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ABSTRACT 
 

Albumin is the most abundant plasmatic protein as it corresponds to 50% of all the proteins found in 

plasma. It’s synthesised in the liver and it has a half-life of 19-21 days. Its importance lies on the multiple 

functions to which it has been associated to: regulates oncotic pressure, transports molecules and has a 

great antioxidant capacity among others. Albumin can also suffer glycation, a non-enzymatic process in 

which sugars are added to a molecule. This process can change albumin’s three-dimensional structure 

affecting its antioxidant and binding capacity. In the past years, the interest in studying albumin has 

increased due to its possible implications in different pathologies. Healthy people have a portion of albumin 

which has been glycated, but this level can be overcome in diseases like diabetes. In addition, as albumin’s 

half-life is lower than haemoglobin’s, it allows us to determine the glycaemic fluctuations up to 3 weeks 

before the extraction. For this reason, it is being studied the possibility of using glycated albumin as a 

glycaemic marker instead of haemoglobin. In this project we will try to validate a method to determine 

concentrations of glycated albumin.  
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INTRODUCTION AND RELEVANCE 
 

ALBUMIN 
Description 
Albumin is a globular plasmatic protein that constitutes 50% of all the proteins we can find in plasma, with 

normal values of 35-50 g/l (1–4). It’s synthesised in the liver (3,5) and has a half-life of 19-21 days (2,6). It’s 

a very conserved protein as we can find it not only in human, but also in mammals and birds. Only 30-40% 

stays in the intravascular compartment whereas 60% travels through capillaries to the extravascular space 

(3) (which includes interstitial and intravascular space). There are active and passive mechanisms to travel 

between compartments (3,7,8): 

• Passive: 

o Sinusoids: used by liver and bone marrow. 

o Fenestrated endothelia: used by pancreas, small intestine and adrenal gland. 

o Lymphatic system: used to go back to systemic circulation.  

• Active:  

o Transcytosis: Regulated by Gp60 receptor (albondin).  

Though albumin is mainly an extracellular protein, it can also be taken up by different tissues and 

catabolized by lysosomes. The cell surface receptors responsible for albumin’s recognition and further 

internalization and degradation are Gp18 and Gp30. They have high affinity for modified albumin which can 

be less soluble, have changes in its electrical charge or conformational changes. However, albumin’s 

binding to FcRn receptor avoids its degradation (8).  

Structure 
Albumin is a 585 amino acid heart-shaped protein (3,4,9). It’s composed by 30 α-helices (about 90% of the 

protein) and stabilized with 17 disulphide bond (4,10,11). Its high proportion of acidic amino acids confers 

albumin a negative charge at physiological pH.  

The albumin molecule has three homologous domains: I, II, and III (from residues: 1-197, 198-381 and 382-

585 respectively) (10). Each one is formed by two subdomains (domain I: IA and IB, domain II: IIA and IIB, 

domain III: IIIA and IIIB) (4,9) with a large number of intra-domain disulphide bonds. Each domain has 10 α-

helices which are divided into 6 and 4 to form each subdomain (10). Altogether they confer stability and 

flexibility to the molecule in order to bind to a wide range of substrates (1,3,11). Domains I and II and 

domains II and III fold automatically to adopt the structure of the native protein (4).  

Albumin is the main transporter in plasma, with capacity to bind and transport a wide range of exogenous 

and endogenous substances (5,9). Albumin can be considered an allosteric protein as its affinity to bind 

compounds depends on the existence of previous interactions with other molecules (5,9). Sudlow site I (in 

subdomain IIA) and Sudlow site II (in subdomain IIIA) are the most important drug binding sites (see Fig.1) 

(5,11,12).  
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Sudlow site I binds large heterocyclic compounds like warfarin (9), azapropazone and phenylbutazone and 

it’s known as the warfarin-azapropazone binding site. On the other hand, Sudlow site II binds aromatic 

compounds such as ibuprofen (9)  and indole-containing compounds and it’s known as indole-

benzodiazepine binding site (5,13). In addition, albumin is the main fatty acid transporter in the extracellular 

fluid with at least 7 fatty acid binding sites distributed throughout the molecule (mainly located in sites IB, 

IIIA and IIIB) (1,4,5,11,12,14). Albumin has 3 main sites that bind carbohydrates: Lys-351, Lys-475 and 

Arg-117 (1).  

