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Abstract: A fast and sensitive method was developed for simultaneous determination of 
neutral sugars, amino sugars and uronic acids in glycosaminoglycan extracted from sea 
cucumbers using a reverse-phase HPLC with PMP derivatization and Variable 
Wavelength Detection. The calibration curve for each monosaccharide  was linear 
within the range of 0.5 – 10 mg/L (R2 > 0.996). This optimized method was applied to 
analyze the monosaccharide composition of the glycosaminoglycan extrcated from sea 
cucumber Apostichopus japonicus, which is best hydrolysed under the condition of with 
2M TFA at 110 ℃ for 8 h. The average CI95 global recovery for all monosaccharides 
ranged from 96.3 % to 104.4 %, and the relative standard deviations were less than 
8.19 %. This method can be applied for the analysis of all the reducing sugars in 
glycochemistry and glycobiology. 
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１ Introduction  

As life science develops, more and more attention is paid on the function and 

structure of the glycosaminoglycan (GAG) in animal bodies. The determination of the 

monosaccharide content of GAGs provides basic information for the structure 

elucidation, much as amino acid analysis provides a characteristic property of a protein. 

Thus the determination of the monosaccharides in GAG becomes necessary for all the 

glycochemistry and glycobiology researchers. 

Derivatization with 1-phenyl-3-methyl-5-pyrazolone has more recently been 

proposed as a suiTablele way to lable the reducing sugars for its facile preparation, high 

UV absorption, and ease of separation on reverse-phase HPLC systems [1-5]. Lots of 

research has been carried out on this [6-11]. Strydom DJ [12] has successfully separated 
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fifteen monosaccharides with PMP derivatization, Fu et al. [13] have reported a 

PMP-HPLC method for complete monosaccharide composition analysis of 

oligosaccharides or glycoproteins, and many other laboratories have also employed this 

mothodology. But none of them provides simultaneous separation and determination of 

neutral sugars, amino sugars and uronic acids in sea cucumber GAGs. 

In this study, a fast and sensitive reverse-phase high-performance liquid 

chromatography (HPLC) with 1-phenyl-3-methyl-5-pyrazolone (PMP) derivatization 

and Variable Wavelength Detection (VWD) were applied to determine neutral sugars, 

amino sugars and uronic acids in GAG extracted from the sea cucmber Stichipus 

japonicus. The obtained results were to test the possibility of finding useful indicators 

for aquatic products. 

 

2. Material and Methods 

2.1 Materials  

Sea cucumber Stichipus japonicus, harvested in Qingdao, Shandong Province, 

China (average weight was 138.3g. ) were purchased at a retail store. Individual sea 

cucumber was removed the entrails and prepared to glycosaminoglycan sample 

(SJ-GAG) with Mourano’s method [14]. 

2.2 Chemicals 

Acetonitrile and methanol were of HPLC grade (Burdick & Jackson, Muskegon, 

USA). Ultrapure water was obtained from a Milli Q-System (Millipore, Bedford, MA, 

USA). D-mannose (Man) and L-fucose (Fuc) were obtained from Fluka (Germany). 

L-arabinose (Ara), D-galactose (Gal), D-(+)-lactose（Lac）, D-（+）-galactosamine

（GalN）, D-（+）-glucosamine (GlcN), D-glucuronic acid（GlcUA）, D-(+)-galactuionic 

acid (GalUA) were purchased from Sigma Chemical (St. Louis, Missouri, USA). 

1-phenyl-3-methyl-5-pyrazolone（PMP）was from Sinopharm Chemical Reagent Co.,Ltd 

(Shanghai, China). All other chemicals and reagents were of analytical grade and were 

commercially available. 

2.3 Hydrolysis  

Three parallels of glycosaminoglycan extracted from the sea cucumber Stichipus 

japonicus (SJ-GAG, 2 mg for each) were dissolved in 1ml of different acids in the 

hydrolysis vials, respectively, including 2 M trifluoroacetic acid (TFA), 2 M sulfuric 
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acid (H2SO4), and equally mixed acids of 2 M TFA and 2 M H2SO4 [13,15]. The vials 

were then fulfilled with N2, sealed and placed at 110   for the required time. 

