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Background: Major depression is diagnosed in 18% of patients following myocardial infarction 

(MI), and the antidepressant fluoxetine is shown to effectively decrease depressive symptoms 

and improve coronary heart disease prognosis. We observed the effect of fluoxetine on cardiac 

electrophysiology in vivo in a rat model of post-MI depression and the potential mechanism.

Methods and results: Eighty adult male Sprague Dawley rats (200–250 g) were randomly 

assigned to five groups: normal control (control group), MI (MI group), depression (depression 

group), post-MI depression (model group), and post-MI depression treated with intragastric 

administration of 10 mg/kg fluoxetine (fluoxetine group). MI was induced by left anterior 

descending coronary artery ligation. Depression was developed by 4-week chronic mild stress 

(CMS). Behavior measurement was done before and during the experiment. Electrophysiology 

study in vivo and Western blot analysis were carried on after 4 weeks of CMS. After 4 weeks 

of CMS, depression-like behaviors were observed in the MI, depression, and model groups, and 

chronic fluoxetine administration could significantly improve those behaviors (P0.05 vs model 

group). Fluoxetine significantly increased the ventricular fibrillation threshold compared with the 

model group (20.20±9.32 V vs 14.67±1.85 V, P0.05). Expression of Kv4.2 was significantly 

reduced by 29%±12%, 24%±6%, and 41%±15%, respectively, in the MI group, CMS group, 

and model group, which could be improved by fluoxetine (30%±9%). But fluoxetine showed 

no improvement on the MI-induced loss of Cx43. 

Conclusion: The susceptibility to ventricular arrhythmias was increased in depression and 

post-MI depression rats, and fluoxetine may reduce the incidence of ventricular arrhythmia 

in post-MI depression rats and thus improve the prognosis. This may be related in part to the 

upregulation of Kv4.2 by fluoxetine.

Keywords:  depression, myocardial infarction, electrophysiology, arrhythmias, 

pharmacology 

Introduction
Major depression following myocardial infarction (MI) is a common disorder, affecting 

approximately 18% of all MI patients. It is a major predictor for disability and poor 

quality of life in the year post-MI and an independent risk factor of sudden cardiac 

death. Post-MI depressive symptoms have been shown to be associated with increased 

hospital admission, particularly cardiac admission, and with a significantly elevated risk 

of mortality.1,2 One mechanism proposed to explain the effects of depression on mor-

tality is the increased vulnerability to ventricular arrhythmias.3 Depressive symptoms 

may be a predictive factor of ventricular arrhythmias in patients with coronary heart 

disease (CHD).3 Increased susceptibility to ventricular arrhythmias is observed in a rat 

model of experimental depression,4 but the underlying mechanism is still unknown. 
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Thus, it is essential to investigate its potential mechanism 

and find an effective way to treat it.

Selective serotonin reuptake inhibitors (SSRIs) are widely 

used as medication for post-MI depression and are reported 

to effectively decrease depressive symptoms and improve 

CHD prognosis.5,6 The Canadian Cardiac Randomized 

Evaluation of Antidepressant and Psychotherapy Efficacy 

(CREATE) trial shows a clinically meaningful antidepressant 

effect of citalopram, a first-line SSRI antidepressant, which 

can significantly reduce depressive symptoms and improve 

CHD prognosis.7

Although previous research has provided clinical evi-

dence of prolonged PR, QRS, and QT intervals on standard 

electrocardiogram (ECG) for fluoxetine and citalopram,8–10 

the underlying molecular mechanism still remains unidenti-

fied. Kv4 channels produce rapidly activating and inactivating 

currents such as I
to
, which mediates the early repolarization 

phase of the cardiac action potential. Kv4.2 is predominant in 

rat heart, and connexin 43 (Cx43) is the predominant protein 

forming gap junctions in the mammalian ventricular myocar-

dium and is essential for normal conduction of action poten-

tial and maintaining a normal electrical coupling in the heart 

Thus, these two molecules are both important in the genesis 

of arrhythmia (for details, see “Discussion”). In the present 

study, we focus on Kv4.2 and Cx43 to investigate the effect 

of fluoxetine on cardiac electrophysiology and the potential 

mechanisms in a rat model of post-MI depression.

