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Objective. By observing the effect of N-acetylcysteine (NAC) on the proliferation and collagen synthesis of rat cardiac fibroblasts
(CFs) to explore the effect of NAC on cardiac remodeling (CR). Methods. In vivo, first, the Sprague Dawley (SD) rat myocardial
hypertrophy model was constructed, and the effect of NAC on cardiac structure and function was detected by echocardiography,
serological testing, and Masson staining. Western blotting (WB) and quantitative real-time polymerase chain reaction (qRT-PCR)
were used to detect the expression level of antioxidant enzymes, and flow cytometry was used to detect the intracellular reactive
oxygen species (ROS) content. In vitro, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay and 5-
ethynyl-2′-deoxyuridine (EdU) staining were used to detect cell proliferation, and the expression level of the NF-κB signaling
pathway was detected. Results. Compared with the control group, the model group had disordered cardiac structure, reduced
cardiac function, and obvious oxidative stress (OS) response. However, after NAC treatment, it could obviously improve the rat
cardiac structure and cardiac function and alleviate redox imbalance and cardiology remodeling. At the same time, NAC can
inhibit the activation of the NF-κB signaling pathway and reduce the proliferation level of CFs and the amount of 3H proline
incorporated. Conclusions. NAC can inhibit AngII-induced CF proliferation and collagen synthesis through the NF-κB signaling
pathway, alleviate the OS response of myocardial tissue, inhibit the fibrosis of myocardial tissue, and thus slow down the
pathological remodeling of the heart.

1. Introduction

Heart failure (HF) is the terminal stage of various heart dis-
eases, and CR is the key pathological link of HF, which is
based on myocardial hypertrophy (MH) and myocardial
fibrosis (MF) [1]. In the early stage of the disease, MH is
an adaptive structural change of the heart in order to main-
tain sufficient output function in the case of increased post-
load or volume load caused by diseases such as hypertension.
During the compensatory phase of the heart, physiological
changes also include an increase in the volume of myocar-
dial cells, an increase in the weight of the heart and left ven-
tricle, and an increase in the interventricular septum and the
thickness of the left ventricular wall. However, when the
heart is under a high-load environment for a long time,

MH will eventually lead to a decline in ventricular function
or even HF [2]. The transition from compensatory MH to
decompensation or HF is a very complicated pathophysiolo-
gical process. One of its main characteristics involves fibrous
tissue hyperplasia, which is the occurrence of MF. In the
process of pathological MH, MF will eventually lead to the
attenuation of myocardial functional tissue function, ven-
tricular expansion, or tissue sclerosis [3]. Therefore, some
studies have pointed out that inhibiting MF is a promising
therapeutic direction to prevent the heart from changing
from compensatory MH to decompensation or HF. In addi-
tion, under various pathological conditions, the heart
undergoes remodeling characterized by MF, and CR is one
of the pathophysiological foundations of HF. CFs are the
main effector cells of MF, and their proliferation and
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collagen synthesis are important features of MF [4]. There-
fore, inhibiting CF proliferation and collagen production is
of great value in reversing CR.

NAC is an acetyl compound of L-cysteine, and its molec-
ular structure contains active sulfhydryl groups. It is a strong
antioxidant, which interferes with the generation of free rad-
icals, scavenges the generated free radicals, and regulates the
metabolic activity of cells [5]. In addition, NAC can also reg-
ulate gene expression and signal transduction systems, exert
antiangiogenesis, inhibit the development of malignant
tumors, and inhibit the generation and metastasis of new
organisms, and NAC is widely used in clinical practice of
respiratory and nervous systems and AIDS [6, 7]. Recently,
the role of NAC in the cardiovascular system has also
received wide attention from research evidence. It has been
found that NAC can effectively inhibit myocardial cell apo-
ptosis caused by ischemia-reperfusion injury (IRI) and
improve cardiac function [8]. In addition, some studies have
shown that NAC can play an antifibrotic role in the lungs
[9], but there are few studies on the effect of NAC on cardiac
fibrosis. Therefore, this study explored the effect of NAC on
CFs in rats to explore their effects on CR.

The nuclear transcription factor is a type of protein that
has the function of binding to a fixed nucleotide sequence in
certain promoter regions to initiate gene transcription. NF-
κB is one of its important proteins, which can be found in
a variety of cells, such as vascular endothelial cells, CFs,
and cardiomyocytes, and is involved in the gene regulation
of a variety of physiological and pathological processes such
as inflammation, immunity, and cell proliferation and apo-
ptosis [10–12]. In general, NF-κB binds to its endogenous
inhibitory protein (IκB) in the homologous or heterodimer
form to form a trimer, which exists in the cytoplasm and is
inactivated. Once the IκB is phosphorylated and dissociated
from the NF-κB/IκB complex, the dimer and the inhibitory
protein are dissociated and transferred to the nucleus, where
they bind to κB sites on DNA and participate in the tran-
scription of multiple genes [13]. At present, a large number
of studies have confirmed that the NF-κB pathway is associ-
ated with cardiovascular disease. Therefore, we speculate
that NAC may slow down MF, and MH may be regulated
by the NF-κB signaling pathway.

