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QUESTION: 1. WRITE ON CYTOKINE SIGNALLING AND ITS ROLE IN WOUND HEALING. 
2. WHEN IS WOUND HEALING REFFERED TO AS IMPAIRED AND WHY?  
3. EXAMINE THE ROLE OF OXIDATIVE STRESS IN THE DEVELOPMENT AND PROGRESSION OF IMPAIRED WOUND HEALING.
ANSWERS:
1. Cytokine signalling
Cytokine signalling is an important part of the human body regulation, it is an important element that regulates development of the hematopoietic cells in general and T cells in particular.
Cytokine signalling in oesophageal epithelial cells may play a critical role in the initial steps of the trans differentiation process of BE. NFkB is important for Cdx1 and Cdx2 transcriptional induction. Induction of NFκB by cytokine stimulation (and prostaglandin activity) has been established in many cell types and has pleiotropic effects on the cell, including the induction of cell survival pathways as well as transcriptional activation of target genes. Recent reports suggest that NFκB transcriptional activity may play a causal role in BE. Acid and bile salts can induce Cdx1 and Cdx2 protein in esophageal cells and in EAC cells. This induction is dependent upon NFκB activity and may be regulated by PI3K signaling. Interestingly, two NFκB binding sites have been identified in the promoter of Cdx2, suggesting a potential for NFκB in directly linking inflammation with Cdx2 expression. However, the complete mechanism by which acids, bile, and PI3K signalling regulate NFκB and Cdx gene expression is not fully understood.
Role of cytokine signalling in wound healing
The response to injury is a phylogenetically primitive, yet essential innate host immune response for restoration of tissue integrity. Tissue disruption in higher vertebrates, unlike lower vertebrates, results not in tissue regeneration, but in a rapid repair process leading to a fibrotic scar. Wound healing, whether initiated by trauma, microbes or foreign materials, proceeds via an overlapping pattern of events including coagulation, inflammation, epithelialization, formation of granulation tissue, matrix and tissue remodeling. The process of repair is mediated in large part by interacting molecular signals, primarily cytokines, that motivate and orchestrate the manifold cellular activities which underscore in
Response to injury is frequently modeled in the skin,1 but parallel coordinated and temporally regulated patterns of mediators and cellular events occur in most tissues subsequent to injury. The initial injury triggers coagulation and an acute local inflammatory response followed by mesenchymal cell recruitment, proliferation and matrix synthesis. Failure to resolve the inflammation can lead to chronic nonhealing wounds, whereas uncontrolled matrix accumulation, often involving aberrant cytokine pathways, leads to excess scarring and fibrotic sequelae. Continuing progress in deciphering the essential and complex role of cytokines in wound healing provides opportunities to explore pathways to inhibit/enhance appropriate cytokines to control or modulate pathologic healing.
Wound healing is a complex process encompassing a number of overlapping phases, including inflammation, epithelialization, angiogenesis and matrix deposition. During inflammation, the formation of a blood clot re-establishes hemostasis and provides a provisional matrix for cell migration. Cytokines play an important role in the evolution of granulation tissue through recruitment of inflammatory leukocytes and stimulation of fibroblasts and epithelial cells.

Most types of injury damage blood vessels, and coagulation is a rapid-fire response to initiate hemostasis and protect the host from excessive blood loss. With the adhesion, aggregation and degranulation of circulating platelets within the forming fibrin clot, a plethora of mediators and cytokines are released (Table 1), including transforming growth factor beta (TGF-beta), platelet derived growth factor (PDGF), and vascular endothelial growth factor (VEGF), that influence tissue edema and initiate inflammation. VEGF, a vascular permeability factor, influences the extravasation of plasma proteins to create a temporary support structure upon which not only activated endothelial cells, but also leukocytes and epithelial cells subsequently migrate. Angiopoietin-1 (Ang-1), the ligand for Tie-2 receptors, is a natural antagonist for VEGF’s effects on permeability, a key regulatory checkpoint to avoid excessive plasma leakage.
Latent TGF-beta1, released in large quantities by degranulating platelets, is activated from its latent complex by proteolytic and non-proteolytic mechanisms3 to influence wound healing from the initial insult and clot formation to the final phase of matrix deposition and remodeling.4 Active TGF-beta1 elicits the rapid chemotaxis of neutrophils and monocytes to the wound site5 in a dose-dependent manner through cell surface TGF-beta serine/threonine type I and II receptors and engagement of a Smad3-dependent signal.6 Autocrine expression of TGF- beta 1 by leukocytes and fibroblasts, in turn, induces these cells to generate additional cytokines including tumor necrosis factor alpha (TNF-a), interleukin 1 beta (IL-1 beta) and PDGF, as well as chemokines, as components of a cytokine cascade.7 Such factors act to perpetuate the inflammatory cell response, mediating recruitment and activation of neutrophils and monocytes. In response to TGF- beta and other cytokines, which engage their respective cell surface receptors, intracellular signaling pathways are mobilized to drive phenotypic and functional responses in target cell populations.8 Among the upstream signaling cascades engaged in acute tissue injury are NF-?B, Egr-1, Smads, and MAP kinases, which result in activation of many cognate target genes, including adhesion molecules, coagulation factors, cytokines and growth factors.