Likewise, albumin is the main plasma antioxidant (1). This capacity mainly depends on its Cys-34 which 

represents the largest thiol pool in the plasma, but also on its N-terminal binding site, with binds free metals 

avoiding their participation in oxidant reactions (14). 

Concerning Cys-34, this amino acid has a single free redox-active thiol group (-SH) (10) which is capable of 

undergoing the following reactions: thiolation, nitrosylation and oxidation. Based on this Cys-34’s status, we 

can find albumin in three different states in healthy people (14):  

• Mercaptoalbumin (HMA): Cys-34 is in its reduced form and it corresponds to about 70-80% of the 

total albumin (1,5).  

• Nonmercaptoalbumin 1 (HNA1):  About 20-30% of the total albumin with the Cys-34 as mixed 

disulphide with small thiol compounds such as cysteine, homocysteine and glutathione or as 

sulfenic acid (SOH). It’s known as the reversibly oxidized form of albumin.  

N-terminal  

- Copper  

- Iron 

Sudlow site I  

- Warfarin 

- Furosemide 

- Dansylamide 

- Phenylbutazone 

- Salicylate 

-Bilirrubin  

Sudlow site II  

- Paracetamol 

- Diazepam 

- Ibuprofen 

- Dansylsarcosine 

- Dansylproline 

- L-Tryptophan 

-Fulfenamic acid 

- S-Naproxen 

 

Fig.1. Human serum albumin . In hot pink domain I, in cyan domain II, in green domain III and in red 
Cys-34.Black dots represent the fatty acid main binding sites. It also shows where Sudlow site I and II 
are located and the N-terminal site as well as the ligands they bind. This structure was generated using 
Protein Data Bank (PDB) file ID: 1AO6 and the program Chimera 1.10.1 for windows. 
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Fig.2 . Superposition of HSA chain A and BS A chain A . In 
magenta we have HSA sequence and in cyan BSA, we can 
see that the tertiary structure is nearly identical. We can 
conclude that the amino acid changes we have in the 
sequence do not modify its structure. The superposition was 
generated using the sequences in the Protein Data Bank 
(PDB) files ID: 1AO6 and 4F5S. The program used to make 
the superposition is the online server SuperPose (42).  

• Nonmercaptoalbumin 2 (HNA2): About 5% of the total albumin with the Cys-34 as sulfinic (SO2H) 

or sulfonic (SO3H) acid. It’s known as the irreversibly oxidized form of albumin. 

Finally, as it has been mentioned before; albumin is an unquestioned conserved protein. It has about 80% 

homology with bovine serum albumin (BSA). The main differences recall in a change of hydrophobic amino 

acids for other hydrophobic amino acids. This leads to a barely modified structure (15) (see Fig.2).  

 

 

 

 

Function 
• Regulates plasmatic oncotic pressure:  It’s the most well-known property of albumin (10) and 

accounts for 70-80% of plasma oncotic pressure. Due to its negative charge it regulates the 

attraction of sodium and therefore water by osmosis (3). Oncotic pressure is the osmotic pressure 

due to the plasma proteins and how strong they attract water (14).  

• Solubilisation, transport and metabolism:  Albumin is the main plasma transporter(9). On the one 

hand, albumin’s great capacity to bind so many substrates is due to its negative charge, which 

facilitates electrostatic bindings (4). On the other hand, albumin can transport a wide range of 

endogenous and exogenous compound to different tissues or discard them if they are toxic by 

means of different binding sites distributes throughout the molecule (5). Some of its substrates are: 

Long Chain Fatty Acids (LCFA), bilirubin, bile acids, L-thyroxine, nitric oxide, anions, hormones, 

eicosanoids, vitamin D, folate, wide range of drugs, metals and bacterial products such as 

endotoxins. As an example; it can carry LCFA from the intestine to the liver, from there to the 

muscle and then to and from adipose tissue (3,14).   

• Antioxidant capacity:  The thiol from Cys-34 accounts for about 80% of the extracellular thiols, 

being the main extracellular antioxidant (9). It captures different oxidative and nitrosative reactive 

species (ROS and RNS respectively) as well as neutralises free copper and iron (3). Albumin also 
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has an affinity for heme groups and acts as a lipid antioxidant. Finally, methionines in albumin can 

act as ROS scavengers protecting the cell from oxidation (1,14).  

• Immunomodulation:  It has been shown that albumin has an endotoxin binding capacity (3,14). It 

can present lipopolysaccharides (LPS) to Toll-like receptor 4 (TLR4) facilitating the presentation of 

monomers to CD14. Which means it can promote inflammation. However, the LPS-albumin complex 

is less immunogenic than endotoxin directly bound to CD14, which means it could also modulate 

the inflammatory response and have a dual function: activating or moderating immune response 

(16). Albumin also increases glutathione and controls nuclear factor-kappa B (NF- κB) activation; so 

it has protective effects against inflammation and oxidative stress (14).  

• Capillary permeability: As more than 50% of albumin is in the extravascular compartment, it can 

regulate vascular integrity and permeability (14).  

• Haemostatic effects: Cys-34’s ability to bind nitric oxide (NO) can influence arterial pressure, 

vasodilatation and inhibition of platelet aggregation (14).  

• Endothelial stabilisation:  Vascular endothelium maintains vascular homeostasis and tissue 

structure, modulates vascular tone, thrombogenesis and fibrinogenesis. These functions can be 

protected by albumin’s capacity to reduce inflammation and oxidative stress and interfere in 

neutrophil adhesion; which could damage the endothelium (3,14).  

 

GLYCATION 
What’s glycation 
Glycation is a non-enzymatic process by which reduced sugars are added to a protein (1). In physiological 

conditions it’s a slow process, and it can be accelerated with high concentrations of glucose. Although we 

can find it both intracellular and extracellularly, due to the high turnover in intracellular proteins the effect is 

lower. Because of albumin’s long half-life, it’s very susceptible to glycation (17). Moreover there are other 

proteins susceptible to glycation: haemoglobin, lens crystalline, collagen (6), ferritin and apolipotrotein just 

mentioning a few (1).   

About 6-15% of all the albumin can be glycated in healthy people; although in pathological situations, such 

as diabetes, the percentage can increase two or three times more (18). Glycated albumin has its functions 

and binding capacity altered (1,18,19). Moreover, it has been shown that the advanced glycation process 

has an important implication is several diseases such as diabetes, aging, neurodegenerative, cancer and 

nephropathies (20).   

How does glycation happen 
This reaction is called the Maillard reaction and starts with a nucleophilic reaction of a carbonyl group from 

glucose, ribose, fructose, maltose, lactose or galactose with the amine groups of Lysine, Arginine and 

Cysteine from albumin (1,2,21,22). This forms a reversible Schiff base which will then form a stable 

fructosamine product (keto-amine) followed by a rearrangement in Amadori products (6,23)  (see Fig.3A). 

The final rearrangement, oxidation, polymerisation and cleavage of these Amadori products leads to the 
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formation of irreversible AGEs (advanced glycation end-products), giving a yellow-brown colour (see 

Fig.3B) (1,15,18,21,22). 

We can distinguish 2 phases:  

• Early glycation: Includes Schiff base and Amadori products (see Fig.3A).  

• Late glycation: Includes AGEs (see Fig.3B).  

 

 

 

 

 

 

 

 

 

 

 

 

The production of intracellular AGE precursors can damage cells and tissues by the following mechanisms 

(19):  

• The function of intracellular proteins is altered.  

• Modified extracellular matrix components don’t interact correctly neither with other matrix 

components nor integrins.  

• Modified plasmatic proteins can bind to the AGE receptor (RAGE) on endothelial cells, mesangial 

cells and macrophages inducing the production of reactive oxygen species (ROS). 

In most cases, albumin’s glycation only affects its tertiary structure (1) and not the secondary. However, if 

albumin has been incubated with ribose, fructose or glucose for a long period of time, it may appear a 

transition to β-sheets and further aggregation in amyloid fibrils (24).  

Albumin’s glycation sites   
The sugars bind covalently with higher affinity to lysine, arginine or cysteine residues. There have been 

identified 29 in vitro glycation sites being lysine 525 the binding site responsible of 30% of the total 

Fig.3 . Maillard Reaction . A, early glycation product reaction, Schiff base and 
Amadori products are obtained. B, late glycation product reaction, AGEs are 
obtained. 

A 

B 
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glycation (1,15).  Other lysine residues important for glycation but with lower participation are: Lys-199 (5% 

of total glycation) (6), 276, 281, 378, 439 and 545. Other susceptible glycation sites have also been 

reported in albumin(1,15,25). Altogether the glycation sites in albumin are the following ones (see Fig. 4):  

• 18 Lysine residues: AGEs and Amadori products are formed. These residues, close to Histidines, 

are easily glycated.  

• 6 Arginine residues: AGEs are formed. The most relevant residue for glycation is Arg-410. 

• Cys-34: AGEs are formed.  

• N-terminal region: Amadori products are formed. 

 

 

 

  

Fig.4 . Representation of the most  important glycation sites . In magenta Lys-525, in orange Arg-410, in 
red Cys-34 and N-terminal is also shown. This structure was generated using Protein Data Bank (PDB) file 
ID: 1AO6 and the program Chimera 1.10.1 for windows. 

N-terminal 
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CLINICAL RELEVANCE 
 

Glycated albumin has been associated to different pathologies such as diabetes, neurodegenerative 

diseases, arteriosclerosis, renal failure and even with aging (1,17,19,22). Its study may help the diagnosis 

or therapeutical approach of these diseases (23,26).   

Diabetes 
The interest in glycated albumin, specially fructosamine (23), is to use it as a measurement of diabetic 

control (1,2,27,28) as it could tell the glycaemic environment for the past 3 weeks. This would be a more 

accurate marker than measuring the glycated haemoglobin, which gives the glycaemic information of the 

past 3 months (2,28). If we compare the amount of glycated haemoglobin and albumin we will see that we 

have 9 times more albumin; which also glycates faster (6). Moreover glycated albumin has been associated 

to the complications found in diabetes such as retinopathy, nephropathy and neurodegeneration to mention 

some (1,2,17,23,28–30).  

Its measurement is really effective in patients with gestational diabetes (23,27). Although glycated albumin 

is a good marker we have to take into account age, smoking status and body mass index of diabetic 

patients as it could affect the measurement of glycated albumin (1,15). 

Alzheimer’s disease 
 Glycated albumin, in particular AGEs, have been associated to multiple neurodegenerative diseases like 

Alzheimer’s disease, Parkinson’s disease, Amyotrophic lateral sclerosis and so on (1,21,25). Proteins 

associated to Alzheimer’s disease process such as β-amyloid and Tau have found to be glycated in 

patients; increasing the protein aggregation (25,30,31). Moreover, the activation of AGE receptor (RAGE), 

activation of NF-κB and further production of ROS could also influence the progression of Alzheimer’s 

disease (19,25). During aging there is an accumulation of AGEs in the brain in healthy as well as in 

patients. Analysing the Cerebrospinal Fluid (CSF) and blood of Alzheimer’s disease patients it has been 

shown that they have significantly more glycated albumin than healthy people (1,32); precisely 1.7 times 

more albumin glycation in CSF (30).  

Methods to determine glycated albumin 
Therefore, an appropriate method to measure glycated albumin is of extreme interest and in that sense, 

different methods to determine proteins’ glycation have been developed. 

A revision of all the methods has been done which is detailed below and further summarized in table 1 (see 

Table 1).  

In general, all the methods are used to test glycation in biological samples; and therefore, to specifically 

assess glycated albumin, a previous purification step may be needed.  



 

 

13 

 

Colorimetric 
• Thiobarbituric acid (TBA): When treating fructosamines with acid, 5-hydroxymethylfurfuraldehyde 

(HMF) is formed. The reaction of HMF with TBA forms a product that has a maximum absorption at 

443nm (23).  

• Nitroblue tetrazolium (NBT): This method is based upon the reducing ability of fructosamine in 

alkaline solutions. The absorbance is then read at 530nm. Commercial kit available: “Glyco-Probe 

GSP,” from Isolab (23).  

• Phenylhydrazine procedure: The reaction of fructosamine with phenylhydrazine gives a 

phenyldydrazone adduct with a maximum absorption at 350nm. The signal is directly proportional to 

the amount of sugar bounded to the protein (23).  

