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[bookmark: _Toc506232282]Abstract
The potential role of a carboxypeptidase B2 inhibitor in renal fibrosis
Diabetic nephropathy (DN) is a fibrotic disease from renal injury which is characterized by extracellular matrix (ECM) build-up. Thus, DN leads to disruption of renal architecture and loss of renal function. We hypothesized that renal fibrosis can be improved by increasing plasmin activity through inhibition of carboxypeptidase B2 (CPB2) activity using UK-396082- a selective CPB2 inhibitor. 
An in vivo rat model of DN was used. Unilateral nephrectomy and induction of type 1 diabetes with 80mg/kg streptozotocin injection. Blood glucose was maintained between 20-25 mM for 8 months with linplants. The rats were divided into 3 groups. Group 1 (diseased) fed on normal chow. Group 3 (treatment) fed on normal chow for four months after which it  was changed to chow mixed with 0.3g/kg of UK-396082 for the final four months.  Group 2 (prophylaxis) fed on chow mixed with a 0.3g/kg of UK-396082 for 8 month. 
In an in vitro study CPB2, plasmin, tissue–type (tPA) and urokinase-type (uPA) plasminogen activators were assayed in the presence and absence of UK-396082 in rat kidney epithelial-like, fibroblast-like and mesangial cells cultured on plastic and fibrin gel.
Our results confirmed DN in this rat model. Prophylactic administration of UK-396082 gave protection against development of kidney fibrosis and impaired kidney function. However, with advanced DN, UK-396082 appeared to have little protective effect. The In vitro results demonstrated that CPB2, tPA, uPA and plasmin activities were present in rat kidney epithelial-like, fibroblast-like and mesangial cell culture. CPB2, tPA, and plasmin activities were increased when epithelial and mesangial rat kidney cells were cultured on fibrin as opposed to plastic.
Both epithelial-like and mesangial cells in the presence of fibrin led to more plasmin generation in the presence of UK-396082.
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[bookmark: _Toc506232283][bookmark: _Toc419657258][bookmark: _Toc419657330][bookmark: _Toc419659335][bookmark: _Toc419852030][bookmark: _Toc484448810]1.1 Introduction 
The aetiology of disease and its pathogenesis in humans are multi-factorial, and these include: biological (genetic) factors, environmental factors and physical factors. The interplay between these factors is complex and as such makes the management of diseases challenging with a huge burden. The effect of disease on mortality, morbidity and financial cost is enormous both on individuals and the society at large. A 2010 study on global burden of disease revealed an increase in life expectancy globally, and as such young adults grow into old age suffering from diseases and injuries and as such spent more years living with chronic diseases (Wang et al., 2012). Chronic illnesses and their complications are often characterized by progressive fibrosis. In the population at large the majority of deaths are from chronic diseases, with cardiovascular disease, cancer, chronic respiratory disease and diabetes accounting for 29 million deaths worldwide in 2002 (Yach et al., 2004). A significant proportion of people living with chronic disease suffer complications that may be terminal, for example 30-40% of persons living with diabetes will develop diabetic nephropathy (DN) which frequently leads to end stage renal disease (ESRD) (Skill et al., 2004). The United States Renal Data (USRDS) 2004 reported a prevalence of 1: 10,000 for persons suffering from ESRD in the United Kingdom (UK), and 3.36:10,000 for the United States (US). There is also an estimated annual increment of 5-8% in prevalence of ESRD (Hamer and El Nahas, 2006). The same report estimated that over 1 million persons die annually from ESRD in the world with the majority of sufferers in the developing countries lacking adequate renal replacement therapy. Diabetes is a growing problem as it has been suggested that over 250 million people will be diabetic by 2025 with the majority in developing countries (Bello et al., 2005, Tabish, 2007). With more people living with chronic diseases, it has been reported globally that there would be a need for increased emergency care and emergency systems to address the emerging effect of chronic disease and its burden (Hargarten et al., 2013). 
The impact of disease on young adults has resulted in a drop in economic productivity. Oliva-Moreno stated that in Spain, €37,969 million was lost to illnesses due to loss in labour productivity from accidents and health problems which was put at 4% in 2005 (Oliva-Moreno, 2012, Oliva- Moreno and Oliva-Moreno, 2012). Hamer and El Nahas (2006) estimated the treatment of ESRD to have cost $29bn in 2010 in the U.S. More studies have also established the huge financial burden of chronic diseases (Lopez-bastida et al., 2012). The major common diseases mentioned above all feature progressive fibrosis and loss of tissue architecture as key pathological features. For this reason understanding the renal system and the fibrotic pathway and development of new fibrotic therapies has become a major goal. 
[bookmark: _Toc506232284]1.2 Chronic kidney disease (CKD)
This is a renal condition of progressive loss of kidney function spanning between months to several years. It has been estimated to affect close to 10% of the population (Eknoyan et al., 2004). The symptoms of CKD could be non-specific, however some risk factors such as diabetes and hypertension and family history of kidney disease have been identified. The disease could be silent for a period of time with its first diagnosis occurring with the appearance of its complications such as cardiovascular disease (Dousdampanis et al., 2012). It is differentiated from acute kidney disease by the persistence of progressive loss of kidney function over a period of at least 3 months. The diagnosis of CKD is usually by laboratory investigation for creatinine, where an elevated creatinine level is suggestive of a low glomerular filtration with decreased ability of the kidney to excrete waste products. However creatinine may be normal in the early stages of the disease and therefore CKD may be detected by simple urinalysis where the urine shows the presence of protein or red blood cells (Table 1.1).

	  
[bookmark: _Toc506232285]1.2.1 Criteria for CKD 
	1
	Markers of kidney damage (one or more)
	Albuminuria (albumin excretion rate [AER] ≥30 mg/24 hours; albumin-to-creatinine ratio [ACR] ≥30 mg/g [≥3 mg/mmol]) 
Urine sediment abnormalities 
Electrolyte and other abnormalities due to tubular disorders 
Abnormalities detected by histology 
Structural abnormalities detected by imaging 
History of kidney transplantation 

	2
	Decreased glomerular filtration rate (GFR)
	GFR <60 ml/min/1.73 m2 (GFR categories G3a–G5




[bookmark: _Toc494731214][bookmark: _Toc494732949]           Table 1.1 CKD criteria. 
The presence of either of the above for more than 3 months is diagnostic of CKD (https://www.guideline.gov/summaries/summary/46510).


[bookmark: _Toc506232286]1.2.2 CKD staging  
[bookmark: gjdgxs]International guidelines have classified CKD based on cause, glomerular filtration rate and albuminuria categories (Kdigo, 2009). A glomerular filtration rate (GFR) of <60 ml/min/1.73 m2 for 3 months is classified as CKD, because GFR at this level is suggestive of a loss of 50% or more in normal kidney function. (www2.kidney.org/professionals/kdoqi/guidelines_ckd/p4_class_g1.htm). The presence of protein in the urine is an indication of deteriorating kidney function. Further to this, the British guidelines used the letter “P” to indicate significant loss of protein in urine in the stages. (https://www.nice.org.uk/guidance/).
Stage 1. In this stage there is slight kidney damage with marginal loss of kidney function detected in blood, urine or imaging investigations, with normal or high GFR (≥90 ml/min/1.73 m2).  
Stage 2. This is categorised as mild kidney damage with abnormalities in blood, urine or kidney imaging laboratory results. There is reduced GFR (60–89 ml/min/1.73 m2). 
Stage 3. This stage is characterised by moderate reduction in GFR (30–59 ml/min/1.73 m2). For the purpose of screening and referral the British guidelines has divided this stage into stage 3A (GFR 45–59) and stage 3B (GFR 30–44) https://www.nice.org.uk/guidance/
Stage 4. In this stage there is evidence of severe decline in GFR (15–29 ml/min/1.73 m2), usually advised for kidney transplant.
Stage 5. This stage is also referred to as end-stage kidney disease, it is characterised by established kidney failure (GFR <15 ml/min/1.73 m2). 

[bookmark: _Toc506232287]1.3 The renal system
[bookmark: _Toc506232288]1.3.1 Anatomy of the kidney
The renal system consists of the kidneys, ureters, bladder and the urethra. The kidneys are paired, bean shaped retroperitoneal organs, located between the transverse processes of vertebrae T12 and L3, with the superior pole of the right kidney next to the liver and that of the left kidney next to the spleen. The left kidney is typically located more superiorly than the right. The kidneys are more medially and posteriorly in the upper poles than the lower poles.  The evolution of the kidney is believed to have evolved from fresh water fish kidney with the kidney consisting of a million repeating units known as nephrons. 
The kidney has both convex and concave border. The concave border has the renal hilum which can be located at about its mid-zone from where the ureters and the renal veins exit and the renal artery supplies the kidney with its blood supply. The kidney has a fibrous capsule with a granular cortex and a striated medullar. It also consists of organized pyramid-like lobes where the outer part is the cortex and the inner part the medulla. The cortex is made of convoluted tubules and renal corpuscles (which produce filtered plasma) while the medulla is made of the loops of Henle and the collecting ducts. Kidney development also known as nephrogenesis starts from the intermediate mesoderm and goes through 3 developmental stages, with each stage progressing from a less immature kidney to a more mature kidney, pronephron, mesonephros and metanephros.  (http://www.hopkinsmedicine.org/mcp/education/300.713%20lectures/2014/byung_kang_humanembryology_09.15.2014.pdf).    
Pronephros is the earliest phase and the most immature form while the metanephros is the last and most developed phase which persists into adult life.
The mesonephric kidney has some amount of urinary function, filtering blood from the glomeruli into the glomerular capsule which then flows into the tubules of the mesonephros where ions and other substances are reabsorbed back to the blood. The mesonephros does not develop a medullary region and does not concentrate urine. The mesonephric regresses as the metanephric becomes active. However, the mesonephric ducts and mesonephric tubules become integrated into the genital duct system. At the 5th week of gestation the mesonephric duct develops the ureteric bud which elongates to later form the ureter. The cranial end of the ureteric bud goes through elongation and branching to form the collecting duct of the kidney, major calyces, minor calyces and the renal pelvis. The metanephrogenic blastema which is the undifferentiated mesoderm then differentiates into the renal tubules, the renal tubules grow and join with the connecting tubules to create a continuous flow from the renal tubules into the collecting system. Concurrently, definitive cells of the glomerulus differentiate from the precursors of vascular endothelial cells found at the tip of the renal tubules. Between 32-36 weeks of gestation the nephrons are completely formed but immature. The maturity continues after birth.
[bookmark: _Toc506232289]1.3.2 The nephron and the urine flow system: 
The kidney is made of about 1 million nephrons linked to collecting tubules. These nephrons are the functional part of the kidney that are involved in the process of making urine by filtration of the blood, excretion and reabsorption. This involves the regulation of water and concentration of soluble substances such as ions, reabsorption of required substances and excretion of waste via urine. The nephron (Fig 1.1) spans through the cortex and the medulla and consists of renal tubes. The filtration starts from the renal corpuscle located in the cortex, followed by the renal tubules which spans from the cortex into the medullary pyramids. The renal corpuscle is made of two structures: 
1) The glomerulus which is made of tuft of capillaries and 
2) The Bowman’s capsule, which is cup-shaped and found in the tubular component of the nephron
A collection of renal tubules drain into a single collecting duct. The pyramidal tip empties urine into the minor calyx and the minor calyces empties into the major calyces which drains into the renal pelvis and the renal pelvis become the ureter. 
The nephron can be divided into the following parts:
· Renal corpuscle (glomerulus) 
· Proximal tubule 
· Loop of Henle 
· Distal tubule 
· Collecting Duct

[image: ]
[bookmark: _Toc504640557]Figure 1.1 The nephron. The nephron showing: the Bowman's capsule, proximal tubule, loop of Henle, descending limb of loop of Henle, ascending limb of loop of Henle, distal tubule, and collecting duct.

[bookmark: _Toc506232290]1.3.3 Arterial and venous blood supply of the kidney
The renal arteries are branches from the abdominal aorta that supply the kidneys with about 20% of the cardiac output. Each renal artery branches into segmental arteries which further divide into interlobar arteries, the interlobar arteries penetrate the capsule to supply blood to the arcuate arteries. The arcuate arteries run along the borders of the cortex and medulla that eventually supply the afferent arterioles which supply the glomeruli.  The glomerulus is a network of afferent arterioles enclosed within the Bowman’s capsule. The efferent arterioles emerge from the glomerulus splitting into peritubular capillaries that drain into the interlobular veins. This then drains into the arcuate vein, the arcuate vein then empties into the interlobar veins and then into the lobar vein. The lobar vein drains into the segmental vein while the segmental vein drains into the renal vein which finally flows into the inferior vena cava (Fig 1.2).  

[image: https://s3-us-west-2.amazonaws.com/courses-images-archive-read-only/wp-content/uploads/sites/403/2015/04/21031842/2612_Blood_Flow_in_the_Kidneys.jpg]
[bookmark: _Toc504640558]Figure 1.2 Transvers section of the kidney. The figure shows transverse section of the kidney, the glomerulus and the capillary beds. It also shows the circulation network of the kidney with the efferent arterioles and the peritubular capillaries. (With permission under the licence of creative common attribution 3.0. Author OpenStax College).
(https://courses.lumenlearning.com/ap2/chapter/gross-anatomy-of-the-kidney/)

[bookmark: _Toc506232291]1.3.4 Functions of the kidney
Most of the kidney functions are based on principles of filtration, reabsorption and secretion with these functions occurring in the nephron:
Excretion of waste: The process of metabolism leads to the production of by-products which are excreted into the urine by the nephron, for example urea from protein metabolism. The waste excretion process involves a robust countercurent mechanism involving, tight renal tubules, permeability of water and ion in the descending loop, permeability of water in the ascending loop, an active ion transport in the ascending loop and a passive countercurent exchange in the vessels supplying blood to the nephrons (Lashmet and Newburgh, 1932). 
Reabsorption of nutrients: For example at normal plasma glucose levels there is complete glucose reabsorption in the proximal tubule via a Na+/glucose cotransporter. However, at plasma glucose levels of 160 mg/dl there is glucosuria, which is detectable with the urine dipstick and may be suggestive of diabetes, while plasma glucose levels of 350 mg/dl upwards will result in the transport system being completely saturated and there will also be glucosuria. Na+ dependant transporters are found in the proximal tubules and they are responsible for the reabsorption of amino acids, while Na+, and Cl- are reabsorbed in the distal convoluted tubules and water in the thin descending loop of Henle (Schnellmann, 2001).
Acid base homeostasis: Both the kidney and the lungs jointly maintain acid-base homeostasis. The kidneys reabsorb and generate bicarbonate and also excrete hydrogen ions into the urine while the lungs regulate carbon dioxide (Rose, 1977).     
Osmolality regulation: This is the process where water and salt in the body are maintained at a balanced level. An increase in osmolality causes increase in antidiuretic hormone (ADH) which will increase water reabsorption by the kidneys and a more concentrated urine.
Blood pressure regulation: The mechanism is based on the size of the extracellular compartment which is regulated by the plasma Na+ concentration via the renin-angiotensin system. Changes in renin results in altered levels of angiotensin II and aldosterone which collectively result in increased kidney reabsorption of NaCl resulting in expansion of the extracellular fluid compartment and increase in blood pressure. With a reduction in the level of renin the opposite happens, there is a reduction in angiotensin II and aldosterone leading to a decrease in the extracellular fluid compartment and blood pressure (Crowley et al., 2005). 
Hormone secretion. Both renin and erythropoietin are secreted by the kidneys. Erythropoietin is secreted in a state of hypoxia in renal circulation and this leads to erythropoiesis, while renin is secreted in regulation of aldosterone in renin-angiotensin-aldosterone system in regulation of the extracellular fluid compartment in blood pressure regulation (Davis and Freeman, 1976). 
[bookmark: _Toc506232292]1.3.5 Extracellular matrix (ECM) 
The ECM is found in neighbouring spaces between cells, its secretion and packaging occurs locally within this space and constitutes part of tissue volume. Its constituents are fibrous structural proteins (collagen and elastin), adhesive glycoproteins, proteoglycans and hyaluronic acid which are found on cell surface and intercellular junctions.  
ECM is made of a mixture of proteins and proteoglycans. There are three classes of materials found in the ECM:
Glycosaminoglycans and their proteoglycans.
Glycosaminoglycans (GAGs): GAGs are linear polysaccharides made of repeating amino sugars which can either be N-acetyl-D-glucosamine (D-GlcNAc) or N-acetyl-D-galactosamine (D-GalNAc) and uronic acid which can also be D-glucuronic acid (D-GlcA) or L-iduronic acid (L-IdoA). These compounds can be epimerized, sulphated or deacetylated and their specificity and functionality are determined by the carbohydrate chain and chemical modification (Taylor and Gallo, 2006). Keratan sulphate, dermatan sulphate, heparan sulphate and chondroitin sulphate are examples of GAGs that are covalently attached to proteins to form proteoglycans, while hyaluronan is non-sulphated and the simplest of the GAGs and is not covalently attached to a protein. Most GAGs are highly negatively charged because they are sulphated and contain uronic acid. The sulphated GAGs are made of repeating disaccharide units and a protein core that are linked by a glycosidic linkage via a serine residue. 
Proteoglycans (PG) are molecules with a core protein attached covalently to glycosaminoglycan (Platt et al., 1998). PG can be divided into;
Large aggregating PGs, versicans, perlecan, glypican, syndecans aggrecan, agrin.
Small non-aggregating proteoglycans. They have a molecular weight less than 200 kDa, examples are biglycan, decorin and fibromodulin. Their functions include binding to collagen, regulating fibrillogenesis and collagen organization. 
The matrix proteins, mostly PGs, sequester water for soft tissue turgor and minerals for skeletal tissue rigidity. It also serves as storage for growth factors. The matrix is in a constant equilibrium of synthesis and degradation, loss of this equilibrium results in loss or accumulation of the matrix and a disease state. Morphogenesis, wound healing and chronic fibrotic processes are the events involved in the dynamic of ECM synthesis and degradation.
Glycoproteins such as laminin, fibronectin, tenascin, nidogen
Glycoproteins. These are proteins with oligosaccharide chains and are covalently attached to polypeptide side chains. The protein is attached to the carbohydrate. Examples are laminin, fibronectin, tenascin, and nidogen. Laminin has three types of chains; α, β, and γ chains. The α chains G domain is made of 3 LG domains LG1-LG3 which is linked to two other LG domains LG4 &LG5. Heparan sulphate binds to LG4. Fibronectin has a molecular weight of 270 kDa. It binds to heparin, collagen, and cell surface integrins (Rhodes and Simons, 2007).
Fibrous proteins: collagens, elastin 
The major structural component of the ECM is collagen (Khoshnoodi et al., 2006). Collagens are found as triple helical proteins made from homotrimers or heterotrimers of polypeptide chains known as α-chains. About twenty-eight (I-XXVIII) collagens have been identified in vertebrae (Khoshnoodi et al., 2006) and they can be divided into:
Fibrillar (I, II, III, V, XI, XXIV and XXVII). They constitute about 90% of collagen in the body.
Fibril-associated (FACIT) (IX, XII, XIV, XVI, XIX, XX, XXI, XXII); these collagens do not form fibrils but rather they attach to fibril-forming collagen and arrange the fibrils in the matrix.
Beaded filament (IV); the major collagen of basement membranes. 
Network forming: They interact with anchoring fibrils (VII) that link the basement membrane to collagen and laminin within the ECM.
Transmembrane collagens (XIII, XVII, XXIII, XXV); they function in cell adhesion, differentiation, and integrity.
They provide a surface for the binding of laminin, proteoglycans and also act as receptors (Khoshnoodi et al., 2006).
Elastin: It is secreted as a precursor protein by the cell. Within the cell it crosslinks with other elastin molecules to produce fibres that confers the ECM with its elasticity. 
[bookmark: _Toc506232293]1.3.6 Basement membrane (BM) 
The basement membrane is a thin matrix of tissue that separates the epithelium, endothelium or mesothelium from the connective tissue.  A good example is the glomerular basement membrane of the kidney. The BM is composed of two layers (Fig 1.3):
1) The basal lamina: this is further divided into lamina lucida (a clear layer and close to the epithelium) and lamina densa (a dense layer close to the connective tissue). The lamina densa consist of collagen IV fibrils and macromolecules. The collagen fibres in lamina densa is coated with perlecan heparan sulphate proteoglycan.  
2) The reticular connective tissue: This network of collagen thin fibres are synthesized by fibroblast like cells.
Both basal lamina and the reticular connective tissue are joined by collagen VII, fibrils and fibrillin microfibrils. 
[image: http://img.tfd.com/dorland/membrane_basement.jpg] 
[bookmark: _Toc504640559]Figure 1.3 Basement membrane. It shows the various components of the basement membrane: reticular lamina and basal lamina which consist of lamina lucida and lamina densa.
(https://www.slideshare.net/theintun/basement-membrane-integrity-in-oral-cancer-repair)                                                   

[bookmark: _Toc506232294]1.3.7 Functions of basement membrane 
The principal function of the basement membrane is to anchor the epithelium to the underneath connective tissue by cell matrix adhesions. It serves as a mechanical barrier protecting the deeper structures (Liotta et al., 1980) and its protein increases the rate of differentiation of endothelial cells (Kubota et al., 1988)
[bookmark: _Toc506232295]1.3.8 Glomerular basement membrane (GBM)
The glomerular basement membrane (GBM) is a specialised basement membrane with heparan sulphate, proteoglycans, laminin, type IV collagen and nidogen as the components (Miner, 2012). These Components are synthesized by both the podocytes and endothelial cells. (John and Abrahamson, 2001). These cell layers both secrete ECM components into the extracellular space which makes the GBM thicker than other basement membrane. During the process of synthesis both the podocyte and endothelium fuse to form the GBM. Therefore the podocytes, endothelial cells, and the GBM are all interwoven and therefore any defect or alteration in the synthesis can result in altered structural integrity subsequently affecting the glomerular filtration barrier and its functions.
The GBM is between 250-400 nm thick, it serves as a filtration barrier and provides steadiness for the filtration exercise, with fenestration between the endothelial cells and filtration slits between the foot processes of the podocytes (Fig 1.4). The podocytes are specialized cells and are the visceral covering of the Bowman’s capsule as their foot projections envelop the glomerular capillaries. They constitute part of the glomerular filtration barrier and function in the maintenance of the barrier. Structural defects in the components of the GBM can lead to diseases such as Alport syndrome (genetic disease characterized with kidney disease, and defects in membranes found in the eye and ear leading to eye problems and hearing difficulty), familial benign heamaturia and Pierson syndrome (characterized with congenital nephrotic syndrome, ocular defect with small pupils). 
                 [image: C:\Users\UOS\Desktop\Fig 1.3.jpg]
[bookmark: _Toc504640560]Figure 1.4 Filtration mechanism. The diagram shows the foot processes of the podocytes, fenestrae and the filtration slits.
(https://courses.washington.edu/conj/bess/filtration/filtration-web3.png)
 
The GBM acts as a filter with the slit diaphragms responsible for most of the glomerular permselectivity (Farquhar, 1975, Suh and Miner, 2013). The GBM is a size- and charge-selective permissive barrier (Farquhar et al., 1999) and therefore restricts molecules larger than albumin within the glomerular capillary loops preventing these molecules from crossing the GBM. Similarly, negatively charged molecules also have the least permissibility in crossing the GBM (Menzel and Moeller, 2011).
The glomerular endothelial cell glycocalyx is composed of proteoglycan core proteins, glycosaminoglycan (GAG) chains, and sialoglycoproteins (Singh et al., 2011). The glomerular endothelial cell glycocalyx lines the luminal surfaces of the glomerular vessels (Singh et al., 2007). The sulphated GAG chains provide the negative charge for the endothelial surface layer which results to the regulation of permeability across and the membrane and thereby restricting the passage of molecules based on their charge (Kolářová et al., 2014). The glomerular endothelial cell glycocalyx plays a key role in the selective filtration action of the glomerular capillary wall where it acts as a barrier to the passage of albumin across the membrane (Fig 1.5). Destruction of the endothelial glycocalyx in the glomerulus alters the permeability of capillary beds, which can result to albuminuria (Fig 1.5) (Salmon and Satchell, 2012). In early DN, damage to the endothelial glycocalyx manifested as early loss of charge selectivity and microalbuminuria (Deckert et al., 1993, Jeansson and Haraldsson, 2005). Several mechanisms have been suggested to be responsible for the hyperglycemia-induced glycocalyx degradation in pathological states and of interest to us is the altered heparan sulphate biosynthesis (Singh et al., 2011). With high glucose concentration there is alteration in the glycocalyx structure due to a marked decline in the synthesis of GAG subsequently leading to increased passage of albumin across the layer. Proteases like matrix metalloproteinases (MMPs) are stored in endothelium and are released and activated in inflammatory conditions such as diabetes. These activated proteases cleave the syndecans domain with the attached GAG resulting in the breaking of the glycocalyx (Lipowsky, 2011). Another fascinating fact about the MMPs is their affinity to heparan sulphate (HS) forming the HS-MMP complex on the glycocalyx which also damages the glycocalyx (Yu and Woessner, 2000). Finally MMPs can directly cleave HS and proteoglycan syndecan-1 (Endo et al., 2003).


