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A.  SPECIFIC AIMS

Kidney stone disease is frequent, and increasing, with a prevalence of 5.2% in the adult population in the United States 50. Recurrence of stone formation reaches 50 to 70% in 10 years.50 A majority of stones are made of calcium oxalate (CaOx), with multiple predisposing factors. While the nidus of most stones appears to be calcium phosphate (CaP) crystals6, the development of stones depends upon urinary CaOx supersaturation (SS). The level of urinary oxalate is one of the well-described risk factors, and its reduction would most effectively change the chemical equilibrium that predisposes to stone formation. Oxalate excretion results from dietary absorption and from endogenous synthesis. There is currently no pharmacological treatment for stone disease that can lower urinary oxalate. Thus there is a clear need to develop new treatment that specifically reduces oxalate production and therefore urinary oxalate excretion. Our long-term goal is to develop such a treatment to prevent CaOx nephrolithiasis and nephrocalcinosis, in idiopathic stone disease, and in the most malignant form of stone disease, primary hyperoxaluria (PH).

Pyridoxamine (PM) is a derivative of Vitamin B6 that is normally present in small amounts in humans. In our preliminary in vitro experiments we showed that PM traps the carbonyl precursors of oxalate biosynthesis (glyoxylate and glycolaldehyde) 9  In our preliminary animal experiments9, we showed (1) that PM can significantly lower oxalate excretion in normal and hyperoxaluric rats; and (2) that PM can dramatically decrease the development of CaOx nephrocalcinosis in hyperoxaluric rats.  Other clinical trials have shown that pyridoxamine is non-toxic in diabetic humans6.

Our hypothesis is that PM will reduce endogenous oxalate synthesis in humans. This reduction will be marked by a decrease in oxalate excretion adequate to significantly decrease the risk of kidney stone formation. This hypothesis is based practically on the successful experiments in rats (above) and theoretically upon the major contribution of oxalate to CaOx stone formation.

The primary goal of the proposed project is to use PM to reduce urinary oxalate excretion and thereby to reduce a major risk factor for developing kidney stones and nephrolithiasis.  This will be done in human subjects who suffer idiopathic recurrent kidney stones, and in subjects with genetic defects resulting in extreme (Primary) hyperoxaluria.  To confirm the mechanism of PM action we will monitor PM-glyoxylate and PM-glycolaldehyde complexes in urine and plasma from these subjects.

Aim 1.
Study 1 will determine the effect of PM on urinary oxalate excretion and urinary super​satur​ation in subjects with idiopathic kidney stones.  The primary goal of this study is to test whether PM reduces urinary oxalate excretion and thereby the urinary CaOx supersaturation in humans.  The subjects will be selected from a well-characterized population of stone-forming subjects without demonstrable urinary chemical imbalance, including normal oxaluria, for whom conventional treatment is limited to efforts to decrease the supersaturation of urinary CaOx and CaP, but not to modify oxalate excretion.  The oxalate excretion in this population likely derives from both endogenous and exogenous (absorptive) sources. The endogenous source is likely to be reduced by PM, and exogenous sources will be controlled for by dietary monitoring and controlled intake.

Aim 2.
Study 2 will determine the effect of PM on urinary oxalate excretion and urinary supersatu​ration in subjects with Primary Hyperoxaluria (PH), a disease that causes massive stone formation and nephrocalcinosis leading to renal failure.  This study will test whether PM reduces the extremely high urinary oxalate excretion in subjects with PH, in whom oxalate is derived almost exclusively from increased endogenous synthesis. If so it would offer the first treatment for PH that might significantly delay or prevent the renal failure that is frequently fatal in this disease. 
Aim 3.
Study 3 will characterize PM-glycolaldehyde and PM-glyoxylate complexes in urine and blood relative to changes in urine oxalate excretion in subjects who were treated with PM in Studies 1 and 2.  It will provide the first direct test of the fundamental physiological model underlying the empirical dose-response functions found by treating hyperoxaluria with PM.  Although PM significantly reduces hyperoxaluria in animals, the mechanism remains hypothetical. The purpose of these studies is to confirm the mechanism of action of pyridoxamine by demonstrating the formation of the complexes (adducts) between PM and glycolaldehyde and/or glyoxylate, precursors of oxalate in vivo.  Using the characteristic mass spectra defined in our in vitro experiments, we will detect, quantify, and characterize these complexes in urine and plasma of the mildly and severely hyperoxaluric subjects who will be treated with PM in Studies 1 and 2.

B.  Background and Significance
B.1.
Causes of Kidney Stone Disease

Kidney stone disease (nephrolithiasis)  is a frequent cause of pain, disability and medical expense. In addition, recurrence reaches 50 to 70% over 10 years.51 The increasing prevalence, from 3.8% to 5.2% between the late 1970s and early 1990s51. highlights stone disease as an important continuing public health problem. Ongoing dietary changes in the U.S. population may result in further increases in kidney stone disease: Increased salt intake induces hypercalciuria, especially in predisposed stone-formers (SF)53,53; increased intake of animal protein increases Ca++ 9 loss from bone, decreases citrate, increases uric acid secretion, and may even increase oxalate excretion. These results of diet favor crystallization in urine. 53  

Kidney stones are crystals; and 80% are composed of calcium oxalate (CaOx). Crystallization occurs when ionic species are supersaturated (SS). The continuous fluid stream of the urinary tract, from the glomerulus through the tubules and lower urinary tract, fortunately works against crystallization. The concentration of crystallizable ions is altered by intake, synthesis, and by the accompanying ions that modify SS, such as citrate. Water intake influences overall concentration, Na intake influences Ca++ 9 excretion, which in turn is influenced by gastro-intestinal absorption and bone metabolism. Oxalate absorption is influenced by its intake, but also by the ability of Ca++  9 and Mg in the gastrointestinal tract to bind and prevent oxalate absorption. The investigation of CaOx SS typically uses an iterative computer program (such as Equil255), that combines the equilibria of all ionic activity products (AP) for a given species (e.g. CaOx) in a urine sample, and calculates the relative SS status. 40. The calculation of AP for CaOx distinguishes healthy subjects from SF28. Increased of supersaturation is associated with increased risk of developing stones. Therapy to reduce CaOx SS has been  successful in preventing recurrent kidney stone formation 35, with considerable life-style changes required. None of these therapies targets the synthesis of oxalate.
Beyond the SS limit is a metastable region, in which crystals do not spontaneously form. Nucleation and formation of crystals does occur, however, with the participation of local factors promoting the agglomeration of crystals, and their development into stones. An anchored nidus, with progressive agglomeration of insoluble CaOx salts around it, is likely. The nidus may be a damaged cell-surface, or different crystals that allow heterogeneous nucleation, such as urate35, or calcium phosphate (CaP) crystals. An inflammatory response, with injury to the tubular cell surface, can itself be caused by oxalate ion.27
B.2.
Models of Kidney Stone Development

One of the most helpful recent models of the formation of CaOx stones came from the interpretation of human intraoperative kidney papillary biopsy data, known physiology, and previous hypotheses. 29 Bushinsky, 29 interpreting the data of Evan et al.15 explained the origin in hypercalciuric SF as CaP (apatite) crystallization in the thin segment of the loop of Henle. The increased reabsorbed calcium in that locus allows the CaP crystallization on the basement membrane, and extension into the adjacent vasa recta, aided by the higher pH after proton secretion. Subsequent extension of crystallization through the interstitium into the papillae results in visible calcifications on the surface of the papilla (Randall’s patches). There, in the SS urinary space, CaOx, undergoes heterogeneous nucleation and crystal agglomeration to form CaOx stones.

For stone formation under conditions of hyperoxaluria, in which intra-tubular CaOx crystallization can be observed, initial CaP crystallization occurs in the collecting duct. In the presence of high CaOx, the initial CaP crystallization is followed rapidly by CaOx agglomeration. Subsequent aggregation is critical to forming clinically relevant stones. Thus the nucleation in both models involves CaP; and a relative CaOx supersaturation, which more extreme in cases of hyperoxaluria. For the extreme hyperoxaluria of PH, it appears that direct toxicity of oxalate to tubular epithelium allows the cell surface to become the CaOx attachment site. 27 We showed that within weeks of transplantation in PH27 there is adherence and growth of CaOx crystals within the collecting ducts, leading to the rapid development of nephrocalcinosis (interstitial CaOx).

B.3.
Importance of Oxalate in Kidney Stone Disease

In all cases of CaOx nephrolithiasis or nephrocalcinosis, lowering CaOx SS will decrease the likelihood  of CaOx stone formation. The importance of oxalate excretion to CaOx stone is clear from the human cases of hyperoxaluric nephrolithiasis, due to either enteric hyperabsorption or to endogenous overproduction 39. While hypercalciuria is thought to be more common in patients with recurrent CaOx renal stones, 37, reducing calcium in urine is difficult and carries the risk of increased oxalate absorption (see below). Lowering calcium absorption may interfere with physiological processes such as bone calcification.  

Hyperoxaluria due to intestinal increased absorption of oxalate may be caused by either insufficient supply or low availability of calcium for complexation with oxalate in the enteric lumen 48 Voluntary restriction of calcium 9 by SF often occurs after a first clinical episode, and may thus result from increased oxalate absorption and excretion 5. The failure of some stone prevention strategies may thereby be due to an increase in oxalate excretion 49 While isolated excessive dietary intake of oxalate is rare, for normal humans it is estimated that 25-50% of the total oxalate excretion can derive from diet, 22, the larger numbers seen only under conditions of high oxalate ingestion and low Ca++ intake.23 Recurrent calcium SF with mild hyperoxaluria have an exaggerated urinary response to oral oxalate challenge compared with recurrent SF who have normal urinary oxalate excretion. 