2. Materials and Methods

2.1. Laboratory Animal. Thirty clean four-month-old male
rats, weighing 220-250 g, provided by Tianjin Chest Hospital
Animal Center, were housed in cages, with room tempera-
ture 18-22°C, relative humidity 45-65%, and light and dark
alternating for 12 hours. After 7 days of adaptive feeding,
the rats were randomly divided into 3 groups. This study
was approved by the Animal Ethics Committee of Tianjin
Chest Hospital Animal Center.

2.2. Animal Model Construction. After the rats were anesthe-
tized with 10% pentobarbital sodium, they were fixed in the
supine position on the small animal thermostatic pad on the
operating table, and their fur was sheared, and their skins
were prepared. Next, we performed endotracheal intubation

(Zena, Shanghai, China) and mechanical ventilation by blind
vision. Then, the skin of the rats’ chest was cut, the thoracic
tissue and aorta were separated, and the aortic arch was
ligated by the insertion needle with 0.5 nonabsorbent suture
(Zena, Shanghai, China) between the first and second
branches. After taking out the pad and inserting the needle,
we closed the chest cavity. The endotracheal intubation was
removed when the rats fully resumed spontaneous breath-
ing. Meanwhile, the sham group has only been performed
thoracotomy, and the aorta was not ligated.

2.3. Experimental Animal Grouping. Experimental animals
were divided into 3 groups: sham operation group (control
group;n = 15; the rats underwent sham operation, and one
week after the operation, they were intraperitoneally injected
with normal saline (0.1mL/100 g)); model group (n = 15;
one week after aortic constriction, the rats were intraperito-
neally injected with normal saline (0.1mL/100 g)); and NAC
treatment group (n = 15; one week after aortic constriction,
rats were intraperitoneally injected with NAC (Tianpu,
Guangzhou, China) (10mg/kg/d), diluted with normal
saline, and continuously administered for 2 weeks).

2.4. Echocardiography. Three weeks after the operation,
MyLab30CV with a 10MHz linear ultrasound transducer
(Philips, Eindhoven, Netherlands) was used to complete
the echocardiogram. The left ventricular diameter was mea-
sured on the parasternal long axis and short axis with a
50Hz frame rate. The left ventricular end-diastolic diameter
(LVEDd), left ventricular end-systolic diameter (LVESd),
left ventricular ejection fraction (LVEF%), and left ventricu-
lar short-axis fractional shortening rate (LVFS%) were used
to assess cardiac function.

2.5. Retention of Heart Tissue. The rats were anesthetized
with intraperitoneal injection of 10% pentobarbital sodium
3mL/kg. Then, the chest was opened along the midline inci-
sion to fully expose the heart, and blood was drawn at the
root of the aorta and saved. The left ventricle was cut and
weighed. Then, it was put in the refrigerator at -80°C. At
the same time, the tibia of the rat was isolated and its length
was measured.

2.6. Intracellular ROS Detection. The rat heart was immedi-
ately removed and placed in 1mL of ice phosphate-
buffered saline (PBS) liquid and shredded. Then, the cells
were filtered with a 200-400 mesh screen, then centrifuged
at 4°C, 1500 r/min for 5 minutes, and the supernatant was
discarded. A cold PBS solution was added to prepare a single
cell suspension, and the cell concentration was adjusted to
1 × 100-110 cells/mL. Then, 5μL 2′,7′-dichlorofluorescein
yellow diacetate (DCFH-DA, Thermo Fisher Scientific, Wal-
tham, MA, USA) was added and mixed well, then placed in a
37°C incubator in the dark for 30 minutes. It was centrifuged
again, and the supernatant was discarded; 10% fetal bovine
serum (FBS, Life Technology, Wuhan, China) was added,
and the mixture was incubated at 37°C for 20 minutes.
Finally, it was centrifuged at 1500 r/min for 5 minutes, and
a single cell suspension of heart tissue was made. The cell
suspension was sent to flow cytometry within 1 hour to
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detect the average fluorescence intensity of intracellular
labeled fluorescent probes (Elabscience, Wuhan, China).

2.7. Masson Staining. The embedded heart tissue was cut
into continuous 3-5μm thick slices with a microtome
(Camilo Biological, Nanjing, China), and then the slides
were dried in an oven at 55°C for 30 minutes. Slides were
first dewaxed with xylene and then placed in gradient alco-
hol (100%~70%) for hydration. Then, the Masson kit (Wal-
vax, Kunming, China) was used for dyeing. After the slides
were dehydrated by gradient alcohol and xylene, the neutral
resin was added dropwise and the coverslips were sealed.
After the slides have dried, we observed and took pictures
under the microscope (Elabscience, Wuhan, China).

