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Abstract
Background: Malignant ventricular arrhythmias are the most common cause of death in acute
myocardial infarction. Recent studies have revealed direct paraventricular nucleus (PVN) involvement in
occurrence of ventricular arrhythmias (VAs) however, the mechanisms are incompletely understood. In
this study we investigated the changes of Interleukin-6 (IL-6)-glycorprotein130-STAT3 pathway in the PVN
during acute myocardial infarction and its effect on ventricular stability. Methods: The rats were divided
into control group, myocardial infarction group, and paraventricular injected anti-IL-6 antibody group and
paraventricular injected SC144 group to observe how interleukin-6 and its downstream glycoprotein130-
STAT3 pathway in paraventricular nucleus effect the ventricular stability. Left anterior descending
coronary artery was ligated to make myocardial infarction. After that, anti-Interleukin-6 antibody and
SC144 were injected into the paraventricular. All data are expressed as the mean ± SEM and were
analyzed by ANOVA by a post-hoc LSD test. p<0.05 was considered statistically signi�cant. Results: After
myocardial infarction (MI), the concentration of in�ammatory factor interleukin-6 increased and its
downstream glycorprotein130-STAT3 pathway was activated in the PVN. After anti-interleukin-6 antibody
and glycorprotein130 inhibitor (SC144) injection into the PVN in MI rats, glutamate increased and γ-
aminobutyric acid (GABA) decreased in the PVN. We also observed a higher plasma norepinephrine
concentration, which increased the vulnerability to ventricular arrhythmias. Conclusions: In summary,
interleukin-6 in the PVN plays a protective role in MI rats, and the glycorprotein130-STAT3 pathway plays
a key role in this process. We anticipate that our �ndings will provide new ideas for the prevention and
treatment of arrhythmia after MI.

Background
Acute myocardial infarction (AMI) is myocardium necrosis caused by acute, persistent ischaemia and
hypoxia in the coronary arteries [1]. There are some complications of MI including heart failure,
arrhythmia, heart rupture, pericarditis, papillary muscle rupture and so on. Arrhythmia comes up in most
of MI patients and the most common within 24h [2]. Furthermore, lethal ventricular arrhythmias are the
most common cause of death among patients with acute MI. It is well known that autonomic imbalance,
especially the excessive activation of sympathetic nerves, plays the most important role in promoting the
occurrence of arrhythmia, which is called Sympathetic storm. In recent years, there have been many
reports on the mechanism how peripheral autonomic nerves regulate the arrhythmia, such as cardiac
local nerve, renal sympathetic nerve, star ganglion and so on [3 4]. The mechanism of the central nervous
system efffect on VAs is still not clear.

Lampert et al. have proven that ventricular tachycardia and ventricular �brillation (VF) can be induced by
psychological stress, sudden changes in mental state, brain trauma, and elevated intracranial pressure
[5]. Davis et.al demonstrate that brain tissue regions and nuclei, from the medulla to the cerebral cortex,
play an important role in the development of arrhythmia, and there are complex and variable
interconnections [6]. Stimulating different brain regions and nerve nuclei can lead to different types of
arrhythmias, among these regions, PVN is the main accumulation area of sympathetic preganglionic
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neurons, and innervates other autonomic nuclei including midbrain periaqueductal gray, parabrachial
region , rostral ventro lateral medulla, nucleus of solitary tract dorsal vagal nucleus and nucleus
ambiguous. Moreover, PVN is also an important integrative site within the brain composed of
magnocellular and parvocellular neurons. Parvocellular neurons project to other sites within the central
nervous system (CNS), including regions that are important in autonomic control [7, 8]. However, the exact
mechanism of the PVN's effect on arrhythmia remains unclear and needs further investigation. Changes
in neurochemical factors, such as reactive oxygen species and in�ammatory cytokines, in the
hypothalamic PVN during MI may be important factors in the increase in sympathetic nerve sensitivity
during MI. Kang et. al have shown that microinjection of pro-in�ammatory cytokine inhibitors into the
central nervous system can alleviate the symptoms of MI, and the effect is signi�cantly better than that
of the peripheral route of administration [9, 10]. The neurotransmitter play an important role in this
process. For example, glutamate is enhanced and GABA declines in the PVN during MI, thereby affecting
sympathetic over-activation and further affecting heart function [11]. Glutamate is one of the most
important excitatory amino acids in the central nervous system, and it regulates sympathetic nerve
activity and cardiovascular function through the NMDA receptor. Stimulation of NMDA receptors in the
PVN can increase sympathetic discharge. GABA is the main inhibitory neurotransmitter in the PVN of the
hypothalamus. Injecting GABA into the PVN of the hypothalamus can reduce heart rate and reduce
arrhythmia. GAD67 is a rate-limiting enzyme of GABA and a marker for the recognition of GABAergic
neurons. Its distribution is parallel to GABA.