The role of renal absorption or secretion of oxalate in idiopathic CaOx stone formation is uncertain. While we found an increased clearance of oxalate in the hyperoxaluria of PH1 42 It is unlikely that modification of urinary oxalate absorption or secretion will change oxalate excretion in idiopathic CaOx nephrolithiasis.

Endogenous production of oxalate derives primarily from glyoxylate (Fig 1), which in turn derives primarily from glycine and glycolate in the liver cell peroxisome compartment, and from hydroxypyruvate in the cytosol.  The combined contribution from minor reactions such as catabolism of hydroxyproline and degradation of aromatic amino acids is probably less than 5% 20 Ascorbic acid (at 1.0 gm/day) can make a major direct contribution to oxalate production5.. While the detoxification of glyoxylate via alanine glyoxylate aminotransferase (AGT) is a vitamin B6-dependent step, there is no evidence that the mild hyperoxaluria of idiopathic stone formation is associated with a deficiency of vitamin B6 metabolites 26
B.4.
Primary Hyperoxaluria
Primary Hyperoxaluria (PH) is the most extreme example of increased metabolically-derived oxalate leading to urinary stone formation and nephrocalcinosis with resultant renal failure.  PH1 is a genetic defect of the peroxisomal alanine glyoxylate aminotransferase (AGT). This defect results in decreased detoxification of glyoxylate to glycine and a consequent increase in conversion of glyoxylate to oxalate (Fig.1).  PH2 is caused by the deficiency of glycolate reductase/hydroxypyruvate reductase activity3 in liver cytosol that results in an inhibition of the normal detoxification of glyoxylate through glycolate to L-glycerate. 

When we first cared for patients who developed renal failure from PH in 1974, kidney transplantation was contraindicated for PH. From the chemistry of CaOx crystallization, elucidated by Lynwood Smith3, we developed a strategy that allowed kidney transplantation without recurrence of renal failure43. This strategy of reducing SS3 has been adopted by every successful transplant program for PH3 46,47, even when liver replacement is performed, the only currently curative treatment. Lowering urinary oxalate in these patients could alleviate the severity of stone disease and nephrocalcinosis and avoid the need for transplantation.  In 2001 we identified 219 patients who had progressed to kidney failure since 1984 before the age of 55. Thus, PH presents a highly important context for lowering extreme endogenous hyperoxaluria.

B.5.
Treatment Options for Reducing Oxalate in Kidney Stone Disease

Treatment options to reduce oxalate excretion can be directed to reducing oxalate synthesis, increasing glyoxylate detoxification, or to oxalate absorption. Oxalate absorption is naturally inhibited by Ca++ intake (which forms insoluble enteric CaOx). A hydro-colloid (Oxabsorb®) has been used for enteric oxalate binding, with variable success.  Recent data also suggests that decreased enteric oxalate degradation by Oxalobacter formigenes, can be involved in absorptive hyperoxaluria, and in some cases of idiopathic hyperoxaluria25. Therapeutic trials have begun to test administration of replacement bacteria that might decrease gut oxalate, and oxalate absorption, in hyperoxaluric states. 31
Decreasing oxalate synthesis, by increasing glyoxylate detoxification has been attempted with supplemental  vitamin B6. Because  AGT (Fig 1), requires vitamin B6 as a cofactor, deficiency of B6 can result in hyperoxaluria25, a rare condition. In PH, B6 (in large doses) provides significant benefits only to the minority of patients, who have the AGT trafficking defect, recognized as vitamin B6-dependent type I PH 34 The effects of B6 in subjects without primary hyperoxaluria are marginal. B6 has been reported to reduce the risk of kidney stone formation in women11  but not in men10.  Large doses did not reduce urinary oxalate excretion in SF14  The work of Danpure et al. 12 has suggested that Molecular chaperones might either stabilize the dimeric AGT or increase the rate of dimer formation of the peroxisome-to-mitochondrion mistargeting of AGT, thus helping PH. These await development.

Inhibition of oxalate-biosynthesis enzymes might diminish oxalate excretion.  Several inhibitors of either aldehyde dehydrogenase or glycolate oxidase were tested in animals and humans with mixed results. Newer inhibitors of aldehyde dehydrogenase such as fomepizole have been used for treatment of acute ethylene glycol poisoning30. However, this intravenous drug is not appropriate for long-term use, will produce alcohol intolerance, and will eventually result in the accumulation of glycolaldehyde, a potential cytotoxic agent.

Trapping glyoxylate in liver would reduce the amount available for conversion to oxalate. This has significant therapeutic potential because of the proximity of glyoxylate to the terminal step in oxalate synthesis.  The reactivity of the carbonyl group of glyoxylate with the free sulfhydryl group of cysteine is a possible target.  The cysteine precursor, (L)-2-oxothiazolidine-4-carboxylate (OTZ) was tried because of its lower potential toxicity. OTZ decreased urinary oxalate in a rat model of hyperoxaluria, and treatment with OTZ (intravenously) resulted in decreased urinary oxalate levels in normal individuals21.  While treatment with OTZ resulted in decreased urinary oxalate levels in normal humans 2, in one placebo-controlled PH1 patient OTZ had no significant effect44. At elevated levels, free cysteine can interfere with a variety of reduction-oxidation reactions in the cell and is potentially cytotoxic.   
B.6.
Pyridoxamine (PM) as Potential Treatment for Reducing Oxalate in Kidney Stone Disease

PM has emerged as a promising agent for protecting against progressive tissue damage. PM is a potent inhibitor of the Maillard reaction, implicated in the vascular complications of diabetes and aging.  The mechanism led to our discovery that PM has potential for treatment of kidney stone disease 9 QUOTE "{39192}" 

, based on its ability to scavenge carbonyl compounds2,2,54. We proposed that the nucleophilic amino group of PM could react with the carbonyl intermediates of oxalate biosynthesis, glycolaldehyde and glyoxylate. Because of our positive results in vitro, we obtained a STTR phase-1 grant and explored the effect on hyperoxaluria in rats (see Preliminary Studies, below).

The necessity for a long-term treatment of chronic diseases such as idiopathic stone disease and hyperoxaluria puts very strong requirements for drug tolerability and safety.  In toxicity studies, PM was well tolerated and showed a favorable safety profile 13,56,56.  PM safety may be explained, in part, by its moderate reactivity with carbonyl compounds, making PM less likely to interfere with unintended targets.  For example, aminoguanidine is a much stronger scavenger of (-dicarbonyl compounds than PM, but would probably interfere with vitamin B6-dependent enzymes by binding strongly to its precursor, pyridoxal-5’-phosphate.  Another important safety factor is that PM is an endogenous compound.  Although PM pharmacological concentrations are significantly higher than physiological levels, the adaptation of the organism to low levels of the drug minimizes toxicity, especially the immune response.  As a part of such adaptation, the high-affinity PM binding sites with potential to confer toxicity are likely to be saturated at physiological PM levels, making them insensitive to pharmacological doses.

B.7.
Significance
We propose a most significant new direction in the search for safe, effective and convenient treatment for idiopathic calcium oxalate (CaOx) stone disease and for hyperoxaluria.  It is a novel application of simple and non-toxic chemistry to the solution both of a widespread public health problem and of a disastrous orphan disease, PH.  CaOx stone formation and the diffuse nephrocalcinosis of hyperoxaluria result from excessive urinary supersaturation of the ions, coupled with the kidney and urine’s inability to prevent crystallization. While effective management is possible in stone disease, it often fails because of the requirement for significant changes in life-style.  Pharmacologic approaches to a key element, oxalate, has not been heretofore feasible. While urinary Ca excretion has been approached, there are systemic risks to this approach. 

Pyridoxamine (PM) has been pursued evaluated in animal and human studies of diabetes, and found to be non-toxic and effective. After we proposed that PM might scavenge the dicarbonyl precursors of oxalate biosynthesis, glyoxylate and/or glycolaldehyde (Figure 1), we could then demonstrate the effectiveness of PM on oxalate excretion and kidney crystallization in animals (see Preliminary Studies).

The unique contribution of the proposed studies is that with the limited resources of the R21 mechanism, using statistically valid samples, we can clearly test the effectiveness of a molecularly simple, non-toxic compound in changing a major risk factor for a significant cause of morbidity in recurrent SF, and for the disastrous consequences of a genetic inborn error of metabolism (PH). If, as expected, PM can decrease oxalate excretion in normal oxaluria and in extreme hyperoxaluria, and with it the urinary CaOx supersaturation, this initial study will lead to a large-scale clinical trial to prevent recurrent stone formation, and to prevent the progression of nephrocalcinosis and renal failure in Primary Hyperoxaluria. 
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C.  PRELIMINARY STUDIES

[image: image2.emf]Fig 2  

[image: image3.emf]      F ig 3      

The current proposal follows from our preliminary studies that show that pyridoxamine (PM) has the potential to decrease urinary oxalate excretion in subjects with recurrent calcium oxalate stone formation and those who have Primary Hyperoxaluria (PH). 
C.1.
PM reacts with carbonyl precursors of oxalate in vitro (Unpublished)
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Because of its nucleophilic amino group, PM can react with carbonyl compounds.  PM can bind carbonyl intermediates under in vitro and in vivo conditions (Background). 
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In the preliminary in vitro experiments, we found that PM reacts with carbonyl precursors of oxalate biosynthesis, glycolaldehyde and glyoxylate (Fig 2). Although the reactivity of PM with glycolaldehyde is about 5-fold greater than its reactivity with glyoxylate, PM trapped over 75% of either compound after 3 days of incubation at physiological pH and temperature .
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When reaction mixtures were analyzed using mass-spectrometry, specific reaction products of PM and glyoxylate (Fig 3 B), m/z=318) or PM and glycolaldehyde (Fig. 3 C, m/z=193 and 385) were detected. These data indicate that PM can trap carbonyl intermediates of oxalate biosynthesis by forming specific PM-carbonyl adducts that can be detected by mass-spectroscopy.

C.2.
PM decreases oxalate excretion in normal rats In Press, 2005, see Appendix 45
Based on the in vitro data, we suggested that PM would trap carbonyl intermediates of oxalate biosynthesis, glycolaldehyde and glyoxylate in vivo.  The results of our preliminary animal experiments were consistent with that hypothesis (Fig 4).  In control animals, daily oxalate excretion increased during the first 5 days (adaptation period) and then remained relatively stable for the course of the experiment.  In PM-treated rats, urinary oxalate levels were consistently lower (by 33-50%) and remained statistically different from controls after 12 days of experiment. 

C.3.  Detection of PM adducts with carbonyl precursors of oxalate in rat urine (Unpublished)
[image: image8.wmf]To assess the possibility of detecting PM-oxalate precursor adducts in vivo, we used LC/MS/MS to measure the adducts in urine of hyperoxaluric rats treated with PM (Fig 5). Multiple reaction monitoring data demonstrated that there is a compound with m/z = 318 present in urine, consistent with the molecular mass of PM-glyoxylate adduct (Fig 5, A,B).  Daughter-ion LC/MS/MS scan of urine from PM-treated hyperoxaluric rat also indicated that there was a compound present in urine with m/z = 318 .  The daughter-ion spectrum (Fig 5 C) of the peak identified in the daughter-ion scan (Fig 5 B) indicates that this compound contains PM: characteristic fragments with m/z = 169 (molecular ion of PM) and m/z = 152 (deaminated PM) are produced.  Thus, we could detect the PM adducts with the intermediates of oxalate biosynthesis excreted in urine. 

C.4.  PM decreases oxalate excretion in hyperoxaluric rats (Appendix)9 The effect of PM on urinary oxalate excretion and kidney crystal formation was studied using an ethylene glycol (EG) rat model of hyperoxaluria.  Animals were given 0.75-0.8% EG in drinking water to establish and maintain hyperoxaluria.  After two weeks, PM treatment (180 mg/day/kg body wt.) was started and continued for an additional two weeks. Urinary creatinine, glycolate, oxalate and calcium were measured. In this   4-week PM treatment experiment, microscopic analysis of kidney tissues for the presence of calcium oxalate crystals was performed. PM treatment resulted in significantly lower (by ~ 50%) levels of urinary glycolate and oxalate excretion compared to untreated hyperoxaluric animals (See Appendix).  This was accompanied by a significant reduction in calcium oxalate crystal formation in papillary and medullary areas of the kidney (See Appendix).
These animal experiments were designed to lay the groundwork for the present proposal: PM was shown to lower oxalate excretion in normals and in hyperoxaluric rats, and to prevent kidney stones in hyperoxaluric animals. Coupled with the favorable toxicity profiles of PM in rats, dogs and humans, show promise for therapeutic use of PM in primary hyperoxaluria and other kidney stone diseases. The mechanism by which PM might decrease oxalate excretion, by removing the biosynthetic precursors of oxalate, is essentially that present in the normal peroxisome, the detoxification by AGT of oxalate precursors. 
D.  RESEARCH DESIGN AND METHODS

D.1.
Summary
The studies are detailed below in D.4.

Study 1 will be a randomized, blinded, placebo-controlled cross-over study of pyridoxamine (PM) in 18 idiopathic stone-forming adults with normal oxaluria and no other defined urinary chemical imbalance.

Study 2 will be done in 6 adults with Primary Hyperoxaluria (PH). It will be similar to Study 1, but with greater dosage escalation, 

Study 3 will elaborate the mechanisms by which PM reduces oxalate excretion in humans, exploring the PM complexes (adducts) with oxalate precursors in urine and blood of subjects from Studies 1 and 2.

D.2.
General Methods
D.2.1.
Baseline measures / Dietary counseling

Subjects’ usual dietary intake at baseline and between experimental diet periods will be assessed by standardized, multiple-pass dietary recalls. Multiple 24-hour recalls have been shown to represent usual dietary intakes52 and have been found to contain less reporting bias than diet records7. It is the method used for NHANES and other national nutrition surveys. To promote accurate reporting of portion sizes, subjects will be given 2-dimentional food models. Use of neutral probing questions and food models has been documented to decrease errors in dietary recalls 17. The recalls will then be entered into the Nutrition Data System for Research (NDS-R version 2005, Minneapolis, MN) software for complete nutrient composition. NDS-R software has data for 139 nutrients including oxalate. 

Quality control measures will be employed to minimize errors in dietary recall and computer coding of the data into NDS-R, All staff undergo routine reliability testing on all dietary measures and the inter-class correlations among staff for energy and macronutrient composition are consistently 0.97-0.99. 

Controlled Dietary Intake.

During the initial dietary intake interview, subjects will be counseled to refrain from eating most high-oxalate foods33 3, including rhubarb, spinach, beets, soy products, nuts, and okra, and to limit intake of chocolate, strawberries, wheat bran and tea. Data are available to allow, by careful choices 1 and preparation 8, a comfortable range of intake. These requirements will continue for the duration of the study. 
During the 1 day prior and then the 2 days of urine collection, subjects will consume a known diet controlled for energy, calcium, sodium and oxalate. Subjects will consume exactly the same diet for all urine collection periods. At baseline, the dietitian will contact the subject to obtain food preferences and design an individualized 3-day menu using foods commonly consumed by the subject and routinely available to the subject. The menus will be developed to provide energy levels for weight maintenance using the Dietary Reference Intake energy equations16 and the typical macronutrient composition of 50-55% carbohydrate, 30% fat and 15-20% protein. Calcium content will be 1000 -1200  mg/day 9, assured by diet composition or supplements as needed, and sodium content will be < 3000 mg/day 9, oxalate 75-100 mg/day. The menus and corresponding shopping list will be developed and sent to the subjects prior to each urine collection period. Subjects will also be given a checklist to record that they have consumed each item. We will be available during those time periods for the subjects to call in case an issue should arise with the menus and a substitution would be required. 

D.2.2.
Exit measures - At completion of the study, subjects will be examined by the Sub-Investigator, and a review done of any adverse events (AEs) occurred, as well as the status of AE resolution. Laboratory chemistry studies will be performed as indicated and any changes evaluated. Follow-up will be arranged as needed.

D.2.3.
Monitoring adherence to regimen and treatment integrity - In order to interpret Ox24 outliers in the analyses and to assess the integrity of the treatments administered vs. intention to treat under the protocol, adherence and contents of capsules dispensed will be monitored.  At the end of each treatment period the medication bottles will be returned to the Monitors, who will record the capsule count for later monitor adherence (defined as the proportion of capsules missing based on the number expected under perfect adherence).  Adherence will also be tested, if suggested by outlying Ox24 data points, by quantitative analysis for pyridoxamine in the urine collected at the end of each period. Capsule counts, capsule content analyses, and urine analyses will be done blind to group assignment.

D.2.4
Medication distribution - Medication will be distributed directly to subjects as bottles with 60 capsules in each (except for one one-week period in Study 2), coded by the statistician, allowing for 4 capsules to remain after 4 weeks treatment, which will be helpful for reliable pill counting. Medication bottles will be returned with the urine samples, for pill-counting.  

D.2.5.
Data and safety monitoring – see E. Human Subjects.

D.2.6
Measures to be taken

Demographics - Birth date, gender, race
History - Stones, treatment for stones, GI disease, psychologic issues (that might suggest prospective compliance problems)  
Surgical History

Females - Fertility status, method of birth control
Family History - Stones, acidosis, renal failure, hypertension, diabetes

Concomitant medications - Especially Vitamin D, B6, citrate, calcium
Physical Examination - Vital Signs:  Weight, height, blood pressure, respiratory rate.
Laboratory Tests - Pregnancy test (if applicable), liver function tests (for results > 1.5  x ULN), Metabolic panel including  Cr.(for estimated GFR), Hb  or Hct 
24-hour urine - (see below)
Follow-up visits - Interim history, Diet assessment, AEs, Pill counts.

24-hour urine collections - Twenty-four hour urine collections will be obtained by the subjects using Study urine collection bottles provided with a preservative and volume marker from Litholink Co.  At the end of each 24-hour collection, the subject will record the exact times of the collection, and the estimated volume from the graduation marks on the container. The subject (or a study assistant , if deemed necessary in individual cases) will aliquot approximately 30 ml into four aliquot containers, two of which will contain 3 ml of 4N HCl. The four containers will be stored in biohazard bags and one of each, acid and non-acid, frozen in the home freezer immediately. At the end of two consecutive 24-hour urine collections, all 8 samples will be sent to the central laboratory by overnight carrier for immediate analysis and/or -70o 9 storage. 

Blood Collections - Blood hematology, chemistry and liver enzymes will be performed at initial screening and at the end of the last active-drug treatment periods (at 12 weeks in Study 1, 12 and 15 weeks in Study 2). In addition, plasma will be collected, centrifuged and frozen in 2 ml aliquots for studies of PM and complexes, at the above times, as well as week 12 in Study 2, the last standard dose period. 

D.3. Laboratory Methods

All laboratory analyses will be performed by personnel who are blinded to the conditions of sample collection.

