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Purpose: The aim of this study was to investigate the effects and mechanisms of SGLT2 inhibitor empagliflozin on diabetic coronary
function.

Methods: A rat diabetic model was established by injection of streptozotocin. Rats in the treated group were administered
empagliflozin by gavage and rat coronary vascular tensions were measured after eight weeks. Large conductance calcium activated
K" channel currents were recorded using a patch clamp technique, while human coronary artery smooth muscle cells were used to
explore the underlying mechanisms.

Results: After incubation with empagliflozin (10, 30, 100, 300, 1000 pmol/L), the A relaxation % of rat coronary arteries were 2.459
+1.304, 3.251 £ 1.119, 6.946 + 3.407, 28.36 + 11.47, 86.90 + 3.868, respectively. Without and with empagliflozin in the bath solution,
BK channel opening probabilities at a membrane potential of +60 mV were 0.0458 + 0.0517 and 0.3413 + 0.2047, respectively (p <
0.05, n = 4 cells). After incubation with iberiotoxin, the A tensions of rat coronary arteries in the control (Ctrl), untreated (DM), low
empagliflozin (10 mg/kg/d)-treated (DM+L-EMPA) and high empagliflozin (30mg/kg/d)-treated (DM+H-EMPA) group were 103.20 £+
5.85, 40.37 £ 22.12, 99.47 + 28.51, 78.06 + 40.98, respectively (p < 0.01 vs Ctrl, n = 3-7; p < 0.001 vs DM+L-EMPA, n = 5-7).
Empaglifiozin restored high glucose-induced downregulation of Sirtl, Nrf2, and BK-B1, while the effect of empagliflozin disappeared
in the presence of EX-527, a Sirtl selective inhibitor.

Conclusion: Empagliflozin has a vasodilation effect on the coronary arteries in a concentration-dependent manner and can activate
BK channels via the Sirt]l-Nrf2 mechanism.
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Introduction

Diabetes mellitus (DM), as a chronic non-communicable disease, seriously harms human health. According to the World Health
Organization, more than 3 million people worldwide die from diabetes mellitus and related complications each year, mainly from
cardiovascular disease (CVD), especially with the most severe coronary vascular lesions.' Therefore, exploring the pathogenesis
of diabetic coronary function and improving diabetic cardiovascular lesions are of great significance.

Sodium-glucose co-transporter-2 (SGLT2) inhibitors are oral hypoglycemic drugs that reduce blood glucose level by
inhibiting glucose re-absorption in the renal tubules. Representative drugs of this kind include empagliflozin (EMPA), canagli-
flozin, dapaglifiozin, etc. In addition to glucose control, SGLT?2 inhibitors have a wide range of cardiovascular benefits, including
improving cardiac energy supply, reducing arterial stiffness, and inhibiting cardiac remodeling effects.> * Recent studies have
demonstrated that SGLT?2 inhibitor is of great significance in vasodilation, independently of its hypoglycemic effect, which may
be associated with K channels on vascular smooth muscle cells (SMCs).>®
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Large conductance calcium activated K (BK) channel consists of four a subunits and four p subunits,” widely
distributed in all tissues and cells of the human body, especially in vascular SMCs, and is one of the main K™ channels on
coronary artery SMCs.® Our previous study showed that,” BK channels regulate coronary artery relaxation, and BK
channel function is impaired in diabetes mellitus.

In this study, we aimed to examine the vasodilation of empaglifiozin and the effect of empagliflozin on BK channels,
exploring new mechanisms of the cardiovascular protection of SGLT2 inhibitors and providing a new clinical strategy for
the management of cardiovascular complications in diabetes mellitus.

Materials and Methods

Animal Care and Experimental Procedures

Male Sprague Dawley (SD) rats (weight 180 + 20g) were purchased from Changzhou Carvens Laboratory Animal Co., Ltd. in
China. The rats were provided food and water ad libitum. The rat diabetic model was established as previously described.'
Briefly, the rats were administered an intraperitoneal injection of streptozocin (STZ, 60 mg/kg, Sigma), and one week later, rats
with a tail tip blood glucose concentration >16.7 mmol/L were enrolled in our study. Then, the diabetic rats were randomly divided
into three groups: untreated (DM) group, low empagliflozin (10 mg/kg/d)-treated (DM+L-EMPA) group, high empagliflozin (30
mg/kg/d)-treated (DM+H-EMPA) group, SD rats of the same age as the control (Ctrl) group, which was based on the
concentration of empaglifiozin used in animal experiments as reported,'' '* rats in the treated group were administered
empagliflozin by gavage for eight weeks. All experiments were conducted according to the internationally accepted principles
by the ethical guidelines by the International Council for Laboratory Animal Science (ICLAS), and all animal protocols were
approved by the Institutional Animal Care and Use Committee (IACUC) of Nanjing Medical University.

