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Objectives

Upon successful completion of this knowledge-based course
pharmacists should be able fto:

* 1. Describe the pathophysiology of pain and inflammation.
2. Review inflammatory pathways and cascades.

* 3. Discuss natural product mechanisms of action for addressing pain
and inflammation.




Inflammation is a response of distressed tissues

* Nearly every tissue has the ability to
summon the immune system to begin a
cascade of inflammatory signals

* Most of these signals should be turned off
when the “stress” is resolved

» Unresolved stress on the tissues will result in
continuous inflammation- damaging tissues-
resulting in further inflammatory signals.




The Classical View of Inflammation
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* “Itis” — inflammatory condition

* appendicitis, bronchitis, prostatitis, arthritis, hepatitis,
colitis, rhinitis....




The “Modern” View of Inflammation
NF-«B Signaling

Growth Factors:
BMP, EGF, HGH,
Insulin, NGF, TGF-a LT, CD40L,

........ BAFF/BLys

For detailed signaling,
For detailed signaling, se2 TLR Pathway.
se2 BCR Pathway.

For detailed signaling,
see TCR Pathway.
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The Emerging Understanding

* Inflammation is the necessary and important non-specific
alarm reaction of the innate immune system to nearly every
potential cellular threat.

* There are many ways to trigger Inflammation

* Inflammatory Signals mediate most Acute and Chronic
Disease pathways

* Inflammatory Signals initiate Tissue Repair

* There are Signals for Resolving Inflammation (not just
preventing)




First: A reminder of the basics
of the immune system and
cells involved.
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The Basic Divisions
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Simple Dichotomy? The old view

Attribute Innate immunity Adaptive immunity
Response time Minutes/hours Days
Specificity Specific for molecules and molecular Highly specific; discriminates even minor
patterns associated with pathogens aivereneEsTi molecular structure; details of
microbial or nonmicrobial structure recognized
with high specificity
Diversity A limited number of germ line— Highly diverse; a very large number of
encoded receptors recepun s ansing from genetic recombination
of receptor genes
Memory responses None€— ? Persistent memory, with faster response
of greater magnitude on subsequent infection
Self/nonself discrimination Perfect; no microbe-specific Very good; occasional failures of self/nonself
patterns in host discrimination result in autoimmune disease
Soluble components of blood Many antimicrobial peptides Antibodies
or tissue fluids and proteins
Major cell types Phagocytes (monocytes, macrophages, T cells, B cells, antigen-presenting cells
neutrophils), natural killer (NK) cells,
dendritic cells

M
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Primary Defense: Non-specific

* Physical & Chemical Barriers
* intact skin (secretions, pH, sweat)
* MUCUS
» stomach acid and enzymes
*saliva
* tears
* nausea/vomiting
 diarrhea




Primary Defense: Inflammation

* Non-specific response to burns, freezing,
acid/base injury, impact injury, metabolic stress,
environmental toxins, presence of foreign
substances in tissue etc.

* The inflammatory response is (mostly) the same
In each separate incident and has no (formal)
“memory” of the incident for future responses.




Phases of the Injury Response

* Phases of typical Inflammatory Response
* |solation and removal of offense

« Confinement (walling-off)

« Signal the immune system (cells) for additional
response- Inflammation

* Trigger the healing response/Resolution
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prostaglandins, leukotriens, complement, etc.)

Release of Leukocytosis Inducing J

Factors (Systemic effect)
Vasodilation of Increase capillary Chemotaxix (attract WBCs migrate to
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The Stages of Inflammation

(A) Onset (8) Resolution (c) Post-resolution
2 [ Mevtrosis Macrophages - " Ad apted homeostasis”
> 2
€ © @ t@
©
Q)| &
S
E .
g o Apoptosis
A Bfferocytosis —— “Maladapted homeostasis”
' _ (Chronic inflammation)
Mediator (Autoimmunity)
scavenging
r
Mins Hours/days Weeks
Trends in Molecular Medicine

Trends Mol Med. 2019 Mar;25(3):198-214.




Autoimmunity vs. Auto-Inflammatory

| Autoimmune
D Mendelian disorders 4

E Polygenic diseases APCED.

Organ-specific 1 Systemic lupus
autoimmune diseases | erythematosus

Multiple
sclerosis

| Inflammatory
| bowel disease

Rheumatoid |
arthritis

Organ-specific < » Systemic

Systemic juvenile
[Spondyloarthropathies | idiopathic arthritis

Gout and other
crystal arthropathies

v
Autoinflammatory

Nature Reviews | Immunologyj

Nature Reviews Immunology 12, 570-580 (August 2012)

M

Continuing Education




AUTOINFLAMMATORY

RARE MONOGENIC
AUTOINFLAMMATORY
DISEASES

POLYGENIC
AUTOINFLAMMATORY
DISEASES

MIXED PATTERN DISEASES
with evidence of acquired component
(MHC class | associations) and
autoinflammatory components

RARE MONOGENIC
AUTOIMMUNE
DISEASES

AUTOIMMUNE

FMF, TRAPS, HIDS, PAPA
Blau syndrome (uveits)

Crohn disease, ulcarative colits

Degenerative dseases, 0 §. ostecarthrits
Goutipseudogoutiother crystal arthropathies

Soma cabegories of reactive arthritis and Psoriasis/psoriatic arthritis (no MHC associations)
Selt-kmiting mflammatory artheitis including diseases clinically presenting as RA
Slorage diseases/congenital dseases with associated tsswe inflammation
Non-antibody associated vasculitis ncluding giant cell and Takayasu arterits
Idcpathic uverts

Acne and acneform associated dseases

Some neurclogical dseases, e g. acute disseminated encephalomyelitis
Erythema nodosum associated disease, including sarcoidosis

Ank ylosing spondybts
Reactive artints.

Psoriasis/psoriatic arthritis

Behcet Syndrome
Uvestis (HLA-B2T associated)

Rmeumatosd artheitis
Autosmimune uvedis (sympathetc ophthaimea)
Primary bikary cerhoss

Autosmimune Gastriits/pemicous anaems
Autoimmune thyrosd disease

Addson disease

Pemphigus, pemphigoid, vitiligo

Myasthenia gravs.
Dermatomyositis, polymyositis
Goodpasture syndrome
ANCA associated vasculits
Type 1 diabetes

Siogren syndrome

Systemc lupus erythemalosus

. scheroderma

ALPS, IPEX, APECED
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Inflammatory Mediators

 Cell Signaling molecules (cytokines)

* Functional Mediators
* Preformed mediators (histamine)
* Formed mediators (prostaglandins etc.)

« Adhesion molecules

* Intracellular signals- secondary messenger
systems (NFkB)

» Body-wide signals/mediators (CRP)




GRANULE MEMBRANE-
CONTENT DERIVED LIPID pgggggﬁg'\l
RELEASE MEDIATORS

New mRNA and
protein synthesis
(over hours)

Release of Lipid metabolism
preformed mediators (over minutes)

* Histamine * Prostaglandins * Interleukins
* Proteases * Leukotrienes *IL-11L-3
* heparin * Platelet Activation *IL-4 IL-5
* Tumor Necrosis Factor (PAF) *|L-6 IL-8

factor (TNF) «TNF

M
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Lots more going on in the cell




Arachidonic Acid Mediators

* Phospholipase A removes fatty
acids (AA) from the cell
membrane

« Cyclooxygenase (COX)
converts to series 2
prostaglandins

 Lipoxygenase (LOX) converts
to leukotrienes and
thromboxanes




Allergen + IgE + Mast Cell

y

Mast Cell Membrane + Cytoplasm Changes
Cell Membrane Permeable to Calcium lons

y

Calcium Enters Cell
1

Y V

Steroids —» Trigger Phospholipase A, Mast Cell Degranulation

HIBESHIR i .
Breakdown Membrane Phospholipids IStamIne: =~ Anthigianineg

Serotonin
Eosinophil Chemotactic Factor
Arachidonic Acid Neutrophil Chemotactic Factor
1
NSAIDs = Cyclooxygenase Lipoxygenase
l Y
Prostaglandins Leukotrienes
Prostacyclin
Thromboxane A,
\ )

Clinical Manifestations
Itch
Vasodilation
Increase Vascular Permeability
Conjunctival Hyperemia

Mucous Secretion

* Preventing Mast Cell
Destabilization

* Quercetin and related
flavonoids have been
shown to stabilize mast
cells — preventing
degranulation and other
inflammatory mediators
from forming



Omega 6
Linoleic acid

V

Arachidonic acid

Omega 3
o linolenic acid

Eicosapentanoic acid .

Cyclo-oxygenase

Lipoxygenase

Omega 6 derived eicosanoids

2 series prostanoids
TXA,,PGE,,PGl,

Pro-inflammatory

3 series prostanoids
TXA3,PGE5,PGl4

Anti-inflammatory




Nuclear Factor kappa B

* Release of the potent pro-
\ inflammatory transcription
receptor % /V gtracgfa%s:t:gﬁ fa Ctor
0, BO TN « NF«B is a dimer (RelA, p50)
b)/;p -~ » Sequestered by IxB
LI i~ / - When IkB is phosphorylated by
el NI~ ot IKK, it releases NFkB to
migrate into nucleus
nuclear DNA )\\/) \\ \ . .
R —— * NFKB binds promoter regions

- and upregulates inflammation




* Three of many different
signaling cascades that can

lead to the activation of
NF«B.

* Shows the primary regulation
of NFkB occurs upstream
with NEMO (NF-kB essential
modulator) and the release of
IKKa
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O- Ubiquitin protein ligase activity

L____|- De-ubiquitinating enzymes



NFxB controls a range of immune responses

T cell

Maturation | .

Anti-apoptotic factors
Fas, BCL-2, c-FLIP, Caspase,

Macrophage
i h e Pro-inflammatory
Differentiation of — ° ! ;
inflammatory T ceIlsJ e o Cytoklnes/ChemokmesJ
Activation ® M1 Polarization |
Memory T cells /
Neutrophil
IL-12, IL-23 Pro-inflammatory T ;
RORyt gene induction niti-apoptosis |
\ Recruitment

IAPs, BFL-1, Survivin

Bcl-2L1, PAI2, Cyclin

Cell survival

Cell cycle regulators

Proliferation

Adhesion molecules
ICAM-1, VCAM-1, ECAM-1,
MMPs, Selection

/

-

\

Chemokines

MCP-1, IL-18, RANTES,
Cytokmes MIP-2, CXCL1, CXCL10
Adhesion
‘ Invasion
Angiogenesis Metastasis
Inflammatory response

M
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Enzymes Stress response Early response Viruses Apoptosis Regulators Cytokines/Chemokines
11bHSD2 Comagenase 1 HO-1 Pik3 genes
176HSD DDH Hos PPs 12L0X  HSPIOa N ra -~ s sk (LAG-1) Grob I8
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ADH OYPD NOS  PTHP COX-2  MAPAKI Egr-1 oV Jov B2 . bintodoron  Gro-1 1P/10
AID £ m-2  PIPIB CuZnSOD Mx1 PR2PRG EBY SV Bclat. s BUMP.1 1005  KC
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AMACR L REV3 CYP2E1  cPLA2 TIEG B L. oL Bdpt  Lympholosn &
ARFRP1 GADE7 MMP.3  Serpin 2A CYPTo  SENS2 BNIPS i) CCL19 R-1AA Limgholaind
ASS acL MMDS  SIATI FHC SEPS! ot B coL20 10 MCP.ILE
Aromatase GCLM MKE.1  Sim-2 GeL SOD1 Sttt coLz L1 MG
ART2 1 GOLC MLCK  SNARK GCLM  SOD2 oFLIP o ccLas R-124  MP-tab
BACE-1 GDS.synthase  Minir $GC1 cCL28 w-128) MIP-2
% Gelitinase D GnT4 SSAT CCLS w13 MIP-3a /CCL20
Cathepsin 8 GEPD nNOS  SUV3 CINC-1 W15 mob-1
Cathepsin L Glc-6-Pase POE7A1  TERT CxXCL11 W47 NAP.78
ke GrRH 1| PGES TG CXCLS L-1a  RANTES
CGT 091 phox PIK3ICA e CXCLB iL1b T-CAgone 3
CHISLY Granzyme B PIM-1  type IsPLALR) EBIaN-278 -2 TNFaicha
CRAD1 GSTP1-1 PKAsipha  UPaso Eoaain IL-234) TNFbeta
CRAD2 Hi-K+ATPage a2 PKCdelta  XDH Fractalking  ML-27  TRAL
Heparanase PLCdelta 1 Gro e Troofoll tactor-3
VEG!
Acute phase proteins
Angotensinogen LPS BP
b-dofensin?  Pertraxin.d N F-KB Cell adhesion
Cab BP SAAL molecules
CF-8 SAA2
CF-C4 SAA3 | t d CD44 MAcCAM-1
C.RP Tissue tactor-1 re g u a e DC-SIGN  NCAM
Hepodin UPA ELAM- P.soloctn
Endoghn  Tenascin-C
genes o o
Antigen presentation L
Complement 8
Complement component 3
Complement Recepior 2
Peptide Transporte: TAP1
Proteasome Suburvt LMP2 Miscellaneous
Tapasin Cyclin D3 Lipocaln-2 PTEN
DIF2 MCTH RAG-1
OMT1 M25h  RAG2
Immuno Elafin Mri46a, b  RbApia
receptors Endothelin 1 MIrss RICK
87.1(CDBO) 1COS Eptwin-A1 MNE 1 S100A8
BAL-1 BCg! spsilon-Globin  Mis1 SerpinE2
CCRS 1 @ heavy chain Growth factorsfligands Transcription factors / AN Factor Vill Muon SH3BGRAL
CCR7 e lato! APOBEC2 FHC map SK2 channels
oM igge Actiin A MCSE Regulators AjoCl  Gadses Natt Skp2
gg:z :E;;gmd'bn Angloposatin :;m. AZ0 ETR101 ikl Apo D Galectin 3 NGL Spergen-1
-2 R a-chain BCAP rface receptors ABIN-3 Gata-3  Nb2 Galpha 12 NLFY 1
Co21 fervariant Chain Il BONF NK-1R Col-ou AR GCR NLR#P2 g‘E OBPP"IH pn g;‘:w.".i
coas Kinvn B1 Receptor BULNK NK4 Al AR Ga1R Bel-3 HIF-1  NURR1 pampod  GIF p21-CIP1  Syndocan-4
CDag MHC-1 (H-2Kb) BLYS Nrg1 A2A Lox-1 BM-1 HOXA9 Osterx Bigiycan Gro-1 PA28 a TASK-2
CcDM0 MHC-1 HLA.87 BMP.2 OPN a28-AR Ly49 C/EBPY kBa P53 9 GS3686 PAZ8 b TAUT
CD4s Nod2 are-2 POGF B chan ABCA1 Mar1 COX1 kB-e PR Calsarcin-1  HK protein PAI1 TFPI-2
Ccoea PGRP-S CGRP PIGF ABCCE mGi2 odos |E1 PUA Caveciin-  HCCS1 Pax8 Transterrin
CcDés Polymanc iy R EPO Prosrkaphalin ADAM19 Mu-OR -yt RF2 b Clasane  HMG14 PCBD TAIF
CDse T-CRb chain FGFB Prolactin AS Na-charmel  NMDA-RS 2A c-myc IRF-4 Sraid Clone 156 BABRP Pertonn TRPCY
CXCR T-CR/ICD3g Bradykinn B1-R NPY-Y1R . RF7  Sod MP2 PGK1
CXCR2 TLR-2 co23 NR-1 jmDa  SwSa K15 Keeatin -~ POMC
F11-R TLR9 coa9 Oxytocn B unB Thec K3Kemtin  PSG
Fce RN TNF-Recepior DOR PAF-A1 Lef1 Twist POYN
Fchn TREM-1 EGFR P-gp 2P wn PSA
HLA-G -2 Microgiobuin Ené2 RAGE Mal Yyi
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Cross-Talk Between Nrf2 and NFxB

Fa
= IxB
TR
>
O/

* Increased HO1expression
= |Increased antioxidant defences

* Decreased lkBa degradation

Oxidative stress

D Nrf2
e | INHIBITION
LR

S
Proteasomal
degradation of
Nrf2

uoneAndY g¥-iN

Nrf2 Activation

* Decreased ARE gene transcription
* Increased HDAC3 binding to ARE




Nature Reviews | Cancer
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What Signals Turn on Inflammation?

PRRs Cytodne  1op LTBR, RANK, TWEAK

TNFRs rfeceptors  gop CD40, BAFFR, OX40 ¢ Pattern ReCOQHItIOn
—@—.—!—% Receptors (PRRSs)
AT

Canonical ™ (k) <«—Intraceliuar Non-canonical ¢ TNF-a
v
= . . » Cytokines (IL-1b, IL-6, etc.)
i) degradation processing

il
P
: * Signals from antibody or TCR
binding

(pe2 free) * Non-canonical signaling

‘>
Innate immunity and inflammation Lymphoid organogenesis
Cell proliferation and survival Osteoclastogenesis
Cell adhesion and migration B-cell survival and maturation
Lymphocyt e dev elopment and Immunoglobulin class switching
ifferentiatio Inflammatory T-cell function
), ndtmcoellmat bon




Pattern Recognition Receptors

. DAMPS ﬁ na,246  PAMPS %2

% \

nwras R

Cytokines
Costimulation

A MHC up-regulation
YN NN\ N




Toll-like receptor family (TLRs

Lipoprotein Peptidoglycan, Mycoplasmal
unconventional zymosan, LAM lipoprotein Enterobacterial Flagellin Profilin
LPS (bacteria) (bacteria, fungi) (bacteria) LPS (bacteria) (bacteria) (protozoa)
TLR1/2 TLR2/2 TLR2/6 TLRa/4 TLRS TLR11

extracellular

intracellular

dsRNA
(virus)

g nf cpapm
'4:0?/

_----":Cytokines--~--_

A » Td

Figure: Toll-like receptor (TLR) signaling. This diagram shows the different types of TLRs, their locations and the patterns they recognize. See text
for more details about the signaling pathways. Image adapted from Minireview: Toll-like Receptors (T LR)-www.abdserotec.com.
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P2XT.
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Reactlve oxygen
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CYTOPLASM

NUCLEUS

"Priming” by

DAMP/
+ PAMP

DAMP/PAMP

Pannexin-1

NLRP3 inflammasome
assembly

>

v \{fﬁstj Activated
« \4 CASP ' Caspase-1

_/ ®,_

Crystalline/
particulate
ligands

-
- .

" Lysosomal \

\ rupture ,

Cathepsin B
inhibitor
(Ca-074-me)

* \°°|L1|3

/ano-ll. 1B

proinflammatory stimuli
e.g. TLRs, TNF, IL-1p

Inflammasome (NLRP3-type)

« Heptamer complex
between caspase
and NRLP3

« Caspase activates
the release of IL-
1B, furthering
inflammatory
cascade

3 potential triggers

NLRP3

Inflammation
ASC

Qg * v

Cell: Volume 140, Issue 6, 19 March 2010, Pages 821-832



http://www.sciencedirect.com/science/journal/00928674/140/6

Inflammasome and chronic disease

Type Il Diabetes

IL-18 & IL-18

Insulin Resistance & Organ Dysfunction
¥

L tz
.
0 A 2

Pancreas Adipose Tissue Liver Skeletal Muscle Circulation

NLRP3 inflammasome actiavation and IL-1B during type 2 diabetes

| Insulin secretion 1 Inflammation 1 Inflammation | Insulin Sensitivity | Insulin
| Beta cell mass | Insulin Sensitivity 1 Hepatic Steatosis 1 Glucose
1Beta cell apoptosis | Insulin Sensitivity 1 HBA1C

1 Inflammation

M
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Significant Investment in Biologics to Block IL-1f3

Anakinra Canakinumab Rilanocept

/‘ 7

0 L T S B T 5 L 5555555
B | | bauiiisi  SSSSE | [ SN SESSSSINSS | | SSSSSSSSNSISIHS

IL-1RI IL-1RacP IL-1RI IL-1RacP [L-1RI IL-1RacP

Interruption in signal transduction




Inflammatory Cascade & CAD

Blood monocyte

Dying
macrophage

— Macrophage #APO_F”O“C
Adhesion foam cell bodies
molecule

VCAM-1

A9 ¢
s '

e
receptor ipid |
o M-CSF droplets Metall%?(i?;inases
Modified

lipoprotein
particle
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Platelet

Erythrocyte -

Fibrin

Blood-vessel lumen

Blood-vessel lumen

Normal artery

Intima

Media

o0
Cholesterol Dead cell Dendritic cell Foam cell Macrophage Mast cell Monocyte muscle cell Tell

Y N WA

Copyright © 2006 Nature Publishing Group
Nature Reviews | Immunology
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Fat cells (white adipose tissue) are cytokine

factories!
Leptin
ZAG, apelin ? PAI-1, haptoglobin
visfatin \ o / serum amyloid A
‘7'.;)')" . o h :‘h-‘ 4
&Y YT
IL-1B, IL-0 e FIN X /(7Y cp TNF
IL-10, TGFB ¢ ‘.;‘" B g o
G T
P
MCP-1 VEGF, NGF
MIF, IL-8 ¢ metallothionein

Adiponectin

resistin



Endotflwlel ial

Effects
= l Prostacyclin

> 4 PAILT

> 4 tPA

f NFKB = > T CAMS, E-selectin,

() =cre MCP 1, IL-8
\ = Fcy Receptors
J  (CD32, CD64)

4 2 Oxidative Stress 11 ki

$ MAPK

> 4 MMP-1, 10

Plaque instability/
rupture

The Role of CRP

Marker or Mediator?

PAI-1: plasminogen activator
inhibitor 1

tPA: tissue plasminogen activator

MCP1: monocyte
chemoattractant protein 1

eNOS- endothelial nitric oxide
synthase

MMP- matrix metaloproteases

M
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Clinical Research

Nutrition in Clinleal Practice
Volume XX Number X

Fish Oil Supplementation Lowers
C-Reactive Protein Levels Independent
of Triglyceride Reduction in Patients

Month XXXX wxexx

© 2009 American Soclety for
Parenteral and Enteral Nutrition
10.1177/0884533609335376
bttp/ncpsagepub com

hosted at

hatponline sagepub. com

With End-Stage Renal Disease

Rodney G. Bowden, PhD'; Ronald L. Wilson, MD?; Erika Deike, MS';

and Mindy Gentile, RD, LD, MS*

Financial disclosure: Fish oil and placebo supplements were provided by Royal Numico, Wageningen, The Netherlands.

Background: Inflammation has been identilied as a marker for
cardiovascular discase. The purpose of this study is to examine
the elfects of fish oil fatty acid supplementation on Cereactive
protein (CRP) levels. Methods: The study uses a double-blind,
I)('rlll|l‘l'(l'r-l’lll(llllill'll. .Ill(' I‘l.ll ('l")'t'l"\ll’ll”"ll I'\l)l'[lllll'lll.ll I'rll'
tocol. Patients are randomly placed into a fish oil group or a
control group. Thirty-three patients in the experimental and con-
trol groups ingest 2 soft-gel pills (1 g cach) of fish oil supplements
containing eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) or placebo at each meal. Patients follow the supple-
mentation protocol for 6 months. Analysis of variance (ANOVA)
is used to measure pretest and posttest differences in the variable
of interest. A Kolmogorov-Smirnov test for normality is used to
test whether CRP levels are normally  distributed.  Results:
The Kolmogorov-Smirnov test for CRP finds a P value of 273

( ]unliu\;uwul.ur disease (CVD) is a comorbid condi-
tion among patients with end-stage renal disease
(ESRD) and is frequently associated with mortality

in this patient population. The risk for CVD in patients

undergoing chronic hemodialysis can be ascribed to tradi-
tional measures of CVD risk such as elevated serum lipid
levels and blood pressure, but additional factors such as
acute phase reactants may lead to a risk profile that is

10-20 times higher than that of an apparently healthy

population’ and that is responsible for 50% annual mortal-

ity in ESRD patients.? These additional risk factors may
include one such acute pll.!\l‘ reactant called C-reactive
protein (CRP) and other inflammatory markers™* that are
significantly elevated in patients with ESRD.

Low-grade inflammation, measured by circulating
levels of CRP. has been included as a risk factor for CVD

From 'Baylor University, Wako, Texas: *Central Texas Nephrology
\ssociates, Wako, Texas; and *NutrePletion Resources, Bensalem,
Pennsylvania.

\ddress correspondence to: Rodney G. Bowden, School of
Education, Bayvlor University, Waco, TX, 76798-7304; c-mail:
Rodney_Bowden@baylor.edu.

