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Modulation of Inflammatory Responses

by Select Plant-Derived Ingredients

Takeaways:

v Inflammation is a complex biological response involving several
modifiable mechanisms.

v Curcumin, xanthohumol, Boswellia serrata, and ginger
(Zingiber officinale) are well-researched plant-derived ingredients
shown through research to modulate inflammation and pain
pathways by modulating enzymes, prostaglandins, leukotrienes,
pro-inflammatory cytokines, and chemokines.

v These well-characterized ingredients can be used in
combination with, or as an alternative to, anti-inflammatory and
analgesic agents including COX, LOX, or TNFa inhibitors.

/ Human clinical studies have demonstrated the increased
bioavailability of curcumagalactomannoside (CGM) and
xanthohumol bound to a protein matrix (XNTPM). Standard
curcumin and xanthohumol preparations are typically poorly
absorbed in the Gl tract.

Inflammatory Immune Responses

Inflammation is an essential biological response that may be triggered by
a variety of stimuli, including tissue injury, pathogens, toxins, and oxidative
stress. Inflammation underlies many normal physiologic processes, yet it
also underlies many pathologic states—especially when inflammatory
responses become excessive or chronic. Inflammation initiation pathways
involve several enzymes, transcription factors, and signaling molecules
(i.e., chemokines and cytokines) that can be modulated by a variety of
agents, including select botanical ingredients.

Mechanisms of Immunomodulation by Curcumin,
Xanthohumol, Boswellia Serrata, and Ginger

Inflammatory Chemokine Inhibition

Inflammatory chemokines—such as chemokine ligand 8 (CXCL8, aka IL-8),
monocyte chemoattractant protein 1 (MCP-1), and interferon-y activated
protein (IP-10)—recruit white blood cells to local sites of inflammation

during the initiation phase. Because these messengers promote joint
pathology in patients with arthritis, they have been suggested as potential
therapeutic targets in this population."? Curcumin reduces chondrocyte
production of CXCL8 and serum levels of MCP-1.~> Xanthohumol
diminishes macrophage production of MCP-1 while ginger decreases
IP-10, specifically in activated human synoviocytes.®”’

Phospholipase A2 Inhibition

Phospholipase A2 is an enzyme that liberates arachidonic acid (ARA), a
pro-inflammatory omega-6 fatty acid, from the cell membrane. This makes
ARA available to interact with cyclooxygenase (COX) and lipoxygenase
(LOX) enzymes to produce inflammatory eicosanoids, including
prostaglandins and leukotrienes. Curcumin and ginger compounds
inhibit phospholipase A2.5°1°

COX Inhibition

The cyclooxygenase enzymes COX-1 and COX-2 are responsible for

the conversion of ARA to prostaglandins, including prostaglandin E2
(PGE). Prostaglandins are potent mediators that play central roles in the
modulation of inflammatory responses."" PGE; increases pain perception
and contributes to the destruction of cartilage in arthritic joints in both
rheumatoid arthritis (RA) and osteoarthritis (OA)."""> Commonly used COX
inhibitors include NSAIDs. Curcumin, xanthohumol, boswellic acids, and
ginger also inhibit the COX enzymes and thus may reduce the synthesis
of PGE,."*'¢

LOX Inhibition

Overproduction of leukotrienes plays a role in inflammatory conditions,
particularly asthma and allergic rhinitis. LOX inhibitors work against this

by decreasing the conversion of ARA to leukotrienes. Commonly used

LOX inhibitors include medications used as analgesics for OA and RA and
treatments for asthma. Curcumin, boswellic acids, and ginger also inhibit
LOX activity, thereby reducing leukotriene levels.”>'®

Nuclear Factor-Kappa B (NFkB) Inhibition

The nuclear factor-kappa B (NFkB) protein complex is a central regulator of
DNA transcription, cell survival, and pro-inflammatory cytokine production.

