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ABSTRACT 

BACKGROUND: Advanced glycation end-pro- 
ducts (AGEs) are one of the mechanisms related 
to diabetic vascular complications. However, 
since AGEs are multiple and heterogeneous 
moieties, there is no universally accepted me- 
thod to measure them for clinical purposes. The 
aim of this work was to study the utility of a 
simple fluorimetric assay as predictor of com- 
plications. METHODS: Blood samples from 102 
type 2 diabetic patients were obtained to assess 
glucose, glycosylated haemoglobin, creatinine, 
lipoproteins and C Reactive Protein (CRP), fluo- 
rescent AGES by spectrophotofluorimetry and 
non-fluorescent AGEs by measurement of N(ε)- 
carboxymethyl-Lysine (CML) using an ELISA kit 
in a subsample of 82 patients. Urinary fluore- 
scent AGEs, albumin and creatinine were also 
measured in a morning urine sample. Microva- 
scular complications were studied by ophthal- 
mologic examination, albuminuria and periphe- 
ral nerve conduction velocity. RESULTS: Pati- 
ents without microvascular complications had 
significantly lower levels of both serum and 
urinary AGEs. CML was associated with retino- 
pathy. Multiple regression analysis confirmed 
that AGEs, length of diabetes and glycosylated 
haemoglobin were all variables associated with 
diabetic complications, in this sample. CONCLU- 
SIONS: A simple fluorimetric assay to measure 
low molecular weight fluorescent AGEs, and 
CML could be employed as screening tools to 
predict diabetic complications, at a primary care 
setting. AGEs should probably be considered as 
another therapeutic target in diabetes manage- 
ment. 

Keywords: Advanced Glycation End-Products; 
Ages; Microangiopathy; Microvascular  
Complications 

1. INTRODUCTION 

Advanced glycation end-products (AGEs) are moieties 
formed endogenously by the non-enzymatic “browning” 
or Maillard biochemical reaction of a ketone or aldehyde 
group from reducing sugars such as glucose, with free 
amino groups from proteins,with further rearrangements, 
to form stable and undigestible compounds, which cross- 
link to lysine residues of long-lived proteins, such as 
collagen. Intracellular sugars such as glucose 6-phos- 
phate and fructose, originate AGEs faster than glucose. If 
oxidation accompanies glycation (glycoxidation), spe- 
cific AGEs can be formed, such as pentosidine and 
Nε-[carboxymethyl]-lysine (CML). The generic term 
AGEs also includes lipooxidation products formed by a 
Maillard-type reaction of amino groups and oxidized 
fatty acids, originating the same final AGEs and protein 
structural alterations, even in the absence of hyperglyce- 
mia. Thus, AGEs can be viewed as a complex and het- 
erogeneous groups of proteins, with different structures, 
some of which have not been yet identified, while some 
are intermediate reactive species of glycation or oxida- 
tion of fatty acids (i.e. 3-deoxyglucosone and methyl- 
glyoxal) [1]. They can also be created exogenously dur- 
ing heating of food, and incorporated though the diges- 
tive system and excreted through the kidney [2]. Im- 
paired renal clearance sharply increases serum and tissue 
concentration of AGEs [3]. Persistent hyperglycemia and 
oxidative stress increase AGEs in diabetic patients, es- 
tablishing a vicious cycle of AGEs/free radical formation 
[4]. 

In addition to metabolic control, AGEs are even better 
predictors of diabetic microvascular complications (neu- 
ropathy, nephropathy and retinopathy) [5-8], related to 
the increased stiffness of the protein matrix, thickening 
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of the basal membrane and trapping of lipoproteins  
within the vascular walls. Also the binding of AGEs to 
specific receptors (RAGE) activate intracellular signals 
of the inflammatory cascade [1]. However, which spe- 
cific AGEs are responsible for these complications is still 
unknown. Roberts et al. found that mortality in haemod- 
yalisis patients was associated with the fluorescent low 
molecular weight fraction, derived from degradation of 
AGE-modified protein (from tissue or diet) [9]. 

