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[ABSTRACT] Objective To elucidate the effects of autonomic neuromodulators [calcium chloride (CaCl,)-
acetylcholine (ACh)] on atrial electrical remodeling and histopathological changes in rats, thereby providing
evidence for further investigation into the pathological mechanisms by which autonomic imbalance
induces atrial fibrillation (AF). Methods Ten 8-week-old male Sprague-Dawley (SD) rats were randomly
divided into experimental and control groups, with 5 rats in each group. The experimental group received
daily tail vein injections of a CaCl,-ACh mixed solution for 28 days, while the control group received an
equal volume of saline. Surface electrocardiograms were recorded before and after daily administration. On
day 28 of administration, under isoflurane inhalation anesthesia, echocardiography was performed, and
then the rats were euthanized by exsanguination under isoflurane anesthesia for tissue collection. Body
weight and heart weight of rats were measured, and electrophysiological parameters including AF
inducibility, conduction velocity, and conduction dispersion in isolated rat hearts were monitored using the
MappinglLab multichannel electrophysiological mapping system. HE staining was performed to evaluate
atrial tissue architecture and inflammatory cell infiltration. The expression levels of matrix
metalloproteinase 9 (MMP-9) and interleukin-1 beta (IL-1B) were analyzed by Western blotting. Masson
staining was used to quantitatively analyze the proportional distribution of collagen fibers and myocardial
fibers, and to calculate the area of collagen deposition, thereby evaluating the degree of myocardial
fibrosis. Wheat germ agglutinin (WGA) staining was used to evaluate morphological changes of
cardiomyocytes. Dihydroethidium (DHE) staining was used to detect the level of oxidative stress in atrial
myocytes. Terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) staining was
used to detect atrial cell apoptosis. Results Compared with the control group, the experimental group
showed obvious arrhythmias on electrocardiograms. Echocardiography after 28 days of administration
revealed significant structural remodeling in the experimental group, with a marked increase in left atrial
anteroposterior diameter (P < 0.05), and also showed cardiac dysfunction, with significant decreases in left
ventricular ejection fraction and left ventricular fractional shortening (P < 0.01). Compared with the control
group, the experimental group showed a significantly increased heart weight-to-body weight ratio (P < 0.05),
a markedly higher AF inducibility (P < 0.001), a significantly slowed atrial conduction velocity (P < 0.05), an
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uneven isochronal map with irregular directions, and a significantly increased conduction dispersion (P <
0.07). HE staining showed that atrial myocytes in the experimental group were disorganized, with slight
inflammatory cell infiltration. Western blotting showed that the expression levels of MMP-9 and IL-18 in the
atrial tissue of the experimental group were significantly upregulated (P < 0.05). Masson staining showed a
significant increase in collagen deposition and a significant increase in fibrosis area in the atrial tissue of

the experimental group (P < 0.001). WGA staining showed that cardiomyocytes in the experimental group
were significantly hypertrophied compared with the control group (P < 0.05). DHE staining and TUNEL
staining revealed that the level of oxidative stress in atrial myocytes (P < 0.001) and the apoptotic rate (P <
0.01) were both significantly increased. Conclusion Daily tail vein injections of the autonomic
neuromodulator CaCl,-ACh mixed solution for 28 days can successfully induce AF in rats, accompanied by
significant atrial structural remodeling, electrical remodeling, and oxidative stress.

[Key words] Autonomic neuromodulators; Atrial fibrillation; Structural remodeling; Electrical
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Figure 1 Autonomic neuromodulators induce changes in atrial electrophysiological characteristics in rats
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Figure 2 Autonomic neuromodulators induce structural changes in rat atrial myocardium
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Figure 3 Autonomic neuromodulators induce morphological and oxidative stress changes in rat atrial cardiomyocytes
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