Ischemia Reperfusion Injury:

The New Frontier for Wound Healing & HBOT

A . i'

~ of an unpaired elect
- Oxygen Free Radic

Fe?* + H,0, --—-> Fe3* + -OH + OH-

ROS Producti

Environmental
= Air Pollution
External - Exogeno
. Smbking f
 Direct lonizing Radiation
« Environmental-Therape

Inflammation

Overview

Definitions
Oxygen Free Radic
Pathophysiology of
ROS & Compromis
- Current Manageme

~ Hydrogen peroxide

Singlet oxygé
Ozone (03)

Nitric Oxide: Peroxy!
~ Carbon Based: Perox
Thiol compounds (R

|

Redox Reacti
Oxidation is gai o
Reduction is loss of

reductian
.. 3
Fe;03 + 3C0 — 2Fe + 3C0;

ok

reductian By gain of slssirans

Oxidation is loss

Cute + Mg ——= Cu + Mga+

oxidation by loss of elestrons

Jeffrey A. Niezgoda, MD, FACHM, MAPWCA, CHWS C(/T/\/ebCM E

iniezgoda@webcme.net

www.WebCME.net



Ischemia Reperfusion Injury:

The New Frontier for Wound Healing & HBOT

ROS Pathop
Once formed o n
to form a stable mole

Fatty Acid Chain

Lipid Peroy
Polyunsaturate f

cellular membranes
PUFAs allow for flui
membranes.

~ When oxygen free radic
~ resultis damage to
« LIPID PER

Antioxidant
Antioxidants give up
radicals rendering ROS i

Oxygen,FreqiRadic
- lipid peroxidation ¢

- Amino a(‘:idls"{in pro
- Enzymes by oxidati

Patel RP, T Comwell, and VM Darl Iey~USMAR ‘The biochemist
function. In: Understanding the process of ageing: The roles of
and L Packer, Marcel Dekker, Inc. NY. Basel 39-40

ROS Chain

Initiation /«
Propagation M

Termination v

v two free radlcals
~ combine to form a
more stable specie:

Llpld radical

1 L

Llpid peroxide Lipid peroxyl radical

ormwell, and VM Darley-USMAR: The biochemist
Understanding the process of ageing: The roles of
er, Marcel Dekker, Inc. NY. Basel 39-40

Antioxidant

Vitamin E

Beta- carotene.r

Coenzyme Q'

IntracellularAntloxi
~« vitamin C, superoxi

Jeffrey A. Niezgoda, MD, FACHM, MAPWCA, CHWS C(/T/\/ebCM E

iniezgoda@webcme.net

www.WebCME.net



Ischemia Reperfusion Injury:

The New Frontier for Wound Healing & HBOT

Patel RP, T Cormwell, and VM Darley-USMAR: The biochemi
function. In: Understanding the process of ageing: The roles
and L Packer, Marcel Dekker, Inc. NY. Basel 39-40

Apopt03|s (Cellular [
R Tissue Necrosis
( COMPROMlSED

DS R ) o
simui.Cell rolf, 24 (2 203

Sources of Fre

Endogenou

Endogenous
Cellular Metabolis
+ Glycolysis

Myocardlal Ihfarctlo
£ AIzhelmer s disease

Gems D, Partridge L (March 2008). "Stress-response hormes

Metab. 7 (3): 200-3.

Sources of Fre
Exogenous

Exogenous Source
Environment
External

Cellular Metab

Glycolysis g "
Mitochondria E o
Krebs Cycle / ‘E-‘W
KIATI‘.’,.Producfﬁon S 0

}_ )
f o
R N 3

\E-’m NADH, and FADH,
u._

Jeffrey A. Niezgoda, MD, FACHM, MAPWCA, CHWS C(/T/\/ebCM E

iniezgoda@webcme.net

www.WebCME.net



Ischemia Reperfusion Injury:

The New Frontier for Wound Healing & HBOT

Gl

.

Mitochondria

Submitochondrial"i‘éc
ROS generating sites

« Dihydroorotate del
« Dehydrogenase a-¢
« Succinate dehydrog
« Aconitase :
o a-Ketoqutarate,_gleh

A Yu. Andreyev, Yu.
Vol 70, No. 2, 2005,

. E. Kushnareva, A. A. Starkov. Mitochondrial Metabolisr
pp. 200:214.

