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INTRODUCTION
Cardiovascular disease (CVD) statistics are alarming, 
accounting for over 800,000 deaths in the United 
States or one out of every three deaths, 2,300 deaths 
per day, or one every 38 seconds.1 On a global level, 
CVD accounts for 31% of all deaths.2 Coronary heart 
disease (CHD) is the most common form of CVD, with 
a heart attack occurring every 40 seconds. Almost 

two-thirds (64%) of women who die suddenly of CHD 
have no previous symptoms.1 Heart failure (HF) is also 
an important cause of the morbidity and mortality in 
CVD; approximately 10% of people over 70 years of 
age are diagnosed with HF, bearing a 5-year mortality 
of around 50%.3 

Figure 1. (a) Galectin-3 as a risk marker in HF. Kaplan—Meier curve 
showing all-cause mortality in the general population per quintile of gal-3. 
(b) With higher levels of Gal-3, there is an increasing incidence of heart 
failure in the general population.6

TARGETING GALECTIN-3 IN HEART FAILURE AND 
CARDIOVASCULAR DISEASE 
Pathologically elevated galectin-3 (Gal-3) has been 
shown to be important in the initiation and progression 
of CVD and in HF by orchestrating vascular inflammation 
and by promoting cardiovascular fibrosis. Circulating Gal-
3 concentrations have been associated with an increased 
incidence of HF and mortality in several large clinical 
studies, indicating that Gal-3 has a key role in mediating 
cardiovascular disease.4-8 Fig. 1 shows Gal-3 levels 
associated with all-cause mortality and an increased 
incidence of heart failure in the general population.6 
Elevated levels have been detected in almost all types 
of cardiovascular disease and its prognostic value 
for different clinical outcomes has been extensively 
investigated in patients.9 Gal-3 is a predictor of response 
to statin therapy in heart failure.10

Gal-3 plays an important role in cardiac and vascular 
fibrotic remodeling through its ability to stimulate 
ECM deposition as well as by the amplification of 
key proinflammatory molecules and osteogenic 
differentiation playing an important role in the 
development of aortic stenosis.11,12
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MODIFIED CITRUS PECTIN (MCP) is a low molecular 
weight form of pectin found in the white pith of citrus 
fruit peels. Citrus pectin in its native state is a large 
complex polysaccharide [70-300 kilodaltons (kDa), 
approximately 70% esterification] rich in galacturonic 
acid, a sugar acid derived from D-galactose, which 
cannot be digested or absorbed by the intestinal tract. 
Native citrus pectin is modified to shorter soluble 
dietary fibers through an enzymatic process, resulting 
in small absorbable fiber fragments of low esterification 
(decreased cross-bridging) that enables efficient 
intestinal absorption into the circulatory system. MCP 
binds to the carbohydrate recognition domain of the 
Gal-3 molecule, displacing ligands which activate Gal-3 
driven inflammatory and fibrotic pathways. MCP is the 
only natural, clinically-studied Gal-3 inhibitor. MCP has 
been intensively studied in both preclinical and clinical 
settings, with over 40 peer-reviewed publications to 
date. Several clinical investigations have established 

that utilization of MCP is safe and well tolerated13-17, 
making it a feasible and appealing option for use as an 
adjunct in therapeutic strategies to mitigate Gal-3 driven 
progression of CVD. MCP acts as competitive blockade, 
disrupting the Gal-3 lattice formation and promoting 
cellular communication and healthy cellular and 
tissue function.18-20 Gal-3 is secreted by inflammatory 
macrophages and from ischemic tissues and mediates 
the activation of fibroblasts to generate cardiac fibrosis, 
leading to dysfunctional tissue and HF. MCP mitigates 
fibrosis by inhibiting Gal-3 activation of inflammatory 
signaling pathways and blocking the production of the 
fibrotic extracellular matrix within the affected cardiac 
tissue.21 Targeting Gal-3 using the proven natural Gal-3 
inhibitor, MCP, has shown a clear benefit in mitigating 
Gal-3 driven inflammation and tissue fibrosis. MCP 
provides a unique and well-substantiated beneficial 
mechanism of action as part of a comprehensive 
cardiovascular health protocol.

