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Abstract
A modified colorimetric method for the determination of urinary mucopolysaccharides is presented. It involves 

reaction with Alcian blue dye under relatively mild conditions and reading in the visible spectrophotometry at 608 nm. 
It is more sensitive than the original method as it measures all classes of urinary mucopolysaccharides. Results in 
normal children at different ages corrected to creatinine excretion are reported.
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Modified, Rapid, and Accurate Method for the 
Quantification of Mucopolysaccharides in Urine
Introduction

Mucopolysaccharide (MPS) storage diseases are clinically 
progressive, hereditary disorders characterized by the accumulation 
of mucopolysaccharides (MPS) in various connective tissues and their 
excessive excretion in urine [1]. 

The classic method for mucopolysaccharide determination in 
urine relies on their carbazole reaction [2]. However, this method is 
characterized by its inability to detect dermatan sulfate and utilization 
of caustic concentrated sulfuric acid. 

The formation of soluble complexes between alcian blue 
dye and MPS provides the basis for an alternative quantitative 
spectrophotometric estimation of all classes of mucopolysaccharides 
[3-5]. In this method urinary MPS react with alcian blue dye reagent 
and the MPS complex is separated, washed and dissolved in a detergent 
[6]. However, complete dissolution of the complex is not easily achieved 
due to strong binding to the inner wall of the plastic centrifuge tube. 
Furthermore, on utilizing glass tubes for centrifugation, linearity could 
not be established due to nonspecific binding of excess dye to the tube.

A variant of the dye-MPS complex method was suggested by Gold 
[5]. This author used the very minute optical density (O.D.) changes 
observed at 480 nm resulting from complex formation to calculate 
MPS concentration. Although, it is simple and convenient, this method 
introduced a large margin of uncertainty Figure 1.

Material and Methods
In this study, we present a modification of the dye binding method 

that requires no use of detergent and produces linear standard curves 
due to simple washing of non-specifically bound dye. Also the normal 
range in various age groups is reported. 

Alcian blue dye was dissolved in a solution of 15% concentrated 
phosphoric acid and 2% concentrated sulfuric acid to produce a final 
dye concentration of 0.2 mg/ml. The dye dissolves completely and no 
filtration is recommended. The dye solution can be stored at room 
temperature. This contrasts with the limited stability of the dye solution 
prepared in sodium acetate which undergoes progressive aggregation 
of dye with a corresponding decrease in background absorbance, 
thereby requiring fresh preparation prior to use.

A standard curve is prepared using purified chondroitin 6-sulfate. 
Chondroitin sulfate functions as a convenient and inexpensive 

standard. Samples containing 4, 8, 12 and 16 µg of CS are adjusted to the 
volume of 50, 100, 150 and 200µl respectively. A blank containing 0.10 
ml of water is also prepared. To each tube, 1.0 ml of the dye solution is 
added and the contents are thoroughly mixed and vortexed. Then the 
tubes were subject to centrifugation at 3500 RPM for 10 minutes; then 
after a careful decantation, they were subject to washing by adding 2 ml 
of a sodium acetate buffer solution (0.05M; pH=5.8) to the precipitated 
CS-dye complex for three times, the last time with no decantation. The 
tubes are thoroughly mixed and vortexed again, and the absorbance at 
608 nm of each tube is measured against the blank in quartz cuvettes 
with a capacity of 1ml. The blue color imparted by the analyses can be 
removed by rinsing with concentrated sulfuric acid.

Samples of purified dermatan sulfate, heparan sulfate, hyaluronic 
acid were studied also, using the same method. The reactivities of 
these MPS with respect to chondroitin sulfate were as follow: 80% for 
dermatan sulfate, 108% for heparane sulfate, and 91% for hyaluronic 
acid. 

Figure 1: Absorption spectra if chondroitine sulfate- Alcian blue complex at 
increasing concentration of acids.
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Random samples of urine were collected from normal individuals. 
Individuals were chosen of different age groups with the majority 
of them being of less than 5 years of age. The samples preferably 
first morning void, were freshly collected without addition of any 
preservative. All urine samples were refrigerated if not analyzed 
immediately.

The absorbance spectra from 200-800 nm of alcian blue dye and 
alcian blue-chondroitin sulfate complexes in different acid dye solutions 
(we used increasing phosphoric and sulfuric acid concentrations from 
solution containing 0.30% of H2PO4 and 0.04% H2SO4 up to solution 
containing 15.0% of H3PO4 and 2.0% H2SO4) with keeping the same 
concentration of the dye in all the acid-dye solutions) are shown in 
figure 1. The spectra of dye alone and the acid dye-chondroitin sulfate 
complexes exhibit an absorbance maximum at 608 nm with decreasing 
of the absorbance as the concentration of the acids increases. This 
figure shows clearly the rationale for using the wave length 608 nm 
instead of 480, as used by prior investigators, because there is minimal 
difference between blanks (dye alone solution) and dye-chondroitin 
sulfate solution as compared to the net difference using the 608 nm 
wave length. For example [5], the change in optical density at 608 nm 
in contrast to 480 for the same amount of MPS was approximately 6.5 
times larger when using a basic dye solution and 2.5 times when using 
an acid dye solution (13.75 mAbs/μg CS vs. 5.5 and 2.5 mAbs/ μg CS 
respectively). 

