

on mitochondria-related cellular responses in VSMC. In human VSMC, telmisartan increased ATP levels and activation of

mitochondrial complex II, succinate dehydrogenase, reduced the release of H2O2 and attenuated H2O2-induced increases in

caspase 3/7 activity, a marker of cellular apoptosis. Eprosartan, an angiotensin II receptor blocker that lacks the ability to

activate PPARc, had no effect on these mitochondria-related cellular responses in VSMC. Studies in PPARc-deficient VSMC

revealed that the effects of telmisartan on mitochondrial function were largely independent of PPARc although the presence

of PPARc modulated effects of telmisartan on H2O2 levels. These findings demonstrate that telmisartan can have significant

effects on mitochondrial metabolism in VSMC that are potentially relevant to the pathogenesis of cardiovascular disease and

that involve more than just angiotensin receptor blockade and activation of PPARc.
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INTRODUCTION

Mitochondria have a key role in energy production, generation of
reactive oxygen species and promotion of cellular apoptosis. Dis-
turbances in mitochondria function may occur in several cardiovas-
cular disorders including atherosclerosis, in which inefficient
mitochondrial production of ATP is associated with increases in
superoxide generation and apoptosis.1 Ballinger et al.2 reported that
aortic samples from atherosclerotic patients had greater mitochondria
DNA damage than non-atherosclerotic age-matched aortic samples.
They also reported that ApoE knockout mice exhibited mitochondria
DNA damage in aorta even at 3 weeks of age when no inflammatory
cells adhere to the vessel wall. As mitochondrial DNA is more prone
to reactive oxygen species-induced damage than nuclear DNA,3 more
efficient energy production with reduced reactive oxygen species
generation may protect from mitochondria DNA damage in the
vasculature. Thus, identification of drugs that improve mitochondrial
function in the vasculature is of potential therapeutic interest.
Peroxisome proliferator-activated receptors (PPARs) belong to a
superfamily of nuclear transcription factors that can regulate
mitochondrial biogenesis and function at least in part through
interactions with PPARg coactivator 1a.4 Among PPARs, PPARg is
a master regulator of adipocyte differentiation, and activation of

PPARg by thiazolidinediones such as pioglitazone is associated with
mitochondrial biogenesis and increased energy expenditure in several
different tissues.5 The mechanisms whereby thiazolidinediones
modulate mitochondrial biogenesis and function are not completely
understood and some of their actions may also be mediated in a
PPARg-independent manner.6 Recent reports using smooth muscle-
specific PPARg-deficient mice have shown that PPARg in vascular
smooth muscle cells (VSMCs) has a crucial role in the protection
from atherosclerosis and hypertension,7 and that pioglitazone
attenuates the development of atherosclerosis via smooth muscle
cell-specific interaction with PPARg.8 Indeed, the anti-atherosclerotic
effect of pioglitazone was shown by the recent clinical trial.9 However,
the effects of PPARg agonists on mitochondrial function in VSMCs
have not been extensively studied.
Recently, it has been reported that certain angiotensin II receptor

type 1 (AT1) blockers such as telmisartan can function as partial
agonists of PPARg10,11 and can influence several cellular mechanisms
of atherosclerosis independent of their ability to block AT1 receptors
or lower blood pressure. Although PPARg appears to be involved in
mediating some of the cellular effects of telmisartan,12–14 we have
found that the ability of telmisartan to inhibit proliferation of VSMC
may not require either the presence of PPARg or AT1 receptors.15
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Given these observations and the potentially important role of
VSMC mitochondria in atherosclerosis, we investigated the effects
of telmisartan on mitochondrial-related cellular responses in both
wild-type VSMC and in VSMC lacking PPARg.

METHODS

Materials
Telmisartan was obtained from Boehringer Ingelheim (Ingelheim, Germany).

Eprosartan and pioglitazone were purchased from Sigma-Aldrich (St Louis,

MO, USA).

Cell culture
Human aortic VSMC were purchased from Kurabo (Osaka Japan). Human

aortic VSMC were maintained in HuMedia-SB2 (Kurabo) supplemented with

5% fetal bovine serum, 0.5 ngml�1 human recombinant epidermal growth

factor, 2 ngml�1 basic fibroblast growth factor, 5mgml�1 insulin and

antibiotics. Aortic VSMC were isolated from smooth muscle cell-specific

PPARg-knockout mice and wild-type littermate controls as described pre-

viously.15 These cells were maintained in Dulbecco’s modified Eagle’s medium/

F12 (Wako, Osaka, Japan) containing 10% fetal bovine serum (Nichirei

Bioscience, Tokyo, Japan) and antibiotics.

