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Honokiol achieves anti-inflammation intracellularly, while modified citrus pectin 
achieves this extracellularly, suggesting that the two products might be combined 
for a synergistic reduction in inflammation.

Dysregulated inflammation is often implicated as a 
pathophysiological phenomenon underlying many chronic 
diseases in humans and animals.  Inflammation is in part 
characterized by the activation of the subsets of the innate 
immune system, such as monocytes and macrophages, 
and the secretion of inflammatory mediators like tumor 
necrosis factor-α (TNF- α), prostaglandin E2 (PGE2) 
derived from cyclooxygenase-II (COX-II), and nitric oxide.1  
Plant-derived natural products with antioxidant and anti-
inflammatory properties are thus potentially beneficial for 
the prevention and treatment of inflammation-associated 
chronic diseases.

Honokiol (HNK) is a biphenolic neolignan purified 
from magnolia bark (Magnolia officinalis) possessing 
multiple biological activities including antioxidant, 
anti-inflammatory anxiolytic, antidepressant, and 
neuroprotective properties.2-5 It is widely used in 
traditional Asian medicine and has already been shown 
in preclinical studies to be an effective multifunctional 
antioxidant, used for a wide variety of conditions 
including dermatological disorders6, cancer prevention 
and therapeutics2, neuromodulation7, and cardiovascular 

conditions8.  HNK is a specific activator of the longevity-
associated protein sirtuin 3 (SIRT3) and has successfully 
alleviated preexisting cardiac hypertrophy in an animal 
model9.  SIRT3 plays an important role in cardiovascular 
diseases including hypertrophic cardiomyopathy, ischemia/
reperfusion injury, and heart failure10.

Emerging evidence shows that neuroinflammation and 
oxidative stress play two pivotal roles in the pathophysiological 
process of postoperative cognitive decline and other 
neurodegenerative disorders such as Parkinson’s disease 
(PD), Alzheimer’s disease (AD), and multiple sclerosis (MS)11-

14. An accumulating body of studies indicated that using 
some anti-inflammatory or antioxidant interventions, such 
as anti-TNF antibody, aspirin-triggered resolving D1 (AT-
RvD1) or resveratrol, could inhibit the neuroinflammation 
and oxidative stress in the models of surgical trauma or 
neurodegenerative diseases15-17.

SIRT3 is a class III histone deacetylase (HDAC) and a 
part of the sirtuin gene family predominately located in 
mitochondria, which expresses in a variety of tissues and is 
highly expressed in the brain18.  Recent studies showed that 

ABSTRACT

Honokiol and modified citrus pectin are plant-derived natural products with anti-inflammatory properties. One of 
the main anti-inflammatory effects of honokiol is achieved via specific activation of the longevity-associated protein 
sirtuin 3, while modified citrus pectin works as a competitive inhibitor of the inflammatory/fibrosis alarmin and 
oncoprotein, galectin-3.  Honokiol achieves anti-inflammation intracellularly, while modified citrus pectin achieves 
this extracellularly, suggesting that the two products might be combined for a synergistic reduction in inflammation.

SIRT3 exhibits deacetylase activity and is the key regulator in organ protection under many pathologic states including 
inflammatory and oxidative stress, playing pivotal roles in the development and progression of metabolic diseases including 
diabetes, neurodegenerative disorders, and other diseases19-22. As a potent ROS scavenger, HNK can enhance the 
overexpression of SIRT3 to improve antioxidant activity and mitochondrial energy regulation, thereby reducing the levels of 
Aβ and sAPPβ in Chinese Hamster Ovarian (CHO) cells23. Additionally, Xian et al. suggested that HNK could ameliorate 
learning and memory impairments induced by scopolamine in mice and attenuate the concentration of prostaglandin E2 
and cyclooxygenase-2 level and the neuroinflammatory processes24.

