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Here, a rapid, simple and sensitive method for visual detection of tetracycline antibiotics (TCs) was

developed based on the turned on fluorescence induced by a metal–organic coordination polymer of

Zn(bix) [bix¼1,4-bis(imidazol-1-ylmethyl)benzene]. Tetracycline antibiotics, such as tetracycline

hydrochloride (TC), doxycycline hyclate (DC), chlortetracycline hydrochloride (CTC) and oxytetracyline

hydrochloride (OTC), showed very weak fluorescence in Tris–HCl buffer of pH 8.68–9.40. However, the

fluorescence intensities of these TCs were greatly enhanced in the presence of Zn(bix) and were found

to be proportional to the concentrations of TCs. Accordingly, TCs could be quantitatively determined

with the detection limits of 12.0, 6.0, 19.0 and 19.0 nM for TC, DC, CTC and OTC, respectively.

Furthermore, this fluorimetric method was successfully applied to the determination of DC contents in

doxycycline hyclate tablets from three factories with satisfactory results compared with the HPLC

method. Also, the interaction mechanism between TCs and Zn(bix) was investigated by the absorption

spectra, fluorescence spectra and circular dichroism spectra. The results showed that TCs could interact

with Zn(bix) to form TCs–Zn(bix) ternary complexes and the turned on fluorescence was mainly

ascribed to the restricted conformational rotation of TCs molecules through coordination with Zn(II)

from the polymeric networks of Zn(bix).

& 2013 Elsevier B.V. All rights reserved.
1. Introduction

Tetracycline antibiotics (TCs, Fig. 1) as broad spectrum antibiotics
against Gram-positive and -negative bacteria are produced by
Streptomyces, which are derived from a common hydronaphthacene
nucleus containing four fused rings and have similar chemical
structures [1]. TCs are especially effective against some bacteria
including Staphylococcus, Streptococcus, Pneumococcus, Gonococcus,
Cholera, Dysentery bacillis, Pertussis, Rickettsia, Chlamydia and Myco-

plasma. After being actively transported into the cells of susceptible
bacteria, TCs can bind to the 30S ribosomal subparticle, and then
produce a bacteriostatic effect by inhibiting protein biosynthesis [2].
However, the widespread use of these drugs has brought serious
problems because they can act as toxic substances causing direct
toxicity or allergic reactions in some hypersensitive individuals. The
problems about the spread of drug-resistant microorganisms can
also be caused by low-level doses of antibiotics [3]. In this case, it is
important to analyze tetracycline antibiotics.

To our knowledge, tetracycline antibiotics are usually deter-
mined by capillary electrophoresis (CE) [4], high-performance
ll rights reserved.
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liquid chromatography (HPLC) [5,6], capillary electrochromato-
graphy (CEC) [7], microbiological analysis (MA) [8–10], electro-
chemical analysis [11–13], immune assay (IA) [14,15] and the
fluorimetric method [16–19], among which, the fluorimetric
method is mainly based on the coordination interactions of TCs
with metal ions [16,17]. However, there are very few examples
involved with the metal–organic coordination polymers.

Metal–organic coordination polymers (MOCPs), formed from
metal ions and organic ligands, are an emerging materials with high
porosity and highly desirable frameworks [20]. MOCPs are con-
structed through coordination interaction and intermolecular inter-
actions such as hydrogen bonding interaction, p–p stacking
interaction, dipole–dipole interaction and van der Waals interaction
[21]. Owing to the very large surface area, tunable pore sizes, high
thermal stability, as well as tempting magnetic, electrical, optical, and
catalytic properties, MOCPs attract considerable attention and show
potential applications in gas purification and separation [22,23],
catalysis [24,25], sensing [26,27] and drug delivery/release [28,29].

It has been reported that the imidazole ligand of bix [bix¼1,4-
bis(imidazol-1-ylmethyl)benzene] can react with divalent zinc
ion to form amorphous coordination polymers [30], and some
studies have been devoted to the synthesis and applications of
Zn(bix) coordination polymers [31–35]. For example, Hoskins
et al. have reported the structure of [Zn(bix)2(NO3)2] �4.5H2O,



