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DRUGS, COSMETICS, FORENSIC SCIENCES

Determination of Chondroitin Sulfate in Raw Materials by Liquid
Chromatography

THeoDORE TYLER, Banpana KHaNDELWAL , Denise Norpen, and F. RoBerT RoLLE
Shuster Laboratories, 85 John Rd, Canton, MA 02021

A rapid method for the determination of The current USP proposed method (11) uses a
chondroitin sulfate in raw materials was devel- cetylpyridinium chloride (CPC) titration with turbidimetric
oped. The samples were finely powdered, dis- end point detection. The method has good specificity because
solved in water, and injected directly into the liquid there are few molecules that will bind with the CPC to form
chromatograph. The method used a C 15 column, a precipitates other than large, negatively charged polymers.
wavelength of 195 nm, and a mobile phase contain- The proposed LC method uses octane sulfonic acid in an
ing octane sulfonic acid. The method gave results acidic mobile phase. Chondroitin sulfate is excluded from the
that were slightly different from those generated by column and elutes considerably before the solvent front. Other
a titrimetric method using cetylpyridinium chloride. molecules, such as glucosamine and proteins, elute near or

considerably after the solvent front. Thus, the LC method, like
B _ _ the CPC method, shows good specificity. An LC scan of a
Chondromn sulfate is a highly water-soluble polymer sample containing chondroitin sulfate and glucosamine HCl is

with a molecular weight varying from 23000 to shown in Figure 1. The small peak following the chondroitin

45 000 daltons. It is a mucopolysaccharide for whichsulfate is due to chloride contributed by the glucosamine HCI.
each monomer is a disaccharide containing one sulfate group.

Different forms of chondroitin sulfate have the sulfate groupMETHOD
in different positions. Chondroitin sulfate A is sulfated over
the hydroxylic group in the 4-position and is the predominant
form for chondroitin sulfate from bovine sources. Chondroitin
sulfate C is sulfated over the hydroxylic group in the (@ LC buffer concentrateDilute 100 mL LC
6-position and is the predominant form for chondroitin sulfate

f hark Chondroiti ifate | tively ch triethylamine to ca 900 mL with water in 1000 mL solvent res-
rom shark Sources. “.honcrottin suitate 1S Negatvely Chargelyy oir, Add 80 mL reagent-grade 85% phosphoric acid, and
because of the presence of these sulfate groups.

. . . mix cautiously. Cool to room temperature, bring to 1000 mL
Chondroitin  sulfate, along with glucosamine and y P g

. . with water, and mix well.
methylsulfonylmethane (MSM), is currently being sold as a (b) Mobile phase—Weigh 050 g LC quality

roduct to promote healthy joint function. The finished prod- . : . . .
b b vl b octanesulfonic acid sodium salt into small beaker and quanti-

uct is usually in the form of tablets containing 400 mgt ivelv t for to 1000 mL solvent i with water. Add
chondroitin sulfate and 500 mg glucosamine sulfate 2K | atvelytransier to ML solventreservoir with water.

Other products may contain approximately 500 mg MSM in5'0 mL L.C buifer copcentrate, 40 mL acetonitri[e, dilute t.o
addition to the chondroitin and the glucosamine. VOll.Jme with water, mix yvell, and de-gas by sparging or by fil-

Many methods with biomedical applications are avail-tra‘tlon through .O..4$|m filter. o
able (1-9) for determining chondroitin sulfate. Most of these  (€) Chondroitin sulfate standare-Chondroitrin Sulfate
methods involve enzyme digestion of the polymer into the in{A; Sigma Chemical Co., St. Louis, MO).
dividual disaccharide monomers. These disaccharides are
then quantitated by liquid chromatography (LC).

Few methods are available for assaying raw materials and o )
tablets with good precision. Recently, a method was proposed (&) Liquid chromatograph—A ~ Waters ~ Associates
for determination of chondroitin sulfate in nutritional supple- (Milford, MA) Millennium 32 system with a Waters Xterra
ments (10). The method used UV detection at 207 nm afteflUmn, G 250% 4.6 mm, was used. The system was oper-

separation by size exclusion chromatography. Quantitatiof€d &t room temperature, the injection volume was RIQ0
was by peak height to increase analytical precision. the flow rate was 0.6 mL/min, and the run time was ca 6 min.

