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INTRODUCTION 

Microalbuminuria define as when the kidney excrete 

small amounts of albumin into the urine, or when 

there is an rising permeability for albumin in 

the renal glomerulus apparatus also 

microalbuminuria can be diagnosed from a 24-hour 
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Abstract 

Objectives: This study aimed to evaluate the therapeutic potential 

effects of ascorbic acid or and pyridoxine on diabetic renal 

microalbumiuria. 

Methods: This was a cross-sectional study on patients with 

diabetes mellitus at Al-Yarmouk teaching hospital from January to 

December 2012, Iraq-Baghdad. Twenty one patients with diabetes 

mellitus (D.M), 8 IDDM and 13 IDDM were selected from, the 

duration of disease were ranged from 2-12 years for both type (10 

females and 11males) and all enrolled patients ages were ranged 

from 28-65years. The concentration of total protein in urine was 

calculated by a biuret colorimetric assay and the urine creatinine 

level was measured by a modified Jaffe test. Statistical analysis: 

results are expressed as mean ± SD, for comparisons of two groups, 

Student’s t-test was used and statistical significance was accepted at 

p values < 0.05. 

Results: pyridoxine produced significant reduction in urinary 

albumin:creatinine ratio in patients with Type ІІ D.M with the 

current therapy p˂0.05 except with glimepiride p ˃0.05 while the 

Ascorbic acid showed significant effect on albumin:creatinine in 

patients with Type ІІ D.M after six week of treatment p ˂0.05except 

on patient that treated with glibenclamide or glimepiride p˂0.05. 

Combined effects of ascorbic acid 500 mg/day and pyridoxine 

40mg/day on urinary albumin:creatinine  produced  significant 

reduction in albumin: creatinine ratio in both Type І D.M and Type 

ІІ D.M p ˂0.05. 

Conclusions: Dual synergistic effects of ascorbic acid and 

pyridoxine produced more beneficial effects than either ascorbic 

acid or pyridoxine in amelioration of diabetic microalbuminuric 

nephropathy. 
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urine collection (between 30–300 mg/24 hours) or, 

more frequently, from eminent concentrations in a 

spot sample (30 to 300 mg/L), mutually must be 

measured on at least two of three measurements over 

a 2-3 month period 1. 

Normally up to 150 mg a day of protein may be 

excreted by a normal person, primarily called Tamm-

Horsfall protein. Proteinuria is distinct as a 

protein/creatinine ratio greater than 45 mg/mmol 

(which is equivalent to albumin/creatinine ratio of 

greater than 30 mg/mmol or approximately 

300 mg/g), normally albumin /creatinine ratio ˂ 2.5 

in male and ˂ 3.5 in female 2. 

Proteinuria principally requests appropriate 

diagnosis and the most common cause is diabetic 

nephropathy;  so good glycemic control may slow the 

progression of diabetic nephropathy and medical 

management via angiotensin converting enzyme 

(ACE) inhibitors, which are classically first-line 

remedy for proteinuria but; in patients whose 

proteinuria is not restricted with ACE inhibitors, the 

addition of an aldosterone antagonist or angiotensin 

receptor blocker (ARB) may promote the reduction in 

the protein loss diabetic nephropathy . 3 

Pyridoxal phosphatethe metabolically dynamic form 

of pyridoxine  is concerned in many aspects of 

macronutrient metabolism , gene expression and  

commonly serves as a coenzyme for a lot of reactions 

and can assist facilitation of decarboxylation, 

transamination, racemization, and interconversion 

reactions and many studies concern the link of 

pyridoxine with diabetic nephropathy managment . 4 

Ascorbic acid is called L-hexuronic acid, since it is 

derivative from glucose, many animals are capable to 

create it, but humans necessitate it as part of their 

nutrition. 5 

Ascorbate frequently acts as an antioxidant; it 

typically reacts with oxidants of the reactive oxygen 

species, such as the hydroxyl radical formed 

from hydrogen peroxide. Such radicals are damaging 

to cell at the molecular level due to their probable 

interaction with nucleic acids, proteins, and lipids. 

Occasionally these radicals start chain reactions and 

ascorbate can cease these chain reactions by electron 

transfer and because many antioxidants have a role 

in diabetic nephropathy like vitamin E so ascorbic 

acid introduced in this study. 6 

While; albuminuria is an important indicator for the 

beginning and development of renal diseases, the 

mechanism by which albuminuria is caused still 

remains a subject of dispute and many studies have 

investigated the tubular role in the postglomerular 

processing of albumin on the onset of 

albuminuria7.Beneath physiological circumstances 

the slit diaphragm may preserve this steadiness in 

response to changes in filtration pressure. This would 

need steady reorganization of the podocyte foot 

process and the slit diaphragm apparatus, but the 

mechanisms underlying the turnover of slit 

diaphragm proteins are mainly unidentified and 

recent studies have provided confirmation that 

podocytes have a means function in the progress of 

albuminuria 8. 