Fig. 1. The structure of tetracycline antibiotics.
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which, like the silver derivative, has a 2D polyrotaxane structure
[33]. Imaz et al. connected Zn(II) ions through bix organic ligands
with 1:5 M ratio to form coordination polymer particles as
potential drug delivery systems [32]. Liang et al. constructed a
ratiometric fluorescence recognition of guanosine triphosphate
based on Zn(II) complex of 1,4-bis (imidazol-1-ylmethyl) benzene
[35]. We recently reported a method for selective visual recogni-
tion of naringenin and morin with Zn(bix) [36]. In this research,
Zn(bix) coordination polymers have been found to turn on the
fluorescence of TCs as a result of the formation of TCs–Zn(bix)
ternary complexes. The optimal conditions and the mechanism of
the interaction between TCs and Zn(bix) coordination polymers
have been discussed. The calibration curves of fluorescence
intensities against the concentrations of tetracycline antibiotics
were constructed by measuring the fluorescence intensities of the
four TCs in the presence of Zn(bix), and then quantitative
detection of TCs was achieved. In addition, this fluorimetric
method was successfully applied to the determination of DC in
doxycycline hyclate tablets from three factories with satisfactory
results compared with the HPLC method.
2. Materials and methods

2.1. Apparatus

A Hitachi F-2500 fluorescence spectrophotometer (Tokyo, Japan)
was used for recording and measuring the fluorescence spectra at a
given wavelength. A U-3010 spectrophotometer (Tokyo, Japan) was
used for recording the absorption spectra. A pH 510 precision pH
meter (California, USA) was used to measure the pH values. The HH-
2 digital display constant temperature water bath (Jintan, China)
was used to control the reaction temperature. An IRPrestige-21
Fourier transform infrared spectroscopy (Shimadzu, Japan) was used
for recording the infrared spectra. A J-810 circular dichroism
spectrometer (Tokyo, Japan) was used for recording the circular
dichroism spectra. A Hitachi L-2000 high performance liquid chro-
matography unit(Tokyo, Japan) was used for determination of
doxycycline hyclate. A 300-MHz Bruker Advance Spectrometer
(Fallanden, Switzerland) was used for recording the 1H NMR spectra.
An S-4800 scanning electron microscope (SEM, Hitachi, Japan) was
used to scan the SEM images.

2.2. Chemicals and materials

Tetracycline hydrochloride standard was purchased from Beij-
ing Dingguo Biotechnology Co., Ltd. (Beijing, China). Chlortetracy-
cline hydrochloride standard, oxytetracyline hydrochloride
standard and doxycycline hyclate standard were all purchased
from Sino-American Biotechnology Co., Ltd. (Luoyang, China).
Seven hydrated zinc sulfate (ZnSO4 �7H2O) was purchased from
Hunan Institute of Geological Experiment (Xiangzhong, China).
Imidazole and a,a0-dichloro-p-xylene were purchased from
Sigma-Aldrich Co. LLC (Missouri, USA). Tris(hydroxymethyl)ami-
nomethane was purchased from the Okawa Fine Chemical Co.,
Ltd. (Ningbo, China). Four antibiotic standards were biochemical
reagents and the other reagents were of analytical grade. Milli-Q
water (18.2 MO at 25 1C) was used throughout the experiment.

The stock solutions of 2.0�10�3 M tetracycline hydrochloride
(TC), doxycycline hyclate (DC), chlortetracycline hydrochloride
(CTC) and oxytetracyline hydrochloride (OTC) were prepared by
dissolving TC, DC, CTC and OTC with double distilled water,
respectively. The 4.0�10�5 M TC, DC, CTC and OTC solutions
were prepared by diluting the above stock solutions with double
distilled water.

Tris–HCl buffer solutions with different pH values were pre-
pared by mixing the 0.1 M tris(hydroxymethyl) aminomethane
solution with 0.1 M HCl solution by a certain percentage and the
pH values were adjusted with an acidimeter.

2.3. Preparation of Zn(bix) coordination polymer

Bix dihydrate was synthesized following a method according
to the published procedure [37]. Imidazole (3.16 g, 46.4 mmol)
and a, a0-dichloro-p-xylene (0.78 g, 4.46 mmol) were added into
methanol (50 mL), and then the methanol solutions was refluxed
for 18 h. The methanol was removed by evaporation and some
yellow sirup was obtained, followed by crystallization in aqueous
solution of K2CO3 (6.13 g, 100 mL). The yielded crystalline bix was
further recrystallized with double distilled water.

Bix dihydrate was characterized by the infrared spectroscopy
and 1H NMR spectra (see Figs. S1 and S2), which was consistent
with those reported [38,39]. 0.01 M bix solution was obtained by
dissolving a certain amount of bix dihydrate with ethanol.

