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Abstract 
Background: Early detection of kidney failure is critical since it is the first message 

for the advanced process of nephropathy. Objectives: this study is stated the 

correlation between glycemic control and urinary certain low molecular weight 

proteins (LMWP); retinol binding protein (RBP) and nerve growth factor receptor 

(NGFR). Methods: 30 patients with diabetes mellitus type 2 between age of 30-70 

with a normal serum creatinine (<1.3mg/dl) and 30 healthy individuals in same age 

and sex group were randomly selected. Results: There was significant increase in 

RBP (P< 0.001), NGFR (P<0.005) and HbA1c (glycosylated hemoglobin) (P<0.001) 

in diabetics patients as compared to control group, and obtained significant 

correlation between LMWP and HbA1c. This study was showed negative 

correlation between conventional markers for subclinical nephropathy like: serum 

and urine creatinine, urine albumin, creatinine clearance and 24h urine protein with 

LMWP. Conclusion: certain tubular LMWP may alert as early stage biomarkers for 

predicting of renal dysfunction.  

1. Introduction 

Diabetes mellitus is a common health problem affecting all ages. Nephropathy is a 

critical micro vascular diabetic complication in type 2 diabetics leading to end stage 

of kidney disease (1, 2). About 30-40% of diabetic individuals develops end stage 

of renal and requires either dialysis or renal transplantation (3). Early detection of 

renal failure is critical for decrease of mortality and morbidity (4). The conventional 

procedure of nephropathy consists either increasing of micro albumin and serum 

creatinine or decreasing of creatinine clearance (5). The novel studies have 

confirmed that low molecular weight proteins from tubular components may 

excrete and elevate in renal diabetic complication in urine (6). In fact, tubule 

involvement may precede glomerulus involvement. Since certain of these tubular 

proteins are detectable before release of micro albumin and elevating of serum 

creatinine (7). Certain low molecular weight proteins (8)  ; RBP (9,10) and 

NGFR(11)  are not detectable or excrete at very low concentration in healthy 

controls but may elevate in diabetics thus determination of these biomarkers in  
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various stage of diabetic nephropathy displays the tubular 

involvements (12). LMWP have been studied in urine of 

diabetics and its function confirmed as early detector of 

diabetic nephropathy (13). 

2. Materials and Methods 

2.1. Design and Population 

In this experimental study, prior to the initiation of the 

experiment, permission was obtained from the Ethical 

Committee of Zanjan University of Medical Science. All 

participants were informed about the aim of the study and a 

written consent was obtained from them. Following 

conformation of diabetes, in accordance with approved 

guidelines released by World Health Organization 

(WHO)(14), 30 patients (17 female and 13 male), between 

the ages of 30 - 70, referring to diabetic clinic of Zanjan 

Medical University from April-December 2007, were 

randomly selected. Zanjan City is situated in northwest part 

of Iran with population of nearly 486495 people, in which 

Diabetes clinic is actively engaged in this issue. 

Socio-demographic characteristics were obtained in privacy 

using structured questionnaires which was designed on 

socio-demographic characteristics including questions on 

age, sex, smoking habit, intensity of physical activity, 

duration of disease and etc.  

 All participants were selected from diabetic patients and 

healthy individuals. Patients with any diseases other than 

diabetes, which may affect kidney functions, were excluded 

from this study.  As it is shown in table 1, participants were 

categorized in three groups. GroupA, patients with 

albuminuria, group B, patients with normoalbuminuria and 

group C, healthy individuals, as control group, who match 

in sex and age with groups A & B.  

2.2. Sampling Strategy 

Following 12h fasting, venous blood samples were 

collected into two test tubes. First tube without 

anticoagulant to obtain serum and second tube contained 

K3 ethylendiamine tetra acetate (EDTA) to obtain whole 

blood. In order to minimize periodical variation in protein 

excretion, a morning urine sample was collected from each 

individual, in a container containing sodium azid as 

antiseptic. Urine and blood specimens were immediately 

centrifuged (2,000g for 10 min). All collected serums were 

frozen at -30c for subsequent biochemical analysis. 