At present, there is no universally accepted method to 
detect AGEs at a clinical level. Methods such as high- 
performance liquidchromatography (HPLC), competitive 
enzyme-linkedimmunosorbent assays (ELISA), and im- 
munohistochemistry have been employed, however no 
standard unit of measure exists to compare data. Food 
AGEs have been assessed by measurement of CML by 
Goldberg et al. [2], through ELISA. Since most AGEs 
have a characteristic fluorescence, with an excitation 
maximum approximately at 370, and emission around 
445 nm, detection through fluorescence spectroscopyof 
serum is a widely available method, however less spe- 
cific. Wröbel et al. developed the flow injection assay 
(FIA) [10], which employs on-line double spectropho- 
tometric and spectro fluorometric detection, using the 
flow system of the HPLC equipment. However, since we 
lack this tandem system, the assay requires the individual 
injection of the sample by triplicate and then measure- 
ment of protein concentration by another method, mak- 
ing it less practical. In this study we treated the serum 
and urine samples as for FIA (precipitating proteins with 
TCA, and extracting lipids with chloroform), but meas- 
ured flurescence and photometry of the remaining low 
molecular weight fraction, in a 96 plate spectro-photo- 
fluorimeter, to see if this simpler method was able to 
discriminate between patients with or without microvas- 
cular complications. Our results indicate that, although 
less sensitive, this methodology could represent a simple 
way to screen for microvascular complications in type 2 
diabetics. 

2. PATIENTS AND METHODS 

We invited ambulatory diabetic patients from primary 
care facilities, with more than 4 years of treatment either 
with oral anti-diabetic drugs or subcutaneous insulin, 
aged 30 to 60 years. Exclusion criteria were renal failure 
(serum creatinine > 1.6 mg/dL), alcoholism, cancer o 
uncompensated cardiac or pulmonary disease. The study 
was approved by our local ethics committee and every 
patient accepted to participate by signing a written in- 
formed consent. 

A fasting blood sample was obtained to measure se- 
rum glucose, glycosylated haemoglobin, lipoproteins and 
creatinine, using automated methods, and ultrasensitive 

C Reactive Protein (usCRP) using a DRG Internacional  
kit. A spot urine sample was also obtained to measure 
albuminuria and urinary creatinine. AGE concentrations 
were also measured, after centrifuging the blood and 
urine samples. For fluorescent AGEs, we employed a 
96-plate spectrophotofluorimeter (Spectra Max Gemini 
EM). Briefly 100 µl of serum, or 200 µl of urine were 
deproteinized with TCA at concentrations of 0.3 and 0.15 
m/L respectively. Then 200 µl chloro form was added, 
vortexed for 60 seconds and centrifuged at 14,000 rpm. 
Finally 200 µl of the respective supernatant was placed 
in each well, in triplicate. Fluorescence intensity was 
read at 440 nm after excitation at 355 nm. Results were 
expressed as arbitrary units (AU) corrected by serum 
proteins (measured by absortiometry at 280 nm) for se- 
rum samples and urinary creatinine for urine samples 
respectively. Intraassay variation coefficients were 8.4% 
and 4.6% for serum and urine samples correspondingly. 
To ensure adequate readings of the spectrophotofluo- 
rimeter, fluorescence calibration curves were performed 
using quinine sulfate as standard, which has a similar 
excitation and emission spectra (360 and 440 nm respec- 
tively). In addition, CML concentration was measured in 
frozen serum samples from 82 of these diabetics, using 
the competitive ELISA kit from Micro Coat Biotech- 
nologie GmbH, Bernried, Germany. Characteristics of 
these patients did not differ significantly from the whole 
sample, except for slightly higher LDL cholesterol con- 
centrations in the entire group. 

Diabetic microvascular complications were assessed 
by microalbuminuria/urinary creatinine (renal involve- 
ment was considered with albuminuria > 30 mg/g urinary 
creatinine), retinal examination by ophthalmologist (gra- 
ding 1 as no retinopathy, 2 as mild involvement, 3 as mo- 
derate lesions and 4 as severe proliferative retinopathy) 
and measurement of peripheral nerve conduction in a 
Sinergy 2000 equipment, using normal values from Ki- 
mura [11], grading from cero polyneuropathy to mild, 
moderate or severe polyneuropathy, according to motor 
and sensitive nerve conduction velocity in lower ex- 
tremities.  

Statistical analysis were performed in Stata for Win- 
dows, version 10.0. Distribution of variables was as- 
sessed through the Shapiro Wilks test. To analyze the 
association between the presence and severity of diabetic 
microvascular complications and specific variables such 
as AGEs concentration and other metabolic parameters 
we calculated correlations using Spearman’s coefficient, 
since most variables were distributed non-parametrically. 
Frequencies were compared by Fischer’s exact test and 
comparison of medians between more than 2 groups by 
Kruskall Wallis 2.A logistic regression was performed 
between microvascular complications, AGEs concentra- 
tions and other variables associated with the former, such 
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as length of diabetes, metabolic control and lipoproteins. 