Inflammation
Of the myriad of cytokines that have been investigated in terms of wound healing, TGF- beta 1 has undoubtedly the broadest effects. Despite the vast number of reports documenting the actions of TGF-beta in this context, both in vitro and in vivo, controversy remains as to its endogenous role. The paradoxical actions of TGF-beta are best appreciated in inflammation, where dependent upon the state of differentiation of the cell and the context of action, TGF-beta acts in a bi-directional manner.10 Moreover, this understanding of the nature of TGF-beta has led to the hypothesis that it may act as a therapeutic tool in some circumstances, but also a target for therapeutic intervention in others. Recent studies, in particular those utilizing genetically manipulated animal models, have highlighted the impact of TGF-beta on various aspects of wound healing, and surprisingly, not all of its effects are conducive to optimal healing. Intriguingly, mutations within the TGF-beta1 gene, or in the cell signalling intermediate Smad3, lead to normal or even accelerated cutaneous wound healing responses.6 The rate of healing of full-thickness wounds in Smad3 null mice was significantly greater than in their wild-type counterparts, associated with enhanced epithelialization and keratinocyte proliferation, and a markedly diminished inflammatory response. These observations have broad implications for understanding the role of TGF-beta in the endogenous wound healing response, in that an excess of TGF-beta may be a normal constituent of the response for rapid and optimal protection of the host. In the absence of infection, however, reduction of this overexuberant recruitment, inflammation and keratinocyte suppression may result in a more cosmetically acceptable scar. This knowledge may allow us to optimize the response by modulating selective cell pathways and to tailor therapy to specific cellular defects in pathological conditions such as chronic ulcers and fibrotic processes.
With the initial barrage of mediators, including TGF-beta, a chain reaction is set in motion, with recruitment, proliferation and activation of the cellular participants. Among the first cells to respond are the vascular endothelial cells, which not only respond to cytokines, but release them as well. Cytokine-induced enhancement of adhesion molecules (VCAM-1, ELAM-1, ICAM-1) on the endothelium provides the platform upon which circulating leukocytes expressing counter-adhesion molecules (integrins, selectins, Ig superfamily members) tether, slowing them down to sense the microenvironment and respond to chemotactic signals at the site of tissue injury. Adhesion molecule interactions between blood leukocytes and endothelium enables transmigration from inside to outside the vessel wall in response to multiple chemotactic signals. In addition to the powerful chemotactic activity of TGF-beta1 for neutrophils and monocytes, multiple chemokines are released to entice leukocytes into the site of tissue injury. Chemokines are represented by several families of related molecules based on the spatial location of the cysteine residues. Deletion of genes for chemokines leads to specific alterations in wound healing, underlying their role in this process 
Migrating through the provisional matrix (scaffolding) provided by the fibrin-enriched clot, leukocytes release proteases and engage in essential functions including phagocytosis of debris, microbes and degraded matrix components. Proteolytic activity is not constitutive, but transcriptionally driven by the cytokines, TGF-beta, IL-1beta and TNF-&alhpa;, released from multiple cellular sources (Table 1). Neutrophil recruitment typically peaks around hours post wounding, followed by an increasing representation of monocytes which are essential for optimal wound healing. Activation of these cells in the context of the wound microenvironment results in enhanced release of chemokines, recruitment of reinforcements, and amplification of the response, with the further release of cytokines, TNF-a, IL-1 and IL-6, that act as paracrine, autocrine and potentially, endocrine mediators of host defense. Antigen stimulation drives lymphocytic recruitment and activation, but at a delayed pace compared to the rapid acute response essential to maintain tissue integrity. Beyond the neutrophil, monocyte/macrophage and lymphocyte participants, mast cells have become increasingly recognized as active participants with increased numbers noted at sites of cutaneous injury. Mast cells respond to monocyte chemotactic protein (MCP-1) and TGF-beta1, -beta2 and -beta3, and within the lesion, release mediators (histamine, proteoglycans, proteases, platelet activating factor, arachidonate metabolites) and cytokines, including TGF-beta and IL-4. Once the inflammatory cells are activated, they become susceptible to TGF-beta1 mediated suppression to reverse the inflammatory process.7,10 Moreover, IL-4 may also dampen the inflammatory response as the inciting agent/trauma is dealt with and promote collagen synthesis during the repair phase.
Re-epithelialization
Clearance of debris, foreign agents, and/or infectious organisms promotes resolution of inflammation, apoptosis, and the ensuing repair response that encompasses overlapping events involved in granulation tissue, angiogenesis, and re-epithelialization. Within hours, epithelial cells begin to proliferate, migrate and cover the exposed area to restore the functional integrity of the tissue. Re-epithelialization is critical to optimal wound healing not only because of reformation of a cutaneous barrier, but because of its role in wound contraction. Immature keratinocytes produce matrix metalloproteases (MMPs) and plasmin to dissociate from the basement membrane and facilitate their migration across the open wound bed in response to chemoattractants. The migration of epithelial cells occurs independently of proliferation, and depends upon a number of possible processes including growth factors, loss of contact with adjacent cells, and guidance by active contact. TGF-beta1 stimulates migration of keratinocytes in vitro,6,19 possibly by integrin regulation and/or provisional matrix deposition.20 Behind the motile epidermal cells, basal cell keratinocyte proliferation is mediated by the local release of growth factors, with a parallel up-regulation of growth factor receptors including TNF-a, heparin-binding epidermal growth factor (EGF) and keratinocyte growth factor (KGF or FGF-7). Such growth factors are released not only by keratinocytes themselves, acting in an autocrine fashion, but also by mesenchymal cells and macrophages, as paracrine mediators. Numerous animal models in which cytokine genes have been deleted or over-expressed have provided further evidence that such factors are involved in the process of epithelialization. TGF-beta1, and -beta2 are potent inhibitors of keratinocyte proliferation, with the Smad3 pathway implicated as the negative modulator.6 Since epithelialization is significantly accelerated in mice null for the Smad3 gene, with unchecked keratinocyte proliferation, but impaired migration in response to TGF-beta1, the implication is that the early proliferative event is critical to normal epithelialization.6 Once contact is established with opposing keratinocytes, mitosis and migration stop, and in the skin, the cells differentiate into a stratified squamous epithelium above a newly generated basement membrane. Other factors secreted by keratinocytes may exert paracrine effects on dermal fibroblasts and macrophages. One such factor is a keratinocyte-derived non-glycosylated protein termed secretory leukocyte protease inhibitor (SLPI), which inhibits elastase, mast cell chymase, NF-?B and TGF-beta1 activation. In rodents, SLPI is a macrophage-derived cytokine with autocrine and paracrine activities, but production by human macrophages has not yet been demonstrated. In mice, an absence of this mediator of innate host defense (SLPI null) is associated with aberrant healing.26
The remodeling phase (i.e. re-epithelialization and neovascularization) of wound healing is also cytokine-mediated. Degradation of fibrillar collagen and other matrix proteins is driven by serine proteases and MMPs under the control of the cytokine network. Granulation tissue forms below the epithelium and is composed of inflammatory cells, fibroblasts and newly formed and forming vessels. 
Granulation tissue forms below the epithelium and is composed of inflammatory cells, fibroblasts and newly formed and forming vessels. This initial restructuring of the damaged tissue serves as a temporary barrier against the hostile external environment. Within granulation tissue, angiogenesis (i.e. the generation of new capillary blood vessels from pre-existing vasculature to provide nutrients and oxygen) is potentiated by hypoxia, nitric oxide (NO), VEGF and fibroblast growth factor 2 (FGF-2) and by the chemokines, MCP-1 and macrophage inflammatory protein (MIP-1a). VEGF, released from wound epithelium and from the extracellular matrix by endothelial-derived proteases, stimulates endothelial cell proliferation and increases vascular permeability.2,30,31 VEGF may be transcriptionally up-regulated in response to NO, which also influences vasodilatation, an early step in angiogenesis. In a cyclic fashion, VEGF also drives nitric oxide synthase (NOS) in endothelial cells. Endothelial cells express high affinity receptors for VEGF, VEGF R1 (Flt-1) and VEGF R2 (Flk-1), and represent a primary target of this angiogenic and vascular permeability factor.31 Mice heterozygous for targeted inactivation of VEGF or homozygous for inactivation of its receptors are embryonically lethal, confirming the essentiality of VEGF in angiogenesis.32,33 Besides VEGF, FGFs transduce signals via four protein tyrosine kinase receptors34 to mediate key events involved in angiogenesis. FGFs recruit endothelial cells, and also direct their proliferation, differentiation and plasminogen activator synthesis. Clearly a multifactorial process, the cellular events underlying neovascularization are also impacted by TGF-beta1, EGF, TGF-a, endothelin 1, leptin, and indirectly, TNF-a and IL-1beta.
Of necessity, angiogenesis is a tightly controlled process. It is characterized not only by the presence of endogenous inducers, but also inhibitors which mediate a decline in the process as the granulation tissue, named for the granular appearance of the blood vessels in the wound, matures and scar remodeling continues. Among the identified endogenous inhibitors of re-vascularization are thrombospondin (TSP-1), IFN-?, IP-10, IL-12, IL-4 and the tissue inhibitors of MMPs (TIMPs), in addition to the recently recognized activities of angiostatin and endostatin (reviewed in reference 2). Since loss of angiogenic control may have negative consequences as evident in tumors, rheumatoid arthritis, and endometriosis, identification of potential endogenous and therapeutic modulators continues.
Matrix Production and Scar Formation
With the generation of new vasculature, matrix-generating cells move into the granulation tissue. These fibroblasts degrade the provisional matrix via MMPs and respond to cytokine/growth factors by proliferating and synthesizing new extracellular matrix (ECM) to replace the injured tissue with a connective tissue scar. Although the stage is being set for tissue repair from the beginning (provisional matrix, platelet release of PDGF and TGF-beta, cytokine reservoir), fibroblasts migrate into the wound and matrix synthesis begins in earnest within a couple of days, continuing for several weeks to months. TGF-beta contributes to the fibrotic process by recruiting fibroblasts and stimulating their synthesis of collagens I, III, and V, proteoglycans, fibronectin and other ECM components.4,35 TGF-beta concurrently inhibits proteases while enhancing protease inhibitors, favoring matrix accumulation. In vivo studies have confirmed that exogenous TGF-beta1 increases granulation tissue, collagen formation, and wound tensile strength when applied locally or given systemically in animal models. Increased levels of TGF-beta are routinely associated with both normal reparative processes, as well as fibropathology. In Smad3 null mouse wounds, matrix deposition (fibronectin) could be restored by exogenous TGF-beta, implying a Smad3-independent pathway, whereas collagen deposition was not restored, suggesting a dichotomous Smad3-dependent regulation.6 The progressive increase in TGF-beta3 over time and its association with scarless fetal healing have implicated this member of the TGF-beta family in the cessation of matrix deposition. Other members of the TGF-beta superfamily may also contribute to the wound healing response. Activin A when over-expressed in basal keratinocytes stimulates mesenchymal matrix deposition, whereas BMP-6 over-expression inhibits epithelial proliferation.
PDGF, released at the outset by degranulating platelets, represents a family of cytokines consisting of two polypeptide chains (A and B) which form the dimers PDGF-AA, AB and B.39 In addition to platelets, PDGF is released by activated macrophages, endothelial cells, fibroblasts and smooth muscle cells  and is a major player in regulating fibroblast and smooth muscle cell recruitment and proliferation through PDGF specific receptor-ligand interactions.40 Beyond its role in fibroblast migration and matrix deposition, PDGF-A and -B also up-regulate protease production, in contrast to the anti-protease activity of TGF-beta. PDGF represents the only FDA approved cytokine/growth factor for the clinical enhancement of delayed wound healing. Also central to repair are the FGFs, which signal mitogenesis and chemotaxis, underlying granulation tissue formation, and the production of MMPs. FGF-1 (acidic FGF) and FGF-2 (basic FGF) have been the most intensely studied, but the additional members of this family may also support tissue repair and/or have clinical application.44 The role of FGF-2 has been confirmed in the FGF-2 null mouse which shows not only retarded epithelialization but also reduced collagen production.
With many overlapping functional properties with FGFs, epidermal growth factor (EGF) orchestrates recruitment and growth of fibroblasts and epithelial cells in the evolution of granulation tissue. EGF and TGF-a, which share sequence homology, enhance epidermal regeneration and tensile strength in experimental models of chronic wounds.46 TNF-a and IL-1beta, key mediators of the inflammatory process, also contribute to the reparative phase either directly by influencing endothelial and fibroblast functions or indirectly, by inducing additional cytokines and growth factors. IL-6 has also been shown to be crucial to epithelialization and influences granulation tissue formation, as shown in the wound healing studies of mice null for the IL-6 gene.47 As repair progresses, fibroblasts display increased expression levels of adhesion molecules and assume a myofibroblast phenotype, mediated in part by TGF-beta and PDGF-A and -B, to facilitate wound contraction.48
Remodeling Phase
The remodeling phase, during which collagen is synthesized, degraded and dramatically reorganized (as it is stabilized via molecular crosslinking into a scar), is also cytokine-mediated. Although repaired tissue seldom achieves its original strength, it provides an acceptable alternative. Degradation of fibrillar collagen and other matrix proteins is driven by serine proteases and MMPs under the control of the cytokine network. MMPs not only degrade matrix components, but also function as regulatory molecules by driving enzyme cascades and processing cytokines, matrix and adhesion molecules to generate biologically active fragments. TIMPs provide a natural counterbalance to the MMPs and disruption of this orderly balance can lead to excess or insufficient matrix degradation and ensuing tissue pathology.49 Similarly, there exists a naturally occurring inhibitor of elastase and other serine proteases (i.e. SLPI).26,27 The coordinated regulation of enzymes and their inhibitors ensures tight control of local proteolytic activity. In physiologic circumstances, these molecular brakes limit tissue degradation and facilitate accumulation of matrix and repair.
Aberrant Healing
Rapid clearance of the inciting agent and resolution of inflammation during healing minimizes scar formation, whereas persistence of the primary insult results in continued inflammation and chronic attempts at healing. Prolonged inflammation and proteolytic activity prevent healing as evident in ulcerative lesions. On the other hand, continued fibrosis in the skin leads to scarring and potentially, disfigurement, whereas progressive deposition of matrix in internal organs such as lungs, liver, kidney or brain compromises not only their structure, but also function, causing disease and death. Inhibitors of TGF-beta (e.g. antibodies, decorin, Smad 7, antisense oligonucleotides) reduce scarring, as does local administration of exogenous TGF-beta336 or systemic delivery of TGF-beta1.53 IFN-? is a natural antagonist of fibrogenesis through its ability to inhibit fibroblast proliferation and matrix production and has been shown to have clinical efficacy.54,55 IL-10 may be considered anti-fibrotic via its anti-inflammatory activities,56 as are inhibitors of TNF-a.57
Wound healing is a complex process encompassing a number of overlapping phases, including inflammation, epithelialization, angiogenesis and matrix deposition. Ultimately these processes are resolved or dampened leading to a mature wound and macroscopic scar formation. Although inflammation and repair mostly occur along a proscribed course, the sensitivity of the process is underscored by the consequences of disruption of the balance of regulatory cytokines. Consequently, cytokines, which are central to this constellation of events, have become targets for therapeutic intervention to modulate the wound healing process. Depending on the cytokine and its role, it may be appropriate to either enhance (recombinant cytokine, gene transfer) or inhibit (cytokine or receptor antibodies, soluble receptors, signal transduction inhibitors, antisense) the cytokine to achieve the desired outcome.