D.3.1.
Urine tests – 24-hour samples will be analyzed for concentrations of calcium, phosphate, creatinine, uric acid, magnesium, sodium, potassium, pH, volume, citrate, oxalate, sulfate, chloride, and ammonium ion, all by conventional methods by us 36. The method of transport stability and adequacy of the collection methods in these practices are well documented4. The oxalate method utilizes oxalate oxidase.

Glycolate, an oxalate precursor, will be measured by the method of Petrarulo 36 as performed in our laboratory by HPLC36. Oxalate and glycolate assays are both highly specific and sensitive to about 10 (M as in our preliminary experiments 36. 

The ion activity products (AP) for CaOx, CaP and uric acid are calculated by Equil2 55. Relative supersaturations (SS) are the ratios of the free-ion AP to the known solubilities of the products (CaOx and brushite). 
D.3.2.
PM  adducts in urine - Urine samples will be analyzed from aliquot containers with hydrochloric acid to minimize degradation of PM.  The urine samples will be protected from light and stored at -70(C. 

At the time of analysis, 1 mL of each urine sample will be further acidified to pH = 1 with 2N HCl and purified using an Oasis MCX column (Waters Corp., Milford, MA).  Briefly, 1 mL of each sample will be loaded into a column followed by a wash with 0.1N HCl (4 mL), a wash with MeOH (4 mL), and a final elution of any PM adducts with 10% ammonium hydroxide (4 mL).  The eluent will be dried in vacuo and reconstituted in 1% HFBA (1 mL).  Each sample will be analyzed via the reverse phase LC-MS/MS.

The PM-glycolaldehyde and PM-glyoxylate adducts will be determined based on 1) the identity of molecular masses of the adduct and the standard; 2) the co-elution of the adduct with the standard in reverse phase chromatography; and 3) presence of characteristic PM ions in daughter spectrum of the adduct.  The standards of PM adducts will be synthesized and purified as described earlier54.

The analysis of the samples will be carried out on a Waters HPLC system equipped with a reverse-phase Supelco C-18 column, using a linear 0.1% HFBA-acetonitrile gradient.  PM and the adducts will be detected by fluorescence (328/393 nm) and by absorbance (294 nm).  We will vary chromatographic conditions (gradient slope, gradient start and end points, etc.) to achieve optimal separation of the reaction components.  Mass-spectrometry measurements will be performed in a positive ion mode on a Micromass Quattro LC (Beverly, MA), ESI-mass spectrometer equipped with a Hewlett-Packard (Palo Alto, CA) series 1100 HPLC system and a Keystone (Bellefonte, PA) Aquasil C-18 microbore column.  The solvent system consists of 0.1% trifluoroacetic acid (solvent A) and methanol (solvent B), flow rate 0.8 ml/min.  The linear gradient (solvent B, 15-75%) will be used over the time course of 40 min.

D.3.3.
Pyridoxamine in urine and plasma will be measured at Vanderbilt University (see Budget: contractual agreement) using reverse phase high performance liquid chromatography (RP-HPLC) as described by Sampson and O’Connor41. Briefly, plasma aliquots will be mixed with 10% metaphosphoric acid and centrifuged at room temperature to precipitate protein. Protein-free supernatants will be extracted with equal volume of methylene chloride to remove lipids.  Urine samples will be diluted 1:100 with 5% metaphosphoric acid.  Deoxypyridoxine (Sigma Co., St. Louis, MO) will be added to all samples as an internal control to correct for the loss of pyridoxamine during sample preparation and for volumetric error during sample injection.  Samples will be filtered and stored at -70(C.
Samples will be analyzed on a Waters 600 HPLC system using an Aquasil C-18 column (Thermo-Hypersil-Keystone, Bellefonte, PA). Samples will be eluted from the column using a linear acetonitrile gradient at a flow rate of 1 ml/min.  PM will be detected by fluorescence with excitation and emission wavelengths of 328 nm and 393 nm, respectively.  Standard curves will be prepared from injection of different concentrations of PM in the range of 0.5-10 pmol.  Three analyses will be performed for each sample and the results presented as mean ± SD.

D.3.4.
Urine and Blood tests - Urine sodium, potassium, chloride, CO2, magnesium, phosphate, uric acid, creatinine and citrate are measured using the Beckman (Fullerton, CA) CX‑5 autoanalyzer, with the same methods for serum and serum ultrafiltrate, or by CLIA approved commercial laboratory. All of these are conventional methods in this laboratory 54.

D.4.
Specific Studies
D.4.1
Study 1 will determine the effect of pyridoxamine (PM) on urinary oxalate excretion and urinary supersaturation in stone-forming subjects (stone formers = SF)

Rationale – The primary goal is to determine whether PM can significantly and relevantly reduce urinary oxalate excretion and thereby urinary CaOx SS in this population.  If these results are found, the study will have direct and important implications for a new medical treatment to reduce risk of stone formation in this high-risk population.

Normal values defined – Normal values (mean ± SD) for urine oxalate, CA, uric acid and citrate were obtained from normal adult males (n=94) and normal adult females (n=70) who were recruited by our clinic to establish these norms.

Subjects – Subjects will be SF recruited from our participating stone clinics.  These clinics have recently seen and performed stone-risk analyses on 1,207 patients, including 391 over the immediate past two years. Data from these previous patients allow us to choose a realistic population for the proposed study that would represent patients most likely to benefit from reduced urinary oxalate excretion, namely, SF without defined treatable urinary chemical imbalances. 

The potential subjects are SF who do not have evidence of enteric disease, infection stones, or uric acid stones.  Because they do not have clinically indicated regimens, such as thiazides for hypercalciuria or citrate for hypocitriuria, the design does not interfere with good clinical practices.  The whose 24-hour urine studies will show no specific treatable abnormalities: Urine Ca++ and uric acid must be less than 1.0 SD above the mean for same-sex normals; citrate excretion must be more than 325 mg/day; Oxalate excretion must be within ±1.0 SD of the mean for same-sex normals. An estimate of numbers of potential subjects over the two years of the proposed study was made by reference to the immediate two preceding years: The three practices saw 67 males and 41 females who meet the study's formal criteria. With Dr. Pietrow joining Hudson Valley Urology, and Dr.***** retaining Dr.*****s practice at KUMC, the numbers will increase by approximately 25%, facilitating recruitment .

Subjects who agree to participate and are then found to be qualified will be stratified by sex and randomly and equally assigned to two treatment subgroups (see design, below).  Drop-outs will be replaced by random selection from the same-sex pool and assigned to the subgroup of the drop-out. 


Inclusion criteria (adults > 18 years). 


1.
History of recent stone formation (within past year). 


2.
Renal function > 75 ml/min by measure or by estimated creatinine clearance (Modification of Renal Disease equation)32.


3.
Normal urinary excretion of stone-promoting chemicals other than oxalate: 




Daily excretion of Ca and uric acid less than 1.0 SD above the mean for same-sex normals (Males Ca < 266 mg/d, uric acid < 0.85 g/d;  Females CA < 213 mg/d, uric acid < 0.69 g/d).




Daily excretion of citrate more than 325 mg/day.


5. Normal excretion of oxalate:  Between -1.0 SD and +1.0 SD for normals (Males: 25.9 to 47.1 mg/24 hr; females: 18.4 to 37.8 mg/24 hrs).


Exclusion criteria


1. 
Pregnancy


2.
Hyperparathyroidism


3.
History compatible with enteric disease that might be associated with hyperoxaluria. 



4.
Obstructive uropathy


5.
Recurrent infections or “infection” (struvite) stones


6.
Severe dietary Ca++ restriction or deficiency


7.
Recent significant cardio-vascular events


8.
Inability to maintain either the dietary restrictions on oxalate-containing foods or salt, or to assure adequate Ca++ intake


9.
Medications that affect Ca++ absorption or excretion (Vitamin D–type preparations, citrate, phosphate 

supplements.)


Note: Medications such as K++ or Mg++  preparations, diuretics, antacids, phosphate binders, or Ca++ entry 
blockers are acceptable, but must be kept constant for the duration of the study.

	Study 1: Time Line

	Subgroup
	Period

	
	1
	2
	3
	4

	A
	P
	Lo
	Hi
	P

	B
	P
	Hi
	Lo
	P

	P = Placebo     Lo = low-dose     Hi = High-dose


Protocol - The treatment subgroups and time line for this randomized, blinded, placebo-controlled, cross-over study are shown in the table at left. The active drug is provided in 250 mg capsules.  Placebo capsules are identical in appearance.  At the beginning of each 4-week period all subjects will be given two bottles, labeled M1 and M2.  In the Placebo (P) condition both containers contain placebo.  In the Low-dose (Lo) condition, one contains placebo, the other, active drug.  In the High-dose (Hi) condition, both contain active drug.  All subjects will take one capsule from M1 and one from M2 each morning and again each evening (4 capsules total per day).  The result is an intake of 0 mg, 500 mg, or 1000 mg of PM per day.  All subjects will be on placebo during the first 4-week period.  Subgroup A will go to Low-dose while Subgroup B goes to High-dose for Period 2. In Period 3 Subgroups A and B will cross over to the other dose.  All subjects conclude the study with a final 4-week period on placebo.

Twenty-four hour urine collections will include 2 pre-treatment and 2 at the end of each 4-week period. 

