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ABSTRACT

The Ischemia Reperfusion (I/R) Injury is the leading cause of
ischemic heart failure, congestive heart failure, renal failure,
and stroke. The various studies explained the various types of
pathological pathways associated problems. This study
explain the numbers of pathological molecular pathways such
as alteration of Na+/K+ pump, endothelial function,
mitochondrial level, reactive oxygen species, closing of Kartp
channels including activation of leucocytes due to prolong
ischemia followed by reperfusion resulting cell death. Most
commonly I/R injury are concerned with the variety of organs
like Heart, Liver, Lungs, Kidney, brain and Intestine. This
review highlights the role of various basic pathological
signaling mechanisms involved in the pathophysiology of
ischemia/reperfusion injury which can be helpful as a
roadmap for preconditioning and postconditioning type
survival techniques.
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INTRODUCTION

The Ischemia Reperfusion (I/R) Injury is the leading cause of death due to ischemic heart,
congestive heart, renal failure and stroke. We have learned about the pathological pathways
exacerbate I/R injury. It has been debated whether ischemia is responsible evoked at the start
of reperfusion is responsible for the additional cell injuries ™. However, it is stated that
reperfusion has lethal qualities or abilities which evokes tissue injury is called as reperfusion
injury 1. Therefore, it is believed that the controversy has surrounded the destructive role
played by reperfusion. Until recently the predominating review was that cell death occurred
largely during ischemia, fundamentally as a result of ATP synthesis depletion and its
multiplication consequences . Although, for the past decades, it has been believed that
reperfusion is a very important phenomenon for protecting the cell injury by restoring ATP
depletion. However, the question arose at this statement what about the cell that died during
reperfusion ). The existence of lethal reperfusion injury as a separate entity is controversial,
with some comments suggesting that reperfusion exacerbates the cellular injury sustained
during the ischemic period. Other studies indicate that the oxidative stress and abrupt
metabolic changes that accompany reperfusion can initiate cellular injury. As, Ischemia
reperfusion injury is the pathological conditions characterized by an initial restriction of
blood supply to an organ followed by subsequent restoration of blood flow and oxygen
supply to that organ '®!. Reperfusion participates in causing the serious injuries to the cells
after the prolonged period of ischemia called as ischemia-reperfusion (I/R) injury [,
Reperfusion initiates the pathways of acute inflammatory events which results in impairment
of tissue functions and necrosis that leads to cell death. Most commonly I/R injury concerned
with the organs like Heart, Liver, Lungs, Kidney, and Intestine. It also occurs in skeletal
muscles which considers as a major problem results in local as well as systemic problems like
crush syndrome . I/R injury occur because of the interaction of inflammatory and
immunological signaling pathways causes the accumulation of free radicals. These
accumulated free radicals results in the migration of white blood cell which stimulates the
inflammatory mediators at the time of reperfusion . The major reason of I/R injury is the
oxidative stress that would be originated due to the imbalance between accumulated free
radicals and endogenous scavenging system ). Reperfusion causes micro vascular
dysfunction that evokes the inflammatory responses after I/R which further lead to the
systemic inflammatory response syndrome (SIRS) or multiple organ dysfunction syndromes

(MODS) ™. 1t has been noted swelling, mitochondrial clarification, calcium overload;
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necrosis types morphological changes in I/R injury ™. In the present review, the mechanisms
involved in pathophysiology of I/R Injury are vitally discussed.

Pathophysiology of I/R-Injury

The pathophysiology of I/R injury is a roadmap for the new paradigms in the area of heart,
brain, liver and kidney research. I/R-injury pathways involved in many situations such as re-
plantation, free tissue transfer, myocardial infarction, stroke, organ transplantation 2.

Role of Na+/K+ Pump in I/R- Injury: It is noted that inhibition of Na*/Kk* pump during
ischemia resulting sustained increased of intracellular concentration of Na*. Now cell tries to

regain its ion homeostasis by activating Na*/Ca2* exchanger which expels Na+ out of the

2+

cell but it increases the intracellular concentration of Ca“ ". At the time of reperfusion, the re-

oxygenation of cells at risk can precipitate an abrupt worsening of cation control, mainly by
intracellular acidosis correction mechanisms that further worsen cytosolic Na* overload .