Cell Culture

Human coronary smooth muscle cells (hcSMCs) were purchased from ATCC and grown in SMC basal medium (1101, ScienCell)
containing 5% fetal bovine serum. The cells propagated at 37°C in a humidified atmosphere of 95% air and 5% CO,. The groups
were as follows: control (Con, contain 5.5 mmol/L. glucose) group, high glucose (HG, contain 33.3 mmol/L glucose) group,
empagliflozin (1 pmol/L, BI10773, MedChemExpress) intervention (HG + EMPA) group, EX-527 (a Sirt1 selective inhibitor, 1
umol/L, ab141506, Abcam) intervention (HG + EMPA + EX-527) group. Change the medium with 1% bovine serum, then add
empagliflozin and glucose and EX-527 was added 15 minutes in advance. The intervention time was 14 days. Change the culture
medium and drugs once in 2-3 days.

Isolation of Rat Coronary Arteries

After being anesthetized with intraperitoneal injection of pentobarbital sodium (1.5%), the rat hearts were quickly obtained and
placed in 4°C physiological saline solution (in mmol/L): NaCl 145, KCl1 4, CaCl, 0.05, MgCl, 1, HEPES 10, and glucose 10, and
adjusted pH to 7.4 with NaOH. Then, separating connective tissue around the coronary artery under a microscope (Olympus
SZX10 Stereo Microscope), the septal coronary arteries, right coronary arteries, and left coronary arteries were dissected carefully.
Arteries were used for vascular tension experiments, patch clamp experiments, or preservation at —80°C.

Coronary Artery Tension Measurements

Rat coronary arteries were isolated and cut into 1.5-2.0 mm, then mounted on a four-chamber wire myograph (model 620
M, Danish Myo Technology). The coronary arteries were maintained at 37°C in physiological salt solution (PSS, in
mmol/L): NaCl 130, KCI 4.7, KH,PO,4 1.18, MgSO4*7H,0 1.17, NaHCO; 14.9, Glucose 5.5, EDTA 0.026, and CaCl,
1.6, at pH 7.4. Pre-warmed PSS at 37°C, gassed with 95% O, and 5% CO,, and maintained the arteries ring at 2.5 mN.
Tested the coronary artery tension with KCl (60 mmol/L) and referenced as the maximum contraction for contractile
capacity. Then, we performed the following procedures: 1) After the vascular tension rises to equilibrium, wash it three
times with PSS. When the vessel tension returns to the basal value, add iberiotoxin (IBTX, 100 nmol/L, 15904, Sigma) or
4-Aminopyridine (4-AP, 10 mmol/L, 275875, Sigma) to the bath until the vessel tension reaches the maximum value and
acts for 1 hour. The ratio of the amplitude of vascular tension change of IBTX or 4-AP to KCI, namely A tensions (%
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Max) of rat coronary arteries can be obtained. 2) After the vascular tension rises to equilibrium, empagliflozin (10 pmol/
L, 30 pmol/L, 100 umol/L, 300 pmol/L, 1000 umol/L) was added to observe the effect of vasodilation. After the
experiment, KCI was used again to verify the vascular activity.

Single Channel Electrophysiology

Inside-out single BK currents were recorded from freshly isolated rat coronary artery SMCs as we have previously described'*
using an Axopatch 200B Amplifier (Molecular Devices, Inc., Sunnyvale, CA, USA), filtered at 2 kHz, and sampled at 50 kHz. All
experiments were performed at room temperature (22-24°C). Inside-out single BK channel currents were elicited at +60 mV
before and after perfusing EMPA. Channel open probabilities (NPy) were calculated using Clampfit 10.4 software (Axon
Instruments, Foster City, CA, USA). Pipette resistance was 5—-10 MQ when filled with the pipette solution that contained (in
mmol/L) KCI 140, CaCl, 1, MgCl, 1, HEPES 10, and EGTA 1 with a pH of 7.4. The bath solution contained (in mmol/L) KCI
140, MgCl, 1, EGTA 1, HEPES 10, CaCl, 0.816 (1 umol/L free Ca®") at pH 7.35.