Different from other in�ammatory factors, Interleukin-6 is a pleiotropic regulator, which has multiple
functions, not only pro-in�ammatory but also tissue regeneration,  metabolism and more. IL-6 increases
signi�cantly during the acute injury and plays a key role in mediation acute phase response. IL-6 has two
kinds of IL-6 receptors, membrane bound receptor and soluble receptor, which both can bind to
Glycoprotein 130 (Gp130). After the formation of dimerization, intracellular signalling carried on. They
were called IL-6 classic signalling and IL-6 trans-signalling. Interesting, these two pathways strongly differ
in their biologic in�uences. While classic signalling is primarily in protection, promoting tissue
regeneration and maintaining physiological homeostasis, trans-signalling has deleterious effects [12]. For
the central nervous system, Suzuki et al. have demonstrated that IL-6 plays a protective role in the early
stage of brain injury. Intracerebroventricular injection of rhIL-6 dramatically reduced ischaemic brain
damage when measured 24 hours after middle cerebral artery occlusion [13, 14, 15].

Gp130 is the receptor of IL-6 and is the main signalling molecule for intracellular signal transduction.
Currently it is known that there are three signal pathways associated with Gp130, which are the JAK-STAT
pathway, the EKA pathway, and the PI3K/Akt pathway. The most prominent proteins recruited to gp130
are the transcription factors of the family of signal transducers and activators of transcription (STAT)
STAT3 and (to a certain extent) STAT1. Furthermore, these days it is well accepted that mainly STAT3 and
to a much lesser extent STAT1 is activated by IL-6. Binding to IL-6 causes phosphorylation of Gp130 and
then activates the cytoplasmic region [16]. Phosphorylated Gp130 exposes a binding site to STAT3 to
induce STAT3 phosphorylation and then enters the nucleus to initiate transcription. Habecker et al. have
con�rmed that Gp130 mediates the conversion of peripheral sympathetic neurons to cholinergic neurons
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after MI [17]. The sympathetic co-release of Ach and NE impairs adaptation to high heart rates and
increases arrhythmia susceptibility. In the central nervous system, the Gp130 pathway promotes the
differentiation and growth of nerves [18, 19]. However, the effect of Gp130 on neurontransmitter
conversion in the PVN has not been studied.

The aim of this study was to investigate whether IL-6 in the hypothalamus PVN plays a protective role in
the incidence of ventricular arrhythmia after MI and whether the Gp130-STAT3 pathway plays a key role
in this process.

Methods
Animals

Adult male Sprague Dawley rats (200-250 g) were purchased from the Animal Experimental Center of
Second A�liated Hospital of Harbin Medical University. Housing conditions included 8 rats per cage, 12
hours light, freely available food and water, temperature 23±2°C, and relative humidity 40%-50%.

Coronary ligation and paraventricular nucleus injection (PNI) [20, 21]

Rats underwent sterile surgery under anaesthesia (Ulatan, 150mg/kg i.p.) for induction of MI by ligation
of the left anterior descending coronary artery (MI group) or the same surgery without ligation of the
vessel (Sham group). The PVN in each rat was injected with arti�cial cerebrospinal �uid (ACSF for Sham
rats and MI rats), anti-IL-6 antibody or Gp130 antagonist (SC144) according to the rat stereotaxic atlas
coordinates, each group included 12 rats (n=12) [22, 23, 24].

Cardiac electrophysiological studies

After the surgery, we recorded the arrhythmia occurrence in rats within 24 hours using a single-lead
dynamic electrocardiogram (Good friend, Shenzhen, China). Rats were anesthetized by intraperitoneal
injection Ulatan  (150mg/kg i.p.), a second thoracotomy was carried out to perform the open-chest
electrophysiological study, including ventricular �brillation threshold (VFT )and the VF inducibility. A 1.9F
electrophysiological catheter (Scisense, Canada) was placed on the left ventricular with eight poles
recording electrocardiograms by the Electrophysiology Lab Ampli�er (GY-6000, Huanan Medical Science
and Technology, Henan, China). VFT, the minimum voltage to induce sustained VF, 60ms S1-S1 stimuli
were repeatedly applied to the left ventricular apex with an increase of stimuli intensity by 0.5 V each time
until VF was induced. VF inducibility, ten bursts of ventricle pacing (25 Hz), lasting for 10 s each time,
were used to assess the inducibility of VF. VF was de�ned as >1000 ms of irregular ventricle arrhythmia.

