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BACKGROUND
•   Myocardial fibrosis (MF) plays a key role in the development and progression of heart failure (HF) with limited 

effective therapies.

•   Galectin-3 (Gal-3) is a biomarker associated with fibrosis and inflammation in patients with HF. The Gal-3 
inhibitor modified citrus pectin (MCP) protects against cardiac dysfunction, though the underlying mechanism 
remains unclear.

STUDY PURPOSE
•  To investigate the effect and mechanism of MCP on MF using an isoproterenol (ISO)-induced rat model of HF.

 

STUDY DESIGN
•   The rat model of MF was set up by hypodermic injection of ISO for 7 days. MCP and spironolactone (SPI; 

a mineralocorticoid receptor antagonist used to pharmacologically block the actions of aldosterone) were 
administered intragastrically for 14 and 21 days (Figure 1).

•   Cardiac function was analyzed by echocardiography and electrocardiography (ECG).

•   Histopathological changes in the heart tissue were assessed by hematoxylin-eosin and Masson trichrome staining.

•   The mRNA and protein expression levels of signaling molecules and pro-inflammatory cytokines were monitored 
by immunohistochemistry, western blot, qRT-PCR and ELISA analyses.

RESULTS/CONCLUSIONS
•   MCP ameliorated cardiac dysfunction by inhibiting the decrease in left ventricular end-systolic diameter (LVESD) 

and left ventricular end-diastolic diameter (LVEDD) induced by ISO, and by maintaining ejection fraction (EF), 
fraction shortening (FS), stroke volume (SV), and cardiac output (CO) at relatively healthy levels (Figure 2).

•   MCP decreased ST segment elevation induced by ISO on ECG (Figure 3).

•   Gal-3 was expressed at high levels for 21 days in an ISO-based model of MF, and MCP reduced Gal-3 expression 
(Figure 4), alleviated collagen deposition (Figure 5), and improved cardiac structure and dysfunction (Figure 6).

•   MCP ameliorated ISO-induced cardiac injury by inhibiting the TLR4/MyD88/NF-κB signalling pathway (Figure 7).

•   ISO induced heart damage by increasing IL-1β, IL-18, and TNF-α levels; and MCP decreased this elevation in all 
three cytokines (Figure 8).

Figure 1. Diagram of the animal treatment 
process. The rat model of myocardial fibrosis 
was set up by hypodermic injection (i.h.) of ISO 
for 7 days. MCP and SPI were administered 
intragastrically (i.g.) for 14 and 21 days.
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Figure 2. Effects of MCP on echocardiographic 
variables in rats with MF induced by ISO. (A) 
Representative images of ultrasound in different 
groups on day 7, day 14 and day 21. (B–G) The 
dynamic changes of left ventricular end systolic 
diameter (LVESD), left ventricular end diastolic 
diameter (LVEDD), stroke volume (SV), cardiac 
output (CO), ejection fraction (EF) and fractional 
shortening (FS) in different groups on day 7, day 
14 and day 21 (n = 6). Data are shown as the 
mean ± SD. Significance: * p < 0.05 vs control 
group; ** p < 0.01 vs control group; # p < 0.05 vs 
ISO group; ## p < 0.01 vs ISO group.

Figure 3. Effects of MCP on ECG changes 
induced with ISO in rats. Representative images 
of ECG tracings in different groups on day 7,  
day 14 and day 21.
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Figure 4. Effects of MCP on ISO-induced 
Gal-3 expression in rats. The localization 
and expression of Gal-3 were analyzed by 
immunohistochemistry and western blot. The 
mRNA levels of Gal-3 were determined by qRT-
PCR in each group on day 15 and day 22. (A) 
Representative immunohistochemistry staining 
of Gal-3 (200 × magnification). Scale bars 100 
μm. (B) Protein expression was measured by 
western blot. (C) The quantitative analyses of 
area percentage of Gal-3. (D) Quantified protein 
bands of Gal-3 with GAPDH as control (n = 3). (E) 
The mRNA level of Gal-3 was measured by qRT-
PCR and normalized to GAPDH (n = 6). Data are 
presented as mean ± SD. Significance: ** p < 0.01 
vs control group; # p < 0.05 vs ISO group;  
##  p <0.01 vs ISO group.