Western Blot Analysis

The rat coronary arterial fragments or hcSMCs were lysed in RIPA buffer (89901, Thermo scientific), which contained protease
inhibitors (B14001, Bimake). The lysates were fractionated using SDS-PAGE and transferred onto polyvinylidene di-fluoride
(PVDF) membranes (Millipore). The PVDF membranes were incubated with specific primary antibodies, with -actin (ab20272,
Abcam, 1:5000), BK-a (APC-021, Alomone Labs, 1:500), BK-B1 (APC-036, Alomone Labs, 1:1000), Sirtl (ab110304, Abcam,
1:2000) and Nrf2 (SAB5700720, Sigma, 1:1000). Western blot bands were quantified using densitometry and ImageJ software.
The density was normalized to the control treatment level, and the relative folds were normalized to the B-actin level.

Statistical Analysis

Statistical analysis was performed by GraphPad Prism 8 and SPSS 22.4 software. Data are expressed as average + SEM.
Student’s ¢-test was used to compare data between two groups. One-way ANOVA with posthoc LSD analysis was used to
compare data between multiple groups. Statistical significance was defined as a p value of < 0.05.

Results
Effects of Empagliflozin on Coronary Artery Function

In order to investigate the direct effect of empaglifiozin on arterial constriction, we examined vascular tone in rat
coronary arteries. Under the continuous action with KCI, the blood vessel constriction reached its peak and then
empagliflozin was added successively with concentrations of 10 pmol/L, 30 umol/L, 100 pmol/L, 300 pmol/L, and
1000 umol/L. The results showed that the relaxation % were 2.459 + 1.304, 3.251 £ 1.119, 6.946 + 3.407, 28.36 = 11.47,
86.90 + 3.868, respectively (n = 8 arteries from 4 rats) (Figure 1a and b). These data demonstrated that empagliflozin has

a vasodilation effect on normal rat coronary vessels in a concentration-dependent manner.

Effects of Empagliflozin on Single BK Channel Currents

Arterial SMCs express various K channels, among which BK channels are one of the most important K channels in
coronary SMCs, and play a crucial role in the regulation of coronary artery function.'> Therefore, we sought to examine
the hypothesis that empagliflozin may directly activate BK channels to dilate coronary arteries.

Single BK channel currents were recorded from freshly isolated rat coronary artery SMCs in an inside-out config-
uration. In the presence of 1 umol/L free calcium, without and with 1 pmol/L. EMPA in the bath solution, BK channel
opening probabilities at a membrane potential of +60 mV were 0.0458 + 0.0517 and 0.3413 + 0.2047, respectively (p <
0.05, n = 4 cells from 4 rats). The result suggests that empagliflozin activates BK channels in normal rats and increases
the open probability of BK channels (Figure 2a and b).
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Figure | Empagliflozin induces vasodilation in KCl-constricted coronary arteries.

Notes: (a) An original trace showing concentration-dependent inhibition of 60K-induced constriction in a coronary artery by empagliflozin (10 to 1000 pmol/L). (b) Mean
data for relaxation % of vasodilation induced by empagliflozin, n = 8.

Abbreviation: EMPA, empagliflozin.
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Figure 2 Empagliflozin activates BK channels.

Notes: (a) The single-channel patch-clamp experimental technique was used to record the BK currents before and after empagliflozin (I M) in coronary SMCs of normal
rats at 60 mV stimulation voltage. (b) The statistical diagram. *p < 0.05 vs no EMPA, n = 4 cells.
Abbreviation: EMPA, empagliflozin.

Effects of Chronic Treatment of Empagliflozin on Blood Glucose and Body Weight in
Rats

To explore the effects of chronic treatment of empagliflozin in diabetic rats, we selected two doses of empagliflozin to
treat DM rat for 8 weeks, and a total of 34 rats were eventually included. The blood glucose levels and the body weights
of four groups of rats are shown in Figure 3. The blood glucose of the Ctrl group was kept at around 6 mmol/L, while the
glucose level of the DM was maintained >25 mmol/L, and empagliflozin intervention failed to improve the blood glucose
status of the rats (Figure 3a). The Ctrl rats showed a gradual increase in body weight and the other three groups showed
a slight increase in the early stage and then decreased slightly (Figure 3b).
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Figure 3 Effects of streptozotocin and empagliflozin on blood glucose and body weight in rats.