According to reference [35], Zn(bix) coordination polymer
could be easily obtained by mixing the aqueous solution of zinc
ions and the ethanol solution of bix in a molar ratio of 1:1. The
infrared spectra of Zn(bix) was consistent with the above refer-
ence (see Fig. S3). The shape of Zn(bix) coordination polymer was
observed by SEM images (see Fig. S4).

2.4. Fluorescence spectra measurement

Into a 1.5-mL EP tube, 0.05 mL of Tris–HCl buffer solutions,
0.05 mL of NaCl solution, 0.05 mL of antibiotic solution, 0.05 mL
of 0.01 M bix solution and 0.05 mL of 0.01 M ZnSO4 solution were
added. The pH values of Tris–HCl buffer solutions are 9.00, 9.25,
8.68, and 9.40, and concentrations of NaCl solutions are 0.120 M,
0.020 M, 0.050 M, and 0.016 M for TC, DC, CTC and OTC, respec-
tively. Afterwards, the mixture was diluted to a final volume of
0.5 mL with double distilled water. After being mixed thoroughly
and put in a water bath for 5 min, the fluorescence spectra were
measured for these interacting systems. In addition, the fluores-
cence intensities of TCs and Zn(bix) were measured alone. The
excitation and emission wavelengths in the four systems of TC-
Zn(bix), DC-Zn(bix), CTC-Zn(bix) and OTC-Zn(bix) were 364/505,
382/502, 369/513 and 338/495 nm, respectively.

2.5. Determination of doxycycline hyclate contents in

pharmaceutical tablets

The contents of commercial doxycycline hyclate tablets from
three factories with the same labeled amount were determined.
Ten doxycycline hyclate tablets from a random sampling were
added to the mortar and pestled sufficiently. After weighing an
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appropriate amount of powder to put it into a 25-mL test tube, it
was dissolved with double distilled water. Afterwards, the solu-
tion was moved to a 100-mL volumetric flask and diluted to the
mark with double distilled water. After the solution was filtered
and diluted with double distilled water to obtain the solution
containing 4.0�10�5 M doxycycline hyclate, the fluorescence
intensity of the solution was measured according to the experi-
mental methods shown in 2.4.

As a contrast, the HPLC method was performed. An appropriate
amount of powder was weighed into a 100-mL volumetric flask
and dissolved to the mark with 0.01 M HCl solution; after filtering
the solution, 5 mL continued filtrate was added into a 50-mL
volumetric flask and diluted to the mark with 0.01 M HCl solution
to obtain the solution containing 0.1 mg mL�1 doxycycline
hyclate. Finally, the obtained solution was measured according
to the HPLC method [40].
Fig. 3. Effect of acidity on the fluorescence intensities of the four systems. cTCs,

4.0�10�6 M.
3. Results and discussion

3.1. Fluorescence spectra of the system

As shown in Fig. 2, the fluorescence intensities of tetracycline
antibiotics and the polymer of Zn(bix) alone were very weak, and
the emission peaks of TC, DC, CTC and OTC were located at 507,
511, 421 and 504 nm, respectively. However, the fluorescence
intensities of TCs were significantly enhanced after the inter-
action with Zn(bix) with their fluorescence peaks shifted to
505, 502, 513 and 495 nm, correspondingly. Furthermore, the
Fig. 2. Fluorescence spectra of the TC–Zn(bix) (A), DC–Zn(bix) (B), CTC–Zn(bix) (C) and

curves 3–10: TC–Zn(bix), cTC(3–10) mM�1: 3. 0.2; 4. 0.4; 5. 0.6; 6. 0.8; 7. 1.0; 8. 2.0; 9. 4.

curve 2: Zn(bix); curves 3–11: DC–Zn(bix), cDC(3–11) mM�1: 3. 0.2; 4. 0.4; 5. 0.6; 6. 0.8

Zn(bix), curve 1: CTC (6.0 mM); curve 2: Zn(bix); curves 3–10: CTC–Zn(bix), cCTC(3–10)m
cNaCl, 0.050 M. (D) OTC–Zn(bix), curve 1: OTC (8.0 mM); curve 2: Zn(bix); curves 3–11: O

6.0; 11. 8.0. pH 9.40 (Tris–HCl); cNaCl, 0.016 M. The inset shows fluorescence pictures of