: ELECTRON TRANSPORT CHAIN

Sources of Fre
Endogenoq:;;f

Endogenous
Cellular Metabolism
« Glycolysis
Inflammation
» Phagocytosis — Respiratol
« Protease Induction

Wound Heal
TISSUE REPAIR PHASES
HEMATOMA INFLAMMATION GRANULATION REMODELING  TISSUEREPAIR
E Platelet aggregation  Cytokines and (ytokinesand  Fi Resorption of
Hoemostass  Growth " f
1o increased exudate Angiogeneis Orentatonof
Fibsin dlots Collagensynthesisand collagen fibers
Increased biood flow uuuglldamwﬂ Type lcollagen
" ) formation formation
Wound contracture

% r‘:‘_

C/—é’ WebCME

Jeffrey A. Niezgoda, MD, FACHM, MAPWCA, CHWS s

iniezgoda@webcme.net

www.WebCME.net



Ischemia Reperfusion Injury:

The New Frontier for Wound Healing & HBOT

Inflammatory P

Polymorphonuclear Neutroph
« White Blood Cells
Action
- Cleanse the wound by secret
« Phagocytize debris and bact
« Kill bacteria
v free radicals
v respiratory or OX|dat|ve burs

de la Torre J., Sholar A. (2006). Wound healing: Chronic wounds. Emedicine

ROS and Prote

Proteolytic enzymes are the s
against the ROS in that they
damaged molecules.

Proteolytic process preferenti
modified and damaged protei

ROS may activate cellular pr
protease inhibitors and pi
proteolysis

Studies have suggested an in:
erythrocyte proteolytic enzym
damaged hemoglobin in ¢

Varashree BS, Bhat PGK. A Study on Proteolytic Enzyme Activity in the E
2010,9(4)-13URL http/iwww ojhas orglissue36/2010-4-13.htm,

Respiratory (O

PMNs and Macrophages
Degradation of internalized p
Formation free radicals
Rapid release of reactive oxy:
- ROS

« superoxide radical and h
BACTERIAL KILLING

Greenhalgh D.G. (1998). The role of apoptosis in wound healing.
1019-1030.
Muller M.J,, Hollyozk M.A., Moaven Z. La T, Brown H., Herndon D, Hi
sulfadiazine is reversed by Aloe vera and nystafin. Burns 29 (8):

Sources of Fre
Endogenous

Endogenous
Cellular Metabolism
« Glycolysis
Inflammation
« Phagocytosis — Respiratory
« Protease Induction
Ischemia Reperfusion Injur

Ischemia Reper
Ischemic Event
Reperfusion of Tissue

Jeffrey A. Niezgoda, MD, FACHM, MAPWCA, CHWS C(/T/\/ebCM E

iniezgoda@webcme.net

www.WebCME.net



Ischemia Reperfusion Injury:
The New Frontier for Wound Healing & HBOT

ATE
Ischemia Rep E"’
Ischemic Event I AP

Xanthine

Ischemia

- Direct cellular injury‘d};ie tis

« ROS production via Xanthi
T S Amage S\ Typsin

Xanthine oxidase

Ischemia Rep:

Ischemic Event -
« Direct cellular injury due tis
« ROS production via Xanthi

Reperfusion of Tissue
= Neutrophil Activation

v Binding and VasculatLlre Adh
v ROS Production

- Growing evidence thét neuts
production may be more im
oxidase in ischemia-reperfu

B\

Neutrophil Adh

Following 4 hours of I.S
in the number of neutrf;phil
capillary venules

This was maintained tlhroug
observation period

Venule walls became\ill defi

endothelial basement me

adherent neutrophils was ob
i\

%
Ty

Jeffrey A. Niezgoda, MD, FACHM, MAPWCA, CHWS C(/T/\/ebCM E
iniezgoda@webcme.net www.WebCME.net




Ischemia Reperfusion Injury:

The New Frontier for Wound Healing & HBOT

100 Microns

PMN Adhesion &

Vasoconstriction b e
Endothelial damage ' -

Terminal Result

Immune Response
Free Radical Production [
Tissue Destruction

PMN Adhesion &

Vasoconstriction

PMN Adhesion &

Vasoconstriction
Endothelial damage
Vessel leakage and tissue edem
Vascular sludging
ROS damage to perivascular tiss
ADDITIONAL

- Tissue ischemia and hypoxia

= ROS Cascade

IRl and Anaerobic

Aerobic Conditions

- ROS due to glycolysis
Anaerobic Conditions

« Exercise induces increased form:

« Additional increase in post-exer
production mediated by xanthine
L

Groussard C, Rannou-Bekono F, Machefer G, et al. Changes in blood liid peroxidation markers
[anaerobic exercise. Eur J Appl Physiol 2003; 89 (1):14-20

Jeffrey A. Niezgoda, MD, FACHM, MAPWCA, CHWS CQ//T/VebCM E

iniezgoda@webcme.net

www.WebCME.net



Ischemia Reperfusion Injury:
The New Frontier for Wound Healing & HBOT

Transplantation

Fasciotomy Crush Injury

=N ‘“" ?