Materials and methods
Animals
The rats were supplied by the animal experiment center of 

Wuhan University, Wuhan, People’s Republic of China. 

Eighty adult male Sprague Dawley rats (200–250 g) were 

used for the experimental procedures. Rats were allowed  

1 week to acclimate to the surroundings before any experi-

mentation began. Animals were housed in individual plastic 

cages with bedding. Food and tap water were available ad 

libitum for the duration of the experiments unless otherwise 

noted. The temperature in the rat colony was maintained at 

22°C±2°C. The light cycle was held at 12:12 hours, with 

lights on at 6 am unless otherwise noted.11

Experimental protocol
A rat model of post-MI depression was developed by left 

anterior descending (LAD) coronary artery ligation and 

then 4 weeks of chronic mild stress (CMS) as previously 

described.12 After the first week, all animals were assigned 

to five groups according to behavior scores, respectively 

receiving the following treatments: normal control rats 

treated with intragastric administration of saline (control 

group, n=10), MI rats with intragastric administration of 

saline (MI group, n=20), depression rats treated with 4 weeks 

of CMS and intragastric administration of saline (depression 

group, n=10), MI rats with CMS and intragastric administra-

tion of saline (model group, n=20), and post-MI depression 

rats treated with intragastric administration of 10 mg/kg 

fluoxetine daily for 4 weeks (fluoxetine group, n=20).13 The 

experimental protocol are shown in Figure 1. 

Acute infarction model
After the rats were anesthetized with 1% sodium pentobarbi-

tal (40 mg/kg intraperitoneal injection), a thoracotomy was 

performed. The pericardium was incised, and the anterior 

wall of the left ventricle was exposed. Left ventricular MI 

was induced by LAD coronary artery ligation.14 The LAD 

was ligated with a silk suture approximately midway between 

the left atrium and the apex of the heart. A successful MI 

model was confirmed by ST segment elevation 0.2 mV in 

leads I and II and aVL. After the operation, all rats received 

penicillin (200,000 IU) by intramuscular injection twice a 

day for 1 week.14,15

Depression model
CMS was used to induce depression in rats.11,16,17 The CMS 

procedure was a variation of methods described previously 

and was designed to maximize the unpredictable nature of 

the stressors. The rats were exposed to the following stres-

sors in random order for 28 days: continuous lighting, tail 

Sucrose preference test 
Open field test 

Before 0 day 1 day

MI Chronic mild stress

1 week 2 weeks 3 weeks 4 weeks

Sucrose preference test 
Open field test 

Sucrose preference test 
Open field test
Cardiovascular test

Figure 1 Timeline of procedures used in the present study.
Abbreviation: MI, myocardial infarction.
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clipping, 45° cage tilt along the vertical axis, soiled cage 

(300 mL of water spilled in the bedding), restraint in a small 

cage (equipped with breathing holes), food deprivation, 

water deprivation, and tail clipping for 1 minute. During 

the CMS period, all the rats were treated with intragastric 

administration of saline or fluoxetine daily, respectively, 

based on group.

Behavior measurements: sucrose 
preference test
A sucrose preference test was employed to operationally 

define anhedonia. A sucrose preference test consisted of 

first removing the food and water from each rat’s cage for a 

period of 20 hours. Water and 1% sucrose were then placed 

on the cages in preweighed glass bottles, and the animals 

were allowed to consume the fluids for a period of 1 hour. 