Method of animal euthanasia and tissue collection

Animals were sacri�ced by rapid excision of heart to con�rmation of permanent cessation of the
circulation under anaesthesia (Ulatan, 150mg/kg i.p.). For the immunohistochemistry, 4%
paraformaldehyde was inserted into the left ventricle and the ascending aorta to �x the brain tissue, then
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the rats were decapitated to get the brain. For the western blot, brain tissue was quickly extracted in a low
temperature environment, and Palkovits's microdissection procedure was used to isolate the PVN.

Immunohistochemistry

After the brain tissue embedded with para�n, the part between the optic chiasm and mammillary body
was resected in the rostral to caudal direction. The tissue underwent serial sectioning on a para�n slicer,
and sections that were approximately 1.50 mm from the bregma were obtained [25, 26]. After dewaxing
the slice, 3% H2O2 was used to extinguish endogenous peroxidase and 0.01M citric acid was used to
repair antigen. Then the slices were incubated with primary antibodies overnight in 4℃.
Immunohistochemical labelling was performed on sections to identify IL-6 (Bioss, China, 1:100), Gp130 (
Santa Cruz, America, 1:20), pSTAT3 (Bioss, China, 1:50), and NMDA (Bioss, China, 1:50), GAD67(Abcam,
England, 1:2000), then incubated with secondary antibodies anti-mouse for Gp130 and GAD67, anti-
rabbit for NMDA, pSTAT3 and IL-6 for 20 minutes in room temperature. For each rat, the positive neurons
within the bilateral borders of the PVN were manually counted in three consecutive sections, and an
average value was reported.

Western blot analysis

The tissue was homogenized in RIPA buffer containing protease inhibitor cocktail (Beyotime
Biotechnology). A BCA protein assay (Beyotime Biotechnology) was used to determine protein
concentrations. Equal amounts of protein were separated by SDS-PAGE electrophoresis and then
transferred electrophoretically to a polyvinylidene �uoride membrane (Bio-Rad) [27, 28]. The membranes
were incubated with the following primary antibodies for 2 hours at room temperature: IL-6 (1:1000,
Abcam, England), Gp130 (1:1000, Santa, America), pSTAT3 (1:1000, Bioss, China), and NMDA (1:1000,
Bioss, China). GAPDH (1:1000, Solarbio, China), Goat anti-mouse IgG (Bioss, China, Gp130, 1:1000 and
GAD67,1:1000) or goat anti-rabbit IgG (Bioss, China, pSTAT3,1:1000 , NMDA, 1 3000 and IL-6 1:1000)
was used as a secondary antibody for a 2 hours incubation at room temperature. Finally, the membrane
was placed in a gel imaging analysis system for exposure and analysis (AlphaView-�uorChemFC3).

Measurement of glutamate and GABA in PVN tissues

Brain tissue was separated as previously described. Perchloric acid (0.1 mol/L, Sigma) was added to the
brain tissue. Then, the tissue was dissolved on an ice pack or crushed ice, fully mashed and
homogenized, and sonicated for 5 minutes. Finally, the samples were centrifuged at 12,000 rpm for 10
minutes at 4°C. The supernatant was aspirated, diluted and �ltered through a �ltration membrane. The
concentrations of glutamate and GABA were measured using a liquid chromatography mass
spectrometer (Singapore, Xevo).