Hydrolysates were dried under vacuum and neutralized by 0.3 M sodium hydroxide 

(NaOH), ready for derivatization. 

2.4 Derivatization with PMP 

The hydrolyzed glycosaminoglycans were derivatized with 450μl PMP (0.5 M in 

methanol) and 450μl 0.3 M NaOH at 70   for 30 min [15,16]. After cooled to room 

temperature, the derivatives were neutralized with 450μl 0.3 M hydrochloric acid (HCl), 

and extracted three times with 1ml chloroform to remove the excess reagent. The 

aqueous layer was analyzed directly by HPLC. 

2.5 Chromatographic conditions 

Analysis of the PMP-sugars was carried out on an Agilent 1100 Series (Palo Alto, 

CA,USA) liquid chromatograph equipped with an Agilent G1314A VWD. An Agilent 

ZORBAX Eclipse XDB-C18 column（4.6×150 mm,5 μm）optimized for the separation 

of PMP-sugars was used. The flow rate was set to 1 ml/min, the temperature was at 

25  , and the wavelength for VW detection was 250 nm. The mobile phases were a 

mixture of buffers A and B, which were 0.05 M potassium dihydrogen phosphate 

(KH2PO4, PH 6.9) with 15 % and 40 % acetonitrile, respectively. A gradient of 8 % to 

17 % buffer B in 25 min was used for separation. 

2.6 Calculations 

Calculation the content of each monosaccharide peptide residue in the test sample 
according to the formula (1). 

 
ci × V × 1000 

Xi  = …………………(1) 
                          M × 1000 
Where: 
Xi - the residue content of peptide in the test sample, ug/kg; ci - the peptiede 
concentration of test sample obtained from the standard working curve, ng/mL; V - the 
final volume of the sample solution, mL; M – mass of test sample in the final sample 
solution, g. 

All statistical tests were performed by means of the the Statistical Software Package 
for Windows SPSS, version 10.5 (SPSS, Chicago, IL, USA). 
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3. Results and Discussion 
3.1 Hydrolysis of SJ-GAG 

Effect of three kinds of acid against time is studied in this part, and the results are 

shown in Figures 1, 2, and 3. As is shown in Figure.1, all the monosaccharides, except 

for Gal, were completely released at the 8th hour, since when Fuc, GlcUA suffered great 

degradation while GlcN, GalN and Man got little changes. Gal achieved its highest 

content at the 6th hour and degraded clearly after then. Figure.2 shows different changes 

in the hydrolysis of 2 M H2SO4. Fuc and GlcUA degraded greatly since the 8th hour, and 

Gal degraded at the 10th hour after reaching its highest content. Unlikely, GlcN and 

GalN showd constent increase in content until the 16th hour, which means the complete 

release of amino sugars requires harsher condition than the other sugars. Figure. 3 

provides the hydrolysis changes of monosaccharides in equally mixed acids of 2 M TFA 

and 2 M H2SO4. Fuc and GlcUA underwent slighter degradation since the 8th hour, and 

Gal degradated at the 10th hour after reaching its highest content. The release of GlcN 

and GalN reached a plateau at the 10th hour, which continued for another 4 h. 
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Fig. 1  Hydrolysis time course of SJ-GAG in 2 M TFA 

Man (▼), GlcN (■), GlcUA (●), GalN (▲), Gal (◆), Fuc (★) 
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Fig. 2  Hydrolysis time course of SJ-GAG in 2 M H2SO4 
GlcN (■), GlcUA (●), GalN (▲), Gal (◆), Fuc (★) 
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Fig. 3  Hydrolysis time course of SJ-GAG in mixed acids 
◆GlcN (■), GlcUA (●), GalN (▲), Gal ( ), ★Fuc ( ) 

 
3.2 Determination of standard PMP-sugars 

A mixture of standard monosaccharides, 100 μl each of Man, GlcN, GlcUA, GalUA, 

Lac, GalN, Gal, Ara and Fuc, prepared in 2 mM, was derivated with PMP as described 

in above. The separation of standard PMP-sugars is presented in Figure. 4. The broad 

reagent peak separates well from all the PMP derivatives, and the peaks of all the 

neutral, acidic and basic PMP-sugars were sharp and symmetrical. Lac was chosen for 

the internal standard ( IS ) for its good separation and retention position. 