Figure 2. Gal-3 activates a variety of 
profibrotic factors, promotes fibroblast 
proliferation and transformation, and 
mediates collagen production.12 

Figure 3. Natural occurring ligands bind Gal-3 
and cause Gal-3 activation. Following ligand 
binding of neutralizing ligands, such as MCP, 
Gal-3 undergoes conformational changes, 
forms pentamers, and loses its activity.6 



MODIFIED CITRUS PECTIN AND CARDIOVASCULAR HEALTH SELECTED RESEARCH*

*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

RESEARCH REVIEW
Inhibition of Gal-3 with MCP reduces atherosclerotic plaque volume in vivo.22 
ApoE−/− mice were given high-cholesterol diet for 10 weeks and either plain 
water (control n = 5) or 1% MCP (n = 5) in the drinking water for the last 4 
weeks of high-cholesterol feeding. 
Results: Plaque volume was significantly reduced in the MCP treated group.

MCP reversed aldosterone induced vascular fibrosis23 
Preclinical in vivo model showed that Gal-3 was required for inflammatory and 
fibrotic responses to aldosterone in vascular smooth muscle cells in vitro and 
in vivo, suggesting a key role for Gal-3 in vascular fibrosis. The increases in 
inflammation, fibrosis and collage 1 production were reversed with the use of 
oral MCP via reduction in Gal-3 expression.23 

MCP reversed isoproteronol-induced myocardial left ventricular dysfunction, inflammation and fibrogenesis21 
HF with a cardiac hyperaldosteronism model showed rapid and persistent decrease in left ventricular fractional 
shortening (-20%, t=14d) and an increase in cardiac hypertrophy and fibrosis. Inhibition of Gal-3 and aldosterone 
using MCP (100 mg/kg/day in drinking water) reversed isoproterenol-induced left ventricular dysfunction by reducing 
myocardial inflammation and fibrogenesis.21 

Gal-3 Blockade with MCP decreased expression of inflammatory, fibrotic and osteogenic markers that promote 
progression of aortic stenosis.11 
Aortic stenosis (AS) is the most common heart valve disease (43.1%) and represents a major health care burden, with 
no effective medical treatments. Chronic inflammation, fibrosis, and calcification play an important role in progression.

•  Human ex-vivo study evaluated 
blood samples and aortic valves (AVs) 
from aortic stenosis subjects (n=77) 
undergoing AV replacement and from 
non-calcified healthy AVs (n=11) to 
assess Gal-3 and other biomarkers. Gal-
3 was overexpressed in AVs from AS 
patients and appears to play a central 
role in calcification. 

•  Vascular interstitial cells (VIC’s) treated 
with Gal-3 (Fig 7 A) showed increased 
expression of inflammatory and 
calcification markers. and pro-fibrotic 
ECM components. 

•  VIC’s cultured in an osteogenic 
medium and treated with MCP (Fig 7 
B) showed decreased expression of 
Gal-3, inflammatory, fibrotic and aortic 
calcification markers time-dependently.11 

Figure 5. (A) VIC’s treated with Gal-3 showed increased expression of IL-6, Collagen 1, TGF-β and 
fibronectin compared to controls. (B) MCP treated VIC’s showed time dependent inhibition of Il-6, 
Il1-β, Gal-3 and fibronectin. *p < 0.001.11

Figure 4. Plaque volume reduced in MCP treated 
mice vs control (Plaque volume expressed as a 
percentage of lumen area).22

A

B
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Increased Gal-3 levels are associated with abdominal aortic 
aneurysm (AAA) progression & inhibition of Gal-3 with 
MCP decreases elastase-induced AAA development.24

•  Abdominal aortic aneurysm (AAA) evolution is 
unpredictable & no specific treatment exists except surgery 
to prevent aortic rupture.

•  Human ex-vivo: Gal-3 levels were increased in the 
plasma of AAA patients (n=225) compared with the 
control group (n=100). Gal-3 concentrations were 
associated with the need for surgical repair, independent 
of confounding factors.

•  In vivo: Experimental AAA in mice was induced via aortic 
elastase perfusion. Mice were treated intravenously MCP, 
(10 mg/kg, every other day) or saline. Similar to humans, 
Gal-3 serum and aortic mRNA levels were also increased 
vs. control mice. 

•  Mice treated with MCP showed decreased aortic dilation, 
elastin degradation, vascular smooth muscle cell (VSMC) 
loss, and macrophage content at day 14 compared with 
control mice.