Modified citrus pectin (MCP) is a well-investigated compound derived from the pith of citrus peel that is recommended as 
a therapeutic agent for immune support25, cancer26-32, heavy metal toxicity33-35, and fibrotic diseases36-44. The mechanism 
of action of MCP in inflammation, fibrosis, and cancer progression is that it works as a competitive inhibitor of extracellular 
galectin-3 (Gal-3). MCP blocks Gal-3 activity that drives fibrosis by reducing macrophage activity, proinflammatory 
cytokine expression, and apoptosis, as well as lowering inflammatory markers, thereby reducing tissue fibrosis. At elevated 
levels in the circulation, Gal-3 is involved in myofibroblast proliferation, inflammation and fibrogenesis, tissue repair, and 
ventricular and tissue remodeling45, 46. An elevated blood level of Gal-3 is associated with a higher risk of death in acute 
decompensated heart failure and chronic heart failure patients47 and also associated with the progression of autoimmune 
disease in studies of rheumatoid arthritis48.

SELECTED RESEARCH REVIEW
Honokiol blocks and reverses cardiac hypertrophy in mice by activating mitochondrial SIRT39 

HNK blocks agonist-induced and pressure overload-mediated cardiac hypertrophic responses, and ameliorates pre-
existing cardiac hypertrophy in mice (Fig. 1). It is demonstrated that HNK is present in mitochondria, enhances SIRT3 
expression nearly two-fold, and it is suggested that HNK may bind to SIRT3 to further increase its activity.  Increased 
SIRT3 activity is associated with reduced acetylation of mitochondrial SIRT3 substrates, mitochondrial antioxidant 
manganese superoxide dismutase (MnSOD), and oligomycin-sensitivity conferring protein.  HNK-treatment increases 
the mitochondrial rate of oxygen consumption and reduces reactive oxygen species (ROS) synthesis in wild type, but 
not in SIRT3-knock-out cells. Moreover, HNK-treatment blocks cardiac fibroblast proliferation and differentiation to 
myofibroblasts in a SIRT3-dependent manner.
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Figure 1. HNK attenuates pre-established cardiac hypertrophy in mice. (a) Mice were subjected to TAC for 4 months and then treated with HNK for 
28 days.  Bar diagram shows HW/BW ratio of control, TAC, TAC mice treated with HNK and HNK alone, mean ± s.e., n = 5-8 mice; ANOVA. 
(b, c) Echocardiographic measurements of ejection fraction and fractional shortening in control, TAC, TAC treated with HNK and HNK alone 
mice.  For panels (a-c), mean ± s.e., n = 5-8 mice; ANOVA was applied to calculate the P value. (d) Top panel, whole heart of control, TAC and 
TAC treated with HNK and HNK alone mice; scale bars, 1 mm; middle panel, H & E-stained sections of whole hearts of different groups of mice; 
scale bars, 1 mm; bottom panel, sections of hearts stained with Masson’s trichrome to detect fibrosis (blue); scale bars, 20 µm. (e) Quantification 
of cardiac fibrosis in different groups of mice, mean ± s.e., n = 5-8 mice; ANOVA was applied to calculate the P value. (f) β-myosin heavy chain 
(MHC), collagen-1 and ANF mRNA levels in the heart samples of control, TAC alone and TAC plus HNK and HNK alone treated mice. (g) Heart 
lysates of different groups of mice were subjected to immunoblotting with antibodies as indicated.  Results are shown for two animals of each group.

SIRT3 activator honokiol ameliorates surgery/anesthesia-induced cognitive decline in mice49 

Adult c57BL/6 mice received a laparotomy under sevoflurane anesthesia and HNK or SIRT3 inhibitor (3-TYP) 
treatment.  HNK attenuated surgery-induced memory loss and neuronal apoptosis, decreased neuroinflammatory 
response (Fig. 2; 4 in reference 49), and ameliorated oxidative damage in the hippocampus.  Notably, surgery/
anesthesia induces an obvious decrease in hippocampal SIRT3 expression, whereas the HNK increased SIRT3 
expression and thus decreased the acetylation of superoxide dismutase 2 (SOD2).  The 3-TYP treatment inhibited 
HNK’s rescuing effects.