The return of blood flow rapidly washes out the catabolites (basically H+) from the
extracellular matrix, which leads to a pH gradient between the cells and their environment,

thereby activating the mechanisms of correction of intracellular acidosis. This corrective
response to intracellular acidosis further worsens the cytosolic Na™ overload by activating
reverse Na™/Ca2" exchange which causes an additional influx of Ca2*. The Ca?™ influx
through reverse mode Na*/caZ* exchange is of little relevance in physiological conditions in
human myocytes, but can be detrimental when the cell is overloaded with Na* 4. As a result

of this chain, a great amount of CaZ* accumulates in the re-oxygenated cell, thus seriously
compromising its own survival ™.

Role of Mechanical fragility in I/R-Injury: Ischemia developed the mechanical fragility
which can further reduce the resistance of the cell against the mechanical stress developed
during reperfusion. It is noted that calpain activation leads to the accumulation of calcium
and proteolysis of the sarcolemma cytoskeleton during reperfusion resulting membrane

fragility. Moreover, calpain degrades the ankyrin (a protein that helps in anchoring
Na+/K+ATPase) resulting destruction of Na* pump due to Na® overload activates of

Na*/ca2* exchanger leads to intracellular accumulation of calcium leads to the opening of
the mitochondrial permeability transition pores (MPTP) which results in apoptosis or necrosis
of cell lead to cell death (Fig. 1) ***7.
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Fig 1: Pathophysiology of Reperfusion- Injury
MPTP indicates mitochondrial permeability transition pores
Role of Endothelial Cell and Reactive Oxygen Species in I/R-Injury: The high level of
ROS is noted in I/R Injury. The episode of ischemia and reperfusion activates injury to
endothelial cells, mitochondria, muscle fibers and neuronal axons due to high oxidative
stress. These injuries cause functional and structural changes of the cells due to restriction in
the blood flow at a particular area ™. ROS is an important signaling molecule in I/R-Injury
and increased level of ROS destructs the structure of DNA, vascular tissue, oxidation of

protein, lipids, inhibits the growth of cell and vascular injury leads to cell death ™.
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Superoxide is one of the free radical which plays a major role in the progression of diseases
like atherosclerosis, coronary artery disease, hypertension and diabetes mellitus ?%. However,
the ROS that would be generated at the time of oxidative stress are superoxide anion,
hydroxyl radicals, peroxynitrite, nitric oxide, lipid peroxyl and lipid alkoxyl radicals. The
major elevator of oxidative stress is tripeptide glutathione. However, reactive species are able

to modify cell function by inhibiting ion channels, calcium pump and Na*/K*ATPase 19,

Moreover, mitochondria play a major role in the formation of ROS result in impairment of
electron transport chain which leads in mitochondrial dysfunction. However, I/R injury
further responsible for endothelial destruction. It is noted that reperfusion caused
microvascular dysfunction, increased fluid filtration, axonal destruction, inflammation and
leukocyte plugging in capillaries. Moreover, ROS activate neuronal cell cyclooxegenase and
induced electrolyte imbalance at the cellular level 2221,

Role of KATP channels (Kir6) in I/R-Injury: KATP channels are the molecular sensitivity
channel that plays the important role in the cardioprotective effect when the cardiac muscles

[23]

are under the stress of I/R injury “*. KATP composed of Kir6.2 subunit is localized in

myocyte (inner mitochondria) and Kir6.1 subunit is localized in smooth muscle cells 4%,
These channels are known to be very sensitive for production of oxidative stress in case of
ischemia ?®!. The study reported that ischemia closes the KATP channels leads to inhibit the
inward rectifies potassium current, result increase the intracellular ADP/ATP and calcium
concentration. Moreover, the down-regulation of KATP leads to activation of neutrophils and
inflammatory mediators due to high oxidative stress leads to apoptotic cell death 7).