Figure 5. Effects of MCP on histopathological 
changes in rat heart tissue. (A) Representative 
images of HE staining of left ventricular tissue in 
different groups (200 × magnification). Scale bars 
100 μm. (B) Representative images of Masson 
trichrome staining of left ventricular tissue in 
different groups (200 × magnification). Scale bars 
100 μm. (C and D) The quantitative analyses 
of area percentage of myocardial damage and 
collagen deposition (n = 6). Data are shown 
as the mean ± SD. Significance: ** p < 0.01 vs. 
control group; ## p < 0.01 vs. ISO group.
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Figure 6. Effects of MCP on ISO-induced 
myocardial fibrosis in rats. (A and B) 
Immunohistochemical analysis of collagen I 
and collagen III protein in heart cross sections 
of different groups on day 15 and day 22 (200 
× magnification). Scale bars 100 μm. (C and D) 
The quantitative analyses of area percentage of 
collagen I and collagen III (n = 6). Data are shown 
as the mean ± SD. Significance: ** p < 0.01 vs 
control group; ## p < 0.01 vs ISO group.

Figure 7. Effects of MCP on the TLR4/MyD88/
NF-κB signaling pathway in rats. The protein 
levels of TLR4, MyD88, t-NF-κB-p65 and p-NF-
κB-p65 were determined by western blot. (A) 
The level of TLR4, MyD88, t-NF-κB-p65 and 
p-NF-κB-p65 in each group on day 15 and day 
22. (B–D) Quantified protein bands of TLR4, 
MyD88, t-NF-κB-p65 with GAPDH as control (n 
= 3). (E) Quantified western blot results for p-NF-
κB-p65/t-NF-κB-p65 (n = 3). Data are presented 
as mean ± SD. Significance: * p < 0.05 vs control 
group; ** p < 0.01 vs control group; # p < 0.05 vs 
ISO group; ## p < 0.01 vs ISO group. 



MCP—MYOCARDIAL FIBROSIS AFTER HF RESEARCH HIGHLIGHT*

*This material is being provided to health care professionals and it is not intended to be used in marketing to customers. | www.betterhealthpublishing.com | 707.583.8619

Figure 8. Effects of MCP on the ISO-induced pro-
inflammatory cytokines in rats. The mRNA levels 
of IL-1β, IL-18 and TNF-α were determined by 
qRT-PCR. Serum levels of IL-1β, IL-18 and TNF-α 
were determined by ELISA. Serum levels of 
aldosterone were determined by RIA. (A, C and 
E) Quantified RT-PCR results for IL-1β, IL-18 and 
TNF-α (n = 6), relative mRNA expression levels 
were normalized to GAPDH. (B, D, F and G) The 
level of IL-1β, IL-18 and TNF-α in serum (n = 6). 
Data are presented as mean ± SD. Significance: * 
p < 0.05 vs control group; ** p < 0.01 vs control 
group; # p < 0.05 vs ISO group; ## p < 0.01 vs 
ISO group.



*This material is being provided to health care professionals and it is not intended to be used in marketing to customers. | www.betterhealthpublishing.com | 707.583.8619

MCP—MYOCARDIAL FIBROSIS AFTER HF RESEARCH HIGHLIGHT*

SUMMARY 
MCP enhanced cardiac output CO and improved cardiac dysfunction by preventing inflammation, reducing collagen 
deposition, and ameliorating MF (Figure 9).

Figure 9. MCP inhibits MF via downregulating 
Gal-3 expression and preventing TLR4/MyD88/
NF-κB signal activation.
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