2. why is wound healing referred to as impaired and why?
In a way, history of wound care is the history of humankind. Well before any written historical record, chronic wounds of all shapes and sizes have plagued patients and created a significant burden on their caretakers. It has long been noticed that some patient factors are more likely to be associated with better wound healing. Likewise, certain wound types have been noted to be associated with a better prognosis than others. Until recently, there has been little scientific evidence regarding the risk factors and characteristics, both positive and negative, responsible for wound healing behaviours. This article will review factors that lead to poor wound healing and the latest advances in their care.
Function
At times difficult to appreciate, the wound healing process (WHP) is a highly structured and well-organized biological process. Wound healing can be divided into 4 phases:
· Hemostasis
· Inflammation
· Proliferation
· Tissue
· remodelling
 When a wound form, whether due to trauma or surgery, immediate vasoconstriction occurs via the action of thromboxane A2 and prostaglandin. Parallel to this process, the initiation of the clotting cascade takes place. Platelets arrive first to provide hemostasis and release cytokines and growth factors. These chemoattractants, including vascular endothelial growth factor (VEGF), platelet-derived growth factor (PDGF), and fibroblast growth factor (FGF), as well as cytokines, promote the migration of inflammatory cells to the wound. After approximately 24 to 48 hours, vasodilation occurs, allowing for inflammatory cells such as neutrophils, monocytes, macrophages, and lymphocytes to arrive at the injured tissue and perform a host of different functions. Neutrophils are the first of the inflammatory cells to arrive, peaking at 24 hours. They phagocytize bacteria, clear microbial and other cellular debris. Also, polymorphonuclear leukocytes (PMNs) release reactive oxygen species that potentiate this.
The next major step in wound healing involves the accumulation of macrophages, usually around 48 to 72 hours. Macrophages help initiate the proliferation phase of the WHP. These cells also perform a variety of diverse functions, including promoting the inflammatory healing process through the release of cytokines, clearance of cellular debris, and attracting blast cells to the area of the wounding. T-lymphocytes also play a critical but still poorly understood role, as their absence in the wound or delayed arrival has been associated with WHP impairment. As the proliferation phase gives way to remodeling, fibroblasts lay down the extracellular matrix (ECM) and allow for re-epithelialization of the wound. Fibroblasts produce components of the ECM, including collagen-glycosaminoglycan scaffolds and proteoglycans. Furthermore, endothelial cells promote angiogenesis and formation of a new capillary bed to allow for continued remodeling . Myofibroblasts promote wound contracture via actin filaments. Over time, the wound will regain up to 70% to 80% of its original tensile strength.
Issues of Concern
Factors Affecting Wound Healing
The WHP is very complex and involves high levels of coordination between multiple tissues and cell types. Consequently, impairment in the process can occur at any step along the sequence that leads to process completion. Many known factors can affect or modulate wound healing. In the subsequent sections, we will discuss major modulators (both positive and negative) of the WHP, including a summary of some of the methods and techniques devised to promote wound healing.