Enzymatic 
• Lucica®GA-L, Asahi Kasei Pharma: It has 3 parts. In the first one endogenous glycated amino 

acids and peroxide are eliminated by a ketoamine oxidase and peroxidase reaction. Then glycated 

albumin is broken down to amino acids by a specific proteinase and the resulting the glycated amino 

acids are oxidised by means of ketoamine oxidase hydrogen peroxide produced is then measured. 

In order to calculate the glycated albumin as a percentage relative to the total albumin, the total 

amount of albumin is measured (using promocresol purple) (26).   

Chromatographic  
• Affinity chromatography BAC: This system uses m-aminophenylboronic acid immobilized in a 

column to separate fructosamines from urine. Phenylboronic acid binds with cis-diol grups of sugars 

in alkaline solutions. Commercial kit available : “Glyc-affin”; Isolab, Akron, OH and “Glycogel”; 

Pierce Chemical Co., Rockford, IL (23).  

Electrochemical 
• mP-AGE: Based on the  addition of boronate to the polyacrylamide gel, the glycated proteins (for 

example albumin) can be separated from non-glycated proteins (22). 

•  Flu-PAGE and Flu-Blot: The serum and the acid boronic conjugated with a fluorophore  bind 

specifically to glycated proteins, as can be albumin, and are incubated. Then the proteins are able 

to run in an electrophoresis gel, transfer to a membrane and then read with visible blue light or UV 

(22).   

Immunochemical 
• ELISA: The enzyme-linked immuno-sorbent assay (ELISA) is a method based on the antigen-

antibody specificity to measure the concentration of an analyte (antibody or antigen) in a solution. 

There is a binding of the antigen (or antibody) on a solid surface (polystyrene multiwall plate) and 

then the antibody (or antigen) in the solution binds specifically to the well. There is an enzymatic 

reaction that ends in a colour that can be correlated with the amount of analyte. It’s a simple and 

quick method that can be used to handle a big number of samples at the same time. The results 

obtained are highly sensitive and is an extensively used method.  
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The specific antigen-antibody binding is due to the presence of an epitope, a small number of amino 

acids in the antigen that are recognised by the antibody (33). 

o Glycaben  is a direct sandwith ELISA to measure specifically glycated albumin. In general, a 

sandwich ELISA consists in: (34) 

Antibodies that recognise different, not overlapping, epitopes of the antigen are needed. One 

of these antibodies (primary antibody) is coated to the plate. Then the antigen in the solution 

binds to this antibody. A second incubation is done where we use the other antibody 

(secondary antibody conjugated with an enzyme), which will detect a different part of the 

antigen. This is called the direct sandwich ELISA and we can also have the indirect version; 

where the second antibody is detected by a third one conjugated to the enzyme. The 

advantages of this type of ELISA are the high specificity and sensitivity, the usefulness for 

complex samples and its flexibility. The method we try to validate is based on this kind of 

ELISA.  

The Glycaben ELISA kit will be fully detailed further in this research work. 

o ELBIA: It’s based on the interaction between the boronic acid and the cis-diol groups in 

sugars (like glycated albumin). This glycated albumin is trapped in a well with an anti-HSA 

antibody. A secondary antibody conjugated with peroxidase is then added, once the 

secondary incubation is finished the substrate o-fenilediamine is added to produce a 

colorimetric reaction that is reed at 490nm (27).  

Mass spectrometry 
It’s a technique that separates proteins based on the mass to charge ratio. Accordingly, it allows detection 

of post-translational modifications such as glycation (18).  

Raman spectroscopy 
It’s used to obtain vibrational information of the molecule being studied with a high specificity. It can also 

provide an amplification of the signal by pre-concentrating the sample. Changes in vibrational features 

allow to discriminate with 100% accuracy a glycated albumin from a non glycated albumin (2).  
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Method Assay What it looks for Ref. 