D.4.1.a  Sample size for Study 1

Summary – Study 1 is designed to detect a decrease of at least 25% in 24-hour urinary oxalate (OX24, mg/24 hr) as the result of treatment with PM.  The primary analysis targets a single group of subjects that includes both sexes.  Since males and females will have significantly different baseline OX24 levels, the proposal calls for secondary analyses of the effects of PM in males and females separately. The sample-size determination showed that N = 18 subjects (10 females and 8 males) will yield over 80% power to detect the minimum theoretically important treatment effect (25% reduction in OX24) in the primary analysis (total sample) as well as in the secondary analyses (by sex).  To reach this goal, assuming a 20% drop-out rate, 22 subjects (12 females and 10 males) will be enrolled.
Details – Study 1 will provide for random assignment of subjects to two subgroups that together provide a complete cross-over design for two treatments: Low-dose and High-dose (see Time Line above).  Random assignment to subgroups will be stratified by sex and blocked to yield equal numbers of subjects in each subgroup. Subjects will participate for four 4-week periods.  The first and last periods will be on placebo; the two middle periods will involve the cross-over of the two active drug doses, thus counter-balancing the order of administration.

For the sample-size determination the primary outcome variable is Ox24. The primary analysis combines the two subgroups into one, and uses a single RM t-test to compare high-dose PM vs placebo.  The two secondary analyses will be identical to the primary analysis but performed separately on males and females.

The sample-size determination was done using nQuery 5.0 (Statistical Solutions, Boston, MA).  Baseline Ox24 values were available for 1,207 stone formers.  Of these, 948 had two OX24 values computed on samples obtained between one and four days apart. For 620 of these the first OX24 fell within ± 1.0 SD of normal (the criterion for the proposed study). For these 620, the correlation between first and second OX24 was r = 0.59. For the 108 (41 females, 67 males) who would have qualified for the study, the mean ± SD baseline OX24 was 32.6 ± 6.7.

Assumptions
a) The baseline values will obtain for the placebo condition.

b) The High-dose treatment will yield at least the smallest theoretically important reduction in Ox24 (25% reduction from baseline on the average).  The reduction will thus be from 32.6 to 24.45 mg/24 hr.

c) Not all subjects will respond equally to the treatment.  Therefore, the correlation between baseline and High-dose results will be smaller than that observed for repeated baseline values.  We assumed a reduction in r from 0.59 to 0.40.  Similarly, because of the expected heterogeneous response to treatment, the SD under High-dose would be greater than that observed at baseline.  We assumed a 20% increase in SD going from baseline to High-dose (6.7 to 8.04).

Requirements
a) The smallest even number of subjects so they can be assigned equally to the two subgroups.

b) At least 80% power for a two-tailed test at alpha = 0.05.

Results for Primary Analysis Comparing High-dose PM vs Placebo - A sample size of 18 will have 97% power to detect the difference between means (32.6 vs 24.45) given the requirements and given the assumptions of increasing SD and decreasing r.  A sample-size of 12 would yield 88% power.
Secondary analyses – The secondary analyses are identical to the primary, but they call for each sex to be analyzed separately.  As is well known 4 male stone formers have significantly greater baseline OX24 than females (in our sample, 67 males had OX24 = 35.5 ± 5.7, while 41 females had 27.9 ± 5.5, p < 0.001).

Males. - Given the assumptions and requirements listed above, for males a sample size of 8 will have 87% power to detect the 25% reduction in mean OX24 (35.5 vs 26.63) with r = 0.40 and SD increasing 20% from baseline to High-dose (5.7 to 6.84).

Females. - Given the assumptions and requirements listed above, for females a sample size of 10 will have 83% power to detect the 25% reduction in mean OX24 (27.9 vs 20.93) with r = 0.4 and SD increasing 20% from baseline to High-dose (5.5 to 6.6).

Conclusion. - The primary analysis could be accomplished with 12 subjects total, but providing for the secondary analyses will require 10 females and 8 males, for a total N = 18.  Drop-out is assumed to be 20%, so the project will need to enroll 22 subjects (12 females and 10 males) to reach the target N = 18.  If subjects’ baseline lab values are not within the appropriate range, those subjects will be replaced. 

D.4.1.b
Data analysis - When two consecutive 24-hour collections are made, Ox24 will be recorded as the average of the two raw values. 

Primary Analysis – Consistent with the sample-size determination (D.4.1.a, above), for the total sample (n=18) the primary analysis will consider OX24 collected at the end of Period 1 (placebo) vs the end of the period in which the subject received high-dose PM.  A RM t-test will compare the two periods, and a significant reduction in OX24 under PM will be the first indication of a successful treatment.

Secondary Analyses – The analysis described above will be repeated for each sex separately.  It is assumed that in spite of having notably different OX24 under placebo, the two subgroups will show equivalent responses to high-dose PM.  Such an outcome will be particularly important in view of evidence that the sexes may not respond similarly to other treatments for idiopathic stone disease. 11
The urine chemistries obtained with the Ox24 allow the calculation of SS by Equil2, and will be the subject of a secondary analysis of the whole sample. It is not expected that other urinary constituents will not change, but it important to verify that the effect on Ox24 is also seen in the SS, a measure of stone risk. 


Analysis of cross-over design. – An omnibus general linear models mixed analysis of variance with Greenhouse-Geisser corrections will consider the results for all four periods simultaneously.  For all subjects, the first and last periods will involve placebo, while the two interior periods will involve low-dose and high-dose PM.  Subgroup A will receive PM in the order low-high.  Subgroup B will receive it in the order high-low.  For each subgroup the sexes will be combined to yield n = 9 per subgroup.  The analysis design will be 2 Orders-of-treatment ( 4 Periods.  Because both doses of PM are expected to result in a reduction in Ox24, the Periods main effect is expected to be significant; and because high dose is expected to have twice the effect of low dose, the Orders-of-treatment ( Periods interaction is also expected to be significant.


Analysis 3 (dose-response function) –Because low-dose PM is expected to achieve only perhaps half the high dose effect, the Orders-of-treatment  Periods interaction is expected to be significant.  If so, follow-up tests will be aimed at gross estimation of the dose-response function.  This analysis will begin with a test of the two placebo conditions, which are not expected to differ.  If they do differ, the analysis will proceed using only the first.  Otherwise they will be averaged to form a single score for placebo.  The analysis will continue with a comparison of placebo vs. low dose vs. high dose. The prediction is a perfectly linear function, but the data will be analyzed using single-df orthogonal polynomials, with a significant quadratic component signifying a non-linearity.

Outcomes such as predicted above would be extremely important scientifically and would form one of the fundamental rationales for the larger grant application that is expected to follow this preliminary work. 

D.4.2
Study 2 – will determine the effect of PM on urinary oxalate excretion and urinary CaOx SS in adult subjects with Primary Hyperoxaluria (PH).  This protocol will include brief exposure to higher doses of PM to determine tolerance and to further characterize the dose-response function.

Rationale - The primary goal of Study 2 is to show that PM will reduce the extremely high urinary oxalate excretion in PH, and ultimately to test a treatment that may help to avoid renal failure in PH. 

Subjects - Six adults, either sex, will be recruited nationally from the small group of known patients with PH1 or PH2 who have good renal function. Subjects will be sought directly by our personal contacts within the population of patients with known PH, and by communication to physicians through the list serve message boards of the Oxalosis/Hyperoxaluria Foundation (OHF), Pediatric Nephrology, and Nephrology.  This proposed study was presented to the patients and their families at the meeting of the OHF on 8 Oct 04, and to the OHF Scientific Workshop on Hyperoxaluria on 9 Oct 04.  The response was universally positive, and patients have already volunteered. We are confident of success in recruiting the six subjects needed for this study, because of our involvement in this disease, because of our support of that community and our publications, presentations and direct communications with physicians and patients (representing at least 30 patients over the last 10 years).  This very aggressive personal approach to recruitment is necessitated by the rarity of the disease and the lack of awareness of the disease among non-specialist physicians, as was found during a recent survey on hyperoxaluria 24. After identifying interested subjects, we will approach the subjects’ physicians to become Unaffiliated Investigators. We are confident that they will agree, having already been selected by their patients to provide the considerable involvement that is necessary for patients with PH.
	Study 2: Time Line

	Subgroup
	Period = 4 weeks
	Period = 6 ½  days
	4 weeks

	
	1 
	2
	3
	4
	5
	6
	7

	A
	P      
	*500
	1000
	750
	2000
	3500
	P

	B
	P
	1000
	500
	750
	2000
	3500
	P

	P = Placebo     *Dosage (mg) / day  


Inclusion criteria (adults > 18 years) :
1.
Confirmed diagnosis of PH. The diagnosis may be made by liver biopsy, excretion of oxalate and glycolate and/or glycerate, or by documented family history.

2.
Oxalate excretion at least twice normal (≥100 mg/day/ 1.73 m2).


3.
Renal function  > 75 ml/min by measure or by estimated creatinine clearance (Modification of Renal Disease equation)32.

Exclusion criteria:


1. 
Pregnancy


2.
History compatible with enteric disease that might be associated with hyperoxaluria. 



3. 
Recent significant cardio-vascular events. 
4.
Response to pyridoxine (B6) having demonstrated to reduce oxalate excretion by at least 30%.    

5. 
Medications: Acceptable medications include K++ or Mg++ preparations, diuretics, citrate, phosphate, Ca++ entry blockers. Angiotensin converting enzyme inhibitors (ACEI) or angiotensin receptor blockers, which may be independently prescribed for PH patients are also acceptable, but must be kept constant for the duration of the study. While ACEI may affect intestinal transport of oxalate18, at steady state this would not be relevant to changes in total oxalate excretion. 


 Protocol - Study 2 will begin with three 4-week periods similar to Subgroups A and B of Study 1, with n=3 per subgroup (see time-line, above). Period 1: placebo; Period 2: either 500 mg/day or 1000 mg/day; Period 3: the cross-over dose.  Following Period 3 all subjects will enter a dose-escalation phase involving three 6½-day periods (Periods 4-6), at doses known by the manufacturer to be tolerated over such short periods: Period 4: 750 mg/day (approximately 5 mg/kg b.i.d, for a 70 kg subject); Period 5: 2000 mg/day (approximately 15 mg/kg b.i.d); Period 6: 3500 mg/day (approximately 25 mg/kg b.i.d.).  While the Period 4 dose will be either more or less than that given in Period 3, it is desirable to hold all 6 subjects to a standardized dose-escalation protocol; Period 7: The study will end with a four-week placebo period.