UV light irradiation. cTCs, 4.0�10�6 M.
fluorescence intensities of the four systems were increased
proportionally with the concentrations of TCs in a certain range,
indicating that Zn(bix) could be employed for the determination
of TCs. The insets of Fig. 2 displayed that the green fluorescence of
TCs–Zn(bix) ternary complexes was visible under 365 nm UV
lamp light, and hence, this method could also be used for visual
detection of TCs.
OTC–Zn(bix) (D) systems. (A) TC–Zn(bix), curve 1: TC (6.0 mM); curve 2: Zn(bix);

0; 10. 6.0. pH 9.00 (Tris–HCl); cNaCl, 0.120 M. (B) DC–Zn(bix), curve 1: DC (8.0 mM);

; 7. 1.0; 8. 2.0; 9. 4.0; 10. 6.0; 11. 8.0. pH 9.25 (Tris–HCl); cNaCl, 0.020 M. (C) CTC–

M�1: 3. 0.2; 4. 0.4; 5. 0.6; 6. 0.8; 7. 1.0; 8. 2.0; 9. 4.0; 10. 6.0. pH 8.68 (Tris–HCl);

TC–Zn(bix), cOTC (3–11) mM�1: 3. 0.2; 4. 0.4; 5. 0.6; 6. 0.8; 7. 1.0; 8. 2.0; 9. 4.0; 10.

TCs, TCs–Zn(II), TCs–bix, Zn(bix) and TCs–Zn(bix) from left to right under 365 nm



Fig. 5. Effect of temperature on the fluorescence intensities of the four systems:

TC–Zn(bix), pH 9.00 (Tris–HCl), cNaCl, 0.120 M; DC–Zn(bix), pH 9.25 (Tris–HCl),

cNaCl, 0.020 M; CTC–Zn(bix), pH 8.68 (Tris–HCl), cNaCl, 0.050 M; and OTC–Zn(bix),

pH 9.40 (Tris–HCl), cNaCl, 0.016 M. cTCs, 4.0�10�6 M.
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3.2. Optimum reaction conditions

3.2.1. Effect of acidity

We carried out the reaction in the Tris–HCl buffer solution and
the effect of acidity on the fluorescence intensities of the four
systems was tested under the same ionic strength and the results
are shown in Fig. 3. The fluorescence intensities of the four
systems reached the strongest and remained stable in the range
of pH 8.5–10.0. This may be due to the fact that TCs produced
strong fluorescence under basic conditions [17]. In order to obtain
high fluorescence intensities with a lower detection limit for TCs,
the optimum pH values for determining TC, DC, CTC and OTC
were set at 9.00, 9.25, 8.68 and 9.40, respectively for further
experiments.

3.2.2. Effect of ionic strength

The influence of ionic strength on the fluorescence intensities
was studied by adding the aqueous solution of NaCl to the
systems (as shown in Fig. 4) and the experimental results
indicated that ionic strength affected the fluorescence intensities
of the four systems obviously. As is known, bix can react with
Zn(II) to form Zn(bix) coordination polymers [30], and Cl� at a
certain concentration neutralized partial charges on the Zn(bix)
coordination polymers, which made Zn(bix) aggregate in a certain
degree. The aggregations of Zn(bix) increased the microenviron-
ment viscosity of the systems, and then inhibited the free
rotations of TCs, leading to the enhancement of the fluorescence
intensities. So, 0.120, 0.020, 0.016 and 0.050 M were chosen as the
optimum NaCl concentrations for the TC–Zn(bix), DC–Zn(bix),
CTC–Zn(bix) and OTC–Zn(bix) systems, respectively.

3.2.3. Effect of temperature

As shown in Fig. 5, high reaction temperature decreased the
fluorescence intensities of the four systems, which was ascribed
to the fact that high temperature destroyed the structure of TCs–
Zn(bix) complexes, leading to the dissociation of the TCs–Zn(bix)
complexes. Hence, the reaction temperatures of the TC–Zn(bix),
DC–Zn(bix), CTC–Zn(bix) and OTC–Zn(bix) systems were 25, 30,
40 and 20 1C, respectively.

3.2.4. Effect of incubation time

It was found that the fluorescence intensities of the TCs–
Zn(bix) systems reached the maximum rapidly, and could be very
Fig. 4. Effect of ionic strength on the fluorescence intensities of the four systems.

cTCs, 4.0�10�6 M, the buffer solutions of TC–Zn(bix), DC–Zn(bix), CTC–Zn(bix)

and OTC–Zn(bix) systems are Tris–HCl pH 9.00, pH 9.25, pH 8.68 and pH 9.40,

respectively.
stable within 60 min. Accordingly, 5 min was enough to meet the
needs of the experiment.