2.8. Serological Test. Three weeks after the operation, 3mL of
right atrial blood was collected, centrifuged at 12,500 r/min
for 10 minutes at low temperature to separate serum, and
stored in a refrigerator at -80°C. According to the instruc-
tions provided by the reagent supplier (Jian Cheng, Nanjing,
China), the glutathione (GSH), glutathione peroxidase
(GPX), superoxide dismutase (SOD), lactic dehydrogenase
(LDH) activity, and malondialdehyde (MDA) content in
the serum of each group were separately detected.

2.9. Cell Extraction and Cell Culture. The heart of newborn
SD rats was taken under sterile conditions, cut to about
1mm3 small pieces, added with 1 g/L type II collagenase
(Jian Cheng, Nanjing, China), stirred at 37°C with a constant
temperature magnetic stirrer, and assisted in the separation
of cells. After 5 minutes, the cells were collected, the diges-
tion fluid was centrifuged at 1000 r/min for 5 minutes, and
the pelleted cells were resuspended and filtered. The cells
were cultured in a thermostatic 5% CO2 incubator at 37

°C
for 60 minutes using the differential attachment method.
The supernatant was discarded, and the remaining cells were
fibroblasts. Then, Dulbecco’s Modified Eagle’s Medium
(DMEM, Life Technology, Wuhan, China) containing 10%
FBS was added to continue the culture, and the medium
was changed every 2-3 days. According to literature reports,
1μmol/L AngII (Tianpu, Guangzhou, China) was used to
treat the second- to fourth-generation CFs for correspond-
ing research.

2.10. MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl
Tetrazolium Bromide) Assay. CF cells in the logarithmic
growth stage were seeded in 96-well plates with a density
of 1 × 105/mL. And cells were incubated in an incubator of
5% CO2 at 37

°C. The cells were treated with 1μmol/L AngII
for 24 hours and incubated at 37°C. After 24 hours, NAC
was added to make the final concentration of NAC in each
well 0, 10, 20, and 40mmol/L, and the culture was continued
to 48 hours. MTT (Yifei Xue, Nanjing, China) 20mL of
5mg/mL was added to each well. After the culture was con-
tinued for 4 hours, the culture medium was discarded,
150μL dimethyl sulfoxide (DMSO) was added to each well,
and the plate shaker was shaken for 10 minutes. The absor-
bance was measured at 490nm with an enzyme-linked
immunoassay (Kaiji, Nanjing, China).

2.11. 3H Proline Admixture Method. The cells were cultured
in a 96-well plate for 48 hours according to the above treat-
ment, and 3H proline of 1 × 103 Bq (Jian Cheng, Nanjing,
China) and 50mg/L ascorbic acid were added to each well,
and the cells were further incubated for 4 hours. The num-
ber of living cells was examined by trypan blue staining.
After the trypsin digested the cells into a cell suspension,
the cells were collected by a cell collector onto a fiberglass fil-
ter paper. The fiberglass filter paper was placed in a scintilla-
tion counter tube, and each tube was filled with 0.5mL of
scintillation liquid. Then, we determined the radioactive
intensity with a liquid scintillation counter (Jian Cheng,
Nanjing, China), and the data obtained was expressed in
cpm/well.

2.12. Western Blotting. Radioimmunoprecipitation assay
(RIPA) protein lysate (Camilo Biological, Nanjing, China)
was used to extract the cardiac tissue and CF total protein
on ice, and the protein concentration of each group was
detected and leveled by the bicinchoninic acid (BCA)
method (Camilo Biological, Nanjing, China). Equal amounts
of protein from each group were separated by sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and then transferred to the polyvinylidene difluoride
(PVDF, Ye Sen, Shanghai, China) membrane. Then, the
PVDF membrane was blocked with 5% skim milk at room
temperature for 2 hours, and the primary antibody (GPX1,
Abcam, Cambridge, MA, USA, 1 : 2000; GPX3, Abcam,
Cambridge, MA, USA, 1 : 2000; NF-κB, Abcam, Cambridge,
MA, USA, 1 : 2000; IκK-α, Abcam, Cambridge, MA, USA,
1 : 1000; IκB-α, Abcam, Cambridge, MA, USA, 1 : 2000; Col-
lagen I, Abcam, Cambridge, MA, USA, 1 : 2000; and
GAPDH, Abcam, Cambridge, MA, USA, 1 : 5000) was added
and incubated at 4°C overnight. The next day, after washing
the PVDF membrane with PBS, the corresponding second-
ary antibody (Abcam, Cambridge, MA, USA, 1 : 1000) was
added. After being incubated at room temperature for 2
hours, enhanced chemiluminescence (ECL, Yifei Xue, Nan-
jing, China) was added dropwise to expose in the gel imag-
ing system.