(b) Titrimetric method—A Metrohm (Westbury, NY)
751 GPD Titrino equipped with Metrohm 730 Sample
Changer and 759 Swing Head, along with a Brinkmann
Received August 9, 2001. Accepted by JM October 31, 2001. (Westbury, NY) PC 700 colorimeter, was used to study the
Corresponding author’'s e-mail: ttyler@shusterlabs.com. CPC titration at room temperature.
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Sample Information

SarpleName 300 Sanple Type Unknow n

Vial 31 Date Acquired 7/23/01631:02 AV
Injection 1 Acg Method Set TTns

Injection Volure  5.00 ul Processing Method TT pm

Channel 486 Date Processed  10/26/01 11:38:26 AM
Run Time 5.0 Mnutes

Auto-Scaled Chromatogram

Chondroitin Sulfate - 2.696

AU

Chloride - 3.422

[ < >
ceo 8.50 1.00 1.50 2.00 2.50 300 3.50 4.00 4.50 £.00
Minutes

m RT Name Height | Area | % Area
1 2.696 | Chondroitin Sulfate | 368895 | 3259188 | 93 31

2| 3.422 | Chloride 27648 | 233639 6.69

Figure 1. Liquid chromatographic scan of tablet sample containing chondroitin sulfate and glucosamine HCI.

Standard Preparation recycle until solutions to be injected are prepared. Recycle for
. - . . a minimum of 1 h.
Accurately weigh a sufficient quantity of chondroitin sul- . .
y Welg q y Prepare solutions for the standard curve. Inject

fate standard into 100 mL volumetric flask to contain . . .
100-120 mg chondroitin sulfate. Add ca 60 mL water and dis-100 mg/lO_O_mL_ standard _so!uthn aminimum of 3 times and
solve by swirling. Dilute to volume with water, and mix well, use these injections to optimize integration parameters. When

Dilute 10/100 and 25/100 with water for the low concentra-the instrument has been optimized, inject this solution 5 times.
X _ 0 -

tions on the standard curve. Calculate actual concentratio 'Iéhe reIaﬂ_ve standard deviation (RSD) should k_)e <2. %. (.:a“

based on assay of the standard. Store agueous chondroitin ;h[ate the instrument to calculate the concentrations in units of

fate solutions at refrigerator temperature for no more thal 9/100 mL.

2 days, as these solutions are microbiologically unstable. Inject solutions of the standard curve. Force the curve
through zero. The correlation should be >0.9998.
Sample Preparation When it has been established that the instrument performs

Accurately weigh sufficient powdered sample to contain Casatisfactorily, prepare the sample solutions, terminate recycle,

75 mg chondroitrin sulfate into 100 mL volumetric flask. Add a_nd begir_1 injecting sample solutions. '_I'_he instrument should
ca 60 mL water and dissolve by swirling and/or a few minutesY'eId a printout of the sample chondroitin sulfate concentra-
sonication. Dilute to volume with water, and mix well. If solu- tions in terms of m9/100 ”.““
tions show signs of turbidity, clarify by centrifugation or by ~ Calculation, “as is” basis:
filtration through 0.45um filter.
Chondroitin sulfate, % w/w =

Procedure 100 (mg/100 mL)/sample weight

Wash LC column with methanol at 0.6 mL/min for ca
15 min and then equilibrate with the mobile phase at the samk dry basis results are required, dry a portion of the sample for
flow rate. Equilibrate the column for 30 min and put system in3 h at 108C, cool, and weigh promptly to obtain total solids.
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Table 1. Calibration curve parameters 125

Linearity equation, y=mx+b 120 |

A
y3 )Cl.b xX2¢
115
10.04 1.212 10.64 2o
25.10 2.114 26.09 P
100.40 6.397 100.20 @ 109
150.10 9.362 148.00 .
Correlation 0.999947 0.999972 5 g
m 17.25919 1.01994 9 c
b —10.93792 —1.24268 a0
b/m —0.63 -1.22 b
85 Lo . .
@ y = Concentration of chondroitin sulfate standard solutions in 0 20 40 60 80 100 120 140 160
mg/lOO mL. Bovine Sample Weight {mg)
b x1 =mL CPC titrant. ) . .
¢ x2 = LC response in mg/100 mL. Figure 2. Assay of bovine chondroitin sulfate sample

using 4 methods: CPC (A); LC (B); LC-corrected (C); and
CPC-corrected (D).

(Note Dry chondroitin sulfate absorbs water very quickly, so ~ Graphing of the calibration curves indicated that both

a delay in weighing can lead to incorrect results.) curves were remarkably linear. The correlation was in excess
of 0.9999 for both the LC and the CPC data; however, the LC
Results and Discussion curve had an intercept very close to zero, while the CPC curve

had an intercept which departed significantly from zero. The

To obtain a close comparison between the proposed L@ata were put iry = mx + b form to give corrected standard
method and the proposed CPC titrimetric method, we used theurves for both the LC and the CPC methods. To obtain the
same standard solutions and the same sample solutions for thgcorrected forms, the single calibration points of zero and
CPC titration and the LC method. Specifically, 5.00 mL pri- 100 mg/100 mL were used. Thus, for each set of sample data,
mary solution was used for titration, and then 5.000f the 4 sets of calculated results were generated: CPC and LC un-
same primary solution was used for the LC assay. corrected, and CPC and LC corrected.