Colorimetric 

Thiobarbituric acid (TBA) 

Fructosamine (2,23,28)  Nitroblue tetrazolium (NBT) 

Phenylhydrazine procedure 

Enzymatic Lucica®GA-L, Asahi Kasei Pharma 
Fructosamine or AGEs 

(not specified) 
(26,35) 

Chromatographic  
Affinity Chromatography: Boronic Acid 

Chromatography (BAC) 

Fructosamine and 

AGEs 
(2,18,23,28,36)  

Electrochemical  

Methacrylamido phenylboronate 

acrylamide gel electrophoresis (mP-

AGE) 

Fructosamine and 

AGEs 

(22,28)  
Fluorescent phenylboronic acid gel 

electrophoresis (Flu-PAGE) and 

Eastern-blot (Flu-Blot) 

Fructosamine 

Immunochemical 

Glycaben ELISA kit Fructosamine  (28,30,37–40)  

Enzyme-linked boronate immunoassay 

(ELBIA) 

Fructosamine or AGEs 

(not specified) 
(18,27,28)  

Mass 

spectrometry (MS)  
- Fructosamine or AGEs (18,22) 

Raman 

Spectroscopy 
- 

Fructosamine or AGEs 

(not specified) 
(2) 

Table 1 . Different methods to assess glycated albumin . In the table it’s shown the assays that can be used for the 
different methods and what they detect.  
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HYPOTHESIS AND OBJECTIVES 
 

In the past years, the interest in studying glycated albumin has increased due to its possible implications in 

different pathologies. Therefore there is an increasing need to establish and validate reliable methods to 

detect glycated albumin in human plasma samples. 

Within all the available methods to detect glycated albumin, in this project the Glycaben ELISA kit has been 

selected due to some potential advantages: 

The method is ELISA based, is a well-known sensitive and specific technology in which our lab has a lot of 

expertise. Furthermore, the kit is commercially available and allows us to work with direct biological 

samples. Last but not least, the Glycaben ELISA kit is specific for glycated albumin; which is our final aim.  

The hypothesis of this study is that 

“Glycaben ELISA kit is a robust and reproducible me thod to determine glycated albumin in human 

plasma samples.” 

The specific objectives  proposed to prove the hypothesis are: 

1. Demonstrate the linearity, exactitude and repeatability of the method. 

2. Corroborate the specificity of the method for glycated albumin.  

3. Generate in vitro glycated albumin controls with different concentrations of glucose and 

methylglyoxal.  

4. Establish the correct dilution range to test human plasma samples, purified albumin samples and in 

vitro generated controls. 
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METHOD 
 

Glycaben is a direct non-radiolabeled enzyme linked immunoassay based, as mentioned before, in a direct 

sandwich ELISA.  

Glycated albumin control generation 
Some extra controls of glycated albumin have been generated to be able to evaluate both early and late 

glycation products.  

To obtain glycated albumin, methylglyoxal and glucose have been used. With methylglyoxal we will obtain 

controls with Advanced Glycated End-products (AGEs) whilst with the glucose the controls generated will 

have early glycation products.  

Methylglyoxal 
A solution with albumin and methylglyoxal was prepared with a final concentration of 0.37mM and 10mM 

respectively (HSAMGO10). We incubated the solution for two days at 37oC to obtain glycated albumin with 

AGEs. We also incubated albumin without methylglyoxal as a negative control. After this period, samples 

had to be dialyzed against PBS 1x and then filtered. Finally the samples were aliquoted and stored at -80oC 

until needed (see Fig.5A) (41).  

Glucose 
A solution with albumin and glucose was prepared with a final concentration of 0.37mM albumin and 0mM 

glucose (HSAG0), 25mM glucose (HSAG25), 50mM glucose (HSAG50), 100mM glucose (HSAG100). Then we 

incubated the solutions for three weeks at 37oC to obtain glycated albumin. We also incubated albumin 

without glucose as a negative control. After this period, samples have to be dialyzed against PBS 1x and 

then filtered. Finally the samples were aliquoted and stored at -80oC until needed (see Fig.5B) (41).  

 

 

 

 

 

 

 

 

Fig.5. Control generation diagram. A, methilglioxal control generation. B, glucose and blank control generation. 

A 

B 
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Glycaben ELISA kit 
The kit comes with all the reagents needed. The plate is already coated with the primary antibody, A717, 

which is specific for the detection of glycated human albumin.  

The detailed instructions of the protocol are included in Annex1. Briefly, the procedure is as follows:  

First of all the samples have to be treated with the charcoal reagent overnight in order to remove any lipids 

that could interfere with the detection. After being centrifuged, the supernatant is collected and neutralised 

with the neutralisation buffer. Then the standard has to be diluted in order to prepare the standard curve. 

