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Abstract: Oxygen is essential to aerobic life, but it is also associated with the production of highly reactive compounds that can pose 
danger to physiologic systems when the oxygen concentration is excessive. Reactive oxygen species (ROS) are required for normal 
physiologic processes, but when produced in excess, they can overwhelm endogenous antioxidants, resulting in significant cellular 
damage and, eventually, cell death. Ischemic events can initiate numerous pathophysiologic mechanisms leading to increased production 
of ROS, loss of cellular energy production, and lipid peroxidation. Although reperfusion is a necessary step in cellular recovery from 
ischemia, it can be deleterious by leading to the generation of even more ROS and stimulating the accumulation of neutrophils. Both  
of these processes may contribute to irreversible cell death and, ultimately, organ failure. This article reviews oxygen metabolism, 
ischemia, and reperfusion injury and how these processes may occur in equine disorders. 

Mechanisms of Oxidative Injury  
in Equine Disease

Oxygen is vital for mammalian survival because of its critical 
role in supporting life-sustaining energy production. How-
ever, it is often overlooked that oxygen and its derivatives 

can paradoxically act as highly reactive compounds within the 
body, posing danger to life.1,2 Although the generation of reactive 
oxygen species (ROS) is required for numerous normal physiologic 
functions, oxidative stress occurs when endogenous antioxidants 
and oxygen scavengers are overwhelmed by ROS, resulting in 
cellular injury and, possibly, cell death.3 Excessive ROS are also 
generated and released during restoration of blood flow/perfusion 
(reperfusion) to previously ischemic cells (ischemia-reperfusion 
[IR] injury), which, along with concurrent release of various  
cytokines and resultant emigration of neutrophils, can further 
damage previously ischemic cells. A large amount of research 
and associated literature regarding oxidative stress and IR injury 
is available because of the relatively high prevalence of these 
pathophysiologic mechanisms (e.g., oxidative injury to the myo-
cardium, kidneys, liver, and central nervous system) in people. 

Comparatively less equine-specific research is available on this topic. 
However, a relatively closely investigated topic is the deleterious 
effects of intestinal IR injury in horses with intestinal vascular 
compromise (i.e., strangulating obstruction of the intestines).4–6 In 
horses, oxidative stress may also play a role in recurrent airway 
obstruction, osteoarthritis, equine motor neuron disease, equine 
degenerative myeloencephalopathy, nutritional myodegenera-
tion (white muscle disease), laminitis, pituitary pars intermedia 
dysfunction, endometritis, and negative effects of prolonged, 
strenuous exercise (TABLE 1).6–12 Hypoxic-ischemic encephalopathy 
(HIE) may also involve oxidative injury to the neonatal foal 
brain.13,14 While HIE may primarily be associated with peripartum 
hypoxia, ischemia, and/or asphyxia, equine-specific research on 
HIE is sparse and the exact pathophysiology is unknown. This 
article discusses the pathophysiologic mechanisms of oxidative 
stress and IR injury. 

Before a discussion of oxygen metabolism and toxicity, a brief 
review of the reduction-oxidation reaction is necessary. An oxidation 
reaction involves a chemical reaction between oxygen and another 
chemical species (FIGURE 1). Specifically, an oxidation reaction 
involves the loss of electrons from an atom or a molecule by 

For more information, please see the companion article, “Intestinal 
Ischemia-Reperfusion Injury in Horses: Pathogenesis and Therapeutics.”
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transfer to another atom or molecule. The atom or molecule that 
removes the electron is known as an oxidizing agent, an oxidant, 
or an oxidizer (e.g., oxygen).15 Conversely, a reduction reaction 
involves the acquisition of electrons by an atom or a molecule; the 
atom or molecule that donates the electrons is known as a reducing 
agent or a reductant.15 Because oxidation of one molecule depends 
on the reduction of another molecule, the overall reaction is known 
as a redox reaction. When carbon-based organic molecules are 
oxidized by oxygen, the organic molecules are degraded into 
smaller molecules, resulting in combinations of oxygen, carbon, and 
hydrogen atoms, which are principally carbon dioxide and water.15 

Oxygen Metabolism
Oxygen is essential to life because of its vital role in adenosine 
triphosphate (ATP) production via oxidative phosphorylation.15 
However, oxygen also is a weak oxidizing agent, and some oxygen 
metabolites serve as potent oxidants capable of causing widespread 
cellular injury. In its natural molecular or ground state, oxygen is 
a diatomic molecule (i.e., O2). Each oxygen molecule has an outer 
shell with orbitals that are occupied by electrons (FIGURE 2). One 
of oxygen’s orbitals contains two electrons spinning in opposite 

directions; the other two orbitals each contain a single electron 
that spins in the same direction as the other electron.15 Thus, the 
orbital with paired electrons spinning in opposite directions 
obeys a basic tenet of quantum atoms: an electron orbital can be 
occupied by two electrons only if they spin in opposite directions.15,16 
Conversely, orbitals that contain only one electron are unpaired 
or only half full. An atom or molecule that is capable of independent 
existence (i.e., free) and has one or more unpaired electrons in 
the outer orbital is known as a free radical.3 Free radicals can be 
highly reactive because of their unpaired electrons, but not all free 
radicals are highly reactive (e.g., the oxygen molecule).1 Although 
oxygen has two unpaired electrons, it has weak reactivity because 
of the direction of the orbital spin.1,3 No two electrons can occupy 
the same orbital if they spin in the same direction. Therefore, an 
electron pair cannot be added to oxygen because one orbital would 
have two electrons with the same directional spin.15 This restriction 
limits oxygen to single electron additions.15 

Under normal circumstances, as oxygen is utilized in oxidative 
phosphorylation, it is reduced to water.3 This process requires the 
addition of four electrons and four protons (FIGURE 2). Through this 
process, other ROS are produced. In the first reaction, an electron 
is added to oxygen in its ground state, forming the superoxide 
radical (O2

•).3,5,17,18 Although the superoxide radical has one unpaired 
electron, it is not considered a highly reactive radical or potent 
oxidant.1 The second reaction involves the addition of another 
electron and two protons (H+), resulting in the generation of hydro-
gen peroxide (H2O2).

3,5,17,18 Hydrogen peroxide is not a free radical 
but can cross cell membranes and act as a potent cytotoxin,  
inactivating enzymes via oxidation of essential thiol groups.19 
Because not all molecules that cause oxidative injury are free 
radicals, such as hydrogen peroxide, ROS is a more inclusive term.1 
The hydrogen peroxide molecule is held together weakly by oxygen 
bonds. Because these bonds readily break, two hydroxyl radicals, 
each with an unpaired electron, are formed. In this third reaction 
(Fenton reaction), an electron is donated by ferrous iron (Fe[II]) 
to form a hydroxyl ion (OH-) and hydroxyl radical (OH•).3,5,17,18 
The hydroxyl radical is one of the most highly reactive biologic 

Target Organ Clinical Condition

Lungs Recurrent airway obstruction

Acute respiratory distress syndrome 

Pulmonary oxygen toxicity/ventilator-associated 
toxicity 

Musculoskeletal 
system

Osteoarthritis

Nutritional myodegeneration (white muscle disease)

Laminitis

Nervous system Equine motor neuron disease

Equine degenerative myeloencephalopathy

Neonatal hypoxic-ischemic encephalopathy

Traumatic brain injury

Spinal cord trauma

Kidneys Acute renal failure

Gastrointestinal tract Intestinal strangulation (colic)

Inflammatory bowel disease/enterocolitis

Endocrine system Pituitary pars intermedia dysfunction

Reproductive system Endometritis

Miscellaneous/
multiple systems 

Septic shock 

Resuscitation from hemorrhagic shock

Effects of exercise (prolonged and strenuous)

Table 1. Clinical Conditions That May Be Accompanied by 
Oxidant Stress in Horses6–12,15,16 

Figure 1. Schematic representation of a nonspecific oxidation-reduction reaction. 
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molecules and can react with another chemical species within 
five molecular diameters from its point of origin.1,3 The fourth 
and final reaction involves the addition of another electron and 
two protons to the hydroxyl radical, yielding two molecules of water 
(H2O).3,5,17,18 In healthy animals, the generation of free radicals is 
minimal because of highly efficient electron transfer and seques-
tration of metal ions (e.g., iron, copper) to proteins.1 Accordingly, 
approximately 90% to 95% of oxygen passing through mitochondria 
is converted to water; the remaining 5% to 10% escapes into the 
cytoplasm to form ROS.1,17 In summary, the metabolism of one 
molecule of oxygen requires four chemical reactions and produces 
three potentially reactive compounds: superoxide radical, hydrogen 
peroxide, and hydroxyl radical. Other sources of ROS include 
cytochrome P450 within the endoplasmic reticulum, cyclooxy-
genase, lipoxygenase, myeloperoxidase, glucose oxidase, nitric 
oxide (NO) synthase, xanthine oxidase (XO), nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase, and neutrophils and 
monocytes during phagocytosis.1,3,20,21 

The above description of the metabolism of oxygen into water 
is simplified. In actuality, some of the intermediate metabolites 
can react with other molecules, forming various products.2 For 
example, the superoxide radical may react with NO to produce 
peroxynitrite radical (ONOO•), a highly reactive radical (reactive 
nitrogen species [RNS]) that can either cause direct tissue damage 
or decompose to form hydroxyl radicals and nitrogen dioxide, also 

resulting in tissue injury.1,3,16 Hydrogen peroxide can react with 
the chloride anion, forming hypochlorous acid (HOCl), as occurs 
within the neutrophil phagosome with the aid of the enzyme  
myeloperoxidase.18,19 In addition, the oxidation of membrane lipids 
by ROS results in the formation of peroxyl radicals (RO2

•) during 
lipid peroxidation (FIGURE 3).18,22 Lipids are frequently damaged 
by ROS because of their ubiquitous presence in cell membranes.22 
Lipid peroxidation (oxidant injury to cell membranes) can result 
in significant structural damage to the cell membrane and occurs 
because of the abundance of polyunsaturated fatty acids (PUFAs; 
e.g., linoleic, linolenic, and arachidonic acids) within the phos-
pholipids of mammalian cell membranes.1,18 Cellular PUFAs 
have unsaturated carbon-to-carbon double bonds that are especially 
susceptible to oxidant injury.18,22 In addition, sulfhydryl groups that 
cross-link cell membrane phospholipids to membrane-associated 
proteins (enzymes, receptors, ion channels) are also vulnerable 
to oxidant injury, resulting in altered conformation and function 
of these proteins.18 When ROS are formed, they can either react 
with another free radical to form a stable molecule or react with 
and steal an electron from a nonradical (e.g., a PUFA). When the 
latter occurs, the nonradical (the PUFA) is transformed into a 
free radical. Thus, the interaction of a radical with a nonradical 
creates another radical, resulting in a chain reaction that can 
eventually result in cell membrane damage22 (FIGURE 3). Hydroxyl 
radicals and peroxynitrite are most commonly incriminated in 

Figure 2. Reduction of molecular oxygen to water. Orbital diagrams demonstrate the electron configuration (arrows within green boxes) in the outer orbitals 
(green boxes) of each reactant. (A) Molecular oxygen (O2) has an outer shell occupied by two electrons spinning in opposite directions, whereas two other 
orbitals each contain a single electron, both of which spin in the same direction. (B) In the first reaction, an electron is added to molecular oxygen, forming 
superoxide radical (O2

•). (C) Subsequently, another electron is added along with two protons (H+), forming hydrogen peroxide (H2O2). (D) Endogenous 
antioxidants metabolize hydrogen peroxide into water via the catalase enzyme (within peroxisomes) or glutathione peroxidase (in the cytosol). (E) Hydrogen 
peroxide then forms two hydroxyl radicals. In this reaction (known as the Fenton reaction), an electron is donated by ferrous iron (Fe II) to form a hydroxyl ion 
(OH-) and hydroxyl radical (OH•). (F) The fourth and final reaction involves the addition of an electron and two protons (H+) to the hydroxyl radical, yielding two 
molecules of water (H2O). 

A B C C

D

E F



Vetlearn.com  |  August 2012  |  Compendium: Continuing Education for Veterinarians® E4

 
Mechanisms of Oxidative Injury in Equine Disease

the initiation of lipid peroxidation.2,17 ROS can also react with 
other biologic molecules, such as proteins, carbohydrates, nucleic 
acids, and DNA, resulting in structural damage and dysfunction.3,23 

Although the detrimental effects of ROS are commonly high-
lighted, ROS are important in normal physiologic processes. For 
example, ROS activate cellular growth factors, eliminate dys-
functional proteins via oxidation, and participate in cell signaling, 
apoptosis, and immune functions.1,3 Likewise, lipid peroxidation is 
a normal process, when controlled, that is necessary for disassembly 
of cellular membranes, pinocytosis, and arachidonic acid metabo-
lism.18 To counter excessive oxidant injury, the body generates 
and uses numerous and diverse endogenous antioxidant proteins 
and enzymes.24 Antioxidants slow or inhibit free radical–mediated 
oxidative reactions through various mechanisms. For instance, the 
cell membrane specifically contains the antioxidant α-tocopherol 
(vitamin E) to arrest lipid peroxidation (FIGURE 4). As the chain 
reaction of lipid peroxidation traverses the cell membrane, it  
interacts with α-tocopherol.18,24 Subsequently, α-tocopherol is 
oxidized to a poorly reactive free radical, sparing further damage to 
adjacent PUFAs, thus halting the progression of lipid peroxidation. 
Ascorbate (vitamin C) then reacts with the α-tocopherol radical, 
forming a weakly reactive ascorbate radical; α-tocopherol is  
regenerated in the process.18,24 Additional antioxidant proteins 
include albumin, haptoglobin, ceruloplasmin, and ferritin, which 
are present in the blood.6 Intracellular enzymes, including super-

oxide dismutase, catalase, and glutathione peroxidase, protect 
the intracellular environment. Superoxide dismutase facilitates 
the conversion of a superoxide radical to hydrogen peroxide, 
whereas catalase and glutathione peroxidase reduce hydrogen 
peroxide to water.18,24 Nonenzymatic antioxidants include ascorbate, 
α-tocopherol, zinc, selenium, β-carotene, ubiquinol, and lycopene.24 
Oxidative stress describes an imbalance in which formation of 
ROS exceeds the neutralizing capacity of endogenous antioxidants, 
resulting in cellular injury and activation of pathologic pathways.6,24 
Therefore, oxidative stress may result from increased formation 
of ROS, decreased antioxidant availability, or both. 

Ischemia-Reperfusion Injury
Ischemia entails a substantial reduction or absolute arrest of 
blood flow as a consequence of functional constriction or physical 
obstruction of blood vessels, compromising tissue perfusion as 
well as oxygen delivery to an organ.5,6 Oxygen plays a critical role 
in energy production and, in turn, normal cellular survival and 
function; thus, reduced oxygen delivery results in progressively 
inadequate ATP production and impeded homeostatic and met-
abolic functions. Sustained and sufficiently severe reduced oxygen 
delivery can result in cell death. Aside from inadequate provision 
of oxygen, accumulation of metabolites (e.g., ROS) directly or 
through mediators also causes cellular damage.5,25,26 Not surprisingly, 
ischemia has the most significant effect on organs that maintain 

Figure 3. Lipid peroxidation. (A) Cell membranes contain phospholipids that are 
abundant in polyunsaturated fatty acid (PUFA), which is highly susceptible to oxidation 
reactions. (B) ROS, such as hydroxyl radicals, react with, and extract an electron from, 
PUFAs, resulting in the transformation of PUFA into a free radical (lipid alkyl radical). 
(C) The lipid alkyl radical combines with molecular oxygen, forming a peroxyl radical. 
(D) The peroxyl radical extracts an electron from a neighboring PUFA, becoming a 
lipid peroxide molecule. (E) The neighboring PUFA, now a lipid alkyl radical, continues 
this chain reaction of lipid peroxidation as a free radical creates another free radical. 

Figure 4. Antioxidant mechanisms combating lipid peroxidation.  
(A) Vitamin E is lipid soluble and able to halt the progression of lipid 
peroxidation. (B) When the progression of lipid peroxidation reaches 
vitamin E, the vitamin is transformed into a poorly reactive free 
radical, thus halting the chain reaction and sparing adjacent 
polyunsaturated fatty acids (PUFAs) from oxidation. (C) The vitamin 
E radical is transformed back to vitamin E using vitamin C as the 
electron donor. 
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a high metabolic demand, such as the intestines, kidneys, and 
brain.17 Once blood flow falls below a critical point of supplying 
an adequate amount of oxygen, oxygen stores become depleted, 
the ATP concentration decreases, and anaerobic glycolysis  
occurs in an attempt to maintain basal cell function (FIGURE 5). 
Concurrently, more lactate is generated in this anaerobic environ-
ment to regenerate nicotinamide adenine dinucleotide (NADH 
to NAD+), which is necessary for glycolysis to continue in the 
absence of oxygen.27,28 Increased lactate decreases intracellular pH, 
further inhibiting ATP production.5,17 Cellular swelling occurs as 
energy deprivation reduces the activity of energy-dependent 

membrane ion pumps that normally maintain ionic balance.29 
Concurrently, influx of calcium increases intracellular calcium 
concentration, resulting in altered cellular reactions and activa-
tion of cellular enzymes such as phospholipase A2 (PLA2) and 
calpain.5,26,29,30 As this process progresses, the cell begins to fail 
and lysosomes eventually release degradative enzymes, causing 
autolysis of cellular organelles and cell death. With a sustained 
ischemic event, widespread cell death culminates in the demise 
of the surrounding tissue and the organ. 

In instances of ischemia in which cellular integrity has not reached 
a point of irreparable damage, restoration of adequate blood flow 

Figure 5. Mechanisms of ischemia-reperfusion injury. (A) During an ischemic event, oxidative phosphorylation becomes uncoupled, resulting in decreased ATP 
production. (B) Decreased energy production results in decreased activity of membrane ion pumps and cell swelling. (C) Similarly, decreased energy production 
results in increased movement of calcium into the intracellular space and activation of enzymes such as phospholipase A2 and calpain. (D) Concurrently, 
remaining ATP is metabolized, resulting in the accumulation of hypoxanthine. Furthermore, xanthine dehydrogenase is converted to xanthine oxidase as a result 
of increased intracellular calcium and calpain. (E) Anaerobic metabolism results in increased glycolysis, increasing lactate, decreasing pH, and further reducing 
ATP production. (F) Sustained ischemia ends in irreversible cell death. (G) Alternatively, during reperfusion, the accumulated hypoxanthine is metabolized to 
xanthine and urate, producing superoxide radicals. (H) Concurrently, neutrophils emigrate into previously ischemic tissue, releasing products that cause further 
damage. (I) Activation of inducible nitric oxide synthase (iNOS) by inflammatory cytokines and/or hypoxia results in generation of large amounts of nitric oxide 
(NO). Subsequently, NO can react with superoxide radical (O2•), producing the highly toxic peroxynitrite (ONOO•) molecule, resulting in cellular injury. 
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can paradoxically result in further cell damage, the phenomenon 
known as IR injury. Reperfusion and provision of oxygen to ischemic 
cells is an undeniable necessity but can result in varying degrees of 
further damage because of various noxious metabolites, including 
ROS, which accumulate during ischemia.4,5 Concurrent activation 
of protein kinases results in the activation of nuclear factor κβ, 
protein activator 1, and other cellular pathways.23,29,31 The ensuing 
products of these transcription factors induce enzymes (inducible 
nitric oxide synthase [iNOS], PLA2, cyclooxygenase), cytokines 
(tumor necrosis factor α [TNF-α], interleukin [IL]-1, IL-6), chemo-
kines (IL-8), and adhesion molecules (intracellular adhesion 
molecule 1), further contributing to IR injury.23,26,32 

Another component of IR injury involves xanthine dehydro-
genase (XDH), an enzyme in most cells. In healthy animals, 
XDH converts hypoxanthine to xanthine and uric acid using 
NAD, which is then eliminated by the kidneys (FIGURE 5).23,26 In 
this reaction, NAD is converted to NADH. During ischemia, 
oxidative phosphorylation becomes uncoupled, thus decreasing 
cellular ATP production. Electrons from the uncoupled reactions 
subsequently leak from the mitochondria. Simultaneously, metabo-
lism of existing ATP results in accumulation of hypoxanthine, as 
demonstrated in one study in which 2 hours of partial ischemia 
reduced ATP concentrations to approximately 40% of pre-ischemia 
concentrations.25,33 This decline in ATP was associated with a 
sevenfold increase in adenosine monophosphate concentrations 
and a 10-fold increase in hypoxanthine concentrations within 
intestinal tissue.33 Additionally, XDH is converted to XO because of 
increased intracellular calcium and the activation of the calcium-
dependent protease calpain.1,23,26 During reperfusion and reoxy-
genation, accumulated hypoxanthine is metabolized by XO to 
form xanthine. However, XO utilizes oxygen rather than NAD as 
a substrate, forming a large number of superoxide radicals.5,6,23

Attention should also be directed to the role of NO in IR injury. 
NO, which is formed by the reaction between l-arginine and  
molecular oxygen and is catalyzed by NOS, can exert cytoprotective 
or cytotoxic cellular effects, depending on its amount, duration, 
source, and timing of production.1,17,26 Three distinct genes encode 
different isoforms of NOS: neuronal NOS, endothelial NOS, and 
iNOS.26 NO produced by neuronal NOS serves as a neurotransmitter 
in the peripheral and central nervous systems, whereas endothelial 
NOS regulates vascular tone by generating NO in blood vessels; these 
constitutive forms of NOS are critical for normal physiology.1,26,34 
iNOS is expressed in response to various stimuli, including hypoxia 
and cytokines (interferon-γ, interleukin-1, TNF-α), by fibroblasts, 
macrophages, neutrophils, and vascular smooth muscle cells, 
thereby generating a large amount of NO, which contributes to 
the pathophysiology of IR injury.26,34–36 When iNOS transcription 
is increased because of these stimuli, particularly during hypoxia, 
NO generation may not increase because oxygen is a necessary 
substrate.17 During reperfusion, the provision of oxygen results 
in increased generation of NO, which can be cytotoxic at high 
concentrations.36 In addition, free radicals are produced when 
NO, which is formed from iNOS, combines with superoxide anions 
to form peroxynitrite radicals (ONOO•).17,26 Peroxynitrite is bac-

tericidal to certain pathogens and serves as a host defense mech-
anism but can also cause appreciable tissue damage during IR.36 
NO can also be converted to other RNS, including nitrosonium 
cations and nitroxyl anions, resulting in further damage.1 Thus, as 
endogenous antioxidants are overwhelmed, the ROS produced 
during reperfusion (superoxide radical, peroxynitrite) results in 
further cellular damage through oxidative stress. As noted above, 
lipid peroxidation of membranes by ROS and RNS results in pro-
gressive cellular membrane damage, loss of selective membrane 
permeability, damage to DNA, and degradation of proteins and 
membrane-bound enzymes.6

The accumulation of neutrophils is also an important con-
tributor to IR injury and has been demonstrated in equine models 
of intestinal IR injury.5,25,37,38 Several mediators serve directly or 
indirectly as chemotaxis signals for neutrophil emigration, including 
XO, arachidonic acid metabolites, and ROS.5,6,23,26 Lipid peroxidation 
of cell membranes and local release of TNF-α at the site of IR are 
also stimuli for neutrophil immigration and sequestration via the 
upregulation and expression of adhesion molecules on endothelial 
cells and neutrophils.23,39 As neutrophils emigrate into the tissues, 
their proteolytic and oxidative properties further damage recovering 
ischemic cells and endothelium.5,17,26,37,38 As part of the respiratory 
burst, neutrophils utilize myeloperoxidase to produce HOCl, a 
highly toxic compound formed from hydrogen peroxide and 
chloride ions.19 Therefore, neutrophils contribute significantly to 
mucosal and microvascular injury.5,17,25,26 Moreover, a large number 
of neutrophils may accumulate, coupled with interstitial edema 
and platelet aggregation, resulting in obstruction of capillaries, 
which is known as the no-reflow phenomenon.40,41 Thus, a degree 
of tissue and microvascular injury observed after IR injury is a 
result of the accumulation of neutrophils as well as their destructive 
properties.17,32 Blood flow may be diminished or absent despite 
resolution of vascular occlusion because of excessive neutrophil 
accumulation, endothelial edema, and platelet and fibrin micro-
thrombi.41 

Conclusion
While oxygen is necessary for aerobic organisms, the risk of oxidative 
stress and injury should not be overlooked. Oxidative injury is 
clearly involved in several disease entities in equine medicine. 
Thus, knowledge of the basic tenets of oxygen metabolism and 
antioxidants is important for equine practitioners. Likewise, an 
awareness of IR may provide a better understanding of the patho-
physiologic mechanisms that may occur in IR injury in horses. 
More detailed information on oxidative stress and IR injury is 
available in the literature.17,34,36,39,42–45 
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Mechanisms of Oxidative Injury in Equine Disease

1. An oxidation reaction involves

a. addition of an electron to an atom.

b. removal or loss of an electron by an atom.

c. removal or loss of two protons by an atom.

d. addition of an electron and a proton to an atom.

2. A reduction reaction involves

a. addition of an electron to an atom.

b. removal or loss of an electron by an atom.

c. removal or loss of two protons by an atom.

d. addition of an electron and a proton to an atom.

3. ROS are

a. always harmful and unnecessary.

b. necessary for normal physiologic function.

c. never present in excessive quantities.

d. only produced in ischemic tissues.

4. Which cell type, when it accumulates in tissues, is  
commonly associated with ROS production and  
subsequent tissue/cellular damage?

a. neutrophil

b. eosinophil

c. monocyte

d. mast cell

5. Which antioxidant is present in cell membranes?

a. vitamin E

b. haptoglobin

c. ceruloplasmin

d. ferritin

6. Lipid peroxidation is common in cell membranes because

a. of the high concentration of vitamin E within cell membranes.

b. PUFAs are abundant within cell membranes.

c. methyl groups cross-link proteins that are susceptible  
to oxidants.

d. all of the above

7. Which of the following molecules can be cytotoxic?

a. ONOO•

b. H2O2

c. OH•

d. all of the above

8. ROS are produced 

a. during reperfusion.

b. during hypoxia.

c. as a part of normal cell functions.

d. all of the above

9. In which equine condition does oxidative stress play a 
role? 

a. laryngeal hemiplegia 

b. cervical vertebral malformation 

c. equine motor neuron disease 

d. equine protozoal myeloencephalitis 

10. In IR injury, a large number of neutrophils may accumulate, 
causing

a. release of protective antioxidants. 

b. restoration of capillary blood flow.

c. loss of energy production.

d. release of noxious materials that can damage local tissue.

This article qualifies for 3 contact hours of continuing education credit from the Auburn University College of Veterinary Medicine. CE tests 
must be taken online at Vetlearn.com; test results and CE certificates are available immediately. Those who wish to apply this credit to 
fulfill state relicensure requirements should consult their respective state authorities regarding the applicability of this program. 3 CE Credits

©Copyright 2012 Vetstreet Inc. This document is for internal purposes only. Reprinting or posting on an external website without written permission from Vetlearn is a violation of copyright laws.