All results were calculated relative to the same batch of
Sigma standard. Thus, any error in the standard will shift all
calculated results in the same proportion. To form the standard The LC and CPC data are shown in Table 2 and the calcu-
curves, a quantity of standard to contain approximatelyated results from that data are shown in Figure 2. The graph
100 mg CS was taken to 100 mL and was then diluted 25/1068hows that the LC method gave very nearly the same values,
and 10/100 to form the low concentrations. An additionalcorrected and uncorrected, whereas the titrimetric method gave
weighing of standard was made to give a high concentration ggood values only if the correction was made. When the bovine
150 mg/100 mL. The standard curve data is shown in Table 1.sample was run using a bovine standard curve, the RSD for

Bovine Chondroitin Sulfate

Table 2. Bovine sample data Table 3. Shark sample data

Vs x1b x2° 3 L ¢
25.4 1.951 24.7 25.0 1.851 24.5
50.0 3.196 46.87 50.2 3.223 49.19
75.1 4525 69.78 75.0 4.606 74.64

100.0 5.847 93.61 100.6 6.097 100.48

125.1 7.193 118.18 125.1 7.471 126.34

150.1 8.278 137.96 150.0 8.891 149.96

2 y=Sample weight in mg. @ y= Sample weight in mg.

b x1 = mL CPC titrant. b x1 =mL CPC titrant.

¢ x2 = LC response in mg/100 mL. ¢ x2 = LC response in mg/100 mL.
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Figure 3. Assay of shark chondroitin sulfate sample Figure 4. Assay _of tablet cqntaining chondroitin sul-
using 4 methods: CPC (A); LC (B); LC-corrected (C); and fate and glucosamine HCl using 4 methods: CPC (A);
CPC-corrected (D). LC (B); LC-corrected (C); and CPC-corrected (D).

both the LC and the CPC method was approximately 1.0%. Theuggests that the source of the chondroitin sulfate is bovine.
LC uncorrected method gave an RSD of 1.93%, and the CPEhese results show a large standard deviation not found in the

uncorrected method gave data that were not usable. 2 raw material samples, suggesting that the sample was of
. nonuniform composition and that additional grinding of these
Shark Chondroitin Sulfate mixed products would be required. The CPC corrected

The LC and CPC data are shown in Table 3, and the calcunethod gave the lowest RSD of 2.34%.
lated results from that data are shown in Figure 3. Like the bo- )
vine sample, the LC data show better consistency than the LC and CPC Comparison
CPC data. In addition, the bovine standard curve is not appro- . .
priate for a shark sample. The curvatures of the corrected and In the CPC met_hod, the only components quantitated will
uncorrected CPC analytical results suggest that the shark st;lﬁe the large negatively charged polymers. Uncharged compo-

dard curve would have less of a departure from zero than th PC. Inthe LC hod. onlv | elv ch d mol
bovine standard curve; therefore, for analysis of shark sam=" ~" n the LC method, only large negatively charged mole-

ples, a shark standard must be used to assay those sampfé es will be excluded from the LC column and appear signifi-

The LC uncorrected method gave the lowest RSD of 1.20% cantly before the solvent front. Inorganic sulfate does not ab-
' sorb at 195 nm.

Chondiroitin Sulfate/Glucosamine HCI/MSM Tablet The main difference between the methods is in the detec-

ents or inorganic sulfate will not form a precipitate with the

The data for this assay are shown in Table 4, and the calcdion mechanisms. The CPC method bases its quantitation on
lated results from that data are shown in Figure 4. The grapthe ability of chondroitin sulfate to ion-pair with the CPC re-
agent and form a precipitate. The LC method bases its
Table 4. Tablet sample data (average tablet weight = quantitation on the ability of chondroitin sulfate to absorb
978 mg) light at 195 nm. By using the Sigma A standard, the bovine
sample assays about 4% higher with the LC method than with

}/3 x1b x2¢

the CPC method. If the raw material were used as the standard
150.1 2669 38.27 and the Sigma A standard were used as the sample, the results
225.1 3.618 54.63 would be quite different. Thus, the numerical values that are
3014 4.492 69.50 generated using either method are strongly dependent on the
400.4 6.048 9457 nature of the particular standard used.
500.1 7.141 112.7
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