The  confirmation implicates that the metabolic 

consequences of hyperglycemia as the majority 

important contributory factor in the expansion of 

diabetic nephropathy a study of  randomized clinical 

trials first established that insistent control of blood 

sugar decreases the progress of nephropathy, as well 

as other microvascular complications, in type 1 

diabetes and repeat renal biopsies have recognized 

that the renal lesions of diabetic nephropathy may 

reverse after long-term pancreas transplantation 

moreover;  hyperglycemia leads to augment 

generation of reactive oxygen species; depletion of 

the reduced form of nicotinamide dinucleotide , 

activation of the polyol pathway, which can direct to 

de novo-synthesis of diacylglycerol and amplified 

protein kinase C activity; alterations in the 

hexosamine pathway; and non-enzymatic protein 

glycation (advanced glycosylation end products), all 

of which have been concerned in development of 

diabetic nephropathy as well as other diabetic 

microvasculopathies. 9-11  
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So this study aimed to evaluate the therapeutic 

potential effects of ascorbic acid or and pyridoxine 

on diabetic renal microalbumiuria. 

 

Patients and methods 

This study was carried out in Departments of 

Pharmacology and internal medicine, College of 

Medicine, Al-mustansiriya University, Baghdad – 

Iraq, from October to December 2012. It is approved 

by scientific jury of Department of Pharmacology and 

internal medicine and licensed by board of medical 

college. 

Twenty one patients(10 females and 11males)  with 

diabetes mellitus (D.M), 8 IDDM (with or without 

metformine ) and 13 IDDM (on glibenclamide or 

glimepiride with or without metformin) were selected 

from Al-Yarmouk teaching hospital, the duration of 

disease ranged from 2-12 years for both type and all 

enrolled patients ages were ranged from 28-65years. 

Instantaneously earlier to the collection phase, the 

patients provided a spot mid-stream urine sample. 

The urine A/C ratio was determined on spot urine 

specimens. The concentration of total protein in 

urine was calculated by a biuret colorimetric assay 

(Cobas Integra Analyzer, F Hoffman-La Roche, Basel, 

Switzerland), and the urine creatinine level was 

measured by a modified Jaffe test (Hitachi 7170 

autoanalyzer, Hitachi, Tokyo, Japan). The urine 

A/Cratio was obtained by dividing the urinary 

protein concentration by the urine creatinine 

concentration. 12, 13 

Random urine sample sample can estimate urinary 

albumin:creatinine ratio the normal range 

2.5mg/mmol and 3.5mg/mmol in male and female 

respectively. 

 Urine albumin (µg/dL) = UACR in mg/g ~~ 

Albumin excretion in mg/day  

Urine creatinine (mg/dL)  

UACR (urinary albumin creatinine ratio) is a ratio 

between two measured substances, unlike a dipstick 

test for albumin, it is unaffected by variation in urine 

concentration. 

The urine A/C ratio was measured before and after 

intake pyridoxine tablet 40mg or ascorbic acid tablet 

500mg or both through 6 weeks duration. The drugs 

were purchased from private pharmaceutical 

company, pyridoxine 40 mg (kontam pharmaceutical 

co.ltd, china) and ascorbic acid 500mg 

(RemedicaLtd.Limassol-cyprus,Europe) 

The characteristic of this study summarized in table 

(10). 

 

Table 1: The characteristic of study 
 

Number  
 
 
Gender 
Age 
Duration of disease 
Current therapy  
Additional therapy  

21 patients 
        13NIDDM 
         8IDDM 
10 females and 11males 
28-65 years 
2-15 years 
Insulin, metformin, 
glibenclamide and glimepiride 
Ascorbic acid or pyridoxine or 
both  

 
Statistical analysis: results are expressed as mean ± 

SD, for comparisons of two groups, Student’s t-test 

was used and statistical significance was accepted at 

p values < 0.05. 

 

RESULTS 

Pyridoxine produced significant effects on urinary 

albumin:creatinine ratio in patients with Type ІІ D.M 

with the current therapy except with Glimepride ( 

table 2). 

 

Table 2: effects of pyridoxine 40mg/day on urinary 
albumin:creatinine mg/mmol after six weeks 

regarding the current treatment in Type ІІ D.M 
(13 patients). 

 

Type ІІ D.M 
Before 
(mean 
±SD) 

after 
(mean 
±SD) 

P 
value 

Glibenclamide 5.45±0.336 2.56±0.674 ˂0.05* 

Glimepiride 4.66±0.55 4.11±0.321 ˃0.05 

metformin 4.77±0.372 3.22±0.612 ˂0.05* 

Glibenclamide 
+insulin 

5.23±0.732 3.11±0.462 ˂0.05* 

˂0.05*: significant effects 

Ascorbic acid showed significant effect on 

albumin:creatinine in patients with Type ІІ D.M after 
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six week of treatment except on patient that treated 

with Glibenclamid or Glimepride (table 3). 