Role of I/R injury in Spinal Cord: Spinal Cord I/R injury is the most devastating
complications encountered in many pathophysiological situations such as Hypotension,
Surgical procedures on thoracic, thoracoabdominal aneurysms and the Spine [ %1 |t
remains as a widespread and persistent problem, because it’s debilitating injuries to the CNS.
The blood in spinal cord act as barrier surrounds by astrocyte and perivascular microglial,
consist of continuous capillary endothelium with the tight junctions between the cells and

barrier disrupt in I/R injury B

. Researchers have expanded into the glial/neuronal
transmission and immune responses of resident glial cells to spinal cord injury. Spinal glial
activation involves important components of the immune system and triggers a rapid signal
transduction cascade of transcription factor nuclear factor kB, during gene expression of
proinflammatory cytokines e.g. IL-1 in the course of pathological changes that occurs after

brain injury. During pathogenic cascade after CNS injury, microglial are thought to be the

127 Full Text Available On www.ijipls.com




International Standard Serial Number (ISSN): 2249-6807

first non-neuronal cells to express a plethora of growth factors, chemokine as well as free
radicals and other toxic mediators . In microglial, toll like receptors (TLRs) have been
shown to recognize various microbial products and to initiate innate immune responses upon
interaction with infectious agents or endogenous ligands present in the spinal cord B2
Ischemia is regarded as a powerful stimulus that disabled the endogenous inhibitory signaling
and triggers microglial activation.

Upon activation, microglial could exhibit plenty of phenotypes and release both pro and anti-
inflammatory mediators to exacerbate I/R injury B,

Role of I/R in liver transplantation: The noted high degree oxidative stress in I/R-Injury
activates the hydrolytic enzymes and swelling of kupffer cell sinusoidal endothelial cells B!,
Ischemia of hepatocytes also contributes to the imbalance between nitric oxide and
endothelin production, causes narrowing of sinusoidal lumen, accumulation of neutrophils
results in microcirculatory dysfunction. The Kupffer cells are activated resulting high release
of ROS, proinflammatory cytokines, adhesion molecule, chemokine, neutrophils, TNF-alpha,
Platelet activating factors, LTB4, IL-1 in I/R Injury leads cellular injury (Fig. 2) 343536371
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Fig 2: Pathophysiology of I/R-Injury
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Role of Oxidative Stress in Mitochondria of Cell: Energy is produced from one of the
organelles present in cytosol are Mitochondria. Mitochondria are membrane-enclosed cellular
structure. However, the “Inner Mitochondrial Membrane” participates in the energy
generation process which is also called as Oxidative Phosphorylation. Moreover, the inner
mitochondrial membrane consists of redox complexes for respiratory system and
phosphorylation apparatus for oxidative phosphorylation B8, Therefore, inside mitochondria
the ATP synthesis is feasible from the oxidation of nutrients like FFA and pyruvate, which

are byproducts of glycolysis or lactate 1!,

However, I/R injury results in increasing the lipid
peroxidation in the cell leads to destruction of cell membrane. Moreover, Lipid peroxidation
destructs the mitochondrial structure results in inhibiting the ATP synthesis within the
mitochondria 1?!. The production of excessive free radical worsens cells by DNA damage,
chromosomal divergence and unusual cell death. Therefore, mitochondria predominantly
show a remarkable increase in malondialdenyde (MDA) and calcium overload during I/R
injury and decreases reduced glutathione. However, mitochondrial injury appreciably
decreased the oxidative phosphorylation of cells, eventually inhibits the synthesis of ATP B,
Moreover, the major source of apoptotic cell death is mitochondria. Apoptosis due to
activation of Fas signaling pathway induced the mitochondrial cell death which is further
caused by the release of pro-apoptotic proteins that are located in the inner membrane of
mitochondria 12,