2.3. Chemicals 

All chemicals were obtained from the high grade quality. 

All other chemicals were purchased from Merck GmbH or 

Sigma Company from Germany. 

2.3.1. Laboratory Evaluation 

All urine specimens centrifuged, and their supernatant 

mixed with ammonium sulfate (40%) for 30 min. to 

precipitate all proteins, then concentrated with dialyzing 

tube against dry sugar overnight, the proteins were purified 

with chromatography (DEAE-cell) in Tris -HCL (pH=8), 

then eluted by gradient of NaCl (0.3-0.5M) and proteins 

detected with UV spectrophotometer at 280 nm, and by 

electrophoresis (SDS-PAGE) at 40 mA in comparison with 

standard markers. 

Serum glucose, serum and urine creatinine, micro albumin, 

urine protein were measured by commercially assay kits 

(Pars Azmoon Co Ltd Iran). Glycosylated hemoglobin 

(HbA1c) was measured in whole blood by using liquid 

column chromatography (Bio-Science Co Ltd Spain). 

HbA1c in non diabetic, good glycemic control and poor 

glycemic control were set to be <6 %, < 7 % and > 8%, 

respectively. 

Retinol Binding Protein (RBP) and Nerve Growth Factor 

Receptor (NGFR) determined by Elisa kit (Sigma Co Ltd 

Germany) by elisa reader (stat fax 2000). NGFR level also 

confirmed with radial immune diffusion technique in agar 

medium containing human anti-NGFR (Sigma Co Ltd 

Germany). 

Creatinine clearance was calculated with reference to age, 

sex, and serum and urine creatinine using standard formula) 

[(140-Age) ×Weight (Kg)/72×s creatinine (mg/dl)] method. 

Normo albuminuria and Albuminuria were defined as 

below 30 mg/g creatinine and 30- 300 mg/g creatinine, 

respectively.  

2.4. Statistical Analysis 

All data were calculated as mean ± standard error of the 

mean (SEM). The difference between studies groups were 

obtained with student's unpaired t-test. A P value of 0.05 

denoted the presence of statistical significance.   

3. Results 

The significant differences were not observed in different 

ages and sexes between groups. A significant increase for 

diabetic patient was obtained in Fasting Blood Sugar (FBS) 

(P<0.05), 2hour post prandial Blood Sugar (2hpp BS) 

(P<0.05), HbA1c (P<0.001), micro albumin (P<0.001), 

creatinine clearance (P<0.01), RBP (P<0.001) and NGFR 

(P<0.005) in compared with control group (table 1).  

In this study, diabetic patients with micro albuminuria 

showed a significant increase in urinary albumin (P<0.01), 

RBP (P<0.001), NGFR (P<0.005) as compare to diabetic 

patient with normo albuminria. Following biochemical 

analysis, the mean analysts values for studying groups are 

showed in table 1: FBS, 2hppBS, HbA1c, U protein, U 

albumin, S Creatinine, U Creatinine, Creatinnine Clearance, 

RBP, NGFR for Group A are significantly higher than for 

group B and group C respectively. Following column 

chromatography (DEAE-Cell), the absorbance of proteins 

were 0.14, by wash and 0.25 by elution methods (Fig. 2). 

The Purified LMWP were dissociated by SDS-PAGE 

Electrophoresis in 12.5% gel with tris-HCl (pH=8) and 
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Acetate (pH=5) in 350 volt and for final evaluation, 

obtained results were compared with Standard Protein 

Markers(sigma).The anti-NGFR (sigma) were interacted in 

dark zone around well containing purified LMWP (Figure 

3), as it is shown in table.1, the mean RBP and NGFR 

levels of patients with albuminuria were more than those 

with normo albuminuria and control group. HbA1c value in 

non diabetic, good and poor glycemic control was set as 5-

6.5 %, 6.6-8 % and > 8%, respectively. 