ATP assay
Human and mouse aortic VSMC were plated at 1� 105 cells per well in the

indicated medium. After attachment, cells were exposed to pioglitazone,

eprosartan or telmisartan dissolved in dimethylsulphoxide (DMSO) added to

the same growth medium at selected concentrations. Untreated cells were

incubated with an equivalent volume of DMSO added to the medium.

Following drug treatment for 24h, cells were washed with phosphate-buffered

saline twice, removed from plates using cell scrapers and subjected to ATP

measurement using the ATP Bioluminescence Assay Kit CLS II (Roche, Basel,

Switzerland) according to the manufacturer’s instructions. Luciferase lumines-

cence was measured using ARVO SX (PerkinElmer, Waltham, MA, USA) and the

concentration of ATP in each sample was estimated by standard curve analysis.

Estimation of mitochondrial succinate dehydrogenase activity by
WST-8 assay
Human and mouse aortic VSMC were plated at 5� 103 cells per well on

96-well plates in the indicated medium. After attachment, cells were exposed to

pioglitazone, telmisartan or DMSO vehicle for 48h. We then performed a

WST-8 colorimetric assay according to the manufacturer’s instruction with use

of a microplate reader (Viento, Dainippon, Osaka, Japan) to measure

absorbance at 450 nm. Counting of viable cells with Trypan blue staining

showed that there was no difference in cell numbers among the treatments at

the time of measurement (data not shown).

Detection of hydrogen peroxide
Human and mouse aortic VSMC were plated at 2� 104 cells per well on

24-well plates in 400ml of the indicated medium. After attachment, cells were

exposed to pioglitazone, eprosartan, telmisartan or DMSO vehicle for 24h.

The medium was then replaced including the specified reagents and the cells

were incubated for an additional 24 h.

A 50ml aliquot of conditional medium was transferred to wells in duplicate

in a 96-well black plate and measurement of hydrogen peroxide was performed

using amplex red according to the manufacturer’s instruction (Invitrogen,

Carlsbad, CA, USA). The detection of fluorescence was performed using ARVO

SX instrumentation (PerkinElmer) with excitation and emission wavelengths

set at 544 and 590nm, respectively.

Detection of caspase 3/7 activity
Human and mouse aortic VSMC were plated in the indicated medium on

96-well plates at 1� 104 and 5� 103 cells per well, respectively. After

attachment, cells were exposed to pioglitazone, eprosartan, telmisartan or

DMSO vehicle in the indicated medium without fetal bovine serum. VSMC

were cultured for 24h before stimulating them with hydrogen peroxide at a

concentration of 700mM in studies with the human cells or at 400mM in studies

with the mouse cells. The concentrations of hydrogen peroxide used in the

study were empirically determined to be sufficient to induce detectable

increases in caspase 3/7 activity in control cells. After 6-h stimulation

with hydrogen peroxide in the presence of the indicated reagents, measurement

of caspase 3/7 activity was performed using Apo-ONE Homogeneous Caspase-

3/7 Assay kit according to the manufacturer’s instruction (Promega, Fitchburg,

WI, USA) adenosine triphosphate (ATP). The detection of fluorescence was

performed using ARVO SX (PerkinElmer, ex/em; 485/535 nm).

Mitochondrial DNA assay
We used the ratio of mitochondrial to nuclear DNA to estimate the influence

of telmisartan and pioglitazone on mitochondrial copy number. Human

VSMC and wild-type mouse VSMC were treated with pioglitazone, telmisartan

or control vehicle in the indicated media for 48h and DNAwas extracted using

QIAamp DNA mini kit (Qiagen, Venlo, the Netherlands). In all, 1 pg of DNA

template was amplified by real-time PCR to determine relative mitochondrial

and nuclear DNA quantity using THUNDERBIRD SYBR qPCR Mix

(TOYOBO, Osaka, Japan) on a model 7900 Sequence Detector (Applied

Biosystems, Foster City, CA, USA) with primers for human VSMC mitochon-

drial ND1 gene (Fw: 50-CCTAAAACCCGCCACATCTA-30, Rv: 50-GCCTAGG
TTGAGGTTGACCA-30) and nuclear NEB1 gene (Fw: 50-AGGGGGAAGAG-
GAACTGTGT-30, Rv: 50-CCATGGGATATTGGGATCTG-30) and primers for