Measurement of circulating catecholamine levels
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The arterial blood was drawn from the left heart chamber and placed in a centrifuge, centrifuged at 3,000
rpm for 15 min at 4 °C and got the supernatant, Stored in a refrigerator at -80 °C. The ELSIA kit to test NE
was purchased from Bioss. Standard dilution and loading: After dilution, the volume of each well was 50
μl, the concentration was 120 ng / L, 80 ng / L, 40 ng / L, 20 ng / L, 10 ng / L. The sample to be tested on
the enzyme-labeled plate is �rst diluted with a sample of 40 μl, and then 10 μl, of the sample to be tested
is added. 50 μl of enzyme labeling reagent per well. After sealing with a sealing �lm, incubate at 37 °C for
30 minutes. Zeroing with blank holes, measuring the absorbance of each hole in sequence at 450nm and
630 nm wavelength. The concentration of sample was calculated based on absorbance

Statistical analysis

All analyses were carried out with SPSS v17.0 software.All data were expressed as the mean ± SEM and
were analysed by ANOVA followed by a post-hoc LSD test. Statistical signi�cance was accepted at p <
0.05 for all analyses.

Results
Cardiac Electrophysiological study

In �g.1A, showed a typical VF graph induced by electrophysiological catheter, �g.1B showed ventricular
premature beat recorded by dynamic electrocardiogram. In �g.1C,D,E, MI rats showed an increased
incidence of spontaneous ventricular arrhythmias(5.5±0.8 vs 1.3±0.6)(p<0.01) than Sham rats. The
incidence of spontaneous ventricular arrhythmias (54.67±5.59 and 200.8 ±19.12) of paraventricular
nucleus injected (PNI) anti-IL-6 antibody-treated rats or PNI SC144 treated rats was signi�cantly higher
than that in sham rats and MI rats (p<0.0001). To further study the changes in cardiac electrophysiology,
we measured cardiac-induced VF and VF threshold in each group of rats. The induced VF of MI rats was
over 50% higher than that of sham rats 31.83±3.43% vs 13.33±1.41% (p<0.01), meanwhile PNI anti-IL-6
rats and PNI SC144 rats had much higher induced VF (58.17±5.74% and 81.33±6.01% ) than  MI rats
(p<0.0001). For the VF threshold, compared to sham rats (10.75±1.20V), MI rats (7.25±0.63V) showed a
decreased VF (10.75±1.20V vs 7.25±0.63V) threshold (p<0.0001), and the VF (6.16±0.60V and
3.66±0.45V) threshold was lower in PNI anti IL-6 rats and PNI SC144 rats  than  MI rats (p<0.05).

IL-6, Gp130 and pSTAT3 expression in the PVN

The immune system was activated when the left anterior descending coronary artery was ligated. As
shown in Fig 2-A, the immunohistochemical image shown the expression IL-6 in four groups. For the �g 2-
C, demonstrated the immunohistochemical expression of Gp130 in four groups and �g 2-E account for
the immunohistochemical expression of pSTAT3 in four groups. Figure �g 2-B, D, F were the
densitometric analysis of IL-6, Gp130 and pSTAT3 respectively. The �gue2-G showed the representative
immunoblot image of IL-6, Gp130 and pSTAT3.  From this picture we could observe that compared to
sham rats, the IL-6 concentration in MI rats’ PVNs increased signi�cantly (p<0.0001), which then
activated the Gp130 receptor (p<0.0001) and its downstream mediator pSTAT3 (p<0.01). With the
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reduction in IL-6 content by injection of anti-IL-6 antibody, Gp130-pSTAT3 activation was blunted
(p<0.05). Gp130-STAT3 activation was blunted conspicuously by SC144, which could bind to Gp130 and
eventually abrogate STAT3 phosphorylation and nuclear translocation, Figure 2-H-J showed
densitometric analysis of protein expression of IL-6,Gp130 and pSTAT3.

NMDA and GAD67 expression in the PVN

The �g3-A demonstrated the immunohistochemical expression of NMDA in four groups and Fig 3-C
account for the immunohistochemical expression of GAD67 in four groups. Fig 3-B, D were the
densitometric analysis of NMDA and GAD67 respectively. The �gue3-E showed the representative
immunoblot image of NMDA and GAD67, which demonstrated that MI rats had higher NMDA levels and
lower GAD67 levels in the PVN than did sham rats (p<0.01). PVN injections of anti-IL-6 antibody and
SC144 promoted increases in NMDA and decreases in GAD67 within the PVN of MI rats (p<0.05).

Neurotransmitters in the PVN

In �g.4 A, B,We observed signi�cant changes of excitatory neurotransmitters and inhibitory
neurotransmitters in the PVN of MI and PNI rats compared to those in sham rats. Compared to sham rats,
MI  rats had higher levels of glutamate (0.64 ±0.08 vs 0.90±0.09μg/mg, p<0.05) and lower levels of GABA
in the PVN (304.0±12.0 vs 232.3±9.1 ng/mg, p<0.0001). Furthermore, PNI anti-IL-6 rat and anti SC144
rats had more glutamate (1.28±0.09μg/mg and 2.57±1.13μg/mg) (p<0.0001) and less
GABA(GABA:165.9±8.2ng/mg and135.2±8.1ng/mg ) (p<0.0001)  in the PVN than MI rats did .