[image: http://ars.els-cdn.com/content/image/1-s2.0-S0085253815556767-gr1.jpg]
[bookmark: _Toc504640561]Figure 1.5. Glomerular endothelium. The “a” part shows intact glycocalyx, fenestrated endothelium, and intact slit diaphragms. The “b” part shows reduced glycocalyx, thickened glomerular basement membrane and widened foot processes. (with permission from copyright clearance centre)
[bookmark: _Toc504638831][bookmark: _Toc504640562](http://www.kidney-international.org/cms/attachment/2043441967/2056058632/gr1.jpg)  

[bookmark: _Toc506232296]1.3.9 The Bowman’s capsule. 
The Bowman’s capsule covers the glomerulus with a layer of epithelium, this epithelium is flat and covers the glomerular capillaries with the podocytes. The Bowman’s capsule performs the initial step of outward filtration in the process of making urine.
[bookmark: _Toc506232297]1.3.10 Glomerular endothelial cells
The glomerular endothelial cells are also flat and they have regular pores with a diameter ranging between 50-100 nm.
[bookmark: _Toc506232298]1.3.11 Renal glomerular mesangium (RGM)
The RGM is made of cells and a matrix, it is located between the glomerular capillaries and the extraglomerular space. The RGM functions as a contractile membrane with microfilaments. Its contractions regulate and sustain the glomerular filtration pressure. 
[bookmark: _Toc506232299]1.4 Investigations in chronic kidney disease 
In order to make a diagnosis, treat and offer prognosis, there is a spectrum of laboratory investigations. 
Urine examination. This involves macroscopic appearance of urine, microscopic examination and dip stick testing which include pH, glucose, specific gravity, nitrite, protein, blood and leucocytes.  
Protein estimation. This is used to monitor progression of kidney disease to end stage renal disease, and can be done by 24-hr protein estimation in urine. However, collection and assessment of 24-hour urine protein may be cumbersome and unrewarding therefore this can be replaced by albumin:creatinine ratio in urine. A study has reported that urine albumin is more robust than total urine protein measurement in assessing glomerular protein (Ballantyne et al., 1993). There is another thought that screening for urinary albumin will miss out on tubular proteins (Lamb et al., 2009). We however investigated both urinary protein and albumin (Sections 2.4.5 and 2.4.3). 
Glomerular filtration rate. GFR helps in detecting renal impairment and also in the monitoring of patients who have suffered renal impairment or are at risk of suffering renal disease. Plasma creatinine measurement remains a standard laboratory investigation used to measure renal function. It is used in the estimation of GFR (eGFR). However its use depends on the knowledge of the patients’ age, sex and ethnicity as these parameters are important in the calculation of eGFR and the interpretation of the results. Unfortunately this estimation still suffers some limitation as it has not been validated for some parameters such as muscle wasting disorders, oedematous states and extremes of age. 
Another method used to measure the functionality of the kidney is to measure blood urea nitrogen (BUN). This involves the measurement of the nitrogen component of urea which is the by-product of protein catabolism. Urea is synthesised by the liver and excreted by the kidneys. This forms the bases for its use for assessing the excretory function of the kidney. BUN has been reported as an early marker of kidney disease (Yale et al., 2013). 
The measurement and accuracy of these parameters in rats has posed some challenges but a study has developed a formula for its calculation (Pestel et al., 2007): 
GFR = mean of (creatinine clearance X BUN clearance) where 
Creatinine clearance = 1000 * urine volume * concentration of creatinine in urine / concentration of creatinine in serum
 	and 
BUN clearance = urine volume * concentration of BUN in urine                                                                                                        .                                                      /concentration of BUN in serum
The above formula (GFR) is cumbersome and creates gaps for errors as it is a multi-steps process which involves calculating serum creatinine, serum BUN, urine creatinine and urine BUN. Therefore, to keep the process simple we decided to use creatinine clearance (Section 2.4.7) as the estimation of creatinine clearance in 24-hour urine is a useful test when GFR is practically difficult or its result doubtful (http://oxfordmedicine.com/view/10.1093/med/9780199204854.001.1/med-9780199204854-chapter-2104).  
Renal biopsy. Its importance is valuable where clinical information and laboratory investigation has been inconclusive. Unfortunately it has the potential of increased morbidity and mortality in the presence of co-morbidity (Chen et al., 2012).   
[bookmark: _30j0zll]Renal imaging. This includes non-invasive techniques such as ultrasonography, CT scanning, MRI, nuclear medicine scanning and fluorodeoxyglucose positron emission tomography (FDG-PET) scanning (Toriihara et al., 2015 Meola et al., 2016).
[bookmark: _Toc506232300]1.5 Pathobiology of fibrosis
The ECM is composed of proteins, proteoglycans, and glycoproteins. Formation and degradation of ECM is a dynamic physiological process (Section1.3.5) with a balance between formation and degradation of the components within the matrix. The imbalance in this dynamic process results in loss or accumulation of ECM, with the latter leading to fibrosis. Therefore, at the molecular level fibrosis is often the replacement of functional tissue with primarily type 1 collagen. Fibrosis is a pathological process which results in scarring and overproduction of ECM, and has been implicated in morbidity and mortality linked to organ failures in chronic diseases, such as hypertrophic scar or keloids in the skin, cirrhosis in the liver and gall bladder, and fibrosis of the kidney, lungs and heart. Fibrosis is an irreversible event that compromises the structure and functions of the affected organs. Clinicians have used various anti-inflammatory and immunosuppressive agents in its management. However, these were usually unrewarding, (Selman, 2002) and has therefore, left us with the option of developing anti-fibrotic agents to attack different points of the pathogenesis of fibrosis at the molecular level.
Cell growth and proliferation is essential in embryogenesis and normal homeostasis, but poor control of cell proliferation and abnormal ECM turnover may lead to fibrosis. Proliferation of fibroblasts with resultant increase in quantity of ECM is key in the pathogenesis of fibrosis. Wound healing is an example of healthy fibrosis which still leads to scarring. While wound healing is a physiological process resulting in scar formation, fibrosis will occur when the process is incompletely controlled and this leads to replacement of functional tissues with myofibroblasts and fibroblasts (Section 1.8) and excess deposition of ECM. 
Epithelial to mesenchymal transition (EMT) is a controversial pathway in chronic fibrosis. EMT is a cellular event where epithelial cells are transformed into myofibroblasts (Section 1.9) which are components of scar tissue, as evidenced by in vivo studies (Kim et al., 2006). During physiological wound healing EMT is activated, and deactivated once healing is established, but with continuous injury or assault, growth factors are elevated, and there is dysfunctional signalling. EMT is therefore sustained, more myofibroblasts are formed with a concurrent increase in extracellular matrix deposition and finally fibrosis sets in which results in loss of structural integrity and dysfunction of tissue or organs (Schroer and Merryman, 2015). 
Some polypeptide hormones or growth hormones are known to be responsible for the replacement of functional epithelial tissue with non-functional scar (Krafts, 2010).
These polypeptide hormones may act singly or collectively even though they are cell or tissue selective. Locally active growth factors have been implicated in the pathogenesis of many diseases (Edwards et al., 2008) 
[bookmark: _1fob9te][bookmark: _Toc506232301]1.6 Wound healing
This can either be regenerative or scar forming. The cellular events that occur in wound healing are aimed at achieving the following:
Migration and proliferation of cells (fibroblasts, epithelial cells and endothelial cells) involved in the wound repair to the site of injury.
Synthesis of an appropriate ECM.
These cellular events are guided by a number of factors broadly grouped into two: 
Those that exert a mitogenic effect, or lead to cell differentiation on the cells to which they bind (growth factors);
Cytokines and chemokines derived largely from inflammatory cells that have other regulatory functions (Alfano and Poli, 2005). 
[bookmark: _3znysh7][bookmark: _Toc506232302]1.7 Growth factors
These are peptides capable of stimulating cellular growth, proliferation and cellular differentiation. Examples are platelet derived growth factor (PDGF), transforming growth factor (TGF), epidermal growth factor (EGF). They are vital in regulating cellular processes and act as signalling molecules between cells via any of these pathways:
1) Endocrine Pathway: Growth factors are secreted at a distance far from their target and are transported via the blood stream to the target site for example, epidermal growth factor (EGF) and insulin-like growth factor (IGF) (Voudouri et al., 2015). 
2) Paracrine: Growth factors are synthesized and released by cells that are in close proximity to their target.
3) Autocrine: The same cell synthesizes and uses the growth factor.
Growth factors can be divided into two: 
· Competence growth factors which move the cell from GO phase back into the cell cycle. Examples are PDGF, fibroblast growth factors (FGF). 
· Progression growth factors, which have a mitogenic effect on cells that are not in the GO phase, examples are Insulin-like growth factors 1 and 2 (somatomadins) and epidermal growth factor (Christopoulos et al., 2015). 
[bookmark: _2et92p0][bookmark: _Toc506232303]1.7.1 Platelet derived growth factor (PDGF)
PDGF is a peptide regulatory factor secreted by platelets, activated monocytes, derived macrophages and vascular endothelial cells (Ross, 1989). It has a molecular weight of about 30,000 kDa and consists of two peptide chains: A and B with molecular weight of 16,000 and 14,000 respectively. There are three isoforms: PDGF-AA, PDGF-BB, and PDGF-AB. Its activation is via binding to subunits of receptors on the cell surface. These receptors are specific cell surface high affinity receptors. Any of the PDGF isoforms can bind to a receptor subunits, which is either α or β and the dimers are formed of PDGF couples two receptor sub-units together to develop a mature receptor. The peptide chains of PDGF are joined by inter and intramolecular disulphide bonds. Under certain conditions, the secretion of PDGF can also be induced by fibroblasts and smooth muscle cells (Libby et al., 1988). PDGF plays an important role in normal growth and development, wound repair, and inflammatory reactions associated with fibroproliferative disorders. It is therefore believed that PDGF is mainly a mitogen for connective tissue cells like fibroblasts (Alvarez et al., 2006). Macrophages play a crucial role in chronic inflammation and are numerous in inflammatory diseases and their stimulation results in secretion of PDGF. It is also known that PDGF-AB and PDGF-BB can induce fibroblast or smooth muscle proliferation (Bornfeldt et al., 1994). The proliferation of these fibroblast and smooth muscle cells may result in fibrosis. PDGF is a mitogen and it attracts mesenchymal cells to a wound site (except endothelial cell that do not have PDGF receptor), stimulate protein production, cell proliferation and fibrosis. 
[bookmark: _tyjcwt][bookmark: _Toc506232304]1.8 Cytokines
Cytokines are a group of protein cell regulators, produced by platelets, monocytes, macrophages, T- cells, and other inflammatory cells at the site of inflammation. (Clark, 1985, Ihn and Ihn 2002)  Cytokines production can occur either during physiological and pathological processes and it is mediated by either resident of recruited cells. They are low molecular weight proteins that regulate inflammation, immune responses, dermal fibroblast proliferation and extracellular matrix breakdown or deposition (Ihn and Ihn, 2002). They are immunomodulatory proteins and are responsible for the modulation of effector functions of immune system and amplification of immune response. 
Examples are interleukin IL-1 alpha and beta, tumour necrosis factor, (TNF) alpha and beta, IL-4, IL-6, and oncostatin M (OSM). Their mechanism of action is either via an autocrine pathway or paracrine pathway.
[bookmark: _3dy6vkm][bookmark: _Toc506232305]1.8.1 Transforming growth factor β (TGFβ)
TGFβ is a major mediator of fibrosis, it belongs to a superfamily known as TGFβ superfamily. The superfamily consist of transforming growth factor beta family, bone morphogenetic proteins (BMPs), growth and differentiation factors (GDFs), activins (ACTs), inhibins (INHs), and glial-derived neurotrophic factors (GDNFs). 
TGFβ family includes its three isoforms TGF-β1, TGF-β2, and TGF-β3, it is a group of 3 genes that are produced by fibroblasts, smooth muscle cells, endothelial cells, monocytes, macrophages and T-cells. The primary structures of TGFβ isoforms (β1, β2 and β3) are similar, with each having 20-30 amino acids at the N terminus and 112-114 amino acid at the C terminal. TGFβ has 9 cysteine residues of which 8 are held together by disulfide bonds to form a disulfide knot while the equivalent cysteine residue binds to the 9th cysteine residue of another TGFβ to form a dimer (Daopin et al., 1992). TGFβ is secreted in a latent form by macrophages and thereafter complexed with two polypeptides: Latent TGFβ (LTBP) and latency associated peptide (LAP). LTBP localizes with microfibrils in fibrillogenesis. The mechanism of TGFβ in fibrosis is the promotion of matrix deposition by mesenchymal cells leading to expression of ECM genes and inhibition of matrix metalloproteinase activity which degrade ECM (Wynn, 2008), LAP binds to fibrillin in the ECM and promotes cell differentiation. Plasmin catalyses the release of active TGFβ from the latent complex. TGFβ, therefore is a mitogen in the presence of TGFα, a chemoattractant, and plays significant role in cell proliferation and differentiation.
Transforming growth factor β (TGFβ) signalling pathway.
The transforming growth factor beta (TGFβ) signalling pathway is seen in many cellular processes of cell growth, differentiation, homeostasis and fibrosis. This pathway serves as a regulatory mechanism in many cellular processes. Intracellular TGF-β has both canonical and non-canonical signalling pathways. The canonical pathway involves the binding of TGFβ superfamily such as bone morphogenetic proteins ((BMPs) and growth and differentiation factors (GDFs) to a type II receptor (serine/threonine receptor kinase). This results to recruitment and subsequently phosphorylates a type I receptor which further phosphorylates receptor regulated SMADs (R-SMADs). 
R-SMADs binds with a coSMAD (SMAD4) to form a complex R-SMAD/coSMAD. Theses complexes accumulate within the nucleus and function as transcription factor of DNA thereby participating in the regulation of target gene expression. 
BMP are involved in the transcription of mRNAs in cellular processes such as cell differentiation by binding to bone morphogenetic protein receptor type-2 (BMPR2). TGF betas begin the transcription of mRNAs involved in cell differentiation and extracellular matrix dynamics by binding to TGF-beta receptor type-2 (TGFBR2).
The TGF beta signalling pathway is well regulated by mechanisms that either modulate the pathway positively or negatively. This involves agonists for ligands and R-SMADs, ubiquinated R-SMADs and receptors and also decoy receptors.
The non-canonical pathway to the nucleus include mitogen-activated protein kinases (MAPK), phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K), AKT/PKB pathway and GTP-binding proteins (Ras, RhoA, Rac1, CDC42, and mTOR).  
[bookmark: _1t3h5sf][bookmark: _Toc506232306]1.8.2 Connective tissue growth factor (CTGF CNN2)
CTGF is a member of the CCN chemokine gene family (CNN2) (Moussad and Brigstock, 2000). They are matricellular proteins that are crucial in the signalling and regulatory role of molecules, and are also involved in biological functions such as cell proliferation, wound healing and angiogenesis (Holbourn et al., 2008). The CCN family regulates chemotaxis, vascularization, mitogenesis of fibroblasts, angiogenesis, adhesion and ECM dynamics in wound healing (Holbourn et al., 2008). CTGF is known to cause mesangial hypertrophy in fibrotic diseases like diabetic nephropathy (Wahab et al., 2002, Wahab et al., 2001), and its concentration is increased in diseased kidneys evidenced by high level of tropomoysin receptor kinase A activity (TrKA), (Fragiadaki et al., 2012). CTGF causes increased ECM synthesis, hypertrophy, and glomerulointerstitial fibrosis (Mason, 2013).  Conclusively, CTGF contributes to fibrosis of major organs in fibroproliferative diseases, and remodelling of physiological activities within the ECM. 
[bookmark: _4d34og8][bookmark: _Toc506232307]1.9 Myofibroblasts
Myofibroblasts are of diverse and controversial origin. There is migration and differentiation of bone marrow mesenchymal stem cells to myofibroblasts at an injury site, dedifferentiation to mesenchyma markers by epithelial cells via EMT, and expansion and activation of resident tissue fibroblasts to myofibroblasts (Piera-Velazquez et al., 2011, Hu and Phan, 2013). Duffield, (2012) reported that myofibroblasts are not migratory but rather are differentiated from resident mesenchymal cells (Duffield, 2012), while Hinz et al. 2007 are of the opinion that myofibroblasts are usually not normal constituents of tissues but may be found in some specialized tissues (Hinz et al., 2007). Conclusively, they are found at site of injury and disappear after wound healing by apoptosis, but, with persistent injury myofibroblasts may persist at an injury site and lead to chronic fibrosis (Hu and Phan, 2013). They are therefore, one of the players responsible for ECM synthesis in fibrotic diseases. 
[bookmark: _2s8eyo1][bookmark: _Toc506232308]1.10 Other fibrogenic factors involved in diseases
These are proteins involved in the pathogenesis of fibrosis. Examples are the enzymes carboxypeptidase B2, tranglutaminase (TG), and the non-enzymic formation of advanced glycation end-products (AGEs).
[bookmark: _17dp8vu][bookmark: _Toc506232309]1.10.1 Transglutaminase 2 (TG2)
Also known as tissue transglutaminase, it is an enzyme involved in covalent bond formation between a free amine group and an acyl group with the formation of ammonia. This bond is resistant to proteolysis. TG2 forms extensive, insoluble, stable cross linked polymers (ε-(γ-glutamyl)lysine) in the ECM, clots, and in scar tissue. TG2 can also enhance migration and activation of LTBP (TGF-β1) found in fibrosis. ECM crosslinked by TG2 is thought to be resistant to the action of proteinases (Bains, 2013).
Roles of Transglutaminase 2
· Chronic diabetic nephropathy: The polymer formed by TG2 causes thickening of the basement membrane and expansion of renal epithelial cells with increase in ECM (Huang et al., 2009, Skill et al., 2004). 
· Diagnostic /Predictive tool: Urinary TG2:creatinine ratio has been suggested by some researchers to be a better non-invasive predictor in progressive CKD than albumin:creatinine ratio (Lodge et al., 2013). 
· Inhibition of TG2 also reduces ECM deposition (Skill et al., 2004). 
[bookmark: _3rdcrjn][bookmark: _Toc506232310]1.10.2 Advanced glycation end-products (AGEs)
AGEs are formed by the Maillard reaction. A reducing sugar, for example glucose, reacts with an amino group of a protein, lipid or nucleic acid non-enzymatically, to form Schiff bases and Amadori products. The rearrangement of Amadori products either through an oxidative or non-oxidative pathway yields advanced glycation end-products (Singh et al., 2001). However, degradation of glucose and Schiff base, and reaction of Amadori products can also yield AGEs (α-oxoaldehydes) (Odani et al., 1999, Singh et al., 2001). AGEs formation is favoured by a high concentration of glucose in the early Maillard reaction and this is what happens in diabetes (Furth, 1997). As with TG2 the formation of covalent bonds between ECM components confers resistance to proteinases. The rate of glycation is faster with intracellular sugars such as glucose -6-phosphate, or fructose when compared to glucose. The basement membrane is the prime extracellular target of AGEs but myelin, plasminogen activators and fibrinogen are also affected. Affected cells are less pliable, more rigid and subjected to damage. In chronic diseases like diabetes and its complication such as DN increasing AGEs accumulation correlates with severity of the disease (Sugiyama et al., 1996, Singh et al., 2001, Vistoli et al., 2013). 
Its pathology is increased by its signaling pathway with the binding of AGEs to receptors (RAGE) which are found on almost all cells and subsequent accumulation of AGEs (Shaikh and Nicholson, 2008). 
[bookmark: _26in1rg][bookmark: _Toc506232311]1.10.3 Tissue inhibition of metalloproteinases (TIMPs)
[bookmark: _lnxbz9]These are inhibitors of some metallopeptidases of the matrixin group (matrixins) (George, 1998) for example MMPs, ADAMs, ADAMTs. Four gene products exist in human: TIMP-1, TIMP-2, TIMP-3 and TIMP-4. They belong to clan IT and family I35 in the Merops classification, (Rawlings et al., 2014). TIMPs were first discovered in 1975 by fractionation of human serum proteins (Woolley et al., 1975). They are endogenous inhibitors of matrix metalloproteinases (MMPs) and disintegrin metalloproteinases (ADAMs and ADAMTs). The effect of TIMPs on phenotype is important as it influences ECM accumulation, adhesion of molecules, cytokines, chemokines and growth factor activity (Murphy, 2011). They are non-selective in their inhibitory activity, which occurs by inserting its N-terminal domain into the active site of the enzyme. The absence of TIMPs may result in worsening of disease state, for example the absence of TIMP-3 can exacerbate DN (Basu et al., 2012), while absence of TIMP-1 enhances deterioration of allergic asthma (Sands et al., 2009). A recent study has also shown that TIMPS have non-inhibitory functions in mammals (Murphy, 2011). 
[bookmark: _Toc506232312]1.11 Carboxypeptidase B2: structure and characteristics.
Carboxypeptidase B2 is also known as arginine carboxypeptidase, carboxypeptidase U, brain specific carboxypeptidase B, plasma carboxypeptidase B, and thrombin activatable fibrinolysis inhibitor (TAFI). It is a peptidase, that belongs to clan MC, family M14 (Carboxypeptidase A family), and subfamily M14.009 with NC-IUBMB 3.4.17.20 (Rawlings et al., 2014). Members of this family of carboxypeptidases were first discovered in 1929, and crystallized in 1935 (Annon, 1935). Carboxypeptidase B was first purified in 1958. It was then largely assumed to be a digestive enzyme secreted by the pancreas (Eaton et al., 1991). The carboxypeptidase A family (M14) contains metallocarboxypeptidases with a zinc ion at the active site, which is coordinated tetrahedrally to two histidine residues, a glutamate and a water molecule. It is synthesized as an inactive zymogen which is activated by proteolytic cleavage to an active enzyme. 
Most of the peptidases in family M14 are carboxypeptidases hydrolysing single, C- terminal amino acids from polypeptide chains. Carboxypeptidase B2 hydrolyses C- terminal peptide bonds to release a lysine or arginine. It has a recognition site for the free C-terminal group in proteins and this is a key determinant of specificity. The knowledge of the activity of carboxypeptidase B2 was first reported in 1988 as labile carboxypeptidase (Hendriks et al., 1989, Bouma and Meijers, 2003). It was demonstrated that ion-exchange chromatography separation of fresh human serum yielded two peaks of basic carboxypeptidase activities with one unstable at 37°C and was labelled carboxypeptidase U due to its instability, while the other was carboxypeptidase N (Bouma and Meijers, 2003). Bajzar et al showed that carboxypeptidase B2 was activated by thrombin found in the blood clot and therefore called it thrombin activatable fibrinolysis inhibitor (TAFI) (Bajzar et al., 1995).
[bookmark: _35nkun2][bookmark: _Toc506232313]1.11.1 Activation of carboxypeptidase B2 (CPB2)
Carboxypeptidase B2 is synthesized in the liver by megakaryocytes as a prepropeptide, with a plasma concentration of 4-15 µg/ml. However, a very low amount may also be found in the platelet, said to be less than 0.1% of total amount in blood (Colucci and Semeraro, 2012), it is also made by the kidney cells (Section 5.3). The molecule has a molecular weight of 55 kDa and contains 423 amino acids, it consists of a pro-peptide moiety (activation peptide), which is about 25% of the entire length of the peptidase. The activation peptide is glycosylated and therefore gives it more stability and increases the half-life (Bouma and Meijers, 2003). The signal peptide is removed cotranslationally and the propeptidase is secreted to yield carboxypeptidase B2 with 401 aa. This is proteolytically activated by cleaving the procarboxypeptidase at Arg-92 by plasmin, thrombin or trypsin to yield active carboxypeptidase with 309 aa, and the activation peptide (Fig 1.6).
Plasmin and thrombin have low catalytic activity on carboxypeptidase B2 (Colucci and Semeraro, 2012). It would therefore require a high concentration to carry out its activity. However, this can be improved with thrombomodulin combined with thrombin and glycosaminoglycans with plasmin. These combinations increase the efficiency of thrombin by > 1000 fold and that of plasmin by 15 fold (Leurs and Hendriks, 2005, Colucci and Semeraro, 2012).

      [image: ]    
    	  [image: ]

[bookmark: _Toc504640563]Figure 1.6 Schematic representation of activation of carboxypeptidase B2. Schematic representation of Pre carboxypepdidase B2, carboxypeptidase B2 and activated carboxypeptidase B2. Proteolytic cleavage liberates the signal peptide and CPB2 from pre-CPB2. Thrombin±thrombomodulin, plasmin±polysaccharide, or trypsin cleaves CPB2 to releases the activation peptide and active CPB2 (Bajzar, 2000).

[bookmark: _1ksv4uv][bookmark: _Toc506232314]1.11.2 Inactivation of carboxypeptidase B2
Active CPB2 can be inactivated by a temperature-dependent conformational change, with a proteolytic cleavage at Arg-302 to yield an inactive 25 kDa and 11 kDa fragments (Bouma and Meijers, 2003, Marx et al., 2000). Active CPB2 demonstrated a variable half-life with difference in temperature (Boffa et al., 1998) (Table 1.2). This also emphasizes the thermal instability of CPB2. GEMSA and anti-coagulants like heparin may improve the stability of CPB2 (Boffa et al., 2000, Bouma and Meijers, 2003).

	Temperature (Celsius )
	T0.5

	37o
	10 min

	30o
	45 min

	22o
	Several hours

	0o
	stable


 
Table 1.2 The half-life of carboxypeptidase B2 and its thermal       instability.

[bookmark: _44sinio][bookmark: _Toc506232315]1.11.3 Interaction between plasmin and carboxypeptidase B2
The unstable nature of CPB2 makes it a complicated substance to study (Walker and Bajzar, 2004). In fibrinolysis, the binding of tissue-type plasminogen activator (tPA) and plasminogen to fibrin via the C-terminal lysine is crucial and a prerequisite in the generation of plasmin (Kovacs et al., 2014). The generated plasmin now acts in a positive feedback manner exposing more C- terminal lysine and continuous fibrinolysis. The mechanism of CPB2 in anti-fibrinolysis is the cleaving of the terminal lysine residue found in fibrin (Kovacs et al., 2014). This terminal lysine is needed for the binding of fibrin to tPA and plasminogen to generate plasmin needed for fibrinolysis.                             
[bookmark: _2jxsxqh][bookmark: _Toc506232316]1.11.4 Functions of carboxypeptidase B2:
· The inhibition of CPB2 is said to reduce ECM accumulation in fibrotic diseases such as chronic kidney disease (Atkinson et al., 2013).
· Anti-fibrinolytic activity: an important event in fibrinolysis is the binding of plasminogen and its activator tissue type-plasminogen activator (t-PA) to the fibrin surface through the recognition of C- terminal lysine residues of partially degraded fibrin. This terminal lysine is cleaved by active CPB2 and therefore leads to inhibition of fibrinolysis.
· Anti-inflammatory activity: the removal of C- terminal arginine by active CPB2 inactivates inflammatory mediators and bioactive peptides, for example the inhibition of plasmin generation is anti-inflammatory because plasmin and plasmin-activated enzymes play crucial roles in cell migration, wound healing and angiogenesis. 
· Processes β-Amyloid Precursor Protein (APP) to β-amyloid: An in vitro study has shown that CPB2 in the hippocampus of the brain improves the prognosis of Alzheimer’s disease, where its role is the conversion of APP to β-amyloid (Matsumoto et al., 2000).
· Diagnostic /Prognostic tool: CPB2 exhibits genetic dimorphism i.e. Thr325Ile dimorphism. In meningococcal sepsis, (a disease characterized by disseminated intravascular coagulation, fibrin deposition and microthrombi formation) the prognosis is said to be worse in patients with the Thr325Ile form because activated CPB2 is more stable, and therefore inhibits fibrinolysis longer. Likewise persons whose parents are carriers of Thr325/Ile allele have a 1.6 fold higher risk to inherit the disease and a 3.1 fold increased risk of dying from the disease. (Kremer Hovinga et al., 2004)
· Splanchnic Vein Thrombosis (SVT) is characterized with hypercoagulabilty, and liver insufficiency, which affects the plasma level of CPB2. The relationship between SVT and single nucleotide polymorphism (SNPs) within CPB2 was studied. The risk for SVT was decreased in 147Thr/Thr homozygotes but insignificantly raised in carriers of the 325Ile allele (de Bruijne et al., 2007).    
The role CPB2 plays in the pathogenesis of coagulation and fibrotic diseases is an area for much investigation so as to develop new therapies in the management of fibrosis and chronic diseases. 
[bookmark: _z337ya][bookmark: _Toc506232317]1.12 Plasmin
It is a serine protease which belongs to the clan PA Sub clan PA(S) Family S1 (MEROPS), (https://www.ebi.ac.uk/merops/cgi-bin/pepsum?id=S01.233). Plasmin is found in the blood in an inactive form called plasminogen. Plasminogen and tissue-type plasminogen activator (tPA) both have kringle domains which recognise C-terminal lysine residues on fibrin. Both tPA and plasminogen form a ternary complex with fibrin and this is vital in the generation of plasmin. (Bunnage et al., 2007). As a serine protease it is involved in the degradation of fibrin clots. It breaks down fibrin to soluble fibrin degradation products (FDPs). 
Plasmin also plays a key role in the degradation of ECM (Wong et al., 1992), It does this by two different proteolytic mechanisms (Lijnen, 2001). It can directly degrade the ECM breaking down laminin, fibronectin, entactin, tenascin, thrombospondin and perlecan or activate the matrix metalloprotenases (MMPs) which break down collagen, elastin and glycoproteins (Montgomery et al., 1993) (Figure 1.7). 

[image: ]
[bookmark: _Toc504640564]Figure 1.7: The interaction of CPB2 and plasmin in ECM breakdown

[bookmark: _3j2qqm3][bookmark: _Toc506232318]1.13 Serpins
These are proteins that inhibit the action of some serine proteases, including plasmin. Serpins are known to be specific for their respective serine proteases and therefore mirror the 3-dimensional structure of serine protease, this results to competitive binding to the serpin in place of the normal substrate. For example, α-2-antiplasmin is the serpin for the serine protease plasmin (Aoki and Yamanaka, 1978).
[bookmark: _1y810tw][bookmark: _Toc506232319]1.14 Carboxypeptidase B2 inhibitor UK-396082
((2S)-5-Amino-2-[(1-n-propyl-1-H-imidazole-4-yl)methyl]pentanoic Acid). This is an imidazolepropionic acid that has demonstrated appreciable competitive inhibitory potency against active carboxypeptidase B2 and over 1000 fold selectivity for carboxypeptidase B2 when compared against carboxypeptidase N with a Ki=10nM (Bunnage et al., 2007). It has a low molecular weight of 239, high hydrophilicity with paracellular absorption and low clearance (Bunnage et al., 2007) which will position it as a desirable pharmaceutical product. See chemical structure in Fig1.8.
Crystallography has shown that the catalytic zinc within CPB2 structure is the point where the imidazole moiety binds to and inhibits the enzyme.



 [image: http://img.bocsci.com/structure/33570-04-6.gif]

[bookmark: _Toc504640565]Figure 1.8: The structure of UK-396082 (2S)-5-amino-2-[(1-propylimidazol-4-yl)methyl]pentanoic acid). With permission from BOC sciences (http://img.bocsci.com/structure/33570-04-6.gif). 

[bookmark: _4i7ojhp][bookmark: _Toc506232320]1.15 Hypothesis
In in vitro and in vivo rat models, renal fibrosis can be reduced by increasing plasmin activity through inhibition of CPB2 activity with UK-396082-    a selective CPB2 inhibitor (Bunnage et al., 2007).
[bookmark: _2xcytpi][bookmark: _Toc506232321]1.16 Aims
To determine if long term treatment in vivo models of DN with UK-396082 will result in reduction of fibrosis.
To assay the levels of uPA, tPA, plasmin and CPB2, in rat kidney epithelial, fibroblast and mesangial cells, in the presence and absence of fibrin.
To compare plasmin level of kidney cell culture medium in the presence and absence of UK-396082 in high and normal glucose culture conditions as an in vitro model. 


Chapter Two
Materials and Methods

    

[bookmark: _Toc506232322]2.1 Reagents and consumables 
[bookmark: _Toc484448811]Fibrinogen from bovine plasma (F8630), thrombin from bovine plasma (T4648), plasmin substrate (D-Val-Leu-Lys 4-nitroanilide dihydrochloride), Trypan blue solution, 1,9-dimethylmethylene blue, dimethylsulphoxide (DMSO), streptozocin powder (S0130), 100 nM urea standard and creatinine assay kit MAK080-1KT were all purchased from Sigma-Aldrich Company Ltd, United Kingdom. Chondroitin-4-sulphate and dimethymethylene blue were gifts from Dr Aileen Crawford of the dental school, University of Sheffield. Heparan sulphate, heparinase II and heparinase III were purchased from Iduron, United Kingdom. Dulbecco’s modification of Eagle’s medium (DMEM), phenol red-free DMEM, 0.1M phosphate buffered saline (PBS) at pH7.4 and 0.05% trypsin-ethylenediaaminetetraacetic acid (EDTA) were purchased from Biowhitaker, United Kingdom. Pyro Glu-Gly-Arg-pNA was purchased from Hyphen Biomed, France, while H-D-Ile-Pro-Arg-pNA was purchased from Chromogenix, Molndal, Sweden. The CPB2 assay kit (Pefakit) was bought from Pentapharm, Basel, Switzerland. Carboxypeptidase B2 inhibitor UK-396082 ((2S)-5-Amino-2-[(1-n-propyl-1-H-imidazole-4-yl)methyl]pentanoic Acid) (Bunnage et al., 2007) was supplied by Pfizer. Rat albumin ELISA kit was purchased from Bethyl laboratories inc, Montgomery, Pierce BCA Protein Assay Kit, Optimal Cutting Temperature compound, T25 and T75 flasks and cytoseal 60 were purchased from Thermos Scientific.
5% Dextrose water, 0.9% normal saline, chlorhexidine, buprenorphine, povidone iodine, Urispec Plus Vet 10 plus dipstick strips, 23 G butterfly cannula, scalpel, sterile surgical gloves and 5% isoflurane were purchased through the BSU of University of Sheffield, while theater gowns and surgical equipment were supplied by BSU of University of Sheffield.
Other reagents which were of highest purity were purchased from registered suppliers of the University of Sheffield.