3. RESULTS 

We preselected 134 type 2 diabetic patientsto partici- 
pate in this study. According to the described criteria, we 
excluded 32 patients for final analysis (3 for suspected 
glucose intolerance in spite of previous diagnosis of 
DM2, 1 due to unknown end-stage renal failure, 4 aged 
>60 years, 14 because duration of disease was unknown 
or was less than 4 years, and 10 patients that did not 
complete all the required assessments).  

Mean serum and urinary fluorescent AGEs were 4.9 ± 
3.5 AU/g protein and 0.016 ± 0.11 AU/g urinary crea- 
tinine respectively. When separating according to num-
ber of microvascular complications, serum fluorescent 
AGEs were found to be significantly lower among un- 
complicated diabetics (Table 1). CML concentrations 
averaged 650.1 ± 124.2 ng/mL and its correlation with 
fluorescent AGEs did not reach statistical significance. 

Serum fluorescent AGEs were weakly associated with 
renal function (r = 0.2, p = 0.046 for creatinine), but did 
not correlate with age, duration of diabetes, glycosylat- 
ed haemoglobin, BMI, serum lipoproteins and usCRP.  

Likewise, urinary excretion of fluorescent AGEs were 
not associated with any of the former variables. CML 
serum concentrations correlated negatively with BMI 
and triglycerides (rho = −0.3, p = 0.04 and −0.3 p = 
0.007 respectively) and weakly with HDL cholesterol 
(rho = 0.22, p = 0.04). Table 2 shows the factors associ- 
ated with specific organ involvement in these diabetic 
patients. 

Microvascular complications were highly prevalent: 
28% of patients had retinopathy, 33% had albuminuria 
and 64% had peripheral polyneuropathy, coexisting in 
many cases. In multiple regression analysis, urinary fluo- 
rescent AGEs, years of diabetes and glycosylated hae- 
moglobin remained as the only variables associated with 
the occurrence of microvascular complications, while 
serum fluorescent AGEs, years of diabetes and glycosy- 
lated haemoglobin remained as variables associated with 
number of complications (from none to all three of them). 
As shown in Table 3, fluorescent AGEs were also asso- 
ciated with the severity of retinopathy and neuropathy, 
since lower levels of these AGEs correlated inversely 
with the magnitude of each complication. For instance, 
urinary AGE excretion was significantly lower in pa- 
tients without neuropathy versus mild, moderate or severe 

 
Table 1. Ages concentration and metabolic parameters, grouped according to number of microvascular complications, in diabetic 
patients. 

 
NO COMPLICATION 

(n = 28) 
ONE COMPLICATION

(n = 35) 
TWO COMPLICATIONS

(n = 25) 

THREE  
COMPLICATIONS 

(n = 14) 
p 

SERUM AGEs 
(AU/g prot) 

3.7 
(0 - 8.8) 

4.4 
(0 - 15.2) 

5.2 
(0 - 15.8) 

7.0 
(4.7 - 12) 

& 
0.010

URINARY AGEs 
(AU/g creat) 

0.010 
(0.005 - 0.015) 

& 

0.012 
(0.005 - 0.074) 

0.013 
(0.006 - 0.67) 

0.013 
(0.006 - 0.033) 

0.014

C.M.L. 
(ng/mL) 

679.5 
(464.8 - 987.9) 

618.4 
(458.7 - 829.2) 

643.1 
(458.4 - 918.0) 

701.8 
(482.2 - 974.6) 

0.49 

SERUM GLUCOSE 
(mg/dL) 

119.5 
(89 - 232) 

& 

143 
(73 - 339) 

194 
(61 - 327) 

155.5 
(64 - 300) 0.047

GLYCOSYLATED 
HAEMOGLOBIN (%) 

7.2 
(5.3 - 11.6) 

& 

8.4 
(5.1 - 14.3) 

9.6 
(6.6 - 14.3) 

10.9 
(6.6 - 16.6) 

# 
0.001

HDL CHOLESTEROL 
(mg/dL) 

44.6 
(19.3 - 80.1) 

46.0 
(25.4 - 90.8) 

41.8 
(28 - 63.3) 

37.8 
(23.9 - 67.8) 

0.289

LDL CHOLESTEROL 
(mg/dL) 

110.0 
(75 - 162) 

102.0 
(30 - 170) 

112.3 
(24 - 171) 

106.3 
(72 - 171) 