3.3. Relationship between the fluorescence intensities and the TCs

concentrations

Under optimum conditions, the fluorescence intensities of the
four TCs in the presence of Zn(bix) were measured, and then the
calibration curves of fluorescence intensities against the concen-
trations of tetracycline antibiotics are constructed in Table 1. It
showed that this method for the determination of the four TCs
had a very high sensitivity. The sensitivity of DC was the highest
and its detection limit was 6.0 nM. Therefore, the method was
very suitable for the determination of trace amounts of tetracy-
cline antibiotics.

3.4. Mechanism of the interaction between TCs and Zn(bix)

coordination polymer

Owing to similar structures of four tetracycline antibiotics, we
took tetracycline hydrochloride (TC) as an example to study the
interaction between TCs and Zn(bix) coordination polymer.

The absorption band of TC was centered at 372 nm (Fig. 6), and its
weak fluorescence emission was at 507 nm (Fig. 7). It was obvious
that bix had a negligible effect on the absorption spectra and
fluorescence spectra of TC. In contrast, the interaction between TC
and Zn(II) caused a red shift of the maximum absorption peak of TC
from 372 to 386 nm and certain enhancements of the absorbance. At
the same time, the fluorescence emission peak of TC moved from 507
to 514 nm and the fluorescence intensity was significantly enhanced
owing to the formation of the Zn(II)–TC complex [41,42]. However,
when TC reacted with Zn(bix), on one hand, the maximum absorp-
tion peak of the system moved from 386 to 383 nm and the peak
shape changed from flat to sharp, whereas on the other hand, the
fluorescence intensity was further enhanced and the fluorescence
emission peak moved from 514 nm to 505 nm. Neither the absorp-
tion spectra nor the fluorescence spectra were recovered to those of
TC alone, indicating that a ternary complex of TC–Zn(bix) was
formed, not just a competition between TC and bix for Zn(II).

In addition, in order to further study the interaction between TC
and Zn(bix), circular dichroism spectra of the TC–Zn(bix) system
were investigated (Fig. 8). The BCD-ring chromophores of TC were



Fig. 6. Absorption spectra of the TC–Zn(bix) system. Curve 1: TC; curve 2: TC–bix;

curve 3: TC–Zn(II); curve 4: Zn(bix); and curve 5: TC–Zn(bix). cTC, 1.0�10�4 M;

cbix, 1.0�10�3 M; cZn(II), 1.0�10�3 M; pH 9.00 (Tris–HCl).

Fig. 7. Fluorescence spectra of the TC–Zn(bix) system. Curve 1 TC; curve 2 TC-bix;

curve 3 Zn(bix); curve 4 TC–Zn(II); curve 5 TC–Zn(bix). cTC, 4.0�10�6 M; cbix,

1.0�10�3 M; cZn(II), 1.0�10�3 M; pH 9.00 (Tris–HCl); cNaCl, 0.120 M. Ex¼364 nm.

Fig. 8. Circular dichroism spectra of the TC–Zn(bix) system. Curve 1: TC–Zn(bix);

curve 2: TC–Zn(II); curve 3: TC–bix; and curve 4: TC. cTC, 1.0�10�4 M; cbix,

1.0�10�3 M; cZn(II), 1.0�10�3 M; pH 9.00 (Tris–HCl).

Table 2
Effect of co-existing substance.

Foreign

substances

Allowed

multiple

Relative

error (%)

Foreign

substances

Allowed

multiple

Relative

error(%)

Amylum 100 �1.95 Arginine 50 �3.40

Saccharose 100 2.54 Serine 50 4.04

Dextrin 100 �7.24 Ca2þ (Cl2�) 50 �6.71

Glucose 100 6.64 Naþ (Cl�) 100 3.63

Lactose 100 �1.86 Kþ (Cl�) 100 5.20

Sodium

dodecylsulfate

100 7.77 Mg2þ (Cl�) 25 3.61

Tartaric acid 100 11.18 Ba2þ (Cl�) 25 �10.80

Threonine 50 2.11 Al3þ (SO4
2�) 25 �10.84

Histidine 50 4.78 Cu2þ (Cl�) 5 �10.87

Serine 50 1.65 Zn2þ (SO4
2�) 100 �12.98

Phenylalanine 50 3.49 Fe3þ (Cl�) 1 �21.11

Glutamic acid 50 3.95 Mn2þ

(SO4
2�)

1 �62.88

Arginine 50 7.54

cDC¼4.0�10�6 M.

