Review

Eurasian J Med 2013; 45: 126-7

Ischemia-Reperfusion Damage
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Abstract

Özet

Ischemia-reperfusion damage is a complex pathological process that
begins with tissue anoxia and continues with the production of free
oxygen radicals, expanding with the inflammatory response. The literature suggests the importance of antioxidant and anti-inflammatory treatment to treat ischemia-reperfusion-related tissue damage.

İskemi-reperfüzyon hasarı, dokunun oksijensiz kalması ile başlayan,
serbest oksijen radikallerinin üretimi ile devam eden ve inflamatuar
yanıtla genişleyen karmaşık patolojik bir süreçtir. Bu literetür bilgileri,
iskemi-reperfüzyon doku hasarında antioksidan ve antiinflammatuar
tedavinin önemini göstermektedir.
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Ischemic Damage
Ischemia is defined as an asphyxiated tissue state as a
result of reduced or absent blood flow. In tissue ischemia, a
series of chemical events that may extend to cell function disorders and cellular necrosis occurs. Healthy cellular functions
are maintained through aerobic metabolism, whereas anaerobic metabolism is observed in ischemic cells [1]. Adenosine
triphosphate (ATP) produced in healthy (aerobic) tissues is
lysed into adenosine monophosphate (AMP), adenosine,
inosine and hypoxanthine. The resulting hypoxanthine is
metabolized into xanthine and uric acid. As nicotinamide
adenine dinucleotide (NAD) is used in the metabolism of
hypoxanthine by KDH in aerobic tissues, toxic oxygen radicals are not formed [2]. The metabolism of hypoxanthine in
ischemic tissues is different from that in aerobic metabolism.
Hypoxanthine is metabolized by xanthine oxidase (XO) in
ischemic tissues, but not by KDH because KDH is transformed
into XO during ischemia [3]. As molecular oxygen (O2) is used
in the metabolism of hypoxanthine by XO, toxic oxygen
radicals are produced as intermediate products. However,
because O2 is not found in sufficient amounts in ischemic tissues, the accumulated hypoxanthine cannot be transformed
into xanthine until reperfusion occurs, and toxic oxygen
radicals cannot be produced as intermediate products [4].
However, cellular energy reservoirs are exhausted during
long-term ischemia [5]. This exhaustion of energy reservoirs

results in the inhibition of low Na+/K+-ATP pumps found in
the cell membrane. Low ATP pump activity prevents the
transport of Na+ and Ca+2 ions to the outside of the cell, and
the intracellular concentrations of Na+ and Ca+2 ions increase
as a result [6]. The intracellular increase in Na+ increases water
uptake by the cell by passive diffusion, causing cell swelling.
This swelling decreases with the accumulation of anaerobic
metabolites [7]. The intracellular increase in the Ca+2 ion concentration leads to pathological events within the cells [8].
Therefore, the first intervention for ischemic tissue should be
to induce blood flow (reperfusion) within the tissue.
Reperfusion Damage
Formed during ischemia with reoxygenization during
reperfusion, XO leads to the formation of excessive amounts
of free oxygen radicals while transforming the accumulated
hypoxanthine into xanthine using O2 [3, 9, 10]. These free
oxygen radicals, known as reperfusion mediators, lead to
the formation of toxic products such as aldehyde and malondialdehyde lipids by oxidizing cell membrane lipids [11].
Moreover, oxygen radicals induce DNA oxidative damage
[12]. Following free radical reactions, alkaline changes in
nucleic acids and chain breaks in DNA occur. If the acquired
DNA alterations cannot be repaired, the DNA mutates. It is
accepted that 8-hydroxyguanine (8-OHGua) is a mutagenic
type of DNA [12, 13]. Parks DA and colleagues have shown
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that reperfusion damage is more hazardous than ischemic
damage alone [14]. Polymorphonuclear leukocytes (PMNLs)
play an important role in the pathophysiology of reperfusion
damage; PMNLs contain NADPH oxidase, which has oxidant
effects, elastase, and myeloperoxidase in their azurophilic
granules [15]. Respiratory burst occurs as a result of free oxygen radical release due to the increase of xanthine oxidase
in active PMNLs. In the beginning of reperfusion following
ischemia, approximately 70% of the oxygen provided to
the tissue is oxidized to superoxide by xanthine oxidase.
Superoxide is typically transformed into hydrogen peroxide
by spontaneous dismutation. Hydrogen peroxide is reduced
to hypochloric acid and chloride ions by myeloperoxidase.
Hypochloric acid is a strong oxidant, and it can easily react
with many biological molecules. Proteolytic enzymes, such
as apolactoferrin, which is released from granules upon the
activation of PMNLs, plasminogen activator, which activates
complement, elastase, collagenase and gelatinase, damage the vessel endothelium [16]. Ischemia-reperfusion damage is also caused by the activation of phospholipase A2
with the increase of intracellular calcium during ischemia.
Phospholipase A2 increases arachidonic acid, which is a
membrane phospholipid. During tissue ischemia-reperfusion, cyclooxygenase-2 (COX-2) [15] is activated, leading to
the formation of pro-inflammatory prostaglandins and free
oxygen radicals from arachidonic acid [17-19]. Recent studies have demonstrated that histopathologic indications of
inflammation and high COX-2 activity are observed in ovarian tissue following ischemia-reperfusion [20]. Reperfusion
damage is known to be more severe than the damage caused
by ischemia alone. Ischemia-reperfusion damage can be
observed in almost all types of tissues. An increase in oxidant
parameters and a decrease in antioxidant parameters have
been reported following ischemia-reperfusion damage to
the brain, myocardium, lung, kidney, ovary and stomach [21].
As a result, ischemia-reperfusion damage is a complicated
pathological process beginning with tissue asphyxiation,
continuing with the production of free oxygen radicals and
expanding with the inflammatory response. The information
reported in the literature underlines the importance of antioxidant and anti-inflammatory treatment to treat tissue with
ischemia-reperfusion damage.
Conflict of interest statement: The authors declare that
they have no conflict of interest to the publication of this article.

References
1.
2.

Semenza GL. Cellular and molecular dissection of reperfusion injury
ROS within and without. Circ Res 2000; 86: 117-8. [CrossRef]
Grace PA. Ischaemia-reperfusion injury. Br J Surg 1994; 81:
637-47. [CrossRef]

3.

4.

5.
6.

7.
8.

9.

10.

11.
12.
13.

14.

15.
16.

17.

18.

19.

20.

21.

127

Li C, Jackson RM. Reactive species mechanisms of cellular
hypoxia-reoxygenation injury. Am J Physiol Cell Physiol 2002;
282: C227-41. [CrossRef]
Parks DA, Williams TK, Beckman JS. Conversion of xanthine
dehydrogenase to oxidase in ischemic rat intestine: a reevaluation. Am J Physiol 1988; 254(5 Pt 1): G768-74.
Zimmerman BJ, Granger DN. Reperfusion injury. Surg Clin North
Am 1992; 72: 65-83.
Green C, Gower J, Healing G, Cotterill L, Fuller B, Simpkin S. The
importance of iron, calcium and free radicals in reperfusion
injury: an overview of studies in ischaemic rabbit kidneys. Free
Radical Research 1989; 7: 255-64. [CrossRef]
Siesjö B. Mechanisms of ischemic brain damage. Critical care
medicine 1988; 16: 954-63. [CrossRef]
Orrenius S, Burkitt MJ, Kass GEN, Dypbukt JM, Nicotera P.
Calcium ions and oxidative cell injury. Ann Neurol 1992; 32
Suppl: S33-42. [CrossRef]
Lindsay TF, Liauw S, Romaschin AD, Walker PM. The effect of
ischemia/reperfusion on adenine nucleotide metabolism and
xanthine oxidase production in skeletal muscle. J Vasc Surg
1990; 12: 8-15. [CrossRef]
Parks DA, Granger DN. Ischemia-induced vascular changes: role
of xanthine oxidase and hydroxyl radicals. Am J Physiol 1983;
245: G285-9.
Del Maestro RF. An approach to free radicals in medicine and
biology. Acta Physiol Scand Suppl 1980; 492: 153-68.
Marnett LJ. Oxyradicals and DNA damage. Carcinogenesis 2000;
21: 361-70. [CrossRef]
Huang HY, Helzlsouer KJ, Appel LJ. The effects of vitamin C
and vitamin E on oxidative DNA damage: results from a randomized controlled trial. Cancer Epidemiol Biomarkers Prev 2000; 9:
647-52.
Parks DA, Granger DN. Contributions of ischemia and reperfusion to mucosal lesion formation. Am J Physiol 1986; 250
(6 Pt 1): G749-53.
Carden DL, Granger, DN. Pathophysiology of Ischemiareperfusion injury. J Pathol 2000; 190: 255-66. [CrossRef]
Korthuis RJ, Granger DN. Reactive oxygen metabolites, neutrophils, and the pathogenesis of ischemic-tissue/reperfusion.
Clinical cardiology 1993; 16: 19-26. [CrossRef]
Udassin R, Vromen A, Haskel Y. The time sequence of injury and
recovery following transient reversible intestinal ischemia. J
Surg Res 1994; 56: 221-5. [CrossRef]
Vilanova JM, Figueras-Aloy J, Roselló J, Gómez G, Gelpí E,
Jiménez R. Arachidonic acid metabolites in CSF in hypoxicischaemic encephalopathy of newborn infants. Acta Paediatrica
1998; 87: 588-92. [CrossRef]
Fern R, Möller T. Rapid ischemic cell death in immature oligodendrocytes: a fatal glutamate release feedback loop. J Neurosci
2000; 20: 34-42.
Isaoglu U, Yılmaz M, Sener E, et al. The Impaired Balances of
Oxidant/Antioxidant and COX-1/COX-2 in Ovarian IschemiaReperfusion Injury and Prevention by Nimesulide. Lat Am J
Pharm 2012; 31: 1481-8.
Kisaoglu A, Borekci B, Yapca OE, Bilen H, Suleyman H. Tissue
damage and oxidant/antioxidant balance. Eurasian J Med 2013;
45: 47-9. [CrossRef]