The bottles were then removed and weighed. Two base-

line preference tests were performed, separated by at least  

5 days, and the results were averaged. Preference tests were 

conducted weekly throughout the CMS period.11,16

Behavior measurements: open field test
According to previous methods, the apparatus consisted of 

a square box with dimensions 120×90×35 cm. Rats were 

placed into the center of the open box under a dark light and 

allowed to explore the arena for 10 minutes between 9 am 

and 10 am. A video-computerized tracking system (Ethovi-

sion3.0, Noldus Information Technology, Wageningen, the 

Netherlands) was used to record the distance traveled as a 

measure of locomotor activity.18 

Electrophysiology recording
After 4 weeks of CMS, eight rats in each group underwent 

rethoracotomy to expose the heart. Bipolar electrode was 

penetrated into the peri-infarct zone or the corresponding 

zone in the normal control group. The peri-infarct zone was 

defined as the zone with no more than 3 mm width located 

between the infarct zone and the noninfarct zone. The bound-

ary was visually identified by a different color.18,19 All signals 

were recorded with a polygraph (LEAD2000B, Jinjiang Ltd, 

Chengdu, People’s Republic of China) and were filtered 

between 50 Hz and 300 Hz.

Electrophysiology study: monophasic 
action potential 
The band pass filter was set at 50–300 Hz for standard cardiac 

electrogram recording and at open 300 Hz for recording of 

monophasic action potential (MAP). The MAP duration 

(MAPD) was determined as the interval between the onset 

of the MAP trace and the 50% repolarization time (MAPD
50

) 

and 90% repolarization time (MAPD
90

).20

Electrophysiology study: ventricular 
effective refractory period 
The ventricular effective refractory period (VERP), defined 

as the longest interval at which a single premature impulse 

consistently failed to propagate, was determined during 

right ventricular pacing at a fixed 300 ms drive cycle length 

(S1). Premature stimuli (S2) were delivered via the left 

ventricular bipolar gold electrodes after every eight paced 

beat, at increasing S1–S2 intervals, starting at 30 ms. ERP 

was measured to the nearest 2 ms immediately before the 

measurement of ventricular fibrillation threshold (VFT).21

Electrophysiology study:  VFT 
measurement
Electric stimulation was supplied with a cycle length of  

20 ms at the peri-infarct zones. Each stimulation was given 

for 5 seconds. The interval between each episode of stimu-

lation was 2 seconds. The initial pacing voltage was 12 V 

and progressively increased by a step of 1 V. The lowest 

voltage inducing sustained VF (2 seconds, sustaining till 

next episode) was defined as the VFT.20,21

Protein preparation and immunoblotting 
analysis
Left ventricular samples were quickly removed and immedi-

ately frozen in liquid nitrogen and stored at -80°C. We used 

RIPA lysis buffer (P0013, Beyotime, Shanghai, People’s 

Republic of China) with 1 mM phenylmethylsulfonyl fluo-

ride and homogenized with a tissue homogenizer (L7-65 

Ultracentrifuge, Beckman Coulter, Inc., Brea, CA, USA). 

Homogenates were centrifuged at 14,000 g for 5 minutes. 

Supernatants remained. For immunoblotting analysis, pro-

teins separated by sodium dodecyl sulphate-polyacrylamide 

gel electrophoresis with 10% polyacrylamide gels were 

transferred electrophoretically to polyvinylidene difluoride 

sheets (EMD Millipore, Billerica, MA, USA). After 2 hours 

of blocking in the 5% skimmed milk solution, the membrane 

was incubated overnight with anti-Cx43 antibody (Abcam, 

Hong Kong, diluted 1:10,000) and anti-Kv4.2 antibody 

(Abcam, diluted 1:1,000), respectively. Blots were then 

incubated for 1 hour with horseradish peroxidase-conjugated 

goat antimouse immunoglobulin G developed with an elec-

trochemiluminescence reagent (Beyotime) and exposed 
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to a medical X-ray film. Equal protein content in all the 

samples was confirmed by glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) expression.15 For immunoblot-

ting analysis, the optical density value of each panel was 

analyzed by ImageJ. The relative intensity of each sample 

was normalized to the value of GAPDH in the same lane. 

The relative intensity of target protein in diseased model 

groups was normalized to those in the control group, which 

was considered as 1 (100%).