Table 1. Biochemical analysis for different groups in current study, including control group Group C and Diabetic patients (Groups A & B) 

Diabetic Patients 

 

Control 

C  
All patients 

Albuminuria 

A 

Normo-albuminuria 

B 

(Gender  ) M/F 15/15 13/17  3/8 10/9 

Age (years) 55.2 ± 3.6 56.7 ±1.8 54.1 ± 2.3 59.2 ± 2.12 

FBS  (mg/dl) 85.5±3 187±10 225±12 149±11 

2hpp  BS (mg/dl) 90 ± 10 192± 11 204±12 179±10 

HbA1c (%) 5.2 ± 0.16 8.5 ± 0.2 8.5± 0.4 8.0± 0.3 

Uprotein (mg/24h) 230± 4 362± 4 358 ± 5 185±4 

Ualbumin (mg/24h) 110± 2 216.5± 2 308 ± 3 125 ± 2 

SCreatinine(mg/dl) 0.88± 0.04 1.18± 0.05 1.15± 0.04 1.05± 0.04 

UCreatinine (g/l) 0.328± 0.03 0.316± 0.03 0.308± 0.04 0.321± 0.035 

Creatinine Clr*. (Ml/min) 95.20 ± 2.5 76.38±3.1 57.47 ± 2.5 95.17± 3.14 

RBP (µg/l) 0.38± 3 0.58± 2.8 0.77 ± 2 0.42± 3 

NGFR (µg/mgCr) 0.43±0.5 0.68± 0.6 0.81± 0.4 0.53 ± 0.65 

Abreviations: U =Urine, S=Serum, Clr=Clearance,RBP=retinol binding protein, NGFR=nerve growth factor receptor *Cockcroft and Gault Formula* 

Calculated creatinine Clearance [(140-Age×Weight(Kg)/72×screatinine For females, subtract 15% (or multiply by 0.085).  

 

Fig 1. Comparison between different markers for effect of early phase 

nephropathy diagnosis. Group: Patients (A, B), Controls(C). 

 

Fig 2. Purification plot of different samples with Ion-Echange 

Chromatography (DEAE-Cell):  1: wash ,2-4: elution with 0.3-0.5M NaCl. 

 

Fig 3. Simple Radial Diffusion, NGFR in Albuminuria patient(Group A) formed 

positive dark zone with anti-NGFR which embeded into agarose.Control Group(C) & 

normo-albuminuria ( B) displayed negative response with Anti-NGFR. 

The sensitivity of tests for biochemical parameters; serum 

and urine creatinine, creatinine clearance, urine albumin, 

NGFR and RBP were 27%, 29%, 52%, 30%, 85% and 76% 

respectively, and the specificity of test for serum and urine 

creatinine, creatinine clearance, urine albumin, NGFR and 

RBP were 26%, 28%, 53%, 35%, 90 and 70% respectively.  

4. Discussion 

This study was showed an elevation in two biomarker of 

low molecular proteins; RBP and NGFR in type 2 diabetes 

as diagnostic signal in early stages of tubular dysfunction. 

Other workers also stated that detection of kidney tubular 

protein may precede the glumerular dysfunction (13-15). 

These LMWP are released even before excretion of micro 

albuminuria (15).Some workers believed that urinary 
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LMWP have been recommended as helpful messages for 

assessment of changes in proximal tubular action before 

any other markers as proteinuria and rising of serum 

creatinine (16). In this study was showed that urine 

excretion or RBP and NGFR were higher in diabetic 

patients (P< 0.001) than healthy controls which confirmed 

an increase in glumerular excretion or decrease 

reabsorbtion in proximal tubules. This work showed similar 

results as Chue et al (17) stated that RBP was higher in 

diabetic persons than in control. Some research workers (18, 

19) suggested that RBP a LMWP is released by glumeruli 

and reabsorbed and catalyzed by proximal tubules. The 

elevation of urine RBP occurs with altered tubular function 

and then tubular reabsorbtion is overload (20). The 

induction of NGFR excretion was suggested to correlate 

with RBP. This study was done to observe renal tubular 

function in type 2 diabetes by determination of RBP and 

NGFR and their correlation with metabolic factor like as 

duration of diabetes, glycemic control (HBA1c) , creatinine 

clearance and urine protein as tubular dysfunction markers 

for early detection of sub clinical nephropathy(21,22).   
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