Diabetes
There is no doubt that diabetes plays a detrimental role in wound healing. It does so by affecting the WHP at multiple steps. Wound hypoxia, through a combination of impaired angiogenesis, inadequate tissue perfusion, and pressure-related ischemia, is a major driver of chronic diabetic wounds [10]. Ischemia can lead to prolonged inflammation, which increases the levels of oxygen radicals, leading to further tissue injury. Elevated levels of matrix metalloproteases in chronic diabetic wounds, sometimes up to 50-100 times higher than acute wounds, cause tissue destruction and prevent normal repair processes from taking place. Furthermore, diabetes is associated with impaired immunity, with critical defects occurring at multiple points within the immune system cascade of the WHP. For example, neutrophils show impaired chemotaxis and phagocytosis. As a result, diabetic wounds are prone to chronic infection due to inadequate bacterial clearance. To further complicate matters, these wounds have defects in angiogenesis and neovascularization. Normally, wound hypoxia stimulates mobilization of endothelial progenitor cells via vascular endothelial growth factor (VEGF). In diabetic wounds, there are aberrant levels of VEGF and other angiogenic factors such as angiopoietin-1 and angiopoietin-2 that lead to dysangiogenesis. Diabetic neuropathy may also play a role in poor wound healing. Lower levels of neuropeptides, as well as reduced leukocyte infiltration as a result of sensory denervation, have been shown to impair wound healing. When combined, all these diverse factors play a role in the formation and propagation of chronic, debilitating wounds in patients with diabetes.

