
Myocardial infarction (MI)-related ventricular
arrhythmia is the most common cause of mortality in
type 2 diabetes mellitus (T2DM) patients. Withdrawal
of cardiac vagal activity is associated with ventricular
arrhythmias-related sudden cardiac death and high
mortality in patients with T2DM. Although vagal nerve
stimulation (VNS) has emerged as a promising
therapy for ventricular arrhythmias, VNS-induced off-
target side effects due to a lack of organ specificity
severely limit its prescription in the clinic. To avoid the
limitations of the VNS and achieve the organ-specific
activation of the cardiac vagal activity, we employed
an optogenetic strategy combined with a miniaturized
bio-optoelectronic implant in vivo for the treatment of
fatal ventricular arrhythmias in T2DM rats.
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We hypothesize that optogenetic activation in cardiac
vagal postganglionic (CVP) neurons could restore
vagal control of cardiac function, which further improve
cardiac vagal activity and reduce acute MI-evoked
ventricular arrhythmias and high mortality in T2DM.

Fig. 1 MI-evoked fatal ventricular arrhythmias in sham
and T2DM rats. Data are means ± SEM; n = 6 - 20 rats
per group. *P < 0.05 vs. sham; †p < 0.05 vs. T2DM.
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Fig. 4 Effect of optogenetic therapy for 3 days on T2DM-
incressed heterogeneity of ventricular electrical
activities. Data are means ± SEM. n = 3-6 rats per
group. *P < 0.05 vs. sham; †P < 0.05 vs. T2DM.

Fig. 2 (A) Technique of in vivo
microinjection of AAV-ChR2-
mcherry in rat AVG. (B-D)
Transfection efficacy of AAV-
ChR2-mcherry (red) in CVP
neurons (green, ChAT),
measured at 3 weeks after gene
transfection.

Conclusion: optogenetic activation in CVP neurons is an effective intervention against cardiac vagal 
dysfunction, which might further reduce MI-evoked fatal ventricular arrhythmias in the T2DM state. 

• Rat T2DM was induced by a high-fat diet plus
streptozotocin injection.

• AAV-channelrhodopsin-2 (ChR2, 2 µl, 5 x 1012
vg/ml), an excitatory light-sensitive opsin gene, was
in vivo transfected into CVP neurons.

• Continual optogenetic stimulation in CVP neurons
was applied twice daily (10 Hz, 50% duty cycle, 5
mW for 1 hour) by illuminating a LED probe that is
controlled and powered wirelessly in conscious
(freely moving) rats.

• Spontaneous ventricular arrhythmias (VT/VF) and
heart rate variability (HRV) were evaluated from 24-
h radiotelemetry ECG recording in conscious rats.
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Fig. 3 Effect of optogenetic therapy on
T2DM-reduced cardiac vagal activity,
measured by HRV analysis from 24-h ECG
recording in conscious rats. Data are means
± SEM. n = 3-6 rats per group. *P < 0.05 vs.
sham; †P < 0.05 vs. T2DM.

Fig. 5
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