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• According to literature, the molecular weight of pectin is a major parameter that influences its potency
in biological activities so a comparison of molecular weight of pectin and MCP using gel filtration.

• Molecular weights of unmodified pectin and MCP was analyzed using gel filtration.
• Female BALB/c mice divided into 7 groups (n=5). Group 1 given distilled water only.
• The mice in the rest of the groups were given drinking water supplemented with:

• Unmodified citrus pectin (CP) at low (1.5%), intermediate (3%), or high concentration (5%)
• MCP (PectaSol-C®, EcoNugenics, Inc. Santa Rosa, CA) at low (1.5%), intermediate (3%)

and high concentration group (5% MCP) for three weeks.
• After 21 days their spleens were analyzed for cytokine levels.
• ELISA kits were used for the quantitative measurement of the following cytokines:

IL-1β, IL-4, IL-10, IL-17, IFN-γ, and TNF-α.
• Concentrations of each cytokine were analyzed by one-way analysis of variance (ANOVA) test.

Results
• Citrus pectin was of higher molecular weight than MCP that had peaks of intermediate to low

molecular weight.

Immunomodulatory Effect of Natural and Modified Citrus Pectin 
on Cytokine Levels in the Spleen of BALB/c Mice
Merheb R, Abdel-Massih RM, Karam MC. Int J Biol Macromol. 2018 Oct 3;121:1-5.

Background 
Citrus pectin and modified citrus pectin (MCP) have previously been shown to exhibit strong immunotherapeutic 
activities and to exert anti-cancer effects through modulating immune mechanisms. A specific form of MCP, is 
prepared by enzymatic treatment and has a low molecular weight between 3 and 13 kD. It is marketed as 
a systemically bioabsorbable natural health supplement and several studies report its ability to inhibit cancer 
progression, inflammation and fibrosis.

Study Purpose
To determine the immunomodulatory activity of MCP as measured by levels of the secretion of the pro-
inflammatory cytokines IL-1β, IL-17, TNFα, and IFN-γ or anti-inflammatory cytokines IL-4 and IL-10 in the spleens of 
treated BALB/c mice.

Study Design

(more)

 PectaSol-C MCP has an immunomodulatory effect on the levels of cytokine secretion in the 
spleen of mice.

 MCP immunomodulatory potential seems to be regulated by interleukin (IL)-4, resulting in 
increased levels of tumor necrosis factor (TNF), interferon-gamma (IFNγ) and IL-17 secretion with 
no significant effect on the levels of IL-10.
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Figure 1. Levels of IFN-γ in the spleen after 
3 weeks of feeding the mice with different 
concentrations of CP and MCP. CP and MCP 
were added to the drinking water of 3 groups 
of mice at concentrations of 1.5%, 3% and 5% 
respectively. The control treatment consisted of 
water with no pectin added (n = 5). Mini ELISA 
development kits were used to quantify IFN-γ levels. 
The concentration of cytokines was analyzed by 
one-way ANOVA and the results are expressed as 
mean + SEM. Significance is statistically determined 
as follows: *p < 0.05
and **p <0.01.

Figure 2. Levels of TNF-α in the spleen after 
3 weeks of feeding the mice with different 
concentrations of CP and MCP. CP and MCP 
were added to the drinking water of 3 groups 
of mice at concentrations of 1.5%, 3% and 
5% respectively. Significance is statistically 
determined as follows: **p < 0.01 and ***p 
< 0.001.

Figure 3. Levels of IL-1β in the spleen after 3 
weeks of feeding the mice with different
concentrations of CP and MCP. CP and MCP 
were added to the drinking water of 3 groups 
of mice at concentrations of 1.5%, 3% and 5% 
respectively.
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• Levels of IFN-γ were significantly up-regulated of IFN-γ in the spleen with MCP being the most
significant (p < 0.05 for CP and p < 0.01 for MCP) (fig. 1). This suggests a potential role for CP
and especially MCP in favoring a Th1 response which is mainly involved in cell mediated immunity
against intracellular pathogens, anti-tumor activity, as well as in Th2 cell inhibition.

• MCP tested at different concentrations significantly induced TNF-α production as compared to the
control group after 3 weeks of treatment (fig. 2). The highest effect was observed with 1.5% MCP
(6.78 mg/g/day). CP on the other hand did not induce significant changes relevant to the control.

• Low concentration of CP (1.5%) caused a significant decrease in IL-1β concentration
compared to the control (p < 0.001) whereas the highest concentration of CP (5%) caused a
slight decrease (p < 0.05) (Fig. 3). None of the MCP concentrations caused any effect.
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Figure 4. Levels of IL-17 in the spleen after 3 
weeks of feeding the mice with different
concentrations of CP and MCP. CP and MCP 
were added to the drinking water of 3 groups 
of mice at concentrations of 1.5%, 3% and 5% 
respectively. 

Figure 5. Levels of IL-4 in the spleen after 3 weeks 
of feeding the mice with different concentrations 
of CP and MCP. CP and MCP were added 
to the drinking water of 3 groups of mice at 
concentrations of 1.5%, 3% and 5% respectively.
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 •   All concentrations of citrus pectin caused significant increase in the levels IL-17 in the spleen 
                of BALB/c mice (p < 0.05) (fig.4). Similar but more profound effect was observed with all 
                concentrations of MCP (p < 0.001).

 •   The level of IL-4 in mice groups fed with different concentration of CP and MCP for three 
                weeks was significant at concentrations of 20.23 mg/g of 5% CP and 28.21 mg/g of 5% 
                MCP per day significantly increased the level of IL-4 cytokine in the spleen (fig.5).

 •   Levels of IL-10: Both CP and MCP did not significantly vary IL-10 levels with a mild trend to 
                reduce IL-10 level @ 1.5% CP.

Conclusions 
 •   The lower molecular weight citrus pectin (MCP) significantly outperformed CP in up-regulation 
                of IFN-γ (p < 0.05 for CP and p < 0.01 for MCP), induction of TNF-α production (p<0.05) 
                (no effect with CP), extremely significant increase in the levels IL-17 (p<0.001). No effect on 
                IL-10 production in both CP or MCP. Both produced similar significant effects on increased 
                levels of IL-4 (p<0.05).

 •   The findings suggest that MCP has a superior beneficial role to CP in the immunotherapy 
                of cancer due to it low molecular weight low. Other difference could be attributed to low 
                methyl esterification and unbranched galacturonans in MCP compared to PC.
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