 

Table 3: effects of ascorbic acid 500 mg/day on 
urinary albumin: creatinine mg/mmol after six weeks 

regarding the current treatment in Type ІІ D.M 
(13 patients). 

 

Type ІІ D.M 

Before 

(mean 

±SD) 

after 

(mean 

±SD) 

P 

value 

Glibenclamid 5.45±0.336 4.33±0.424 ˃0.05 

Glimepride 4.66±0.55 4.11±0.221 ˃0.05 

Metformin 4.77±0.372 3.99±0.682 ˂0.05* 

Glibenclamid+insulin 5.23±0.732 3.27±0.342 ˂0.05* 

˂0.05*: significant effects 
 

In type І D.M pyridoxine and ascorbic acid effects 

showed significant effects on urinary 

albumin:creatinine ratio regarding P value ˂0.05 

table( 4). 

 

Table 4: effects of ascorbic acid 500 mg/day and 
pyridoxine 40mg/day on urinary albumin:creatinine 

mg/mmol after six weeks regarding the current 
treatment in Type І D.M(8 patients). 

 

ascorbic acid 500 mg/day pyridoxine 40mg/day 

Type І 
D.M 

Before 
(mean 
±SD) 

after 
(mean 
±SD) 

P 
valu
e 

Before 
(mean 
±SD) 

after 
(mean 
±SD) 

P 
valu
e 

insulin 
5.66±0.
578 

3.11±0.
442 

˂0.0
5* 

5.66±0.
578 

2.99±0.
261 

˂0.0
5* 

Insulin
+ 
Metfor
min 

5.77±0.
322 

2.99±0.
765 

˂0.0
5* 

5.77±0.
322 

3.11±0.
437 

˂0.0
5* 

˂0.05*: significant effects 

 
Combined effects of ascorbic acid 500 mg/day and 

pyridoxine 40mg/day on urinary microalbuminuria 

showed significant reduction in albumin: creatinine 

ratio in both Type І D.M and Type ІІ D.M table (5). 

 

Table 5: Combined effects of ascorbic acid 500 
mg/day and pyridoxine 40mg/day on albumin: 

creatinine ratio in both Type І D.M and Type ІІ D.M 
 

Type І D.M Type ІІ D.M 
A/C 
ratio 
mg/m
mol 

Before 
(mean 
±SD) 

after 
(mean 
±SD) 

P 
valu
e 

Before 
(mean 
±SD) 

after 
(mean 
±SD) 

P 
valu
e 

 
5.66±0.
578 

2.01±0.
212 

˂0.0
5* 

5.66±0.
578 

2.33±0.
221 

˂0.0
5* 

 
5.77±0.
322 

1.19±0.
765 

˂0.0
5* 

5.77±0.
322 

1.99±0.
127 

˂0.0
5* 

˂0.05*: significant effects A/C: albumin: creatinine 
Regarding gender differences in the reduction of 

albumin:creatinine ratio after combined therapy of 

ascorbic acid 500 mg/day and pyridoxine 40mg/day 

table FEMALE respond more than male ( 6) and 

figure (1). 

 

Table 6: gender differences in the reduction of 
albumin:creatinine ratio after combined therapy of 

ascorbic acid and pyridoxine. 
 

A/C ratio mg/mmol 

Gender Number 
before(mean 

±SD) 
after(mean 

±SD) 
P value 

male 11 5.23±0.732 3.11±0.732 ˂0.05* 

female 10 4.12±0.336 2.12±0.336 ˂0.05* 

˂0.05*: significant effects A/C: albumin: creatinine 

 

 

Figure 1: gender differences in the reduction of albumin:creatinine ratio after combined therapy  of pyridoxine 
and ascorbic acid . 
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DISCUSSION 

Diabetic nephropathy is a progressive turn down in 

glomerular filtration rate, associated  by proteinuria 

and other end-organ complications such as 

retinopathy , diabetic nephropathy progresses to 

renal disease via a number of stages starting as 

normoalbuminuria, microalbuminuria, 

macroalbuminuria and then  end-stage renal disease 

these increased  by hyperglycemia and  hypertension. 

Renal disease in diabetic patients is characterized by 

hyperfiltration and hyperperfusion in addition to 

structural abnormalities and metabolic changes and 

any renal cell types are pretentious by hyperglycemic 

damage like podocytes, mesangial endothelial cells, 

tubular epithelial cells, interstial fibroblasts, and 

vascular endothelia.  These lead to thickening of 

basement membranes, mesangial extension and 

hypertrophy and glomerular epithelial cell failure. 14-

17.The present study showed that pyridoxine alone 

exhibited significant reduction in micoalbuminuria 

and albumin/creatinine ratio both in type І D.M and 

type ІІ D.M regardless of gender differences except in 

patients that treated with Glimepride. 