Jeffrey A. Niezgoda, MD, FACHM, MAPWCA, CHWS C(/T/\/ebCM E
iniezgoda@webcme.net www.WebCME.net




Ischemia Reperfusion Injury:

The New Frontier for Wound Healing & HBOT

dovascular

En

Wounds

Zone of Stasis

Vasogenic and Cytogenic Edema

Platelet microthrombi and hemoco
postcapillary venules

RBC and WBC adhesion and active
Inflammatory mediators liberated
Sludging and loss of integrity of mi
Tissue desiccation and thrombosis

Tissue death and progression of Zo
Necrosis/Coagulation

Burn Physiology '
Evolutionary process over 3-5 days 11
» Central area zone of coagulation

» Surrounding zone of stasis

* Outer zone of hyperemia

nical trauma

IRI and Intravascular G
Acute Gas Embolism
Decompression lliness
Blast Injury

T

Jeffrey A. Niezgoda, MD, FACHM, MAPWCA, CHWS C*Qﬁ/-\/ebCM E

iniezgoda@webcme.net

www.WebCME.net



Ischemia Reperfusion Injury:

The New Frontier for Wound Healing & HBOT

Therapeutic Target & Goals

Oxidative Stress
Excessive Oxygen Free Radicals

Ischemia Reperfusion
Endogenous Imbalances

ROS Management Strategies

Endogenous Antioxidant Pathways
Nutritional Support
Antioxidant Therapy ???? (caution)
v Beta-carotene, Vitamin C, and Vitamin E
v Zinc, Selenium
v Phytochemicals
v Glutathione
v Melatonin

ROS Management Strategies

Endogenous Antioxidant Pathways
Hyperbaric Oxygen Therapy

HBOT Down-regulates Endothelial
Cell Adhesion Molecules in IRI

In vitro endothelial cell model
HBO 2.5 ATA prevented IRI by decreasing or
preventing induced E-selectin, ICAM-1 and VCAM-1
Conclusions:
Demonstrates positive role of HBO on endothelium
Demonstrates WBC anti-adhesive effect of HBO

Buras J: Basic Mechanisms of hyperbaric oxygen in the treatment of ischemia-reperfusion injury. International
Anesthesiology Clinics 2000; 38 (1): 91-109.

Buras J, Stahl G, Svoboda KH, et al: Hyperbaric oxygen down regulates ICAM-1 expression induced by hypoxia and
hypoglycemia: the role of NOS. The American Journal of Cell Physiology 2000; 278: 292-302

 —
Experimental Design
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HBO down-regulates hypoxia/hypoglycemia-
induced VCAM-1 expression

control hypoxia/hypoglycemia hypoxia/hypoglycemia
HBO 2.5ATA1.5h

Buras, et al Am J Physiol 2001
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Effect of HBO on PMN Adherence

25

HBOT Prevents Va

Zamboni WA. “The microcirculation and ischemia-reperfusion: basic mect
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or rats first exposed 1o 2.8 ATA O and paseed
through nylon columns as described in (8).
Where indicated, rs were irgected with 40
mgkg L-nitrcarginine methyl cster (L-
NAME) 2 hours and 45 minutes before
sacrifice, or 2 hours before exposure 1o
" hyperoxia.  Where  indicated.  anti-CD-18
antibodies (200 mg/mil) were added to blood

al - i - ) prior to passage through columns to block
4 adhesion dependent on [, integrine. Data

represed percent of cells thar adhered to
5 nylon expressed as mean + SE (=4 10 11 for
each ) "P<0.03.
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ROS Management

Endogenous Antioxidant Pathways
Hyperbaric Oxygen Therapy
Steric Hindrance

Steric Hindrance

Large Molecules
Free Radical Traps
End ROS chain reactions via term

In Vitro Evidence Experimental Methods
OxyBurst H,HFF-BSA —_— Extracellular ROS probe; fluoresces
John KaO, PhD + up-on oxidation .
— Professor & Chairman, Department Of PMA ————  Stimulates ROS production by PMNs
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» After 2 h, supernatant removed & fluorescence quantified

Background Fluorescence of WBG ®

= Addition of WBG to media
produced a significant
increase in background
fluorescence
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0
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w
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= Taking into account background fluorescence of Wound-Be-
o Gone, a decrease in detected ROS can be seen with the
L-WBG No WBG addition of L-WBG
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Summary

ROS and IRl is
research and i
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