Urine collections - For Periods 1, 2, 3, and 7 urine collections will be identical to those of Study 1’s Periods 1,2, 3 and 4: A two-day collection at baseline and at the end of each period.
At the end of each 6 ½ day period, 2 urine collections will be made (one being the last day of the current dose and the other being the first day of the next dose). After the completion of escalated doses, the four week final placebo period will be observed, with two collections at the end.

D.4.2.a  Sample size for Study 2: Subjects with PH
Summary – For Study 2, the sample-size determination showed that n = 6 would yield 95% power to detect a 33% drop in OX24. The test is a single-group t-test for repeated measures (RM).

Details – The hypothetical results for Study 2 are shown in the figure below. Arrows indicate the primary comparison. Subjects will start with placebo (dose = 0 mg/day) followed by active drug in five different doses (500, 700, 1000, 2100, 3500 mg/day), the intention being to define the dose-response function. The smallest theoretically important reduction from baseline, would be equivalent to a “partial response” of PH1 to vitamin B6 38. For PH there are no pre-established baseline values (mean ± SD) for Ox24 available for a large population, but it is predictable that the baseline values for eligible subjects will be fairly evenly distributed from about 100 mg/24 hr to about 200 mg/24 hr 46.  This yields baseline Ox24 of approximately 150 ± 29 mg/24 hr. For illustrative purposes we assumed that (a) the 33% reduction from baseline will occur at the 1000 mg/day dose; (b) the lower doses will yield proportionately smaller effects; and (c) the much larger doses (2100 and 3500 mg/day) will behave more like an asymptotically saturating curve than a strictly linear dose/response function. As in Study 1, the sample-size determination was concerned with the single t-test comparison with placebo, but for PH we assumed that subjects would show a relatively homogeneous response to treatment, with pre- / post- correlation at 0.6 and D reduced by 33% (29 to 19.33). Under these assumptions, power = 95% when n = 6.  Assuming the same drop-out rate as other studies, 8 subjects will be recruited to achieve the final target.
[image: image9.wmf]
D.4.2.b Data analysis, Study 2 - Data analyses will be similar to those of Study 1.


Primary Analysis – Consistent with the sample-size determination , the primary analysis will consider OX24 collected from the 6 subjects at the end of Period 1 (placebo) vs the end of the period in which the subject received 1000 mg/d PM.  A RM t-test will compare the two periods, and a significant reduction in OX24 under PM will be the first indication of a successful treatment.
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Analysis of cross-over design. – An omnibus general linear models mixed analysis of variance with Greenhouse-Geisser corrections will consider the results for periods 1,2,3, and 7 simultaneously.  For all subjects, periods 1 and 7 will involve placebo, while periods 2 and 3 involve 500 mg/d or 1000 mg/d PM.  Subgroup A will receive PM in the order 500 - 1000.  Subgroup B will receive it in the order 1000 - 500. Hypothetical results are shown at left.  The analysis design will be 2 Orders-of-treatment subgroups (A vs B) ( 4 Periods (1,2,3 and 7).  Because both doses of PM are expected to result in a reduction in Ox24, the Periods main effect is expected to be significant; and because 1000 mg/d is expected to have twice the effect of 500 mg/d, the order-of-treatments X Periods interaction is also expected to be significant, indicating that the cross-over was effective.


Analysis 3 (dose-response function for all five doses) – To determine the general character of the dose-response function across the full range of doses used in this study, the subgroups will be collapsed (one group, n=6) and two RM analyses of variance will be run, one including the placebo condition, the other not.  The question of curvilinearity will again be approached by orthogonal polynomial contrasts on dose.  A significant quadratic component will raise the issue of a floor effect (suggested by the slight concavity of the hypothetical results, above right) vs. a genuine approach to asymptote that might signify a saturation point in PM’s ability to reduce oxalate excretion in Primary Hyperoxaluria.

D.4.3.
Study 3  will characterize PM-glycolaldehyde and PM-glyoxylate complexes in urine and blood relative to changes in urine oxalate excretion in subjects who were treated with PM in Studies 1 and 2.  It will provide the first direct test of the fundamental physiological model underlying the empirical dose-response functions found by treating hyperoxaluria with PM.
Rationale and hypothesis - PM can form complexes (adducts) with the dicarbonyl intermediates of oxalate biosynthesis, glyoxylate and glycolate (Background, Fig 1 ).  Since PM scavenges different carbonyl compounds in vivo 2, we hypothesize that PM-GO and PM-GA adducts will form in the livers of PM-treated subjects, thus inhibiting biosynthesis of oxalate and hence reducing oxalate excretion.  When formed, the adducts will be released into circulation and eventually excreted in urine.  PM-GO or PM-GA adducts in plasma or urine of PM-treated patients will confirm our hypothesis that in humans PM inhibits oxalate biosynthesis by scavenging oxalate intermediates.  Evidence will be strong if the PM-GO or PM-GA adducts increase directly and closely in time with reductions in urine oxalate excretion.

Study design - Using the characteristic mass spectra we will detect, identify and quantify PM-GO and PM-GA in the urine of 10 subjects from Study 1 and all 6 subjects from Study 2.  The subjects will be chosen to provide a broad range of reductions in Ox24 going from placebo to active drug.  The measurements will be taken after every 4 weeks of the treatment period, but will be analyzed blinded to those results. 
 For the first planned analysis, each subject will contribute only one data point, which is the absolute reduction in Ox24 excretion going from the placebo period prior to treatment to one of the active-drug periods. Selection of which treatment period to use will be driven by the requirement that the ensemble of data points must have a broad range. Using nonlinear regression analysis, we will characterize the relationships between the quantities of the two adducts and the quantitative reductions observed in Ox24 excretion resulting from PM treatment.

We will pay particular attention to whether the patterns of adducts (glyoxylate vs. glycolaldehyde) suggest different mechanisms of oxalate generation.  After thus delineating the PM adduct response in urine, plasma samples will be studied for evidence of PM adducts that may not have appeared in the urine.

D.4.3.a    Data analysis – The general hypothesis to be tested is that PM adducts will be seen to increase directly with decreases in Ox24.  These analyses will necessarily be speculative and exploratory because it is not known which of the two PM adducts, if either, will actually predominate in the scavenging of oxalate intermediates in liver in the presence of large amounts of PM.  The figure at left represents one set of hypothetical relationships that might reasonably be expected to obtain in the context of this PM-treatment study.  These hypothetical results for the 16 subjects indicate that PM-GO predominates in cases of relatively small to moderate reductions in Ox24, while PM-GA contributes increasingly to large reductions in Ox24.  The data will be fitted by orthogonal polynomials on Ox24 reduction.  A difference between the two PM adducts’ functions will be signified by a significant difference between their linear coefficients and (as would be the case in the hypothetical results) their quadratic coefficients.  If results similar to these actually obtain, the adducts’ functions will also be modeled by nonlinear functions that might have more physiological validity, such as positively or negatively accelerated growth functions.

Findings such as those illustrated here would lend highly significant scientific support for the use of PM in the treatment of hyperoxaluria that will be given its first human trial in the proposed project.
D.5.
Limitations
Studies 1 and 2 - While we expect that PM will decrease oxalate excretion in normal oxaluric stone-forming patients, there are too few patients to do multivariate regression analyses of potential confounders. The quantitative importance of the different pathways to glyoxylate generation is not certain, even between subjects, and there are differences in the binding of glyoxylate and glycolaldehyde by PM.  Even if all PM were devoted to scavenging these pathways, differences between subjects will likely occur. For this reason, statistics have allowed for an increase in the SD of oxalate excretion values with treatment.  There are important differences between pathways of oxalate generation by rodents and humans:  AGT functions almost entirely in the rodent mitochondrion, whereas in humans that pathway is limited to the peroxisome. Depending upon the effective target of PM in humans, oxalate generation may be more or less affected by PM.  It is clear that PM scavenges many targets 2,54, so the proportion of oxalate precursors may vary.  It is expected that the study of PM adducts (Study 3) will explain the mechanism of PM complexation, and the balance between mechanisms of oxalate generation. 

In PH subjects, with much higher oxalate excretion than SF, the amount of PM needed for effect may be greater. Therefore, while there is a major escalation of dosage at the end of the study, the brief period for each dose (6 ½ days) and the maximum dosages that have previously been tested on normal volunteers, may not allow a full effect.

An unavoidable limitation of these studies is the proposal’s short time and limited budget, which disallow the most important primary clinical end-points: Prevention of kidney stones in SF, and prevention of nephrocalcinosis and renal failure in PH.  We expect that such studies will naturally follow from the current studies.

Study 3 - We expect to detect PM adducts in urine and/or plasma of PM-treated subjects, and to detect no PM adducts in samples from the placebo condition.  The amount of adducts should correlate with the decrease in urinary oxalate excretion in PM-treated subjects. One potential problem may be the dissociation of the adducts before sample collection or in the process of sample preparation.  However, we consider this possibility unlikely because the half-life of PM adducts in vitro is ~ 10-20h (data not shown), while TMax of PM in humans is only approximately 2.5 h.  Another potential difficulty in detecting PM adducts may arise because the intracellular PM is phosphorylated to form pyridoxamine-5’-phosphate (PMP).  Phosphorylation does not affect the ability of PM to form adducts, but it will increase the adduct mass by 80 Da. To account for this possibility, we will also check for PMP adducts in our LC-MS/MS experiments. 