mouse VSMC (mitochondrial 16s gene (Fw: 50-CCGCAAGGGAAAGATGAAA
GAC-30, Rv: 50-TCGTTTGGTTTCGGGGTTTC-30) and nuclear HK6 gene

(Fw: 50-GCCAGCCTCTCCTGATTTTAGTGT-30, Rv: 50-GGGAACACAAAAG
ACCTCTTCTGG-30).

Quantitative real-time PCR
Wild-type mice VSMC were treated with pioglitazone, or telmisartan in the

indicated media for 2.5, 5, 10 or 24h. Cells treated with vehicle DMSO for 24h

were used as baseline control (0h). All RNA samples were simultaneously

purified using a RNeasy Mini Kit (Qiagen). The RNA samples were converted

into cDNA with High Capacity cDNA Reverse Transcription Kit (Applied

Biosystems). Quantitative real-time PCR was performed and analyzed on a model

7900 Sequence Detector (Applied Biosystems) with Taqman gene expression

assays for cytochrome c oxidase subunit IV isoform 1, PPARg coactivator 1a,
sirtuin 1, mitochondrial cytochrome c oxidase subunit I, mitochondrial transcrip-

tion factor A and manganese superoxide dismutase (MnSOD) (TaqMan gene

expression assays, Applied Biosystems). The expression level of each gene was

normalized by 18s ribosomal RNA as an internal control.

Statistical analysis
Data are expressed as mean±s.e.m. To compare multiple treatments, statistical

analysis was performed by one-way analysis of variance and post hoc analysis

with the Holm–Sidak test to adjust for multiple comparisons of individual

data groups against control.

RESULTS

Effects of telmisartan on ATP production and H2O2 levels in
human aortic VSMC
We first assessed mitochondrial function in human aortic VSMC by
measuring ATP levels and activity of mitochondrial complex II,
succinate dehydrogenase as estimated by the WST-8 assay after 24 h of
exposure to telmisartan, pioglitazone, eprosartan or vehicle control.
Both telmisartan and pioglitazone increased ATP levels and mito-
chondrial succinate dehydrogenase activity, whereas eprosartan, an
angiotensin receptor blocker that lacks the ability to activate PPARg
did not (Figure 1, upper panel). Previous studies have established that
the drug concentrations tested are sufficient for telmisartan and
pioglitazone to achieve their maximal levels of PPARg activation and
for telmisartan and eprosartan to fully block AT1 receptors.10,16 The
effect of telmisartan on ATP levels was dose dependent, whereas
mitochondrial succinate dehydrogenase activity in cells treated by
telmisartan did not differ at concentrations between 1 and 10mM
(Figure 1, lower panel).
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As inefficiencies in mitochondrial electron transport generate
superoxide anion, which is reduced by superoxide dismutase to
hydrogen peroxide, we measured the effects of telmisartan on H2O2

levels in the growth medium of human VSMC. We found that
telmisartan at a concentration of 10mM was associated with reduced
levels of H2O2 (Figure 2). Pioglitazone also reduced levels of H2O2

in human VSMC. In contrast, eprosartan had no effect on H2O2

release (Figure 2).

Effect of telmisartan on hydrogen peroxide-induced apoptosis of
human aortic VSMC
In addition to regulating energy production and generation of
reactive oxygen species, mitochondria have a key role in apoptosis
by activating caspase signaling in response to cellular damage.17 To
test the effects of telmisartan on cellular apoptosis, human VSMC
were exposed to 700mM H2O2. Six-hour exposure to hydrogen
peroxide significantly increased caspase 3/7 activity in human
VSMC. Telmisartan at concentrations of 2.5mM and above
attenuated the effects of H2O2 on caspase activity in a dose-
independent manner (Figure 3) In contrast, pioglitazone appeared
to enhance H2O2-induced increases in caspase 3/7 activity (Figure 3).
Eprosartan at concentration of 10 and 20mM had no or little effect on
caspase 3/7 activity in human VSMC (Figure 3).