[bookmark: _Toc506232323]2.2 Equipment 
	Equipment 
	Manufacturer

	Anaesthetic machine
	Nuvo lite AW Anaesthesia services limited

	Biomate 5 spectrophotometer
	Thermo Electron Corporation

	Centrifuge 
	Mikro 120 Hettich

	Freezer (-20°C)
	Frigidaires 

	Freezer (-80°C)
	Sanyo ultra-low

	Refrigerator
	medicool

	CO2 Incubator
	New Brunswick, galaxy 170s

	Magnetic stirrer 
	BIBBY Scientific UK

	IITC life science BP amplifier
	IITC Life science

	TC20 Automated cell counter
	Bio-Rad Laboratories

	Automated 96 well plate washer
	Biocompare ltd 

	Metabolic cage 
	Techniplast, Italy.

	Clipper 
	Wella contura trimmer 

	Microscope Olympus CK2
	Olympus Optical Co LTD. JAPAN



[bookmark: _Toc484448812][bookmark: _Toc506232324]2.3 In vivo experiments
[bookmark: _Toc419657271][bookmark: _Toc419657343][bookmark: _Toc419659348][bookmark: _Toc419852043][bookmark: _Toc484448813][bookmark: _Toc506232325]2.3.1 Animals: 
Male Wistar rats, 8-10 weeks old, with initial weight between 250-300 g were purchased from Charles River Laboratory, Harlow, United Kingdom. Studies have verified the suitability of male Wistar rats for type 1 diabetic studies (Brăslaşu et al., 2007, Gajdosik et al., 1999). The rats were housed 3 per cage. The temperature in the room was controlled at 17°C, with ambient humidity of 45%, 12 hours of light/darkness cycles and rats were allowed free access to water and chow. All procedures (venopunture, nephrectomy, anaesthesia, injection of streptozotocin, insertion of linplant and housing in metabolic cages) were carried out as stated in the project licence (40/3660), personal license (ISID9633B) and individual study plan in line with the regulations of the Animals Scientific Procedures Act, 1986.
[bookmark: _Toc484448814][bookmark: _Toc506232326]2.3.2 Anaesthesia
The United Kingdom Home Office regulates all animal scientific procedures within the UK and part of its responsibilities is to ensure that animal suffering is minimal in scientific procedures. Therefore during surgery or any other painful procedure the use of anaesthesia must be safe, reversible in survival surgeries and reliable. The rats were anaesthetized with isoflurane because it is safe and known for its reproducible anaesthesia, however it may result in a reduction in heart rate and blood pressure (Ebert and Muzi, 1993). 
This was done in 2 stages. (ww.upstate.edu/dlar/pdf/rodent_isoflurane.pdf)
Induction: anaesthesia induction was with 5% isoflurane 1L/min O2 via inhalation in a closed chamber (Fig. 2.1).
Maintenance. The rats were placed on a warm mat and anaesthesia was maintained at 3% isoflurane 200 ml/min O2 using a nose cone (Fig. 2.2).


[image: IMAG0230]
[bookmark: _Toc504640566]Figure 2.1: Anaesthetic machine. The rat is placed in the induction chamber (black arrow). The induction is commenced by setting the isoflurane chamber (purple arrow) and supplied with the oxygen from the oxygen converter (green arrow).

[image: 20150827_152351]
[bookmark: _Toc504640567]Figure 2.2: Rat under anaesthesia maintenance. After induction the rat was placed on a warm mat and connected to nose piece for maintenance of anaesthesia.


[bookmark: _Toc484448815][bookmark: _Toc506232327]2.3.3 Preemptive analgesia 
The process of surgery leads to tissue damage with pain therefore there is a need for preemptive analgesia in postoperative management (Vadivelu et al., 2014). 
Buprenorphine was used for preemptive analgesia for postoperative pain management. A single analgesic regimen was given subcutaneously and this was administered one hour before surgery at a dosage of 0.05 mg/kg. 
[bookmark: _Toc484448816][bookmark: _Toc506232328]2.3.4 Aseptic technique
Rodent surgery is very challenging because the surgeon also functions as the anaesthetist. Therefore the surgeon will have to prepare the rat for surgery, induce and maintain anaesthesia as well as oversee recovery of the rat from anaesthesia. The surgeon therefore has to coordinate all surgeries and procedures in an aseptic manner (Hoogstraten-Miller and Brown, 2008). The need for aseptic technique  is very important as sepsis still accounts for a major cause of mortality and morbidity in wound care (Dai et al., 2011).
The rats were laid on the left lateral position to expose the right lateral side. A 6mm by 3mm area was shaved on the right lateral abdomen wall cranio-dorsally, using the renal angle as a landmark. This area was cleaned with chlorhexidine three times followed by 10% povidone iodine. Excess cleaning solution was dried with a sterile swab. Sterile surgical drapes were used to define the surgical field. The surgical procedure was performed with a surgical mask, cap, sterile gloves and theatre gown (Fig. 2.3).
[image: 20150827_154221]
[bookmark: _Toc504640568]Figure 2.3 Aseptic technique. The aseptic technique involves the use of surgical gloves, nose mask, head cover, drapes and gowns. 


[bookmark: _Toc419657272][bookmark: _Toc419657344][bookmark: _Toc419659349][bookmark: _Toc419852044][bookmark: _Toc484448817][bookmark: _Toc506232329]2.3.5 Diet and drugs
Rat chow mixed with 0.3g UK-396082 /Kg and normal rat chow were supplied by Pfizer through Research Diets Inc, New Brunswick, U.S.A. All veterinary drugs were purchased with prescription of the named veterinary surgeon of the BSU of University of Sheffield.
[bookmark: _Toc484448818][bookmark: _Toc506232330]2.3.6 Linplant
Sustained release insulin implant, (Linplant) was bought from LinShin Canada Inc, Scarborough, Canada. It is a 7mm by 2mm slow releasing insulin implant, made of insulin and microrecrystallized palmitic acid. For subcutaneous insertion, a small area in the upper abdominal skin was shaved, and cleaned with 10% povidone iodine. The cleaned skin was pinched between the thumb and the index finger, the skin was pierced with a 16G needle to create an orifice. The 12G trocar and its stylet were dipped into the 10% povidone iodine and then passed through the orifice to create a 2mm channel. The implant was immersed in 10% povidone iodine and introduced through the skin from the proximal end of the trocar pushing it into the subcutaneous tissue with the aid of the stylet. A drop of 10% povidone iodine was applied over the skin opening. A single linplant lasted 60 days after which it was replaced (Fig. 2.4).
A) [image: Screenshot_2016-08-10-18-02-55] B) [image: Screenshot_2016-08-10-18-03-06]
[bookmark: _Toc504640569][bookmark: _Toc419657274][bookmark: _Toc419657346][bookmark: _Toc419659351][bookmark: _Toc419852046]Figure 2.4 Linplant: A) Shows the trocar ((purple, pink and white ball head), toothed forceps and 2 tubes of linplant. B) Shows the package of the linplant trocar and stylet.
[bookmark: _Toc484448819]
[bookmark: _Toc506232331]2.3.7 Urine collection
The method for urine collection is vital in order to obtain accurate data from the samples. Therefore urine collection method should provide uncontaminated and reliable samples for investigation. Monthly 24-hour urine was collected by putting one rat per metabolic cage to allow separation, collection and quantification of urine, and evaluation of water and food consumed within 24 hours. 
Urine samples were collected into a chilled measuring container which was in the collecting system of a metabolic cage. The measuring cylinder was cooled with ice to reduce urinary protein degradation during the 24 hour sample collection period. 
[bookmark: _Toc419657275][bookmark: _Toc419657347][bookmark: _Toc419659352][bookmark: _Toc419852047]The volume of urine excreted in 24 hours by each animal was recorded and urine samples were collected, centrifuged, aliquoted and stored at -800C. Total food consumed within 24 hours was calculated by subtracting the leftover food from the initial 60 grams of food put in the food chamber.  
[bookmark: _Toc484448820][bookmark: _Toc506232332]2.3.8 Blood collection
Rats were anaesthetized with intraperitoneal Hypnol at 40 mg/kg after which 300 µl of blood was taken from the tail vein using a 23 G butterfly cannula. Blood was allowed to coagulate for 20 mins at ambient temperature and centrifuged at 1500 xg for 5 mins. Serum was collected and stored at -80°C.
[bookmark: _Toc484448821][bookmark: _Toc506232333]2.3.9 Systolic blood pressure
Blood pressure measurement in rats can either be by an invasive or noninvasive method. The plethysmography (PPG) is an affordable, simple and noninvasive method used in measuring blood pressure. Its principle was based on an optical technique where light is used to identify variation in blood volume within the peripheral circulation. It is an accepted process that provides reproducible and worthy information about the cardiovascular system (Allen, 2007). The rats were trained for three days with the holder before the blood pressure reading started. This was to make rats comfortable within the confined space and make rat enter the holder without any nervousness. After the three days training and acclimatization the tail cuff plethysmography was used to measure systemic blood pressure. The rat restraining cage was pre-warmed to 36°C, after which the rat was placed in it. The tail cuff was inflated to exert pressure at the base of the tail, which occluded blood flow at the base of the rat tail. The inflated cuff was thereafter deflated slowly to restore blood flow. As the blood flow was gradually restored the first pulse of the caudal collateral artery was recorded. The reading was captured photoelectrically from the tail cuff sensor and the signals were sent to the amplifier (IITC life science BP amplifier) to obtain the blood pressure and heart rate. (Fig. 2.5).
A tail sensor was applied to the base of the rat tail and the cuff was inflated. The systolic (green line) and diastolic (red line) blood pressure was determined by the IITC software (Fig. 2.6). Three readings were taken and the average recorded.   
[image: WP_20160311_001]
[bookmark: _Toc504640570]Figure 2.5 Systemic blood pressure equipment. The yellow arrow shows the IITC life science BP amplifier, the blue arrow shows the tail cuff sensor at the base of the tail and the green arrow shows the rat holder with the rat in place. 


[image: WP_20160308_006]
[bookmark: _Toc504640571]Figure 2.6 Telemetry data for rat blood pressure. The yellow arrow shows the diastolic blood pressure while the blue arrow shows the systolic blood pressure.  

[bookmark: _Toc484448822][bookmark: _Toc506232334]2.3.10 Diabetic Nephropathy
This was done in two steps. 
Step 1 Unilateral Nephrectomy: 
(http://www.criver.com/files/pdfs/surgery/nephrectomy.aspx)   
A 3 cm vertical incision was made from the renal angle downwards using a 23 scalpel blade. The muscle layers were gently parted and the right kidney was exposed and freed from surrounding tissues, the adrenal gland was freed and returned back into the abdominal cavity. The renal vessels were clamped with curved forceps and the renal capsule was shelled off the kidney. A 4.0 silk suture was passed around the renal vessels to tie the renal vessels and ureter. Three knots were made and the kidney was carefully cut and hemostasis was maintained. After checking that there was no active bleeding the vascular stump was returned back into the abdomen. The wound was closed in layers with vicryl sutures and the rat was allowed to recover in the incubator before it was returned back to the cage (Fig. 2.7). 
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[bookmark: _Toc504640572]Figure 2.7 Unilateral nephrectomy. A) The fur was shaved off the area to be operated, B) the area to be operated was disinfected with antiseptic (povidone iodine), C) a vertical incision was made from the renal angle downwards, D) the kidney was delivered through the surgical incision, E) the renal vessels were tied with 4.0 silk suture to secure hemostasis, F) the kidney was excised and the renal stump returned back into the abdominal cavity, G) the wound edges were putt together with interrupted sutures, H) rats recovering post-operatively, I) excised kidney being measured, J) post op wound.



Step 2 Induction of type 1 diabetes: The wound was allowed to heal, after which type 1 diabetes was induced with two doses of streptozotocin given for two consecutive days at IV 40 mg/kg streptozotocin (O'Brien et al., 1996). The rats were weighed, and 40 mg/kg of streptozotocin was weighed into a minifuge tube and covered with foil paper. The weighed streptozotocin was mixed with 1ml of 0.9% normal saline and this was introduced into the venous system through the rat tail vein (Akbarzadeh et al., 2007). The rat was monitored for 20 mins for adverse effects before being returned to the cage. Dextrose (5% w/v) in water was made available in the cage to avoid hypoglycemia. 
[bookmark: _Toc484448823][bookmark: _Toc506232335]2.3.11 Kidney samples
[bookmark: _Toc419657277][bookmark: _Toc419657349][bookmark: _Toc419659354][bookmark: _Toc419852049]Nephrectomy was performed as described in section 2.3.10. The right kidney was removed at the beginning of the study while the left kidney was removed at the end of the study. The kidneys were weighed without the renal capsule (Fig. 2.7I). Each kidney was cut along its longitudinal plane from the upper pole to the lower pole after which each half was cut transversely to obtain four pieces. One piece was put in 10% formalin, a second piece was put in RNA Later (Thermo Fisher Scientific) for 24 hours and then stored in – 80°C. The third piece was put in liquid N2 and later stored in -80°C while the fourth piece was put in Optimal Cutting Temperature compound.   
[bookmark: _Toc484448824][bookmark: _Toc506232336]2.3.12 Weight monitoring
Monthly weight measurement was done using a weighing scale. All the rats were weighed on the same day using a weighing scale. The weighing beaker was placed on the scale after which the scale was set to zero and the rat was placed in the weighing beaker and the reading recorded. 
[bookmark: _Toc484448825][bookmark: _Toc506232337]2.4 Evaluation of renal function
There is an increase in reported cases of renal pathology (Coresh et al., 2007) which has led to developments of effective, efficient and standardized ways of assessing the functions of the kidney. Most of these methods are now routine blood and urine tests (de Castro et al., 2014). This usually involves measurement of serum creatinine, urine creatinine, urea, albumin, protein and urinalysis. The development of one pathology may arise to development of subsequent complications or co-morbidities, therefore there is a need to monitor other systems such as the hepatic, cardiac and urinary systems to be sure that any effect seen in our study were solely due to diabetic nephropathy.   
[bookmark: _Toc484448826][bookmark: _Toc506232338]2.4.1 Urinalysis 
This involves investigating the appearance, concentration and constituents of the urine (Paquignon et al., 1993).
Urispec Plus Vet 10 plus (Henry Schein) is a firm plastic urinalysis test strip with 10 attached separate reagent areas: glucose, protein, pH, leukocytes, nitrites, ketones, blood, bilirubin, urobilinogen and specific gravity, used for semi-quantitative screening for potential disease which include diabetes, renal function, hepatic function, urinary tract infection (UTI) and pH imbalances. The strips have specific chemical reagent pads attached to them which react with urine to give a colour change within a specified time and the colour change is read against a colour chart. 
Examination of urine samples can guide in the diagnosis and management of diseases of the urinary tract. The first step was the collection of 24-hour urine samples (Section 2.3.7), which was followed by a macroscopic examination of the urine sample in a clear measuring cylinder. The transparency, colour, smell and volume excreted was noted and documented.
The test strip was dipped into the urine sample for approximately 1 second, excess urine was wiped with a clean paper towel and observed for colour change within 30-60 seconds and between 60-120 seconds for the leukocyte test bar. The colour change was compared with the colour chart provided by the manufacturer. Results from the strips gave information about the sugar level, the renal function, acid-base balance, UTI and jaundice in our rat urine samples.
Principle of urinalysis
[bookmark: _Toc484448827]Blood: the test can determine 5-10 erythrocytes/µl urine which is equal to approximately 0.015 mg haemoglobin. The test was based on a peroxidase-like activity of haemoglobin, a reaction between hydroperoxide and 3,3’,5,5’,- tetra methylbenzidine (chromogen), the presence of blood in the urine catalyzes the oxidation of the chromogen.
H202 + Chromogen     Heamoglobinperoxidase    Oxidized chromogen + H20. 
The presence of detergent containing peroxide in the urine may result in false positive results. The colour ranges from orange through green, but very high levels of haematuria may proceed to blue colour. The presence of green colour dots on a yellow background on the strip is an indication of intact erythrocytes (Mainwaring-Burton, 1991).

[bookmark: _Toc484448828]Nitrite: The test determined values between 0.05-0.10 mg nitrite/dl urine. A colour change is suggestive of a bacterial UTI and this should be further investigated. The test was based on the conversion of nitrate to nitrite by gram negative bacteria found in UTI. The reagent area is acidic and then reacts with p-arsanilic acid to form a diazonium compound which is combined with 1,2,3,4-tetrahydrobenzo(h)quinolin-3-ol which yields a pink colour (Mori et al., 2010). 
[bookmark: _Toc484448829]Glucose: The test was based on a double sequential enzyme reaction. Oxidation of glucose is catalysed by glucose oxidase to form glucuronic acid and hydrogen peroxide, this is followed by peroxidase reaction which catalyses hydrogen peroxide with potassium iodide chromogen to a range of colour from yellow to dark green. This colour is read against a colour chart.
[bookmark: _Toc484448830]Ketones: The test was based on the reaction between acetoacetic acid and nitroprusside. The ketone test zone on the strip is coated with glycine and nitroprusside and buffered with sodium phosphate. Therefore the presence of acetoacetate in urine causes nitroprusside to generate a colour change which ranges from pink, (negative) to purple (Smith et al., 1977).
[bookmark: _Toc484448831]Urine pH: The pH of urine was detected by the concentration of free H+ in urine. pH is a reciprocal to [H+], therefore as [H+] increases pH decreases and urine is more acidic. The test was based on the double indicator (methyl blue and bromethymol blue) principle which gives a broad range of colours from yellow green to blue and this covers the entire pH range. The pH was the first parameter to be read to avoid a run over effect from dripping urine along the strip, because any excess urine on the strip can cause the acid buffer in the protein zone to run into the pH zone due to close proximity on the strip (Chadha et al., 2001). 
H ++ bromethymol blue                      Bromethymol blue-H+ (yellow)
[bookmark: _Toc484448832]Specific gravity: The test was based on the pKa change of pre-treated polyelectrolytes with respect to ionic concentration. With the aid of an indicator, low ionic concentration range change from blue-green to yellow-green in high ionic concentrations (Burkhardt et al., 1982).                         
Polyelectrolyte-H2 + cations ++                  polyelectrolyte-cations + 2H +
Bilirubin: Bilirubin is light sensitive and therefore the urine was examined immediately and kept away from sunlight to prevent the oxidation of bilirubin to biliverdin. The test was based on coupling bilirubin and diazotized dichloroaniline in a strongly acidic medium. The presence of bilirubin in the urine reacts with diazide in the presence of an acidic medium to produce azobilirubin which results in a colour change on the strip (Smith et al., 1977).
Bilirubin + diazide          acid          Azobilirubin
The test measures bilirubin range from 0.5 to 1 mg/dl urine, and the colour variation ranges through shades of tan.
[bookmark: _Toc484448834][bookmark: _Toc506232339]2.4.2 Blood urea nitrogen (BUN): The process of protein metabolism occurs in the liver with urea as its by-product which is excreted from the body by the kidneys. The glomerulus filters urea freely out of the body but it is subsequently reabsorbed through a flow dependant mechanism in the tubules. Therefore the higher the flow rate, the more the amount of urea that is excreted from the blood by the kidneys. This therefore makes urea a good measurement parameter of kidney function. However there are two methods available in the investigation of urea: the diacetyl, or Fearon, reaction and the enzymatic method. In the enzymatic method, urea is determined by a coupled enzyme reaction that produces a colorimetric by-product which is proportional to urea. This method is also more specific. It uses the enzyme urease to convert urea to ammonia and carbonic acid, which are proportional to the concentration of urea in the sample and absorbance is measured at 570 nm. We therefore used the enzymatic method to determine urea in our rat urine samples (Na et al., 2014). BUN kit was bought from Sigma-Aldrich (MAK006). It consists of urea assay buffer, peroxidase substrate, enzyme mix developer, converting enzyme and urea standard.  
Normal adult BUN levels are between 7 and 21 mg urea nitrogen per 100 mls blood (mg/dl). An elevated BUN of more than 50 mg/dl is suggestive of poor kidney function and may be associated with acute kidney injury while a low BUN may be suggestive of poor protein diet, malnutrition or liver disease. However low BUN is not clinically predictive (Beier et al., 2011). 


Procedure
Preparation of standard
	Reagent 
	Standard blank (µl)
	Samples/Standards (µl)

	Urea assay buffer
	44
	42

	Peroxidase substrate
	2
	2

	Enzyme mix
	2
	2

	Developer
	2
	2

	Converting enzyme
	0
	2



[bookmark: _Toc494731225][bookmark: _Toc494732960] Table 2.1: Reaction mix. This shows the composition that make up the reaction mix used for the standard and sample experiment

100 nM urea standard was brought from Sigma-Aldrich, UK. Reaction mix was prepared as shown in table 2.1. A 96 well plate was labelled appropriately and 50 µl of reaction mix was added to each wells in duplicate after which 0.5 mM was prepared by diluting 5 µl of 100 mM of urea standard with 995 µl of urea assay buffer. 0, 2, 4, 6, 8, and 10 µl of 0.5 mM was pipetted in duplicate into the 96 well plates. Urea assay buffer was used to bring the volume to 50 µl (Table 2.2). The content in the plate was mixed with a horizontal shaker, the plate was covered with foil to protect it from sunlight and incubated at 37°C for 60 mins.


 
	Standard 0.5mM (µl) 
	Urea assay buffer (µl) 
	Reaction mix (µl)
	Concentration/well (nmole/well) 

	0
	50
	50
	0

	2
	48
	50
	1

	4
	46
	50
	2

	6
	44
	50
	3

	8
	42
	50
	4

	10
	40
	50
	5


 


[bookmark: _Toc494731226][bookmark: _Toc494732961][bookmark: _Toc504638842][bookmark: _Toc504640573]	Table 2.2 Urea standards composition. The table shows the   composition of individual well/standards used to set up a standard curve and the final concentration in the wells.

[bookmark: OLE_LINK7]The urea content in our urine samples were determined using 50 µl of urine samples after necessary dilution with urea assay buffer and 50 µl of the reaction mix. All samples were done in duplicate and absorbance was read at 570 nm. The mean of the readings was calculated and subtracted from the mean of the blank (Table 2.2). The standard curve was plotted (Fig. 2.8) and the sample concentrations were also calculated and multiplied by the dilution factors. 


[bookmark: _Toc504640574]Figure 2.8: Standard curve of urea nitrogen at 570 nm. The data points are means of n=2 values of A570 of urea standards at ambient temperature. 

[bookmark: _Toc484448835][bookmark: _Toc506232340]2.4.3 Rat albumin
Rat albumin ELISA kit was used for this investigation (Kordes et al., 2014), the kit contained the following rat albumin pre-coated 96-well strip plate, rat albumin standard, rat albumin detection antibody, 20x dilution buffer c, HRP solution a, TMB substrate, stop solution, 20x wash buffer, sealing tape. Affinity purified sheep anti-rat albumin coating antibody (Bethyl laboratories inc, Cat. No. E111-125) was used to coat the 96 well plate. This was followed by adding the urine sample. A secondary anti-sheep antibody with horseradish peroxidase (HRP) was added along with the enzyme substrate 3,3’,5,5’- tetramethylbenzidine (TMB). This produces a colour change which is proportional to the secondary antibody bound to the primary antibody which binds to the albumin. The absorbance was measured with a spectrophotometer at 450nm.


Procedure
An ELISA 96-well plate was used for this procedure. 100 µl of affinity purified antibody was diluted with 10 mls of 50 mM Tris 0.14 NaCl 1% BSA 0.05% Tween 20 pH 8.0 (diluent). 100 µl was used to coat each well of a 96 well plate. The plate was incubated at ambient temperature for 60 minutes. The plate was aspirated after incubation and washed five times with an automated 96 well plate washer using 50 mM Tris, 0.14 M NaCl, 0.05% Tween 20 pH 8.0.
200 µl of 50 mM Tris, 0.14 M NaCl, 1% BSA pH 8.0, (blocking solution) was added to each well and incubated for 30 minutes and washed five times. 100 µl of standard/ urine samples were added to the wells and incubated at ambient temperature for 60 mins and washed five times with washing solution. 100 µl of diluted HRP conjugated sheep anti-rat albumin detection antibody was added to the wells and incubated for 60 mins at ambient temperature and then washed five times. 100 µl of TMB substrate solution was added to the wells and the plate was developed in the dark at ambient temperature for 15 mins. The reaction was stopped with 100 µl 2 M H2SO4 (stop solution). Absorbance was read at 450 nm with a plate reader (Bai et al., 2014) and the absorbance was plotted against the logarithm of the concentration (Fig. 2.9). 


[bookmark: _Toc504640575]Figure 2.9 Albumin standard curve. The figure shows data points of logarithm of concentration at ambient temperature. The graph obtained at A450 shows a linear trend. 
  
[bookmark: _Toc484448836][bookmark: _Toc506232341]2.4.4 Rat urine creatinine  
The breakdown of creatine phosphate in the muscle by a non-enzymatic dehydration reaction yields creatinine as a by-product. Creatinine production is a factor of lean body mass. There is minimal daily changes in lean body mass and therefore creatinine production is at a constant rate under normal physiological condition. The creatinine produced is transferred to the kidneys via the blood, and excreted from the body majorly by glomerular filtration. Therefore this makes it possible to use creatinine measurement as a tool for assessing kidney function.
Decreased kidney function can affect glomerular filtration of creatinine with subsequent build-up of serum creatinine. 
[bookmark: OLE_LINK13]Procedure. 
Creatinine assay kit MAK080-1KT purchased from Sigma Aldrich was used. The kit contained creatinine assay buffer, creatinine probe in DMSO, creatinase, creatininase, creatinine enzyme mix and creatinine standard. 
The assay was based on enzymatic reaction which gave a colorimetric product that was proportional to the amount of creatinine. This reaction was in an alkaline medium with creatinine reacting with picric acid to give an orange colour which was measured at 570 nM. 
Creatinine standards for colorimetric detection
10 µl was pipetted from 100 mM of the creatinine standard solution was made up to 1000 µl with creatinine assay buffer, to obtain 1 mM (1 nmole/ml) standard solution. 2, 4, 6, 8 and 10 µl of prepared 1 mM creatinine standard solution was pipetted into a 96 well plate, in duplicates to generate 2, 4, 6, 8, and 10 nmole/well standards while the blank wells had no creatinine standard. 2 µl each of creatinine probe, creatinase, creatininase and creatinine enzyme mix was pipetted into each well as shown in Table 2.3. Corresponding volumes of creatinine assay buffer were added to each well to make it up to 100 µl (Table 2.3). The reaction mix was mixed and incubated for 60 mins at ambient temperature. Absorbance was read at A570 and change in absorbance was plotted against the concentration in nmole (Fig. 2.10). Creatinine in the urine samples were determined according to the manufacturer’s instruction. A reaction mix was prepared for both urine samples and blank. 50 µl of urine sample from each group was added (Table 2.4). The 96 well plate was covered with foil, mixed adequately and incubated at 37°C for 60 mins and then the absorbance was read at A570.



	Reagents 
	[bookmark: OLE_LINK12]Blank (µl)
	Standard (2 nmole/well) (µl)
	Standard (4 nmole/well) (µl)
	Standard (6 nmole/well) (µl)
	Standard (8 nmole/well) (µl)
	Standard (10 nmole/well) (µl)

	Creatinine standard solution
	0
	2
	4
	6
	8
	10

	Creatinine assay buffer
	94
	90
	88
	86
	84
	82

	Creatinase
	-
	2
	2
	2
	2
	2

	Creatininase
	2
	2
	2
	2
	2
	2

	Creatinine Enzyme Mix
	2
	2
	2
	2
	2
	2

	Creatinine Probe
	2
	2
	2
	2
	2
	2



		 Table 2.3. Composition of creatinine standards. This table shows the composition of each well in the preparation of the standards between 0-10 nmole/well. Tests were done in duplicates at ambient temperature.



	Reagent 
	Sample blank (µl)
	Sample (µl)

	Creatinine assay buffer
	44
	42

	Creatinase 
	2
	2

	Creatininase 
	-
	2

	Creatinine enzyme mix 
	2
	2

	Creatinine probe
	2
	2

	Urine 
	50
	50



[bookmark: _Toc494731229][bookmark: _Toc494732964][bookmark: _Toc504638845][bookmark: _Toc504640576]	Table 2.4 Creatinine determination in urine. The composition of     each well in the determination of creatinine in urine with the blanks. Tests were done in duplicate at ambient temperature. 





[bookmark: _Toc504640577]Figure 2.10 Creatinine standard curve. The figure shows data point of creatinine concentration at ambient temperature. The graph obtained at A570 shows a linear trend.   

Calculations 
The mean of the blank readings were subtracted from the mean of the urine sample readings. The amount of creatinine (Sa) was then extrapolated from the standard curve. The concentration of creatinine was then calculated as shown below: 

Concentration of Creatinine
Sa/Sv= C
Sa= Amount of Creatinine in urine sample (nmole) extrapolated from standard curve
Sv= urine volume added into the wells (50μL)
C = Concentration of Creatinine in sample
Creatinine molecular weight: 113.12 g/mole
Concentration in ng/μL= concentration in nmole/μL x MW of creatinine



[bookmark: _Toc484448837][bookmark: _Toc506232342]2.4.5 Rat urine protein  
Pierce BCA Protein Assay Kit was used. This assay uses bicinchoninic acid (BCA) for the colorimetric detection and quantitation of protein. It involves the reduction of Cu2+ to Cu1+ by protein in an alkaline medium coupled with the colorimetric detection of cuprous cation with BCA. A resulting purple coloured, water soluble complex with robust absorbance at 600 nm is formed by chelation of two molecules of BCA and cuprous ion. This complex demonstrates a linear relationship with increasing protein between 20-2000 µg/ml. The structure of protein, the amount of peptide bonds and the presence of cystine, cysteine, tryptophan and tyrosine residues in the protein are responsible for colour formation with BCA. 
Procedure

Preparation of diluted albumin standards. Protein standard curve was prepared using bovine serum albumin (BSA) as illustrated in Table 2.5. A stock of 2mg/ml of albumin was bought from Thermo scientific. 




	Vials
	Volume of diluent (µl) 
	Volume of BSA (µl)
	BSA concentration (µg/ml)

	1
	0
	300 of stock
	2000

	2
	125
	375 of stock
	1500

	3
	325
	325 of stock
	1000

	4
	175
	175 of vial 2 dilution
	750

	5
	325
	325 of vial 3 dilution
	500

	6
	325
	325 of vial 5 dilution
	250

	7
	325
	325 of vial 6 dilution
	125

	8
	400
	100 of vial 7 dilution
	25

	9
	400
	0
	0



          Table 2.5. Setting up a standard curve from 0-2.5 mg/ml BSA.
Preparation of BCA Working Reagent (WR). 50 mls of reagent A was mixed with 1 ml of reagent B to obtain a 50:1 ratio.
Test procedure: 0.1 ml of each standard and urine samples were pipetted in duplicates into labelled test tubes. 2.0 mls of WR was added into the tubes, to achieve 1:20 sample to WR ratio. The content in the tubes were well mixed and incubated at 37°C for 30 mins and gradually cooled to room temperature. The spectrophotometer was blanked and the absorbance was read at 600 nm. The standard curve was plotted and used to calculate the protein content in the urine samples (Fig. 2.11).


[bookmark: _Toc504640578]Figure 2.11 Protein standard curve.
The figure shows data points of protein concentration at ambient temperature. The graph obtained at A600nM shows a linear trend, n=3.  

[bookmark: _Toc506232343]2.4.6 Serum creatinine
Blood creatinine was determined with the stat sensor Xpress creatinine measuring analyser. This analyser uses test strips based on miniaturized, disposable biosensors technology which is sensitive to whole blood. It also allows rapid, simple and accurate measurement of creatinine. The equipment comes with its test strips and the manufacturers’ manual. A drop is placed on the terminal chamber and this is automatically aspirated into the machine which then provides the result in 30 sec. 

[bookmark: _Toc506232344]2.4.7 Creatinine Clearance
Creatinine clearance was calculated from data obtained from 24 hr urine creatinine urine flow rate and serum creatinine using the formula on the next page.

Creatinine clearance=Urine creatinine (µmol/L)xUrine flow rate (µml/min) 
                                              Serum Creatinine (µmol/L) 

[bookmark: _Toc484448838][bookmark: _Toc506232345]2.5 Determination of urinary GAG level  
[bookmark: _Toc484448839][bookmark: _Toc506232346]2.5.1  1,9-Dimethymethylene blue (DMMB) solution
The measurement of GAG levels in body fluids and tissues could be of great worth in diagnostic medicine if well applied. The GAG assay involves the use of 1,9-dimethylmethylene blue (DMMB) dye. The dye was first introduced in 1969 by Taylor and Jaffe. It was then intended for histochemistry, however with time it became useful in the measurement of GAGs. The blue dye 1,9-dimethylmethylene is a thiazine chromotrope, which is responsible for the difference in absorption when metachromasia is induced following the reaction between sulphated GAGs and the dye. This reaction results into the identification of GAGs. The positively charged dye was added to a solution of highly negatively charged GAGs to form a GAGs-dye complex and the absorbance read at 525 nM. 
Researchers continued to use the DMMB assay with very little understanding of its mechanism of action and also the frustration of the lack of specificity for GAGs. This major setback continued until Farndale et al (1982), (1986) and Dey et al (1992) succeeded in stabilizing the GAGs-dye complex by substituting the dibasic citrate/phosphate buffer with formate buffer and a low pH to exclude the interference from DNA and RNA and non-sulphated GAGs such as hyaluronan (Farndale et al., 1982, Farndale et al., 1986, Dey et al., 1992).  



Dye Preparation: 
The dye was prepared according to Farndale et al (1986). 16 mg of dimethymethylene blue was dissolved in 1 L of water with 2.37g NaCl, and 3.04 g glycine. 95 ml 0.1M HCl was added and pH adjusted to 3.0. Absorbance was read at A525  giving a reading of 0.37. The reagent was stored in a brown bottle for up to three months.  
[bookmark: _Toc484448840][bookmark: _Toc506232347]2.5.2 Standard curve for chondroitin-4-sulphate.
A standard chondroitin-4-sulphate curve (Fig. 2.12) was done to test that the assay was working (Farndale et al., 1986). 500 µg/ml of chondroitin-4-sulphate was prepared and a calibration curve was determined as shown in Table 2.6. Due to the rate of precipitation of GAG-DMMB complexes at high concentration the mixture was read immediately.

	
Volume of 500 µg/ml of chondroitin-4-sulphate (µl)
	Volume of water (µl)
	Volume of DMMB solution (mls)

	0
	40
	2

	10
	30
	2

	20
	20
	2

	30
	10
	2

	40
	0
	2



[bookmark: _Toc494731233][bookmark: _Toc494732968]Table 2.6. This shows the volume of DMMB solution, plus water and the volume of chondroitin-4-sulphate per cuvette. 



[bookmark: _Toc504640579]Figure 2.12 Calibration curve for chrondrotin-4-sulphate. The plots are absorbance at different concentration of chrondrontin-4-sulphate at ambient temperature, compared with a blank with no chrondrontin-4-sulphate. The graph obtained at A525 shows a linear trend.   


[bookmark: _Toc484448841][bookmark: _Toc506232348]2.5.3 To determine glycosaminoglycan levels in urine of rat with diabetic nephropathy with and without UK-396082 treatment. 
The glycosaminoglycan assay was carried out using the principle described by Farndale et al., 1986. 250 µl of monthly urine samples were mixed with 2.0 ml of DMMB and mixed in a universal bottle and poured into a spectrophotometry cuvette. The absorbance was read immediately at A525 against a reagent blank (no GAG) using a Biomate 5 spectrophotometer by Thermo Electron Corporation. The optical densities were put into a calibration curve for Chondroitin-4-sulphate (Fig. 2.12). 
[bookmark: _Toc506232349]2.5.4 To determine the standard curve for heparan sulphate. 
2 mg of heparan sulphate was dissolved with 2 ml of water to give a concentration of 1 mg/ml (stock). Four different volumes of 17.5 µl, 25 µl, 50 µl and 100 µl were prepared from the stock. 250 µl of each concentration was added to 2mls of DMMB, mixed and poured into a cuvette and the absorbance read immediately at A525 against a blank of 2 ml of DMMB and 250 µl of distilled water.
[bookmark: _Toc484448842][bookmark: _Toc506232350]2.5.5 To determine the effect of UK-396082 on the standard curve of heparan sulphate. 
2 mg of heparan sulphate was dissolved with 2ml of water to get a stock solution with a concentration of 1 mg/ml. Four different concentrations of 17.5 µg/ml, 25 µg/ml 50 µg/ml and 100 µg/ml were prepared from the stock solution.  Eight universal tubes were labelled as shown in the Table 2.7. 250 µl of each concentration was added into each tube with 2ml of DMMB, all the tubes labelled B had UK-396082 with a final concentration of 100 nM added to the heparan sulphate. The contents in the tubes were mixed and poured into a cuvette and the absorbance read immediately at A525 against a reagent blank.



	
Tubes 
	Heparan sulphate (1mg/ml)
	Uk-396082 (100 nM)
	Distilled water
	DMMB 2 ml

	A1
	17.5 µl
	-
	2 µl
	2 ml

	A2
	25 µl
	-
	2 µl
	2 ml

	A3
	50 µl
	-
	2 µl
	2 ml

	A4
	100 µl
	-
	2 µl
	2 ml

	B1
	[bookmark: OLE_LINK1]17.5 µl
	2 µl
	-
	2 ml

	B2
	25 µl
	2 µl
	-
	2 ml

	B3
	50 µl
	2 µl
	-
	2 ml

	B4
	100 µl
	2 µl
	-
	2 ml



[bookmark: _Toc494731235][bookmark: _Toc494732970][bookmark: _Toc504638849][bookmark: _Toc504640580]	Table 2.7 Standard curve of heparan sulphate in the presence and absence of UK-396082. This shows the volume of DMMB solution, with the volume and concentration of heparan sulphate used, per cuvette. Tubes A1-A4 was for the standard curve without UK-396082 while tubes B1-B4 were tubes with UK-396082 with final concentration of 100nM.

[bookmark: _Toc484448843][bookmark: _Toc506232351]2.5.6 To determine the activity of heparinase II.  
200 µl of 25 µg/ml of heparan sulphate was added to 2 ml of DMMB, this was read against a reagent blank as point 0. 
10 µl of 0.025 IU of heparinase II was added to 1 ml of 25 µg/ml of heparan sulphate, aliquots of 200 µl was taken at interval of 5, 10, 20, 30, and 60 mins and added to 2 ml of DMMB and absorbance was read at A525.  
[bookmark: _Toc484448844][bookmark: _Toc506232352]2.5.7 To determine the activity of heparinase III.
200 µl of 25 µg/ml of heparan sulphate was added to 2 ml of DMMB, and read against a reagent blank as point 0. 
10 µl of 0.025 IU of heparinase III was added to 1 ml of 25 µg/ml of heparan sulphate, aliquots of 200 µl was taken at interval of 5, 10, 20, 30, and 60 mins and added to 2 ml of DMMB and absorbance was read at A525.  
[bookmark: _Toc484448845][bookmark: _Toc506232353]2.5.8 To determine the effect of heparinase II activity on urine sample.
Four universal tubes were labelled A-D and 1 ml of corresponding sample with 10 µl of 0.025 UI of heparinase II was added as shown in Table 2.8. 200 µl of urine samples from tubes A-D were added to 2 ml of DMMB at timed intervals and absorbance was read against a reagent blank as point 0.



	Tubes
	Samples 
	Heparinase II

	A
	1 ml of urine sample from prophylaxis group
	

	B
	1 ml of urine sample from disease group 
	10 µl of 0.025 IU 

	C
	1 ml of urine sample from prophylaxis group
	10 µl of 0.025 IU

	D
	1 ml of urine sample from treatment group 
	10 µl of 0.025 IU



[bookmark: _Toc494731236][bookmark: _Toc494732971][bookmark: _Toc504638850][bookmark: _Toc504640581][bookmark: OLE_LINK2]Table 2.8 Composition in tubes investigating heparinase II activity on rat urine sample. The table shows the composition of each tubes. Tube A was the control, while tubes B-D were the test tubes. The experiment was started at the same time with the addition of 10 µl of 0.025 IU of heparinase II into tubes B-D. 200 µl was taken from each tube at 0, 10, 30, 60, and 120 mins and this was added to 2 ml of DMMB and the absorbance was read at A525. 

[bookmark: _Toc484448846][bookmark: _Toc506232354]2.5.9 To determine heparinase III activity on urine sample
200 µl of urine samples from the prophylaxis group of rats with diabetic nephropathy was added to 2 ml of DMB and absorbance read against a reagent blank as point 0. 10 µl of 0.025 IU of heparinase III was added to 1 ml of urine from prophylaxis group as shown in Table 2.9 and 200 µl was taken at timed intervals and added to 2 ml of DMMB and the absorbance was read at A525. 

	Tubes
	Samples 
	Heparinase III

	A
	1 ml of urine sample from prophylaxis group
	

	B
	1 ml of urine sample from prophylaxis group
	10 µl of 0.025 IU 



[bookmark: _Toc494731237][bookmark: _Toc494732972][bookmark: _Toc504638851][bookmark: _Toc504640582]	 Table 2.9 Heparinase III activity on urine sample from the prophylaxis group. The table shows the composition of tubes A and B. Tube A was the control, while tube B had a urine sample from the prophylaxis group. The experiment was started at the same time with the addition of 10 µl of 0.025 IU of heparinase III into tube B. 200 µl was taken from each tube at 0, 30, 60, 90, and 120 mins and this was added to 2 ml of DMMB and the absorbance was read at A525. 


[bookmark: _Toc484448847][bookmark: _Toc506232355]2.6 Renal Histology
[bookmark: _Toc484448848][bookmark: _Toc506232356]2.6.1 Haematoxylin and eosin (H&E) staining protocol
Principle: 
The haematoxylin and eosin stain (H&E) is a common stain in histology and histopathology. It is used to demonstrate a broad range of normal cell and tissue components as well as cellular and tissue abnormalities. 
The process involves the use of haemalum, a complex formed from aluminium ions and haematin (haematin is the oxidative product of haematoxylin) Haematoxylin can be prepared in many ways (Bancroft and Layton, 2013). Haemalum gives the cell nuclei a blue colouration. The nuclear stain is followed by counterstaining with alcoholic solution of eosin which colours eosinophilic structures with shades of red (Al-Refu, 2011). Eosin is best prepared as described by Yutaka (1968) with modifications (Yutaka et al., 1968).
Procedure: 5 µm paraffin-fixed sections were deparaffinised in xylene for 3 min, followed by rehydration in 100%, 90% and 70% ethanol in water, after which they were rinsed with deionized water for 5 min. The slides were stained in haematoxylin for 5 min and rinsed under a tap for 20 min, decolourized in acid alcohol for 1 sec, rinsed under a tap for 5 min and then immersed in lithium carbonate for 3 sec and run under tap water for another 5 min. This was followed by counter staining with eosin for about 15 sec and dehydrated in 95 % and 100 % ethanol for 3 min each. They were cleared with xylene I and II and finally transferred to a fume cupboard where they were mounted with low-viscosity Cytoseal. This helps to ensure even spreading and also removes air bubbles.
[bookmark: _Toc484448849][bookmark: _Toc506232357]2.6.2 Picrosirius red
It is a good technique used for collagen histochemistry. It uses the stain sirius red which is an ionic dye that stains collagen. The dye reacts via the sulphate groups with the base groups on the collagen molecule. The dye molecules attach to collagen fibres in a parallel manner and this parallel relationship enhances birefringency (Junqueira et al., 1979).
Principle: 
The mechanism involves a small yellow picric hydrophobic anionic dye and a large red hydrophilic acid combined with a metal complex. Anionic dye is the basis for the mechanism that stains collagen fibres and associated tissues. Initially, nuclei and cytoplasm are stained by the metal complex dye (Weigert’s hematoxylin) which is stable to withstand the acid dyes in subsequent steps. If necessary, staining may be differentiated in acid alcohol. The second staining step stains collagen red, cytoplasm and other protein-rich material being stained different shades of yellow. The staining patterns are controlled at a rate determined by the size of the dye molecule which is large and slower to diffuse permeable sites: the collagen fibres (Phadnis et al., 2011). Fixatives that increase staining rates result in a redder section, whereas thick sections stain more yellow than thin sections. Selectivity is influenced by a variety of factors like time, temperature, fixation, thickness of sections and pH. 
Procedure: 
Paraffin sections were de-waxed and hydrated. Weigert’s haematoxylin was prepared as described by Bancroft and Stevens (1982). Weigert’s haematoxylin was used to stain the nuclei for eight minutes and then washed under a tap for 10 min. Picro-sirius red was prepared by mixing 100 ml of deionized water with 1 g of Sirius red powder to achieve 1% aqueous sirius red. 10 ml of this solution was then vortexed with 90 ml of picric acid, the solution was then stored at ambient temperature for 24 hr before use (Phadnis et al., 2011). The slides were then placed in picro-sirius red for one hour, followed by washing in acidified water twice (5 ml of acetic acid was added to 1 L of deionized water). The slides were dried after which they were dehydrated in 100% ethanol thrice, cleared in xylene and mounted with cytoseal.
[bookmark: _Toc484448850][bookmark: _Toc506232358]2.6.3. Picrosirus red analysis
Two independent and blinded observers were used to determine the intensity of the collagen staining. Ten random non-overlapping fields at 10X magnification were captured from each picrosirius red slide of each kidney using a CC-12 digital camera and Cell F software (Olympus, UK) with the Olympus BX 61 microscope.
Analysis was done using a phase overlay system where differentially stained areas of the slides were demarcated by representative phase allocation (Calvaruso et al., 2009).  Each phase was defined by an upper and lower limit of intensity, colour and saturation settings, which was then applied to the fields captured. Each field was assessed using multiphase image analysis with 4 phases (phase1: healthy phase. phase2: scarred phase, phase3: void phase and phase 4: nuclei). Summation of the four phases were over 95% for accurate quantification. The percentage of scarred area divided by healthy area gave us the scarred percentage. The average data from the two independent analysts were plotted. 
[bookmark: _Toc484448851][bookmark: _Toc506232359]2.6.4 Masson’s Trichrome
This is a three colour staining process, where three dyes are used to selectively stain collagen fibres, fibrin deposits and erythrocytes (Bancroft and Gamble, 2008). Keratin and muscle fibres stain red, collagen stains green, the cytoplasm stains red, while the cell nuclei are seen as black. The stain is used to distinguish cells from the surrounding ECM. The stain is useful in the study of muscular dystrophies, cardiac infarcts, hepatic and kidney fibrosis. 
Principle: 
In Masson’s trichrome staining the principle was to selectively stain erythrocytes, with small MW yellow acid dyes such as picric acid and martius yellow to stain the erythrocytes. The sections were washed under running tap water, to get rid of excess yellow stains from tissues. The erythrocyte membrane allows the inflow of water subsequently diluting the ethanol and increases the polarity. This results in the dye increasing in charge, thereby trapping the dye within the erythrocytes. The second dye (the cytoplasm stain) is red, and of intermediate MW. This was applied for a longer duration so as to deeply stain the cytoplasm, muscle and collagen. The pre-stained erythrocytes resist staining from this dye. This is followed by the polyacid, a large molecule that differentiates the plasma stain from tissues. Finally a contrast dye (fibre dye) is applied. The fibre dye has a molecular weight lesser than the polyacid but larger than the plasma stain, and is applied for long duration to stain collagen fibres.
Procedure: 
The paraffin sections were deparaffinized through 100% ethanol, 95% ethanol and 70% ethanol. The slides were then washed in deionized water and refixed in Bouin’s solution for one hour at 56°C. The slides were there-after rinsed under a running tap for 5 min to remove the yellow stain. The slides were then stained in Weiger’s iron haematoxylin working solution for 10 min, followed by rinsing under a flowing tap for 10 min. The slides were then washed with deionized water and stained in Biebrich scarlet-acid fuchsin solution for 10 min, followed by washing in deionized water. The slides were put into phosphomolybdic-phosphotungstic acid solution for 10 min and collagen fibres were viewed under the microscope to confirm they were no longer red. The slides were put in light green solution (contrast dye) and stained for 5 min, and rinsed in deionized water and differentiated in 1% ethanol for 5 min followed by washing in deionized water and dehydrated quickly in 95% ethanol, 100% ethanol and cleared in xylene. The cleared slides were mounted and sealed.


[bookmark: _Toc484448852][bookmark: _Toc506232360][bookmark: _Toc419657259][bookmark: _Toc419657331][bookmark: _Toc419659336][bookmark: _Toc419852031]2.7 In vitro experiments
[bookmark: _Toc484448853][bookmark: _Toc506232361]2.7.1 Cell lines
All cell lines were originally from rat kidney tissues.
Rat proximal tubular epithelial cells (NRK52E) and fibroblast cells (NRK49F) were obtained from the European Cell Culture Collection. Both NRK52E (epithelioid)  and NRK49F (fibroblast) clones were previously isolated from normal rat kidney line NRK (LarcoTodaro et al., 1978). 
Rat mesangial cells (CRL2573) isolated from Sprague-Dawley rats (Encarnacion et al., 2011) were obtained from American Type Culture Collection (ATCC).
[bookmark: _Toc419657260][bookmark: _Toc419657332][bookmark: _Toc419659337][bookmark: _Toc419852032][bookmark: _Toc484448854][bookmark: _Toc506232362]2.7.2 Cell counting protocol
Cell counting was done using the TC20 automated cell counter (Fig. 2.14). This is able to count suspended cells with diameter between 6 and 50 µm and cell concentration range between 5 x 104 – 1 x 107 cells/ml, in one simple step with its auto-focus innovation which eliminates variation experienced with manual focusing. It also assessed cell viability via trypan blue exclusion. It demonstrated greater reproducibility and accuracy compared to the haemocytometer. 
[bookmark: _Toc419657261][bookmark: _Toc419657333][bookmark: _Toc419659338][bookmark: _Toc419852033]10 µl of the cell suspension was mixed with 10 µl of trypan blue [0.4 %( w/v) trypan blue in PBS]. 10 µl of this mixture was slowly loaded into the outer edge of the opening in a two way chamber counting slide. The counting slide was completely inserted into the slide slot of the TC20 automated cell counter. Results were displayed on the top screen of TC20 automated cell counter in 30 seconds. Results obtained were total cell counts and viable cell counts.
[image: Screenshot_2016-08-10-11-49-39]
[bookmark: _Toc504640583]Figure 2.13: TC20 automated cell counter

[bookmark: _Toc484448855][bookmark: _Toc506232363]2.7.3 Fibrin preparation
[bookmark: _Toc419657262][bookmark: _Toc419657334][bookmark: _Toc419659339][bookmark: _Toc419852034][bookmark: _Toc484448856]Fibrin preparation was as described (Riopel et al., 2015). A concentration of 1.8 mg/ml of fibrinogen was prepared by dissolving 0.18 mg of fibrinogen, from bovine plasma in warm phenol-red free/serum-free DMEM at 37°C. The mixture was gently agitated until it was fully dissolved and 1 ml was sterile-filtered into each well of a sterile 12-well plate using a 0.22 µm syringe filter. Thrombin (0.05 mg/ml) from bovine plasma was prepared by dissolving 0.5 mg of thrombin in 10 ml of phenol-red free/serum-free DMEM at 37°C and 1 ml was sterile-filtered into the fibrinogen mixture to induce polymerization. The 12-well plates were incubated at 370C for 1 hr, rinsed with 0.1 M PBS and stored sterile at 40C. (Fig. 2.14)
[image: DSC_0014 (2)]
[bookmark: _Toc504640584]Figure 2.14: 12-well plate with fibrin gel. The black arrow is pointing to the fibrin gel

[bookmark: _Toc506232364]2.7.4 Culture media
[bookmark: _Toc484448857]In vitro diabetic model 
NRK52E and NRK49F were cultured in DMEM containing 2 mM L-glutamine, 25 mM glucose, 10% (v/v) heat-inactivated foetal calf serum, 100 IU/ml penicillin and 100 µg/ml streptomycin, while CRL2573 was cultured in DMEM containing 2 mM L-glutamine, 25 mM glucose, 15% (v/v) heat inactivated foetal calf serum, 100 IU/ml penicillin and 100 µg/ml streptomycin. The cells were grown in T75 flasks and all cell cultures were kept at 370C in humidified atmosphere of 5% CO2 in air (incubator).
[bookmark: _Toc484448858]Low glucose medium 
NRK52E and NRK49F were cultured in Dulbecco’s Modification of Eagles Medium (DMEM) containing 2 mM L-glutamine, 10% (v/v) heat inactivated foetal calf serum, 5.5 mM glucose, 100 IU/ml penicillin and 100 µg/ml streptomycin, while CRL2573 was cultured in DMEM containing 2 mM L-glutamine, 15% (v/v) heat-inactivated foetal calf serum, 5.5 mM glucose, 100 IU/ml penicillin and 100 µg/ml streptomycin. The cells were grown in T75 flasks and all cell cultures were kept at 370C in a humidified atmosphere of 5% CO2 in air (incubator).


[bookmark: _Toc419657263][bookmark: _Toc419657335][bookmark: _Toc419659340][bookmark: _Toc419852035]Conditioned media
All conditioned media were made using phenol-red free/serum-free DMEM. Cells were cultured in 12-well plates until confluent, the media were removed, and the cells were rinsed with X1 PBS solution containing 0.01 M phosphate buffer and NaCl of 0.154 M and a of pH7.4 and re-filled with 2 mls phenol-red free/serum-free DMEM for 24 hours and the media were collected and stored at -20°C.
Storage of cells
Initial seeding was 1- 2 x 105 cells for 48 hours in a T25 flask and then passaged. Passaging was done at ratio 1:3 after flasks were over 85% confluent. Cells were detached with 3ml 0.05% trypsin EDTA. Cells were stored in storage media [70% DMEM, 20% (v/v) fetal calf serum and 10% (v/v) DMSO] frozen at -80°C for 24 hours and transferred to liquid N2 thereafter.
[bookmark: _Toc419657264][bookmark: _Toc419657336][bookmark: _Toc419659341][bookmark: _Toc419852036][bookmark: _Toc506232365]2.7.5 Colorimetric proteinase activity assays
The assays used were colorimetric activity assays based on continuous spectrophotometric rate determination. The principle of these assays involves the cleavage of the amide bond by a proteinase to release nitroaniline, a yellow coloured product which is proportional to the amount of substrate cleaved, detected by the multiskan Ascent VI.24 plate reader (Fig. 2.15) set at a wavelength of 405 nm. Conditioned media of the three cell lines were used for the assays as this gave more consistent values than using homogenized cell pellets. (Atkinson et al., 2013).
   	 Peptide nitroanilide + H2O                         Peptide   +   p-Nitroaniline
The slope of the graph that is change in absorbance over time was calculated which is proportional to the activity of the enzyme. 
[bookmark: _Toc419657265][bookmark: _Toc419657337][bookmark: _Toc419659342][bookmark: _Toc419852037][image: Screenshot_2016-08-10-11-50-03]
[bookmark: _Toc504640585]Figure 2.15: Multiskan Ascent VI.24 plate reader 

Plasmin Assay.
The substrate used to assay plasmin was V0882 (Sigma), referred to as VALY [D- Val-Leu-Lys –p- nitroanilide dichloride] (Atkinson et al., 2013).
The buffer used consisted of 10 mM KH2PO4, 70 mM Na2HPO4, 100 mM lysine and the pH was adjusted to 7.5 at 37°C with 1 M NaOH.
6.5 mM D-Val-Leu-Lys-p-nitroanilide dihydrochloride solution was prepared with the buffer at pH 7.5 and ambient temperature.
100 µl 6.5 mM D-Val-Leu-Lys-p-nitroanilide dihydrochloride solution was pipetted into wells of a 96-well plate and incubated at 37°C for 3-5 min after which 100 µl of 24 hour conditioned medium was added and the increase in A405nm was read at regular intervals for 50 mins. The method was first validated using 0.10 Unit/ml of plasmin and 6.5 mM D-Val-Leu-Lys-p-nitroanilide dihydrochloride solution, pH 7.5 at ambient temperature (Fig. 2.16).

Figure 2.16: Plasmin activity assay. Plasmin activity against D-Val-leu-Lys-p-nitroanilide dihydrochloride was determined. 0.10 unit of plasmin was assayed over 50 min, at ambient temperature with the lysine buffer at pH 7.5. Each point is a mean of two readings.

Urokinase type plasminogen activator
The suitability and relevance of Pyro-Glu-Gly-Arg-p-nitroanilide as a standard uPA activity substrate was investigated. A standard uPA activity curve was done with 16 ng of recombinant urokinase and 1.35 mM Pyro-Glu-Gly-Arg-p-nitroanilide (an expected uPA substrate). The curve obtained at A405 showed a linear trend up to Abs 0.486 (Fig 2.17). 
Previous studies have reported Pyro-Glu-Gly-Arg-p-nitroanilide as a relevant and selective substrate for uPA (Claeson et al., 1978, Atkinson et al., 2013), but contrary to this, we discovered that uPA also cleaves H-D-Ile-Pro-Arg-p-nitroanilide (an expected tPA substrate), but uPA cleaves Pyro-Glu-Gly-Arg-p-nitroanilide better than H-D-Ile-Pro-Arg-p-nitroanilide (expected tPA substrate). (Section 2.7.6). 