D.6.
Time Table

By the time the grant is awarded, we will have received all necessary approvals (local IRB, FDA Investigator Initiated IND, Data Monitoring Plan).  We will also be generating the list of stone-forming subjects to be solicited for participation, and a list of interested PH patients.  We will therefore be ready to begin enrolling subjects within 2 months, and most of the stone clinic studies will be completed by the end of the first year, including urine tests (performed immediately).  The work with PH subjects (Study 2) will be finished shortly after that because PH subjects require considerably more arrangements.  Application for funding of the long-term studies that are expected to follow will be made in time to begin those studies at the end of the proposed two year project.  It is possible that the study drug’s manufacturer, Biostratum Inc., could, on the basis of this Phase II study, find investors to embark on a full Phase III study at that time.

E.  HUMAN SUBJECTS RESEARCH

E.1.
Protection of Human Subjects

E.1.1.
 Risks to the subjects
Human subjects involvement and characteristics - The purpose of these studies is to test the efficacy of pyridoxamine (PM) vs. placebo for decreasing oxalate excretion in recurrent stone-formers (SF) and in Primary Hyperoxaluria (PH), using a randomized placebo-controlled blinded cross-over study design.

The subjects will be recruited from a regular recurrent stone clinic population by random selection (n=18), and by nationwide recruitment of PH patients (n=6). The 18 stone subjects will be asked to come to the clinic location only at recruitment and at 16 weeks (for examination and blood-drawing), but to provide two 24-hour urine collections every four weeks. At each time period, subjects will be interviewed by phone, to obtain diet histories, review diet instructions, to assess adverse events, and to be provided Study medications (by shipping or by one of the Sub-Investigators). The PH subjects will visit the office of the local Unaffiliated Investigator, where the same events will occur. Exclusion criteria are subjects with recent evidence of urinary infection, cardiovascular disease, diabetes mellitus, renal function < 75% of normal, or pregnancy.  Pregnancy is disallowed because there are currently no data on how the study drug affects mammalian gestation or off-spring.
Sources of materials – Most of the materials used in this project will be collected for research purposes only.  Blood and urine will be obtained.  Subjects will be physically examined as needed if this has not been done in the prior two months. Demographic, medical history, and dietary history questionnaires will be given. Disease activity/morbidity data will be obtained from existing medical records.

Potential Risks - The potential risks of participating in this study refer to (a) blood drawing, (b) study medications, and (c) storage and analysis of research information.  Blood drawing occasionally results in bleeding or bruising at the site of the draw.  The study drug’s manufacturer reports that the study drug can have side effects, but it is generally very well tolerated. Research information will be strictly coded for confidentiality.  There practically zero chance that the research data will ever be connected with individual subject indentifiers.  
E.1.2.
Adequacy of protection against risks


Recruitment and informed consent - Subjects will be approached by Sub-Investigators after selection from the population which has already been identified in that clinic as fitting the requirements of normal urine chemistry composition. They will be informed about the purpose of the study and the requirements for participation. They will be explicitly told that their medical care will not be affected whether or not they participate in the study.  This study will be approved by the IRB at KUMC, and by the participating clinics if that is required. Consent will be obtained by the P.I. For study 2, PH subjects will be solicited by nationwide search, as is appropriate for a rare disease. The Unaffiliated Investigators for each of these subjects will be supervised by the PI and the IRB and KUMC. 

Protection against risk - Blood drawing has minimal risks. The study medication (pyridoxamine) will be administered under an Investigator Sponsored IND, approved by the FDA.  Phase I and Phase II studies show that the risks of the medication are low in this essentially healthy population. Data will be provided by referral to studies registered by Biostratum Inc. with the FDA. The medical care of the patients will be continued as per the referring physician’s usual practice.  All research information will be coded for strict confidentiality. The Master List correlating subject identifiers with subject codes will be kept separately from all data collection, storage and analysis facilities.  All subjects will receive an identifying number for coding and analyzing data. Data will be stored in a secure location at the principal investigator’s office and on the secure computer network at KUMC. Subjects will be monitored during their participation in this study, and all adverse events identified. This project will be submitted to the local IRB for review and approval. If recommended by the IRB, this project will also be submitted to the KUMC Safety and Data Monitoring Board to develop a plan for data and safety monitoring.
E.1.3.
Potential benefits of the proposed research to the subjects and others - Given the low level of risks, and the future potential benefit of being able to lower oxalate excretion in subjects who have had kidney stones not amenable to other defined pharmacologic intervention, or of severe hyperoxaluria (PH) that is likely to result in renal failure, this study represents an acceptable benefit to risk ratio. 

E.1.4.
Importance of the knowledge to be gained - The knowledge gained in this study has the potential of being the cornerstone of a treatment that can prevent kidney stone disease, and in Primary Hyperoxaluria, preventing kidney failure. 

The Study Drug is pyridoxamine (Pyridorin®), from Biostratum Inc. (see consortium). The submission for applicant certification to the Food and Drug Administration will be made, by the PI for an Investigator Initiated IND, and will refer, by permission (see attached letter) to the IND for Pyridorin submitted by Biostratum. In the event that study drug cannot be supplied as encapsulated product by Biostratum, we will be able to generate product with the cooperation of the Investigational Compounding Pharmacy at KUMC (*****). This process will be compliant with the requirements of the FDA (may contact ***** Tel.###).

E.2.
Collaborating Sites – Three practice sites have been identified, that will work under the KUMC IRB assurance. 

E.3.
Inclusion of Women – Women are about half as susceptible to the diseases included in the proposed studies as are men.  Because the numbers of subjects will be very small, women will be over-sampled to ensure statistical adequacy.
E.4.
Inclusion of Minorities – Random sampling of subjects from a very large existing clinic population will provide equal opportunity for all Minorities to be invited to participate in proportion to their numbers in the population. Since only a total of 30 subjects will be considered for entry, there is no way to predict actual numbers of Minority participants.
E.5.
Inclusion of Children – By specific request of the study drug manufacturer, children will not be allowed to participate in the proposed studies.  Although children do suffer from hyperoxaluria, and the study drug may ultimately be shown to benefit them, at present there are no data on drug safety in adults who suffer from this disease and so we cannot judge potential risk in children with this disease.  

E.6.
Data and Safety Monitoring (DSM)– The purpose of these studies is to test the efficacy of pyridoxamine (PM) vs. placebo for decreasing oxalate excretion in recurrent SF and in Primary Hyperoxaluria (PH), using a randomized placebo-controlled blinded cross-over study design. Because of the favorable profile of adverse events (AEs) obtained in the Phase I and  II  studies of PM for diabetic nephropathy we believe the study would qualify for monitoring at the level of the PI’s and the Independent Monitor. We recognize the need to provide a plan to ensure the scientific integrity of the study and safeguard the well-being of study participants, and if any individual involved in this study is in need of further follow-up, the Principal Investigator will be notified and will help refer the individual to appropriate resources.   Follow-up will occur to make sure that their medical and psychological needs have been addressed.  If the individual appears at risk in any way as the result of participation in the study, the IRB at U. of Kansas will also be notified as soon as the immediate needs of the individual have been addressed. The IRB at U. of Kansas may elect to refer the PI to the local Data and Safety Monitoring Board (DSMB) for supplemental oversight. The local DSMB membership includes internal and external scientists and clinicians, a statistician, an ethicist, and lay representation. The PI will track and identify any AE’s through his constant availability by Pager, and at least monthly review of Monitoring forms, as electronic monitoring data. In addition, the progress of the study and timely recruitment of subjects will be monitored weekly to allow the PI to review subject enrollment by gender, assuring equal distribution of gender, but not race and ethnicity. The randomization of selection of subjects will not include race or ethnicity, because the number of subjects precludes that stratification.  The statistician and the PI will review the data only upon completion of the studies because the project does not plan to measure the clinical effectiveness of the study drug.

The sample will be non-pregnant adults who sign the consent form, who are randomized to treatment groups, and who take the first dose of study medication. The subjects will be recruited from a regular stone clinic population by selection from stone-forming subjects whose screening laboratory values indicate potential eligibility (n= 22), and by nationwide recruitment of PH patients (n=7). The 22 stone subjects will be asked to provide two 24-hour urine collections every four weeks. At each time period, will review diet with the dietary Co-Investigator, be queried by the Study Coordinator for potential adverse events, and be given (sent) medication. A final visit will be arranged with the Sub-Investigators.  The PH subjects will initially visit the office of the local Unaffiliated Investigator, and at the end of the last treatment period. 

The Principal Investigator will be responsible for monitoring the safety and efficacy of this trial, executing the DSM plan, and will comply with the reporting requirements, assisted by the Study Coordinator, verified by the Monitor. 

Monitoring of the Study - All study sites will be monitored by the PI and the Monitor to ensure compliance with the protocol, Good Clinical Practices (GCPs), and applicable regulations and guidelines. The assigned Monitor (s) will visit the Investigators and the Practices and maintain telephone and letter contact.  The Monitor(s) will maintain current personal knowledge of the study through observation, review of study records and source documentation, and discussion of the conduct of the study with the Investigators and staff.  While on site, the Monitor will review regulatory documents, compare entries in the (electronic) Clinical Record Forms with any source documents. The Monitor will also review study drug accountability records.  The Monitor will ask for clarification and/or correction of any noted inconsistencies.  By signing the protocol, the Investigators agree to meet with the Monitor during site visits, ensure that study staff is available to the Monitor(s) as needed, and provide the Monitor(s) access to all study records.  Representatives of the Sponsor (the PI) and its designee may accompany the Monitor(s) to the study site.