Immunohistochemistry
Transmural blocks of left ventricular myocardium from 

selected hearts were immersed in a fixative containing  

4% paraformaldehyde and embedded in paraffin. Sections 

were deparaffinized and boiled in a microwave oven for  

10 minutes to enhance specific immunostaining. After block-

age with goat serum for 15 minutes, the sections were then 

incubated overnight with anti-Cx43 antibody diluted 1:100 

and then incubated for 2 hours in fluorescein isothiocyanate-

conjugated rabbit antimouse immunoglobulin G diluted 

1:100.15 Specimens were examined under a microscope 

(Olympus BX51, Tokyo, Japan). The positive area was ana-

lyzed using a computer image analysis system (Image-Pro 

Plus 6.0, Media Cybernetics, Rockville, MD, USA).

Statistical analysis
All data were expressed as mean ± standard deviation. Com-

parisons among groups were performed with analysis of vari-

ance by SPSS Version 17.0, and least-significant difference 

was used for post hoc multiple comparisons. Differences 

were considered significant at P0.05. 

Results
Experimental model 
The study was completed in 64 surviving animals (ten in 

the control group, 16 in the MI group, ten in the depression 

group, 13 in the model group, and 15 in the fluoxetine group). 

The surviving rate in the fluoxetine group (75.0%, 15/20) 

was higher than that in the model group (65.0%, 13/20), but 

given the fact that rats died for a variety of reasons, including 

surgical manipulations, it is unwarranted to conclude that 

fluoxetine increased the surviving rate.

Sucrose preference test
Figure 2 displays the fluid intake during the sucrose prefer-

ence test used to define anhedonia in five experimental groups 

after the experiment. There were no differences in sucrose 

intake between groups at baseline (P0.05). However, after 

4 weeks of the experiment, the preference for sucrose was 

significantly reduced in the MI group, depression group, and 

model group, and chronic fluoxetine administration could 

significantly improve this change in model rats (P=0.008 

vs model group).

Open field test 
Figure 3A displays the distance traveled, and Figure 3B the 

numbers of rearing in 10 minutes during the experiment. 

After 4 weeks of the experiment, the distance traveled and the 

numbers of rearing were markedly decreased in the depres-

sion group and model group compared with the control, 

which was reversed by fluoxetine administration (P0.05 

vs model group).

Electrophysiology study in vivo
Table 1 displays the electrophysiological properties after the 

experiment. Compared with the control, MAPD
90

 and VERP 

were shortened, and VFT was lower in the MI group, CMS 

group, and model group. Fluoxetine prolonged MAPD
90

 and 

VERP and induced a rise of VFT compared with the model. 

Figure 4 shows representative original AP traces during the 

electrophysiology study.

Effect of fluoxetine on the expression 
of Kv4.2 and Cx43
Figure 5 displays the results of immunoblotting. Kv4.2 was 

detected at a band nearly 74 kDa. Expression of Kv4.2 in 

myocardial cells was significantly reduced by 29%±12%, 

24%±6%, and 41%±15%, respectively, in the MI group, 

depression group, and model group. It could be improved 

Figure 2 Results of sucrose preference tests after 4 weeks of CMS.
Notes: The groups did not differ in sucrose intake at baseline. After the experiment, 
sucrose intake was significantly reduced in the MI group, depression group, and 
model group, and chronic fluoxetine administration could improve this change. 
*P0.05 vs control group; #P0.05 vs model group.
Abbreviations: CMS, chronic mild stress; MI, myocardial infarction.
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by fluoxetine by 11%±9% compared with the model. Two 

predominant forms of Cx43 were detected: phosphory-

lated form (P-Cx43, 43 kDa) and nonphosphorylated form 

(NP-Cx43, 41 kDa). MI induced a loss of phosphorylated 

Cx43. The expression of phosphorylated Cx43 was sig-

nificantly reduced by 61%±14% and 67%±20% in the MI 

group and model group, and the fluoxetine did not show a 

marked improvement. The expression of Cx43 in the depres-

sion group was reduced slightly by 17%±9% but was not 

statistically significant. Immunochemistry analysis showed 

the same tendency (Figure 6). Expression of Kv4.2 in the 

model group was the lowest, and fluoxetine could increase 

it. However, fluoxetine showed no effect on the MI-induced 

reduction of Cx43.