Role of leukocyte in I/R Injury: Leukocyte plays a vital role in innate immunity. It is
increased in case of infection, inflammation, infarction and I/R Injury because its activation
brings a series of changes, i.e. Chemotaxis, Leukocyte Endothelial Cell adhesion,
Transmigration 3. I/R Injury results in raising the level of Endothelial P-Selectin (CD62P),
it interacts with the leukocyte counter receptor P-Selectin Glycoprotein-1 (PSGL-1), which
causes “leukocyte rolling” (441 When Leucocyte B2 integrins CD11a/CD18 and CD11b/CD18
interacts with the intracellular adhesion molecule-1 (ICAM-1) causes adhesion of leukocyte
to endothelium “*!. Platelet endothelial cell adhesion molecule-1 (PECAM-1) facilitates the
leukocyte transmigration via endothelial cell junction in the interstitial fluid of the cell [*¢ 471,
After the transmigration, activated leukocyte promotes generation of toxic ROS, Proteases
and Elastases, resulting increases the microvascular permeability which causes accumulation
of fluid that results in edema and thrombosis results parenchymal cell death. It is noted that
hypoxial tissues secrete IL-8 which activates the accumulation of polymorphonuclear

leukocyte (PMN) in extravascular compartment 0481,
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Role of complements in I/R-Injury: Complement activation occurs during I/R. I/R injury
promote the formation of inflammatory mediators, including anaphylotoxins, C3a and Cb5a.
Other complement components which are more potent than C3a and C5a include iC3b, C5b
1491 Complementary components directly stimulates leukocyte activation and chemotaxis,
C5a involved in the inflammatory response to I/R Injury results in the formation and
secretion of several proinflammatory cytokines i.e. IL-1, IL-6, monocyte, chemoattarctant
protein-1 (MCP-1) and tumor necrosis factor a (TNF-a). C5b-9 and iC3b affects the
functions of vascular endothelium %52 | eukocyte adhesion is induced specifically by
iIC3b which is the cleaved form of C3b. However, C5b-9 inhibits the endothelium dependent
relaxation and decreases endothelial cyclic guanoside monophosphate 2!,

Role of Apoptosis in I/R Injury: Apoptosis plays major and essential role in the
pathophysiology of I/R injury. Generally, Ischemia of long duration results in necrosis of
cells and reperfusion promotes the apoptosis of the cell. Intrinsic and Extrinsic pathways of
apoptosis are equally involved in I/R injury ®*. During apoptosis, cell starts shrinking and
enhances the phagocytosis of the cell by extracellular secretion of ATP from apoptotic cells
through Pannexin Hemichannels which will attract the phagocytes. In case of kidney’s I/R
injury, causes the secretion of Matricellular Protein Thrombospondin 1 from proximal tubular
cells that will act as the activator of apoptosis . However, usually under the normal
conditions the components of the apoptosis resist inside the every living cell as inactive
component. Activation of the caspase cascade is essential for preceding the apoptosis.
Moreover, damaged mitochondrial membrane secretes proapoptotic factors like Bcl, Bax and
Bim that would lead to the release of cytochrome C, smac and Omi in the cell . However,
apoptosome is formed when cytochrome C interacts to the apoptotic protease activating
factor 1 (APAF-1). The Apoptosome is the heptamer complex that is also known as
Apoptotic Proteases Factor 1 Cytochrome C complex. Caspase 9 is the principal component
for apoptosis, which on cleavages produces caspase 3 and caspase 7 which also mediates the
induction of apoptosis (Fig. 3)°¢*"1,

Role of GADD34 in I/R Injury: Growth arrest and DNA protein 34 (GADD34) is a cell
cycle protein. It impairs the function of cell cycle. It is noted that increase level of GADD34
leads cell cycle arrest, DNA damage and endothelial dysfunction. It has been concluded that
GADD34 dephosphorylate stress associated protein synthesis inhibition. However, Ischemia
regulates the expression of GADD34 B89 On the other hand, recent study showed that

expression of GADD34 was increased at the time of I/R injury %, Furthermore, study also
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detected that this gene expression reached at the peak after one hour of reperfusion, which

further proved that reperfusion could induced endoplasmic reticulum stress 4.
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Fig 3: Pathophysiology of I/R-Injury

In the present study we have concluded that I/R injury has contributed to adverse outcomes

that can be seen in various organs like heart, brain, lungs, liver, kidney, intestine, and skeletal

muscles. There are various pathological pathways i.e. Na+/K+ pump inhibition, endothelial

dysfunction, activation of ROS, leukocytes, complements, closing of Karp channels,

mitochondrial damage, prolong ischemia, reperfusion induced apoptosis involved in necrosis

of the cells leads to cell death. In addition, studies are obligatory to recognize the major

signaling mechanisms involved in the pathological effects of I/R- injury, which may open a

novel vista to use pharmacological interventions in the name of pharmacological

preconditioning to limit lethal I/R or reperfusion injury during cardiovascular related surgery

and stroke like complications.