The beneficial effect of pyridoxine has been 

confirmed in multiple animal models of diabetes and 

in phase II clinical trials. Though, the mechanism of 

pyridoxine effects is inadequately understood but the 

possible mechanism is scavenging of pathogenic 

reactive carbonyl species establish to be important in 

diabetes, and the pathogenicity of reactive carbonyl 

species is a methylglyoxal which may be due to 

modification of serious arginine residues in matrix 

proteins and interfering with renal cell-matrix 

interactions, this methylglyoxa effect can be inhibited 

by pyridoxine. The physiological reactive carbonyl 

species 3-deoxyglucosone can damage glomerular 

mesangial cells.  So; the therapeutic effect of 

pyridoxine is achieved, via protection of renal cell-

matrix from damage by a variety of reactive carbonyl 

species. 18 

Moreover; hyperglycemia changes lipids and proteins 

by nonenzymatic binding of glucose residues via a 

sequence of biochemical reactions, leading to the 

creation of advanced glycation end products that 

induce direct injury to the mesangial cells and 

podocytes in diabetic glomerular region, also 

glycation end products mediate their actions by 

receptor-dependent or -independent mechanisms. 

The receptors for glycation end products are 

presented on podocytes, and the inhibition of their 

activity minimize the mesangial expansion. 

Consequently, inhibition of glycation end products 

formation seems to be an striking therapeutic choice 

that may alter the pathogenesis and retard the 

progression of diabetic albuminuria . Inhibitors of 

advanced glycation end products are aspirin, 

thiamine, thiazolidinediones, carnosines, angiotensin 

converting enzyme inhibitors (ACEIs), angiotensin 

receptors blocker (ARBs), and pyridoxine 19, 20.  

Williams et al studied were done in patients with 

mild to moderate type 1 and type 2 diabetic 

nephropathy, pyridoxine appeared to have a 

significant consequence in dropping the slope of 

creatinine change from baseline compared with 

placebo, and the effect was even more remarkable 

among the subgroup with type 2 diabetes. Although 

pyridoxine did not affect urine albumin excretion, it 

significantly reduced plasma advanced glycation 

products level, decreasing toxic effects of reactive 

oxygen species and scavenging reactive carbonyl 

compounds. 21 

All these studies supports  results of present study 

and explained the beneficial effects of pyridoxine in 

improving microalbumiuria in diabetic patients in 

spite of short duration (6weeks) and small daily dose 

40mg/day . Additionally; first advance to reduce the 

development of advanced glycation end products by 

interference at one of the many steps concerned in 

the formation of advanced glycation end products, 

such as by aminoguanidine. Aminoguanidine was the 

first compound planned to inhibit advanced glycation 

end products formation. Metformin, which is 

characteristically used in the treatment of type 2 

diabetic patients, has some structural similarities to 
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aminoguanidine it reduces methylglyoxal, an 

important precursor of advanced glycation end 

products formation in type 2 diabetes. So; the 

beneficial effects of metformin in type 2 diabetic 

patients, related to these specific effects on advanced 

glycation end products accumulation and  pyridoxine 

is a natural potent inhibitor of the formation of 

advanced glycation end products and striking effects 

of pyridoxine, in delayed advance of nephropathy 

and retinopathy, have been confirmed in diabetic rats 

when combined with metformin. 22- 24 

Co-administration of metformin plus Pyridoxine 

appears to decrease the frequency of insulin 

resistance, reduce insulin requisite and as a result 

lessen the incidence of adverse effects linked to high-

dose insulin therapy. 25 

In the present study the using metformin in both 

type of diabetes in conjugation with either pyridoxine 

or ascorbic acid showed significant reduction in 

albumin/creatinine ratio, these finding correspond 

with the previous studies. 

Oxidative stress have a responsibility in the 

pathogenesis of diabetic complications and it is 

thought that agents that regularize reactive oxygen 

species might be helpful in the regression of diabetic 

nephropathy, even though it has not been directly 

tested in this study since  hyperglycemia-induced 

generation of free radicals, associated  to the 

development and advance of diabetic nephropathy  

so ameliorating oxidative stress via  antioxidants may 

be an proficient advance for reducing  diabetic 

complications. 26 

Abundant clinical trials investigated the consequence 

of the antioxidant vitamin E on the prevention of 

diabetic complications. Free radicals can trigger quite 

a lot of damaging pathways in diabetes including 

accelerated arrangement of advanced glycation end 

products and polyol pathway which have been 

established to be concerned in microvascular 

complications 27.  