Involvement of PPARg in the effect of telmisartan on
mitochondrial function
To investigate the role of PPARg activation in the observed actions of
telmisartan, we studied drug effects in VSMC from smooth muscle-
specific PPARg-deficient mice and wild-type control mice.

Telmisartan increased ATP levels and activity of mitochondrial
succinate dehydrogenase equally between PPARg-deficient and wild-
type control VSMC (Figure 4a, left panel). The ability of pioglitazone
to increase succinate dehydrogenase activity was attenuated in
PPARg-deficient cells vs. wild-type controls, whereas pioglitazone
significantly increased ATP levels in both types of VSMC (Figure 4a,
right panel). Telmisartan and pioglitazone increased release of H2O2

levels in PPARg-deficient VSMC. In contrast, telmisartan did not
change H2O2 levels and pioglitazone reduced H2O2 levels in wild-type
control cells, suggesting an antioxidative effect of PPARg activation
(Figure 4b). In wild-type VSMC, telmisartan did not alter H2O2-
induced increase in caspase 3/7 activity, whereas telmisartan reduced
H2O2-induced apoptosis in PPARg-deficient VSMC (Figure 4c). In
contrast, pioglitazone prominently enhanced H2O2-induced apoptosis
in PPARg-deficient and control VSMC although somewhat less so in
the PPARg knockout cells (Figure 4c).

Effect of telmisartan on mitochondrial DNA copy number
and mitochondria-related gene expression
Mitochondrial DNA copy number was not altered by 2 days
treatment of telmisartan and pioglitazone, suggesting that mitochon-
drial biogenesis was not involved in the observed effects on mito-
chondrial function in human and mouse wild-type VSMC
(Figure 5a). We also measured relative expression levels of five genes,
which are associated with the regulation of mitochondrial protein
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Figure 1 ATP levels and mitochondrial succinate dehydrogenase activity in

human vascular smooth muscle cell (VSMC). ATP levels (upper panel) and

mitochondrial succinate dehydrogenase activity measured by WST-8 assay

(lower panel) in human aortic VSMC. Results were normalized relative to

0mM vehicle control. *Statistically significant vs. 0mM vehicle control by

one-way analysis of variance.
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Figure 2 Production of H2O2 in human vascular smooth muscle cell

(VSMC). H2O2 release into culture medium of human aortic VSMC. Results

were normalized relative to 0mM vehicle control. *Statistically significant vs.
0mM vehicle control by one-way analysis of variance.
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Figure 3 H2O2-induced apoptosis in human vascular smooth muscle cell

(VSMC). H2O2-induced caspase 3/7 activation in human aortic VSMC.

Results were normalized relative to 0mM vehicle control with H2O2

treatment. *Statistically significant vs. 0mM vehicle control by one-way

analysis of variance.
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expression and or mitochondrial function in mouse VSMC
(Figure 5b). Telmisartan and pioglitazone did not alter the expression
levels of cytochrome c oxidase subunit IV isoform 1, sirtuin 1 and
mitochondrial transcription factor A. Pioglitazone transiently induced
significant increases in PPARg coactivator 1a gene expression,
whereas the stimulatory effect of telmisartan did not reach statistical
significance. Pioglitazone induced sustained increases in expression of
the gene for mitochondrial cytochrome c oxidase subunit I, whereas
telmisartan induced a transient increase in expression of mitochon-
drial cytochrome c oxidase subunit I.

DISCUSSION

In this study, telmisartan increased ATP levels and mitochondrial
succinate dehydrogenase activity in human VSMC. The increases in
ATP levels induced by the drug were accompanied by decreases in
cellular release of H2O2, an indirect marker for superoxide anion
generation by mitochondria. We found that pioglitazone had similar
effects on these mitochondria-related parameters. In contrast, we
found that telmisartan and pioglitazone exerted markedly different
effects on cellular apoptosis. Consistent with previous studies,
pioglitazone enhanced H2O2 -induced cellular apoptosis as reflected
by increases in caspase 3/7 activity in human VSMC.18,19 Telmisartan
attenuated H2O2-induced increases in caspase 3/7 activity and
subsequent apoptosis. The clinical implications of the anti-
apoptotic effects of telmisartan remain unclear. However, it has
been reported that telmisartan can prevent aneurysm progression
by inhibiting apoptosis in elastase-infused rat models of vascular
disease.20