The PI will provide a summary of the DSM report to NIDDK and FDA as part of the annual progress report. The DSM report will include the participants’ socio-demographic characteristics, expected vs. actual recruitment rates, treatment retention rates, any quality assurance or regulatory issues that occurred during the past year, summary of adverse events (AEs) and serious adverse events (SAEs), and any actions or changes with respect to the protocol. The DSM report to NIDDK and FDA will also include the results of any the final efficacy data analysis. 
Data quality will be monitored by random inspection of the completed forms by the study Monitor and any problems detected will be discussed with the PI. If necessary, re-training of data collectors (Study Coordinator) will be conducted. 

 
Security/Privacy - Data will be collected using electronic versions of standardized paper forms. Password protection will be applied to study databases and scheduled changes to passwords will be employed. There will be encryption of all data sent over the internet, which in fact will be the primary means of communication. Folder Share( is now effectively used for secure and complete sharing of files. After files are transferred, each week records will be duplicated to a separate and secure institutional storage area, to prevent alteration of original data. All electronic communications, especially the electronic data entry forms, will be compliant with 21CFR part 11. Access to study databases will be restricted to an “as-needed” basis, as will be the ability to alter the data in a study database or directly view all of it without specific cause. There will be encryption of all email or protection by password of all data with patient-identifiable information is communicated. 

Medical records confidentiality and research consent forms/data - Data will only be identified with the study’s ID of the participant. The codes that link the name of the participant and the study ID will be kept confidential by the Statistician in a secured location. Collected forms will be securely transported electronically to the PI’s data entry center.  The study’s statistician will analyze the data, using the SPSS 11.5® software (SPSS Corp, Chicago IL). Research consent forms will be kept at the U. of Kansas. 
 

Level of risk to subjects - The risk level of the studies is classified as RC2, on the basis of blood draws. The safety of the medication (PM) has been studied, with only minor AEs reported. The records of the drug submitted to the FDA will be available by referral. The safety of the use of a placebo is clear, with no alternative treatment available. The reported AEs from the manufacturer’s studies of normal volunteers included, at any dose, abdominal pain, increased ALT, ankle pain, headache, nausea, palpitations, transient paresthesia, pharyngitis, pruritus, rash, syncope, thrombocytopenia, toothache and vomiting.

Qualifications of the PI and collaborators:

Dr. ***** (Principal Investigator, U. of Kansas) has previously performed human subject studies and participated in a GCRC for those studies (see C.V. for studies of Primary Hyperoxaluria, Glycogen Storage Disease, Sickle Cell nephropathy and IgA nephropathy). He has completed the Human Subjects requirements and is currently participating in the NIH study of Focal Glomerulosclerosis. In addition, the PI is familiar with the Data Safety Monitoring Board, currently and for the past 2 years serving on the Renal Safety Board of Novartis, Inc. The P.I. will sponsor the Investigator Initiated IND for the FDA, and will be responsible for all reporting to FDA, NIDDK, and the IRBs. 

Dr. ***** (Co-Investigator, U. of Kansas) has been Principal Investigator on ten research grants and Co-Investigator on eleven others.  He has served as co-investigator / consultant on matters regarding study design and statistical analysis for seven clinical trials.  Two of these were tests of diagnostic devices, two were tests of drugs, two were tests of behavioral interventions, and one was a test of surgical materials.


Dr. ***** (Resource Person, Litholink corp.). Dr. ***** has participated in the design of the study, has wide experience with clinical trials, will provide the central laboratory, and secure transfer of data.  Litholink Corporation is a CLIA licensed medical laboratory and a disease management company focused on the evaluation and treatment of kidney stone patients. Litholink processes 24 hour urine samples for kidney stone risk factors and reports the results using a proprietary software system which aids the physician in the management of the patient. Litholink is located in Chicago IL but receives urine samples by overnight express courier from patients all over the country. There are currently over 1,000 physicians who use the Litholink service.

Dr. ***** (Resource Person, U. of Chicago) has participated in FDA trials, has over 30 years of clinical research experience. He has been intensely involved with the design of the original and revised studies, and will continue to be a valuable resource person for the study. 


***** (Co-Investigator, 3%) has considerable experience assessing dietary intake of individuals and conducing clinical feeding trials. She is currently the principal investigator on a controlled feeding study (funded by Dairy Management, Inc). She is Co-Investigator on a similar controlled feeding study with children as the subjects (Dairy Management, Inc). She is also the Co-investigator for a feeding study in college students (NIH ###).Dr. ***** also uses 24-hour recall techniques in numerous other ongoing or completed projects (###, Sunflower Foundation, Dairy Management Inc, and Atkins Foundation). Thus, she is well qualified to conduct the nutrition aspects of the current proposal, and is familiar with the controls of Data and Safety monitoring. 


Drs. *****, Sub-Investigators, will recruit subjects, provide records, urology consultation, office assistance for blood drawing, medical supervision and medication distribution, and consultation for medical issues related to Adverse Events. Drs. ***** have considerable experience in clinical studies and trials, and will maintain HSC certification, at least , and obtain local HSC approval if required. Dr. *****, at U. Kansas, will work under the P.I., but will be required to maintain research certification. 

The Unaffiliated Investigators for the PH study will be carefully trained and supervised by the PI, and will be required to meet the U. of Kansas Investigator certification, taking the On-line training module

***** (Research Coordinator) Research Clinical Instructor and Coordinator of Clinical Trials, has had 5 years experience as a research coordinator, and has a working knowledge of medical concepts and knowledge of FDA regulations related to pharmaceutical and NIH clinical trials. 

The Monitor (TBA) will be an independent Clinical Research Associate, who will monitor the quality and compliance, for the FDA requirements, and train in design, finalization and implementation of the Data Monitoring instruments, for both Exp 1 and Exp 2. This person will have the degree of CCRP (Certified Clinical Research Professional) from the ACRP (Association of Clinical Research Professionals). 

Training of Personnel: The U. of Kansas requires yearly certification of clinical investigators, for issues of human subjects and HIPPA.
Financial conflict of interest - The patent for pyridoxamine (Pyridorin() is held by U. of Kansas, and licensed to Biostratum, Inc.  Minor patent interests are held by the PI, the Co-I (Dr. *****) and the consultant (Dr. *****), and do not constitute conflict of interest.  No other project personnel have potential financial conflicts of interest in this project.


Research Subject Advocate - Research subjects are provided with the contact to U. Kansas (Research Compliance Division Manager, *****) who functions as the research subject advocate 

E.7.
Safety monitoring plan
During screening, subjects will undergo medical laboratory tests and physical exam to determine their eligibility and safety of their participation in this study. Subjects will be excluded if they have active urine infections, gastrointestinal disease, or any other clinical problem that may contraindicate their participation in this study. During the all phases of the study, subjects will be asked about adverse events at each four-week time period. Subjects will not receive the medication if they have any signs or symptoms that may contraindicate the medication. 

All adverse events (AEs) occurring during the course of the study must be collected, documented, and reported to the Monitor and to the Principal Investigator. The occurrence of AEs will be assessed at baseline and each time period during all phases of the. Each week a study investigator will review any AE Forms from the previous week for events that were reported as new or continuing. The study investigators will follow all AEs to the point of a satisfactory resolution. A subject may have medication discontinued, the dosage may be modified (see below) or the subject may be withdrawn from the study if the medically responsible investigator determines it is the best decision in order to protect the safety of a subject. All AEs will be assessed to determine if they meet criteria for an SAE. Attribution of an adverse event to study procedures will be in accordance with IRB terminology ("definite," "probable," "possible," "unknown," or "unrelated" relationship).

If AEs are considered mild or moderate, and definitely, probably, or possible related to the treatment, and continue, dosage adjustments may be made: The current (blinded) dosage will be stopped for 2 days, a urine collection made, and if judged safe by the subject and the Monitor, the medication will be restarted at the same dosage.  If similar or related symptoms recur, the dose will be cut 50% by reducing the regimen from two capsules twice/day to one capsule twice/day.  The protocol will then be continued as before, without un-blinding the study.  In case the intolerance appears in the first Period, and the intolerance recurs during the second Period, medication will be stopped for two days, and the study un-blinded by the PI.  If this second treatment Period was at the High dose, then replacement medication will be provided for taking a twp capsules twice daily, one of which will be placebo, continued until the end of the month, when placebo will be started for next month, until the end of the study.  If the intolerance recurs in the second Period, and un-blinding reveals that the Low dose was being given, after the 2-day pause the medication will be re-started as a single dose, twice per day, one of which will be placebo. 
Serious adverse events (SAEs), as defined by the FDA, will be systematically evaluated at each contact. . All Serious Adverse Events must be reported immediately (within 24 hours from the time the Investigator learns of the event) by telephone or facsimile to BioStratum, Inc. or its designee.  Any SAE, whether or not related to study medication, will be reported to the IRB, NIDDK, and the FDA. The initial SAE report will be followed by submission of a completed SAE report to all relevant institutions. 


In the event that a subject either withdraws from the study or the investigator decides to discontinue a subject due to SAE, the subject will have appropriate follow-up medical monitoring. Monitoring will continue until the problem requiring hospitalization has resolved or stabilized with no further change expected, is clearly unrelated to study medication, or results in death. Outcome of SAEs will be periodically reported to NIDDK and FDA. A summary of the SAEs that occurred during the previous year will be included in the annual progress report to NIDDK and FDA.

Compliance with Clinical Laboratory Improvement Act (CLIA) - The tests used for subject monitoring will be performed in a CLIA approved facility. (Litholink corporation), or designated CLIA approved commercial laboratories.

F.  Vertebrate Animals
Not applicable.
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