(KS = .997), revealing that the distribution is normal. ANOVA
reveals no statistically significant difference between groups at
baseline for CRP (F = 4118, P = .053), ANOVA reveals a signili-
cant main effect (F =4.29, P = .048) for CRP. with the EPAVDHA
group having a signilficant change in values from pretest (16 mg
dL, standard deviation [SD] = 13.80) to posttest (10.22 mg/dlL.,
SD = 7.87). The placebho group’s CRP levels do not change sig-
nificantly from pretest (13.37, standard deviation [SD] = 7.94) to
posttest (13.67, SD = 7.07). An observed power calculation using
Cohen's D with a computed @ of .05 is 588, Conclusions: The
study demonstrates that consuming 960 mg/d of EPA and 600
mg/d of DHA can lower CRP. (Nutr Clin Pract. XXXNaoooexx)

Keywords:  Creactive protein; fish oils: docosahexaenoic acids:
®-3 fatty acids

in previous studies.”™" The role of CRP as a marker of

disease has been primarily studied in healthy women,
healthy men, elderly people, postmenopausal women,"
premenopausal women,'? arthritis patients,'* and healthy
older adults,"* with few studies rrcruiling ESRD I)Lllil'"l\.

The use of ®-3 polyunsaturated fatty acids (fish oil)
l‘.l\ l‘('('l‘ pl’()p().\(‘(l as a means to cont r‘)l ('n(l(" I‘(‘Ii-’ll (l‘ S~
function and thereby control CRP levels. Fish oil has
anti-inflammatory, anti-arrhythmic, and antithrombotic
properties and has been reported to improve insulin
sensitivity,”* yet research regarding fish oil and CRP is
|)uurl) understood.' '+ 1* v\(lc“liunu"'\. ESRD |).|Iirlll\
normally do not consume enough ®-3 fatty acids in the
diet." Studies'™"™ have demonstrated the relationship
between fish oil and CVD for a number of vears, but studies
linking fish oil and circulating markers of inflammation in
ESRD patients have been less apparent.**#' Only 5 stud-
ies were discovered that measured the effects of fish oil
supplementation on CRP levels in ESRD patients under-
going chronic ||t'l||<u|i;||'\si\."y 101516 Most of the fish oil
studies that were included in this article focused specifi-
cally on docosahexaenoic acid (DHA) and eicosapentae-
noic acid (EPA).
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Dietary fish oil decreases C-reactive protein. interleukin-6. and
triacylglycerol to HDL-cholesterol ratio in postmenopausal women on
HRT
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Abstract

Background: Atherogenesis 1s a complex process mvolving both 2 low-gzrade mflammation and 2 distwbed lipid profile. Although dietary
fish and fish o1l mprove the latter of these two nsk factors, their impact on the former 15 less clear.
Objective: This study addressed the effect of supplementation wath fish o1l in doses achievable with diet on serum C-reactive protem

(CRP). mterleukin-6 (IL-6), and the lipid profile.

Methods and results: Thuty healthy subjects taking HRT were randomly drvided mto three groups and supplemented for five weeks with
14g/day safflower oil (SO), 7g/day of both safflower ol and fish o1l (LFO), or 14g/day fish oil (HFO). Measwements mcluded serum
high-sensitivity CRP, IL-6 in plasma and in cell culture supematant collected from 24-hr kpopolysacchande (LPS)-stimmlated whole blood,
and lipid profile markers. CRP and IL-6 were adjusted for body mass index (BMI). Fish o1l supplementation significantly decreased CRP
and I1-6 compared to SO, with a greater effect in the LFO than HFO groups. Plasma tmacylglycerol (TG) and the TGHDL-C ratio were

significantly lower in the HFO compared to the SO group.

Conclusions: These results suggest that dietary fish o1l may decrease the nsk for cardiovascular disease through the modulation of both
plasma bpids and imflammatory markers m healthy postmenopausal women © 2003 Elsevier Inc. All nghts reserved.

Keywords: C-reactive protein; Interleukin-§; TriacylglycerolHDL-cholesterol. Fish oil: HRT

1. Introduction

Cardiovascular disease (CVD) is the leading cause of
death in the United States. The main factor leading to CVD
1s atherosclerosis manifested at the coronary, cerebral, and
penipheral level of the artenal system The mechanism is a
generalized cellular and humoral inflammatory response
that leads to the formation of the atheromatous plaque [1].
Key participants in this process are the promflammatory
cytokines such as interleukin-1 (IL-1), tumor necrosis fac-
tor-a« (TNF-at), IL-6, and acute phase reactants (APR) such
as CRP. The potential role of CRP as a marker of subclinical
atherosclerosis in identifying at-risk individuals has been
studied in healthy women. healthy men, and elderly [2-5].
Postmenopausal women are considered at-nsk individuals

* Comesponding author. Tel: +1-336-236-0426. fax: +1-336-334-
3000.
E-mail address: rewander@uncg edu (R.C. Wander).

because of the imbalanced production of estrogens that
renders them at risk for CVD [6]. HRT has been shown to
increase CRP concentrations compared to non-users, and
this effect is irespective of the hormonal preparation [7].
Additional factors that may up-regulate CRP levels m
healthy individuals are age [8]. body mass index (BMI) [9].
level of physical activity [10]. smoking [11], alcohol con-
sumption [12], and the polymorphism of genes associated
with CRP production [13-15]. In addition to inflammation,
serum lipids have been shown to play an important role n
atherogenesis. After menopause changes in the lipid profile
consist m increased triacylglycerol (TG). low density L-
poprotein-cholesterol (LDL-C), and decreased high-density
lipoprotein-cholesterol (HDL-C) concentrations, and consti-
tute independent nsk factors for CVD [6]. In postmeno-
pausal women HDL-C/TG ratio has emerged as a better
predictor of myocardial infarction than the routinely used
TC/HDL-C and LDL-C/HDL-C ratios [16].