Plasma humoral factors

To determine the sympathoexcitation effect of MI and PVN infusion, we measured plasma NE levels in
blood using ELISA. In �g.4 C, as expected, compared with sham rats, MI rats had much higher plasma NE
(412.7±16.5pg/ml vs 630.5±21.2pg/ml) (p<0.0001). Additionally, PNI anti IL-6 rats and PNI SC144 rats
had higher levels of plasma NE (850.5±23.2pg/ml and 1002.0±29.9pg/ml) than MI rats did (p<0.0001)
(Figure 4).

Discussion
The novel �nding of the present study is that IL-6 and its downstream Gp130-STAT3 induce an imbalance
between excitatory and inhibitory neurotransmitters and their rate-limiting enzymes in the PVN MI rats,
which contributes to sympathoexcitation and incidence of ventricular arrhythmias.

Central nervous system disease can induce multiple arrhythmias including ventricular tachycardia and
ventricular �brillation. Exploring central nervous system-related ventricular premature contractions is of
great signi�cance for clinical work. Thus, PVN may be a potential target for prevention and treatment of
VA in patients with AMI. Neuroanatomical studies have shown that the PVN sends direct projections to
spinal preganglionic neurons of sympathetic ganglia. Stimulation of cell bodies in the PVN causes an
increase in blood pressure, heart rate and circulating NE concentrations [29]. Injecting glutamate or GABA
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antagonist into the PVN resulted in an increase in renal nerve activity and circulating NE concentration,
suggesting that a sympathoadrenal component to cardiovascular responses was associated with PVN
stimulation [30]. Recent research demonstrated that pathophysiological changes in the PVN are
undoubtedly critical to the elevated sympathetic nerve activity in MI. In response to MI, microglia in PVN
become activated and secrete cytokines. In this study, we observed an increase in the expression of IL-6
and the activation of Gp130-STAT3 in PVN neurons of MI rats. Interestingly, while previous studies
demonstrated that other cytokines, such as TNF-α and IL-1 in PVN, play a devastating role, IL-6 in PVN
plays a protective role in our study. When MI rats were treated with IL-6 antagonist, the sympathetic
out�ow increased. The role of IL-6 is complicated during the in�ammation process, which contributes to
both injury and repair processes. However, the peak in IL-6 (24 hours) expression is associated with
neuroprotection [12]. And many studies have shown that IL-6 dose-dependently protects neurons against
NMDA toxicity. Activation of NMDA receptors can increase sympathetic discharge. In our study, we
observed that blocking IL-6 induced the increased concentration of Glu and elevated expression of NMDA
in the PVN whereas the decreased concentration of GABA and reduced expression of GAD67 in the PVN.

Moreover, the Gp130-STAT3 pathway plays a key role in this process. When we treated MI rats with a
Gp130 antagonist (SC144), also gave rise to the same changes in neurotransmitters in PVN as which
injected anti-IL-6, This process lead to the sympathetic out�ow increased with incidence of ventricular
arrhythmias elevated.

As common signal transducing receptor subunit, Gp130 acts in association with ligand-speci�c receptors
of IL-6. Now in clinic, drugs that antagonize IL-6 mostly targets at IL-6 and IL-6R, whereas they exist
detrimental offside effects, such as bacterial infections. In this trail we chose the SC144 a novel speci�c
small molecule inhibitor of Gp130, to block the signal of IL-6 by blocking Gp130, which is a new target for
blocking IL-6 signaling [31]. The intracellular signal transduction induced by IL-6 involves the activation
of JAK tyrosine kinase family members, leading to the activation of transcription factors of the STAT
family. STAT3 is an important element in the JAK-STAT pathway. The phosphorylation of STAT3 at
Tyr705 in response to Gp130-stimulating cytokines leads to the formation of STAT3 dimers, followed by
the translocation of these dimers to the nucleus where they regulate the transcription of target genes [16].