 Figure 2.17 uPA activity assay. uPA activity in pyro-Glu-Gly-Arg-p-nitroanilide was determined over 240 mins with 16ng of recombinant urokinase at ambient temperature and a pH 8.4. Individual points are mean of two readings at A405.

Tissue type plasminogen activator  
A standard tPA activity curve was done with 0.039 IU of tPA and 1 mM of H-D-Ile-Pro-Arg-p-nitroanilide (an expected tPA substrate) (Sharma and Castellino, 1990) for over 3 hours, to determine the activity of tPA and the relevance of using the H-D-Ile-Pro-Arg-p-nitroanilide as a tPA substrate (Nagaoka et al., 2000). The curve obtained at A405 shows a linear trend up to Abs 0.321 (Fig 2.18). 


[bookmark: _Toc504640586]Figure 2.18 Standard curve for tPA. tPA activity in H-D-Ile-Pro-Arg-p-nitroanilide was determined over 240 mins with 0.039 IU of tPA at ambient temperature, pH 8.4, individual points are average of two readings at A405 .

However the specificity of H-D-Ile-Pro-Arg-p-nitroanilide as a tPA substrate was further investigated by incubating 1.35 mM pyro-Glu-Gly-Arg- p-nitroanilide (an expected uPA substrate) (Matsuo et al., 1983) with 2 µM tPA and 1 mM H-D-Ile-Pro-Arg-p-nitroanilide with 2 µM tPA at ambient temperature and pH 8.4 (Section 2.7.6). Our results showed that tPA cleaved pyro-Glu-Gly-Arg-p-nitroanilide more efficiently than it cleaved H-D-Ile-Pro-Arg-p-nitroanilide (Fig 2.19). These two substrates could therefore not be used to discriminate between the activities of tPA and uPA. 
[bookmark: _Toc484448859][bookmark: _Toc506232366]2.7.6 Optimizing an assay to discriminate between uPA and tPA
The initial substrates used to assay tPA (S-2288) (H-D-Isoleucyl-L-Pro-L-Arg-p-nitroanilide dihydrochloride) and uPA (pyro-Glu-Gly-Arg- p-nitroanilide) (Atkinson et al., 2013) were found to be not exclusively selective for tPA and uPA respectively. 
100 mM Tris, 106 mM NaCl buffer was prepared and the pH was adjusted to 8.4 using 1 M HCl at ambient temperature. 1.35 mM uPA pyro-Glu-Gly-Arg- p-nitroanilide solution was prepared with Tris buffer and 1 mM H-D-Isoleucyl-L-Pro-L-Arg-p-nitroanilide dihydrochloride was also prepared with Tris buffer. 2 µM uPA and 2 µM tPA were also prepared. 
4 wells of a 96-well plate were labelled A-D. In well A, 10 µL 1.35mM pyro-Glu-Gly-Arg- p-nitroanilide was added to 40 µL 2 µM uPA and the volume made up to 200 µL with Tris buffer. In well B, 10 µL 1.35 mM pyro-Glu-Gly-Arg- p-nitroanilide was added to 20 µL 2 µM tPA and the volume was made up to 200 µL. In well C 10 µL of 1 mM H-D-Isoleucyl-L-Pro-L-Arg-p-nitroanilide dihydrochloride was added to 40 µL of uPA and the volume made up to 200 µL. In well D 10 µL of 1 Mm H-D-Isoleucyl-L-Pro-L-Arg-p-nitroanilide dihydrochloride was added to 20 µL 2 µM tPA and the volume was made up to 200 µL. The increase in A405nm was read over a 5 min interval for 30 mins. (Fig. 2.19). The result showed that the substrates were not 100% specific for their corresponding enzymes. Both uPA and tPA cleaved the serine protease substrates therefore either of the substrate can be used but from Fig. 2.19 we chose to use pyro Glu-Gly-Arg-p-NA, because both uPA and tPA cleaves pyro Glu-Gly-Arg-p-NA satisfactorily. 

[bookmark: OLE_LINK6][bookmark: OLE_LINK3] Figure 2.19 Substrate specificity test. Points are means of triplicate readings of a matrix reaction between substrates and enzymes to determine the specificity of the substrates.

The next step was to get an inhibitor that will inhibit either uPA or tPA. Therefore using pyro-Glu-Gly-Arg-p-nitroanilide we then investigated the discriminatory behaviour of the inhibitor amiloride against uPA and tPA (Jankun and Skrzypczak-Jankun, 1999 Ellis, 2013). Amiloride competitively inhibits uPA activity but does not inhibit tPA activity (Jankun and Skrzypczak-Jankun, 1999).
The optimal concentration of amiloride to be used was determined. 100 µM of p-EGR-pNA and 1 µM of urokinase was added to different concentrations of amiloride, 10 µM, 100 µM, 500 µM and 1 mM, and an optimal concentration of 500 µM was obtained see Fig. 2.20.

[bookmark: _Toc494733005] Figure 2.20 uPA activity with different concentrations of amiloride. The graph shows inhibition of pyro-Glu-Gly-Arg- p-nitroanilide with different concentration of amiloride with 500 µM of amiloride giving 100% inhibition. 	
As expected, amiloride 500 µM selectively inhibited pyro-Glu-Gly-Arg- p-nitroanilide. We went further to determine the selectivity of amiloride for both uPA and tPA.
Fig. 2.21 confirms the selective ability of amiloride to inhibit uPA activity while tPA activity was preserved. Therefore, we used this inhibitor to selectively discriminate between uPA and tPA activity. 
[bookmark: _Toc419657266][bookmark: _Toc419657338][bookmark: _Toc419659343][bookmark: _Toc419852038]Based on these understanding and the inhibitory property of amiloride we therefore defined uPA activity in our study as the activity which was inhibited by 500 µM amiloride using the substrate Pyro-Glu-Gly-Arg-p-nitroanilide.corresponding enzymes. The uPA substrate was well cleaved by actilyse and urokinase. Based on the above findings the uPA substrate was selected. 
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[bookmark: _Toc504640587]Figure 2.21 Glu-Gly-Arg-pNA with tPA and uPA in the presence and absence of amiloride. Points are means of triplicate readings of the reactions between Glu-Gly-Arg-pNA with tPA and uPA in the presence and absence of amiloride. 

We therefore regularly assayed culture medium with pyro-Glu-Gly-Arg-pNA with and without amiloride, and assumed that the difference between the two activities was due to uPA activity. The assay was based on the continuous spectrophotometric rate determination at 405 nm with the substrate pyro-Glu-Gly-Arg-pNA. 
50 mM Tris, 38 mM NaCl buffer was prepared and the pH was adjusted to 8.4 using 1 mM HCl at ambient temperature. 1.35 mM Pyro-Glu-Gly-Arg-pNA solution was prepared with the buffer pH 8.4 at ambient temperature.
The total serine protease activity was determined with 100 µl of 24-hour conditioned medium pipetted into wells of 96-well plate, incubated for 1-2 min after which 10 µl of pyro-Glu-Gly-Arg-pNA was added and the volume made up to 200 µl with buffer and the increase in A405nm was read at 30 min intervals for 90 min. The total serine protease activity was determined using the slope of the graph i.e. the change in absorbance produced by p-nitroaniline against time.  The tPA activity was determined by pipetting 100 µl of 24 hour conditioned medium into a 96-well plate, incubated for 1-2 min after which 10 µl of pyro-Glu-Gly-Arg-pNA was added, with 5µl of amiloride stock was added to get a final concentration of 500 µM and the volume made up to 200 µl with buffer and the increase in A405nm was read at 30 min intervals for 90 min. uPA activity was calculated by subtracting the tPA activity from the total serine protease activity. 
[bookmark: _Toc419657268][bookmark: _Toc419657340][bookmark: _Toc419659345][bookmark: _Toc419852040][bookmark: _Toc484448862][bookmark: _Toc506232367]2.7.7 Carboxypeptidase B2 assay.	
The principle of the carboxypeptidase B2 assay is based on degradation of a synthetic peptide which has an amino protected L-lysine joined with L-arginine which has a sulphur atom at the α position of the side-chain. The synthetic substrate is cleaved by activated carboxypeptidase B2 to produce a thiol derivative. The thiol derivative reacts with the colourless Ellman’s reagent 5,5’-dithio-bis-(2-nitrobenzoic acid) (DTNB) to produce the compound 5-mercapto-2-nitro-benzoic acid. The spectrophotometric method was used to measure the change in absorbance at 405nm. (Schroeder et al., 2006).   
The carboxypeptidase B2 kit consisted of R1 (activator) and R2 (start reagent). R1 was reconstituted with 4.0 ml of deionized water while R2 was reconstituted with 4.0 ml of R3 (10% ethanol, water). After reconstitution R1 and R2 were swirled gently and incubated at ambient temperature for 10 min before use.
A standard CPB2 curve was done to determine the activity of the standard CPB2 and the relevance of using the CPB2 substrate (Pefakit), (Meltzer et al., 2009). Different CPB2 concentrations were used to assay CPB2 activity (Fig 2.22). The graph shows an increase in Abs with concurrent percentage increase in CPB2 activity. 


                               Carboxypeptidase B2 activity (%)
[bookmark: _Toc494733009][bookmark: _Toc504640588]Figure 2.22 Standard calibration graph of carboxypeptidase B2. CBP2 activity was determined with the CPB2 assay kit. Each individual plot is a mean of triplicates n=3.This graph shows that with increase in CPB2 activity there is a corresponding increase in absorbance approximating a straight line.

[bookmark: _Toc419657269][bookmark: _Toc419657341][bookmark: _Toc419659346][bookmark: _Toc419852041]100 µl of 24-hour conditioned medium was pipetted into individual wells of a 96-well plate with 50 µl of R1 (activator) and incubated for 3 min at 37°C after which 50 µl of start reagent was added. The increase in absorbance was read at 1 min intervals for 10 min at 405 nm. The enzyme activity was determined from the slope of the graph i.e. the change in absorbance produced by 5-mercapto-2-nitro-benzoic acid against time.
[bookmark: _Toc484448863][bookmark: _Toc506232368]2.8 Carboxypeptidase B2 inhibitor UK-396082
UK-396082 was inherited from previous researcher in our laboratory. The inhibitor is a hygroscopic salt with MW 293.4 (Bunnage et al., 2007). Therefore, there was a need to optimize and arrive at the best concentration that will inhibit CBP2. 92 % pure CPB2 was prepared according to manufacturer’s instruction (Pentapharm). 1 µM gave 100% inhibition of 92 % pure recombinant CPB2 (Fig 2.23).

 Figure 2.23 Recombinant CPB2 with different concentration of UK-3960882. Points are means of triplicate readings of the reactions between pure recombinant CPB2 and o, 250 nM 500 nM and 1 µM.

[bookmark: _Toc419657278][bookmark: _Toc419657350][bookmark: _Toc419659355][bookmark: _Toc419852050]1 µM of UK-396082 was arrived at as the optimal dose for in vitro study following optimization. A stock solution of 500 µM was made by dissolving 2.93 mg of UK-396082 in 20 ml of phenol-red free/serum-free media and diluted to 1 µM when needed.
[bookmark: _Toc419657276][bookmark: _Toc419657348][bookmark: _Toc419659353][bookmark: _Toc419852048][bookmark: _Toc484448864][bookmark: _Toc506232369]2.9 Home office certification
Home office courses 1-4 on animal experiments had been attended and passed. An intensive course of four modules was undertaken at the biological services of both University of Sheffield and University of Cambridge in order to obtain the personal license. Topics covered were, Ethics and public perceptions, Health and safety in the animal unit, Health status and its impact on studies, Humane killing, Correct handling - practical session, Assessment of pain, suffering and distress, Introduction to anesthesia (practical session), Common technical procedures and animal husbandry. Personal project license (IS1D9633B) was obtained (Appendix 1) and individual study plan (ISP) designed.
[bookmark: _Toc506232370][bookmark: _GoBack]2.10 Statistics 
The two-way ANOVA with Tukey's multiple comparisons test was used for the analysis. The two-way ANOVA has the advantage of comparing the mean differences between the three groups with our independent variables. This enabled us to investigate if there was any interaction between the independent variables on the dependent variable.

Chapter Three
Results: The role of UK-396082 in an in vivo model of diabetic nephropathy




[bookmark: _Toc506232371]3.0 Introduction
Diabetic nephropathy (DN) is one of the complications of diabetes and diabetes has been estimated to affect over 250 million people worldwide with the figure still on the increase (Shaw et al., 2010). It is a progressive kidney disease with loss of renal function due to capillary and basement membrane changes within the glomeruli. However renal tubules have also been implicated in the pathogenesis of DN (Magri and Fava, 2009). DN remains a leading cause of mortality and morbidity among diabetic patients (Gonzalez-Carrillo et al., 1982) and the single most common cause of end-stage renal disease (Schlatzer et al., 2009). As a chronic illness, it is silent for a long time before a clinical diagnosis is made. The long chronicity results in build-up of many complications. However, early diagnosis and treatment could significantly delay the establishment of complications. Unlike diabetes screening the diagnosis and development of early markers of DN remains inadequate. Towards developing highly specific and sensitive early markers of DN and new therapeutic interventions a reproducible animal model is a necessity.
Various animal models have been developed to study diabetic nephropathy, but the shortfall has always been the inability of these models to mimic the classical disease trend in humans with eventual development of end-stage renal disease. Widely recognised models of CKD have been developed in rats to study renal diseases. Examples include the nephrotoxic nephritis model, aristocholic acid model, streptozotocin model, unilateral ureteric model, 5/6th subtotal nephrectomy and unilateral nephrectomy in diabetic rats (Lim et al., 2014, Yang et al., 2010).
Most rodent models will develop albuminuria but fail to progress to end-stage renal disease. However genetic advancement has introduced newer models that replicate human pathogenesis more closely (Spradling et al., 2006).
The mouse model of diabetic nephropathy is widely used, however is has its disadvantages such as renal injury being dependent on mouse strain, strains may also be prone to the adverse effects of streptozotocin and the streptozotocin protocol may affect the histological findings (Tesch and Allen, 2007).
The rat models of diabetic nephropathy are in the forefront because rats are more responsive to streptozotocin induced diabetes, with the male of some strains demonstrating good hyperglycaemic state. These models are reproducible renal injury models (Deeds et al., 2011).
Unilateral nephrectomy was first used as a surgical intervention in the management of illness. It was used in 1937 by Butler to treat hypertension by the removal of one diseased kidney (Sensenbach, 1944), and its use for the treatment of hypertension continued. However, over time as many more studies revealed incidences where nephrectomy did not treat hypertension, its use began to decline. In another study Provoost and Brenner (1993) reported that living with a single kidney was compatible with good health for decades with only a few individuals developing hypertension, proteinuria and chronic renal failure (Provoost and Brenner, 1993). By 1969 unilateral nephrectomy was used for the treatment of renal cell carcinoma (Robson et al., 2002), when it was thought to be the gold standard for the treatment of renal cell carcinoma. However with more studies it became evident that partial nephrectomy was renoprotective compared to total nephrectomy which caused chronic renal disease (Klarenbach et al., 2011). In another study with polycystic kidney disease early manifestation of renal death was seen in nephrectomised rat cohorts compared to non-nephrectomised animals (Gretz, 1994). Conclusively, unilateral nephrectomy was a good model to study renal function in rats (Zwemer, 1999).  Nephrectomised individuals are prone to mild hypertension, mild to moderate proteinuria which eventually leads to chronic renal failure (Drukker, 2001).
Putting all together with the aim of achieving chronic renal failure over 8 months period of study which will closely mimic the pathogenesis of chronic renal failure in humans, the rat nephrectomised diabetic model best suits our study. This will allow development of chronic renal failure with little or no risk of developing hypertension or other systemic or cardiovascular complications. In this chapter I will describe the biophysical parameters of our rats such as water and food consumption, urine output, weight gain, and renal hypertrophy. These measurements will help confirm the diabetic characteristics in our rats.     
[bookmark: _Toc506232372]3.1 Biophysical parameters
[bookmark: OLE_LINK4][bookmark: nmf14n][bookmark: 37m2jsg]The rats (250-300 g) were allowed to acclimatize for a week after arriving at the animal facility, and were subsequently put into metabolic cages for 24 hours (Section 2.3.7) to obtain 24-hour urine samples. Blood samples were also collected for vital statistics and baseline results (Section 2.3.8). Baseline results showed that daily food consumption was within the normal range of 15-30g per day http://www.researchdiets.com/resource-center-page/typical-food-intake (Fig 3.1). The diseased group was fed on normal chow throughout the study, prophylaxis group was fed on chow with 0.3g UK-396082 /Kg throughout the study while the treatment group was fed on normal chow for the first 4 months and then fed on chow with 0.3g UK-396082 /Kg for the last 4 months. There was no significant difference in food consumed between the groups. However, there was a significant difference of P < 0.0001 between amounts of chow consumed between baseline and at 8 months of the study across all the groups. (Fig 3.1). 
[image: ]****




[bookmark: _Toc504640589]Figure 3.1 24-hour food consumption. 24-hour food consumption was measured every month. Each rat was placed in a metabolic cage for 24 hours. The plot is the x̅ ± SEM of 5 rats for prophylaxis group and 10 rats collectively for the diseased and treatment groups for the first four months and 5 rats per diseased and treatment group thereafter. Statistical significance was done with a two-way ANONA followed by Tukey's multiple comparisons test.

Fluid intake was initially within the normal range of 10-12 mls per 100g per day (http://www.rmca.org/Rescue/ratmedhelp.pdf). There was no significant difference in water consumption difference between the groups. However, there was a significant difference of P < 0.0001 between water consumed at baseline and at 8 months across all the groups. (Fig 3.2). 

 ****




[bookmark: _Toc504640590]Figure 3.2 24-hour water consumption. Water consumption was measured every month. Each rat was placed in a metabolic cage for 24 hours. The plot is the x̅ ± SEM of 5 rats for prophylaxis group and 10 rats collectively for the diseased and treatment groups for the first four months and 5 rats per diseased and treatment group thereafter. Statistical significance was done with a two-way ANOVA followed by Tukey's multiple comparisons test.

[bookmark: 1mrcu09][bookmark: 46r0co2]Urine output was also within normal range at the start of the study. (http://web.jhu.edu/animalcare/procedures/rat.html). There was no significant difference in urine output between the groups. However, there was a significant difference of P < 0.0001 between the baseline and the 8 months urine output across all the groups. (Fig 3.3).  


 [image: ]   ****




[bookmark: _Toc504640591]Figure 3.3 Monthly 24-hour urine production. Each rat was placed in a metabolic cage for 24 hours. The plot is the x̅ ± SEM of 5 rats for prophylaxis group and 10 rats collectively for the diseased and treatment groups for the first four months and 5 rats per diseased and treatment group thereafter. Statistical significance was done with a two-way ANOVA followed by Tukey's multiple comparisons test.

There was a gradual increase in weight gain in all the three groups. However, there was no significant difference in weight gain between the three groups but there was a significant difference of P < 0.0001 between baseline and 8 months across all the groups. (Fig 3.4). 
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[bookmark: _Toc504640592]Figure 3.4 Monthly weight measurement. Each rat was placed on a measuring scale. The plot is the x̅ ± SEM of 5 rats for prophylaxis group and 10 rats collectively for the diseased and treatment groups for the first four months and 5 rats per diseased and treatment group thereafter. Statistical significance was done with a two-way ANOVA followed by Tukey's multiple comparisons test.

All results were essentially within the normal range indicating that rats were in a good state of health prior to the beginning of the procedures. Over the period of the study the rats demonstrated threefold increase in amount of food consumed (polyphagia) (Fig 3.1), fivefold increase in water consumed (polydipsia) (Fig 3.2) and about sevenfold increase in urine output (Fig 3.3). These are all characteristics of diabetes. 
[bookmark: 2lwamvv]Fig 3.5 showed the blood glucose throughout the study with a sharp increase after the injection of streptozotocin. There was no significant difference in blood glucose between the groups however, there was a significant difference of P < 0.0001 between baseline and 8 months across all the groups. 
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[bookmark: _Toc504640593]Figure 3.5 Blood glucose. During the course of the study with diabetes established after administration of 80 mg/kg streptozotocin and maintained thereafter within 20-25 mmol/L with subcutaneous insulin implant. The plot is the x̅ ± SEM of 5 rats for prophylaxis group and 10 rats collectively for the diseased and treatment groups for the first four months and 5 rats per diseased and treatment group thereafter. Statistical significance was done with a two-way ANOVA followed by Tukey's multiple comparisons test.

The right kidney was excised before the experiment started and the kidneys weighed. The left kidneys were removed at the end of the study and all kidneys showed over 200% compensatory hypertrophy (Table 3.1). 
[bookmark: _Toc506232373]3.2 Kidney weight
All mammals have two kidneys which perform the function of extracting waste from the blood, formation of urine, maintenance of body fluid balance and secretion of substances. Many pathological renal models have adopted the concept of reduction in renal mass to mimic renal pathologies. The reduction of renal mass by 50% has been considered dangerous (Rugiu et al., 1986). However further studies have shown that after post unilateral nephrectomy, the renal functions are stable but subjects are prone to glomerulopathy (Novick et al., 1991), the explanation for the stability was that a compensatory hypertrophy occurs from gradual enlargement of the glomeruli and the tubules of the residual kidney (Fajers, 1957). 
	GROUPS
	WEIGHT OF RIGHT KIDNEY AT THE START OF STUDY (gm)
	WEIGHT OF LEFT KIDNEY AT THE END OF STUDY (gm)

	CONTROL
	1.7 ± 0.07

	5.3 ± 0.22

	PROPHYLAXIS
	1.6 ± 0.02

	5.1 ± 0.33

	TREATMENT
	1.6 ± 0.05

	5.9 ± 0.51


	
[bookmark: 111kx3o] Table 3.1 Kidney weight. Mean kidney weight ± SEM at the beginning (right kidneys) and at the end of the experiment (left kidneys) where n=18. The values are the x̅ ± SEM of 6 rats for each group. A student t-test between the right and the left kidneys showed a P<0.0001 in all the three groups. 


[bookmark: _Toc506232374]3.3 Blood pressure 
	PARAMETER
	DISEASED GROUP
	PROPHYLACTIC GROUP
	TREATMENT GROUP

	SYSTOLIC BLOOD PRESSURE (mmHg)
	128± 0.03
	130± 0.05
	131± 0.08



 Table 3.2 Systolic blood pressure measurement. The values are the x̅	 ± SEM of 5 rats per group, with no significant difference between the three groups. There was no significant difference in the systolic blood pressure among the three groups.

Blood pressure measurement confirmed our study was not a hypertensive model as the rats remained normotensive throughout the study (Table 3.2). This finding was vital as our model was a diabetic nephropathy model and not hypertensive model therefore subsequent findings can be attributed to diabetes and not hypertension. Study of living kidney donors showed there was no change in the blood pressure post kidney donation (Moody et al., 2016).


[bookmark: _Toc506232375]3.4 Discussion 
UK-396082 has good oral bioavailability in the rat (Bunnage et al., 2007). This property has made it possible to mix chow with UK-396082 and administer it orally (Atkinson et al., 2014). UK-396082 was therefore mixed with Harlan chow at 0.3mg/kg by Research Diets Inc New Brunswick, USA. The presence of UK-396082 in the diet did not have any effect on food consumption, water intake, urine output or weight gain among the groups (Fig 3.4). Injection of streptozotocin in rats can cause cardiovascular and renal pathological symptoms similar to those seen in humans with poorly managed insulin dependent diabetes (King, 2012). The spontaneously hypertensive rat (SHR) will develop hypertension with the administration of streptozotocin and this has been used as a hypertensive model (Hulthén et al., 1996). This information guided the choice of Wistar rats for the study as they were expected to remain normotensive and therefore only terminal blood pressure was measured during the study.
Our observations showed that all the rats in the 3 groups developed type 1 diabetes and linplants were needed to maintain blood glucose between 20-25 mM. Blood glucose results also confirmed sustained hyperglycaemia over 20 mM in all 3 groups (Fig 3.5). Biophysical and biochemical characteristics were similar in all the 3 groups without any significant difference in food and water consumption, likewise urine output and body weight measurements. We can conclude that the effect of unilateral nephrectomy and streptozotocin injection was similar in all the groups and the response of the rats to these assaults were identical with the 3 groups demonstrating over 200% renal hypertrophy, polyphagia and polydipsia and with no significant differences within these parameters. Normotensive end point systolic blood pressure makes our model an exclusive diabetic model.  
[bookmark: _Toc506232376]3.5 Urinalysis 
[bookmark: _Toc506232377]3.5.1 Introduction
Examples of urine investigations are urinalysis, urine microscopy, culture and sensitivity. Other examples are urine cytology, urine tumour antigens and hormonal assays, urine toxicology, urine quantitative measurement and urine acid fast bacilli. These investigations are highly informative in terms of assessing physiology and morbidity of urinary organs. They are diagnostic and helpful in the monitoring and prognosis prediction. 
Diabetic nephropathy is a common cause of end stage renal disease associated with increased morbidity and mortality (Moloney et al., 1983, Gonzalez-Carrillo et al., 1982). Our diabetic nephropathy rat model was for eight months, therefore we had to continuously monitor the morbidity and disease progression in our rats.       				        Urine examination is a complimentary aspect of physical examination and provides a lot of information about the pathological state of individuals as well as a prognostic index (Musa, 2015).  Urinalysis is an accepted clinical method to diagnose, investigate and monitor disease progression. In our rat diabetic nephropathy model, we used urinalysis to achieve the above goals. Urinalysis is a simple and common clinical test that has been of much value in the diagnosis and management of many diseases. It is useful in the diagnosis of diseases that may not have manifested with clinically evident signs and symptoms. The tests include checking the appearance, smell, and content of the urine. It may be an early pointer before patients are aware of their illnesses. However a normal urinalysis does not mean the absence of a disease. Previous studies have used reagent strips for urinalysis in diabetic rats (Hernández-Fonseca et al., 2009, Soni et al., 2001). The dipstick is a frequently used method for conducting urinalysis. 
Urinalysis was done as described in Section 2.4.1. We used the Urispec Plus Vet 10 plus which analyses 10 parameters: pH, glucose, ketone, protein, density, bilirubin, urobilinogen, nitrate, blood and leucocytes. However, the first step was to collect 24-hour urine samples and assess the urine volume, colour, transparency and smell. 
The colour of the 24 hour urine samples was light yellow and transparent, this however became lighter yellow as the study progressed due to polyuria. 24 hour excreted urine volume was between 7-11 mls for baseline samples followed by a sharp increase after the induction of diabetes to over seven fold by the end of the study (Fig 3.3).
[bookmark: _Toc506232378]3.5.2 Urine density 
Urinary density is a measure of osmolality and it assesses hydration. It is the measurement of the ratio of urine density against water density. It also provides information on the kidney's ability in concentrating urine. The strip measures between 1.000 to 1.030. A result below 1.010 suggests relative hydration while a result above 1.020 is suggestive of relative dehydration (Kavouras, 2002).  The rationale for the investigation of specific gravity was to ensure the rats did not get dehydrated from diabetes (Kershaw et al., 2005) because hyperglycaemia and dehydration could be a fatal metabolic decompensation (Kitabchi et al., 2009). Monthly urine samples collected from a metabolic cage were tested for urine density using the Urispec Plus Vet 10 plus dipstick strip. During the course of the study the results did not show dehydration. This does not necessarily confirm that the rats were not dehydrated but it probably explains the increase in water consumption by the rats in respond to dehydration. This dehydration may also be responsible for the polydipsia seen in diabetes (results not shown). 
[bookmark: _Toc506232379]3.5.3 Ketones 
Ketones are not found in the urine of healthy subjects, however during starvation or prolonged fasting, fat becomes the source of fuel which is metabolised by the liver to generate energy and this leads to the production of acetone and related products in the blood of which the excess filters into the urine to produce ketonuria. 
Ketonuria is a sign seen in poorly controlled diabetes (Morris et al., 1997) and some other conditions such as starvation and fasting (Owen et al., 1983).
In diabetic ketosis acidosis (DKA) there is a high uptake of ketones which accounts for 45% of oxidative metabolism in the brain (Ruderman et al., 1974). Ketone metabolism produces oxygen radicals and lipid peroxidation which is responsible for vascular disease (Laffel, 1999). The Urispec Plus Vet 10 plus dipstick can be used to detect ketonuria by the recognition of acetic acid in the rat urine in a reaction of sodium nitroprusside and glycine impregnated on the ketone area zone on the strip. Our rationale for this was to look out for DKA during the study and avoid mortality from DKA. One of the complications of DKA is cerebral oedema which can be fatal (Yuen et al., 2008). During the study none of the rats in the prophylaxis group developed ketosis while two rats developed ketosis in the diseased group at months four and five. One rat in the treatment group developed ketosis in the seventh month (results not shown).
[bookmark: _Toc506232380]3.5.4 Urinary glucose 
Filtration of glucose occurs in the glomerulus and reabsorption occurs in the tubules. However in a disease state such as diabetes the filtered glucose may be more than the amount that can be reabsorbed leading to glucose in the urine. The renal glucose threshold in type 1 diabetes is 10.7 mM (Menzel et al., 1998). Following the induction of diabetes with streptozotocin all samples were consistently well above the renal threshold for type 1 diabetes (Table 3.3). 