2.13. RNA Isolation and Quantitative Real-Time Polymerase
Chain Reaction (qRT-PCR). A TRIzol reagent (Thermo
Fisher Scientific, Waltham, MA, USA) was used to grind
and extract the total RNA of rat heart tissues and CFs in
each group on ice. After quantitative analysis, the equivalent
amount of RNA was transcribed into complementary deoxy-
ribonucleic acid (cDNA) using the reverse transcription kit
(Thermo Fisher Scientific, Waltham, MA, USA). The same
amount of cDNA was taken for PCR amplification. Finally,
cDNA was detected according to the instructions of the fluo-
rescence quantitative PCR kit (Thermo Fisher Scientific,
Waltham, MA, USA). The relative expression level of the
target gene was calculated by the 2-ΔΔCt method. And the
reaction conditions were as follows: 94°C denaturation 45
seconds, 59°C annealing 45 seconds, and 72°C extension 60
seconds, a total of 35 cycles. The primer sequence is shown
in Table 1.
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2.14. 5-Ethynyl-2′-deoxyuridine (EdU) Staining. Primary
fibroblasts were cultured with a diluted EdU reagent (Kaiji,
Nanjing, China). The next day, PBS was used to wash the
cells, and after fixation, Triton X-100 (Kaiji, Nanjing, China)
was used to break the membrane and 5% goat serum was
used to seal it. Then, the reaction solution was prepared
according to the kit instructions and incubated for half an
hour at room temperature. After the cells were rinsed with
PBS three times, a DAPI reagent (Thermo Fisher Scientific,
Waltham, MA, USA) was used to stain the nuclei. Finally,
the cells were observed and photographed under an inverted
fluorescence microscope.

2.15. Statistical Analysis. Statistical Product and Service
Solutions (SPSS) 20.0 software (IBM, Armonk, NY, USA)
was used for statistical analysis. The experimental data were
expressed as mean± standard deviation (�X ± SD). Differ-
ences between the two groups were analyzed by using Stu-
dent’s t-test. Comparison between multiple groups was
done using the one-way ANOVA test followed by the post
hoc test (least significant difference). P < 0:05 was consid-
ered statistically significant.

3. Results

3.1. NAC Improves the Damaged Heart Structure of Rats
after Aortic Constriction. To determine whether NAC pro-
tects the heart from cardiac impairment caused by overload-
ing, the results of echocardiography showed that the
diameter of ventricular dilatation of the model group was
obviously higher than that of the control group, which
showed that LVEDd and LVESd were obviously increased.
In addition, the cardiac contractile function was obviously
lower than that of the control group, which showed that
the LVEF% and the LVFS% were reduced. In the NAC treat-
ment group, the diameter of ventricular dilatation was lower
than that of the model group, which showed that LVEDd
and LVESd were obviously lower than those of the model
group. The systolic function of the heart was obviously

higher than that of the model group, showing that the
LVEF% and the LVFS% were increased compared with those
of the model group (Figures 1(a)–1(d)). At the same time,
we detected the ratio of Lvw/HW and Lvw/TL, and we found
that the Lvw/HW and Lvw/TL values of the model group
were obviously higher than those of the control group, but
the Lvw/HW and Lvw/TL values of the NAC group were
lower than those of the model group (Figures 1(e) and
1(f)). Then, Masson staining found that the myocardial tis-
sue structure of the control group was normal and the fibro-
sis was not obvious, while the myocardial tissue structure of
the model group was disordered and the fibrosis was obvi-
ous. Conversely, the myocardial tissue structure of the rats
in the NAC treatment group was slightly disordered and
the fibrosis area was relatively reduced (Figure 1(g)). Next,
we detected the expression of Collagen I by WB and qRT-
PCR and found that the expression of Collagen I in the
model group was the highest, while the expression of Colla-
gen I in the NAC group was lower than that in the model
group (Figures 1(h) and 1(i)).

3.2. NAC Improves the Damaged Heart Function of Rats after
Aortic Constriction. Firstly, qRT-PCR results showed that,
compared with the control group, model group rats’ cardiac
tissue hypertrophy-related gene has obvious differences with
that of the control group, including atrial natriuretic peptide
(ANP), B-type natriuretic peptide (BNP), and β-myosin
heavy chain (β-MHC) transcriptional expressions, which
were higher than those of the control group, and α-myosin
heavy chain (α-MHC) transcriptional expression was lower
than that of the control group. In contrast, transcriptional
expressions of the NAC group, ANP, BNP, and β-MHC,
were lower than those of the model group, while transcrip-
tional expression of α-MHC was higher than that of the
model group (Figures 2(a)–2(d)). At the same time, we
found through serological detection that the LDH activity
and MDA content in the model group obviously increased,
while the LDH activity and MDA content obviously
decreased after NAC treatment (Figures 2(e) and 2(f)).

Table 1: Real-time PCR primers.