131

Full Text Available On www.ijipls.com




International Standard Serial Number (ISSN): 2249-6807

ACKNOWLEDGEMENT

We wish to express our gratefulness to Dr. S.L. Harikumar (Honourable Director-RBIP), Sr.
Gurvinder Singh Bahra Ji (Honourable Chancellor), Dr. S. K. Bansal (Honourable Vice
Chancellor) of Rayat and Bahra University Mohali (Punjab) for their praiseworthy
inspiration, platform and constant support for the completion of this study.

REFERENCES

1. GuoJ, Jie W, Kaung D, Ni J, Chen D, Ao Q and Wang G, “ Ischemia Reperfusion induced Cardiac
Stem homing to the injured Myocardium by stimulating stem cell factor expression via NF-xB
pathway”, International Journal of Pathology, 2009; vol. 90 (3): 355-364.

2. Zhao ZQ, Johansen JV, “Postconditioning- Reduction of Reperfusion induced Injury”, Cardiovascular
Research, 2006; vol. 70: 200-211.

3. Saikumar P, Dong Z, Weinberg JM, Katachalam MA, “Mechanism of cell death in
Hypoxia/Reperfusion Injury”, Oncogene, 1998; vol.17: 3341-3349.

4. Lipton P,” Ischemic Cell Death in Brain Neurons,”The American Physiological Society, 1999; vol. 70
(4).

5. Kalogeris T, Baines CP, Krenz M, Korthus RJ, “Cell Biology of Ischemia Reperfusion Injury”,
International Review Cell Molecular Biology, 2012; vol. 298: 229-235.

6. Amara MA, Ynag SY, Tapuria N, Fuller B, Davidson B, Seifalian A, “ Liver Ischemia Reperfusion
Injury: Processes on Inflammatory network- A Review”, Liver Transplantation, 2010; vol. 16: 1016-
1032

7. Ovize M, Baxter GF, Lisa FD, Ferdinandy P, Dorado DG, Hausenloy DJ, Heusch G, Johansen JV,
Yellon DM, and Schulz R,“Postconditioning and protection from reperfusion injury: where do we
stand?” Cardiovascular Research, 2010; vol. 87: 406-423.

8. Hori K, Tsuji M, Satonaka H, Uemura T, Akeda K, Hasegawa M, Uchida A, Sudo A, “ Protective
effects of Edaravone for Tourniquent induced Ischemia Reperfusion Injury on Skeletal Muscle in
Murine Hindlimb” BMC Muculoskeletal disorders, 2013; vol.14 (113): 147-2474.

9. Ondiveeran H and Robichaud AF, “New developments in the treatment of Ischemia Reperfusion
Injury”, Current Opinion in Investigational Drugs, 2001; vol. 2 (6): 782-791.

10. Eltzschig HK and Collard CD, “Bascular Ischemia and Reperfusion Injury”, British Medical Bulletin,
2004; vol. 70:71-86.

11. Lisa FD, Bernardi P,”Mitochondria and Ischemia Reperfusion Injury of the Heart : Fixing a Hole”,
Cardiovascular Research, 2006; vol. 70: 191-199.

12. Urbanaik JR, Seaber AV, and Chen LE, “Assement of Ischemia and Reperfusion Injury”, Clinical
Orthopathy, 1997; 30-36.

13. Mozaffari SM, Liu J, Abebe WIJ, Baban B, “Mechanisms of load dependency of myocardial ischemia
reperfusion injury”, American Journal of Cardiovascular Diseases 2013; vol. 3 (4): 180-196.

14. Liu B, Peel SE, Fox J, Hall IP, “Reverse mode Na+/Ca2+ exchange mediated by STIM1 contributes to

Cal2+ influx in airway smooth muscle following agonist stimulation”, Respiratory Research, 2010; vol.
2 (11): 168.