Discussion
In MI patients, the prevalence of depressive disorder is 

15%–30%, about five times that of the general population. 

Depression is an independent risk factor of CHD. A meta-

analysis shows that post-MI depression is associated with a 

2.4-fold increased risk of cardiac mortality and a two-fold 

increased risk of new cardiovascular events.22 SSRIs have 

been proven to safely and effectively decrease depressive 

symptoms and improve CHD prognosis. 

Our group recently demonstrated in the same model that 

sympathetic hyperactivation and exacerbated myocardial 

remodeling may be a plausible mechanism linking depression 

to an adverse prognosis after MI.23 In the present study, we 

investigated the effect of fluoxetine on cardiac electrophysi-

ology in a rat model of post-MI depression and the potential 

mechanism.

Experimental model
Animal models are helpful to our understanding of human 

health to the extent to which they faithfully mirror the spe-

cific aspect of the disease under study. As mentioned previ-

ously, an experimental rat model of post-MI depression was 

developed by LAD coronary artery ligation and following 

28 days of CMS. 

The model was then tested by ECG, sucrose prefer-

ence test, and open field test and proven successful. After 

LAD coronary artery ligation, the surface ECG showed an 

ST segment elevation, suggesting MI. Current diagnostic 

criteria for major depression suggest that patients experience 

Figure 3 Results of the open field test after 4 weeks of CMS.
Notes: (A) The distance traveled of five groups in 10 minutes in the open field test. (B) Numbers of rearing in 10 minutes in the open field test. After 4 weeks of the 
experiment, the distance traveled and the numbers of rearing were markedly decreased in the depression group and model group compared with the control, which was 
reversed by fluoxetine administration. Data are expressed as mean ± standard deviation. *P0.05 vs control group; #P0.05 vs model group.
Abbreviations: CMS, chronic mild stress; MI, myocardial infarction.

Table 1 Electrophysiological properties after the experiment

Control group MI group Depression group Model group Fluoxetine group

MAPD50 (ms) 43.13±6.38 48.05±3.24 47.75±4.83 49.13±4.38 50.13±7.21*
MAPD90 (ms) 71.38±6.19# 87.32±7.32*,# 86.21±6.43*,# 97.83±2.23* 99.13±6.83*
VERP (ms) 64.63±4.98# 79.88±6.42*,# 78.88±6.66*,# 92.31±5.85* 91.32±7.38*
VFT (V) 30.00±3.02# 22.25±3.62*,# 20.25±2.92*,# 15.00±1.85* 62.00±9.32*,#

Notes: Data are expressed as mean ± standard deviation. *P0.05 vs control group; #P0.05 vs model group. 
Abbreviations: MI, myocardial infarction; MAPD50, monophasic action potential duration at 50% repolarization time; MAPD90, monophasic action potential duration at 90% 
repolarization time; VERP, ventricular effective refractory period; VFT, ventricular fibrillation threshold.
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anhedonia and reduced physical activity. Animals exposed to 

4 weeks of CMS exhibit a similar phenomenon to humans. 

Thus, CMS is widely used to develop a depression model.11,12 

Similar to previous investigations,11,12 sucrose intake and 

activity were significantly reduced in rats exposed to 4 weeks 

of CMS in the present investigation.

Effect of fluoxetine on behavior changes 
in post-MI rats
Depression is a multifaceted psychological disorder char-

acterized by behavioral, neuroendocrine, and physiological 

alterations. Depressed patients often experience anhedonia 

(a reduced responsiveness to pleasurable stimuli), difficulty 

sleeping, appetite changes, and fatigue. A similar phenom-

enon was observed in rats exposed to CMS in the present 

investigation.14

The sucrose preference test and the open field test are 

commonly used to observe behavior changes in rat models. 