TobaccoAbuse
Cigarette smoking leads to numerous adverse health consequences, including various types of cancer, primary lung disease, and cardiovascular disease, among others. However, in addition to those, smoking has severe ill-effects on the WHP. This occurs through multiple pathways, but most have the common theme of inducing wound ischemia. For example, nicotine in smoke acts as a vasoconstrictor. Also, tobacco use stimulates the release of catecholamines such as epinephrine, leading to further reductions in tissue blood flow and hypoxia. Relative wound ischemia can also result from the development of chronic obstructive pulmonary disease, which can lead to the permanent lowering of oxygen tension in the blood. Furthermore, nicotine reduces fibrinolysis, causing blood to become more viscous, leading to decreased tissue/regional blood flow. Carbon monoxide (CO) in cigarette smoke binds to hemoglobin with 200 times greater affinity than oxygen, so even small amounts of carbon monoxide can profoundly reduce the oxygen carrying capacity of hemoglobin. CO binding to hemoglobin will cause a leftward shift of the oxyhemoglobin dissociation curve, leading to less oxygen unloading at the tissue level. In addition to the induction of ischemia, smoking leads to immunopathy of the wound via impaired PMN migration into the wound. Fibroblast migration and proliferation are also hindered, leading to decreased production of ECM and ultimately weaker scar formation. Not surprisingly, patients who stop smoking show improvement in wound healing.