sources of oxidative stress in diabetes may be 

nonenzymatic or enzymatic pathway,the  non-

enzymatic sources of oxidative stress initiate from the 

oxidation of glucose since  hyperglycemia can directly 

cause increased reactive oxygen species generation 

also, glucose autoxidation and generate hydroxyl  

radicals also , glucose reacts with proteins in a non-

enzymatic way causing formation  of Amadori 

products followed by development of advanced  

glycation end products. Moreover; in hyperglycemia, 

there is enhanced metabolism of glucose through the 

sorbitol pathway, which also augment production of 

oxidative species while Enzymatic sources of reactive 

species in diabetes include NOS, NAD(P)H oxidase 

and xanthine oxidase enzymes 28 . Non-enzymatic 

antioxidants include vitamins A, C and E; 

glutathione; α-lipoic acid, carotenoids and 

pyridoxine.29 Vitamin C is a water-soluble vitamin 

that prevents lipid peroxidation  and both Enzymatic 

and Non-enzymatic glucose oxidation  and 

generations of  Hydroxyl radicals. 30 

Newly; it has been postulated that antioxidant 

efficiency of vitamins such as C and E is fractional 

since these antioxidants act as scavengers of 

reachable surplus reactive species in a mode 

correspond to come near to oxidative stress 

connected clinical problems. 31, 32 

Furthermore; sharp direction of prominent doses of 

ascorbic acid has been exposed to diminish negative 

sound effects of oxidative stress, such as smoking, on 

endothelial function and microvascular flow 33. 

Ascorbic acid antioxidant may refill endogenous 

antioxidant pools in patients with diabetes and 

consequently attach to the resistance alongside 

oxidative stress. 34 Nonetheless, unremitting oral 

treatment abortive to display an increased 

accessibility assessed at the level of individual 

capillaries in diabetic patients  following a 2-4 week 

treatment period with ascorbic acid  though, some 

studies do summit to a encouraging contact of oral 

ascorbic acid in diabetic patients 35. 

Numerous mechanisms of ascorbic acid may be 

rapid, within hours after intravascular and oral 

administration, as indicated via a numeral of 
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preceding studies 36, and the treatment era in the 

present study was elected on the foundation of this 

fact. 

Ascorbic acid is a water-soluble agent, allow for fast 

interactions between circulating blood constituents 

and the endothelium, as is raxofelast, another water-

soluble antioxidant which was exposed to proceed 

endothelial function after only 1 week of oral 

treatment in Type II diabetes 37. Extra feasible 

property of more long-term treatment cannot be 

prohibited and may even be caused by miscellaneous 

mechanisms than those of acute effects. The patients 

in the present study served as their own matched 

controls due to the cross-over design. 

In adding to defending lipids basement membrane of 

glomerular mesangial cells from peroxidation, 

vitamin C is consideration to scavenge reactive 

oxygen species and therefore guard endothelium 

derived NO, via inhibition formation of peroxynitrite 

38. The acute consequence of vitamin C in improving 

endothelial function in patients with Type II diabetes 

has been accredited to this mechanism. 39 

The be deficient in of an result of oral vitamin C in 

patients with Type II diabetes may narrate to the 

foundation of the oxidant stress. Vitamin C is 

effectual in scavenging extracellular radicals, but 

comparatively ineffective at scavenging intracellular 

radicals, and it is probable that the final is a more 

significant source of radical's generation in diabetes 

than in other circumstances linked with increased 

oxidative stress, chiefly smoking. It is improbable 

that treatment for a longer period would extra 

considerably augment intracellular concentrations of 

vitamin C since, at lower daily doses of 100-500 mg, 

plasma concentrations plateau after 3 weeks, 

saturating intracellular ascorbic acid levels 40. We 

cannot, though, eliminate the opportunity that a 

longer duration of treatment with a diverse dose of 

vitamin C may be efficient in lowering oxidative 

stress and or humanizing endothelial function. It is 

also potential that high doses may have an 

unfavorable effect: there is proof that high 

concentrations may cause oxidative damage to DNA 

and may certainly lower NO bioactivity 41.So in the 

present study the dose of ascorbic acid was within the 

intermediate range to avoid DNA damage ,and most 

of previous studies support the beneficial effects of 

ascorbic acid alone lowering diabetic renal 

deterioration via amelioration of A/C ratio ,thus 

;extracellular antioxidant( ascorbic acid) with 

intracellular antioxidant(pyridoxine) produced more 

significant effects in reduction of oxidative stress and 

then amelioration of  A/C ratio in diabetic patients 

.Unfortunately ;  oxidative stress marker not 

measured directly in this study . 