Notes: (a) Blood glucose and (b) Body weight of Ctrl, DM, DM+L-EMPA, and DM+H-EMPA group at 8 weeks after successful diabetic modeling. Ctrl: the controlled group;
DM: untreated group; DM+L-EMPA: low empagliflozin (10 mg/kg/d)-treated group; DM+H-EMPA: high empagliflozin (30 mg/kg/d)-treated group.

Abbreviation: EMPA, empagliflozin.

Effects of Chronic Treatment of Empagliflozin on IBTX-Induced Vasoconstriction in
Coronary Arteries

Our previous studies have shown that coronary artery SMCs have impaired BK channel function, decreased BK currents,
and increased vascular tone in diabetes mellitus.’ In this study, our data showed that the application of IBTX, a selective
BK blocker, induced coronary vasoconstriction in four groups. The A tensions (% Max) were 103.20 + 5.85, 40.37 +
22.12,99.47 +£ 28.51, and 78.06 + 40.98, respectively (p < 0.01 vs Ctrl, n = 3-7 arteries from 3 to 4 rats; p <0.001 vs DM
+L-EMPA, n = 5-7 arteries from 3 to 4 rats) (Figure 4). Compared with the Ctrl, rats in DM had impaired BK channel
function of mediating coronary artery relaxation (Figure 4a and b); low-dose empagliflozin treatment significantly
improved BK channel function and restored its function of mediating coronary artery relaxation (Figure 4c), while high-
dose empagliflozin was less effective (Figure 4d). The results suggested that chronic empagliflozin therapy improves BK
channels function in diabetic rats, which may correlate with the concentrations.

Effects of Chronic Treatment of Empagliflozin on 4-AP-Induced Vasoconstriction in

Coronary Arteries

Arterial SMCs also express voltage-gated K™ (Ky/) channels that, when activated, lead to arterial hyperpolarization and
vasodilation.'® In this study, we also added 4-AP, a non-selective Kv blocker, to observe the coronary vasoconstriction
response. Our results show that 4-AP induced coronary vasoconstriction in Ctrl, DM, DM+L-EMPA, and DM+H-EMPA
rats. The A tensions (% Max) were 104.56 + 15.30, 82.57 £ 17.66, 85.53 £ 15.15, 93.30 + 23.35, respectively (p < 0.01 vs
DM, n = 7-10 arteries from 4 rats) (Figure 5); Compared with the Ctrl, rats in DM had impaired Kv channel function,
weakening their function of mediating coronary artery relaxation (Figure 5a and b); low-dose empaglifiozin treatment
failed to improve the impaired coronary Kv channel function caused by diabetes (Figure 5c), and high-dose empagliflozin
treatment slightly improved the impaired Kv channel-mediated coronary artery function, but the difference was not

statistically significant (Figure 5d).
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Figure 4 Effect of chronic treatment of empagliflozin on IBTX-induced vasoconstriction in coronary arteries.

Notes: (a—d) Original traces of KCl and IBTX induced coronary contractions in four groups. (e) Mean data for the ratio of vascular tension induced by IBTX to KCl in four
groups. Vascular tensions in four groups increased after IBTX treatment, but the maximal vascular tension of the DM group was lower compare to Ctrl, DM+L-EMPA, and
DM+H-EMPA groups. Ctrl: the controlled group; DM: untreated group; DM+L-EMPA: low empagliflozin (10 mg/kg/d)-treated group; DM+H-EMPA: high empagliflozin (30
mg/kg/d)-treated group. **p < 0.01 vs Ctrl, n = 3-7 arteries from 3 to 4 rats; *p < 0.001 vs DM+L-EMPA, n = 5-7 arteries from 3 to 4 rats.

Abbreviation: EMPA, empagliflozin.

Effects of Chronic Empagliflozin Treatment on BK-f Protein Expression

Western blot analysis showed that the expression of BK-B1 subunits in DM rats was significantly decreased compared to Ctrl rats;
low-dose empagliflozin treatment for 8 weeks increased BK-f1 subunit expression compared to the DM, all the differences were
statistically significant (p < 0.05 vs Ctrl, p <0.05 vs DM+L-EMPA, n = 7), while high-dose has less effect (Figure 6). As what we
expected, the Western blot data were consistent with the coronary vascular tension data.