Coldwater fish are nch i long cham polyunsaturated
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Objective: Dietary intake of polyunsaturated n-3 fatty acids has been associated with a reduced incidence
of adverse cardiovascular events. The protective mechanisms involved are not fully understood, but may
include anti-inflammatory factors. We sought to investigate the relationship between n-3 fatty acid levels Q
in erythrocyte membranes and markers of systemic inflammation in 992 individuals with stable coronary 31
artery disease. il

T T T T T T T T T T T T

T - Methods: Cross-sectional associations of C-reactive protein (CRP) and Interleukin-6 (1I-6) with docosa- 0 1 8 9 10 11 12 13 14 15 16 17 18 19
ywo _d;' hexaenoic acid (DHA) and eicosapentaenoic acid (EHA) were eval din iable linear reg n -
[“ﬂammi tioa models adjusted for demographics, cardiovascular risk factors, medication use, exercise capacity, body- DHA+EPA ( /6)
C-reactive protein mass index, and waist-to-hip ratio.
Interleukin-6 Results: After multivariable adjustment, n-3 fatty acid levels (DHA + EPA) were inversely associated with
Fish oil CRP and IL-6. The inverse association of n-3 fatty acids with CRP and IL-6 was not modified by demo-
graphics, body-mass index, smoking, LDL-cholesterol, or statin use (p values for interaction> 0.1).
Conclusions: In patients with stable coronary artery disease, an independent and inverse association
exists between n-3 fatty acid levels and inflammatory biomarkers. These findings suggest that inhibition
of systemic inflammation may be a mechanism by which n-3 fatty acids prevent recurrent cardiovascular 019
events. r=-
© 2008 Elsevier Ireland Ltd. All rights reserved. p <.0001
1. Introduction artery disease has not previously been reported. The primary aim °

Epidemiologic studies have demonstrated a protective effect of
dietary n-3 fatty acids on adverse cardiovascular events, partic-
ularly sudden cardiac death [1-4]. The mechanisms underlying
this protective effect are not well understood, and may include
anti-inflammatory factors |5]. Systemic inflammation is a key com-
ponent in the development and progression of atherosclerosis, and
the circulating inflammatory biomarkers C-reactive protein (CRP)
and interleukin-6 (IL-6) are independent risk factors for cardiovas-
cular disease [6,7]. The n-3 fatty acids exhibit anti-inflammatory
properties which have proven useful in the treatment of systemic
inflammatory diseases such as rheumatoid arthritis and Crohn's
disease |8].The relationship between blood levels of n-3 fatty acids
and inflammatory biomarkers in persons with stable coronary

* (Corresponding author at: Department of Medicine, Bax 0124, University of
Glifornia San Francisco, CA-94143-0124 United States. Tel.- +1 415742 0814;
fax: +1 415 36 1175,
E-mail address: rfacz anehfar@medicine ucsfedu (R Farzansh-Farl

0021-9150/S - see front matter © 2008 Elsevier Ireland Ltd. All rights reserved.
doiz10.1016/j at herosclerosis 2008.12.013

of this study was to examine the relationship between blood lev-
els of two n-3 fatty acids (docosahexaenoic acid, eicosapentaenoic
acid)! and two inflammatory biomarkers (CRP, 1L-6). A secondary
aim was to determine whether the relationship between n-3 fatty
acids and inflammatory biomarkers was modified by demograph-
ics, body-mass index, smoking, LDL-cholesterol, or statin use.

2. Methods
21. Participants

The Heart and Soul Study is a prospective cohort study inves-
tigating the influence of psychosocial factors on cardiovascular
events in outpatients with stable coronary artery disease. The
enrollment process for the Heart and Soul Study has been pre-

! The term “n-3 fatty acids” in this paper refers to docosshexasnoic acid (DHA)

and eicosapentaenaic acid (EPAL Alpha-Enoleic acd, 2 vegetable cil-derived n-3
fatty acid was not studied.
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Serum C-Reactive Protein Concentrations Are
Inversely Associated with Dietary Flavonoid
Intake in U.S. Adults’

Ock Kyoung Chun,>* Sang-Jin Chung,* Kate J. Claycombe,” and Won O. Song®*
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TABLE 5 Serum CRP concentration by individual flavonoid intake of U.S. aduits'™

Abstract Intske hersles) FP-value for

Serum C-reactive proten (CRP) is a bomarker for chronic inflammation and a sensitive risk factor for cardiovascular

diseases. Though CRP has been reported to be related to food intake, there is no documentation of a direct associaton mnm n 13 m' .em
with flavonoid intake. We aimed to test the assosations betwesn distary flavonoid intake and serum CRP concantrations
among U.S. adults after adjusting for distary, sociodemographic, and lifestyle factors. Data from the NHANES 1999-2002
were used for this cross-sectional study. Subjects were =19-y-old adults {n = 8335), and did not include pregnant andfor
lactating women. Flavonod intake of U.S. adults was estimatad by the USDA flavonoid databases matched witha 244
dietary recall in NHANES 1999-2002. The serum CRP concentration was higher in women, older adults, blacks, and
smokers, and in those with high BM| or low exarciselevel, and in those taking NSAID, than intheircounterparts (P 0.01).
Intakes of apples and vegstables wers inversaly assocatad with serum CRP concentrations after adjusting for covaniates
(P = 0.05). Total flavonoid and also individual flavonol, anthocyanidin, and isoflavone intakes were inversely associated
with serum CRP concentration after adjusting for the covariates (P 0.05). Among the flavanoid compounds investigated,
quercetin, kasmpfarol, malvidin, peonidin, daidzein, and genistein had inverse assocations with serum CRP concentration
(P = 0.05). These associations did not change even after the additional adjustment for fruit and vegstable consumption.
Our findings demon strate that intake of dietary flavonoids is inversely assodated with serum CRP concentrations in U.S.
adutts. Intake of flavonoid<ich foods may thus reduce inflammation-mediated chronic deeases.  J. Nutr. 138: 753-760, 2008.

Nonconsumers n

Introduction

Cardiovascular diseases (CVD)® are the leading causes of death
worldwide (1). A growing body of evidence suggests that
systemic inflammation plays a key role in the pathogenesis of
CVD (2-5). C-reactive protein (CRP) is 1 of the major acute-
phase reactants secreted by the liver in response to increased
levels of inflammatory cytokines such as interleukin-6 and
interleukin-18 (6). Highconcentrations of CRP have consistently
been linked toanincreased risk for CVD and thus have been used
asa sensitive predictor of acute cardiovascular events compared
with other widely used biomarkers such as total and LDL
cholesterol (7,8).

Even though several population-based observational or
randomized clinical trial studies (9-13) have reported that
serum CRP concentrations are inversely associated with dietary
intake of fruits, vegetables, and tea, which are rich in polyphe-

' Author disciosures: 0. K. Chun, S.4J. Chung, K. J. Cisycombe, and W. 0. Sang,
no conflicts of mwmst

4 Proset addmss: Department of Nutrtion and Dietetics, East Cargins
Unwersty, Greanvilla, NC 27358,
% Anbmviatons used: CRP, C-mactve protein; CVD, cadiovascular disssse; DR,
diatary recalt MET, metaboiic equivalent; NF, nudlesr factor; NSAID, nonstera-
dal antinflammatory drug:; WHS, Women's Hesith Study.