Increases in cholinergic genes within the stellate ganglion and widespread co-expression of ChAT protein
in TH+ neurons have been detected in MI rats. The acquisition of cholinergic function requires the
expression of the Gp130 cytokine receptor in sympathetic neurons. Removal of Gp130 from sympathetic
neurons also prevents the local expression of noradrenergic transmission in the left ventricle after acute
MI. In this study, Gp130 played the same role in the PVN by transforming glutamate into GABA and
inducing an imbalance between excitatory and inhibitory neurotransmitters, thereby further affecting the
out�ow of sympathetic activity..

In summary, the present study demonstrates that MI rats have higher concentrations of IL-6 and Gp130-
STAT3 in the PVN, thereby contributing to sympathetic nerve inhibition and higher ventricular electrical
stability. Our �ndings provide new insights into the treatment of ventricular arrhythmias in MI rats.
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Preservation of IL-6-Gp130-STAT3 in the PVN can reduce the occurrence of ventricular arrhythmia in the
acute phase of MI.

Limitations

We need to consider the effect of the depth of anaesthesia on autonomic nervous system (ANS).
Although we gave anaesthetic according to the weight of rats, there is individual differences in self-
e�cacy. Another limitation of the study is that we elected to diagnose VAs from a single-lead
electrocardiogram during 24 hours recording. Although the diagnostic accuracy is well in human, the rats
need more experiments to con�rm.

Declarations
Ethics approval and consent to participate

All experimental protocols were approved by local animal care and use committee (Animal Experimental
Ethics Association Of the First A�liated Hospital of Harbin Medical University). The methods were carried
out in accordance with the revised Animals (Scienti�c Procedures) Act 1986.

Consent to publish

Not Applicable

Availability of data and materials

The datasets supporting the conclusions of this article are included within the article.

Competing interests

The authors declare that they have no competing interests.

Funding

All authors have read and approved the manuscript. The design of the study and collection, analysis and
interpretation of data and editorial writing support was supported by Science Foundation of the First
A�liated Hospital of Harbin Medical University (2018L001), Heilongjiang Postdoctoral Science
Foundation (LBH-Z18213), and Chinese Postdoctoral Science Foundation (2018M631959).

Authors' contributions

All authors have read and approved the manuscript. Conceptualization, MG, DCY and XFQ; Data curation,
MG; Formal analysis, MG; Funding acquisition, DCY and XFQ; Investigation, MG; Methodology, MG and
JGC; Project administration, XFQ; Resources, XFQ; Software, JGC; Supervision, DCY and XFQ; Writing-
original draft, MG; Writing-review and editing, DCY, and XFQ.



Page 10/14

Acknowledgments

We would like to thank the First A�liated Hospital of Harbin Medical University for supporting our study
and all the researchers who participated in this work.

References
[1] Thygesen K, Alpert J S, White H D. Universal de�nition of myocardial infarction[J]. Journal of the
American College of Cardiology, 2007, 50(22): 2173-2195.

[2] Lawrie D M, Higgins M R, Godman M J, et al. Ventricular �brillation complicating acute myocardial
infarction[J]. The Lancet, 1968, 292(7567): 523-528.

[3] DANSON E J F, PATERSON D J. Reactive oxygen species and autonomic regulation of cardiac
excitability[J]. Journal of Cardiovascular Electrophysiology, 2006, 17: S104-S112.

[4] Talman W T, Kelkar P. Neural control of the heart: central and peripheral[J]. Neurologic Clinics, 1993,
11(2): 239-256.

[5]  Lampert R, Jain D, Burg M M, et al. Destabilizing effects of mental stress on ventricular arrhythmias in
patients with implantable cardioverter-de�brillators[J]. Circulation, 2000, 101(2): 158-164.

[6] Davis A M, Natelson B H. Brain-heart interactions. The neurocardiology of arrhythmia and sudden
cardiac death[J]. Texas Heart Institute Journal, 1993, 20(3): 158.

[7] Sawchenko P E, Swanson L W. Immunohistochemical identi�cation of neurons in the paraventricular
nucleus of the hypothalamus that project to the medulla or to the spinal cord in the rat[J]. Journal of
Comparative Neurology, 1982, 205(3): 260-272.

[8] Badoer E. Hypothalamic paraventricular nucleus and cardiovascular regulation[J]. Clinical and
Experimental Pharmacology & Physiology, 2001, 28(1-2): 95-99.

[9]    Kang Y M, He R L, Yang L M, et al. Brain tumour necrosis factor-α modulates neurotransmitters in
hypothalamic paraventricular nucleus in heart failure[J]. Cardiovascular Research, 2009, 83(4): 737-746.