Honokiol-mediated mitophagy ameliorates postoperative cognitive impairment induced by 
surgery/sevoflurane50 

Mice were divided into several groups: control group, surgery group, surgery + HNK group, and surgery + HNK 
+ 3-methyladenine group (3-MA) group. HNK treatment recovered the postoperative decline and enhanced the 
expressions of the microtubule-associated marker of autophagosomes 1A/1B-light chain 3 (LC3-II), autophagy-
related Beclin-1, the stress-induced survival and ROS clearance Parkin, and stress-induced mitochondrial dysfunction 
PTEN-induced kinase 1 (PINK1) at protein levels after surgery/sevoflurane treatment. Mitophagy is the selective 
degradation of mitochondria by autophagy that often occurs to defective mitochondria following damage or 
stress. HNK attenuated mitochondrial structure damage and reduced mitochondrial ROS and malondialdehyde 
(MDA) generation, which are closely associated with the NOD-, LRR- and pyrin domain-containing 3 (NLRP3) 
inflammasome activation. HNK inhibited the activation of NLRP3 inflammasome and neuroinflammation in the 
hippocampus. Using the autophagy inhibitor 3-MA, the neuroprotective effects of HNK on mitophagy and NLRP3 
inflammasome activation were eliminated.

Figure 2. Effects of HNK or 3-TYP on surgery/anesthesia induced an increased expression of pro-inflammatory cytokines in the hippocampus. 
(A, E) Representative blots at postoperative 1 and 3 d, respectively. (B, F) MCP-1 relative expression. (C, G) TNF-α relative expression. (D, H) 
IL-1β relative expression.  The data are presented as the mean ± standard error of the mean for each group (n = 6 per group).  *P < 0.05 vs 
the control group; #P < 0.05 vs the surgery + vehicle group; $P < 0.05 vs the honokiol group.
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Figure 3. Gal-3 (galectin-3) inhibition 
blocked CT-1 (cardiotrophin-1) profibrotic 
and proinflammatory effects.  CT-1 effects 
in rats on (A) α-SMA (α-smooth muscle 
actin), vimentin, TGF-β (transforming 
growth factor-β), CTGF (connective tissue 
growth factor), and OPN (osteopontin) 
protein expressions; (B) collagen type I, IL 
(interleukin)-6, IL-1β, and CCL-2 (monocyte 
chemotactic protein 1) protein expressions.  
(D) α-SMA (α-smooth muscle actin), vimentin, 
TGF-β (transforming growth factor-β), CTGF 
(connective tissue growth factor), and 
OPN (osteopontin) protein expressions; 
(E) collagen type I, IL (interleukin)-6, IL-
1β, and CCL-2 (monocyte chemotactic 
protein 1) protein expressions. Histogram 
bars represent the mean ± SEM of the 3 
independent experiments.  Densitometry 
values were normalized to β-actin or stain-
free gel for cDNA and protein, respectively. 
*P<0.05 vs Control.  $P<0.05 vs Ct-1.  AU 
indicates arbitrary units.

Honokiol attenuates β-amyloid by modulating amyloidogenic pathway23 

HNK significantly enhances SIRT3 expression, reduces reactive oxygen species generation and lipid peroxidation, 
enhances antioxidant activities and mitochondrial function, thereby reducing amyloid beta (Aβ) and secreted 
APPβ levels in Chinese Hamster Ovarian (CHO) cells (carrying the amyloid precursor protein-APP and Presenilin 
PS1 mutation). Mechanistic studies reveal that HNK affects neither protein levels of APP nor α-secretase activity.  
In contrast, HNK increased the expression of AMPK, CREB, and PGC-1α, thereby inhibiting β-secretase activity 
leading to reduced Aβ levels.

Honokiol alleviates cognitive deficits of Alzheimer’s disease (Ps1V97L) transgenic mice51

HNK increased mitochondrial SIRT3 expression levels and activity, which in turn markedly improved ATP production 
and weakened mitochondrial oxygen species production. The enhanced energy metabolism and attenuated 
oxidative stress of HNK restore AβO-mediated mitochondrial dysfunction in vitro and in vivo. Consequently, memory 
deficits in the PS1V97L transgenic mice were rescued by HNK in the early stages.

Honokiol preserves mitochondria and protects the heart from doxorubicin-induced 
cardiomyopathy in mice52

Doxorubicin-induced cardiotoxicity is associated with increased ROS production and consequent fragmentation of 
mitochondria and cell death. HNK-mediated activation of SIRT3 prevented Doxorubicin-induced ROS production, 
mitochondrial damage and cell death in rat neonatal cardiomyocytes. HNK also promoted mitochondrial fusion.  Treatment 
with HNK also blocked doxorubicin-induced cardiac toxicity in mice. This was associated with reduced mitochondrial 
DNA damage and improved mitochondrial function. Furthermore, treatments of mice, bearing prostate tumor-xenografts, 
with HNK and doxorubicin showed inhibition of tumor growth with significantly reduced cardiac toxicity.