15. Inserte J, Dorado DG, Meana MR, Padilla F, Barraabes JA, Pina P,  Effect of Inhibition of Na*/Ca?*
Exchanger at the time of Myocardial Reperfusion on Hypercontrature and cell death”, cardiovascular
research, 2002; vol. 55: 739-748.

16. Meana MR and Dorad DG,” Pathophysiology of Ischemia Reperfusion Injury: New therapeutic options
for Acute Myocardial Infarction”, Revista Espanola de Cardiologia, 2009; vol. 62 (2): 199-209.

17. Clarke SJ, McCormic LM and Dutta DP,“Optimising Cardioprotection during Myocardial Ischemia:
Targeting potential intracellular pathways with Glucagon-like Peptide-1”, Cardiovascular Diabetology,
2012; vol. 13: 12

18. Constantinescu M, Constantinescu DP, Andercou A, Mironiuc IA “Influence of Sildenafil and
Donepezil administration on the serum redox balance in experimentally induced lower limb
critical Ischemia”, Clujul Medical, 2013; Vol. 86 (3).

19. Becker LB,”New Concept in Reactive Oxygen Species and Cardiovascular Reperfusion Physiology”,
Eurpeon Society of ardiology, 2004; vol. 61 : 461-470.

132 Full Text Available On www.ijipls.com



International Standard Serial Number (ISSN): 2249-6807

20. Matough FA, Budin SB, Hamid ZA, Alwahaibi N, Mohmed J,” The Role of Oxidative Stress and
Antioxidants in Diabetic Complications”, Sultan Qaboos University Medical Journal, 2012; vol. 12 (1):
5-18.

21. Kalogeris T, Bao Y, Korthuis RJ, “Mitochondrial reactive oxygen species: A double edged sword in
Ischemia Reperfusion v/s Preconditionoing”. Redox Biology 2014; vol. 2: 702-714.

22. Mahler SA, Conard SA, Wang H, Arnold TC, “ Resuscitation with a balanced electrolyte solution
prevents hypercholrenic metabolic acidosis in patients with diabetes ketoacidosis”, Americal Journal
Emergency Medicine, 2011; vol. 29: 670-674

23. Yang ZW, Chen JK, Nim, Zha T, Deng YP, Tao X, Jiang GJ, Sheng FM, “ Role of Kir 6.2 subunit of
ATP sensitive Potasium channels in Endotoxemia induced Cardiac dysfunction”, Cardiovascular
Diabetol, 2013; vol.12: 15

24. Buckley JF, Singer M, Clapp LH, “Role of KATP channels in Sepsis”, Cardiovascular Research, 2006;
vol. 72: 220-230.

25. Hong R, Dai T, Cao WIJ, Lu M, Ding JH, Hu G, “ Kir 6.2 containing ATP-sensitive K* Channel is
required for Cardioprotection of Resveratrol in Mice”, Cardiovascular Diabetology, 2014; vol. 13: 35.

26. Aragwal B, Stowe DF, Dash RK, Bosnjak ZJ, Camara AKS, “Mitochondrial Target for Volatile
Anaesthetics against Cardiac Ischemic Reperfusion Injury”. Fronteirs in Physiology, 2014; vol 5.

27. Sandhiya S & Dkhar SA, “Potassium channels in health, disease & development of channel
modulators”, Indian Journal of Medical Research, 2009; vol. 129: 223-232.

28. Lazdunski LL, Matsushita K, Hirt L, Waeber C, Vonsattel JP, Moakowitz MA,” Spinal Cord Ischemia:
Development of a model in the Mouse”, American Heart Association, 2000; vol.31: 208-213.

29. Tabayash K, “Spinal Cord protection during Thoracoabdominal Aneurysm Repair”, Syrgery Today,
2005; vol. 35: 1-6.

30. Torija BP, Martin AA, Holgado EM, Holgado FM, Ovejero DG, “ Spinal Cord Injury induces a long
lasting upregulation of Interleukin-1Bstrocytes around the Central Canal”, Neuroscience, 2015: vol.
284: 283-289.

31. Bastein D, Lacroix S,” Cytokine pathways regulating glial and leukocyte function after Spinal Cord
and Peripheral Nerve Injury,” Experimental Neurology, 2014; vol. 258: 62-72.