•  The protective effect of MCP was associated with a 
decrease in Gal-3 & cytokine (mainly CCL5) mRNA & 
protein expression. MCP treatment decreased STAT3 
phosphorylation.24 

Galectin-3 monitoring shows prognostic value in  
heart failure.25 
Plasma galectin-3 was measured 
at baseline and at 3 months in 
patients enrolled in the Controlled 
Rosuvastatin Multinational Trial 
in Heart Failure (CORONA) trial 
(n=1329), and at baseline and at 
6 months in patients enrolled in 
the Coordinating Study Evaluating 
Outcomes of Advising and Counseling 
Failure (COACH) trial (n=324).In 
these 2 large cohorts of patients with 
chronic and acute decompensated 
HF, repeated measurements of 
galectin-3 level provided important 
and significant prognostic value 
in identifying patients with HF at 

Figure 6. Galectin-3 inhibition by MCP decreases elastase-
induced AAA formation in mice. (A) Aortic diameter at 14 days 
postperfusion of elastase in saline (WT, n=17) and MCP-treated 
mice (MCP, n=14) mice (*P<0.05), (B) positive staining of 
macrophage content in AAA lesions from saline (WT, n=17) and 
MCP-treated (MCP, n=14) mice (**P<0.01).24

Figure 7. (A) Cumulative incidence curves for mortality and HF hospitalization in CORONA study by 
categorical change between baseline and 3 months. (B) Cumulative incidence curves for mortality and 
HF hospitalization in COACH study by categorical change between baseline and 6 months.25
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elevated risk for subsequent HF morbidity & mortality.26 Increasing galectin-3 levels over time, from a low to high 
galectin-3 category, were associated with significantly more HF hospitalization and mortality compared with stable or 
decreasing galectin-3 levels. 

Modified citrus pectin ameliorates 
myocardial fibrosis and 
inflammation via suppressing 
galectin-3 and TLR4/MyD88/NF-
κB signaling pathway.26 
The rat model of myocardial fibrosis 
(MF) was set up by hypodermic 
injection of isoproterenol (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. MCP enhanced cardiac output and 
improved cardiac dysfunction by preventing inflammation, reducing collagen deposition, and ameliorating MF. MCP 
inhibits MF via downregulating Gal-3 expression and preventing TLR4/MyD88/NF-κB signal activation (Fig 8).

The gut microbiome plays a significant role in 
cardiovascular diseases.27 
The gut microbiome is virtually an endocrine organ, 
capable of contributing to and reacting to circulating 
signaling molecules within the host. As illustrated in 
Fig 9, gut microbiota-host interactions occur through 
production of various molecules, including short 
chain fatty acids, secondary bile acids and others 
that interact via multiple pathways. When healthy 
balance is disrupted these molecules contribute 
to systemic disease. Dysbiosis and abnormal gut 
barrier function drive chronic systemic inflammation, 
known to contribute to obesity, metabolic syndrome, and hyperviscosity, a complex matrix driving development of 
cardiac fibrosis and other cardiovascular conditions.27 Gal-3 is involved at every level, contributing to establishment 
of abnormal gut bacteria and biofilms, driving inflammation and immune hyperreactivity at the gut barrier and 
systemically, promoting insulin resistance,28 obesity,29,30 metabolic syndrome,4 diabetes, CKD,31 and CVD.

ALL TYPES OF MCP ARE NOT CREATED EQUAL 
Most of the presented research has been performed on MCP manufactured by ecoNugenics (Santa Rosa, CA), except 
for some laboratory preparations in early preclinical studies. This is the only commercially available researched natural 
Gal-3 inhibitor. Experts remind that all "modified" citrus pectin may not have the same effects as clinically studied MCP. 
Unmodified citrus pectin does not have the same short polysaccharide chains as MCP, and "modified" pectin could 
indicate that the pectin has been altered in some way, but not necessarily producing the same structural configuration, 
including specific shorter polysaccharide chains and higher degree of esterification. These structural aspects are all 
carefully monitored and standardized in the clinically researched MCP. 

Figure 8. The mechanisms of MCP on myocardial fibrosis and inflammation induced by ISO.

Figure 9. Interrelationships between the gut microbiome, dysbiosis and CVD.26
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SUMMARY 
Cardiovascular diseases have become a primary cause of mortality and morbidity in the US and worldwide. Effective 
therapeutic strategies are often lacking. A body of literature has substantiated the crucial role of Gal-3 in driving a 
range of cardiovascular pathologies, pointing to the targeting of this signaling protein as a new therapeutic strategy 
to address underlying causes. Modified citrus pectin is the only researched natural inhibitor of Gal-3 and its benefits 
in CV disease have been validated in multiple studies.
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