	GROUP
	BASELINE (mM) 
	MTH 1 (mM)
	MTH 2 (mM)
	MTH 3 (mM)
	MTH 4 (mM) 
	MTH 5 (mM) 
	MTH 6 (mM)
	MTH 7 (mM) 
	MTH 8 (mM)

	DISEASED
	NEG
	NEG
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5

	
	NEG
	NEG
	27.8
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5

	
	NEG
	NEG
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5

	
	NEG
	NEG
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5

	
	NEG
	NEG
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5

	PROPHYLAXIS
	NEG
	NEG
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5

	
	NEG
	NEG
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5

	
	NEG
	NEG
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5

	
	NEG
	NEG
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5

	
	NEG
	NEG
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5

	TREATMENT
	NEG
	NEG
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5

	
	NEG
	NEG
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5

	
	NEG
	NEG
	27.8
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5

	
	NEG
	NEG
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5

	
	NEG
	NEG 
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5
	55.5




[bookmark: _Toc494731248][bookmark: _Toc494732983]
          Table 3.3 Urinary glucose from monthly 24-hour urine samples. 
The data in mM urinary glucose measurement from monthly 24-hour urine samples collected from rats put in metabolic cage. Values reflect measurements above the renal glucose threshold. The urine samples were negative at the beginning of the study before diabetes was induced.

[bookmark: _Toc506232381]3.5.5 Urinary pH 
Urinary pH reflects the acidity or the alkalinity of urine and if can range between 5.0 to 8.0 in pathological state (Bales et al., 1984). Urinary pH measurement is useful in the diagnosis of diseases such as calculi and UTI (Simerville et al., 2005). 
The pH range during the study was 6.0–8.0. Most of the rats had a pH of 7 however one rat in the diseased group had a pH of 8 in the second and fifth months. Likewise only one rat had a pH variation in the treatment group which was a pH of 6 at the eighth month.  Three rats had a pH of 6 in the prophylaxis group with one rat among these three having pH of 6 at baseline, fifth, sixth and eighth month (Table 3.4). Only rats fed on chow mixed with UK-396082 (prophylaxis and treatment group) had pH of 6 with 13% of the measurements in the prophylaxis group having pH 6. 

	GROUP
	BASELINE
	MTH 1
	MTH 2
	MTH 3
	MTH 4
	MTH 5
	MTH 6
	MTH 7
	MTH 8

	DISEASED
	7
	7
	7
	7
	7
	7
	7
	7
	7

	
	7
	7
	7
	7
	7
	7
	7
	7
	7

	
	7
	7
	7
	7
	7
	7
	7
	7
	7

	
	7
	7
	8
	7
	7
	8
	7
	7
	7

	
	7
	7
	7
	7
	7
	7
	7
	7
	7

	PROPHYLAXIS
	7
	7
	7
	6
	7
	7
	7
	7
	7

	
	6
	7
	7
	7
	7
	6
	6
	7
	6

	
	7
	7
	7
	7
	7
	7
	7
	7
	7

	
	7
	6
	7
	7
	7
	7
	7
	7
	7

	
	7
	7
	7
	7
	7
	7
	7
	7
	7

	TREATMENT
	7
	7
	7
	7
	7
	7
	7
	7
	7

	
	7
	7
	7
	7
	7
	7
	7
	7
	7

	
	7
	7
	7
	7
	7
	7
	7
	7
	7

	
	7
	7
	7
	7
	7
	7
	7
	7
	6

	
	7
	7
	7
	7
	7
	7
	7
	7
	7



[bookmark: _Toc494731249][bookmark: _Toc494732984]          Table 3.4 pH of monthly 24-hour urine samples.  
The pH of monthly 24-hour urine samples collected from 5 rats per group was measured using the reagent strip. Each rat was placed in a metabolic cage and urine was collected for 24 hours. The pH was read against a standard chart provided by the manufacturer. 

[bookmark: _Toc506232382]3.5.6 Blood 
The Urispec Plus Vet 10 plus dipstick can detect the presence of blood in the urine by measuring the peroxidase activity of red blood cells, and can also be diagnostic of bladder infection, kidney infection, bladder cancer and kidney stone. Haematuria is not a usual finding in diabetic nephropathy (Zhou et al., 2008) and its presence may suggest additional glomerulopathies (Hommel et al., 1987). However one study has suggested that the presence of significant haematuria may be a clinical finding in diabetic nephropathy (O'Neill et al., 1983). Our rationale for investigating haematuria was to identify the prevalence of haematuria within our groups and to check the protective effect of UK-396082 against haematuria.
The urine samples collected over the eight month period were clear macroscopically and microscopically there was no blood in any of the urine samples collected from all the three groups within the first three months (Fig. 3.6). Over 50% of the rats in both diseased and treatment groups developed haematuria by the fourth month and 100% of the rats in these two groups developed haematuria of 10 ery/μl by the end of the study (Fig.3.6). The strip has the ability to measure up to 250 intact erythrocytes /μl in the urine. However, less than 50% of the rats in the prophylactic group developed haematuria of 10 ery/μl by the end of the study. There was a significant difference in haematuria between the diseased group and the prophylaxis group and also between the prophylaxis group and the treatment group. A one way Anova test followed by Tukey’s multiple comparisons test showed a significant difference between the prophylaxis group and the treatment group and between the prophylaxis group and diseased group were significant at P < 0.05.NS


   *

[bookmark: _Toc504640594]Figure 3.6 Rat blood urine of monthly 24 hour urine samples. The graph shows urinary blood data from monthly 24 hour urine samples. Values are mean percentages of rats with haematuria (5 rats per group). A one way ANOVA test was done followed by Tukey’s multiple comparisons test which showed a P<0.05 between diseased group and prophylaxis and also between prophylaxis and treatment group. 

[bookmark: _Toc506232383]3.5.7 Leukocytes  
Leukocyte esterase is produced by neutrophils and may signal pyuria associated with UTI. Leucocyte migration has been implicated in the development and progression of diabetic nephropathy (Navarro-González and Mora-Fernández, 2008). Fig 3.7 showed no rat developed leukocytes in the urine within the first three months of the study. However by the fourth month dipstick analysis showed 25 leukocytes/µl in 40% of the rats in the diseased group and 20% of the rats in the treatment group. There was no detectable leukocytes in the 24-hour urine sample of the prophylaxis group until the sixth month where 25 leukocytes/µl was detected in 60% of the rats. At the end of the study only 75 leukocytes/µl was detected in the urine sample of prophylaxis group compared to a maximum reading of 500 leukocytes/µl detected in both diseased and treatment group. A two way Anova test showed a significant difference of P < 0.0001 between the prophylaxis group and the treatment group and between the prophylaxis group and diseased group. There was also a significant difference of P < 0.0001 over time in both diseased and treatment group. 
  [image: ]
[bookmark: _Toc504640595][bookmark: 3l18frh]Figure 3.7 Urinary leucocytes from monthly 24-hour urine samples. Urinary leucocytes was measured in 24 hour urine samples. These values are urinary leukocytes/µl read against manufacturers concentration chart extrapolated from colour fields on the dipstick that correspond to these concentrations. A two way ANOVA test with Tukey’s multiple comparisons test showed a P<0.0001 between diseased group and prophylaxis and also between prophylaxis and treatment group.

[bookmark: _Toc506232384]3.5.8 Nitrite 
Urinary tract infection (UTI) is common in diabetes and it may be asymptomatic, it was therefore important to assess the rats for UTI.
Nitrites are not normally found in the urine of healthy subjects except in bacterial infection where bacteria reduce nitrate to nitrite. Therefore a positive dipstick is suggestive of bacterial infection while a negative infection does not exclude bacterial infection (Pels et al., 1989, McCarty et al., 1986). However the test for nitrite in combination with leucocytes increases a positive prediction of bacteriuria (Pels et al., 1989). Some studies have also validated the urine dipstick as sensitive enough to rule out UTI (Eigbefoh et al., 2008). The rationale for the investigation of nitrite was because infection is a common trigger of DKA in diabetics (Calvet and Yoshikawa, 2001). Monthly urine samples collected from the metabolic cage were tested for nitrites using the dipstick strip. During the course of the study none of the rats developed positive nitrite in the urine (results not shown).
[bookmark: _Toc506232385]3.5.9 Bilirubin  
The dipstick can be used to detect the presence of conjugated bilirubin in monthly urine and this may be a pointer to liver dysfunction and obstruction of the biliary system. In type 2 diabetes, bilirubin levels have been associated with progression of nephropathy (Mashitani et al., 2014) while another study has reported that the presence of bilirubin prevents the cardiovascular complications of diabetes (Vítek, 2012). 
Our rationale was to ensure our rats did not have liver dysfunction or biliary system obstruction as concurrent pathology such as acute pancreatitis has been reported in diabetes (Hess et al., 2000). During the study we did not detect bilirubinuria in any rat (results not shown).
[bookmark: _Toc506232386]3.5.10 Discussion
The data already presented clearly show that type one diabetes was established in all the three groups (Fig. 3.5 and Table 3.3) and this was a vital requirement for diabetic nephropathy. The best interpretation of urinalysis results is a holistic view rather than an individual approach. All rats had normal pH but rats fed on chow mixed with UK-396082 had a lower pH especially the prophylaxis group that fed on it throughout the entire study (Table 3.4).
Diabetic ketoacidosis (DKA) is one the complications of poorly managed diabetes which can contribute to generation of oxygen radicals. There were cases of transient DKA in both the diseased and treatment groups (Section 3.5.3) but not in the prophylaxis group
The absence of nitrite from all the groups (Section 3.5.8) may exclude UTI during the study.  UK-396082 was also found to be renoprotective from haematuria as the rats that fed on chow mixed with UK-396082 throughout the study had less haematuria (Fig. 3.6). 
The data shown in Fig 3.7 is very interesting as this reflects the laboratory picture of diabetes as reported by Eastman et al. (1991). It was reported that leukocytosis is a feature of overt diabetes (Eastman et al., 1991). We observed more leucocytosis in the diseased group and the treatment group than the prophylaxis group. There was a significant difference of P < 0.0001 between the prophylaxis group and the diseased group and a similar trend was observed between the prophylaxis group and the treatment group. A greater amount of circulating leukocytosis as seen in both diseased and treatment group is an indicator of worsening and progressive nephropathy (Chung et al., 2005). The results observed with the prophylaxis group further strengthens the probability that UK-396082 can reduce the progression of diabetic nephropathy.  
In summary our findings in this chapter shows
pH values were within expected ranges therefore no overt acidosis. 
Haematuria was observed in all the groups at the end of the study. However the prophylactic group had significantly less haematuria. Haematuria however is not as strong a predictor of renal damage when compared to proteinuria and albuminuria, because some diseases such as UTI, kidney stones and bladder cancer are recognized as causes of haematuria. In the absence of an infection it is suggestive of chronic glomerular disease. Therefore, prophylactically UK-396082 may protect against glomerular disease.  
Urinary glucose was above the renal threshold for glucose throughout the study. This confirms hyperglycaemia throughout the study.
None of the rats had nitrites in the urine, which suggest the absence of UTI
Leukocytosis was seen in all the groups although it was more pronounced in the diseased and treatment group with a P < 0.0001 between the prophylaxis and the diseased and similarly between the prophylaxis and the treatment group. In the absence of an infection this is suggestive of inflammation or tissue damage. Thus prophylactic use of UK-396082 may reduce kidney tissue damage.
Urinalysis helped to monitor the health of the rats and check unwanted complications.  
[bookmark: _Toc506232387]3.6 Renal Function
Glomerular filtration rate (GFR) is the most widely used laboratory measure to assess kidney function. It is an estimated calculation based on urinary creatinine, serum creatinine and 24 hr urine output. It also factors in age, sex and ethnicity. It assesses both the quantitative and qualitative ability of the kidney’s excretory function. Kidney function can also be assessed using renal clearance, which is based on the ability of the kidney to clear a substance (Section 2.4). Both inulin and endogenous creatinine have been used for this test. Inulin is said to be more accurate because it is an inert small polysaccharide molecule that can easily pass through the glomerulus without been reabsorbed and is not metabolised. Inulin clearance is accepted as a standard for GFR estimation (Green, 1993), however this procedure requires continuous intravenous inulin infusion with urine collection at several timed intervals, hereby making this procedure inconvenient. However, a study with rats showed no time dependent difference between inulin clearance and creatinine clearance (Darling and Morris, 1991). Earle and Berliner (1946) introduced systemic clearance of inulin to replace renal clearance of inulin but this was found to be unsuitable for patients with oedema and further studies also showed that systemic clearance of inulin overestimated inulin clearance by 20% when compared to renal clearance (Orlando et al., 1998). Pucci et al (2007) reported that serum cystatin C can be used as an early parameter to detect diabetic nephropathy and also in its management. In another study of GFR in type 1 diabetes, it was stated that creatinine clearance was less reliable than cystatin C, however this needs further investigation (Tan et al., 2002).
The use of creatinine is more common and has been extensively used in animal research because it is easy, reliable and reproducible when large numbers of samples are involved. Creatinine clearance has also been studied in many rat strains including Wistar and found to mirror GFR. (Van Liew et al., 1993). Creatinine clearance is calculated from urine flow over 24 hours and the creatinine values obtained from both urine and blood (Cholongitas et al., 2007). Based on the above points we decided to investigate renal function in our rat model by calculating the creatinine clearance over 24 hours. Overnight creatinine clearance measurement can be affected by the presence or absence of overnight feeding, therefore this variable was kept constant (Van Liew et al., 1993). 
Both urine and blood contain interfering molecules which render the Jaffe method of creatinine determination subject to error (Husdan and Rapoport, 1968) therefore the enzymatic method was favoured above the Jaffe because the effect of miscalculation from effect of these non-creatinine chromogens is less (Jung et al., 1987).
Taking all the above into account we decided to measure blood creatinine, and urine creatinine in 24-hour urine samples to calculate creatinine clearance using the enzymatic method (Section 2.4.7). 
Other markers of renal function that we investigated to assess renal function were urinary protein (Section 2.4.5), urinary albumin (Section 2.4.3) and blood urea nitrogen (Section 2.4.2).
Proteins are found in the blood, however only trace amounts may be found in the urine as most proteins are too large to pass through the glomeruli of a healthy kidney. However in the diseased state proteins can be found in the urine in increased amount. The kidney and the bladder undergo structural and functional abnormalities in sustained hyperglycemia which results in a deficit in glomerular filtration rate in both man and rats (Yohannes et al., 2008). This structural defect leads to passage of protein into the urine. Two major methods are routinely carried out in the monitoring of disease progression in diabetes; urinary albumin excretion rates and total protein concentration (Schlatzer et al., 2009). We therefore determined both serum protein and urinary albumin in our study. 
Urea, like creatinine, is a by-product of metabolism that is filtered through the kidney. Urea is made in the liver from the catabolism of protein. This by-product is then excreted via the kidneys meaning that any morbidity that affects either the metabolic function of the liver or the excretory function of the kidney will lead to accumulation of urea in the blood.  The test is based on the measurement of the amount of urea nitrogen in the blood. Kidney disease, renal failure, or the presence of kidney stone blocking the urinary tract can result in elevated blood urea nitrogen (BUN) (Gowda et al., 2010).
Screening for proteinuria, creatinine and calculating creatinine clearance, are good indices to measure glomerular functions. We therefore measured both serum and urinary creatinine, serum urea, urinary proteinuria and urinary albumin. We went further to analyze the protective and therapeutic effect of UK-396082 in a chronic kidney disease model. All results were within the normal ranges at the start of the study confirming clinically sound state of health of the rats at the start of the study, this was similar to the baseline findings in chapter 3. From Fig. 3.8 we observed that none of the rats excreted measurable albuminuria for the first 90 days of the study, however this was followed by a sharp increase in excreted albuminuria in both the diseased group (group 1) and treatment group (group 3) This confirms the establishment of overt diabetic nephropathy. This increase continued until the eighth month. However the prophylactic group had a moderate increase in the amount of albuminuria excreted when compared to the other two groups. Significant difference was observed between the prophylaxis group and the diseased group between the sixth month and the eighth month. In the same vein the prophylactic group had only moderate albuminuria and lesser urinary protein at the end of the study when compared with the diseased group.



 Figure 3.8 Urinary albumin measurement. The plot is the x̅ ± SEM of 5 rats for prophylaxis group and 10 rats collectively for the diseased and treatment groups for the first four months and 5 rats per diseased and treatment group thereafter. A two way Anova test showed a significant difference of P < 0.0001 with progression from baseline to 8 month in all three groups. However there was no significant difference between the three groups. ****
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In terms of urinary protein the values obtained in the diseased group were double those of the prophylaxis group (Fig 3.9). 
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[bookmark: _Toc504640596][bookmark: 4k668n3]Figure 3.9 Urinary protein measurement. The plot is the x̅ ± SEM of 5 rats for prophylaxis group and 10 rats collectively for the diseased and treatment groups for the first four months and 5 rats per diseased and treatment group thereafter. A two way Anova test showed a significant difference of P < 0.0001 with progression from baseline to 8 month in all three groups. However with Tukey's multiple comparisons test there was no significant difference between the three groups. 

Fig 3.10 shows data from serum urea and there was a gradual increase in serum urea within the first three months however by the sixth month there was a sharp rise in serum urea in both the diseased group and treatment group while serum urea in the prophylaxis group was minimal with values just about half of the values obtained with the diseased group by the end of the study.



 ****

[bookmark: _Toc504640597][bookmark: 2zbgiuw]Figure 3.10 Blood urea nitrogen measurement. The plot is the x̅ ± SEM of 5 rats for prophylaxis group and 10 rats collectively for the diseased and treatment groups for the first four months and 5 rats per diseased and treatment group thereafter. A two way Anova test showed a significant difference of P < 0.0001 with progression from baseline to 8 month in all three groups. A further analysis with Tukey's multiple comparisons test showed a significant difference of P < 0.0001 between disease and prophylaxis. 

Data from both serum creatinine and urinary creatinine once again showed the renal function of the prophylaxis group was better when compared with the data from the diseased and treatment group. (Fig 3.11 and 3.12). Fig 3.11 showed a sharp increase in serum creatinine after the fourth month in both diseased and treatment group however serum creatinine remain constant in the prophylaxis group. While in Fig 3.12 there was a sharp decline in excreted creatinine following the combined assault of nephrectomy and induction of diabetes.



 ***
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[bookmark: _Toc504640598]Figure 3.11 Serum creatinine measurement. The plot is the x̅ ± SEM of 5 rats for prophylaxis group and 10 rats collectively for the diseased and treatment groups for the first four months and 5 rats per diseased and treatment group thereafter. There was a significant difference between the diseased group and the prophylaxis group and between the prophylaxis group and the treatment group of P < 0.0001.
 [image: ]****





[bookmark: _Toc504640599]Figure 3.12 Urinary creatinine measurement. The plot is the x̅ ± SEM of 5 rats for prophylaxis group and 10 rats collectively for the diseased and treatment groups for the first four months and 5 rats per diseased and treatment group thereafter. A two way Anova test showed a significant difference of P < 0.0001 with progression from baseline to 8 month in all three groups. A further analysis with Tukey's multiple comparisons test showed a significant difference of P < 0.0001 between disease and prophylaxis and a similar trend was observed between disease and treatment, however there was no significant difference between diseased and treatment group.

Juxtaposing results from Fig 3.10 and Section 3.5 suggest that the rise in serum urea is likely due to renal impairment rather than a defect in hepatic metabolism.
Creatinine clearance was calculated as seen in Section 2.4.7 and Fig 3.13 shows the summarized protective effect of UK-396082 in diabetic nephropathy using the results obtained from creatinine clearance. The prophylaxis group had preserved renal glomerular function when compared to that of the diseased and treatment groups where a steep drop in creatinine clearance was observed. 
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[bookmark: _Toc504640600]Figure 3.13 Creatinine clearance measurement. The plot is the x̅ ± SEM of 5 rats for prophylaxis group and 10 rats collectively for the diseased and treatment groups for the first four months and 5 rats per diseased and treatment group thereafter. A two way ANOVA test showed a significant difference of P < 0.0001 with progression from baseline to 8 month in all three groups. A further analysis with Tukey's multiple comparison test showed a significant difference of P < 0.0001 between disease and prophylaxis and a similar trend was observed between disease and treatment, there was however no significant difference between diseased and treatment group. 

Conclusively, putting all the data together we can summate that UK-396082 was renoprotective in the prophylaxis group.     
[bookmark: 206ipza][bookmark: 1egqt2p][bookmark: 3ygebqi]

[bookmark: _Toc506232388]3.7 Discussion 
Diabetes is a common cause of kidney disease, and remains a major cause of end-stage renal disease (Snyder and Pendergraph, 2005). The assessment of urinary protein, haematuria and falling GFR are good indicators of kidney damage (Chadban et al., 2003). The key parameters in renal damage were studied; protein, albumin, serum and urinary creatinine, and creatinine clearance. Data from baseline data showed that the rats were of good health at the beginning of the study and there was no indication of renal damage. However with established diabetic nephropathy we envisaged the rats were at risk of ESRD with prolonged diabetic nephropathy. 
Proteinuria was detected in all the three groups, with the diseased group having values as high as 146.7 mg/dl, treatment group with 103.6 mg/dl and prophylaxis 97.4 mg/dl. These data were suggestive of renal damage with most damage in the diseased group and the least in the prophylaxis group. These data were suggestive of diabetic nephropathy in all the three groups as proteinuria is a manifestation of nephropathy. This has also been reported by Chadban et al. (2003). However, it appears once again that UK-396082 may be responsible for less proteinuria seen in the prophylaxis group than the treatment group.
Dipstick urinalysis has been reported to be sensitive to albumin but correlates poorly with 24 hour protein measurement (Guh, 2010). Urinary albumin is a better parameter in the monitoring of the progression of early glomerular injury in diabetic renal injury because an increase in albumin is detectable even with normal urinary protein (Chavers et al., 1989).   
Our data showed raised albuminuria at the end of the eighth month, with the diseased group having a mean urinary albumin excretion of 442 mg/24hrs and the treatment group with 392.3 mg/24hrs. These figures are about double that of the mean urinary excretion albumin figure obtained in the prophylaxis group. These provide further an evidence for the renoprotective properties of UK-396082. 
Assessment of creatinine clearance showed significant renal dysfunction in both the diseased and treatment group, with creatinine clearance dropping below 10 % of baseline values in both these groups, while prophylaxis group maintained a mean creatinine clearance of 1.12 mls/min at the end of the study compared to a mean baseline of 1.23 at the start of the study. Thus UK-396082 provided protection against a drop in creatinine clearance.
[bookmark: _Toc506232389]3.8 Urinary glycosaminoglycans as a markers of kidney basement membrane damage
Diabetes, like many chronic illnesses is missed at the early stage of the disease due to lack of highly sensitive and discriminative tests. In chronic kidney failure the disease remains asymptomatic until 50-60 % of renal function is lost (Hosten, 1976). Unfortunately, when chronic kidney failure is detected towards its end stage, there are limited treatment options (Lees, 2004). 
This prolonged asymptomatic phase results in patients presenting at a moderate to severe stage of the disease. However, there may be subtle signs and symptoms present at the asymptomatic phase of the disease. For example the detection of abnormal amounts of protein in urine is presently being interpreted as the presence of kidney disease. Microalbuminuria is used by clinicians as the first sign of diabetic nephropathy but this is not early enough as microalbuminuria sets in 5-10 years after the onset of type 1 diabetes (Warram et al., 2000) and its progression to macro albuminuria is used to monitor the disease (Remuzzi et al., 2002). Unfortunately, this parameter is not specific as it can be affected by non-pathological conditions such as age, diet and ethnicity (Nettleton et al., 2008). The ideal form of treatment would be early diagnosis followed by timely therapeutic intervention to slow down or stop the progression of the disease at an early stage. It will therefore be beneficial to identify biochemical parameters that can be used as early markers of renal disease particularly if they can be measured non-invasively. 
Proteoglycans are large biomolecules which consist of a core protein which is glycosylated. This protein core is attached covalently to glycosaminoglycan chains via a serine residue. GAGs are unbranched, linear, negatively charged polysaccharides. They are composed of repeating disaccharide units which may be sulphated or non-sulphated with molecular weight between 10-100 kDa
GAGs are involved in numerous biological functions such as anticoagulation, antisepsis, and antitumor metastasis (Frazier et al., 2008). The role of heparin in anticoagulation has been well studied showing how heparin binds to antithrombin III which inhibits serine proteases in the cascade system and inhibits blood clotting. GAGs have also heralded new possibilities in the treatment of diseases such as cancer (Nicola, 2006).
Heparan sulphate is the most abundant GAG in the glomerular basement membrane but in diabetes its level within the mesangial matrix and the glomerular basement membrane is low due to reduced synthesis and increased rate of breakdown by proteinases. This leads to ineffective charge-selectivity of glomerular capillaries, which ultimately results in reduced excretion and albuminuria.  Glycaemic control and glomerular basement membrane injury plays a role in GAG excretion (Ueta et al., 1995). 
Proteoglycans can be categorized based on their size to either large proteoglycans such as versican, with 260-370 kDa, aggrecan with, 220 kDa or small proteoglycans like decorin, with 36 kDa. This structure is complex and its function has been an area of interest in matrix investigations. 
Syndecans are proteoglycans containing glycosaminoglycan chains such as heparan sulphate or chondroitin sulphate chains. These proteoglycans transect the membrane and therefore act as co-receptors, for signal transduction from outside the cell membrane into the cell which leads to a cellular response (Mythreye and Blobe, 2009). The glycosaminoglycan chains attached to these core proteins are believed to interact with many bioactive ligands that can affect cell phenotype, including proteinase inhibitors such as antithrombin III (Pomin and Mulloy, 2015). In addition to proteoglycans attached to the cell membrane, others are found in the basement membrane and the glomerular glycocalyx e.g. perlecan and agrin (Kolářová et al., 2014).    
The synthesis of GAGs by endothelial cells is decreased by high glucose levels. This reduces the heparan sulphate on the glycocalyx making albumin more permeable through the glomerular capillary wall (Singh et al., 2011). Therefore with a decrease in GAG synthesis and or an increase in proteoglycan proteolysis, there will be reduced excretion and an increase in albumin excretion due to increased permeability (Torffvit, 1999). Studies have already shown a correlation between urinary markers of tubular damage and urinary GAG excretion (Kahaly et al., 1997). Based on this understanding we decided to investigate the possible role of GAGs as a non-invasive (early) marker of diabetic nephropathy and the effect of UK-396082 in this cascade of events. 
In our study we collected urine samples from rats placed in metabolic cage for 24 hours every month and assessed the levels of GAG present in the urine of diabetic rats (Section 2.5). The presence of UK-396082 in chow increased the excretion of urinary GAGs in healthy rats when compared to rats fed on normal chow (Fig.3.14). However, when the rats were returned to normal diet the excretion of urinary GAGs returned back to baseline (Fig 3.14).
[image: ]
[bookmark: _Toc504640601]Figure 3.14 Urinary GAGs measurement in healthy rats. The plot is the x̅ of 2 rats per group. One group was fed on chow with 0.03 mg/kg Uk-396082 for 4 weeks after which the diet was returned to normal diet (see arrow). The other group was fed on normal chow for 8 weeks. 
 
After we had established that UK-396082 increases the level of urinary GAGs in normal rats by an unknown mechanism we progressed to investigate the effect in diabetic nephropathy. With the induction of type 1 diabetes with streptozotocin, there was a sharp variation in the level of GAGs excreted in the urine by the different groups. The diseased and the treatment groups demonstrated a rapid decline in the amount of urinary GAG excreted upon treatment with 80mg/kg of streptozotocin. This reduced excretion of urinary GAG remained until the end of the experiment. However, the amount of GAGs excreted by the prophylaxis group was significantly increased compared to what was observed in both the diseased and treatment groups. (Fig 3.15), but after four months of continuous assault to the kidney we began to observe a gradual drop of excreted urinary GAGs back towards the baseline level of about 60 µg GAG/24 hr. Excretion in the prophylaxis group remained significantly increased when compared with the other two groups. Also noticeable was the fact that prophylaxis group excreted GAGs like normal rats at the end of the eight month study (Fig. 3.14 and Fig. 3.15).
[image: ]****

[bookmark: _Toc504640602]Figure 3.15 Urinary GAGs measurement in diabetic rats. The plot is the x̅ ± SEM of 5 rats for prophylaxis group and 10 rats collectively for the diseased and treatment groups for the first four months and 5 rats per diseased and treatment group after the first four months. Tukey's multiple comparisons test gave P<0.0001 for the difference between disease and prophylaxis and also between treatment and prophylaxis.

Further investigation for possible interference of UK-396082 in the GAG assay was carried out and it was negative, as the standard curve for heparan sulphate and the standard curve for heparan sulphate mixed with 100nM UK-396082 had identical slopes (Fig 3.16). 




[bookmark: _Toc504640603]Figure 3.16 Standard curve for heparan sulphate and heparan sulphate with 100nM UK-396082 using the DMMB assay. The plot represents the standard curve for heparan sulphate and heparan sulphate with 100nM UK-396082 measured using the DMB assay. The slopes for the two graphs did not show any significant difference, the slope of the graph for heparan sulphate was 4.6X10-3 and the slope for heparan sulphate with 100nM of UK-396082 4.5X10-3. N=3. 