Malnutrition
The nutritional needs of the healing wound are very complex. Wounds require a myriad of different micro and macronutrients to heal properly. Regarding macronutrients, proteins are the key building blocks of our tissues, highlighting the importance of ample supply of protein/amino acid-rich nutrition to ensure adequate wound healing. Among amino acids of importance to the WHP, arginine, and glutamine play a critical in the overall process. Arginine improves immune function, supports collagen deposition (as a precursor to proline), and plays a role in neovascularization. Arginine supplementation also has a positive effect on wound healing. Glutamine is a critical energy source in proliferating cells (e.g., connective tissue including immune and progenitor blast cells). This amino acid is thought to improve the overall wound strength by increasing levels of mature collagen. The 2 other major macronutrients, fatty acids and carbohydrates, are also critical to wound healing. Carbohydrates, primarily glucose, act as the primary fuel for cells as it becomes broken down to form adenosine triphosphate (ATP). Polyunsaturated fatty acids, such as omega-3 and omega-6 fatty acids, both of which are essential fatty acids, may enhance the WHP by having an overall positive effect on host immune function .

Several micronutrients are worth mentioning because they play a particularly important role in wound healing. These include ascorbic acid, or vitamin C, vitamin A, vitamin E, as well as magnesium, zinc, and iron. Vitamin C supports the hydroxylation of proline to hydroxyproline, which is essential for proper collagen formation. Vitamin A similarly supports collagen formation, as well as immune modulation, and decreased metalloprotease ECM degradation. As an antioxidant, vitamin E helps protect against oxidative tissue destruction, as well as may decrease excess scar formation. Magnesium is a cofactor in enzymes involved in collagen synthesis. Zinc, on the other hand, is a cofactor for DNA and RNA polymerase, playing a vital role in cell division. Finally, iron deficiency has been shown to result in impaired collagen synthesis. Further discussion of the most critical among the above micronutrients is provided at the end of this manuscript.

Obesity
Obesity is a significant factor in surgical wound healing. Abdominal obesity is correlated with oxidative stress, a phenomenon associated with deficiency of adiponectin (e.g., adipose-derived cytokine with antioxidant and anti-inflammatory properties). Adiponectin-deficient state leads to impaired perfusion and reepithelialization of the wound. Moreover, hypovolemia combined with relative hypoperfusion and reduction in oxygen delivery lead to further tissue injury. Consequently, wound complications, including surgical site infections and fat necrosis are more prevalent in obese patients. Various combinations of the same factors may be associated with impaired secondary healing following primary wound-related morbidity .

Pressure ulcers are more likely to develop in obese patients through pressure-related ischemia and hypovascularity, as well as decreased mobility. Contact between the skin and various hospital surfaces (e.g., stretchers, operating room tables) may result in friction, leading to ulceration and wound formation. Systemic effects of obesity, such as hypertension, hyperglycemia, and upregulation of the stress hormones in response to the physiologic burden of surgery and acute illness, all work to impair further wound healing. Additional factors involved in this complex process include blunting of the immune and inflammatory responses. Interestingly, these ill-effects of obesity are largely reversible through weight loss .

Stress
Stress has been demonstrated to be a major contributor to a broad range of health conditions and illnesses, including cardiovascular disease, cancer, and obesity. Stress states lead to upregulation of stress hormones via the hypothalamic-pituitary axis and the release of adrenocortical hormones. Resultant changes include elevated levels of cortisol, glucocorticoids, and catecholamines. Cortisol works to blunt the immune response by blocking the production of important cytokines such as IL-1beta, IL-6, and TNF-alpha. The impairment of immune response ultimately leads to deficient wound healing.
Vitamins, Trace Elements, and Growth Factors

Although a detailed discussion of the role of vitamins and trace elements in the WHP is well beyond the scope of the current review/synopsis of this topic, the authors feel strongly that a brief overview of this topic is fully warranted. It has long been known that Vitamin A may have beneficial effects on wound healing in the setting of previous systemic exposure to corticosteroids. More specifically, Vitamin A has been shown to overcome the inhibitory effects of cortisone (and related corticosteroids) on the rate of gain in tensile strength of the wound. This may be especially pronounced in early stages of the WHP. At the same time, Vitamin A by itself does not seem to be a significant modulator of the WHP, suggesting that its beneficial action in the setting of prior corticosteroid use is related to the interaction(s) specific to corticosteroid-specific pathway(s).
Vitamin C and zinc have both been found to improve wound healing characteristics, although clinical adoption and implementation of this therapeutic combination is less than universal. Mechanistically, vitamin C has several favorable effects on the WHP. First, it is a powerful antioxidant and free radical scavenger. Second, it is important to systemic immunity, and along with Zinc helps boost the immune system when taken in the postoperative period. Together with Arginine and Zinc, Vitamin C is important for collagen synthesis. The evidence is strongest for supplementing vitamin C and zinc during the immediate postoperative period.
Among other interesting (and important) developments in wound care, there is evidence that vitamin-D supplementation may help positively modulate impaired wound healing, although further research toward mechanistic understanding is required in this area. More specifically, the role of vitamin D in the WHP may be indirect, through beneficial effects on closely related physiological processes, such asglucosehomeostasis.
Finally, another vast topic area that is worth mentioning (but too extensive to fully discuss in this review) is the use of growth factors in the modulation of the WHP.  It has been demonstrated that delivery of various specific growth factors (e.g., basic fibroblast growth factor, epidermal growth factor, keratinocyte growth factor) may produce beneficial effects on chronic wounds, with many experimental and clinical applications highlighting promise in the area of diabetic wound care. Further research is required to better define mechanisms of action, potential side effects, and the overall risk-benefit of human application of such therapies.