Moreover; gender responding to the effects of 

antioxidant was different in this study and the effects 

of gender has been explained by choosing sex-specific 

factors for the designation of abnormal ranges of A/C 

. Though, this sex-specific method has not been 

established separately, and race-specific factors have 

not been strong-minded. 42 

It has earlier been documented that ACR values are 

biased in relation to albumin excretion rate (AER) by 

determinants of urine creatinine excretion, 

particularly gender. Creatinine is generated in 

muscle, and urinary excretion is the main character 

for generated creatinine, so muscle mass is a major 

factor of urine creatinine excretion. Since men have 

greater muscle mass than women, men have greater 

urine creatinine excretion than women, and, on 

typical, men have lower ACR values than women for 

a given AER. As a result, gender-specific thresholds 

have been developed, recommended, and used for 

the classification of urine ACR, with lower threshold 

levels used for men than women.  Also; women had 

only a somewhat minor occurrence than did men if 

we had used the unadjusted measure for 

microalbuminuria, A/C of 25 mg/g or more . 

Population studies of albumin excretion rate have 

also shown that men excrete albumin at a superior 

rate than women. In compare, other population 

based studies account privileged occurrence of 

microalbuminuria among women than among men. 
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Nevertheless, modification of creatinine excretion in 

a conduct analogous to that used here would lead to 

high predominance of microalbuminuria in men than 

in women 43- 48 

 

CONCLUSION 

Dual synergistic effects of ascorbic acid and 

pyridoxine produced more beneficial effects than 

either ascorbic acid or pyridoxine in amelioration of 

diabetic microalbuminuric nephropathy. 

 

Conflict of interest  

All other authors have no conflict of interest to 

declare. 

 

Acknowledgment: The authors would like to thank 

the Marwan S. M. Alnimer professor in 

pharmacology and members of the multi-disciplinary 

medical team who provided comprehensive care for 

patients and researchers. 

 

REFERENCES 

1) Abid O, Sun Q, Sugimoto K, Mercan D, Vincent L. 

Predictive value of microalbuminuria in medical 

ICU patients: results of a pilot study Chest  

2001;120 (6): 1984–8. 

2) Dettmeyer B, Preuss J, Wollersen H, Madea B. 

Heroin-associated nephropathy. Expert opinion on 

drug safety. 2005; 4 (1): 19–28 

3) Burgess E, Muirhead N, Rene de Cotret P, et al. 

Supramaximal dose of candesartan in proteinuric 

renal disease. J Am Soc Nephrol 2009; 20 (4): 893–

900. 

4) Ebbing M, Bleie O, Ueland M, et al. Mortality and 

cardiovascular events in patients treated with 

homocysteine-lowering B vitamins after coronary 

angiography:a randomized controlled trial. JAMA. 

2008; 300(7):795-804. 

5) Lachapelle, Y.; Drouin, G. Inactivation dates of the 

human and guinea pig vitamin C genes. Genetica  

2010;139 (2): 199–207.  

6) Dewick, M. Medicinal Natural Products: A 

Biosynthetic Approach (3rd ed.). John Wiley and 

Sons. 2009; p. 493.  

7) Jerums G, Panagiotopoulos S, Tsalamandris C, 

Allen TJ, Gilbert RE, Comper WD. Why is 

proteinuria such an important riskFactor for 

progression in clinical trials. Kidney Int Suppl 1997; 

63: S87–S92. 

8) Asanuma K, Yanagida-Asanuma E, Takagi M, 

Kodama F, Tomino Y. The role of podocytes in 

proteinuria. Nephrology (Carlton) 2010; 12 (Suppl 

3):S15–S20. 

9) Mann F, Schmieder E, Dyal L, et al. Effect of 

telmisartan on renal outcomes: a randomized trial. 

Ann Intern Med 2009; 151:1-10. 

10) Brenner M, Cooper E, de Zeeuw D, et al. RENAAL 

Study Investigators: Effects of losartan on renal and 

cardiovascular outcomes in patients with type 2 

diabetes and nephropathy. N Engl J Med 2001 ; 

345:861-869. 

11) Decleves E, Sharma K. New pharmacological 

treatments for improving renal outcomes in 

diabetes. NatRev Nephrol 2010; 6:371-380.  

12) Yamasmit W, Chaithongwongwatthana S, 

Charoenvidhya D, Uerpairojkit B, Tolosa J. Random 

urinary protein-tocreatinineratio for prediction of 

significant proteinuria inwomen with preeclampsia. 

J Matern Fetal Neonatal Med 2004; 16:275-9. 

13) Zadehmodarres S, Razzaghi R, Habibi G, et al. 

Randomurine protein to creatinine ratio as a 

diagnostic method ofsignificant proteinuria in pre-

eclampsia. Aust N Z J ObstetGynaecol  2006; 

46:501-4. 

14) Kanwar, S., Wada J. et al.. "Diabetic nephropathy: 

mechanisms of renal disease progression." Exp Biol 

Med (Maywood)  2008; 233(1): 4-11. 