Gene name Forward (5′ > 3′) Reverse (5′ > 3′)
α-MHC GCCCAGTACCTCCGAAAGTC GCCTTAACATACTCCTCCTTGTC

β-MHC ACTGTCAACACTAAGAGGGTCA TTGGATGATTTGATCTTCCAGGG

Sirt1 CCAGATCCTCAAGCCATG TTGGATTCCTGCAACCTG

SOD1 GGTGAACCAGTTGTGTTGTC CCGTCCTTTCCAGCAGTC

SOD2 CAGACCTGCCTTACGACTATGG CTCGGTGGCGTTGAGATTGTT

GPX1 ATCATATGTGTGCTGCTCGGCTAGC TACTCGAGGGCACAGCTGGGCCCTTGAG

GPX3 AGAGCCGGGGACAAGAGAA ATTTGCCAGCATACTGCTTGA

ANP GCTTCCAGGCCATATTGGAG GGGGGCATGACCTCATCTT

BNP GAGGTCACTCCTATCCTCTGG GCCATTTCCTCCGACTTTTCTC

IκK-α GTCAGGACCGTGTTCTCAAGG GCTTCTTTGATGTTACTGAGGGC

IκB-α GGATCTAGCAGCTACGTACG TTAGGACCTGACGTAACACG

P65 ACTGCCGGGATGGCTACTAT TCTGGATTCGCTGGCTAATGG

GAPDH ACAACTTTGGTATCGTGGAAGG GCCATCACGCCACAGTTTC

qRT-PCR: quantitative real-time polymerase chain reaction.

4 Disease Markers



3.3. NAC Improves Oxidative Stress Response after Aortic
Constriction. Firstly, we detected the expression of GPX1
and GPX3 proteins in the myocardial tissues of each group
by WB (Figure 3(a)). The results showed that the expression
of GPX1 and GPX3 was obviously decreased in the model
group, while NAC effectively inhibited the expression of

GPX1 and GPX3 after treatment. At the same time, qRT-
PCR detection of SOD1 mRNA, SOD2 mRNA, GPX1
mRNA, and GPX3 mRNA also found similar results; NAC
treatment can reverse the decreased transcriptional expres-
sion of SOD1, SOD2, GPX1, and GPX3 in myocardial tissue
(Figures 3(b)–3(e)). Then, we found that the activities of
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Figure 1: NAC improves the damaged heart structure of rats after aortic constriction. (a) Echocardiography detected the LVEDd of rats. (b)
Echocardiography detected the LVESd of rats. (c) Echocardiography detected the LVEF% of rats. (d) Echocardiography detected the LVFS%
of rats. (e) Ratio of Lvw/BW. (f) Ratio of Lvw/TL. (g) Masson staining and positive area analysis (magnification: 200x). (h) WB detected the
Collagen I expression and gray value analysis. GAPDH was used as an internal control. (i) qRT-PCR detected the Collagen I expression. “∗”
indicates the statistical difference from the control group, P < 0:05; “#” indicates the statistical difference from the aortic constriction group,
P < 0:05. LVEDd: left ventricular end-diastolic diameter; LVESd: left ventricular end-systolic diameter; LVEF: left ventricular ejection
fraction; LVFS: left ventricular fractional shortening; Lvw: left ventricular weight; BW: body weight; TL: tibial length.
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Figure 2: NAC improves the damaged heart function of rats after aortic constriction. (a) qRT-PCR detected the ANP expression. (b) qRT-
PCR detected the BNP expression. (c) qRT-PCR detected the α-MHC expression. (d) qRT-PCR detected the β-MHC expression. (e) The kit
detected the serum LDH activity. (f) The kit detected the serum MDA content. “∗” indicates the statistical difference from the control group,
P < 0:05; “#” indicates the statistical difference from the aortic constriction group, P < 0:05. ANP: atrial natriuretic peptide; BNP: B-type
natriuretic peptide; α-MHC: α-myosin heavy chain; β-MHC: β-myosin heavy chain; LDH: lactic dehydrogenase; MDA: malondialdehyde.
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SOD, GPX, and GSH in the model group were obviously
reduced by serological detection. On the contrary, we found
that the expression of SOD, GPX, and GSH in the NAC
group was higher than that in the model group

(Figures 3(f)–3(h)). In addition, flow cytometry detection
of ROS levels in myocardial tissue revealed that ROS levels
were obviously increased in the model group, while NAC
can promote ROS clearance (Figure 3(i)).
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Figure 3: NAC improves oxidative stress response after aortic constriction. (a) WB detected the expression of GPX1 and GPX3 and
gray value analysis. GAPDH was used as an internal control. (b) qRT-PCR detected the expression of SOD1. (c) qRT-PCR detected
the expression of SOD2. (d) qRT-PCR detected the expression of GPX1. (e) qRT-PCR detected the expression of GPX3. (f) The kit
detected the serum SOD activity. (g) The kit detected the serum GPX activity. (h) The kit detected the serum GSH activity. (i) Flow
cytometry detected the intracellular ROS levels. “∗” indicates the statistical difference from the control group, P < 0:05; “#” indicates
the statistical difference from the aortic constriction group, P < 0:05. SOD: superoxide dismutase; GPX: glutathione peroxidase; GSH:
glutathione; ROS: reactive oxygen species.
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3.4. NAC Inhibits the NF-κB Signaling Pathway. In order to
detect whether NAC inhibits CF proliferation and collagen
synthesis through the NF-κB signaling pathway, we inves-
tigated the effect of NAC in vitro by AngII treatment of
CFs. First of all, the results of the MTT experiment
showed that compared with the control group, NAC of
10, 20, and 40mmol/L had an inhibitory effect on the
growth of CF cells, and there were differences among
groups with different concentrations (Figure 4(a)). Also,
we found that when NAC concentration was at 20mmol/
L, its inhibition activity of CFs was significant. Therefore,
in our subsequent experiments, we chose this concentra-
tion to treat CFs [14]. At the same time, the results of
the 3H proline incorporation method showed that com-
pared with the control group, the synthesis of total colla-
gen of CFs decreased obviously after NAC treatment for
48 hours, and the amount of doping also decreased with
the increase of NAC concentration (Figure 4(b)). Then,
we detected the proliferation of CFs by EdU staining,
and the results showed that NAC treatment could signifi-
cantly inhibit the proliferation of CFs induced by AngII
(Figure 4(c)). In addition, WB detection found that after
AngII treated CFs, the NF-κB signaling pathway was acti-
vated, while NAC treatment can increase the levels of IκB-
α protein and decrease the levels of NF-κB and IκK-α pro-
tein (Figure 4(d)). At the same time, qRT-PCR also pro-
duced similar results (Figures 4(e)–4(g)).