Empagliflozin Activates BK Channels Through Sirt|-Nrf2 Pathway in hcSMCs
Chronically Exposed to High Glucose

We hypothesized that empagliflozin could activate BK channels through Sirtl-Nrf2 pathway. We performed in vitro
studies on hcSMCs chronically exposed to high glucose levels. Consistent with in vivo experiments, hcSMCs treated
with 1 umol/L EMPA showed that the inhibition of Sirtl and Nrf2 induced by high glucose promoted the decrease of

252 hetps: Diabetes, Metabolic Syndrome and Obesity 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Kong et al

a b —Kcl
10 107 —4-AP
c &
.g 81 B 87
5 = S
- Z —_ 4
5E 6 % B 6
> (&}
§ 4 | & 4
g >
21 24
T 1 1 T T T T T 1
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Time (s) Time (s)
c d
10 - 10
.5 8 .5 81
[ )
T = S ~
= Z =z ]
5E° 5E °
S s E
§ 4] é 4
> S
2 2
T T T T T 1 1 T T T T T T 1
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 250030003500
Time (s) Time (s)
e ns
2.0
*%k A
7 1.5 . a
= .3
X10- pF=3 °o 2% e
5 - = 3
€05 °°
[t
© 00 T . . T
Q
S N @r $v
© €
N XY
S Q
Q Q

Figure 5 Effects of chronic treatment of empagliflozin on 4-AP-induced vasoconstriction in coronary arteries.

Notes: (a—d) Original traces of KCl and 4-AP induced coronary contractions in four groups. (e) Mean data for the ratio of vascular tension induced by 4-AP to KCl in four
groups. Vascular tensions in four groups increased after 4-AP treatment, but the maximal vascular tension of the DM group was lower compared to the Ctrl and DM
+H-EMPA groups. Ctrl: the controlled group; DM: untreated group; DM+L-EMPA: low empagliflozin (10mg/kg/d)-treated group; DM+H-EMPA: high empagliflozin (30 mg/kg/
d)-treated group. **p < 0.0l vs DM, n = 7—10 arteries from four rats.

Abbreviation: EMPA, empagliflozin.

BK-B1 expression, applying of empaglifiozin increases BK-f1 expression, while the effect of empagliflozin disappeared
in the presence of EX527, a Sirtl selective inhibitor (Figure 7). Taken together, these data demonstrated that empagli-

flozin activates BK channels through Sirt]1-Nrf2 pathway.

Discussion
In this study, we have made several main findings. First, empagliflozin had a vasodilation effect on the coronary arteries of normal
rats in a concentration-dependent manner. Second, empagliflozin activates BK channels, and its function in vasodilation is related
to BK channels. Third, empagliflozin increases BK channel protein expression in diabetic rats and restores its function in
mediating vasodilation. Fourth, empagliflozin activates BK channels via the Sirt1-Nrf2 signal pathway.

SGLT2 inhibitors are commonly used in the clinical practice, and their cardiovascular benefits are widely recognized.
Many studies have demonstrated that SGLT2 inhibitors play an important role in vasodilation, independently of its
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Figure 6 Western blots for BK protein expression in four groups.

Notes: (a) Representative images of Western blot analysis of BK-BI and BK-a subunit; B-actin was used as internal control; (b and c) Mean data for relative protein
expression of BK-Bl and BK-a. Ctrl: the controlled group; DM: untreated group; DM+L-EMPA: low empagliflozin (10mg/kg/d)-treated group; DM+H-EMPA: high
empagliflozin (30 mg/kg/d)-treated group. *p < 0.05 vs Ctrl, *p < 0.05 vs DM+L-EMPA, n = 7.

Abbreviation: EMPA, empagliflozin.

hypoglycemic effect. Consistent with our study, De Stefano et al'’

demonstrated that empaglifiozin induces vasodilation
in rabbit thoracic aorta in a concentration-dependent manner. Moreover, Ahasanul et al>*'® investigated the effects of
empagliflozin, dapaglifiozin, and canagliflozin on normal rat mesenteric arteries and found that all three SGLT2
inhibitors relax rat mesenteric arteries in a concentration-dependent manner.