15) Sourris, C. and Forbes M. Interactions between 

advanced glycation endproducts (AGE) and their 

receptors in the development and progression of 

diabetic nephropathy  are these receptors valid 

therapeutic targets. Curr Drug Targets 2009; 10(1): 

42-50. 

16) Bohlender, J., Franke S. et al. Advanced glycation 

end products: a possible link to angiotensin in an 

animal model. Ann N Y Acad Sci 2009; 1043: 681-4. 

17) Marshall, M. Recent advances in diabetic 

nephropathy. Postgrad Med J 2004; 80(949): 624-

33. 

F
u
ll L

e
n
g
t
h
 R

e
s
e
a
r
c
h
 M

a
n
u
s
c
r
ip

t
  

Hayder M. Al-Kuraishy et al: Therapeutic Potential effects of pyridoxine and /or ascorbic acid 
on Microalbuminuria in diabetes mellitus patient's 

 
 

  Int. J. Drug Dev. & Res., April-June 2013, 5 (2): 222-231 
Covered in Scopus & Embase, Elsevier 

 
229 



18) Chetyrkin S, Zhang W, Hudson B, Serianni 

A, Voziyan P. Pyridoxamine protects proteins from 

functional damage by 3-deoxyglucosone: 

mechanism of action of pyridoxamine. 

Biochemistry.  Jan  2008;22;47(3):997-1006. 

19) Sourris K, Forbes J, Cooper M. Therapeutic 

interruption of advanced glycation in diabetic 

nephropathy: Do all roads lead to Rome? Ann N Y 

Acad Sci 2008; 1126: 101–106 

20) Wendt T, Tanji N, Guo J, Kislinger T, Qu W, Lu et 

al.Rage drives the development of 

glomerulosclerosis and implicates podocyte 

activation in the pathogenesis of diabetic 

nephropathy. Am J Pathol 2003; 162: 1123–1137 

21) Williams M, BoltonW, Khalifah R, Degenhardt T, 

Schotzinger R, McGill J. Effects of pyridoxamine in 

combined phase 2 studies of patients with type 1 

and type 2 diabetes and overt nephropathy. Am J 

Nephrol 2007;27: 605–614 

22) Thornalley P. Use of aminoguanidine (Pimagedine) 

to prevent the formation of advanced glycation 

endproducts. Arch Biochem Biophys 2003;419:31-

40. 

23) 23- Beisswenger P, Ruggiero-Lopez D. Metformin 

inhibition of glycation processes. Diabetes Metab 

2009 ; 29:95-103. 

24) 24- Voziyan A, Hudson G. Pyridoxamine: the many 

virtues of a maillard reaction inhibitor. Ann N Y 

Acad Sci 2005; 1043:807-16. 

25) 25- Karlsson K, Hällsten K, Björnholm M, et al. 

Effects of metformin and rosiglitazone treatment on 

insulin signaling and glucose uptake in patients 

with newly diagnosed type 2 diabetes: a randomized 

controlled study. Diabetes 2005; 54: 1459-67. 

26) 26-Ceriello A. New insights on oxidative stress and 

diabetic complications may lead to a causal 

antioxidant therapy. Diabetes Care 2003; 

26(5):1589-1596. 

27) 27- Maritim A, Sanders R, Watkins J.Diabetes, 

oxidative stress, and antioxidants: A review. J 

Biochem Mol Toxicol  2003; 17(1):24-38. 

28) 28- Turko IV, Marcondes S, Murad F. Diabetes-

associated nitration of tyrosine and inactivation of 

succinyl-CoA:3-oxoacid CoA . Circulation 2006; 

102, 1273–82 

29) Vega-Lopez S, Devaraj S, Jialal I. Oxidative stress 

and antioxidant supplementation in the 

management of diabetic cardiovascular disease. J 

Investig Med 2004; 52(1):24-32. 

30) Brownlee M. Biochemistry and molecular cell 

biology of diabetic complications. 

Nature2001;414(6865):813-820. 

31) Cuzzocrea S, Riley D, Caputi AP, Salvemini D. 

Antioxidant therapy: A new pharmacological 

approach in shock, inflammation, and 

ischemia/reperfusion injury. Pharmacol Rev2011; 

53(1):135-159. 

32) Boaz M, Smetana S, Weinstein T, Matas Z et al. 

Secondary prevention with antioxidants of 

cardiovascular disease in endstage renal disease 

(SPACE): randomised placebo-controlled trial. 

Lancet 2010; 356(9237):1213-1218. 