Galectin-3 inhibition prevents adipose tissue remodeling in obesity38

Male Wistar rats were fed either a high-fat diet or a standard diet for 6 weeks.  Half of the animals of each group 
were treated with the pharmacological inhibitor of Gal-3, MCP (PectaSol-C, ecoNugenics, Santa Rosa, CA) at 100 
mg·kg-1·day-1 in their drinking water. In adipose tissue, obese animals presented an increase in Gal-3 levels that were 
accompanied by an increase in pericellular collagen. Obese rats exhibited higher adipose tissue inflammation as well as 
enhanced differentiation degree of the adipocytes. Treatment with MCP prevented all the above effects.  In a laboratory 
research cell line that has a fibroblast-like morphology, but, under appropriate conditions, differentiate into an adipocyte-
like phenotype, 3T3-L1, exogenous Gal-3 (10-8 M) treatment increased fibrosis, inflammatory and differentiation markers.

Galectin-3 blockade inhibits cardiac inflammation and fibrosis in experimental 
hyperaldosteronism and hypertension41

Aldosterone-salt-treated rats presented hypertension, cardiac inflammation, and fibrosis that were prevented by MCP 
(PectaSol-C, ecoNugenics, Santa Rosa, CA). Cardiac inflammation and fibrosis presented in spontaneously hypertensive 
rats were prevented by MCP treatment. In the absence of blood pressure modifications, Gal-3 knockout mice were resistant 
to aldosterone-induced cardiac inflammation. In human cardiac fibroblasts, aldosterone increased Gal-3 expression via 
its mineralocorticoid receptor. Gal-3 and aldosterone enhanced proinflammatory and profibrotic markers, as well as 
metalloproteinase activities in human cardiac fibroblasts, effects that were not observed in Gal-3-silenced cells treated 
with aldosterone.  In experimental hyperaldosteronism, the increase in Gal-3 expression was associated with cardiac 
inflammation and fibrosis, alterations that were prevented by the Gal-3 blockade independently of blood pressure levels.

Cardiotrophin-1 (CT-1)-Gal-3 axis in cardiac fibrosis and inflammation53 

Proteomic analysis revealed that Gal-3 was upregulated by CT-1 in human cardiac fibroblasts in parallel with other 
profibrotic and proinflammatory markers. CT-1 upregulation of Gal-3 was mediated by extracellular signal-regulated 
kinase 1/2 and signal transducer and activator of transcription 3 pathways. Male Wistar rats and B6CBAF1 mice 
treated with CT-1 (20 µg/kg per day) presented higher cardiac Gal-3 levels and myocardial fibrosis.  In CT-1 
treated rats, direct correlations were found between cardiac CT-1 and Gal-3 levels, as well as between Gal-3 and 
perivascular fibrosis.  Gal-3 genetic disruption in human cardiac fibroblasts and pharmacological Gal-3 inhibition 
with MCP (PectaSol-C, ecoNugenics, Santa Rosa, CA) in mice prevented the profibrotic and proinflammatory 
effects of CT-1 (Figure 3; 2 in reference 53).  Dahl salt-sensitive hypertensive rats with diastolic dysfunction showed 
increased cardiac CT-1 and Gal-3 expression together with cardiac fibrosis and inflammation. CT-1 and Gal-3 
directly correlated with myocardial fibrosis. In heart failure patients, myocardial and plasma CT-1 and Gal-3 
were increased and directly correlated. Also, HF patients with high CT-1 and Gal-3 plasma levels presented an 
increased risk of cardiovascular death.
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Summary 
Overproduction of inflammatory mediators such as NF-κB, TNF-α, COX-II, and NO 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 cancer55-57.  Therefore, identification  
of natural product-derived extracts or compounds that control the production of inflammatory mediators 
is an extremely attractive therapeutic or preventative modality for these diseases58. 