The observed effects of telmisartan in human VSMC appear to
involve more than just AT1 blockade because (1) all the experiments
were performed in the absence of exogenous application of

angiotensin II and (2) eprosartan had no effect on the observed
cellular responses when tested at concentrations known to be
sufficient to induce AT1 blockade.
It has been previously reported that the effects of thiazolidine-

diones including pioglitazone on mitochondrial function involve both
PPARg-dependent and -independent pathways.6 In the current
studies, we studied PPARg-deficient and control VSMC to elucidate
the role of PPARg in the observed effects of telmisartan on
mitochondrial function. PPARg knockout had little or no effect on
the ability of telmisartan to increase ATP levels and mitochondrial
succinate dehydrogenase activity suggesting that telmisartan is
affecting these parameters of mitochondrial function through
pathways that do not depend on activation of PPARg. In contrast,
PPARg knockout significantly attenuated the ability of pioglitazone to
increase mitochondrial succinate dehydrogenase activity.
Telmisartan reduced the release of H2O2 into culture media of

human VSMC and pioglitazone reduced the release of H2O2 into
culture media of both human VSMC and mouse VSMC. PPARg
knockout reversed these inhibitory effects of telmisartan and piogli-
tazone on H2O2 release; in the cells lacking PPARg, both drugs
appeared to stimulate release of H2O2. These observations suggest
that PPARg is involved in modulating effects of telmisartan and
pioglitazone on mitochondrial oxidative stress and generation of
H2O2. PPARg activation is known to promote anti-oxidant effects
including upregulation of glutathione peroxidase.21 PPARg activation
also affects expression of uncoupling proteins that may influence
proton transport back into the mitochondria matrix.22 Such PPARg-
dependent anti-oxidative mechanisms could help to counteract
increases in H2O2 that otherwise appear to be induced by
telmisartan or pioglitazone in cells that lack PPARg. In contrast, the
presence or absence of PPARg had less influence on the differential
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Figure 4 ATP levels, mitochondrial succinate dehydrogenase activity and production of H2O2 in peroxisome proliferator-activated receptor gamma (PPARg)-
deficient and wild-type vascular smooth muscle cell (VSMC). Effects of 10mM telmisartan and 10mM pioglitazone on (a) ATP levels and mitochondrial

succinate dehydrogenase activity, (b) H2O2 release and (c) H2O2-induced caspase 3/7 activation. Results were normalized relative to cell type-matched

vehicle control. (a, b) *Statistically significant vs. cell type-matched vehicle control by one-way analysis of variance (ANOVA). (c) *Statistically significant vs.

cell type-matched vehicle control with H2O2 treatment by one-way ANOVA.
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effects of pioglitazone and telmisartan on cellular apoptosis induced
by H2O2. In cells with or without PPARg, pioglitazone enhanced
H2O2-induced apoptosis whereas telmisartan tended to inhibit H2O2-
induced apoptosis. Overall, telmisartan appeared to protect against
oxidative stress and cellular apoptosis more in human VSMC than in
mouse VSMC, although the mechanism for the species differences in
drug responsiveness remain to be defined.
In this study, we did not observe any changes in mitochondrial

DNA copy number induced by pioglitazone or telmisartan. Previous
studies have shown that pioglitazone can promote mitochondrial
biogenesis in adipocytes5 and that telmisartan may promote
mitochondrial biogenesis in human coronary artery endothelial
cells.23 The differences between the results of the current studies in
VSMC vs. those of previous studies in other cell types might be
related to differences in cell-specific responses or in experimental
conditions.5 Although we did not detect any obvious drug effects on

mitochondrial DNA copy number, we did observe some differential
effects of pioglitazone and telmisartan on expression of genes related
to mitochondrial function. Pioglitazone induced greater increases
than telmisartan in the expression of PPARg coactivator 1a, a key
modulator of mitochondrial gene expression,4 Compared with
telmisartan, pioglitazone also induced a more sustained increase in
the expression of mitochondrial cytochrome c oxidase subunit I that
is encoded by mitochondrial DNA. These results suggest that
pioglitazone and telmisartan differentially affect the expression of
mitochondria-related genes.
We previously reported that telmisartan attenuated proliferation of