32. Trotta T, Porro C, Calvello R, Panaro MA,”Biological Role of Toll Like Receptors-4 in Brain”, Journal
of Neuroimmunology, 2014; vol. 268: 1-2.

33. Salceda M, Ramirez C, Franco GR, Bartorns R, Mosboh B, Serafin A, Catafau R and Peraltac,” Heat
shock Protein and Mitogen activated Protein Kinases in Steatotic Liver undergoing Ischemia
Reperfusion: Some ansurs”, American Journal Pathology, 2006; vol 16 (5): 1474-1485.

34. Bilzer M and Gerbes A, Preservation Injury of Liver: Mechanism and Novel Therapeutics Strategies”,
Journal Hepatology, 2000; vol 32: 508-515.

35. Aslan M, Ozcan F, Tuzau H, Kirac E, Elpek G, “ Inhibition of Neural Sphingomylelinase decreases
Arachidonic acid mediated Inflammation in Liver Ischemia Reperfusion Injury”, International of
Clinical Experimental pathology, 2014; vol 7 (4): 7814-7823.

36. Selzner M, RudigerH, Sindram D, Madden J and Clavein P, “Mechanisms of Ischemic Injury are
different in the Steatotic and normal Rat Liver”, Hepatology, 2000; vol 32 (6): 1280-1288.

37. M. Elias Miro, M.B. Jimenez Castro and C Peralta,” Ischemia Reperfusion Injury Associated with
Liver Transplantation in 2011: Past and Future”, Liver Transplantation: Basic Issues, 2011.

38. Monterio JP, Oliveria PJ, Jurado AS, “ Mitochondrial Membrane Lipid remodeling in
Pathophysiology: A new target for Diet and Therapeutic Intervention”. Progress in lipid Research,
2013; vol. 52: 513-528.

39. Napoli PD. “Nonmetabolic effects of Trimetazidine and ventricular remodeling: Role in regulatory
gene expression”. Heart Metabolism, 2014; vol.65: 26-30.

40. Yu S, Zhung J, Jiang ZH, Shi C, Jin Li, Du XO, Wang H, Jiang J and Wang X,* Protective Effect of N-
Acetyl Serotonin against Acute Hepatic Ischemia Reperfusion Injury in Mice”, International Journal of
Molecular Science, 2013; vol. 14: 17680-17693.

41. Liu LF, Qin Q, Qian ZH, Shi M, Deng QC, Zhu WP, Zhang H, Tao XM, Liu Y, “Protective effects of
Melatonin on Ischemia-Reperfusion induced Myocardial damage and Hemodynamic recovery in
Rats”,European Review for Medical and Pharmacological Sciences, 2014; vol. 18: 3681-3686.

42. Selvakumar K, Krishnamorthy G, Venkataraman P, Arunakaran J, “ Reactive Oxygen Species induced
Oxidative Stress, Neuronal Apoptosis and Alternative Death Pathways”. Advance in Bioscience and
Biotechonology, 2013; vol. 4 : 14-21.

43. Harvey KA, Xu Z, Pavlina TM, Zaloga GP, Siddiqui RA,” Modulation of Endothelial cell integrity and
inflammation activation by commercial Lipid Emulsion”, Lipids Health Disease, 2015; vol. 14:9.

133 Full Text Available On www.ijipls.com



International Standard Serial Number (ISSN): 2249-6807

44. Amersi F, Farmer DG, Shaw GD, Kato H, Coito AJ,Kaldas F, Zhao D, Lassman CR, Melinek J, Ma J,
Volk HD, Weglinski KW, Busuttil RW,” P-Selectin Glycoprotein Ligand-1 (rPSGL-Ig)- Mediated
Blockade of CD62 Selectin Molecules Protects Rat Steatotic Liver Grafts from Ischemia/ Reperfusion
Injury”, American Journal of Transplantation, 2002; vol. 2: 600-608

45. Gediga ML,”Endothelium as a part of Septic Multiple Organ dysfunctiom Syndrome (Mods)- Is
Endocan a Answer?”, Journal of Clinical Cell Immunology, 2015: vol.6: 5.

