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• Overproduction of inflammatory mediators such as nuclear factor kappa B (NF-κB), tumor
necrosis factor alpha (TNF-α), cyclooxygenase-2 (COX-2), and inducible nitric oxide synthase
(iNOS) produced by macrophages, neutrophils, and other immune cells is very much involved
in the pathogenesis of chronic diseases, for example, atherosclerosis, arthritis, type 2 diabetes,
and cancer.

• Antioxidant and anti-inflammatory properties of natural products represent therapeutic modalities
to reduce or prevent uncontrolled inflammatory processes with potential to ameliorate or prevent
sequelae of inflammatory-based symptoms of chronic diseases.

• The cytokine, TNF-α, mediates early-stage responses of inflammation by regulating the production
of other cytokines, including interleukin-1 (IL-1) and IL-6. Because TNF-α is the main mediator
of several inflammatory toxic responses to chemicals, it represents a promising target for the
prevention of uncontrolled inflammation.

• TNF-α has also been reported to induce NF-κB production and this protein is inhibited by the
presence of antioxidants.

• Because the expression of many inflammation-associated genes, including iNOS, COX-2, and
TNF-α, are known to be modulated by the binding of NF-κB to its specific promoter regions, it
represents a good target for suppressing NF-κB activity for the regulation of lipopolysaccharide-
(LPS-) induced inflammation.

Study Purpose
• Investigate the antioxidant and anti-inflammatory effects of honokiol (HNK), an active ingredient

derived from magnolia bark, and modified citrus pectin (MCP) in vitro.
• Examine whether the MCP : HNK combination has synergistic effects on antioxidant and anti-

                inflammatory properties. 
Study Design

• A ratio of 9 parts of MCP with 1 part of HNK was used based on a profile of clinically relevant
dosages, reduced side effects, and bioavailability data on MCP and HNK for a practical and
effective oral capsule delivery use.

• Mouse monocytes: Hydrogen peroxide used to induce lipid peroxidation, LPS used to induce TNF-α.
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Background 

RESEARCH HIGHLIGHTS*

INF LAMMAT ION

 The Pure Honokiol (HNK) and PectaSol-C Modified Citrus Pectin (MCP) (9:1) combination 
induced a synergistic effect on antioxidant activity demonstrating that the mixture is significantly more 
efficacious than individual compounds.

 In mouse monocytes, the lipopolysaccharide- (LPS-) induced tumor necrosis-alpha (TNFalpha ) 
synthesis was significantly inhibited by HNK and the MCP: HNK combination in a dose-dependent 
manner and synergistic effects demonstrated with the mixture on TNF-alpha inhibition.

 This combination effect was also evident on inhibition of nuclear factor-kappa B activity, 
cyclooxygenase-II activity, and lipid peroxidation in mouse monocytes.
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Figure 1. Antioxidant activity of HNK, MCP, and MCP : 
HNK (9 : 1). The activity equivalent to mM Trolox (vitamin E 
analog) was analyzed using Antioxidant Assay Kit (Sigma-
Aldrich, MO) and plotted against compound concentrations. 
Antioxidant activity curves were statistically analyzed by 
paired t test; *p < 0.05 for HNK versus MCP, HNK versus
MCP : HNK (9 : 1), and MCP versus MCP : HNK (9 : 1); S, 
synergism between MCP and HNK.

Figure 4. Inhibition of NF-κB (p65) activity by HNK, MCP, and
MCP : HNK (9 : 1) in RAW 264.7 mouse monocyte cell line. 
NFkB activity is inhibited significantly by MCP and MCP : HNK 
(9 : 1) treatment of monocytes and not by HNK alone. The 
treatment groups were compared using paired t test; *p < 0.05
for HNK versus MCP and HNK versus MCP : HNK (9 : 1). No 
significant difference was observed between MCP and MCP : 
HNK (9 : 1) treatment. S, synergism between MCP and HNK.

Figure 2. Inhibition of LPS-induced TNF-α (pg/ml) 
production by HNK, MCP, and MCP : HNK (9 : 1) 
in RAW264.7 mouse monocyte cell line. The cells 
were treated with compounds and/or LPS in starvation 
medium and TNF-α analyzed by ELISA. Inhibition
curves were analyzed by paired t test; *p < 0.05 for
HNK versus MCP, and HNK versus MCP : HNK (9 : 
1); S, synergism between MCP and HNK.

Figure 5. Inhibition of cyclooxygenase-II (COX-II) 
activity by HNK, MCP, and MCP : HNK (9 : 1) 
treatment.The inhibition curves were compared by 
paired t test; p < 0.05 for HNK versus MCP
and MCP versus MCP : HNK (9 : 1). No significant 
difference was observed between MCP and MCP : 
HNK (9 : 1) treatment.
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Results/Conclusions 
• Both HNK & MCP induced a dose-dependent increase in antioxidant activity.
• MCP had a consistently higher antioxidant effect.
• The MCP : HNK (9 : 1) combination induced a synergistic effect on antioxidant activity.
• In mouse monocytes, the lipopolysaccharide- (LPS-) induced tumor necrosis-α (TNF-α) synthesis was

significantly inhibited by HNK & MCP : HNK combination in a dose-dependent manner &
synergistic effects were clearly demonstrated with the combination on TNF- α inhibition.

• This combination effect was also evident on inhibition of NF-kB activity, Cox-II activity, & lipid
peroxidation in mouse monocytes.

Summary 
Both MCP and HNK have antioxidant and anti-inflammatory effects Initialize in vitro, with the combination 
showing enhanced synergistic effects on antioxidant activity, inhibition of LPS-induced TNF-alpha production, 
and NF-κB activity.

Data suggests a potential application for the amelioration of effects due to oxidative stress and free 
radical damage.