The linearity was established using both pure chondroitine sulfate 
solution and urine, and it is shown in Figure 2. While the linearity 
of the purified compound is well established up to 160 μg/ml of dye-
mixture solution, the linearity for urine MPS is established up to 100 
μl (equivalent to 100 μg/ml of MPS). Thus, we recommend using 50 μl 
of urine for the detection of MPS, for individuals more than 1 year of 
age and 100 μl for less than 1 year (the urine of neonates and infants 
is usually diluted, and they normally excrete less MPS per volume of 
urine compared to adults). 

The normal urinary MPS excretion (measured in mg of MPS/mmol 
of creatinine) in relation to age was established using the standard 
curve and the results were: 18.5 ± 4 mg MPS/mmol creatinine for ages 
between 0 and 6 months; 15.3 ± 3 for ages between 6 and 12 months; 

10.8 ± 2.5 for ages between 1 and 5 years and 8.2 ± 3 for older ages.

The fact that there is a breakpoint in the linearity of MPS in urine 
at lower levels compared to those established using pure compounds 
suggests the presence of other substances that might inhibit the 
reaction between MPS and the dye. The recognition of these substances 
is the subject of future study.

Conclusion
In conclusion, the proposed dye binding method is superior to the 

carbazole method since it includes dermatan sulfate a major MPS in 
urine; this has been proven by us as well as by others [5]. Moreover 
the change in optical density at 608 nm in contrast to 480 for the same 
amount of MPS is approximately 6.5 times larger. Hence the certainty 
of measurement is much higher. Furthermore, the sensitivity of this 
method is comparable to the direct method using dimethyl methylene 
blue proposed by Whitley [7] and de Jong [8]. Our normal values are 
comparable to those reported by Piraud [6] and others [9].

References

1. Neuteld EF, Meunzer J (2001) The mucopolysaccharidosis in Scriver CR., 
Beaudet Al, Sly WS, ValleD (eds). The Metabolic and Molecular Basis of 
Inherited Disease. New York, McGraw Hill 136: 3621-3452.

2. Bitter T, Muir HM (1962) A modified uronic acid carbazol reaction. Ann Biochem 
4: 330-334.

3. O’Brien JF, Emmerling ME (1978) Estimation of glycosaminoglycans by atomic 
absorption determination of copper in their Alcian Blue complexes. Anal 
Biochem 37: 377-786. 

4. Whiteman P (1973) The quantitative measurement of Alcian Blue-
glycosaminoglycan complexes. Biochem J 131: 343-350. 

5.	 Gold EW (1981) The quantitative spectrophotometric estimation of total sulfated 
glycosaminoglycan levels. Biochem Biophys Acta 673: 408-415. 

6.	 Piraud M, Boyer S, Mathiey M, Maire S (1993) Diagnosis of 
mucopolysaccharidosis in a clinically selected population by urinary
glycosaminoglycan analysis. A study of 2000 urine samples. Clin Chim Acta 
221: 171-183.

7.	 CB Whitley, MD Ridnour, KA Draper, CM Dutton, JP Neglia (1989) Diagnostic 
test for mucopolysaccharidosis. I. Direct method for quantifying excessive 
urinary glycosaminoglycan excretion. Clin Chem  35: 374-379.

8.	 de Jong JG, Wevers RA, Laarakkers C, Poorthuis BJ (1989). Dimethylmethylene 
blue-based spectrophotometry of glycosaminoglycans in untreated urine. Clin 
Chem  35: 1472-1477.

9.	 de la Cruz Amoros V, Cortes Castell E, Moya M (1999) Urinary excretion of 
mucopolysaccharides in pediatric and adolescent patients. An Esp Pediatr 50: 
361-366.

Figure 2: Standard curves of mucopolysaccharide determination in water () 
and urine ().

http://www.sciencedirect.com/science/article/pii/0003269762900957
http://www.sciencedirect.com/science/article/pii/0003269762900957
http://www.sciencedirect.com/science/article/pii/0003269778902336
http://www.sciencedirect.com/science/article/pii/0003269778902336
http://www.sciencedirect.com/science/article/pii/0003269778902336
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1177474/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1177474/
http://www.ncbi.nlm.nih.gov/pubmed/6784773
http://www.ncbi.nlm.nih.gov/pubmed/6784773
http://www.sciencedirect.com/science/article/pii/000989819390031X
http://www.sciencedirect.com/science/article/pii/000989819390031X
http://www.sciencedirect.com/science/article/pii/000989819390031X
http://www.sciencedirect.com/science/article/pii/000989819390031X
http://www.ncbi.nlm.nih.gov/pubmed/2493341
http://www.ncbi.nlm.nih.gov/pubmed/2493341
http://www.ncbi.nlm.nih.gov/pubmed/2493341
http://www.clinchem.org/content/35/7/1472.short
http://www.clinchem.org/content/35/7/1472.short
http://www.clinchem.org/content/35/7/1472.short
http://europepmc.org/abstract/MED/10356828
http://europepmc.org/abstract/MED/10356828
http://europepmc.org/abstract/MED/10356828

	Title
	Corresponding author
	Abstract
	Keywords
	Modified, Rapid, and Accurate Method for the Quantification of Mucopolysaccharides in Urine 
	Introduction 

	Material and Methods 
	Conclusion 
	Figure 1
	Figure 2
	References 