MaggotDebridement
While considered by many as archaic, maggot debridement therapy (MDT) has been shown unequivocally to be of benefit in wound healing. MDT is based on the observation that fly larvae only debride dead, devitalized, and necrotic tissue. Healthy, viable tissue is not threatened during the MDT, making this therapy uniquely suited for debridement of devitalized tissues with truly surgical precision. In fact, MDT is considered a form of "biosurgery." While feeding on non-viable tissue, maggots secrete proteolytic enzymes that liquefy necrotic tissue within the wound. This liquefied material is then ingested, resulting in effective debridement of the tissue of interest. It has been shown that MDT can help debride large wounds in as little as 72 hours, resulting in a viable granulation bed that is suitable for conventional wound management. In addition to chemical debridement, larval secretions are also characterized by significant antimicrobial activity, active against a wide range of pathogenic (and often antibiotic-resistant) bacteria, mostly gram-positive species. Maggots work best on moist environments with sufficient oxygen supply. They are approved for use in non-healing necrotic skin and soft tissue wounds, pressure and venous stasis ulcers, neuropathic foot ulcers, and non-healing traumatic or surgical wounds [50]. Most recent developments in this area include the introduction of transgenic maggots that secrete human growth factors in their saliva. Clinical applications of this therapy are continually expanding. Of interest, application of MDT can be accomplished through direct exposure of the maggots to the wound bed (using a specialized "housing") or through indirect exposure (using larvae contained within a sealed, semi-permeable bag).

HyperbaricOxygen
Hyperbaric oxygen therapy (HBOT) is another treatment modality that has been around for quite some time, but only recently saw a resurgence in interest due to promising effects on the WHP, especially in the setting of chronic and complicated wounds. Chronic wounds, often seen as a consequence of diabetes, arterial or venous disease, are increasingly common and result in significant impact on the affected patients, their caretakers, and the healthcare system in general. The beneficial action of HBOT on wound healing is predicated on the increased supply of oxygen to wounds that are refractory to other, more conventional treatment approaches. In practice, HBOT involves the patient being temporarily enclosed in a special chamber that in many ways approximates conditions used for deep sea divers and involves gradual "dive" followed by a pre-defined time interval at a certain "oxygen pressure level," and subsequent gradual "resurfacing" process. While in the chamber, the patient is exposed to markedly elevated concentrations of pure oxygen, leading to elevation of systemic and tissue oxygen levels. Effectively, the patient is receiving 100% oxygen at 2 to 3 times the atmospheric pressure at the sea level (see below regarding potential dangers of this therapy).
It has been demonstrated that HBOT is effective in improving the course of chronic diabetes-related extremity wounds, potentially reducing the need for major (but not necessarily minor) amputations. Available evidence suggests beneficial effects of HBOT on wounds are usually apparent within approximately 6 weeks of therapy, but long-term beneficial effects continue to be questionable. Another area where HBOT can be beneficial is the management of necrotizing soft tissue infections (e.g., necrotizing fasciitis), with evidence showing potential mortality benefit, lower amputation rates, and an overall reduction in surgical debridements. Additional difficult-to-treat types of wounds that have been speculated to benefit from HBOT are the chronic pressure ulcers (due to its inherently "ischemic" nature) and venous ulcers; however, there is no solid evidence to support HBOT for either of these indications at this time. 
Despite its potential benefits, there are significant potential dangers of HBOT, including the risk of oxygen fire/explosion, the risk of pneumothorax, as well as the possibility of damage to eardrums during repeated "dives." Consequently, appropriate provider is credentialing and patient/staff safety procedures must be strictly followed to reduce any undue risks of harm.
Enhancing Healthcare Team Outcomes
The best management of wounds is taken care of by an interprofessional team of a nurse specializing  wound care and a clinician with significant wound experience. Caring for wounds not only involves regular follow-ups but patient education. A coordinated team approach has been shown to be most effective in wound management.
3. Examine the role of oxidative stress in the development and progression of impaired wound healing
Recently oxidative stress has been proposed as the cause of hypertension. An imbalance in superoxide and nitric oxide production may account for reduced vasodilation, which in turn can favor the development of hypertension. In vitro and in human studies support this hypothesis. The supplementation of antioxidants, particularly in the form of fresh fruit and vegetables, reduces blood pressure, supporting a role for free radicals in hypertension.

DASH, Dietary Approaches to Stop HypertensionROS, reactive oxygen speciesRVD, renovascular disease
It is estimated that 30% of the adult population may have arterial hypertension and that 30–60% of diabetic patients have associated hypertension.
Hypertension is often associated with metabolic abnormalities such as dyslipidemia, impaired glucose tolerance, insulin resistance, and obesity. This is known as the “metabolic syndrome.” A series of observations has provoked much speculation and interest in the phenomenon of insulin resistance as a common factor underlying the link between obesity, diabetes, and hypertension (3). Epidemiological data linking hyperinsulinemia, obesity, and hypertension seem to be associative rather than causal, but this is inconsistent (4). It has become increasingly evident that the relationship between insulin, insulin resistance, and blood pressure varies according to racial group (5). On the other hand, chronic and marked hyperinsulinism in patients with insulinomas is not associated with elevated blood pressure values (6). Although the causal relationship between insulin and blood pressure is still inconclusive, evidence suggests that a reduced hepatic insulin clearance may contribute to increased insulin levels in hypertension (7, 8). To summarize, current experimental findings linking hyperinsulinemia or insulin resistance to hypertension have been provocative: many inconsistencies remain and causal relationships have not been established. A recent hypothesis pointed out the possible role of oxidative stress as a key player in the pathogenesis of insulin resistance, β-cell dysfunction, and hypertension.