With the induction of diabetes, the rats immediately developed polyuria, this trend was also seen with the measurement of GAGs in Fig. 3.15. However this was not the case with urinary albumin which did not become detectable until month 3 (Fig 3.8). We therefore investigated for any interference from the diabetic urine in the assessment of GAGs. 
Our results showed that there was no interference from the urine as slopes of both standard curve of heparan sulphate and the slope of heparan sulphate with urine were almost identical (Fig 3.17).
 
[image: ] Figure 3.17 Standard curve for heparan sulphate and heparan sulphate with urine assayed with the DMMB assay. The plot represents the standard curve for heparan sulphate and heparan sulphate with 200 µl of urine. The slope of the graph for heparan sulphate was 4.1X10-3 and the slope for heparan sulphate with urine was 4.5X10-3 There was no significant difference N=3 (samples from prophylaxis group). 

The significant results obtained in Fig 3.15 stimulated the need to identify which of the GAGs was being excreted in large amounts. Heparan sulphate was the most obvious choice because it is abundant in basement membranes as the major GAG on proteoglycans present on cell surfaces, and it is associated with heparan sulphate proteoglycans (HSPG) such as syndecans, perlecan, glypicans etc. We therefore tested for the presence of heparan sulphate with heparinase II and heparinase III (Section 2.5.6 and Section 2.5.7), which specifically degrade heparan sulphate to fragments that are not detectable by the DMMB assay.
Heparinase II has substrate specificity for both heparin and heparan sulphate and cleaves sulphated polysaccharide (heparin and heparan sulphate) with 1-4 linkages to yield mainly disaccharide products. Heparan sulphate 25µg/ml was digested with heparinase II (0.025 IU) and within the span of 30 mins over 90 % of our heparan sulphate standard had been digested (Fig 3.18) demonstrating that the DMMB assay can detect the appearance and disappearance of heparan sulphate. 


[bookmark: _Toc504640604]Figure 3.18 Heparan sulphate digestion with heparinase II. The plot represents the mean n=3 of the digestion of heparan sulphate (25µg/ml) with heparinise II (0.025 IU) and absorbance measured at 0, 5, 10, 20, 30 and 60 mins of incubation at ambient temperature.

A similar trend was observed when heparinase II was added to urine samples from the three groups. From the data, the sample from the prophylaxis group had the highest amount of GAG and this was completely digested after 120 mins incubation (Fig 3.19). 

[image: ] 

[bookmark: _Toc504640605]Figure 3.19 Digestion of urinary GAGs in rat urine with heparinase II. Heparinise II 0.025IU digestion of the GAGs in urine sample (200µl) from the diseased, prophylaxis and treatment groups. The control group is incubation of prophylaxis urine without heparinase II. The plot is the x̅ ± SEM of triplicates of absorbance reading taken at 0, 10, 30, 60 and 120 minutes. N=3.

A further discrimination test was carried out with heparinase III. This enzyme also known as heparan sulphate eliminase, cleaves highly or low sulphate regions more discriminating than heparinise II (https://www.neb.com/faqs/1/01/01/what-is-the-difference-between-em-bacteroides-em-heparinase-i-ii-and-iii).
Unlike heparinase II (Fig 3.18), heparinase III did not achieve complete digestion of our heparan sulphate in 30 mins (Fig 3.20). 
However when the reaction time was allowed to go up to 60 mins more heparan sulphate was digested (data not shown). 




[bookmark: _Toc504640606]Figure 3.20 Heparan sulphate digestion with heparinase III. The plot represents mean data of n=3 of the digestion of heparan sulphate (25 µg/ml) with heparinise III (0.025 IU) and absorbance measured at 0, 5, 10, 20, 30, 40 and 60 mins incubation at ambient temperature.  

In an attempt to digest a urine sample from the prophylactic group with heparinase III, after 120 mins 65 % of heparan sulphate was still undigested. (Fig 3.21).
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[bookmark: _Toc504640607]Figure 3.21 Digestion of GAGs in prophylaxis urine with heparinase III. The above graph shows the digestion of the GAGs in the urine samples (200µl) taken from the prophylaxis group with and without heparinise III (0.025IU). The plot is the x̅ ± SEM of triplicates of absorbance reading taken at 0, 30, 60, 90 and 120 minutes. 

[bookmark: _Toc506232390]3.9 Discussion 
Previous studies have indicated that GAGs can be detected in urine of normal individuals and higher amounts are excreted in males and also younger individuals (Michelacci et al., 1989). Variable GAG excretion has been reported to be present in diseases and malignancies (Friman and Juvani, 1975, Kery et al., 1992) and also in the treatment of diseases such as sciatica (Buttle et al., 1986). A reduction in GAG excretion was reported in renal diseases (Michelacci et al., 1989, Tencer et al., 1997). 
Our results demonstrated the presence of GAG in urine of healthy rats. There was an increase in excretion of GAG in the urine of healthy rats that were fed on chow mixed with UK-396082. This might suggest that the normal turnover of basement membrane GAGs is partly accomplished through the action of plasmin.
With the induction of type 1 diabetes there was an immediate drop in excretion of heparan sulphate which may be suggestive of less basement membrane ECM being broken down resulting in fibrosis leading to an ineffective basement membrane which allowed large molecules such as protein to pass through (Fig 3.15 and Fig 3.8). The presence of UK-396082 in the diet of nephrectomised and diabetic rats showed an increase in the excretion of GAGs (Fig 3.15) which suggests an increase in ECM breakdown and possibility of a more protective basement membrane possibly due to the action of plasmin. However this was not the case with the treatment group (fed on chow mixed with UK-396082 four months after the experiment had started) probably due to the fact that diabetic nephropathy was established before UK-396082 was introduced. Further discriminatory tests with heparinase II and heparinase III in the digestion of urine from the prophylaxis group (fed on chow mixed with UK-396082) was suggestive of high turnover of heparan sulphate in the urine. Lack of turnover may be one reason for the build-up of fibrotic material in diabetic rats. Putting all these results together we can conclude that the effect of UK-396082 was likely to be on the basement membrane of the kidney and that the same effect was probably lost in advanced kidney disease as seen with the treatment group. 
In summary, our data suggest the following:
1) Plasmin is involved in the breakdown of GAGs in the ECM. 
2) The prophylactic administration of UK-396082 increases plasmin activity with continuous breakdown of the BM. This continuous breakdown of BM in type one diabetes prevented a build-up of fibrosis.
3) The continuous breakdown of BM allows the kidney to function even in diseased state such as type one diabetes.
4) The GAG assay is a convenient, non-invasive and fast method for the quantification of heparan sulphate in urine, which is a potential biomarker for early clinical detection of diabetic nephropathy.

Chapter Four
Results: Histomorphological assessment of the effect of       UK-396082 in renal fibrosis
   
[bookmark: _Toc506232391]
4.0 Renal histology  
[bookmark: _Toc506232392]4.1 Haematoxylin and eosin (H&E) stain 
This is a widely used stain and a gold standard in many laboratories and a useful diagnostic tool in medicine. Prior to the invention of the microscope clinicians were unclear about the causes and pathogenesis of renal disease. However, the invention of the microscope in 1650 allowed microscopic imaging to play a vital role in the investigation and diagnosis of renal pathology (Weening and Jennette, 2012). It was not until 1800 that heamatoxylin was first used to stain the cell (Titford, 2005) and over the years it has become the most widely used stain in combination with eosin (Gamble and Wilson, 2008). Its simplicity and ability to show tissue structures made it popular among pathologists. However, H&E is less specific when compared with speciality staining like immunohistochemistry and some cell types cannot be identified with H&E which in some instances makes it an inconclusive diagnostic tool. The technique is also subject to human error which can result in pale nuclei or poorly differentiated slides (http://mhpl.facilities.northwestern.edu/files/2013/10/The-Science-and-Application-of-Hematoxylin-and-Eosin-Staining-6-5-2012.pdf). 
New techniques are continuously introduced as old ones also get improved. In this study we compared the basic histological findings of excised right kidney at the beginning of the study (control) with the excised left kidney at the end of the study using H&E, picrosirius red to measure collagen and Masson’s trichrome to discriminate between muscle and collagen.  
Control kidneys of the diseased, prophylaxis and treatment groups had similar findings, there was no glomerular hypertrophy, inflammation, tubular dilatation (TD) or fibrosis present (Fig 4.1a, 4.1c and Fig 4.1e). Fig 4.1b (diseased kidney from the diseased group), with moderate interstitial fibrosis (black arrow), mild inflammation and tubular dilatation (blue TD). There are degenerative/regenerative tubules which are smaller with small lumen (blue T). The glomerular mesangium are thicker with thickened Bowman’s capsule.  
Fig 4.1d (diseased kidney from the prophylaxis group) shows minimal inflammation and mild tubular dilatation (blue TD) with some degree of glomerular hypertrophy. The diseased kidney of the treatment group (Fig 4.1f) demonstrated moderate interstitial fibrosis tubular dilatation (TD) glomerular hypertrophy and mesangium thickening.
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[bookmark: _Toc504640608]Figure 4.1. Haematoxylin and Eosin staining of rat kidneys. Yellow bar = 50µm.
a) Control kidney from diseased group with glomeruli (G) enclosed by thin basement membrane (green arrow) and numerous tubules (T). b) Diseased kidney from diseased group with hypertrophic glomerulus (G) and dilated tubules (TD), thickened basement membrane (green arrow) with expansion of the mesangium (yellow arrow). c) Control kidney from prophylaxis group with glomeruli (G) and thin basement membrane (green arrow) and numerous tubules (T). d) Diseased kidney from prophylaxis group with hypertrophic glomerulus (G) and mildly dilated tubules (T), thickened basement membrane (green arrow) and expansion of the mesangium (yellow arrow). e) Control kidney from treatment group with glomeruli (G) numerous tubules (T), thin glomerular membrane (green arrow). f) Diseased kidney from treatment group with one hypertrophic glomerulus (G) dilated tubules (TD), thickened basement membrane with mesangial expansion. 
 
[bookmark: _Toc506232393]4.2 Picrosirius red stain (PRS) 
The drive for specific stains has led histopathologist to develop stains that will specifically or selectively label structures or molecules. Histopathologists in the past have used some histopathological patterns in the scoring of interstitial fibrosis and these have been considered not reproducible and insensitive (Grimm et al., 2003). The picrosirius red stain is selective for collagen I and III and can therefore be used for the diagnosis of fibrosis. Under the light field view the collagen fibres appear red while the nuclei, cytoplasm, red cells and muscular fibres appear yellow to yellow-brown. We used paraffin-embedded kidney tissue sections taken at the beginning of the study (control) and at the end of the study. These sections were stained according to the protocol (Section 2.6.2), viewed and photographed under the light microscope. Digital addition and subtraction of the areas of fibrosis was semi-automated using the cell F software (https://www.electrooptics.com/press-releases/celld-cellf-and-cellp-imaging-systems).
Fig 4.2a is a control for the disease group and shows the glomeruli surrounded by cortical tubules. The tubular and glomerular membranes are thin with no signs of fibrosis. The other control slides (c) and (e) are similar. 
Compared to Fig 4.2a, Fig 4.2b (diseased kidney from the diseased group) demonstrated moderate tubular membrane and glomerular membrane thickening with dilated tubules (DT) typical for the diseased group and also similar to our H&E findings (Fig 4.1b) . The glomeruli showed increased amount of collagen fibres which are stained in red. There is also expansion of the mesangium within the glomeruli (blue arrow), thickened Bowman’s capsule and interstitial fibrosis (green arrow). These are signs of renal fibrosis. 
Fig 4.2d (diseased kidney from prophylaxis group) is representative of the prophylaxis group. There is increased amount of collagen fibres which are stained in red with expansion of the mesangium within the glomeruli (blue arrow). There is also tubular dilatation with thickened Bowman’s capsule.
Fig 4.2f is an image of a diseased kidney from the treatment group showing hypertrophic glomeruli (G) and dilated tubules (T). Within the glomeruli there is increased amount of collagen fibres with expansion of the mesangium (blue arrow). There is also interstitial fibrosis (green arrow) and thickened Bowman’s capsule. 
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[bookmark: _Toc504640609]Figure 4.2. Picrosirius red staining of rat kidneys. Yellow bar = 50µm.    a) This is the image of the control kidney of diseased group showing glomeruli (G) and numerous tubules (T). The tubular and glomerular membranes are thin (black arrows). The Bowman’s capsule is also thin. b) This is the image of the diseased kidney of the diseased group showing enlarged glomeruli (G) and dilated tubules (DT). The glomeruli showed increased amount of collagen fibres which are stained in red with expansion of the mesangium within the glomeruli (blue arrow). There is also evidence of interstitial fibrosis (green arrow). c) This is the image of the control kidney of the prophylaxis group showing glomeruli (G) and numerous tubules (T). The tubular and glomerular capillary basement membranes are thin (black arrows). d) This is the image of the diseased kidney of the prophylaxis group showing enlarged glomeruli (G) and dilated tubules (DT). The glomeruli showed increased amount of collagen fibres which are stained in red with expansion of the mesangium within the glomeruli (blue arrow) there is also interstitial fibrosis (green arrow). e) This is the image of the control kidney of the treatment group showing the glomerulus (G) and numerous tubules (T). The tubular and glomerular membranes are thin (black arrows). f) This is the image of the diseased kidney of the treatment group showing dilated glomeruli (G) and dilated tubules (DT). The glomeruli showed increased amount of collagen fibres which are stained in red with expansion of the mesangium within the glomeruli (blue arrow).  

[bookmark: _Toc506232394]4.3 Multiphase image analysis of picrosirius red stain
Analysis of scarring was done on picrosirius red stained paraffin embedded slides (Section 2.6.2) with multiphase image analysis (Section 2.6.3). Scarring was manifest in all the groups with evidence of both glomerulosclerosis and tubulointerstitial fibrosis at the end of the study. Tubular dilatation, flattened tubular epithelium and thickening of tubular basement membrane were also observed in all the three groups as evidence of tubulointerstitial fibrosis. Glomerulosclerosis was evidenced by the thickening of the glomerular basement membrane and glomerular mesangium (Fig 4.2).  
Glomerulosclerosis was visible in all the three groups with a p value < 0.0001 between the control kidney and the three groups (Fig 4.3). However, there was significantly less scarring in the prophylaxis group versus the diseased and treatment groups. There was more scarring in the diseased group (32.5%) compared to the treatment group (28.9%) although this was not statistically significant (Fig 4.3).
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[bookmark: _Toc504640610]Figure 4.3 Summary of picrosirius red semi- automated analysis. 
The graph is the analysis of picrosirius red slides. Each data point is mean of ten different views per kidney by each of two blinded reviewers. Followed by Tukey's multiple comparisons test which showed significant difference between the diseased group and prophylaxis group P <0.0001, prophylaxis and treatment was P<0.001 while there was no significant difference between diseased and treatment group. There was a P<0.00001 significance between the control kidneys and the diseased kidneys of all the groups.

[bookmark: _Toc506232395]4.4 Massons’s trichrome
In the diagnosis of renal pathology, the correlation of carefully studied routine cell and tissue stains such as haematoxylin and eosin, periodic acid Schiff and periodic acid-silver methenamine, under light microscopy and Masson’s trichrome stain is able to give considerable information (Cohen, 1976). Masson’s trichrome uses three different dyes which selectively stain muscle, collagen fibres and red blood cells. 
Well-fixed, properly prepared, thinly sectioned (5µm), carefully stained renal slides, with uniform consistency (Section 2.6.4) gave distinct images. The control kidneys removed at the beginning of the study showed no signs suggestive of tubular, glomerular or interstitial scarring (Fig 4.4a, c and e). Examination of the diseased kidneys (removed at the end of eight months study), showed a similar trend across the three groups where there were signs of tubular, glomerular and interstitial scarring. The most severe changes were observed in the diseased group (Fig 4.4b) where the slides showed moderate tubular dilatation, tubular degeneration and regeneration, tubular basement membrane thickening, glomerular basement membrane thickening with mild interstitial fibrosis. The treatment group exhibited, moderate tubular degeneration/regeneration, tubular dilation with moderate interstitial fibrosis. (Fig 4.3f). Unlike the diseased and treatment group the prophylaxis group (Fig 4.4d) demonstrated mild interstitial fibrosis, mild tubular degeneration/regeneration with mild glomerular fibrosis which was suggestive of mild scarring and less fibrosis when compared to the other groups.
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[bookmark: _Toc504640611]Figure 4.4 Masson’s trichrome staining of rat kidneys. Yellow bar = 50µM.   a) Control kidney of the diseased group with glomerulus (G) and tubules (T), enclosed by thin basement membrane (black arrow). b) Diseased kidney with hypertrophic glomeruli (G) and dilated tubules (DT), thickened basement membrane and interstitial fibrosis seen as green fibres around the glomeruli and interstitium. c) Control kidney of the prophylaxis group with glomerulus (G) and numerous tubules (T), and thin basement membrane. d) Diseased slide of prophylaxis group with hypertrophic glomeruli (G) with mildly dilated tubules (T), mild thickened basement membrane, few green fibres within the interstitium and around the glomerulus. e) Control kidney of the treatment group with glomeruli (G) numerous tubules (T), thin basement membrane. f) Control slide of the treatment group with hypertrophic glomeruli (G) and dilated tubules (DT). Moderate glomerular and tubular scarring seen as green fibres around the glomeruli and the interstitial space.

[bookmark: _Toc506232396]4.5 Discussion 
Based on H&E stains there were no signs of fibrosis in the controls. In the diseased and treatment groups kidneys there was a general trend of moderate interstitial fibrosis, tubular dilatation, tubular fibrosis and glomerular basement membrane thickening. There was also a moderate increase of mesangium with glomerular fibrosis. Similar findings were also observed in the sections stained with picrosirius red. The semi-automated analysis (Fig 4.3) of picrosirius red staining demonstrated a significant difference between the control slides (right kidneys) and the diseased slides (left kidneys) with some level of scarring in all the left kidneys. However, there was significantly less fibrosis in the prophylaxis kidneys than was found in the diseased and the treatment groups suggesting that UK-396082 may offer some protection against renal fibrosis if treated early enough. Similar findings were observed with the Masson’s trichrome stains where collagen deposition was less in the prophylaxis group and more in the diseased group. 
[bookmark: _Toc506232397]4.6 Conclusion 
· The control slides were normal in morphology.
· All the three groups (diseased, prophylaxis, and treatment) showed signs of fibrosis.
· Semi-automated scoring of the picrosirius red stain demonstrated that the prophylaxis group had the least scarring.
· There was no significant difference between the diseased and treatment groups at the end of the study. 
· The slides of kidneys at the end of the study showed both glomerular scarring and interstitial fibrosis.



[bookmark: _Toc506232398]4.7 Seventh wave laboratory 
We sent identical kidney samples to Seventh Wave Laboratories, 19 Worthington access drive, Maryland heights, MO 63043. This was done as Pfizer (the sponsor of the in vivo experiment) was also interested in helping with some analysis. Their findings were very similar to ours and are presented in Appendix 2.



Chapter Five
Results: Effect the of fibrin, plasminogen activators and UK-396082 in an in vitro diabetic model




[bookmark: _Toc506232399]5.1 Introduction 
Following the results obtained from the effect of UK-396082 in our in vivo study we decided to study its effect in a diabetic model in vitro. The logic behind testing UK-396082 as an anti-fibrotic drug lies in its role in the fibrin-dependant inhibition of plasminogen activation by CPB2. We decided to investigate if all the players in the pathway are likely to be present in the kidney or whether a different pathway needs to be invoked. It is known that fibrin deposits are present in fibrotic tissues (Imokawa et al., 1997). From previous studies we know that diabetes is the leading cause of end stage renal disease in western society (Tuttle, 2005) and diabetic nephropathy is a chronic disease characterised by fibrosis. The interplay in fibrosis is a complex one, comprising of chronic inflammatory reactions which could be from infections, autoimmune reactions, chemical assaults, or tissue injury. Fibrosis is the accumulation of excessive fibrous ECM either from excessive synthesis or reduced degradation via proteolytic events. One of the major players in the proteolytic events is plasmin which is activated by uPA, and or tPA. The upward regulation of plasmin leads to the breakdown of ECM either directly or by the activation of proMMPs (Bonnans et al., 2014). 
CPB2 has been implicated in the inhibition of plasminogen activation and subsequent down-regulation of plasmin generation (Reijerkerk et al., 2004) which can ultimately lead to ECM accumulation. CPB2 cleaves off the terminal lysine residues of fibrin which are needed for the conversion of plasminogen to plasmin via tPA (Section 1.11). Therefore, to achieve an increased activation of plasmin there is a need to develop a potent inhibitor of CPB2. UK-396082 is a selective CPB2 inhibitor (Bunnage et al., 2007). There is also a need to investigate the role of fibrin in fibrosis as many researchers have provided different views on the role of fibrin in fibrosis. Fibrin is formed from a cascade of enzymatic reactions consisting of cleavage and polymerization. It is the cleavage of fibrinopeptides A and B from fibrinogen and this is a thrombin-dependent reaction. It has been reported that fibrin supports adhesion and migration of cells in culture (Almelkar et al., 2014), and that the deposition of fibrin leads to the formation of a fibrin matrix which acts as a guide for invading cells which then leads to synthesis of cytokines which stimulate resident cells to synthesise and lay down collagen. Therefore the persistence of fibrin promotes fibrosis. Another study reported that there was an increase in uPA activity in the presence of fibrin (Bernik MB 1973), but perhaps more importantly tPA and plasminogen both bind to C-terminal lysine residues on fibrin and this leads to plasminogen activation which ultimately leads to ECM breakdown. Putting all these together, it became interesting for us to evaluate the role of fibrin in our culture media, the effect of an in vitro diabetic model on uPA, tPA, plasmin and CPB2 activities and finally the role of UK-396082 in the plasmin plasminogen cascade in the presence of fibrin. 
Plasmin, uPA, and tPA assays are key to our experiment because of the interwoven mechanism that exists between plasminogen, uPA and tPA in the generation of plasmin activity (Choi et al., 2001). CPB2 is also a key player in our experiment because we are studying the effect of a CPB2 inhibitor (Atkinson et al., 2013).
Myofibroblasts have been identified to play a major role as a cellular mediator of fibrosis. Myofibroblasts are generated from resident mesenchymal cells, epithelial and endothelial cells. They can also be generated from circulating fibroblast-like cells (Baum and Duffy, 2011). Therefore the prerequisite to a successful and logical study was the selection of kidney cell lines that were involved in plasmin, uPA, tPA, and CPB2 secretion within the renal system and the deposition of ECM in the renal system. The cells used were rat proximal tubular epithelial-like cells (NRK52E), fibroblast-like cells (NRK49F) and rat mesangial cells (CRL2573). NRK52E (epithelioid) and NRK49F (fibroblast) clones were isolated from a normal rat kidney line NRK (LarcoTodaro et al., 1978, Atkinson et al., 2013,) while CRL2573 (kidney mesangial cells) were isolated from Sprague-Dawley rats (Encarnacion et al., 2011)
With the advent of renal injury the epithelial cells, the mesangial cells and fibroblasts get involved in the process of collagen synthesis and subsequent accumulation of ECM. (El Nahas, 2003). There is evidence to show that fibroblasts are involved in the proliferation of interstitial fibrosis (Nishitani et al., 2005). Fibroblasts are also a major source of collagen I and III.  In renal scarring mesangial cells proliferate and deposit their own matrix which is rich in collagen IV and different from the ECM of the glomerulus (Couchman et al., 1994).
In conclusion, the three types of cells; epithelial, fibroblast and mesangial are all involved in the turnover (synthesis and breakdown) of ECM and the development of renal fibrosis.
[bookmark: _2dlolyb][bookmark: _Toc506232400]5.2 Determination of serine proteinase activities in NRK52E, NRK49F and CRL2573 cells.
[bookmark: _sqyw64][bookmark: _Toc506232401]5.2.1 Plasmin
A standard plasmin activity curve was conducted using the plasmin substrate D-Val-Leu-Lys-p-nitroanilide (Sumi et al., 1998) (Section 2.7.5). The curve obtained at A405 shows a linear trend up to Abs 1.0 which then flattens out thereafter possibly due to a combined effect of substrate depletion and Beer’s law (Fig 2.16). This means that up to Abs of 1.0 the relationship between enzyme activity and A405 approximates to linear. 
Plasmin activity was then assessed in our cell lines (NRK52E, NRK49F and CRL2573) cultured at 1.5-2.0 X 105 cells/ml on both fibrin and plastic. 2 mls of 24hr conditioned phenol-red free/serum-free media were assayed for plasmin. Fig 5.1 shows plasmin activity in the three cell lines in the presence of fibrin gel with highest plasmin activity in the epithelial like cells (NRK52E) followed by the mesangial cells (CRL2573) and the fibroblast like cells (NRK49F). It also shows plasmin activity on plastic. A similar trend with what was obtained on fibrin gel was seen with highest plasmin activity in the epithelial like cells (NRK52E) followed by the mesangial cells (CRL2573) and the fibroblasts (NRK49F) with the least activity. The figure also compares plasmin activity between the cells cultured on fibrin with those cultured on plastic. A. significant increase in plasmin activity from epithelial cells and mesangial cells cultured on fibrin compared to those cultured on plastic was demonstrated.  
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[bookmark: _Toc504640612]Figure 5.1 Plasmin activity in cultured medium from cells cultured on both fibrin and plastic. Plasmin activity in conditioned media from cells cultured on fibrin gel and on plastic at 37°C. The difference in plasmin activities between fibrin and plastic in NRK52E and CRL2573 was statistically significant at P< 0.0001 and P<0.001 respectively.

[bookmark: _3cqmetx][bookmark: _Toc506232402]5.2.2 Calculation of uPA activities in NRK52E, NRK49F and CRL2573 cells.
Conditioned media from NRK53E, NRK49F and CRL2573 cultured on both plastic and fibrin were used for the assay. Assays were done at ambient temperature with p-EGR-pNA, with and without amiloride (Section 2.7.5 and 2.7.6). 
(A) = Conditioned media + p-EGR-pNA = Total uPA and tPA activity. 
(B) =Conditioned media +p-EGR-pNA +500 µM amiloride = tPA activity.
(C) = (A) – (B) = uPA activity.

[bookmark: _Toc506232403]5.2.3 Tissue type plasminogen activator  
It is clear from the previous experiments in previous sections that all the cell types are capable of synthesizing and activating plasmin, but the likely mechanism of activation was not known. We next went on to investigate tPA.
Fig 5.2 shows the presence of tPA activity in all three cell lines cultured on plastic and on fibrin gel. It further compares tPA activity in 24hr conditioned phenol-red free/serum-free media from cells cultured on both fibrin gel and plastic, with the highest tPA activity on fibrin in the epithelial-like cells (NRK52E), followed by mesangial cells (CRL2573) and lastly fibroblast-like cells (NRK49F). There was statistically more significant tPA activity in the presence of fibrin with both epithelial-like cells and mesangial cells. However NRK49F had slightly more tPA activity on plastic.****
****
*
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[bookmark: _Toc504640613][bookmark: 1rvwp1q]Figure 5.2 tPA activity using p-EGR-pNA in conditioned medium from rat kidney cells cultured on fibrin and plastic. tPA activity in conditioned media from cells cultured on both fibrin gel and on plastic is shown. Individual points were from triplicate cultures. The difference in tPA activities between cells cultured on fibrin and plastic in NRK52E and CRL2573 were statistically significant at P < 0.001. 

[bookmark: 2r0uhxc][bookmark: _4bvk7pj]
[bookmark: _Toc506232404]5.2.4 Urokinase type plasminogen activator**


uPA activity was determined in culture media from all our three cell lines NRK52E, NRK49F and CRL2573 cultured on plastic or fibrin gel. Fig 5.3 shows there was more uPA activity in the presence of fibrin with epithelial cells having the highest uPA activity. 
uPA activity was assessed in our cell lines (NRK52E, NRK49F and CRL2573) cultured at 1.5-2.0 X 105 cells/ml on both fibrin and plastic. 
2 mls of 24hr conditioned phenol-red free/serum-free media were assayed for uPA. Fig 5.3 shows uPA activity in the three cell lines in conditioned media from cells cultured on fibrin gel with the highest uPA activity in the epithelial-like cells (NRK52E) followed by the mesangial cells (CRL2573) and the fibroblast like cells (NRK49F). The figure also compares uPA activity between the cells cultured on fibrin with those cultured on plastic. A significant uPA activity was observed in epithelial-like cells.  
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[bookmark: _Toc504640614]Figure 5.3 uPA Activity using p-EGR-pNA in conditioned medium from rat kidney cells cultured on both fibrin gel and plastic.  uPA activity in conditioned media in the presence and absence of fibrin. The data shows uPA activity per hour. Individual points were in triplicate and n=3. The difference of uPA activities between cells cultured on fibrin and plastic in NRK52E was statistically significant at P< 0.0001.