* To whom oor d should be d. Evmail: song@msu.edu.

0022316608 $3.00 ® 2008 Amedcan Society for Nutiton.

nolic antioxidants such as flavonoids (14,15), data directly
delineating the protective mechanisms are scant. One proposed
mechanism for the benefit of dietary flavonoids is the antiox-
idant properties (16-23). These polyphenals are effective scav-
engers of reactive oxygen species (24) and can inhibit lipid
peroxidation through chelation of transition metal ions (25,26)
or their chain breaking antoxidants (27). These propermies
suggest that flavonoids might prevent LDL oxidation, an early
key infammatory event in the development of atheroscleross
(28). However, studies on the antinflammatory effects of specific
flavonoid compounds or flavonoid-rich foods are still controver-
sial (29-31). We speculate that, in addition to being confounded
by high baseline antioxidant vitamin intakes and sociodemo-
graphic status of the participants, inaccurate estimates of dietary
intake of flavonoids due to incomplete flavonoid food compo-
sition data in those studies have contributed to the inconsistent
findings (11,30,3233).

Recently, we reported estimates of total dietary flavonoid
intake of U.S. population based on the recently released USDA
flavonoid databases matched with food consumption data from
the NHANES 1999-2002 (14). Building upon our previous
research scheme to estimate flavonoid intake, we aimed to test
the associations between dietary flavonoid intake and serum CRP
concentrations among U.S. adults after adjusting for dietary,

753
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Effect of wine phenolics on cytokine-induced C-reactive protein

expression
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Summary. Badkground: Elevation of C-reactive protein (CRP)
levelsin blood was recognized as one of the cardiac disease risk
factors. Consumption of wine is shown to reduce the risk from
heart disease and improve longevity. Objectives: In the present
study, we evaluated the effect of various wine polyphenolic
compounds and several active synthetic derivatives of resvera-
trol on the inflammatory cytokines (IL-1B + IL-6yinduced
CRP expression in Hep3B cells. Results: Among the wine
phenolics tested, quercetin and resveratrol, in a dose-dependent
manner, suppressed cytokine-induced CRP expression. Two of
the synthetic derivatives of resveratrol, R3 and 7b, elicited a
fiftyfold higher suppressive effect compared with resveratrol.
The inhibitory effects of resveratrol and its derivatives on CRP
expression wereat thelevel of mRNA production. Investigation
of signaling pathways showed that the cytokines induced the
phosphorylation of p38 and p44/42 MAP kinases. Inhibitors of
P38 and p44/42 mitogen-activated protein kinase (MAPK)
activation inhibited CRP expression, implicating the involve-
ment of both pathways in cytokine-induced CRP expression.
These data revealed a previously unrecognized role of the p#d/
42 MAPK signaling pathway in CRP expression. Wine
polyphenolics or the synthetic compounds of resveratrol did
not affect cytokine-activated phosphorylation of thes
MAPKs. Condusions: Wine phenolics inhibit CRP expression;
however, to do so, they do not utilize the MAPK pathways

Keywonds atherosclerosis Cereactive protein, infllammation,
quercetin, resveratrol.
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Introduction

C-reactive protein (CRP) is an acute phase protein whose
concentration also increases under chronk inflammatory
conditions [1]. Epidemiological studies suggest that CRP is
both a marker of and a causal agent in the development of
atherosclerosis [2-5). Although it is generally accepted that
CRP is a well-proven dinical marker of increased cardiovas-
cular risk, still it is debated whether CRP is a causal agent in
atherogenests [6,7). Nonetheless, an accumulating evidence
from in vitro and in vivo studies strongly suggest that CRP acts
as a proatherogenic factor and promotes atherothrombosis
[8.9]. CRP is shown to promote endothelial cell activation and
dysfunction [10,11), affect vascular smooth muscle cell migra-
tion and proliferation [7,12,13] induce changes in matrix
biology [14], and pramote coagulation [15). IfCRP playsa role
in pathogenesis of atherosclerosis, then the blockade of CRP
synthesis or its actions would be benefical in inhibiting the
development of atherosclerosis.

Overwhelming epidemiological evidence suggests that mod-
erate consumption of alcoholic beverages, particularly red
wine, lowers mortality rates from coronary heart disases
[16-21). Cardiovascular benefits associated with moderate wine
consumption have been thought to stem, at least partly, from
antioxidant [22-24], anti-inflammatory [25-27), antiplatelet
[28-30] and anticoagulant [31,32) activities of wine phenolics,
particulardy resveratrol. Resveratmol is shown to mimic calorie
restriction by stimulating Sir2 (sirtuin 2, a histonedeacetylase),
increasing DNA stability and extending lifespan of yeast by
70% [33]. Recent studies showed that resveratrol improves
health and survival of mice ina high calorie diet by producing
changes associated with longer lifespan, such as increased
insulin sensitivity, reduced insulin-like growth factor-1 levels,
and increased mitochondrial numbers [34].

Recent epidemiological studies found an inverse/ U-shaped
relation between akoholic beverage consumption and plasma
concentration of CRP expression[35]. In age-adjusted analyses,
wine consumption appears to be more effective in reducing
CRP levels compared with other alcoholic beverages. However,
this difference disappeared when BMI was taken into account.
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metabolites on adhesion molecule expression in activated
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Abstract