33) Kaufmann, A., Gnecchi-Ruscone, T., di Terlizzi, M., 

Schafers, P., Luscher, F. and Camici, G. Coronary 

heart disease in smokers: vitamin C restores 

coronary microcirculatory function. Circulation 

2000; 102, 1233–1238 

34) Beckman, A., Goldfine, B., Gordon, B. and Creager, 

A. Ascorbate restores endotheliumdependent 

vasodilation impaired by acute hyperglycemia in 

humans. Circulation 2001; 103, 1618–1623 

35) Evans, M., Anderson, A., Smith, C. et al. Effects of 

insulin lispro and chronic vitamin C therapy on 

postprandial lipaemia, oxidative stress and 

endothelial function in patients with type 2 diabetes 

mellitus. Eur. J. Clin. Invest 2008; 33, 231–238 

36) Regensteiner, G., Popylisen, S., Bauer, A. et al. Oral 

l-arginine and vitamins E and C improve 

endothelial function in women with type 2 diabetes. 

Vasc. Med 2003; 8, 169–175 

37) Chowienczyk, J., Brett, E., Gopaul, K. et al. Oral 

treatment with an antioxidant (raxofelast) reduces 

oxidative stress and improves endothelial function 

in men with type II diabetes. Diabetologia 2003;43, 

974–977  

38) Chowienczyk, P., Brett, S., Gopaul, N. et al. Oral 

treatment with an antioxidant (raxofelast) reduces 

oxidative stress and improves endothelial function 

in men with type II diabetes. Diabetologia 2005; 43, 

974-77 

F
u
ll L

e
n
g
t
h
 R

e
s
e
a
r
c
h
 M

a
n
u
s
c
r
ip

t
  

Hayder M. Al-Kuraishy et al: Therapeutic Potential effects of pyridoxine and /or ascorbic acid 
on Microalbuminuria in diabetes mellitus patient's 

 
 

 Int. J. Drug Dev. & Res., April-June 2013, 5 (2): 222-231 
Covered in Scopus & Embase, Elsevier 

 230 



39) Ting, H., Timimi, F. Boles, K. , Creager, S. Ganz, P. 

and Creager, M. Vitamin C improves endothelium-

dependent vasodilation in patients with non-

insulin-dependent diabetes mellitus. J. Clin. Invest  

2009; 97, 22-8 

40) Rehman, A., Collis, C., Yang, M. et al. The effects of 

iron and vitamin C co-supplementation on oxidative 

damage to DNA in healthy volunteers. Biochem. 

Biophys. Res. Commun  1998;246, 293-98 

41) Chew, G. and Watts, F. Coenzyme Q10 and diabetic 

endotheliopathy: oxidative stress and the 

‘recoupling hypothesis’. Q. J. Med   2004;97, 537–

548 

42) Ortiz O, Russell M, Daley L, et al. Differences in 

skeletal muscle and bone mineral mass between 

black and white females and their relevance to 

estimates of body composition. Am J Clin Nutr 

2005; 55:8–13. 

43) Cirillo M, Senigalliesi L, Laurenzi M, et al. 

Microalbuminuria in nondiabetic adults: relation of 

blood pressure, body mass index, plasma 

cholesterol levels, and smoking: the Gubbio 

Population Study. Arch Intern Med 1998; 

158:1933–9. 

44) Vestbo E, Damsgaard M, Froland A, et al. Urinary 

albumin excretion in a population based cohort. 

Diabet Med 2003; 12: 488–93. 

45) Goetz C, Jacobs R Jr, Chavers B, et al. Risk factors 

for kidney damage in the adult population of 

Wadena, Minnesota. Aprospective study. Am J 

Epidemiol1997; 145:91–102. 

46) Mattix J, Hsu Y, Shaykevich S, Curhan G. Use of the 

albumin/creatinine ratio to detect 

microalbuminuria: implications of sex and race. J 

Am Soc Nephrol 2002; 13: 1034–1039 

47) De Boer H, Astor C, Kramer H, Palmas W, Rudser 

K, Seliger L, Shlipak G. Mild elevations of urine 

albumin excretion are associated with atherogenic 

lipoprotein abnormalities in the Multi-Ethnic Study 

of Atherosclerosis (MESA). Atherosclerosis 2008; 

197: 407–414 

48) De Boer H, Ioannou N, Kestenbaum B, Brunzell  D, 

Weiss NS.  25-Hydroxyvitamin D levels and 

albuminuria in the Third National Health and 

Nutrition Examination Survey (NHANES III). Am J 

Kidney Dis2007; 50: 69 –77 

 

 

 

 

F
u
ll L

e
n
g
t
h
 R

e
s
e
a
r
c
h
 M

a
n
u
s
c
r
ip

t
  

Hayder M. Al-Kuraishy et al: Therapeutic Potential effects of pyridoxine and /or ascorbic acid 
on Microalbuminuria in diabetes mellitus patient's 

 
 

  Int. J. Drug Dev. & Res., April-June 2013, 5 (2): 222-231 
Covered in Scopus & Embase, Elsevier 

 
231 