4. Discussion

The remodeling of the heart includes myocardial paren-
chymal remodeling and interstitial remodeling. Parenchy-
mal remodeling is mainly caused by pathological
hypertrophy or degeneration and necrosis of cardiomyo-
cytes, while interstitial remodeling includes activation and
proliferation of fibroblasts and changes in the composition
and amount of the extracellular matrix collagen network
[15]. Therefore, in the process of CR, CFs and the extra-
cellular matrix proliferate and infiltrate a lot, leading to
heart fibrosis. This process is an important step in the
change of heart function from decompensation to HF.
Collagen I and Collagen III are secreted by CFs and are
the main components of the extracellular matrix of the
heart. In the process of CR, pathological hyperplasia of
Collagen I and Collagen III caused an imbalance of the
myocardial parenchymal and interstitial tissues, and the
number of myocardial cells as working cells decreased rel-
atively, which generally showed the body’s cardiac dys-
function [16]. Our results also found that in the model
group, the cardiac tissue structure was disordered, and
the fibrosis area and Collagen I expression were obviously
higher than those in the control group. At the same time,
the heart function of rats in the model group decreased,
and some hypertrophy-related indicators were obviously
increased. Thus, we speculate that rational remodeling of
heart disease has occurred in rats.

In the cardiovascular system, NAC has also received
attention, and it can play a beneficial role in the body
under the conditions of coronary atherosclerosis, myocar-

dial IRI, and hypertension and CR [17, 18]. Research stud-
ies have found that the plasma TNF-α concentration in
the rat model of hypertension was obviously associated
with a decrease in cardiac LVFS% and a lack of cardiac
GSH. However, after NAC intervention, there was no
effect on hypertension, but the plasma TNF-α concentra-
tion reached normal levels, increased LVFS% and
restricted the left ventricular posterior wall hypertrophy,
and inhibited the activation of matrix metalloproteinase 2
and matrix metalloproteinase 9, which reduces the colla-
gen deposition in the left ventricle, suggesting that NAC
can slow down the process of CR in hypertensive rats
and effectively protect cardiac function [19]. In addition,
there are research studies that believe that NAC may
directly prevent blood pressure, promote the synthesis of
GSH in the heart to inhibit the harmful effects of inflam-
matory factors on the heart, or directly inhibit the activa-
tion of NF-κB through GSH and other mechanisms. And
it can reverse the effects of hypertensive CR [20]. How-
ever, there is less relevant evidence, and its mechanism
still needs further study, especially the direct effect of
fibroblasts.

Studies in other systemic diseases have shown that NAC
can directly affect the proliferation and collagen synthesis of
mouse and human lung fibroblasts, reduce the expression of
cyclin E, block cell proliferation in the G1 phase, and thus
inhibit cell proliferation, and it can reduce TGF-α-induced
or non-TGF-α-induced collagen synthesis [21]. The results
of this experiment indicated that NAC had inhibitory effects
on proliferation and collagen synthesis of rat CFs similar to
those mentioned in the previous experiment, but the specific
mechanism of NAC and its effect on overall cardiac fibrosis
under pathological conditions still need to be further
studied.

Cell pathways activated by OS led to programmed cell
death, which eventually leads to cardiac dysfunction and
HF. It can be seen that the signal transduction pathway
mediated by OS is particularly important in the formation
of MH [22, 23]. Therefore, we speculate that MF is closely
related to the OS pathway. NF-κB is a family of transcription
factor proteins. And it is very sensitive to ROS produced by
OS. Activated NF-κB can cause cells to produce numerous
cytokines, and research studies have shown that ROS can
lead to the activation of IκK-α, thereby promoting the acti-
vation of NF-κB [24, 25]. Our results also found that
in vivo, with the model group heart tissue redox imbalance,
antioxidant enzyme activity decreased, prompting the accu-
mulation of ROS in cells. In vitro, AngII treated CFs and
induced the activation of the NF-κB signaling pathway.
NAC can restore antioxidant enzyme activity in the body
and remove excess ROS in cells. At the same time, NAC
can inhibit the total collagen synthesis function of cells and
inhibit the excessive activation of the NF-κB signaling path-
way in vitro. Although the preliminary research results of
this experiment suggest that NAC can be considered a
potential treatment method for rational reconstruction of
heart disease, it is necessary to further study the comprehen-
sive impact of all aspects before it can provide a stronger
basis for treatment.
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Our study confirmed that in vivo, antioxidant enzyme
activity and intracellular ROS content are closely related to
myocardial remodeling, and NAC can significantly relieve
OS in vivo, thus inhibiting MF and remodeling. Meanwhile,

