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Figure 1. Structures of chrondroitin sulfate and unsaturated disaccharides resulting from enzyme hydrolysis by
chondroitinase AC II enzyme.
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polymer to resulting unsaturated disaccharide units (Figure 1).
Chondroitinase ABC will hydrolyze both CS and dermatan
sulfate (sometimes referred to as “chondroitin sulfate B”),
while chondroitinase AC is specific for CS. The resulting
unsaturated disaccharide units can then be separated and
quantified by ion-exchange chromatography (2, 13–19, 21, 22)
or reversed-phase chromatography (1, 17, 20), with either
ultraviolet (UV) detection (1, 2, 13–16, 18, 20), conductivity
detection (17), or precolumn derivatization with fluorescence
detection (19, 21, 22). None of these methods, however, has
been applied to dietary supplements, and none has been
validated rigorously.
With the prevalence of CS dietary supplements in the
marketplace, it is important to have an accurate and
reproducible analytical method for the quantitation of CS in
these products. An ion-pairing reversed-phase LC-UV
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(Barcelona, Spain). Dietary supplement products containing
CS (hard-shell capsules, tablets, chewables, softgels, and
liquids) were obtained from commercial suppliers.
Descriptions of the dietary supplement products used in the
study are presented in Table 1.
Apparatus

(a) LC system.—Beckman 126 dual high pressure mixing
pumps (Beckman Coulter, Fullerton, CA), 168 diode array
UV detector, 507e autosampler, and 32 Karat software.
(b) Operating conditions.—Mobile phase flow rate,
1.1 mL/min; column temperature, ambient; injection volume,
30 �L; and detection, 240 nm.
(c) LC column.—Phenomenex Synergi Polar-RP, 4.6 �
150 mm, 4 �m particle size (Phenomenex, Torrance, CA).
(d) Analytical balance.—Accu-124 (Fisher Scientific,
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where P4 = peak area of �Di-4S in sample chromatogram; b4 =
y-intercept of calibration curve for disaccharide �Di-4S; m4 =
slope of calibration curve for disaccharide �Di-4S; V =
volume of Test Solution 1 = 100 mL; W = sample weight, in g;
and D = dilution factor = 50.
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where P2,6 = peak area of �Di-di(2,6)S in sample
chromatogram; b6 = y-intercept of calibration curve for
disaccharide �Di-6S; m6 = slope of calibration curve for
disaccharide �Di-6S; V = volume of Test Solution 1 =
100 mL; W = sample weight, in g; D = dilution factor = 50;
and F = molecular weight conversion between �Di-6S and
�Di-di(2,6)S = 1.190.
(e) The amount of �Di-di(4,6)S in �g/g in the sample is
calculated as follows:
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where P6 = peak area of �Di-6S in sample chromatogram; b6 =
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where P4 = peak area of �Di-4S in sample chromatogram; b4 =
y-intercept of calibration curve for disaccharide �Di-4S; m4 =
slope of calibration curve for disaccharide �Di-4S; V =
volume of Test Solution 1 = 100 mL; W = sample weight, in g;
and D = dilution factor = 50.
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100 mL; W = sample weight, in g; D = dilution factor = 50;
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�Di-tri(2,4,6)S = 1.380.
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and D = dilution factor = 50.
(b) The amount of �Di-4S in �g/g, representing CSA in
the sample, is calculated as follows:

