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Objectives
Upon successful completion of this knowledge-based course 
pharmacists should be able to:
• 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

• “itis” – inflammatory condition
• appendicitis, bronchitis, prostatitis, arthritis, hepatitis, 

colitis, rhinitis….



The “Modern” View of Inflammation



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



Inflammation



Simple Dichotomy? The old view



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
• Isolation and removal of offense
• Confinement (walling-off)
• Signal the immune system (cells) for additional 
response- Inflammation

• Trigger the healing response/Resolution





The Stages of Inflammation

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



Autoimmunity vs. Auto-Inflammatory

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



PLoS Med. 2006 August; 3(8): e297. 



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)





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



• Preventing       Mast Cell 
Destabilization

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



FLAX

FISH



Nuclear Factor kappa B
• Release of the potent pro-

inflammatory transcription 
factor

• NFkB is a dimer (RelA, p50) 
• Sequestered by IkB
• When IkB is phosphorylated by 

IKK, it releases NFkB to 
migrate into nucleus

• NFkB binds promoter regions 
and upregulates inflammation



• Three of many different 
signaling cascades that can 
lead to the activation of 
NFkB.

• Shows the primary regulation 
of NFkB occurs upstream 
with NEMO (NF-κB essential 
modulator) and the release of 
IKKa



NFkB controls a range of immune responses





Cross-Talk Between Nrf2 and NFkB

Redox Biol. 2013 Aug 1;1:394-7.





What Signals Turn on Inflammation?

• Pattern Recognition 
Receptors (PRRs)

• TNF-a
• Cytokines (IL-1b, IL-6, etc.)
• Signals from antibody or TCR 

binding
• Non-canonical signaling

Cell and Bioscience 5(1):63 · November 2015

Canonical Non-canonical



Pattern Recognition Receptors



Toll-like receptor family (TLRs)



Inflammasome (NLRP3-type)

• Heptamer complex 
between caspase
and NRLP3

• Caspase activates 
the release of IL-
1b, furthering 
inflammatory 
cascade

• 3 potential triggers

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

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


Inflammasome and chronic disease

Front. Immunol., 08 March 2013 



Significant Investment in Biologics to Block IL-1b

Front. Cell. Neurosci., 06 February 2015



Inflammatory Cascade & CAD

Scavenger 

Receptors are 

PRRs

Matrix 
Metalloproteinases





Fat cells (white adipose tissue) are cytokine 
factories!



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









Front Immunol. 2017 Dec 14;8:1682.







• 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.



Turmeric (Curcuma longa)
• One of the most potent natural 

anti-inflammatory agents 
(NFkB-inhibition)

• Decreases prostaglandin 
production by inhibiting both 
COX and LOX enzymes

• Strong antioxidant 
• Boswellia and Ginger work in 

similar fashion



Turmeric and Curcumin and CRP levels

Pharmacol Res. 2019 Aug;146:104280. 



Quercetin

• Mast cell stabilizer 
preventing 
degranulation

• Inhibits COX and LOX 
enzymes decreasing 
inflammatory mediators

• Strong flavonoid Anti-
oxidant

• Numerous other 
biological activitiesThe aglycone of Rutin, commercially 

prepared from Rutin



The Gut as a modulator of Immune Function



Commensal Flora and Immune Control





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. 