 

 
Retention Time (min) 

Fig. 4  Separation of standard PMP-sugars 
 

The corresponding calibration curves of the response factor (peak area ratio of the 

standard PMP-sugars and the internal standard) against concentration (mg/L) generated 

linear functions (coefficient of determination ≥ 0.996) for all the analytes within a range 
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from 0.5 mg/l to 10 mg/l. The relative standard deviation (RSD) of the response factors 

was less than 5.0 % in all cases, ranging from 0.90 %-4.76 %. 

Six determinations of a standard solution of all PMP-sugars (5.0 mg/l) were 

performed using the same reagents and equipments on the same day to evaluate method 

reproducibility. The RSDs obtained from all determinations indicated less than 5 % 

(Man = 1.94 %, GlcN = 1.81 ％, GlcUA = 4.23 ％, GalUA = 2.54 ％, GalN = 2.53 ％, 

Gal = 4.65 ％, Ara = 2.93 ％, Fuc = 4.58 %). These results demonstrated that the 

method was reproducible for the detection of all PMP-sugars. 

The detection limit was calculated from the amount of the standard 

monosaccharides required to give a 3 folds of signal-to-noise ratio, and was found to be 

between 47.08 and 61.53 μg/l for all the standard monosacharides. The quantification 

limit was esTablelished at 10 folds of signal-to-noise ratio, and the result was between 

0.47-0.62 mg/l, as seen in Table. 1. 

 
Table 1  Determination of standard PMP-sugars 

Standard 
PMP-sugars Calibration curves Coefficient of 

determination 
RSD 
(%) 

Detection 
 Limit (μg/l) 

Quantification 
limit (mg/l) 

Man Y=0.1108x+0.0047 0.9998 2.20 51.25 0.51 
GlcN Y=0.1036x+0.0035 0.9995 2.73 59.44 0.60 
GlcUA 
GalUA 

Y=0.1142x-0.0284 
Y=0.1211x-0.0068 

0.9960 
0.9994 

1.53 
0.90 

60.42 
61.53 

0.60 
0.62 

GalN Y=0.1285x+0.0116 0.9997 2.84 61.11 0.61 
Gal Y=0.1119x+0.008 0.9994 4.34 47.08 0.47 
Ara Y=0.1399x-0.0004 0.9962 4.76 51.53 0.52 
Fuc Y=0.1317x-0.0148 0.9988 3.36 49.72 0.50 

 
3.3 Determination of PMP-sugars in SJ-GAG  

Figure.5 displays a separation of PMP-sugars in GAG extracted from sea cucumber 

Stichipus japonicus. Man, GlcN, GlcUA, GalN, Gal and Fuc were detected with sharp 

and symmetrical peaks. A PMP-sugar separated between PMP-Man and PMP-GlcN 

which has not been reported before was found, the confirmation of the sugar will be 

studied in future research. 

Recovery was tested by the standard addition procedure using two addition levels 

(2.67 mg/l and 6.51 mg/l on average) for each monosaccharide, shown in Table.2. Six 

replicas were carried out for each addition level. The low concentration (level I ) 

recovery was between 86.46-110.58 %, and the RSD (n = 6) was between 2.48 % 

-8.19 %. The high concentration (level II ) recovery was between 85.65- 110.61 %, and 
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the RSD (n = 6) was between 1.70-7.86 %. The 95% confidence interval of global 

recovery for all the PMP-sugars is satisfactory except for Ara, which is possibly caused 

by the uncomplete  separation with Gal in the recovery determination. 

 

 
Retention Time (min) 

Fig. 5  Separation of PMP-sugars in SJ-GAG 
 

 Table 2  Precision and recovery for determination of monosaccharides in SJ-GAG 
 Addition level    Addition level   CI95* 

global 
recovery 

(%) 

Initial 
content 

(μg) 

Content 
after 

additon 
(μg) 

RSD  
(%) 
n=6 

Recovery 
(%) 

Initial 
content 

(μg) 

Content 
after 

additon 
(μg) 

RSD 
(%) 
n=6 

Recovery 
(%) 