The stock concentration is 2.12mg/ml and five serial 1:2 dilutions are performed. The plate has to be 

washed with washing buffer eight times before starting the incubation. Before adding the samples, they 

have to be centrifuged. The next step is to add the reaction buffer to the wells and then add the standard, 

control, blank and samples. It has to be incubated 1h at room temperature. After that, another eight time 

wash is needed before adding the secondary antibody conjugated to the enzyme. It has to be incubated 

another 1h at room temperature and then washed eight times again. Then the enzyme’s substrate is added 

to start the colorimetric reaction; after 10 minutes we stop the reaction. Finally the plate is read at 450nm 

with 630nm as a reference (see Fig.6).  

The kit also comes with another assay: DETERMINATION OF TOTAL ALBUMIN. This test is to determine 

the total albumin of the sample so that you can express the result of the glycated albumin as a percentage 

in relation with total albumin.  

  

Fig.6 . Diagram representing the Glycaben’s 
determination of glycated albumin . All the steps 
required to use the method are shown.  
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RESULTS AND DISCUSSION 
 

The results obtained up the report’s elaboration are detailed here below. They refer to the first validation 

assays, control generation and samples.  

Validation of the method: First preliminary data 
The standard curve obtained in all the assays performed had an r value in a range between 0.995-0.999. 

The control provided in the kit was used as a reference to evaluate the exactitude of the method. The 

control was assessed in three different plates assayed three different days. The specification sheet 

provided with the kit gives a concentration range between 0.232-0.348. The values obtained for the control 

are within the limits acceptable in the specification of the kit. We tested purified human alpha-1 antitrypsin 

in order to see the specificity of the primary antibody. The measured value was below the detection limit of 

the assay.    

Glycated albumin control: First results 
The in vitro generated control with methylglyoxal has been tested; the glycated albumin concentration 

obtained was similar to the purified albumin samples’ one. It suggests that the kit probably detects early-

glycated products. This will be confirmed when the corresponding early-glycation controls are ready to be 

tested.  

Samples analysis: First results 
The first analyses have been focused on establishing the appropriate dilution range for each kind of 

sample: human plasma, purified albumin sample and in vitro glycated albumin controls.  

• Human plasma samples (≈ 40 mg/ml albumin concentration) were tested with dilutions from 1/4 to 

1/16. Dilutions that gave levels of glycated albumin within the linear range of the standard curve 

went from 1/4 to 1/12.  

• Purified albumin samples (≈ 200 mg/ml) tests were performed with dilutions from 1/4 to 1/80. 

Glycated albumin concentrations within the linear range of the standard curve could be found in 

dilutions from 1/12 to 1/40.  

• Methylglyoxal control were assayed with 1/4 and 1/8 dilutions. The 1/4 dilution was within the linear 

range of the standard curve. 

Total albumin determination 
The concentration of total albumin in the analysed samples has been also determined using the Glycaben 

ELISA kit, based on bromocresol green methodology. The values obtained correspond to the total albumin 

values previously measured by our lab with another technique (Nephelometry).  
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CONCLUSIONS 
There are enough evidences to believe that glycated albumin could be a good glycemic marker and 

predictor of diabetic complications, for this reason it’s important to look for a method able to determine 

these concentrations. This method should be used in clinics and the patients should be able to perform it in 

their houses as a follow up. There are also evidences that glycated albumin’s determination could be 

beneficial to predict the stage of other pathologies such as Alzheimer’s disease.  

Results obtained up to now support that Glycaben ELISA kit is a candidate method to determine glycated 

albumin. The performances of the kit seem to have a good linearity and a good exactitude regarding the 

standard and the control respectively. It has also been proved that the primary antibody is specific for 

glycated albumin. Preliminary results obtained with the glycated albumin with methylglyoxal, which is 

expected to contain mainly AGEs, suggest that the kit recognizes specifically early glycation products, 

although this will be fully assessed when the early-glycation controls are available. In addition, we have 

already been able to establish the optimal dilution range to be tested for each kind of sample: human 

plasma samples, purified albumin samples and in vitro generated controls.    

Finally further analysis will be performed to totally confirm our hypothesis.    
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