The sucrose deficit in the CMS group appeared to be specific 

to anhedonia rather than a generalized attenuation of fluid 

ingestion, as both water intake and body weight were unaf-

fected by the CMS procedure.4,11 Reduced sucrose intake 

preference relative to baseline values and the sucrose intake 

of the control group indicate anhedonia resulting from CMS. 

The open field test was used to evaluate anxiety-like behav-

ior by measuring the spontaneous exploratory behavior of 

animals in aversive environments.13

Similar to the reduction in sucrose intake, the exploratory 

activity was reduced in the MI group, depression group, 

and model group in our study. This indicated an increase 

in depression-like behavior after MI in model rats. Chronic 

treatment with fluoxetine could significantly improve the 

Figure 4 Raw data recordings of the electrophysiology study. 
Notes: (A) Monophasic action potential recordings of five groups. (B) Sustained 
ventricular fibrillation induced.
Abbreviation: MI, myocardial infarction.

Figure 5 Immunoblotting analysis of Kv4.2 and Cx43.
Notes: (A) Representative immunoblots of homogenate of infarction zones or corresponding zones from control, MI, CMS, model, and fluoxetine group rats probed with 
anti-Kv4.2 and anti-Cx43 antibody, respectively. Bands indicate position of Kv4.2 (74 kDa), phosphorylated form of Cx43 (43 kDa), nonphosphorylated form of Cx43 (41 
kDa), and GAPDH (35 kDa), respectively. (B) Quantitative densitometric analysis of Kv4.2 in the five groups. (C) Quantitative densitometric analysis of phosphorylated form 
of Cx43 in the five groups. Data are expressed as mean ± standard deviation. *P0.05 vs control group; #P0.05 vs model group.
Abbreviations: CMS, chronic mild stress; MI, myocardial infarction; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; au, arbitrary units.
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A

B Control group MI group Depression group

Model group Fluoxetine group

Control group MI group Depression group

Model group Fluoxetine group

Figure 6 (A) Representative immunohistochemical staining of myocardium probed with anti-Kv4.2 antibody (×400). (B) Representative immunohistochemical staining of 
myocardium probed with anti-Cx43 antibody (×400). (C) Semiquantitative analysis of Kv4.2 (percent area). (D) Semiquantitative analysis of Cx43 (percent area).
Abbreviation: MI, myocardial infarction.
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depression-like symptoms in post-MI depression rats. This 

was consistent with previous clinical studies.

Effect of fluoxetine on cardiac 
electrophysiology in post-MI rats
MAP demonstrates how the local electroactivity of myo-

cardial cell mass in extracellular recordings and its wave-

forms could reflect the morphology and phases of the 

transmembrane action potentials, especially the phases of 

depolarization. In recent years, MAP has been widely applied 

in studies on the mechanism of arrhythmic occurrence, the 

evaluation of antiarrhythmic drugs, and other fields.

In the present study, we found that both depression and 

MI could significantly prolong the MAPD
90

 and ERP and 

lower VFT in the peri-infarct zone. This prolongation caused 

by depression may be explained by the following aspects: 

1)	 Disturbances in autonomic regulation and elevated sympa-

thetic activity lead to increased resting heart rate, impaired 

baroreflex sensitivity, and reduced heart rate variability. 

Sympathetic hyperactivity increases the density of local cat-

echolamine in myocardium, thus activating L-type calcium 

channel, and finally influences cardiac repolarization.3,24,25 

2)	 Hypothalamic–pituitary–adrenal axis hyperactivity and ele-

vated cortisol levels influence the function and expression 

of L-type calcium channel, sodium–calcium exchanger, 

and transient outward potassium channel (I
to
).4,5

3)	 Increased production of cytokines such as interleukin 

(IL)-1, IL-2, and IL-6 and interferon gamma affects the 

expression and function of ion channels.26,27

All of these three aspects of changes, which can be caused 

by MI as well, ultimately influence cardiac repolarization and 

lead to the prolongation of MAPD
90

 and ERP.