Man 0.64 8.02 8.19 96.84  0.64 29.52 3.96 102.15 93.6-103.6 
GlcN 1.93 10.49 3.78 99.91  1.93 27.61 3.47 101.10 95.4-102.5 
GlcUA 1.65 8.81 7.20 86.46  1.65 23.13 2.43 85.65 84.03-92.27 
GalUA nd** 8.86 4.53 109.41  nd 26.58 4.01 97.98 99.3-108.0 
GalN 2.91 11.71 2.93 100.97  2.91 29.31 1.69 100.81 98.6-103.2 
Gal 2.97 6.78 3.03 98.10  2.97 20.34 1.70 105.48 99.5-104.1 
Ara nd 7.42 7.42 110.58  nd 22.26 7.86 110.61 102.3-118.9 
Fuc 8.42 15.58 2.48 102.22  8.42 29.9 2.66 98.34 97.8-102.8 

*CI95:confidence interval (95%) of the mean recovery from both addition levels. 
**nd: not detected. 
 
  Table 3  Determination of PMP-sugars in SJ-GAG 

 Neutral sugars   Amino sugars  Uronic Acid  
Man Gal Fuc GlcN GalN Total  GlcUA 

Content (%) 1.41 5.05 11.18 
1.85 

 2.70 3.91 6.61  2.78 
Molar ratio  0.21 0.76  0.41  0.59  1.00     0.39 

 

As seen in Table.3, SJ-GAG consists of three neutral sugars, Man, Gal and Fuc, two amino 

sugars, GlcN and GalN, and one uronic acid, GlcUA. The molar ratio of the total amino sugar, 

uronic acid and Fuc is 1.00: 0.39: 1.85, where the uronic acid molar ratio is obviously lower than 

those presented by Xu et al. [17] and Moura˜o et al. [14]. The possible reason maybe the uncomplete 

detection of uronic acids due to the lack of the standard sugars. In Figure.5, there is an unknown 
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peak between Man and GlcN, which is suspected to be the mannuronic acid or guluronic acid 

according to Strydom DJ. [12]. Further confirmation will be achieved in our future research. 

 

4. Discussion 

Accuracy in monosaccharide composition analysis of GAG relies to a large extent 

on effective hydrolysis. But due to their defferences in hydrolysis rate and in the acid 

lability, monosaccharides are not easily get complete release in a single hydrolysis 

condition. The kind and the content of each monosaccharide differ greatly with the 

hydrolysis conditions. GlcN, GlcUA, GalN, Gal and Fuc were released in all three 

hydrolysis conditions, while Man was released only in the hydrolysis of 2 M TFA. Each 

monosaccharide reached the highest content in the hydrolysis of 2 M TFA at the 8th hour, 

except for Gal, which required the hydrolysis of 2 M TFA at the 6th hour. The universal 

hydrolysis condition for composition analysis of most glycoprotein samples that Fu et 

al.[13]. provided is the hydrolysis of 2 h with 4 M TFA at 121  . According to our 

results, we recommended the hydrolysis of 8 h with 2 M TFA at 110  , which agrees 

well with the studies of Yang et al.[15], for its mild condition of complete release of the 

monosaccharides. 

Compared with other methods [12,13,15,16], this method provided much superior 

separation of neutral sugars, amino sugars and uronic acids with a single 

chromatographic step, and allowed accurate quantitation with Lac as the internal 

standard. The retention time was shortened half an hour in comparison with the method 

reported by Fu et al. [13] and the separation of uronic acids was improved over the 

method presented by DJ Strydom. [12]. However, the separation and quantitation of 

other common neutral sugars, such as Glc, Xyl, Rha, and N-acetyl-amino sugars has not 

been achieved. Further study is needed to present a separation of more PMP-sugars. 

In conclusion, we have demonstrated in this study that simultaneous separation and 

determination of neutral sugars, amino sugars and uronic acids in SJ-GAG based on 

reverse-phase HPLC. This simple and rapid method demonstrated good linearity, 

precision, recovery, and sensitivity, indicating as a reliable procedure for the analysis of 

monosaccharide composition in sea cucumber GAGs. According to the principle of 

derivatization with PMP explained by Honda et al. [18], this method can be applied for 

the determination of all the reducing sugars, and thus can be conveniently employed in 
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glycochemistry and glycobiology research. 
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