VSMCs with reduction in AKT phosphorylation. Activation of
phosphoinositide-3-kinase–AKT pathway has been reported to
enhance mitochondrial function,24 although recent studies have
also indicated that activation of mitochondrial function by
phosphoinositide-3-kinase signaling may be independent of AKT
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Figure 5 Effects of telmisartan vs. pioglitazone on mitochondrial copy number and the expression of mitochondria-related genes. (a) Mitochondrial/nuclear

DNA ratio in human (left) and mouse (right) vascular smooth muscle cell (VSMC) treated with 10mM telmisartan or 10mM pioglitazone. Results were

normalized relative to vehicle treated control. (b) Relative expression levels of mitochondria-related genes in mouse VSMC treated with 10mM telmisartan

or 10mM pioglitazone at different time points. Results were normalized relative to expression levels of baseline control (0h). *Statistically significant

vs. baseline by one-way analysis of variance. Cox4l1, cytochrome c oxidase subunit IV isoform 1; PGC1a, peroxisome proliferator-activated receptor gamma

coactivator 1-a; SIRT1, sirtuin 1; TFAM, mitochondrial transcription factor A.
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phosphorylation.25 Based on these observations, it does not seem
likely that reductions in AKT phosphorylation are mediating the
effects of telmisartan on mitochondrial function that we observed in
the current studies.
One of the features that distinguishes telmisartan from other

angiotensin receptor blockers is that it is highly lipophilic and may
have a greater ability to penetrate into cells than other angiotensin II
antagonists. Indeed, it was reported that concentrations of telmisartan
achieved inside of cells may be 10-fold greater than outside of cells.26

Recent reports have indicated that angiotensin II and its receptors are
colocalized in mitochondrial inner membrane and that mitochondrial
angiotensin II signaling may alter mitochondrial function.27,28 Taken
together, these observations may motivate future studies on the role
of mitochondrial AT1 blockade in mediating some of the effects of
telmisartan on mitochondrial function.
Previous studies have shown that telmisartan also activates PPARa

and PPARd. For example, telmisartan was shown to reduce hepatic
and serum triglycerides by activating PPARa,29 and to attenuate
weight gain and obesity through activation of PPARd pathways.30

Although the PPARa-activating property of telmisartan was observed
in hepatocytes at concentrations of 410mM, telmisartan activated
PPARd in 3T3 adipocytes starting at concentrations as low as 1mM.
Accumulating evidence has shown that both PPARa and PPARd
isoforms can affect mitochondrial biogenesis and function. PPARa
can stimulate mitochondrial fatty acid b-oxidation in liver and
skeletal muscle31 and PPARa activation by adipose triglyceride lipase
can regulate mitochondrial function in heart.32 The effect of PPARd
on mitochondrial biogenesis and function has been mainly observed
in skeletal muscle and heart.33,34 Although the roles of PPARa and
PPARd in regulating mitochondrial function of VSMCs remain to be
determined, both PPARa and PPARd agonists have been reported to
inhibit the proliferation of VSMCs.35,36 In light of the apparent pan-
agonistic properties of telmisartan, future studies should also be
conducted to investigate if telmisartan affects mitochondrial function
in VSMCs through effects on multiple PPAR isoforms.
The primary therapeutic target of telmisartan is hypertension, a

condition associated with increased mitochondrial DNA damage and
vascular disturbances in mitochondrial function.37–40 The current
findings that telmisartan increases ATP levels and mitochondrial
succinate dehydrogenase activity, and reduces generation of H2O2 in
cultured VSMC suggest that telmisartan may have beneficial effects on
mitochondrial function through mechanisms that do not simply
depend on its ability to block plasma membrane AT1 receptors and
reduce blood pressure. The current findings also indicate that some of
the effects of telmisartan on mitochondrial function in VSMCs
involve more than just PPARg activation. In addition, accumulating
evidences have suggested that altered mitochondrial function is
associated with the development of several risk factors of
atherosclerosis, such as diabetes and obesity.41 Thus, our results
could serve to motivate future studies on the relationship between
alterations in mitochondrial metabolism and the anti-atherosclerotic
actions of telmisartan.
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