In the model group, MAPD
90

 and ERP in the peri-infarct 

zone were prolonged compared with the MI group, suggest-

ing the potential cumulative effect of depression and MI on 

cardiac electrophysiology. This may be one of the reasons 

why the risks of mortality and cardiovascular events are 

higher in CHD patients with depression than in those without. 

Fluoxetine did not significantly reverse the prolongation of 

MAPD
90

 or ERP but induced a rise of VFT in model rats. 

Thus, fluoxetine may reduce the incidence of ventricular 

arrhythmia in post-MI depression rats.

Effect of fluoxetine on the expression 
of Kv4.2 and Cx43
In this study, we reported that Kv4.2 expression was sig-

nificantly reduced in myocardial cells in model rats, which 

could be reversed by fluoxetine. The expression of Cx43 was 

reduced in any MI group, and the fluoxetine did not show 

marked improvement.

Kv4 channels produce rapidly activating and inactivating 

currents such as I
to
, which mediate the early repolarization 

phase of the cardiac action potential. And Kv4.2 is predomi-

nant in rat heart. Kv4.2 channels, along with Kv channel- 

interacting protein 2, may represent the molecular correlate 

for I
to
 current gradient across the RV myocardium, and may 

be a cause of an atypical anterior J wave pattern associated 

with sudden cardiac death.28 Reduction in expression of Kv4.2 

and I
to
 current density will affect the repolarization of myo-

cardial cells and hence increase vulnerability to ventricular 

arrhythmia, as indicated by decreased heart rate variability 

and increased sensitivity to ventricular fibrillation.29,30 Thus, 

we suppose that the downregulation of Kv4.2 could poten-

tially contribute to the cardiac electrophysiology change of 

depression patients, and fluoxetine may prevent the reduction, 

which consequently decreases the prevalence of ventricular 

arrhythmia in post-MI depression patients.

Cx43, the predominant protein forming gap junctions 

in the mammalian ventricular myocardium, is essential for 

normal conduction of action potential and to maintain a 

normal electrical coupling in the heart.31 It has been known 

that the expression and degradation, the distribution, and 

the density of Cx43 play an important role in modulating 

the magnitude of cell-to-cell electrical coupling in the heart. 

Acute ischemia induced by MI can result in marked reduction 

and dephosphorylation of Cx43, which may lead to delayed 

myocardial electrical activity and increased anisotropic con-

duction, prompting ventricular arrhythmias.32,33 In our study, 

model rats showed decreased expression of Cx43 but were 

not improved by fluoxetine. Thus, Cx43 may not be the target 

protein of fluoxetine.

Study limitations
There are several limitations in our study. First, because the 

electrophysiological and hemodynamic parameters were 

evaluated under an open-chest anesthetized state in our study, 

each parameter may be influenced by anesthesia. Second, 

although we measured the MADP, ERP, and VFT of heart 

in vivo, we did not carry on 24-hour Holter ambulatory 

ECG monitoring to observe the difference in prevalence 

of ventricular arrhythmias among different groups. Third, 

we did not simultaneously measure the MAPD and ERP of 

the normal peri-infarct zone and infarct area, because in the  

in vivo study, these zones were usually located at the lateral 

and posterior walls, and it is very difficult to record the MAP 

without altering the position and status of the heart.
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Fluoxetine in a post-MI depression rat model

Conclusion
MI rats exhibited an increase in depression-like behavior, 

and fluoxetine could significantly decrease the depression-

like behavior in post-MI depression rats. The susceptibility 

to ventricular arrhythmias was increased in depression and 

post-MI depression rats, and fluoxetine may reduce the 

incidence of ventricular arrhythmia in post-MI depression 

rats and thus improve the prognosis. This was consistent 

with previous clinical studies. The decrease of ventricular 

arrhythmia induced by fluoxetine may be related in part to 

the upregulation of Kv4.2. Further molecular mechanism 

investigation is needed in the future.
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