Adhesion of circulating monocytes to vascular endothelial cells, a critical step in both inflammation and atherosclerosis, is mediated
by cross-linkage of adhesion molecules expressed on the surface of both cell types. Dictary flavonoids have been shown to have anti-
inflammatory properties, decreasing the expression of cell adhesion molecules, such as vascular cell adhesion molecule-1 (VCAM-1) and
intercellular adhesion molecule-1 (ICAM-1) on endothelial cells. However, flavonoids are efficiently metabolised during absorption and the
forms reaching the systemic circulation are glucuronidated, sulphated and methylated. Most previous in vitro studies of the effects of flavonoids
have used the parent compounds at concentrations far higher than those physiologically achicvable. We m\ﬁuga!cd the ability of quercetin
and its human metabolites, at physiological concentrations (2 pmol/L. and 10 pmol/L), to attenuate the infl induced upr d
expression of VCAM-1, ICAM-1 and of the chemokine, monocyte chemoattractant pmu:m—l (MCP 1). in human umbilical vein CndO(hcllAl
cells (HUVECS), at the protein and transcript levels. Quercetin tr reduced the i induced over-expression of VCAM-1
and ICAM-1 (protein and transcript) in HUVECs. Quercetin also inhibited MCP-1 gene expression. However. quercetin 3'-sulfate, quercetin
3-glucuronide and 3'-methylquercetin 3-glucuronide (isorhamnetin 3-glucuronide) gencrally exhibited cither a reduced ability to inhibit the
expression of these molecules compared with the parent aglycone or had no effect. However, all three metabolites inhibited VCAM-1 cell
surface expression at 2 pmol/L. These results indicate that both guercetin and its metabolites, at physiological concentrations, can inhibit the
expression of key molecules involved in monocyte recruitment during the carly stages of atherosclerosis.
© 2007 Elsevier Ireland Ltd. All rights reserved.

Keywords: F1 ids; Quercetin conjug; Atherosclerosis: Adhesion molecules: Human endothelial cells; MCP-1

1. Introduction

Atherosclerosis, the leading cause of cardiovascular dis-
ease (CVD) mortality, is known to be an inflammatory disease
[1]. Inflammation plays an important role in both the initia-
tion of atherosclerosis and development of atherothrombotic
events. Immune cells, such as lymphocytes and monocytes,

* Corresponding author. Tel.: +44 1603 255345; fax: +44 1603 255167.
E-mail address: davida hughes@bbsrc.ac.uk (D.A. Hughes).

play a crucial role in the development of the atherosclerotic
lesion. Adhesion of circulating monocytes to the endothe-
lium and their subsequent migration into the vascular wall
are critical steps in both vascular inflammatory responses and
the atherosclerotic processes [2]. The binding of monocytes
to the vascular endothelium is mediated by cross-linkage
of cell adhesion molecules (CAMs), such as intercellular
adhesion molecule-1 (ICAM-1) and vascular cell adhesion
molecule-1 (VCAM-1), and the cell surface expression of
these molecules is greatly increased at sites of atheroscle-

Physiologically relevent
concentrations of Quercetin and
Q-metabolites reduce:

* VCAM-1 expression
* ICAM-1 expression
 MCP-1 expression

3 key components to the
Initiation and progression
of atherosclerosis.
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Turmeric (Curcuma longa)

* One of the most potent natural
anti-inflammatory agents
(NFxB-inhibition)

» Decreases prostaglandin
production by inhibiting both
COX and LOX enzymes

« Strong antioxidant
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Turmeric and Curcumin and CRP levels

Curcumin/Turmeric Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
1.3.1 Curcumin
Amalraj 2017 -4,55 2,67 24 1.1 2.6 12 26.4%  -5.65[-7.47, -3.83] -
Kocher 2016 0 365 42 -0.2 364 42 27.1% 0,20 [-1.36, 1,76]
Subtotal (95% Cl) 66 54 53.5% -2.71(-8.44, 3.03) 4

Heterogeneity. Tau® = 16.36; Chi® = 22,92, df = 1 (P < 0.00001); I = 96%
Test for overall effect: Z = 0.92 (P = 0.35)

1.3.2 Turmeric

Amin 2015 -7.2 291 63 7 399 63 5.1% -14.20(-26.39, -2.01]

Nieman 2012 -1.2 1.2 15 -11 161 15 28.3% -0.10 [-1.12, 0.92] »
Pakfetrat 2014 -3.8 16.11 50 0.2 1551 S0 13.1%  -4.00([-10.20, 2.20) —T
Subtotal (95% CI) 128 128 46.5% -3.72 [-9.73, 2.30] B

Heterogeneity. Tau® = 18.42; Chi® = 6.51, df = 2 (P = 0.04); I’ = 69%
Test for overall effect: Z = 1.21 (P = 0.23)

Total (95% CI) 194 182 100.0% -2.71([~-5.73, 0.31) e
Heterogeneity. Tau? » 8.13; Chi? » 35.72, df = 4 (P < 0.00001); > » 8% _2'0 _io 5 150 250
Test for overall effect: Z = 1.76 (P = 0.08) fFavours Curcumin Favours Control

Test for subgroup differences; Chi2 = 0,06, df = 1 (P = 0.81), I? = 0%

Fig. 2. Effect of turmeric/curcumin on CRP levels (mg/1.).
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Oral turmeric/curcumin effects on inflammatory markers in chronic

inflammatory diseases: A systematic review and meta-analysis of
randomized controlled trials
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Quercetin

Structure of Quercetin  Mast Cel stabilizer
preventing
degranulation

* Inhibits COX and LOX
HO o enzymes decreasing
| | inflammatory mediators

OH  Strong flavonoid Anti-
OH o oxidant

« Numerous other

OH

OH

The aglycone of Rutin, commercially biolOgica| activities
prepared from Rutin




The Gut as a modulator of Immune Function
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Commensal Flora and Immune Control

Commensal flora A 4

Intestinal < MCON
epine PR INCE
cells

Dendrite ' ' J

a Cytokines
Dendfitic cells & Chemokines
Antigen
: presenting
0 cells




\ O\
A\ e

MU ——
Bacterial se"®" "

5 J /4 E - av e
e O\ 'Macrophages
' Plasma /. '

cell TGFB Py

@ggg - ¥

CD4 cells

Regulatory Lamina propria

T cells




Keys to reducing inflammatory signaling

* Reduce pro-inflammatory inputs
* Foods, UV radiation, stress, toxins

« Target NFkB pathways (reduce)
» Target Nrf-2 pathways (stimulate)
* Modulate COX/LOX precursors and activities

* Modulate immune responses to decrease inflammation (influence on TH
cell differentiation, RAGE (glycation), PRR interactions)




Summary

* The inflammatory process is a vital first-line of defense
against pathogens and other tissue damage.

* Inflammation is non-specific and can be triggered by any
tissue under stress (metabolic stress, oxidative stress etc.)

 Inflammation is mediated by several layers of mediators
within and between cells

« Uncontrolled inflammation is a key mediator of most chronic
diseases.

« Chronic disease management must include therapies which
breaks the cycle of chronic inflammatory signaling and
promote resolution signaling.