A recent study'® suggested that both canagliflozin and phlorizin (natural SGLT2 inhibitors) relaxed pulmonary
arteries in a dose-dependent manner, while SGLT2 inhibitors (including canaglifiozin) have small relaxation effects on
coronary arteries. They used 10 umol/L as the maximum concentration of dapagliflozin in the coronary group, while our
study found empaglifiozin had significant relaxation on normal rat coronary arteries in 300 pmol/L. This indicates that
the sensitivity of vessels to SGLT2 inhibitors is different, although it is different in SGLT2 inhibitors of the two studies.

One of the important questions was whether SGLT2 inhibitors exert vasodilatory effects by activating BK channels.
Our data indicate that 1 pmol/L empagliflozin activated BK channels; however, existing studies showed favorable effects
of Kv channels in vasodilation of SGLT2 inhibitors, and the isoforms involving Kv channels are not entirely consistent.
This may be due to the difference in type and concentration of SGLT?2 inhibitors and the difference in the proportion of
K" channels in various arteries. Chronic treatment with empaglifiozin fails to improve the glucose status in the rats,
which excludes additional effects of the hypoglycemic effect of SGLT2 inhibitors. We found that only low-dose
empagliflozin treatment restored the function of BK channel-mediated vasodilation; high-dose empagliflozin treatment
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Figure 7 Empagliflozin activates BK channel through Sirt]-Nrf2 pathway in hcSMCs chronically exposed to high glucose.

Notes: (a) Representative images of Western blot analysis of Sirt1, Nrf2, BK-$ I, and BK-a, B-actin was used as internal control; (b—e) Mean data for relative protein expression of Sirtl,
Nrf2, BK-B1, and BK-0.. Con: control group (5.5mM glucose); HG: high glucose (33.3mM glucose) group; HG + EMPA: empagliflozin intervention group; HG + EMPA + EX-527: EX-527
intervention group. *p < 0.05, ¥p < 0.01 vs HG; *p < 0.05 vs HG+EMPA; *p < 0.05 vs HG+EMPA+EX-527; %¥%p < 0.001 vs HG+EMPA+EX-527; n = 3-8.

Abbreviation: EMPA, empagliflozin.

slightly improved the function of Kv channels-mediated vasodilation, but the difference was not statistically significant.
We were unable to determine the causes for the different results between the low and high concentrations, there might be
several possibilities to support our results: 1) Intervention form: Most of the existing studies with SGLT2 inhibitors and
ion channel inhibitors are in vitro acute experiments, and the results of acute experiment and chronic experiment are not
completely consistent. We did not perform in vitro experiments with ion channel inhibitors and detect total K channel-
mediated vasodilation function. 2) K" channel proportion: BK channels are one of the major K channels on coronary
artery smooth muscle cells and account for about 65% of the total K channel currents in rat coronary artery smooth
muscle cells.® This could explain the appropriate concentration of empagliflozin acting primarily through BK channels. 3)
Drug concentrations: Our study showed that empagliflozin activates BK at low concentrations, and its effect is not
obvious at high concentrations, while we can find a slight improvement of empaglifiozin on Kv-mediated coronary
vasodilation; thus, we make a bold and reasonable conjecture that SGLT2 inhibitors may activate vasodilation through
multiple K* channels, which may depend on drug concentrations, intervention time, and vessel type. This requires more
studies to verify.

The Sirtl-Nrf2 signaling pathway is widely involved in oxidative stress, inflammation, and apoptosis, and has
positive implications for organs such as heart, brain, eye, and kidney,”>*' but its role in the diabetic coronary arteries
is still unclear. Recent studies have shown that SGLT2 inhibitors can upregulate Sirtl to achieve their cardiovascular
beneficial effects.”> >* In this study, we propose that SGLT2 inhibitors activate BK channels through the Sirtl-Nrf2
pathway. To explore the role of Sirtl-Nrf2 signaling in the up regulation of BK-B1 subunits by empagliflozin, we
performed in vitro studies using hcSMCs. The results prompted that empaglifiozin activates BK channels through the
Sirt1-Nrf2 signaling pathway.
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Conclusion

To summarize, our results demonstrated that empagliflozin has a vasodilation effect on the coronary arteries in
a concentration-dependent manner. Empagliflozin-induced coronary arteries vasodilation at low concentrations is
mediated through BK channels, while empagliflozin at high concentrations still needs further investigation. In addition,
empagliflozin can activate BK channels via the Sirt1-Nrf2 mechanism. We explored new mechanisms of the cardiovas-
cular protective effects of SGLT?2 inhibitors and provide a new clinical strategy for the management of cardiovascular
complications in diabetes mellitus.
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