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Determination of Chondroitin Sulfate with High Sensitivity by Fluorescence Recovery through Shifting the
Equilibrium between Anionic Phthalocyanine and Cationic Surfactant

CHEN Lin HUANG Ping YANG Hui—qing DENG Ya-bin LI Dong—hui* ( Cancer Research Center Medical College Xia—
men University Xiamen 361102 China)

ABSTRACT: OBJECTIVE To propose a novel method for quantitative determination of chondroitin sulfate in real samples using the
ion-association phthalocyanine complex as a fluorescent probe emitting at redregion. METHODS The fluorescence of tetrasulpnonat—
ed aluminum phthalocyanine ( AlS,Pc) an anionic metal phthalocyanine was quenched dramatically by cationic surfactants which con—
tain a positively—charged head with a conjugated structure and a long carbon chain as tail through the formation of an almost non-{luores—
cent association complex. Hexadecylpyridinium bromide ( CPB) screened from a series of cationic surfactants was selected as a quench—
er because of its high fluorescence quenching efficiency. It was found that the ion-association complex ( AlS,Pc-CPB) emitted strong
fluorescence in the presence of chondroitin sulfate due to the ability of chondroitin sulfate to shift the association equilibrium of the ion—
association complex which led to the release of AlS,Pc thus resulting in an increase in the fluorescence of AlS,Pc. The method based
on the above-mentioned phenomenon was investigated in the aspects of spectral characteristics effect of pH influence of reaction time
order of addition of reagents the usage of reagents and interference of foreign substances. RESULTS  Under optimal conditions the
linear range of the assay for chondroitin sulfate was 0.2 =6 g * mL™" with a detection limit of 0. 09 pg * mL~'. CONCLUSOIN
The established method is not only sensitive accurate but also simple and reliable. It has been used to the analysis of real samples with
complicated composition with satisfactory results. It has also been successfully applied in batch test combined with well-reader tech—
nique exhibiting great potential for high-throughput analysis.
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Fig.1 Molecular structure of tetrasulfonated aluminum phthalo—

cyanine( AlS,Pc)
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Fig.2 Excitation ( a) and emission ( b) spectra of AlS, Pc—
CPB in the absence and presence of chondroitin sulfate with in—
creasing concentrations
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Fig.3 Comparison of quenching effect of different sorts of cat—
ionic surfactants on the fluorescence of AlS,Pc

AlS,Pc =1 x10=%mol * L=%  Cationic surfactant = 1.70 x 10 =5 mol *
L', CDEAB - hexadecyl dimethyl ethyl ammonium bromide; CTAB — hexadecyl
trimethyl ammonium bromide; CTAC — hexadecyl trimethyl ammonium chloride;
TTAB - tetradecyl trimethyl ammonium bromide; TEAB — tetraethyl ammonium bro—
mide; TMAB — tetramethyl ammonium bromide; TBAB — tetrabutyl ammonium bro—

mide
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Naked-eye observation of fluorescence recovery for
AlS, Pc-CPB association complex in the presence of CS under ir—

radiation by a portable UV reflectometer
A - AlS,Pc + CPB; B — AlS,Pc + CPB + CS; Protable UV lamp irradiatior; ~ AlS,
Pe =1x10mol*L~% CPB =2x10 mol*L~% CS =6 pg*mL"!
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Fig. 6 Calibration curve for the determination of CS

A - calibration curve; B — calibration curve logarithmic form
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1 CS .CS=5pg*mL™'
Tab. 1 Influence of coexisting substances on the determination of CS. CS =5 pg * mL™'
Foreign substance p/mg * mL~! Relative error/% Foreign substance p/mg * mL~! Relative error/%
Ag* 3.97x1073 +4.6 leucine 4.00 x10 -3 +5.4
Cd* 4.11 %1073 +5.8 threonine 4.00x10 73 +5.8
CaZ* 1.33x10°3 +4.8 proline 3.30 x10 73 +5.6
Co?* 5.00 x10 3 +4.7 methionine 3.30x10 73 +5.6
Ba?* 4.57x10°3 +5.7 histidine 3.30x1073 +5.6
Zn%* 2.17x1073 +5.4 human serum albumin 3.30x1073 +5.7
Mn?* 2.20x1073 +4.9 bovine serum albumin 3.30x1073 +6.6
Ph2+ 6.90 x10 -3 +5.8 Ct DNA 1.00 x10 -3 +6.0
Hg2* 6.67 x10 73 +5.7 herring sperm DNA 1.00 x10 =3 +5.7
Cu?* 2.24 %103 +5.2 salmon sporm DNA 1.00 x10 -3 +4.6
AR+ 9.18 x10 -3 +5.6 glucose 3.67 x10-3 +5.8
F- 1.27 x10 73 -5.0 sucrose 4.00 x10 -3 +6.0
Cl- 1.18 x10 -3 +4.9 glycerin 1.53x10 73 +6.3
Br- 1.33x10°3 +5.8 VB 3.50 x10 73 +4.8
I 1.06 x10 3 +5.3 CDEAB 7.70 x10 3 -5.0
NO3- 2.07 x10 73 +5.1 CTAB 7.70 x10 -3 ~ 4.7
80,42~ 3.20 x10 73 +4.7 CTAC 7.70 x10 -3 - 4.7
PO53 - 1.67x10 -3 +5.3 SDBS 6.70 x 10 -3 +5.0
EDTA 5.84 %1073 +6.0 triton X400 3.30x10 3 +5.5
Boric acid 1.67 x1073 +5.8 tween 80 3.30x1073 +4.9
Ethanol 1.67 x1073 +4.9
. SDBS -
Note: SDBS - sodium dodecyl benzene sulfonate
2 CS
Tab.2 Result of recovery test of CS
Content of chondroitin sulfate Relative error Recovery RSD(n =9)
Sample Number
p( Actual) /pg * mL~!  p( Measurement value) /pg * mL~!(n=3) 1% 1% /%
Eye drops 1 3.39 3.43 1.18 99.8 -102. 1
2 3.72 3.71 0.27 98.3 -100.7 2.58
3 4.05 3.89 3.95 94.7-97.4
3 CS CS 0
Tab.3 Result of batch test of eye drops of CS
Actual content Measurement value Relative ° HA CS AlS4 Pc-
/pg * mL~! /g * mL~! error/ % CPB
2.87 2.89 +0.7
+0.6 3.28 3.30 Cs ° A °
~0.8 3.60 3.66
-0.7 4.10 4.07 °
-6.0 4.51 4.24
-4.8 4.92 4.68
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