OXIDATIVESTRESS 
Regarding hypertension, endothelial cells play a major role in arterial relaxation. Nitric oxide is the factor released by the endothelium that causes vascular relaxation (10). The half-life of nitric oxide is only a few seconds, since it is rapidly degraded by the oxygen-derived free radical superoxide anion. Superoxide anion is a major determinant of nitric oxide (NO) biosynthesis and bioavailability and can thus modify endothelial function. It can also act as a vasoconstrictor. In addition, nitric oxide synthase (NOS), and in particular the endothelial isoform of NOS (eNOS), is now recognized as an important source of superoxide. The finding that eNOS can generate superoxide rather than NO in response to atherogenic stimuli has led to the concept of “NOS uncoupling,” where the activity of the enzyme for NO production is decreased, in association with an increase in NOS-dependent superoxide production. As a result, eNOS may become a peroxynitrite generator, leading to a dramatic increase in oxidative stress, since peroxynitrite formed by the NO-superoxide reaction has additional detrimental effects on vascular function by oxidation of cellular proteins and lipids.

A decrease in NO bioavailability and an increase in oxidative stress are present in human hypertension. These findings are based, in general, on increased levels of biomarkers of lipid peroxidation and oxidative stress. Decreased antioxidant activity (superoxide dismutase and catalase) and reduced levels of reactive oxygen species (ROS) scavengers (vitamins E and C and glutathione) may also contribute to oxidative stress. Furthermore, l-arginine, a NO precursor that augments endothelium-dependent vasodilation, acutely improves endothelium-dependent flow-mediated dilation of the brachial artery in patients with essential hypertension.

Growing evidence indicates that NADPH-driven generation of ROS and activation of reduction-oxidation (redox)-dependent signaling cascades are critically and centrally involved in the role of Ang II-induced hypertension (21). Ang II elicits its actions via two distinct receptors: the AT1 and Ang II type 2 receptors (AT2). Although the AT2 receptor is usually expressed at low density in adults, it is upregulated in pathological states such as vascular injury, salt depletion, heart failure, or cardiac hypertrophy. Pharmacological studies indicate that there is crosstalk between AT1 and AT2 receptors and stimulation of the AT2 receptor opposes the effect of the AT1. Whereas stimulation of the AT1 receptor leads to cellular growth, angiogenesis, and vasoconstriction, AT2 receptor stimulation causes opposite effects, anti-proliferation, anti-angiogenesis, and vasodilation. Thus, AT1 and AT2 receptors are ideal candidates for maintaining a proper balance between the vasodilator agent NO and ROS. Recent data demonstrate that Ang II, acting through the AT1 receptor, stimulates nonphagocytic NADPH oxidase, causing the accumulation of superoxide, hydrogen peroxide, and peroxynitrite. Thus, in pathological states, the stimulation of the AT1 receptor by increased circulating or tissue levels of Ang II will produce an inflammatory response. In contrast, blockade of the AT1 receptor, which is accompanied by increased circulating Ang II levels, will stimulate the AT2 receptor and oppose the effect of AT1 receptor activation, a mechanism that appears to be involved in the beneficial effects of the angiotensin receptor blockers. These beneficial effects may be exerted at various levels, as Cipollone et al. demonstrated that the AT1 receptor antagonist irbesartan decreases inflammation and inhibits cyclooxygenase (COX) and prostaglandin (PG)E2-dependent synthase (COX-2/mPGES-1) expression in plaque macrophages, and this effect may in turn contribute to plaque stabilization by inhibition of metalloproteinase-induced plaque rupture.

Human studies seem to support a role of oxidative stress in the development of hypertension. In diabetes and obesity, which are commonly associated with hypertension, chronic oxidative stress is present. Conversely, caloric restriction in the obese and fasting in normal subjects leads to a marked reduction in ROS generation and other indexes of oxidative stress. Studies using nonspecific markers of oxidative damage have observed higher superoxide and hydrogen peroxide production in hypertensive subjects, which returned to levels observed for control subjects after blood pressure reduction. A reduction in superoxide dismutase and glutathione peroxidase activity have been observed in newly diagnosed and untreated hypertensive subjects, compared with control subjects, with superoxide dismutase activity being inversely correlated with blood pressure within the hypertensive group, but not the control group. Higher production of hydrogen peroxide has also been observed in treated and untreated hypertensive subjects compared with normotensive subjects, with a significant correlation between hydrogen peroxide levels and systolic blood pressure. In addition, both malignant and nonmalignant hypertensive subjects had higher lipid hydroperoxide production, as measured by the ferrous oxidation–xylenol (FOX) assay, compared with control subjects.

Accordingly, Minuz et al. recently demonstrated that oxidant stress is markedly increased in hypertensive patients with renovascular disease (RVD) compared with either patients with essential hypertension and comparable levels of blood pressure or healthy normotensive subjects and suggested that increased oxidative stress might be related to renal artery stenosis and activation of Ras. These authors found a significant positive correlation between the urinary excretion of 8-iso-prostaglandin F2α (a reliable marker of in vivo lipid peroxidation) and renal vein renin ratio (a highly specific functional test for the detection of renal artery stenosis, renal hypoperfusion, and activation of Ras). Moreover, Minuz et al. found a significant correlation between the reduction in 8-iso-prostaglandin F2α excretion after successful angioplasty in RVD hypertensive patients with baseline Ang II ratio and renal vein renin ratio. All these findings provide additional evidence for a causal link between renin activation and enhanced oxidative stress and may suggest that Ang II is a stimulus for oxidant stress in RVD.
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