HNK reduces inflammation intracellularly by activating SIRT3, while MCP reduces inflammation  
extracellularly by competitively inhibiting extracellular Gal-3 activity. These two plant-derived natural 
products can be combined for synergistic effects on inflammation.  Indeed, in the investigation by  
Ramachandran et al.54, both HNK and MCP treatment enhanced the antioxidant activity in monocytes.  
Furthermore, by using CompuSyn analysis, the investigators showed that the combination of MCP and 
HNK has a synergistic effect on the antioxidant activity of monocytes. The CI values of the MCP:HNK 
(9:1) combination for antioxidant activity are <1 at ED50, ED75, or ED90 levels, thereby indicating 
the strong synergism between MCP and HNK for antioxidant activity.  Such synergistic effects for  
antioxidant activity have been observed for combinations of extracts from spices (anise, cardamom, 
clove, and cinnamon)59 and also between black tea and curcumin60, which may form the basis for a 
therapeutic that has superior effects compared to single agents. Recommended dosages are in Table 1 & 2.

Figure 4. Inhibition of LPS-induced TNF-α (pg/ml) production by HNK, 
MCP, and MCP:HNK (9:1) in RAW 264.7 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 NF-κB (p65) activity by HNK, MCP, and 
MCP:HNK (9:1) in RAW 264.7 mouse monocyte cell line.  NF-κB 
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). S, synergism 
between MCP and HNK.

Synergistic antioxidant and anti-inflammatory effects between modified citrus pectin and 
honokiol54 

Although both HNK and MCP induced a dose-dependent increase in antioxidant activity, the latter has a consistently 
higher antioxidant effect. The MCP:HNK (9:1) combination induced a synergistic effect on antioxidant activity 
suggesting that the combination is significantly more efficacious than individual compounds. In mouse monocytes, 
the lipopolysaccharide (LPS-) induced TNF-α synthesis was significantly inhibited by HNK and the MCP:HNK 
combination in a dose-dependent manner, and synergistic effects were clearly demonstrated with the combination 
of TNF-α inhibition (Fig. 4). This combination effect was also evident on inhibition of nuclear factor-kappa B activity 
(Fig. 5), cyclooxygenase-II activity, and lipid peroxidation in mouse monocytes.

Table 1. NEUROPROTECTION SUPPORT PROTOCOL

Table 2. JOINT SUPPORT PROTOCOL

PRODUCT NAMES ASPECTS 
SUPPORTED

DOSAGE 
LEVEL

DAILY DOSAGE 
& FREQUENCY

SPECIAL 
INSTRUCTIONS

WITH
FOOD

EMPTY 
STOMACH

MODIFIED CITRUS 
PECTIN

Blocks Gal-3 
activity, supports 
cellular health,

 immunity, 
antioxidant 

support

Active Condition 9 CAPS/1.5 SCOOPS BID
X

Maintence 6CAPS/1 SCOOP, QD

HONOKIOL
Neuroprotective, 

antioxidant, 
crosses BBB and 

BCSFB

Active Condition 
Mild 2 CAPS BID

 Start with 
very low dose, 

increase as 
tolerated – can 
cause GI upset/
diarrhea. Best if 
taken with fatty 

foods

Fatty food 
enhances 
asorbtion

Active Condition 
Severe 3 CAPS BID

Maintence 2 CAPS BID

PRODUCT NAMES ASPECTS 
SUPPORTED

DOSAGE 
LEVEL

DAILY DOSAGE 
& FREQUENCY

SPECIAL 
INSTRUCTIONS

WITH
FOOD

EMPTY 
STOMACH

MODIFIED CITRUS 
PECTIN

Blocks Gal-3
activity to inhibit 
fibrosis, support 

healthy inflammatory 
response, 

antioxidant, 
immunomodulatory

Active Condition 1 SCOOP OR 6 CAPS BID

X
Stable Condition 1 SCOOP OR 6 CAPS QD

HONOKIOL

Inhibits fibrosis, 
supports healthy 

inflammatory 
response, 

antioxidant, free 
radical scavenger

Active Condition 2 CAPS BID Build up as 
tolerated.                                          

May cause GI 
upset in some 

individuals

Fatty food 
enhances 
asorbtionStable Condition 1 CAP BID
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