[10]  Qi J, Zhao X F, Yu X J, et al. Targeting interleukin-1 beta to suppress sympathoexcitation in
hypothalamic paraventricular nucleus in Dahl salt-sensitive hypertensive rats[J]. Cardiovascular
Toxicology, 2016, 16(3): 298-306.

[11]  Sallam M Y, El-Gowilly S M, Abdel-Galil A G A, et al. Central GABA A receptors are involved in
in�ammatory and cardiovascular consequences of endotoxemia in conscious rats[J]. Naunyn-
Schmiedeberg's Archives of Pharmacology, 2016, 389(3): 279-288.



Page 11/14

[12] Schaper F, Rose-John S. Interleukin-6: biology, signaling and strategies of blockade[J]. Cytokine &
Growth Factor Reviews, 2015, 26(5): 475-487.

[13]  Suzuki S, Tanaka K, Suzuki N. Ambivalent aspects of interleukin-6 in cerebral ischemia:
in�ammatory versus neurotrophic aspects[J]. Journal of Cerebral Blood Flow & Metabolism, 2009, 29(3):
464-479.

[14]  Ali C, Nicole O, Docagne F, et al. Ischemia-induced interleukin-6 as a potential endogenous
neuroprotective cytokine against NMDA receptor-mediated excitoxicity in the brain[J]. Journal of Cerebral
Blood Flow & Metabolism, 2000, 20(6): 956-966.

[15]  Scheller J, Chalaris A, Schmidt-Arras D, et al. The pro-and anti-in�ammatory properties of the
cytokine interleukin-6[J]. Biochimica et Biophysica Acta (BBA)-Molecular Cell Research, 2011, 1813(5):
878-888.

[15]  Mihara M, Hashizume M, Yoshida H, et al. IL-6/IL-6 receptor system and its role in physiological and
pathological conditions[J]. Clinical Science, 2012, 122(4): 143-159.

[16] Garbers C, Aparicio-Siegmund S, Rose-John S. The IL-6/gp130/STAT3 signaling axis: recent
advances towards speci�c inhibition[J]. Current Opinion in Immunology, 2015, 34: 75-82.

[17]  Habecker B A, Klein M G, Cox B C, et al. Norepinephrine transporter expression in cholinergic
sympathetic neurons: differential regulation of membrane and vesicular transporters[J]. Developmental
Biology, 2000, 220(1): 85-96.

[18]  Garbers C, Aparicio-Siegmund S, Rose-John S. The IL-6/gp130/STAT3 signaling axis: recent
advances towards speci�c inhibition[J]. Current Opinion in Immunology, 2015, 34: 75-82.

[19]  Chen X, Wei J, Li C, et al. Blocking interleukin-6 signaling inhibits cell viability/proliferation,
glycolysis, and colony forming activity of human medulloblastoma cells[J]. International Journal of
Oncology, 2018, 52(2): 571-578.

[20]  Todd L, Squires N, Suarez L, et al. Jak/Stat signaling regulates the proliferation and neurogenic
potential of Müller glia-derived progenitor cells in the avian retina[J]. Scienti�c Reports, 2016, 6: 35703.

[21]  Gao H L, Yu X J, Liu K L, et al. PVN blockade of p44/42 MAPK pathway attenuates salt-induced
hypertension through modulating neurotransmitters and attenuating oxidative stress[J]. Scienti�c
Reports, 2017, 7: 43038.

[22]  Oshima T, Cao X, Grande F, et al. Combination effects of SC144 and cytotoxic anticancer agents[J].
Anti-cancer Drugs, 2009, 20(5): 312-320.

[23]  Xu S, Grande F, Garofalo A, et al. Discovery of a novel orally active small-molecule gp130 inhibitor for
the treatment of ovarian cancer[J]. Molecular Cancer Therapeutics, 2013.



Page 12/14

[24] Plasencia C, Grande F, Oshima T, et al. Discovery of a novel quinoxalinhydrazide with a broad-
spectrum anticancer activity[J]. Cancer Biology & Therapy, 2009, 8(5): 458-465.

[25]  Sung P H, Lee F Y, Lin L C, et al. Melatonin attenuated brain death tissue extract-induced cardiac
damage by suppressing DAMP signaling[J]. Oncotarget, 2018, 9(3): 3531.