Table I: Curcumin, Xanthohumol, Boswellia serrata & Ginger Mechanisms

Curcumin

Xanthohumol

Boswellia serrata

Ginger

Inhibition of pro-inflammatory
cytokines, chemokines, and
transcription factors associated
with inflammation and pain

v Inhibits NFkB'

v Reduces serum levels of:
TNFa®
IL-1B8%
IL-6°
MCP-14°

v Diminishes chondrocyte
production of CXCL8 (IL-8)°

v Inhibits NFkB''®
v Reduces WBC production
of:
TNFo®
IL-12°
MCP-1¢

v Inhibits NFkB*

v Inhibits NFkB?'%
v Diminishes synoviocyte
production of IP-107

Inhibition of enzymes and
prostaglandins associated with
inflammation and pain

v Inhibits PLA2%?
v Inhibits COX-2"
v Inhibits 5-LOX®

v Inhibits COX-1 & COX-2"

v Inhibits COX-1 & COX-2"*
v Inhibits 5-LOX"™

v Inhibits PLA2'®
v Inhibits COX-1 & COX-2'¢
v Inhibits LOX'®
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Chronic activation of NFkB is implicated in inflammatory and autoimmune
diseases, including asthma, arthritis, and inflammatory bowel disease (IBD).
NFkB activation leads to increased production of COX, LOX, and PLA2.”
Glucocorticoids demonstrate immune-suppressing effects primarily by
blocking NFkB activation.”® Curcumin, xanthohumol, boswellic acids, and
ginger constituents have also been shown to inhibit NFkB.!>'#19-22

Pro-inflammatory Cytokine Inhibition

Pro-inflammatory cytokines promote both local and systemic
inflammation and pain. IL-13, IL-6, and tumor necrosis factor alpha (TNFa)
can initiate and promote the persistence of pain locally by directly
activating nociceptive sensory neurons.” TNF-a also initiates several
inflammatory pathways, including NFkB activation, which results in
systemic inflammation.? TNFa can promote RA, ankylosing spondylitis, IBD,
and refractory asthma; therefore, TNFa inhibitors are often used in their
treatment. Curcumin reduces serum levels of TNFa, IL-1B, and IL-6.°%
Xanthohumol diminishes the production of TNFa and IL-12 in white
blood cells (WBCs).5"

Enhancing Bioavailability of Key Constituents

Curcumin and xanthohumol are key medicinal constituents of turmeric

root and hops flowers. Both have robust anti-inflammatory and analgesic
properties. While their use had previously been limited due to poor absorption
in the Gl tract, recent technologic advances have resulted in cutting-edge,
highly bioavailable forms of curcumin and xanthohumol. These ingredients are
now clinically shown to have much higher oral bicavailability than standard
preparations.

Curcumagalactomannoside (CGM) is a novel, highly bioavailable curcumin
preparation formulated to provide enhanced absorption of curcuminoids

References:

1. Szekanecz Z, Vegvari A, Szabo Z KA. Chemokines and chemokine receptors in arthritis. Front Biosci.
2010;146(614):41-46.

2. Kapoor M, Martel-pelletier J, Lajeunesse D, Pelletier J, Fahmi H. Role of proinflammatory cytokines in the
pathophysiology of osteoarthritis. Nat Publ Gr. 2010;7(1):33-42.

3. Mathy-Hartert M, Jacquemond-Collet |, Priem F, Sanchez C, Lambert C HY. Curcumin inhibits pro-inflammatory
mediators and metalloproteinase-3 production by chondrocytes. 2009;58(12):899-908.

4. Karimiana MS, Pirro M, Majeedc M, Sahebkar A. Curcumin as a natural regulator of monocyte chemoattractant
protein-1. Cytokine Growth Factor Rev. 2017;33:55-63.

5. Panahi, Sadat M, Khalili N, Naimi E. Effects of curcumin on serum cytokine concentrations in subjects with
metabolic syndrome: A post-hoc analysis of a randomized controlled trial. Biomed Pharmacother. 2016;82:578-
582.

6. Lupinacci EL, Meijerink J, Vincken JP, Gabriele B, Gruppen H, Witkamp RF. Xanthohumol from Hop (Humulus
lupulus L) is an efficient inhibitor of monocyte chemoattractant protein-1 and tumor necrosis factor- r
release in LPS-stimulated RAW 264.7 mouse macrophages and U937 human monocytes. J Agric Food Chem.
2009;57(16):7274-81.