0.751

TRYGLICERIDES 
(mg/dL) 

170 
(51 - 649) 

203 
(44 - 499) 

199 
(102 - 623) 

203 
(58 - 576) 

0.246

CREATININE 
CLEARANCE (ml/min) 

95.2 ± 23 83.8 ± 20 89.5 ± 32 81.2 ± 33 0.251

us C REACTIVE  
PROTEIN (mg/L) 

3.6 
(0.04 - 17.6) 

3.3 
(0.04 - 42.9) 

4.8 
(0.04 - 23.4) 

5.9 
(0.04 - 52.1) 

0.369

Serum AGEs: Arbitrary Units of Fluorescence (AU)/serum proteins; Urinary AGEs: Arbitrary Units of Fluorescence (AU)/urinary creatinine; C.M.L.: Nε-car- 
boxymethyl-Lysine; POST HOC ANALYSIS: & = significantly different to all other groups; # = significantly different to diabetic patients with one mi- 
crovascular complication. 
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Table 2. Factors associated with microvascular complications in diabetic patients. 

RENAL 
(YES/NO)

PERIPHERAL NERVES 
(YES/NO) 

RETINAL
(YES/NO)

ONE OR MORE  
COMPLICATIONS (YES/NO) 

p p p P 

SERUM AGEs (AU/g prot) 0.044 0.091 0.003 0.049 

URINARY AGEs (AU/g creat) 0.272 0.003 0.064 0.017 

C.M.L. (ng/mL) 0.604 0.652 0.026 0.581 

LENGTH OF DIABETES (years) 0.016 0.001 0.000 0.000 

GLYCOSYLATED HAEMOGLOBIN (%) 0.284 0.000 0.000 0.000 

Serum AGEs: Arbitrary Units of Fluorescence (AU)/serum proteins; Urinary AGEs: Arbitrary Units of Fluorescence (AU)/ urinary creatinine; C.M.L.: 
Nε-carboxymethyl-Lysine; Statistically significant if p < 0.05. 

 
Table 3. Severity of peripheral neuropathy and retinopathy, versus concentration of AGEs. 

 
NO PERIPHERAL 

NEUROPATHY 
(n = 37) 

MILD PERIPHERAL 
NEUROPATHY 

(n = 20) 

MODERATE PERIPHERAL 
NEUROPATHY 

(n = 16) 

SEVERE PERIPHERAL 
NEUROPATHY 

(n = 29) 
p 

SERUM AGEs  
(AU/g prot) 

4.18 
(0 - 15.2) 

4.99 
(0 - 10.2) 

6.59 
(0 - 16.8) 

4.9 
(0 - 11.3) 

0.129

URINARY AGEs 
(AU/g creat) 

0.11 
(0.005 - 0.029) 

& 

0.015 
(0.009 - 0.74) 

# 

0.0125 
(0.007 - 0.067) 

0.013 
(0.006 - 0.045) 0.006

C.M.L. 
(ng/mL) 

659.3 
(459 - 988) 

690.2 
(469 - 918) 

601.8 
(476 - 760) 

640.6 
(458 - 975) 

0.448

 
NO RETINOPATHY 

(n = 73) 
MILD RETINOPATHY

(n = 14) 
MODERATE RETINOPATHY

(n = 9) 
SEVERE RETINOPATHY

(n = 6) 
p 

SERUM AGEs  
(AU/g prot) 

4.18 
(0 - 15.2) 

$ 

6.4 
(0 - 16.9) 

7.1 
(0 - 11.3) 

6.5 
(0 - 12.0) 

0.031

URINARY AGEs 
(AU/g creat) 

0.011 
(0.005 - 0.74) 

0.014 
(0.006 - 0.045) 

0.013 
(0.009 - 0.045) 

0.013 
(0.006 - 0.022) 

0.292

C.M.L. 
(ng/mL) 

612.0 
(458 - 988) 

689.4 
(476 - 914) 

700.2 
(657 - 975) 

588 
(521 - 904) 

0.070

Numbers represent Median (range); Serum AGEs: Arbitrary Units of Fluorescence (AU)/serum proteins; Urinary AGEs: Arbitrary Units of Fluorescence (AU)/ 
urinary creatinine; C.M.L.: Nε-carboxymethyl-Lysine; Statistically significant if p < 0.05; POST HOC ANALYSIS: & = significantly different to all other 
groups; # = significantly different to diabetic patients with severe neuropathy; $ = significantly different to diabetic patients with mild and moderate retinopathy. 

 
peripheral neuropathy (p = 0.006), while serum AGEs 
were significantly lower in patients without retinopathy 
versus mild, moderate or severe retinopathy (p =0.031). 
Serum CML concentrations were significantly associated 
with the presence of retinopathy and not with microal- 
buminuria or peripheral neuropathy. The regression model 
for severity of retinopathy included serum CML, years of 
diabetes and glycosylated haemoglobin (area under the 
roc curve = 0.8467), while the model for polineuropathy 
included only urinary fluorescent AGEs and years of 
disease (area under the roc curve = 0.8235), and the 
model for degree of albuminuria included only years of 
diabetes. 