[26]  Su Q, Huo C J, Li H B, et al. Renin-angiotensin system acting on reactive oxygen species in
paraventricular nucleus induces sympathetic activation via AT1R/PKCγ/Rac1 pathway in salt-induced
hypertension[J]. Scienti�c Reports, 2017, 7: 43107.

[27]  Yin J, Wang Y, Hu H, et al. P2X7 receptor inhibition attenuated sympathetic nerve sprouting after
myocardial infarction via the NLRP3/IL‐1β pathway[J]. Journal of Cellular and Molecular Medicine, 2017,
21(11): 2695-2710.

[28]  Yin J, Hu H, Li X, et al. Inhibition of Notch signaling pathway attenuates sympathetic
hyperinnervation together with the augmentation of M2 macrophages in rats post-myocardial
infarction[J]. American Journal of Physiology-Cell Physiology, 2015, 310(1): C41-C53.

[29]  Martin D S, Haywood J R. Sympathetic nervous system activation by glutamate injections into the
paraventricular nucleus[J]. Brain Research, 1992, 577(2): 261-267.

[30] Zhang K, Patel K P. Effect of nitric oxide within the paraventricular nucleus on renal sympathetic
nerve discharge: role of GABA[J]. American Journal of Physiology-Regulatory, Integrative and
Comparative Physiology, 1998, 275(3): R728-R734.

[31] Kang S, Tanaka T, Narazaki M, et al. Targeting interleukin-6 signaling in clinic[J]. Immunity, 2019,
50(4): 1007-1023.

Figures



Page 13/14

Figure 1

Effects of PVN infusion of anti- IL-6-antibody or SC144 on ventricular electrophysiological activity in MI
rats. (A) Recordings of typical inducible ventricular arrhythmias by programmed electrical stimulation; (B)
the ventricular premature beat within 24 hours recording by the small animal dynamic electrocardiogram;
(C) a quantitate analysis of induced ventricular �brillation; (D) A quantitate analysis of ventricular
�brillation threshold; (E) A quantitative analysis of premature ventricular beats in 24 hours. Values are
mean±SE. &p<0.05 vs sham rats, #p<0.05 vs MI rats. Abbreviations: PVN, paraventricular nucleus; IL-6,
Interleukin-6; MI, myocardial infarction.

Figure 2

Effects of PVN infusion of anti-IL-6 antibody or SC144 on IL-6, Gp130 and pSTAT3 levels within the MI in
MI rats: (A) A representative immunohistochemical image of IL-6; (B) densitometric analysis of IL-6
staining; (C) a representative immunohistochemical image of Gp130; (D) densitometric analysis of
Gp130 staining; (E) a representative immunohistochemical image of pSTAT3; (F) densitometric analysis
of pSTAT3 staining. (G) A representative immunoblot image of IL-6, Gp130 and pSTAT3. (H-J)
Densitometric analysis of protein expression of IL-6, Gp130 and pSTAT3 (n=4). Values are the mean ± SE.
&p<0.05 vs SHAM, #p<0.05 vs MI rats. Abbreviations: PVN, paraventricular nucleus; IL-6, interleukin-6; MI,
myocardial infarction; Gp130 glycoprotein130;

Figure 3

Effects of PVN infusion of anti-IL-6 antibody or SC144 on NMDA and GAD67 within the PVN in MI rats:
(A) a representative immunohistochemical image of NMDA; (B) densitometric analysis of NMDA staining;
(C) a representative immunohistochemical image of GAD67; (D) densitometric analysis of GAD67
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staining; (E) a representative immunoblot image of NMDA and GAD67; (F) densitometric analysis of
protein expression of NMDA and GAD67 (n=4). Values are the mean ± SE. &p<0.05 vs SHAM, #p<0.05 vs
MI rats. Abbreviations: PVN paraventricular nucleus IL-6 interleukin-6 MI myocardial infarction.

Figure 4

Effects of PVN infusion of anti-IL-6 antibody or SC144 on the PVN glutamate and GABA concentration in
MI rats. (A) Glutamate; (B) GABA. Values are the mean ± SE. (C) Quantitative analysis of plasma NE.
&p<0.05 vs SHAM rats, #p<0.05 vs MI rats. Abbreviations: PVN, paraventricular nucleus; IL-6, Interleukin-6;
MI, myocardial infarction; Gp130:glycoprotein130; GABA,γ-aminobutyric acid.
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