[bookmark: _3q5sasy][bookmark: _Toc506232405][bookmark: _25b2l0r]5.3 Determination of CPB2 activity in NRK52E, NRK49F and CRL2573 cells.
CPB2 activity was assessed in all our cell lines (NRK52E, NRK49F and CRL2573) using 24hr conditioned phenol-red free/serum-free media with the Pefakit substrate (Section 2.7.7). Fig 5.4 shows CPB2 activity in conditioned media from cells cultured on both fibrin and plastic. The cell lines generally showed more activity when cultured on fibrin. The highest CPB2 activity was in epithelial-like cells cultured on fibrin with a significant difference of P< 0.0001. 
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[bookmark: _Toc504640615]Figure 5.4 CPB2 Activity in conditioned medium from rat kidney cells cultured on fibrin and plastic. CPB2 activity in conditioned media from cells cultured on fibrin and plastic were compared. The data show CPB2 activity per hour. The data are means +/- SEM of results from 3 different cell cultures. The difference of CPB2 activities between NRK52E cells cultured on fibrin and plastic was statistically significantly at P< 0.0001 with a one way ANOVA followed by Tukey’s multiple comparison test.


[bookmark: _Toc506232406]5.4 Discussion  
CPB2, tPA, uPA and plasmin activities were observed in both plastic and fibrin in all the three cell lines: NRK52E, NRK49F, CRL2573. This confirms that the key players we are investigating in the plasmin-plasminogen cascade were detectable in our cell lines. However, their activities were generally higher on the fibrin gel with over three-fold increase in plasmin activity in epithelial-like cells cultured on fibrin and a similar trend was also observed with the mesangial cells. This finding was not surprising as  it has been reported that there is a strong affinity between plasmin and fibrin with a high level of adsorption (Mullertz, 1953). Plasmin is a fibrin cleaving enzyme (Higazi and Mayer, 1990) Another study reported that the inhibitory effect of alpha-2-antiplasmin was impaired by fibrinogen and degradation products of fibrinogen (Wiman et al., 1979). We also observed a remarkable increase of uPA activity in epithelial-like cells in the presence of fibrin. The possible explanation for this is that the high level of plasmin may have contributed to this as plasmin is known to activate pro-uPA to active uPA (Behrendt et al., 2003). 
This similar trend was also evident in tPA activity as statistically significant level of tPA activity was observed in the presence of fibrin in both epithelial cells and mesangial cells. Fibrin has been reported in the past as a factor needed to activate tPA activity (Thelwell and Longstaff, 2007), another study in the past has documented that tPA activity was stimulated by fibrin (Stoppelli, 2013)
However, activities of these proteinases and CPB2 were also demonstrated in the absence of fibrin, suggesting the possibility of involvement of other pathways other than the fibrin-dependent pathways.  
[bookmark: _Toc506232407]5.5 Determination of serine proteinase activity of NRK52E, NRK49F and CRL2573 cells in high glucose media.
[bookmark: _Toc506232408]5.5.1 Introduction
From our results in the previous Section we observed an upward regulation of serine proteinase activity and CPB2 in the presence of fibrin in NRK52E and CRL2573, which suggests that either fibrinogen or fibrin play a role in the control of plasminogen activation during cellular activities that lead to kidney fibrosis. 
A paradigm did suggest that fibrin also supports ECM build-up by acting as a platform for cytokinesis and stimulation of resident cells to synthesize and deposit collagen which results into ECM accumulation. Therefore in a pathological state such as fibrosis one would expect an increase in the deposition of collagen and ECM accumulation. It stated further that the activities of proteinases down-regulate ECM accumulation and fibrosis by removing fibrin (Loskutoff and Quigley, 2000). However, Hattori et al suggested that there was no significant difference in fibrosis in the presence and absence of fibrinogen (Hattori et al., 2000). Another school of thought has suggested that inhibitors of plasmin, tPA and uPA such as plasminogen activator inhibitor-1 (PAI-1) and α2 anti-plasmin are responsible for down-regulation of plasmin which results in ECM build-up and subsequently fibrosis. It has also been suggested that PAI-1 attracts the migration of collagen forming cells and leukocytes which leads to collagen deposition and fibrosis (Reichel et al., 2015). 
Based on all these interesting reports we decided to compare serine proteinase activities in both normal and pathological in vitro systems using a high-glucose (diabetic) model as our pathological system. Epithelial-like cells and mesangial cells were selected for this study because they gave us significant growth on fibrin gel in the previous section. 24-hr conditioned media from cells cultured in high glucose and low glucose on fibrin gel were assayed for plasmin, uPA, tPA and CPB2 at ambient temperature with Tris buffer, pH 8.4. 
Serine proteinases were produced in both epithelial-like cells and mesangial cells in high glucose (Fig 5.5, 5.6 and 5.7). There was significantly less plasmin, tPA and uPA activity detected in conditioned media from cells cultured in high glucose in the presence of fibrin. Mesangial cells had the least plasmin, uPA and tPA activity followed by epithelial-like cells. A reciprocal increase was found with CPB2 activity where there was a significant increase in the CPB2 activity in presence of high glucose in both epithelial and mesangial cells (Figure 5.8).
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[bookmark: _Toc504640616]Figure 5.5 Plasmin Activity in cultured medium from cells cultured on fibrin in both high glucose and low glucose medium.  Plasmin activity in conditioned media from cells cultured in high glucose and low glucose. A one way ANOVA followed by Tukey’s multiple comparison test showed a significant difference of P<0.001 in epithelial-like cell and P<0.05 in mesangial cell, n=3.  
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[bookmark: _Toc504640617]Figure 5.6 tPA activity in cultured medium from cells cultured on fibrin in both high glucose and low glucose medium. Compares tPA activity in conditioned media from cells cultured on fibrin in both high glucose and low glucose. Assays were done at ambient temperature, with n=3. A one way ANOVA test followed by Tukey’s multiple comparison test showed a statistically significant differences of P<0.05 in tPA activity in NRK52E medium from low glucose and high glucose.
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[bookmark: _Toc504640618]Figure 5.7 uPA activity in cultured medium from cells cultured on fibrin in both high glucose and low glucose medium. uPA activity in conditioned media from cells cultured on fibrin in both high glucose and low glucose. Assays were done at ambient temperature with n=3. A one way ANOVA test followed by Tukey’s multiple comparison test showed a statistically significant differences of P<0.05 in uPA activity in NRK52E medium containing low glucose and high glucose. 
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[bookmark: _Toc504640619]Figure 5.8 CPB2 activity in cultured medium from cells cultured on both high glucose and low glucose on fibrin. CPB2 activity in conditioned media from cells cultured in both high and low glucose. Data were mean +/- SEM of triplicates. A one way ANOVA test followed by Tukey’s multiple comparison showed a significant differences of P < 0.05 in CPB2 activity between cells cultured in low glucose and high glucose in both NRK52E and CRL2573.



[bookmark: _Toc506232409]5.5.2 Discussion
These results might suggest that in the presence of fibrin a high glucose environment inhibits the activity of the serine proteinases and increases the activity of CBP2, which would favour a possible increase in ECM build-up in a high glucose mileu. Previously Farquhar et al., (1972) had reported that fibrin deposits were implicated in the development of glomerulosclerosis, where fibrin was responsible for mesangial expansion, nodule formation and disruption in basement membrane architecture (Farquhar et al., 1972). Another possible explanation for the reduced activity of proteinases might be the role of PAI-1 in the pathological state. A study reported increased synthesis of PAI-1 in diabetes (Lyon and Hsueh, 2003), while another study also confirmed that PAI-1 inhibits uPA and tPA activities (Damare et al., 2014). Another possible explanation was the corresponding increase in CPB2 activity (Fig 5.8) which will down-regulate the plasminogen-plasmin cascade and subsequently lead to ECM build-up.
[bookmark: _Toc506232410]5.6 The role of UK-396082 in up regulating plasminogen-plasmin activity in an in vitro model of diabetes.
[bookmark: _Toc506232411]5.6.1 Introduction
Our results in Section 5.5 showed downward regulation of enzymes involved in the plasminogen activation cascade serine in the presence of high glucose as well as an upward regulation of CBP2 activity. We next investigated if the inhibition of CPB2 by UK-396082 will lead to upward regulation of serine proteinase activities in our in vitro model. We therefore cultured our cells NRK52E, NRK49F and CRL 2573 on fibrin gel after which they were conditioned for 24 hours.  
There was more plasmin activity from conditioned medium from cells cultured in the presence of UK-396082, with epithelial-like cells having the most activity followed by mesangial cells (Fig 5.9). 
Fig 5.10 also shows an increase in tPA activity in the presence of 1 µM UK-396082 cultured on fibrin gel in a diabetic model. Similarly more uPA activity was present in conditioned medium from cells cultured in the presence of UK-396082 with mesangial cells having the most activity followed by epithelial-like cells (Fig 5.11). There was significantly less CPB2 activity in conditioned medium from cells cultured in the presence of UK-396082 (Fig 5.12). 
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[bookmark: _Toc504640620]Figure 5.9 Plasmin activity in cells the in presence and absence of UK-396082 inhibitor in a diabetic model cultured on fibrin. A one way ANOVA test followed by Tukey’s multiple comparison test showed a significant difference of P<0.00001 in epithelial-like cell and P<0.0001 in mesangial cell. n=3.
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[bookmark: _Toc504640621]Figure 5.10 tPA activity in cells the presence and absence of inhibitor in a diabetic model cultured on fibrin. A one way ANOVA test followed by Tukey’s multiple comparison test showed a significant difference of P<0.00001 in epithelial-like cells and P<0.0001 in mesangial cells. n=3.
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[bookmark: _Toc504640622]Figure 5.11 uPA activity in cells the presence and absence of inhibitor in a diabetic model cultured on fibrin. A one way ANOVA test followed by Tukey’s multiple comparison test showed a significant difference of P<0.05 in epithelial-like cells and P<0.00001 in mesangial cells, n=3. 
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[bookmark: _Toc504640623]Figure 5.12 CPB2 activity in cells in the presence and absence of inhibitor in a diabetic model cultured on fibrin. A one way ANOVA test followed by Tukey’s multiple comparison test showed a significant difference of P<0.0001 in epithelial-like cells and P<0.05 in mesangial cells. n=3.


  
[bookmark: _Toc506232412]5.6.2 Discussion 
The data suggest that the components required for plasmin activation were present in kidney cell. The effects of fibrin and high glucose are in line with the hypothesis that plasmin activation is increased by fibrin which was our starting hypothesis and that high glucose may favour the build-up of fibrotic material.
Drawbacks: one of the drawbacks in the in vitro study was the question of if the cell lines are really representative? There were also some things missing e.g. the presence of blood derived immune cells which undoubtedly plays a major role in vivo 
A similar study by Atkinson et al., (2013) was carried in our department. These two studies had some differences and similarities. The cells used by Atkinson et al., (2013) were NRK52E, NRK49F and 1097, while we used NRK52E, NRK49F and CRL2573. 
They conditioned their confluent cell cultures for 24 hours in phenol red medium with foetal bovine serum. This was different from our protocol as we cultured our confluent cell cultures for 24 hours in phenol red free/ serum free medium. There are two main reasons for our choice:
· The phenol red colour will have a biased effect on the reading of absorbance 
· Secondly  foetal bovine serum contains proteinase inhibitors such as inter-α-trypsin inhibitor (Ermakova et al., 2011). These inhibitors are known to affect serine proteinase activities. 
We went further to culture on both plastic and fibrin as the effect of fibrin on plasmin activation was one of our hypothesis and our results confirmed this (Section 5.2). 
There was also a major difference in the substrates used to assay tPA and uPA activities. Atkinson et al., (2013) used H-D-Isoleucyl-L-Pro-L-Arg-p-nitroanilide for tPA and pyro-Glu-Gly-Arg- p-nitroanilide for uPA. Optimization of both substrates (Section 2.7.6) showed that these substrates were not specific for tPA and uPA as assumed (Fig. 2.20). 
[bookmark: _Toc494733019][bookmark: _Toc504640624]With regards to in vivo studies we used unilateral nephrectomised diabetic model over eight month period while they used Snx.  
In as much as there were differences between our in vitro model and that of Atkinson et al., (2013), there were similarities in our findings. 
Both studies reported plasmin, tPA, uPA and CBP2 activities in all three rat kidney cell lines cultured on plastic, with NRK52E having the highest plasmin activity and NRK49F having the highest tPA and uPA activity. However we reported NRK49F as having the highest CBP2 activity on plastic while Atkinson et al reported highest CBP2 activity in 1097.  
Previous study reported thrombin as a key component in the activation of CPB2 in fibrinolysis (Bouma and Mosnier, 2006), this report went further to explain that activated CPB2 protected fibrin clot from lysis, therefore inhibition of CPB2 will result in severe bleeding with a failure to achieve haemostasis. Another study went further to state that the activity of CPB2 was responsible for pulmonary fibrosis because it altered the process of fibrin degradation (Fujimoto et al., 2006). 
These above reports may also explain our findings, that UK-396082 (a selective CPB2 inhibitor) may actually inhibit fibrosis based on our findings:
1) Plasmin, tPA, uPA and CPB2 activities were increased in the presence of fibrin
2) Plasmin, tPA, and uPA activities were reduced in diabetic state while CPB2 activity was increased in the presence of fibrin
3) In the presence of UK-396082 Plasmin, tPA, and uPA activities were significantly increased in both epithelial and mesangial cells while CPB2 activity was concurrently and significantly reduced in epithelial and mesangial cells.
This combined significant increase in Plasmin, tPA, and uPA activities in epithelial and mesangial cells activity in this model in the presence of UK-396082 with concomitant reduction in the activity of CPB2 in epithelial and mesangial cells in the presence of UK-396082 may explain how the inhibitor is having a prophylactic effect as observed in our in vivo results.



Chapter Six
    	Discussion


[bookmark: _Toc506232413]6.1 Introduction
Carboxypeptidase B2 (CPB2), plays a vital role in the mechanism that down regulates plasmin generation in the plasminogen-plasmin complex in fibrinolysis and the coagulation cascade (Stasko et al., 2004). Activated CPB2 cleaves off terminal lysine residues from fibrin resulting in non-functionality of tPA in the catalysis of plasminogen to plasmin. The plasminogen/plasmin cascade is an area with frequent discoveries. This cascade is involved in fibrin degradation, proteolytic events and activation of collagenases (Stoppelli, 2013). A previous in vivo study reported that there is an interaction between plasminogen/plasmin and the metalloprotease cascade in wound healing (scarification) (Lund et al., 1999). In another study it was reported that there was a correlation between plasminogen activation and the activation of the compliment system in inflammatory diseases (Li, 2005). Plasmin has also been reported to impede excessive accumulation of ECM in the lungs by either direct degradation of ECM or by indirectly activation of matrix metalloproteinases (Saksela and Rifkin, 1988). CPB2 has also been reported as a potent inhibitor in plasmin generation (Bajzar, 2000).
Further studies on humans have shown that plasminogen and fibrinogen are key determinants in inflammatory response (Degen et al., 2007) and fibrosis is an inflammatory reaction.
We also discovered that there are very few data on the role of fibrin in the activity of plasmin, tPA, uPA and CPB2 in epithelial, fibroblast and mesangial renal cells in plasminogen-plasmin cascade. Secondly there was no information on the effect of CPB2 in renal fibrosis.
Therefore putting all the above together we decided to design the aims of our studies as follows:
1) To determine if long term treatment of an in vivo models of diabetic nephropathy with UK-396082 will result in reduction of fibrosis.
2) To assay the levels of uPA, tPA, plasmin and CPB2, in rat kidney epithelial, fibroblast and mesangial cells, in the presence and absence of fibrin.
3) To determine plasmin level in the presence of UK-396082 in in vitro model of diabetes.
In other to achieve the first aim we designed an in vivo model of diabetic nephropathy and investigated the effect of UK-396082 in prophylaxis and therapeutic circumstances. The results obtained propelled us to investigate the possibility of designing an early, cheap and non-invasive test in the diagnosis and management of diabetic nephropathy. To further substantiate our in vivo results we investigated the effect of UK-396082 in an in vitro diabetic model and the role of fibrin in the plasminogen plasmin cascade in kidney cells in culture.

[bookmark: _Toc506232414]6.2 Physiological state of the rats.
There was no mortality observed throughout our study. Food and water consumption at the beginning of the study kept in line with normal values so also was urine output (http://www.rmca.org/Rescue/ratmedhelp.pdf). Baseline urinalysis and blood test reflected absence of dehydration, UTI, hepatic or renal pathology. In our in vivo experiments we investigated the possible effect of 0.3mg/kg of UK-396082 on vital parameters such as food consumption, water consumption, urine output, weight gain and well-being.  Proteinase inhibitors are known as anti-nutrient factors and do contribute to growth suppression however carboxypeptidase inhibitors have little or no contribution in growth suppression or mortality (Pearce et al., 1984). Our results showed that the presence of 0.3mg/kg of UK-396082 did not have any effect on food consumption, water consumption, urine output, weight gain or mortality when compared with data from rats fed on normal diet. After observing that 0.3 mg/kg UK-396082 in the diet did not have any adverse or bias effect on our rats we went further to establish diabetic nephropathy in our rats.  
Histological examination of kidneys removed at the beginning of the study was also suggestive of the absence of disease. There was a gradual increase in weight in all the animals in the three groups without any significant difference between the groups. 
[bookmark: _Toc506232415]6.3 Chronic kidney disease model
[bookmark: _Toc494097180][bookmark: _Toc494097488][bookmark: _Toc494603673][bookmark: _Toc494730558][bookmark: _Toc496699176][bookmark: _Toc504634416]Different rat models have been used over the years to study diseases and to develop therapeutic interventions however, it is paramount that a good state of heath is verified in these models before pathology is established. This can then be followed by procedures that mimic human pathologies through surgeries, administration of drugs or chemicals. These procedures subsequently induce disease. Baseline results revealed that all the rats were in good physical condition, well-being and did not show any sign of illness.
Many animal models for CKD have been used by various researches in the past with each model having its advantages and disadvantages (Yang et al, 2010). Therefore to achieve a sound and reproducible results, an animal model which offers a good understanding of disease pathogenesis and disease mechanism was necessary. We achieved chronic kidney disease in our study by employing a two stage procedure. Firstly we carried out unilateral nephrectomy in all the rats and this was followed by induction of type 1 diabetes with streptozotocin. Unilateral nephrectomy was performed as described in Section 2.3.10. There was no mortality from the surgery as unilateral nephrectomy was not expected to lead to mortality (Narkun-Burgess et al., 1993). This was followed by induction of type 1 diabetes with 80 mg/kg of streptozotocin (Junod et al., 1969). All the rats developed hyperglycemia within 24-48 hours of administration of streptozotocin with blood glucose over 30 mM, and glucosuria above 55.5 mM. This hyperglycemic state was sustained over the next 72 hours and linpant was administered subcutaneously to maintain blood glucose between 20-25 mM. Our data confirmed development of hyperglycemia as rats showed progressive polyphagia, polyuria and polydipsia, this was in line with the findings of Junod et al (Junod et al., 1969).
Our results clearly showed that CKD was observed in all the three groups.   
The diagnosis and staging of CKD is based on the measurement of glomerular filtration rate and albuminuria. However the process of determining the actual GFR is cumbersome and practically difficult therefore the use of creatinine in the serum has become a valuable tool. 
We discovered the following in our in vivo study
1) Our in vivo model of chronic diabetic nephropathy suggested that the group that fed on chow with UK-396082 had significantly less leucocytosis which may suggest a reduced inflammatory response. 
2) Our data also showed less haematuria in the groups that fed on UK-396082.
3) There was no evidence of metabolic decompensation such as diabetic ketoacidosis (DKA) and hyperglycemic hyperosmolar state (HHS) with UK-396082.
With further renal function analysis we observed that the prophylaxis group had better renal protection with evidence of less proteinuria, albuminuria, and a higher creatinine clearance. This to us, points to a possible preservation of functional kidney structure and the possible explanation for this is the reduced build-up of ECM and fibrosis due to increased plasmin activation. These finding is suggestive that CPB2 is a key player in fibrotic changes in diabetic nephropathy.
Our pathohistological findings also confirmed the above as the prophylaxis group had less scarring and fibrosis, suggesting that a CPB2 inhibitor promotes plasmin formation and thereby reduce collagen deposition in the kidney and subsequently the development of diabetic nephropathy.
Following the successful surgery and induction of type1 diabetes we continued to monitor for adverse effects on the liver, kidneys and the heart. Contrary to earlier findings, macroscopic examination of the liver at the end of the study did not show any colour change (Qinna and Badwan, 2015). However, two rats in the diseased group had distended abdomen 6 months into the study. A post-mortem review of these rats showed that the abdominal distension was due to liver hypertrophy. A possible explanation for this is that a possible increase in liver weight may have occurred at the early phase of hyperglycemia but was not obvious due to concurrent drop in weight gain but as hyperglycemia became chronic the liver enlargement became obvious. Similar findings were also reported in past study on streptozotocin induced diabetes and the enlargement was attributed to glycogen deposit or fatty methamorphosis (Noorafshan et al., 2005). 
There was no detectable urinary urobilinogen, or urinary bilirubin in any of the rats throughout the study, as damage to hepatocytes, especially chronic damage, will be detectable in the urine (Beckingham and Ryder, 2001). This finding is suggestive that there was no hemolytic disease, hepatitic disease or biliary obstruction among the rats. 
Mnif et al., (2013) reported that diabetes is a predisposing factor for UTI while another study reported that there was no significant difference in the incidence of UTI among diabetics and non-diabetics (Bonadio et al., 1999). However microscopic haematuria was detected in all the three groups by the fourth month in our study, with a significant difference of P< 0.05 between the disease group and the prophylaxis group. We also observed a similar significant difference between the prophylaxis group and the treatment group, while there was no significant difference between the diseased group and the treatment group. The absence of nitrite probably rules out UTI as a possible cause of the heamaturia. It is therefore reasonable to tie these findings to the development and progression of diabetic nephropathy, although also worthy of note is the possibility of a second form of glomerulonephritis since haematuria is not always a typical finding in diabetic nephropathy (O'Neill et al., 1983). 
Galkina and Ley (2006) reported the involvement of inflammatory cells in diabetic nephropathy, with metalloproteinases, growth factors and cytokines responsible for modulating local inflammation in diabetic nephropathy. Our data on urinary leukocytes was also in line with these views. Our results showed the presence of leukocytes in the urine from the third month in both diseased and treatment groups, however there was no detectable urinary leukocytes in the prophylaxis group until the sixth month. There was progressive leukocytosis in both disease and treatment group till the eighth month with a significant difference of P < 0.0001 between the prophylaxis group and the diseased group and this was the same between prophylaxis and treatment group. This finding was suggestive of reduced progression of diabetic nephropathy in the prophylaxis group.  
Furthermore our results showed a sharp decrease in heparan sulphate glycosaminoglycan (GAG) excretion in diabetic rats, immediately on induction of diabetes. This finding was consistent with the report of Cadaval (2000) (Cadaval et al., 2000). Heparan sulphate can be found in virtually all the mammalian tissues including the kidneys where it is a major GAG (Pereira et al., 2004). It has been reported that GAG and its metabolised products can be filtered by the kidney (Guimarães and Mourão, 1997). Guimarães and Mourão went further to report that urinary excretion of sulphated polysaccharides was based on molecular size in normal rats, but what happens in the diabetic rat was not studied. Our diabetic rats excreted reduced amount of GAG, this decrease in urinary GAG excretion in our rats could be due to decreased GAG level from the kidneys as reported (Cechowska-Pasko et al., 1996). However GAG can be found in virtually all the mammalian tissues therefore the second explanation is that the effect of hyperglycaemia is multi-systemic in mammals and therefore the reduced GAG secretion was multi-systemic. Reduced turnover of ECM components may have resulted in less appearing in the urine. This reduced turnover leads to build up of ECM and fibrosis. The prophylaxis group did not demonstrate this reduction in GAG excretion. 
This sharp reduction in urinary GAG from baseline was sustained until the end of the study in both the diseased and treatment group while at the end of the study the prophylaxis group was still able to maintain its urinary GAG baseline, which suggests to us two things:
1) The early and sharp decrease in urinary GAGs could be an early non-invasive marker for detection of diabetes.
2) The early and sharp decrease in urinary GAGs excretion, can be used with other renal function test in early diagnosis of kidney disease.
3) UK-396082 may have contributed to the renal protection seen in the prophylaxis group.

Another inspiring discovery in our GAG section was that the administration of UK-396082 in healthy rats increased the amount of GAGs excreted when compared with healthy rats on normal diet. Fig 3.14. This increase in GAG excretion above normal as seen in the healthy group is an evidence that plasmin might be involved in the physiological turnover of GAGs resulting to renal protection against fibrosis, because the amount of GAG excreted by the prophylaxis group at the end of the study and that of healthy rats were similar Fig 3.14 and Fig 3.15. 
An overall view of all the above is indicative of physiological and biochemical changes in diabetes which may lead to diabetic nephropathy. Urinary GAG excretion can be used to monitor these physiological and biochemical changes that occur in diabetics and therefore result into early medical intervention especially in diabetic patients who present late or present with established diabetic neuropathy. Therefore the measurement of urinary GAG alongside other biomarkers may be a valuable early and non-invasive tool in the diagnosis and management of both diabetes and diabetic nephropathy.  
Our findings of increased urinary protein and urinary albumin excretion in diabetic rats from the second month post induction of diabetes, is well known  (Mauer et al., 1978). This was probably due to cellular dysfunction and vascular hyperpermeability (Wautier et al., 1996). Comparing the results of the level of GAGs in the urine with that of albumin and protein interestingly showed a reciprocal relationship. This finding has been noted previously (Michels et al., 1982). A possible explanation for this may be the existence of more than one mechanism within the renal system in the excretion of macromolecules. The reduction of urinary GAGs may be due to the reduction in breakdown of the kidney basement membrane which leads to fibrosis. This is well known to lead to loss of function of the basement membrane allowing the appearance of proteins and blood in the urine.
Urinary GAGs may be increased for a number of different reasons but we feel that in our model system the source of heparan sulphate in the urine was due to changes in the turn-over kinetics in the kidney matrix. 
Conclusively, data from the diseased group showed progressive increase in proteinuria, urinary creatinine, and albuminuria over the period of 8 months and this resulted in a significant difference between the diseased group and the prophylaxis group where the effect of diabetic nephropathy of renal function was dampened. The calculation of creatinine clearance also supported these findings as there was a significant difference between the diseased group and the prophylaxis group. The interpretation of this is the possibility of UK-396082 having a renoprotective ability.  
Histological observations of diabetic nephropathy, has demonstrated basement membrane thickening and mesangial expansion (Daimon and Koni, 1998, Østerby et al., 1997). Our histological results also confirmed these findings, where there was moderate interstitial fibrosis with increased collagen fibre deposition, mesangial expansion and both tubular and glomerular dilatation. These findings were observed in all three groups, however with varying severity with less severity in the prophylaxis group. 
Histopathological analysis of randomly selected rat kidney samples from each group was also performed by an independent laboratory (see appendix). Their analysis was to identify evidence of tubular, glomerular or interstitial changes. Their report based on H&E, PAS and trichrome stain found the diseased group to have moderate tubular dilatation, tubular regeneration/degeneration, tubular basement membrane thickening and interstitial fibrosis while these were milder in both the prophylaxis and treatment groups very similar to our findings. 
We then moved on to an in vitro study to determine if all the components required for an effect of CPB2 inhibitor on the plasminogen activation cascade were present in the kidneys or if a different biochemical reason for our result was required. 
One of the major observations in the in vitro study was that fibrin matrix was an integral part of serine proteinase activity determination in rat kidney cells as there were significant differences in the levels of plasmin, tPA and uPA activity when compared with activity of cells grown on plastic. CPB2 activity in NRK52E was also significantly increased on fibrin. A similar finding was reported in endothelial cell activities in culture (Almelkar et al., 2014). 
The in vitro data from diabetic model (increased glucose) showed significant reduction in plasmin, tPA and uPA activities with a concomitant increase in CPB2 in the presence of high glucose. These findings have been reported in previous study (Atkinson et al., 2013), and result in the inhibition of the key players in the plasminogen-plasmin cascade, and therefore a reduction in the activity of serine proteinases while CPB2 activity was increased and this led to ECM build-up. Therefore UK-396082 was applied to the hyperglycaemic model and we observed significant increases in plasmin, tPA and uPA in both epithelial and mesangial cells. These findings are in support of previous reports where tPA deficiency was implicated in glomerulonephritis (Kitching et al., 1997). The up-regulation of plasmin has also been reported to result in reduction in scarring. 
In conclusion, three exciting discoveries were made in this research
1) The use of GAG assay in our study was able to detect DN early in the study therefore GAG assay may be a future early biomarker in determination of DN.
2) The prophylactic administration of UK-396082 was renoprotective in DN as seen in our result sections, therefore this inhibitor may be a gateway to therapeutic treatment of DN. 
3) UK-396082 increased the excretion of GAGs in healthy rats and also preserved excretion of GAGs in DN and as such may play a role in preventing renal fibrosis. 





The future work therefore will be: 
1) An animal diabetic nephropathy model with a variable time of treatment with a CPB2 inhibitor treatment intervention earlier than four months as seen in our study. This is because in our study we allowed the disease process to go on for four months in the treatment group before we introduced the inhibitor and as such DN was far advanced and could not be reversed.  
2) Investigating GAG assays in human samples of diabetic nephropathy.     
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