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Spectroscopy and Spectral Analysis
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Molecular structure of heparin
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Fig. 2 Molecular structure of AlS,Pc
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Fig. 3 Molecular structure of Alcian blue 8GX
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Fig. 4 Excitation (x) and emission (x') spectra of AIS,Pc-Al-

cian blue 8GX in the presence of heparin with increas-

ing concentration in a pH 7. 0 buffer
The concentrations of heparin(g, g’ to b, b') were 0, 120, 240, 360,
480, and 600 ng « mL~!, respectively. [ Alcian blue 8GX]=1.9 X
1076 mol » L™, Excitation (a) and emission (a') spectra of AlS,Pc
in the absence of Alcian blue 8 GX and heparin were also provided for

comparison. Aex =610 nm, Aen =682 nm
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Fig. 5 Variation of absorption spectra of AlS,Pc-Alcian blue
8GX in the presence of heparin in a pH 7. 0 buffer
The concentrations of heparin added (d to b) are 0, 360, and 480
ng « mL~'(h), respectively. [ Alcian blue 8GX]=1.9X10 6 mol *
L~ '. Absorption spectra of free AlS,;Pc (a) and Alcian blue 8GX (e)

are also provided
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Fig. 6 Fluorescence recovery of AlS,Pc-Alcian blue 8GX in the presence of different types of saccharides

From left to right: blank, heparin, chondroitin sulfate, lipopolysaccharide, hyaluronic acid, pullulan, lentinan, laminaran, starch, maltose, su-

crose, D-fructose, a-lactose, glucose. [AlS;Pc]=1.5X10"5 mol « 7!

, [ Alcian blue 8GX]=3.75X10" % mol «

L=, [HP]=[CS]=1.44

pg+ L1, [LPS]=6 pug+ L !, the concentration of other saccharides is 12 pg+ L™
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Table 1 Comparison of different methods for the determination of heparin
Method Incubation time/min LOD/(ng « mL.™ 1) RSD/ % Line range/(ng » mL~ 1)
B A — 8.4X10° 2.3 1 .000~20 000
B P 6G w5 K ik 20 6.1 — 50~3 000
AIBN(2,2’-azoisobutysonitrile) — — — 360~2 640
Polymer-H — 90 — 630~5 000
This method 40 5.7 2.0 6~600

2.6 HHEWUE

A9 B F IR R SR 00 0. i TR AR B RS
25 S ARV . B O R S DA 3R T IR 2 A LI R U v
5 & IE R AR E R o TBUTF 2 BN S 5 mLs I AR ALY
TooK CBE, Br i A ZRTTTE, 8 000 r» min~! B0 4 min,
2 LV, UUUERLTOK ZBEBE I R A 20, R IR, UTIE
B FIEE S, 0t Bk, WEIRAG T Al E e, [F At
6 A T 2 A SR T VR B . PRI 12 mg PR T 10
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Table 2 Analytical results of practical samples

Content/(ng « mL~1)

Values determined Real values RSD/ %
56. 1 58.0 —3.2

218.0 231.9 —6.4
483. 4 463. 8 4.0
65.2" 58.0 11. 8

226. 8" 231.9 —2.3
491.7* 463. 8 5.6

% Commercially available heparin is used as standard
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Application of Structure-Matched Phthalocyanines Associate as a
Red-Emitting Fluorescent Probe in the Determination of Heparin
at Nano-Gram Level

ZHOU Tao, DU Guang-xin, ZHENG Xiao, ZHANG Yan, HUANG Ping., DENG Ya-bin, LI Dong-hui”

Cancer Research Center, School of Medicine, Xiamen University, Xiamen 361102, China

Abstract Heparin, a polyanionic bio-polysaccharide, has important clinical values. The development of simple, rapid and
specific method for the detection of heparin has been being an attractive topic in the last decades. According to the principle of
molecular association, a phthalocyanine-based ion-associate fluorescent probe was prepared, followed by the establishment of a
novel fluorimetry for the determination of heparin with high specificity at nanogram level. Tetrasulfonated aluminum phthalocya-
nine (AlIS,Pc), which emits strong red fluorescence is negatively charged, was found that its fluorescence could be dramatically
quenched by a structure-matched cationic copper phthalocyanie (Alcian blue 8 GX) bearing a same parent structure and opposite-
ly charged. Because of their highly matched molecular structures the two phthalynines, strong association is easy to occur
through intermolecular force, leading to the formation of none-fluorescent associate. Based on this founding, a fluorescent probe
of AIS,Pc-Alcian blue 8 GX associate was developed in this study. Screening experiments on carbohydrates showed that the
fluorescence of AlS,Pc-Alcian blue 8 GX recovered when polyanionic bio-polysaccharide existed. The fluorescence recovery is
particularly significant in the presence of heparin. We believe that this phenomenon could be attributed to the presence of a large
number of sulfonate anion on the skeleton of heparin. The polyanionic structure leads to strong competitive binding to Alcian
blue 8GX with AlS,Pc, resulting in the dissociation of AlS,Pc from the associate, and the fluorescence of the system restored.
Based on the above findings, a highly sensitive and specific method for the determination of heparin by fluorescence enhancement
was established. The molecular spectra (fluorescence and absorption spectra) of the system were investigated to deduce the
mechanism of the formation of associate and the fluorescence recovery. The reaction parameters (including pH, reaction temper-
ature, reaction time, usage of AlS,Pc and Alcian blue 8 GX) were optimized. Under the optimal conditions, the linear range of
calibration curve is 6. 0~600.0 ng * mL"', and the detection limit is 5. 7 ng * mL~'. A facile pretreatment method employing
polar organic solvent as precipitant was developed to avoid the deviation in the detection of practical samples. In addition, the in-
terference behavior of foreign substances on the determination of heparin was investigated comprehensively, which has made up
for the deficiency in literatures. The proposed method has been applied to the determination of practical sample (heparin sodium
injection) with satisfactory results. This study expends the application of fluorescent phthalocyanines as molecular optical probes

in analytical sciences.
Keywords Phthalocyanine; Fluorescence; Heparin; Molecular probe
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