46. Peter LW, Arthus A, Decarlo, Cheryl CC, Neil H,” Functional Implication of the Hydrolysus of
Platelet Endothelial Cell Adhesion Molecule (CD31) by Gingi Pains of Porphyromonas Gingivalis for
the Pathology of Peridontal Disease”, Infection Immunology, 2005: vol. 73: 1386-1398.

47. Baluk P, Fuxe J, Hashizuma H, Romano T, Lashnits E, Butz S, Vestweber D, Corada M, Molendini C,
Dejana E, McDonald DM,” Functionally Specialized Functions between Endothelial Cells of
Lymphatic Vessels”, Journal of Experimental Medicine, 2007; vol. 204 (10): 2349-2362.

48. Tecchio C, Micheletti A, Cassatella MA,” Neutrophil Derived Cytokines: Facts Beyond Expression”,
Fronteir Immunology, 2014; vol. 5: 508.

49. Famakin BM,” The Immune Response to Acute Focal Cerebral Ischemia and associated post- Stroke
Immunodepression: A focused Review”, Aging Disease, 2014; vol. 5 (5): 307-326.

50. Ricklin D, Lambris JD,” Complement Targeted Therapeutics”, Nastural Biotechnology, 2007; vol. 25
(11): 1265-1275.

51. Arumugam TV, Magnus T, Woodruff TM, Proctor LM, Shiels IA, Taylor SM,” Complement
Mediators in Ischemia Reperfusion Injury”, Clinica Chimica Acta, 2006; vol. 374: 33-45.

52. Hertle E, Stehouwer CDA, Broek VG,” The Complement System in Human Cardiometabolic Disease”,
Molecular Immunology, 2014; vol. 61: 135-148.

53. Collard CD, Gelman S, ‘“Pathophysiology, Clinical Manifestations and Preventation of Ischemia
Reperfusion Injury”, American Society of Anesthesiologists. 2001; vol. 94 : 1138-8.

54. Cuadrado I, Fernandez Velasco M, Bosca L, De Las Heras B,” Labdane Diterpenes protect against
Anoxia/Reperfusion Injury in Cardiomyocytes. Involvement of Akt activation”, Cell Death and
Disease, 2011; vol. 2: 229.

55. Eltzchig HK, Eckle T,” Ischemia and Reperfusion from Mechanisms to Translation”, Nature Medicine,
2011; vol. 17: 2507.

56. Zou H, Li Y, Liu X, Wang X,” An APAF-1.Cytochrome ¢ Multimeric Complex Is a Functional
Apoptosome That Activates Procaspase-9”, The American Society for Biochemistry and Molecular
Biology, 1999; vol. 274 : 11549-11556.

57. Malladi S, Malladi MC, O Fearnhead B Bratton,” The Apaf-1 procaspase-9 apoptosome complex
functions as a proteolytic-based molecular timer”, The EMBO Journal, 2009; vol. 28 (13): 1916-1925.

58. Connell BJ, Saleh MC, Kucukkaya I, Abd-El-Aziz AS, Khan BV, Sahel TM.” VPE1-300, a conjugate
of Lipoic Acid and Edaravarone, mediates Neuroprotection Ischemia Reperfusion”, Neuroscience
Letter, 2014; vol. 561: 151-155

59. Hu LW, Yen JH, Shen YT, Wu KY, Wu MJ,” Luteolin modulates-6-Hydroxydopamine induced
transcriptional changes of stress response pathways in PC12 Cells”, PLOS One, 2014; vol. 9 (5):
€97880.

60. Wu S, Sena E, Egan K, Macleod M, Mead G,” Edaravone improves functional and structural outcomes
in Animal Models of Focal Cerebral Ischemia: A systematic Review”, International Journal of Stroke,
2014; vol. 9 (1): 101-106.

61. Wang Wei, Wu XM, Bojiang, Wang CY, Zhang HN, Minsheen X,” Influence of Edaravone on Growth
Arrest and DNA damage inducible Protein 34 Expression following Focal Cerebral Ischemia
Reperfusion in Rats”, Asian Pacific Journal of Tropical Biomedicine, 2014; vol. 4 (9): 714-717.

134 Full Text Available On www.ijipls.com