7. Phan PV, Sohrabi A, Polotsky A, et al. Ginger Extract Components Suppress Induction of Chemokine
Expression in Human Synoviocytes. J Altern Complement Med. 2005;11(1):149-154.

8. Perrone D, Ardito F, Giannatempo G, et al. Biological and therapeutic activities, and anticancer properties of
curcumin. Exp Ther Med. 2015;10(5):1615-1623.

9. Zhou H, Beevers CS, Huang S. The targets of curcumin. Curr Drug Targets. 2011;12(3):332-47.

10. Nievergelt A, Marazzi J, Schoop R. Ginger Phenylpropanoids Inhibit IL-1 3 and Prostanoid Secretion and
Disrupt Arachidonate-Phospholipid Remodeling by Targeting Phospholipases. J Immunol. 2011;187(8):4140-
50.

11. Fattahi MJ, Mirshafiey A. Prostaglandins and Rheumatoid Arthritis. 2012;2012. doi:10.1155/2012/239310.

12.Lee A, Ellman MB, Yan D, Kroin JS, Cole BJ, Andre J. A Current Review of Molecular Mechanisms Regarding
Osteoarthritis and Pain. Gene. 2013;527(2):440-7.

13. Kunnumakkara AB, Bordoloi D, Padmavathi G, et al. Curcumin, the golden nutraceutical: multitargeting for
multiple chronic diseases. BrJ Pharmacol. 2017;174(11)1325-1348.

14. Weiskirchen R, Mahli A, Weiskirchen S, Hellerbrand C. The hop constituent xanthohumol exhibits
hepatoprotective effects and inhibits the activation of hepatic stellate cells at different levels. front Physiol.
2015;6:140.

15. Abdel-tawab M, Werz O, Schubert-zsilavecz M. Boswellia serrata: An Overall Assessment of In Vitro, Preclinical,
Pharmacokinetic and Clinical Data. Clin Pharmacokinet. 2011;50(6):349-369.

16.Grzanna R, Lindmark L, Frondoza CG. Ginger—An Herbal Medicinal Product with Broad Anti-Inflammatory
Actions. J Med Food. 2005;8(2):125-132.

17.Shih R, Wang C, Yang C. NF-kappaB Signaling Pathways in Neurological Inflammation: A Mini Review. Front Mol
Neurosci. 2015;8:77.

18. Auphan N, Didonato JA, Rosette C, Helmberg A. Immunosuppression by Glucocorticoids: Inhibition of NF-kB
Activity Through Induction of IkB Synthesis. Science. 1995;270(5234):286-290.

¥

MET2405 052617 © 2017 Metagenics Institute. All Rights Reserved. '.’

into the bloodstream. CGM combines curcumin from turmeric with
galactomannan fibers from fenugreek seeds. Studies have shown that CGM
is more stable than standard curcumin preparations and demonstrates
exceptional delivery to target tissues. Randomized clinical research studies
have shown that oral CGM—an unconjugated (free) curcumin preparation—
results in 40 to 45 times higher levels of free curcuminoids and a prolonged
half-life in human plasma compared to standard curcumin.?>#’

Supporting previously published human subject data, a rodent study showed
that CGM was significantly more bioavailable in blood plasma than standard
curcumin. In addition, it was shown that levels of free curcuminoids were at
least 13 times higher in all tested target tissues (including the intestines, liver,
spleen, kidney, and heart). Furthermore, levels of free curcuminoids in brain
tissue were over 300 times higher in the CGM group, indicating that CGM has
an exceptional ability to cross the blood-brain barrier

Xanthohumol bound to a protein matrix (XNTPM) is a novel form of the
potent anti-inflammatory flavonoid xanthohumol, which is found in hops
flowers. A potent antioxidant, human studies have shown that xanthohumol
protects DNA from damage caused by reactive oxygen species, as well as
dietary carcinogens.?*® Unfortunately, xanthohumol demonstrates poor
biocavailability.*

Developed by scientists at Rutgers and North Carolina State Universities, new
technology now combines protein with phytonutrients.*=* XNTPM utilizes this
proprietary protein matrix technology to enhance the delivery of xanthohumol
for increased bioavailability and stability. In a randomized, double-blind,
crossover study, plasma levels of xanthohumol and its metabolites were
increased by 81%.
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