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Development of a new HPLC technique for analyzing monosaccharide
composition and its application
in the quality control of Silypbum marianum polysaccharide
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Abstract: A new HPLC-UV technique for the separation and analysis of 10 monosaccharides achieved
within 13.5 min using 1-phenyl-3-methyl-5-pyrazolone (PMP) as the labelling molecule of the reductive
monosaccharides has been established by combining common high performance liquid chromatography-UV and
Cis column. The established technique was applied to the quantification of the monosaccharide components
in extract of Silybum marianum. The results showed that the tested 10 monosaccharides as PMP derivatives
were baseline separated under the HPLC conditions proposed. It was confirmed that Silybum marianum
extract was composed of mannose, rhamnose, glucuronic acid, galacturonic acid, glucose, xylose, galactose and
arabinose with the molar ratio of 0.66 : 0.84 : 0.58 : 1.0 : 1.6 : 0.69 : 2.7 : 4.8. Quantitative recoveries of the
compositional monosaccharides separated from the extract were in the range of 92.4%—104.0%, and the RSD
values fell within 0.68%—3.81%. The results demonstrated that the proposed HPLC method was simple, rapid,
convenient, and precise, and it was applicable to the analysis of the compositional monosaccharides of Silybum
marianum extract.
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Figure 1 Effect of TEA concentrations on the separation of
the ten PMP (1-phenyl-3-methyl-5-pyrazolone)-labeled standard
monosaccharides. The tested monosaccharides were labeled
with PMP, and then analyzed by HPLC as described in the
experimental section. TEA concentrations in mobile phase: (A)
3.6 mmol-L™"; (B) 4.6 mmol'L™"; (C) 6.0 mmol'L™". Peaks 1:
Mannose (Man); 2: Ribose (Rib); 3: Rhamnose (Rha); 4: Glu-
curonic acid (GIcUA); 5: Galacturonic acid (GalUA); 6: Glucose
(Gle); 7: Xylose (Xyl); 8: Galactose (Gal); 9: Arabinose (Ara);
10: Fucose (Fuc, internal standard, IS)
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Figure 2 Effect of acetonitrile concentrations on the separation
of the ten PMP-labeled standard monosaccharides. (A) 0 min,
3% acetonitrile; 5 min, 3% acetonitrile; 8 min, 7% acetonitrile;
30 min, 7% acetonitrile. (B) 0 min, 5% acetonitrile; 5 min, 5%
acetonitrile; 8 min, 10% acetonitrile; 30 min, 10% acetonitrile.
(C) 0 min, 6% acetonitrile; 4 min, 6% acetonitrile; 5 min, 12%
acetonitrile; 30 min, 12% acetonitrile. (D) 0 min, 10% acetoni-
trile; 4 min, 10% acetonitrile; 5 min, 12% acetonitrile; 30 min,
12% acetonitrile
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Figure 3 HPLC chromatograms of 10 PMP-labeled standard
monosaccharides (A) and PMP-labeled monosaccharides released
from Silybum marianum polysaccharide (B). The polysaccharide
was hydrolyzed with TFA at 95 °C for 8 h and then was labeled
with PMP. The HPLC analysis was carried out as described in
the experimental section

Table 1 Performance characteristics of the proposed HPLC method for the assay of 10 standard monosaccharides.

Intra-day precision/% Inter-day precision/%

Analytes fr/min Regression equation Correlation (rz)
R A R A

Man 5.569 Y=0.2251X-0.480 4 0.999 8 0.42 0.51 0.36 1.63
Rib 6.094 Y=0.174 0X—-0.287 1 0.999 9 0.33 0.87 0.86 1.72
Rha 7.001 Y=0.1503X-0.3559 0.999 9 0.92 0.68 1.32 1.21
GlcUA 9.051 Y=0.1790X—0.4458 0.999 3 0.74 0.98 0.51 1.88
GalUA 9.694 Y=0.1842X-0.4525 0.999 4 0.59 1.61 1.02 2.03
Gle 10.909 Y=0.121 5X-0.030 6 0.999 1 0.65 1.10 0.97 2.15
Xyl 11.648 Y=0.1213X-0.043 4 0.999 7 1.06 2.68 2.69 3.72
Gal 11.945 Y=0.120 0.X + 0.043 3 0.999 9 1.26 1.83 2.31 4.24
Ara 12.423 Y=10.140 5X - 0.036 9 0.999 9 1.01 1.49 1.63 3.07

Method precision was expressed as coefficient of variation (RSD%, n = 3) for migration time (#z, min) and peak areas (4)
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Table 2 Recovery and precision (RSD%) of the monosaccha-
ride analysis in Silybum marianum polysaccharide by spiking
method

Monosaccharides C(s):rtxfgltem asrzlci(::lit :n(l)(l)llrll:t Recovery RSD
/mmol'L™"  /mmol'L™"  /mmol-L™" % %
Man 4.00 5.00 8.91 99.0 1.35
Rib ND 5.00 4.80 96.0  1.06
Rha 5.17 10.00 15.47 102.0 1.24
GIcUA 3.59 5.00 8.33 97.0  0.68
GalUA 6.18 10.00 16.10 99.5  0.96
Gle 9.97 10.00 20.45 1024 1.12
Xyl 4.28 5.00 8.58 924 237
Gal 16.80 20.00 38.27 104.0  3.81
Ara 29.48 30.00 59.60 1002 2.94

ND: Not detected. n =23
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Scheme 1 Chemical reaction of reducing carbohydrate with PMP reagent.
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