4. DISCUSSION 

Although serum and tissue accumulation of AGEs 

have been implicated in diabetic complications and age- 
ing, there is no agreement in the best assay for its meas- 
urement, because AGEs are heterogeneous and complex 
structures, and also because which specific molecule 
causes which physiopathological disarrangement is still 
not known. Most studies have employed non-fluorescent 
CML and also FIA, with tandem photo and fluorimetry, 
and have reported significant associations between AGEs 
concentration and diabetic microvascular complications, 
markers of ageing and oxidative stress [3-9]. However, 
these methods are expensive and laborious, making them 
unfeasible for screening purposes at a primary care set- 
ting. In the present study we used a simple fluorimetric 
assay, but first obtaining the low molecular weight frac- 
tion, as required for FIA. Since kidney failure impairs 
AGEs excretion, we excluded patients over 60 years and 
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those with high creatinine concentrations (only 15 pa- 
tients had creatinine clearance below 60 ml/min, calcu- 
lated through the MDRD formula), to isolate the influ- 
ence of serum AGEs concentration irrespective of renal 
damage, and avoiding artificially low urine AGEs excre- 
tion. In a previous study in elderly subjects with rela- 
tively preserved renal function, we did not find any rela- 
tion of diabetes with urinary excretion of fluorescent 
AGEs (assessed by FIA), but a positive association with 
protein ingestion [12]. However the methodology em- 
ployed in the present study is significantly less sensitive 
compared with FIA, which was demonstrated through a 
calibration curve with quinine sulphate (data not shown). 
The spectrophotofluorimetry employed here did not de- 
tect concentrations below 0.1 µg/mL, easily read by FIA. 
In a subsample of these patients we measured CML con- 
centrations through a commercial ELISA kit, and as ex- 
pected, values were not linearly correlated with fluores- 
cent AGEs, because some AGEs are better associated 
with certain types of microvascular involvement than 
others [13]. However CML showed an association spe-
cifically with retinal involvement.  

In spite of the above mentioned drawbacks, the most 
relevant finding of this study is that a simple and eco- 
nomical assay could be useful for screening of mi- 
crovascular complications in diabetic patients. Diabetic 
patients with undetectable, or low urine concentrations 
(below 0.015 AU/g creatinine) or serum AGEs below 8.5 
AU/g protein, have a lower probability of microvascular 
damage. However, it is important to point out that spot 
urine samples should be obtained in first or second 
morning samples, since assays obtained after noon had a 
variability up to 75%. We did not obtain repeated blood 
samples to study day to day variability of serum fluores- 
cence.  

Although the relation between serum AGEs and mi-
crovascular complications shows extensive overlap, the 
more accepted and well-known predictors of vascular 
damage, usCRP and glycosylated haemoglobin behaved 
worse (Figure 1). 

Apart from diabetes and renal function, AGEs are 
critically dependent on dietary intake, as has been largely 
demonstrated by Uribarri et al. [14,15]. However, in 
these patients we did not measure dietary AGEs, which 
requires the analysis of numerous local foods and prepa- 
rations, and to measure both fluorescent AGEs and CML. 
Preliminarly we have observed that consumption of 
powdered milk explains up to 20% of CML serum con- 
centration in type 2 diabetics (unpublished data). Our 
group continues to investigate on this area, because nu- 
merous studies also confirm that “westernized” dietary 
patterns, with high intakes of processed foods, increase 
circulating, urinary and tissue AGEs [16-18], and ad- 
versely affect the expression of receptors, activating de  

 

Figure 1. Factors associated with number of microvascular 
complications in diabetic patients. (a) = Advanced glycation 
end-products; (b) = Glycosilated hemoglobin; (c) = C reactive 
protein. 

 
inflammatory cascade [19]. This is extremely relevant for 
the growing diabetic population, rapidly increasing 
among Latin Americans. 
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