Table 1
Correlation coefficients and linear ranges of the calibration graphs and the detection limits for antibiotics.

System Excitation/emission

wavelength (nm)

Linear regression

equation (mM)

Detection limits

3s/k (nM)

Linear range

(mM)

Correlation

coefficient r

TC–Zn(bix) lex/lem¼364/505 F¼3.84þ34.00c 12.0 0.2–6.0 0.9980

CTC–Zn(bix) lex/lem¼369/513 F¼4.88þ22.30c 19.0 0.2–6.0 0.9990

DC–Zn(bix) lex/lem¼382/502 F¼2.94þ31.94c 6.0 0.2–8.0 0.9932

OTC–Zn(bix) lex/lem¼338/495 F¼2.26þ13.31c 19.0 0.2–8.0 0.9975
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responsible for the bands at 360, 320, 285, and 225 nm, while the A-
ring chromophore contributed to the 262 nm band [43]. For the case
of TC, the peak at 365 nm was not obvious and the signal peak at
260 nm was attributable to the A-ring chromophore. Bix could not
cause an obvious change on the circular dichroism spectra of TC,
suggesting that bix did not affect the conformation of TC. Never-
theless, the peak of TC at 260 nm became negative in the presence of
Zn(II), which confirmed that Zn(II) could bind to the A-ring of TC
leading to the striking conformation change of TC. Interestingly,
when TC was mixed with Zn(bix), besides the negative band at
260 nm, a new positive peak appeared at 365 nm, indicating that
the interaction between TC and Zn(bix) also occurred at the BCD-
ring groups. The obvious change of the peak at 260 nm and 365 nm
suggested that the conformation of the TC was changed, which also
indicated that the binding of Zn(II) in Zn(bix) to TC was located at
both the A-ring and BCD-ring. As a consequence, the conformational
rotation of TC molecules was restricted, resulting in significant
enhancement of the fluorescence intensity of TC.

3.5. Analytical application

Taking DC as an example, the effects of some common metal
ions, amino acids and sugars on the determination of DC were



Table 3
Determination results of doxycycline hyclate tablets.

Samples Labeled

amount

(mg/

tablet)

Determined (mg/tablet) RSD (%)

HPLC method

(n¼3)

This method (n¼5) HPLC

method

This

method

1 100 120.5, 120.6,

121.1

101.3, 98.2, 98.2,

100.9, 96.7

0.23 2.01

2 100 115.7, 115.6,

115.7

95.6, 99.3, 106.7,

99.2, 98.6

0.01 4.08

3 100 110.7, 110.6,

110.6

103.0, 98.6, 108.2,

102.6, 103.5

0.06 3.29
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investigated (Table 2). It can be seen that amino acids, sugars, Naþ ,
Kþ , Mg2þ , Ba2þ , Al3þ , Zn2þ and Ca2þ resulted in no characteristic
change in the fluorescence spectra even at a concentration of 25
equivalent of DC. Meanwhile, the fluorescence intensities of the
system decreased obviously in the presence of Mn2þ and Fe3þ ,
which may be attributed to the coordination of TCs with them
[42,44], decreasing the interaction between TCs and Zn(bix). Since
the contents of Mn2þ and Fe3þ were very low in doxycycline
hyclate tablets, their effects on the determination of DC could be
ignored. So, the coordination polymer of Zn(bix) could be used for
determination of doxycycline hyclate tablets.

In order to evaluate the application of the proposed method to
real samples, we measured the content of DC in commercial
doxycycline hyclate tablets from three factories, together with the
results obtained by HPLC method according to ‘‘Pharmacopoeia of
the People’s Republic of China’’ (2010 edition). The determined
results listed in Table 3 showed high accuracy and good repeat-
ability of this method.
4. Conclusions

In summary, we had successfully employed a metal–organic
coordination polymer of Zn(bix) to visually detect tetracycline
antibiotics (TCs). Briefly, by adding the coordination polymer of
Zn(bix) to the solutions of TCs, the fluorescence of the TCs was
turned on, and thus, a new fluorimetric method for the determina-
tion of tetracycline antibiotics was developed. This method was
simple, fast and sensitive. Furthermore, it had been used for the
determination of doxycycline hyclate in doxycycline hyclate tablets
with satisfactory results. In our opinion, more efforts can be taken to
design and construct metal–organic coordination polymers and to
find their potential applications in the fields of analysis and sensing.
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