in vitro, we first reported that NAC inhibits CF proliferation
and collagen synthesis through the NF-κB pathway, thus
providing a new research basis for the treatment of MF
and remodeling.
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Figure 4: NAC inhibits the NF-κB signaling pathway. (a) MTT detected the CF activity. (b) The 3H proline incorporation method detected
the cell total collagen synthesis function. (c) EdU staining detected the cell proliferation and percentage analysis of positive cells. (d) WB
detected the expression of NF-κB, IκK-α, IκB-α, and gray value analysis. GAPDH is used as an internal control. (e) qRT-PCR detected
the expression of NF-κB. (f) qRT-PCR detected the expression of IκK-α. (g) qRT-PCR detected the expression of IκB-α. “∗” indicates the
statistical difference from the control group, P < 0:05; “#” indicates the statistical difference from the aortic constriction group, P < 0:05.
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5. Conclusions

NAC can inhibit AngII-induced CF proliferation and colla-
gen synthesis through the NF-κB signaling pathway, allevi-
ate the OS response of myocardial tissue, inhibit the
fibrosis of myocardial tissue, and thus slow down the patho-
logical remodeling of the heart. This also provides a new
research basis for the treatment of CR.
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available from the corresponding author on reasonable
request.

Conflicts of Interest

The authors declared no conflict of interest.

References

[1] R. A. Thandavarayan, K. R. Chitturi, and A. Guha, “Patho-
physiology of acute and chronic right heart failure,” Cardiology
Clinics, vol. 38, no. 2, pp. 149–160, 2020.

[2] T. B. Olesen, M. Pareek, J. V. Stidsen et al., “Association
between antecedent blood pressure, hypertension-mediated
organ damage and cardiovascular outcome,” Blood Pressure,
vol. 29, no. 4, pp. 232–240, 2020.

[3] P. Kong, P. Christia, and N. G. Frangogiannis, “The pathogen-
esis of cardiac fibrosis,” Cellular and Molecular Life Sciences,
vol. 71, no. 4, pp. 549–574, 2014.

[4] V. Talman and H. Ruskoaho, “Cardiac fibrosis in myocardial
infarction-from repair and remodeling to regeneration,” Cell
and Tissue Research, vol. 365, no. 3, pp. 563–581, 2016.

[5] G. Aldini, A. Altomare, G. Baron et al., “N-Acetylcysteine as an
antioxidant and disulphide breaking agent: the reasons why,”
Free Radical Research, vol. 52, no. 7, pp. 751–762, 2018.

[6] P. J. Millea, “N-Acetylcysteine: multiple clinical applications,”
American Family Physician, vol. 80, no. 3, pp. 265–269, 2009.

[7] P. Santus, A. Corsico, P. Solidoro, F. Braido, F. Di Marco, and
N. Scichilone, “Oxidative stress and respiratory system: phar-
macological and clinical reappraisal of N-acetylcysteine,”
COPD, vol. 11, no. 6, pp. 705–717, 2014.

[8] M. Bartekova, M. Barancik, K. Ferenczyova, and N. S. Dhalla,
“Beneficial effects of N-acetylcysteine and N-
mercaptopropionylglycine on ischemia reperfusion injury in
the heart,” Current Medicinal Chemistry, vol. 25, no. 3,
pp. 355–366, 2018.

[9] L. Zhang, Y. L. He, Q. Z. Li et al., “N-Acetylcysteine alleviated
silica-induced lung fibrosis in rats by down-regulation of ROS
and mitochondrial apoptosis signaling,” Toxicology Mecha-
nisms and Methods, vol. 24, no. 3, pp. 212–219, 2014.

[10] Y. Pang, M. T. Liang, Y. Gong et al., “HGF reduces disease
severity and inflammation by attenuating the NF-κB signaling
in a rat model of pulmonary artery hypertension,” Inflamma-
tion, vol. 41, no. 3, pp. 924–931, 2018.

[11] L. Yang and C. Gao, “miR-590 inhibits endothelial cell apopto-
sis by inactivating the TLR4/NF-κB pathway in atherosclero-
sis,” Yonsei Medical Journal, vol. 60, no. 3, pp. 298–307, 2019.

[12] F. Yang, S. Jin, and Y. Tang, “Marine collagen peptides pro-
mote cell proliferation of NIH-3T3 fibroblasts via NF-κB sig-
naling pathway,” Molecules, vol. 24, no. 22, p. 4201, 2019.

[13] T. D. Gilmore, “Introduction to NF- _κ_ B: players, pathways,
perspectives,” Oncogene, vol. 25, no. 51, pp. 6680–6684, 2006.

[14] D. Wang, X. Yu, and P. Brecher, “Nitric oxide and _N_ -acet-
ylcysteine inhibit the activation of mitogen- activated protein
kinases by angiotensin II in rat cardiac fibroblasts,” The Jour-
nal of Biological Chemistry, vol. 273, no. 49, pp. 33027–
33034, 1998.

[15] L. Schirone, M. Forte, S. Palmerio et al., “A review of the
molecular mechanisms underlying the development and pro-
gression of cardiac remodeling,” Oxidative Medicine and Cel-
lular Longevity, vol. 2017, 2017.

[16] M. Adamcova, T. Baka, E. Dolezelova et al., “Relations
between markers of cardiac remodelling and left ventricular
collagen in an isoproterenol-induced heart damage model,”
Journal of Physiology and Pharmacology, vol. 70, no. 1,
pp. 71–77, 2019.

[17] B. Giam, P. Y. Chu, S. Kuruppu et al., “N-Acetylcysteine atten-
uates the development of cardiac fibrosis and remodeling in a
mouse model of heart failure,” Physiological Reports, vol. 4,
no. 7, p. 27081162, 2016.

[18] B. Li, Y. Sun, J. P. Wang et al., “Antioxidant N-acetylcysteine
inhibits maladaptive myocyte autophagy in pressure overload
induced cardiac remodeling in rats,” European Journal of
Pharmacology, vol. 839, pp. 47–56, 2018.

[19] M. Bourraindeloup, C. Adamy, G. Candiani et al., “N-Acetyl-
cysteine treatment normalizes serum tumor necrosis factor-
alpha level and hinders the progression of cardiac injury in
hypertensive rats,” Circulation, vol. 110, no. 14, pp. 2003–
2009, 2004.

[20] X. Y. Wu, A. Y. Luo, Y. R. Zhou, and J. H. Ren, “N-Acetylcys-
teine reduces oxidative stress, nuclear factor-κB activity and
cardiomyocyte apoptosis in heart failure,”Molecular Medicine
Reports, vol. 10, no. 2, pp. 615–624, 2014.

[21] J. M. Hu and N. S. Zhong, “A preliminary study on the mech-
anisms of N-acetylcysteine in the inhibition of proliferation
and collagen synthesis of human pulmonary fibroblasts,”
Zhonghua Jie He He Hu Xi Za Zhi, vol. 32, no. 12, pp. 897–
901, 2009.

[22] Y. Tang, M. Guo, X. Y. Ma, W. P. Sun, M. H. Hao, and H. Y.
Zhu, “Oltipraz attenuates the progression of heart failure in
rats through inhibiting oxidative stress and inflammatory
response,” European Review for Medical and Pharmacological
Sciences, vol. 22, no. 24, pp. 8918–8923, 2018.

[23] C. Li, J. Zhang, M. Xue et al., “SGLT2 inhibition with empagli-
flozin attenuates myocardial oxidative stress and fibrosis in
diabetic mice heart,” Cardiovascular Diabetology, vol. 18,
no. 1, p. 15, 2019.

[24] A. H. Haghi, S. R. Abtahi, E. Hazrati, M. Chamanara, M. Jalili,
and B. Paknejad, “Targeting of oxidative stress and inflamma-
tion through ROS/NF-kappaB pathway in phosphine-induced
hepatotoxicity mitigation,” Life Sciences, vol. 232, article
116607, 2019.

[25] Y. Liang, M. Ip, and J. Mak, “(-)-Epigallocatechin-3-gallate
suppresses cigarette smoke-induced inflammation in human
cardiomyocytes via ROS-mediated MAPK and NF-κB path-
ways,” Phytomedicine, vol. 58, article 152768, 2019.

10 Disease Markers


	N-Acetylcysteine Slows Down Cardiac Pathological Remodeling by Inhibiting Cardiac Fibroblast Proliferation and Collagen Synthesis
	1. Introduction
	2. Materials and Methods
	2.1. Laboratory Animal
	2.2. Animal Model Construction
	2.3. Experimental Animal Grouping
	2.4. Echocardiography
	2.5. Retention of Heart Tissue
	2.6. Intracellular ROS Detection
	2.7. Masson Staining
	2.8. Serological Test
	2.9. Cell Extraction and Cell Culture
	2.10. MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl Tetrazolium Bromide) Assay
	2.11. 3H Proline Admixture Method
	2.12. Western Blotting
	2.13. RNA Isolation and Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
	2.14. 5-Ethynyl-2′-deoxyuridine (EdU) Staining
	2.15. Statistical Analysis

	3. Results
	3.1. NAC Improves the Damaged Heart Structure of Rats after Aortic Constriction
	3.2. NAC Improves the Damaged Heart Function of Rats after Aortic Constriction
	3.3. NAC Improves Oxidative Stress Response after Aortic Constriction
	3.4. NAC Inhibits the NF-κB Signaling Pathway

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest

