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Abstract

A novel method was developed for the simultaneous determination of tetracycline antibiotic (TCA) residues such as oxytetracycline
(OTC), tetracycline (TC), and metacycline (MTC) by high-performance liquid chromatography (HPLC) coupled with chemiluminescence
(CL) detection. The procedure was based on the chemiluminescent enhancement by TCAs of the potassium permanganate—sdglum sulfite—
cyclodextrin system in a phosphoric acid medium. The separation was carried out with an isocratic elution using a mixture of acetonitrile
and 0.001 M phosphoric acid. For the three TCAs, the detection limits at a signal-to-noise of 3 ranged from 0.9 to 5.0 ng/ml. The relative
standard deviations for the determination of TCAs ranged from 3.1 to 7.4% within andalyl] and ranged from 2.2 to 8.6% in 3 days
(n=9), respectively. The method was successfully applied to the determination of TCA residues in honey samples. The possible mechanism
of the CL reaction was also discussed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction development of bacterial resistarj@g Therefore, regulatory
authorities have established maximum residue limits (MRLS)
Tetracycline antibiotics (TCAs) are commonly used both for TCAs in food. Some countries do not have fixed MRLs
for the treatment of infectious diseases and as an additive tofor honey because TCAs are illegal for use with bees at any
animal feeds for their broad-spectrum antibacterial activity level, while some countries apply an action level of 50 ng/g.
and cost effectiveness. If recommendations for drug with-  Many methods have been described for the deter-
drawal are not respected or if veterinary drugs are used unli-mination of TCAs such as microbiological ass§;,5],
censed, there is a significant risk of detecting TCA residues enzyme immunoassay6], spectrophotometry[7], fluo-
in honey, milk, and some edible animal tissyg#k More- rimetry [8], electrochemical detectiof®], flow-injection-
over, TCAs can be added directly to plants in the orchard chemiluminescence methofi,11], high-performance lig-
environment during blossom. The contamination of the blos- uid chromatography (HPLC)12—-23] and capillary elec-
som with high concentrations of antibiotic implies the risk trophoresis (CE)24]. However, few methods are applied to
of a carry-over of residues into hon¢g]. Relatively high determine TCA residues in honey, mainly due to the lack of
levels of TCA residues in food products present a potential sufficient sensitivity for practical application and the interfer-
hazard to the consumers in terms of allergic reaction and theences suffered from honey complex matrix. Currently, TCA
residues in honey are determined mainly by microbiological
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the bioassay approaches. These methods are not only experwith redistilled water. The HPLC mobile phases were freshly
sive and time consuming but they also do not distinguish prepared each day, filtered through a O2RB-membrane fil-
among TCAs, thus their sensitivity and specificity are lim- ter (Xinya Company, Shanghai), and then degassed before
ited. This is why methods now developed for TCA detection use.
in honey are focused on chromatographic methods because
they offer the advantages of better sensitivity and specificity. 2.2. Instrumentation

TCA residues in various biological matrices can be deter-
mined using reversed-phase liquid chromatography (LC) The schematic diagram as described previo[&iyillus-
with different detection modes such as spectrophotome-trated the HPLC-CL detection system used in our experi-
try [12-17] fluorescencgl8,19] mass spectrometry (MS) ments. The HPLC system was Agilent 1100 series (Agilent
[20—22] and electrochemical detectif28]. Mass spectrom-  Technologies, USA), including a binary pump, a thermo-
etry can detect residual TCAs with high sensitivity and selec- stat column compartment, a diode array and multiple wave-
tivity, but the instrumentation is expensive. In recent years, length detector (DAD), a manual sample valve injector with
chemiluminescence (CL) has become an attractive detectiona 1004l loop, and an analytical column (Zorbax Eclipse
method for liquid chromatography due to its high sensitivity XDB-Cjg, 150 mmx 2.1 mm 1.D., 5um; Agilent Technolo-
and wide linear working ranges, which can be obtained with gies, USA). CL detection was conducted on a flow-injection-
relatively simple instrumentation. However, to our knowl- chemiluminescence system (Remax, China) consisting of a
edge, there has been no published report using HPLC-CL tomodel IFFM-D peristaltic pump, a mixing tee and a model
detect TCA residues. IFFS-A CL detector equipped with a glass coil (used as

It was reported that the reaction between acidic potassiumreaction coil and detection cell), and a photomultiplier. The
permanganate and sodium sulfite could give rise to chemi-data from the CL detector were acquired by Agilent Inter-
luminescence from 450 to 600 nfR5]. The mechanism of  face 35900E and processed by Chemstation A.08.03 running
the CL reaction of sodium sulfite with acidic potassium per- on a DELL smartpc 100 personal computer. Fluorescence
manganatg26] was suggested to be due to electronically spectrum was recorded offline by LS55 fluorimeter (Hitachi,
excited state of sulphur dioxide molecules. In the present Japan) after correction. CL spectrum was obtained by insert-
study, we found that the reaction of potassium permanganateing cut-off filters at wavelengths of 360, 380, 400, 420, 430,
with sodium sulfite in the presence pfcyclodextrin could 470,490,510, 535, 550, 565, 580, 600, 630, and 650 nm (light
yield intensive CL and TCAs could strongly enhance the CL cannot pass at wavelengths lower than these values) between
of potassium permanganate—sodium sulfiteyclodextrin the detection cell and a photomultiplier in flow injection CL
system. On this basis, a highly sensitive method was devel-system[28].
oped for the determination of TCA residues in honey by

coupling HPLC with this CL reaction. 2.3. Procedure
TCAs were separated by XDB1gcolumn at 25 C with
2. Experimental an isocratic elution program at a flow rate of 0.5 ml/min.
The mobile phase consisted of acetonitrile (A) and 0.001 M
2.1. Chemicals and solutions phosphoric acid (B). The isocratic elution program was 16%

A for 11 min. The UV-vis detector was set at 274 nm for
Acetonitrile of HPLC grade and sodium sulfite anhydrous OTC and TC and 350 nm for MTC. Typical retention time of
(NapSOs) were from Beijing Chemicals Company (Beijing, OTC, TC, and MTC was 2.6, 3.2, and 10.3 min, respectively.
China). Potassium permanganate (KMi@B-cyclodextrin Solutions of KMnQ, and NaSO; were combined with the
(B-CD), and phosphoric acid @P0,) were obtained from  peristaltic pump at a flow rate of 1.8 ml/min, respectively,
Shanghai Chemicals Company (Shanghai, China). Oxyte-and then mixed with the column effluent from DAD at a mix-
tracycline (OTC), tetracycline (TC) and metacycline (MTC) ing tee via a PEEK tube (600 mm0.25 mm 1.D., Agilent
were obtained from the Institute of Pharmaceutical and Bio- Technologies). Light emission was monitored by the photo-
material Authentication of China (Beijing, China). All other multiplier tube. The quantitative determination was based on
chemicals were of analytical-reagent grade. the relative CL intensityAl =1s — lg, wherels was the CL
OTC, TC, and MTC stock standard solutions (0.1 mg/ml) intensity of TCA compounds arigwas the intensity of blank
were prepared weekly using redistilled water and were signal.
stored at 4C in a refrigerator. A stock solution of-
CD (1x 10-3M) was prepared by dissolving 0.2837%R¢ 2.4. Sample preparation
CD in 250ml redistilled water. The solution of h&O3
(9.6x 107*M) was prepared by dissolving N&O; in For extraction of the honey sample, 509 (accurate to
5x 10~8M B-CD. The solution of KMnQ (1.5x 10~4 M) 0.19g) of the sample was weighted and dissolved in 200 ml
was prepared by dissolving KMnOn 0.075 M phosphoric  of 2% citric acid buffer solution (pH 4.0). The pH was
acid. All working solutions were freshly prepared each day adjusted to 4.5 with 2% citric acid or 40% NaOH solu-
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tion, and 60 ml of pH 4.5 phosphate buffer solution (PBS,
0.1 M) was added. The sample solutions were poured into the
chromatographic column packed with XAD-2 resin at a rate
of 100 ml/h, and the tetracycline residues were adsorbed by
the resin on the column. The tetracycline residues adsorbed
were washed with 200 ml of water by controlling the flow
rate of the water to 150 ml/h. Finally, the TCA residues —— 7T T
eluted with 90 ml of 60% methanol, with a flow rate of
90 ml/h. The eluent was ready for use after it was trans-
ferred into a round-bottomed flask, concentrated atClO
under reduced pressure to dryness, then dissolved and diluted
to 100 ml with water. The recovery experiments were spiked
50 ng/ml OTC and TC and 250 ng/ml MTC in the honey sam-
ple. All values measured were the average values of three
replicates.
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3. Results and discussion _— (©

In acidic medium, KMnQ reacted with NaSQs to gen-
erate CL. TCAs, including OTC, TC, and MTC, enhanced
the CL intensity of the KMn@-NaSO;—3-CD system. The
enhanced CL intensity was sensitive to a variety of factors
such as solvent, pH, and HPLC mobile phases. The strongest : : . ; .
CL intensity was obtained by optimization of the following 0 2 4 6 3 10 12
conditions.
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3.1. Optimization of HPLC system
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As for HPLC-CL detection, the mobile phase of HPLC 1
is not only suitable for the separation of MTC, OTC, TC, 105- M
but also compatible with the CL reaction. Several mobile it
phases have been reported for the separation of TCAs on a 90 —T N — N — 1
RP-Cs column, such as acetonitrile—phosphoric acid—water Time (min)

[13,14] acetonitrile—acetate buffer—tetrahydrofurgt?],

acetonitrile—oxalic acid—watef15,17], acetonitrile—citric Fig. 1. Chromatograms of TCAs with DAD at 350nm and CL detec-
acid—water [20], and methanol-formic acid—watd@1]. tion. Seps_iratio‘n con(.jition: .isocratic eluti_on with e}c_:etgnitrilfe and 0.0F)l M
The CL intensity was iqtensgly inhibited by splvents such E::,?;gi?rfsaxc'lc:r(} &;Sﬁa\;'s\&:cglfﬁrxeaﬁﬁn,\ﬂ?o; cggfgffg;go,\ﬁﬁfou’

as methanol and oxalic acid, but the mobile phase Of rate: 1.8 mi/min. (A) Chromatogram of a mixture of standard TCAs with
acetonitrile—phosphoric acid—water was found suitable for DAD detection. (B) Chromatogram of a mixture of standard TCAs with CL
the separation of these compounds and compatible with thedetection. (A, B: TCAs: OTC, TC 250 ng/ml, MTC 50 ng/ml). (C) Chro-
KMnO4—NaSO;—B-CD system in acidic medium. Underthe Mmatogram of hor_]ey sample vyith DAD detection. (D) Chromatqgram _of
condition of complete separation, the effects of phosphoric Phoney Sa,mple with CL detection. (C, D: honey sample was spiked with

. . . - e TCAs: OTC, TC 50 ng/ml, MTC 250 ng/ml).
acid concentration and mobile phase composition on the CL
intensity were studied.

The effects of phosphoric acid concentration ranged from
1x 107°Mto 1 x 10~2 M. When the concentration of phos- ) . ,
phoric acid was & 10-3M, the separation was good, and tor was predominantly superior for the detection of OTC
the CL intensities of TCA compounds were almost maximal. and MTC. The resylts demonstrated that the potassium
The concentration of acetonitrile ranged from 8 to 25%. The pgrmanganate_:—sodl_um sulﬁtbgyclodextrm system was
chromatographic peaks of OTC and TC overlapped when thehlghly compatible with the mobile phase of HPLC.
concentration of acetonitrile was greater than 19%, whereas,
peak tailing of TCAs occurred with 10% acetonitrile and sep- 3.2. Optimization of CL system
aration time was about 40 min. Good separation and maximal
relative CL intensity were obtained when 16% was chosen In acid media, KMnQ can react with NgSOs to pro-
for the acetonitrile concentration. duce weak CL. TCAs were found to enhance the CL

Net CL intensity (a.u.)

The chromatograms obtained from DAD and CL detec-
tor are shown inFig. L Compared with DAD, CL detec-
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intensity in KMNnQ;—NaSO; solution. Whenp-CD was
added to the system, both the CL intensity (S) and the
noise (N) increased and the ratio of the peak height of
CL signal-to-noise (S/N), i.e. relative CL intensity, also
increased sharply. The kinetic characteristics of the CL
enhancement by TCAs, for example MTC (200 ng/ml),
of KMNnO4—NaS0O; and KMnQ;—NaSO;—3-CD systems
were studied by a flow injection system under reaction condi-
tions: 0.075 M HPQOy, 1.5x 1074 M KMnQOy, 9.6 x 1074 M
NapSO;3, 5% 108 M B-CD, 1.8 ml/min flow rate. The results
indicated that the enhancing signal of MTC was stronger
in the KMnQ;—Na&SO:;—3-CD system than that in the , ‘ . .
KMnO4—-NaS0s. The S/N in the KMn@-NaS0; and the 0.8 12 L6 20 24
KMnO4—NaSO;—B-CD systems was 11.8 and 14.1, respec- Concentration of KMnO, (10°M)

tively. Thus, the KMNQ-NgSOs;—3-CD system was cho-

sen for the subsequent experiments. To obtain maximal netFig. 3. Effectofthe KMnQ concentration in BPQy solution on the relative

CL intensity, the effects of the concentrations of KMpO CL intensity. All values are average values of three replicates. Standard

. . deviations are given as error bars. Mobile phase: acetonitrile and 0.001 M
N&;SOs, HsPOy, B-CD, and flow rate on net CL intensity phosphoric acid (16:84, v:v). Reaction condition?®,: 0.075 M; NaSOs:

were investigated. o 9.6x 104 M; B-CD: 5x 10-8 M; flow rate: 1.8 ml/min. TCAs: OTC, TC
There are some reports on the chemiluminescence 0f300ng/ml, MTC 60 ng/ml.

KMnO4 in acid medig[25]. Some acids (phosphoric acid,
polyphosphate acid, sulfuric acid, hydrochloric acid, nitric
acid, acetic acid) with 0.01 M concentration were examined
and the CL intensity was found to be highest in phospho-
ric acid solution. The optimal concentration o§PO, was
0.075M ig. 2). The effect of KMnQ concentration on the
net CL intensity ranged from 7.6 107 °Mt0 2.25x 1074 M
in0.075 M HsPOy. The maximum enhanced CL intensity was
reached at a concentration of x3.0~*M for TCAs tested
(Fig. 3). With lower concentrations of KMngnet CL inten-
sity was weak. With higher concentrations of KMaMet

CL intensity decreased, which could be due to permanganat
absorption of the CL emission at high concentration. There-
fore, the optimal concentration of KMn@vas 1.5x 10~4 M.
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The effect of NaSO; concentration on net CL intensity
ranged from 1.6« 104 M to 1.2x 10~3M (Fig. 4). The net
CL intensity reached maximum for TCAs when the con-
centration of NaSOz; was 9.6x 10~4 M. Then it decreased
greatly beyond 9.6 10~4 M in which some tiny air bubbles
were produced. Thus, the concentration ob8l@; chosen
was 9.6x 1074 M.

Fig. 5 shows the effect of3-CD concentration on CL
intensity. The maximal relative CL intensity was achieved

At 5.0x 10-8 M, which could probably be ascribed to the
formation of inclusion complex micelle with TCAs in acid
at this concentratiof29]. As a result, 5.6< 108 M B-CD
concentration was chosen.
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Fig. 2. Effect of the HPOsconcentration in KMn@solution on the relative Fig. 4. Effect of the NaSO; concentration on the relative CL intensity.

CL intensity. All values are average values of three replicates. Standard All values are average values of three replicates. Standard deviations are
deviations are given as error bars. Mobile phase: acetonitrile and 0.001 M given as error bars. Mobile phase: acetonitrile and 0.001 M phosphoric acid
phosphoric acid (16:84, v:v). Reaction condition: KMpQ.5x 10~ M; (16:84, v:v). Reaction condition: 4PQy: 0.075 M; KMnQy: 1.5x 104 M;
NapS0s: 9.6 x 1074 M; B-CD: 5x 10-8 M; flow rate: 1.8 ml/min. TCASs: B-CD: 5x 10-8 M; flow rate: 1.8 ml/min. TCAs: OTC, TC 300 ng/ml, MTC
OTC, TC 300 ng/ml, MTC 60 ng/ml. 60 ng/ml.
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Fig. 5. Effect of thep-CD concentration on the relative CL |nt‘en_3|ty. Fig. 6. Effect of flow rate on the relative CL intensity. All values are average
A_” values are average yalues of three rgp!lcates. Standard dewatpns E_lrevalues of three replicates. Standard deviations are given as error bars. Mobile
given as error bars. Mobile phase: acetonitrile and 0.001 M phosphoric acid phase: acetonitrile and 0.001 M phosphoric acid (16:84, v:v). Reaction con-
(16:84, v:v). Reaction condition: 40y 0.075 M; KMnQy: 1.5x 1074 M; dition: HsPOy: 0.075M; KMnQy: 1.5x 10-4 M: NaZSQ"9 6x 10-4 M:
NapS0z: 9.6x 10~ M; flow rate: 1.8 ml/min. TCAs: OTC, TC 300 ng/ml, B-CD: 5 108 M. TCAs: OTC. TC 300 ng/ml, MTC 6ohg}m| ’

MTC 60 ng/ml. ' ' ' ' ' '

The effect of flow rate on the CL intensity ranged from and ranged from 2.2 to 8.6% in 3 days<(9), respectively.
0.8t0 2.5 ml/min Fig. 6). The relative CL intensity increased ~ Therefore, the precision and stability of the proposed method
sharply in the range of 0.8—1.8 ml/min, and then decreasedWere acceptabl&able 2summarizes the detection limit and

beyond 1.8 ml/min. Under optimal total flow rate condition, linear range with different methods for the determination of
the flow rate of NaSOs; and KMnQ, was 1.8 ml/min. three TCA residues in food products. The CL detection limits

for the determination of OTC and TC were comparable with
UV-vis and electrochemical detectidi28], but were higher
than that with MS detectiof20]. For MTC, the CL detection

Under the optimum conditions described above, working limit was lower than that with UV-vis and electrochemical
curves of the OTC, TC, and MTC were obtained in the con- detection[23]. The results demonstrated that the HPLC-CL

centration range of 0.5-1000 ng/ml (at least 10 concentrationMethod offers an alternative and sensitive approach for the
points covering the whole range were used). Each point of detection of three tested TCAs and can be used in MRL anal-

3.3. Linearity, sensitivity, and precision

the calibration graph corresponded to the mean value fromYS!S-

three independent injections. The parameters of the regres-

sion equations, detection limits, and precisions were obtained3.4. Application

with standard solutions of TCA3#éble ). For the three tested

TCAs, linear ranges of the CL detection were about 2 orders  To evaluate the applicability of the present method in real
of magnitude and the detection limits at a signal-to-noise of samples, the honey samples provided by the Anhui Province
3 ranged from 0.9 to 5.0 ng/ml. The precision and stability Entry-Exit Inspection and Quarantine Bureau (EIQB, Anhui,
of the proposed method were studied by assaying the stanPR China) were analyzed by this CL method. The chro-
dard solutions of TCAs (OTC, TC 250 ng/ml; MTC 50 ng/ml) matograms are shown Fig. 1and the results are presented
within a day and between days. The relative standard devia-in Table 3 The chromatograms obtained with CL detector

tions (Table ) ranged from 3.1 to 7.4% within a dag€ 11) were very simple (only a few peaks) and baseline was stable
Table 1
Performance of the proposed CL method for the determination of TCAs in honey matrix
TCA Linear range (ng/ml) Detection limit (ng/ml) Precision Regression equation Correlation

(n=10) Al=aC+b coefficient ¢)

CL DAD (ng/ml) R.S.D. (%)

OoTC 8-800 3.0 2h 250 2.9 4.5 Al =4.064x 108C+21.987 0.9963
TC 10-800 50 2B 250 74 86 Al=1.925x 10°C+12.616  0.9925
MTC 1-800 0.9 9.6 50 3.¢ 2.2 Al=1.934x 10°C+69.150 0.9929

a Al: net CL intensityC: concentration of TCAs.
b Wavelength: 274 nm.

¢ Wavelength: 350 nm.

d Precision in one dayn= 11).

€ Precision in three days € 9).
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Table 2
Detection of TCAs residues in food with different methods
TCAs Method Sample Linear range (ng/ml) Detection limit (ng/ml) MRL (EU) (ngfml)  Reference
oTC This HPLC-CL method Honey 8-800 .3 b
This HPLC-DAD method Honey 10-800 @ -
HPLC-UV Fish 40 100 [16]
HPLC-UV Honey 50-650 9 - [17]
HPLC-EC Milk 50-1000 15 100 [23]
HPLC-MS Muscle ® 100 [19]
Liver 25.2 300
Kidney 48 600
HPLC-MS-MS Honey 5 - [20]
TC This HPLC-CL method Honey 10-800 .6 -
This HPLC-DAD method Honey 10-800 @ -
HPLC-UV Honey 50-650 4 - [17]
HPLC-EC Milk 50-1000 20 100 [23]
HPLC-MS-MS Honey 5 - [20]
EIA Honey 20 - [6]
MTC This HPLC-CL method Honey 1-800 D -
This HPLC-DAD method Honey 40-800 .® -
HPLC-UV Honey 100-850 4 - [17]
HPLC-EC Milk 50-1000 10 100 [23]

a8 MRL values for TCAs (parent residues and its 4-epimer) in food accordance with European Union regulation (EEC) No. 2377/90 and (EEC) 281/96.
b The dash (=) means that no MRL or tolerance limit for the TCAs have been established.

with a very low background. The recoveries from 92 to 122% 3.5. Mechanism of CL reaction

were obtained for the three compounds and the results were

comparable with DAD detection. The recovery of some sam-  Earlier work suggested that electronically excited sulphur
ples was up to 120%, which was probably due to either the dioxide molecules were the emitters of the CL reaction of
interference of sample matrices or experimental error. How- sodium sulfite with acidic potassium permangangé].
ever, the recoveries were acceptable for the determination ofThe spectra of the CL reaction in the presence of MTC
TCAs at such trace level. The repeatability of the method by (Fig. 7) showed that there were two emission peaks and the
measuring the spiked 50 ng/ml OTC and TC and 250 ng/ml maximum emissions were at 436 and 535 nm, respectively.
MTC honey samples ranged from 5.2 to 8.9%. Therefore, the The peak at 535 nm was identical with the CL spectrum of
proposed method was applicable for the detection of TCA excited state sulphur dioxide molecu[@6,30]and thus the

residues in honey. emitters at 535 nm were the excited state sulphur dioxide
Table 3
Determination of TCAs in honey sample
Sample TCAs Origin&l(ng/ml) Added (ng/ml) Fourfti(ng/ml) Recovery (%)
HPLC-CL HPLC-DAD HPLC-CL HPLC-DAD HPLC-CL HPLC-DAD

1 oTC ND ND 50 59+ 0.84 54+ 0.52 1180 1080

TC ND ND 50 61+ 0.24 58+ 0.69 1220 1160

MEC ND ND 250 252+ 0.48 253+ 0.75 1008 1012
2 oTC ND ND 50 59+ 0.65 59+ 0.37 1180 1180

TC ND ND 50 49+ 0.45 51+ 0.39 980 1020

MEC ND ND 250 256+ 0.48 258+ 0.85 1024 1032
3 oTC ND ND 50 52+ 0.38 48+ 0.46 1040 960

TC ND ND 50 46+ 0.72 48+ 0.62 920 960

MEC ND ND 250 264+ 0.41 243+ 0.47 1056 97.2
4 oTC 14+0.81 ND 50 67+ 0.54 62+ 0.23 1060 1240

TC ND ND 50 47+ 0.75 48+ 0.29 940 960

MEC ND ND 250 249+ 0.87 246+ 0.51 996 984
5 oTC 21+0.93 18+0.12 50 73+ 0.46 67+ 0.18 1040 980

TC 25+0.72 32+0.41 50 80+ 0.57 79+ 0.31 1100 940

MEC ND ND 250 256+ 0.28 258+ 0.67 1024 1032

a8 Mean valuet R.S.D. (i=3). ND: not detected (<LD).
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6 _ emission at 436 nm. Thus, the excited state sulphur dioxide
and the excited state inclusion complege€D and anhydro-

¢ E —=—A derivatives of TCAs might be the emitters in this system. We
‘ ; . suggest that the CL reactions might undergo two routes:

(1) The reaction of HSg with MnO4~ formed the excited
state sulphur dioxide, which followed the pathways pro-
% | posed by Kato et a[33].
2 (2) MTC was oxidized by Mn@~ in acidic medium to
. .o anhydro-derivatives of TCAB1], followed by the reac-

/'/.\"i\ e, tion with B-CD to give rise to the inclusion complex of
" C *e-e B-CD and anhydro-derivatives of TCAs.

B —m-E-E-m—m

CL Intensity (a.u.)
-
o
-

04 =

— — ——————y The inclusion complex may react further with HgCand
300 360 420 450 540 600 MnQ4~ to generate the excited state inclusion compleg-of

wavelength (nm) CD and anhydro-derivatives of TCA89,34] The overall
reaction pathways may be as follows:

Fig. 7. Chemiluminescence spectra of KMpdlgSO;—3-CD-MTC sys-
tem. All values are average values of three replicates. Standard devi-Hs -1IM —
. ) ) D nO
ations are given as error bars. Reaction conditiogP®: 0.075M; S 4

KMnO4: 1.5x 1074M; NapSQs;: 9.6x 10°4M; B-CD: 5x 1078 M; — HSO3* + manganese complex [383] (1)
MTC: 0.1 mg/ml. (A) KMNQ;—N&SO;—MTC; (B) KMnOs—NaSO;—-
CD-MTC. o 4

2HSG* — S06° 4+ 2HT [30, 33] 4)
m_olecule_s. Another CL _emission occurred at 436 nm, and $,062" — SO2 +SO* (5)
this was in agreement with the fluorescence spectra of TCA
oxidation productsKig. 8). It was reported that TCAs could  SQ* — SO + hv (535 nm) (6)

be easily converted into anhydro-derivatives in acid medium B n
with strong oxidizing agents such as® and KMnQy MnOs~ +MTC + H

[31,32] These anhydro-derivatives of TCAs were fluores- — [anhydro-MTC]" + manganesecomplex [31] 2)
cent compounds for conjugated skeleton. Moreover, Yao et

al. proposed thag-CD could form an inclusion complex

with anhydro-derivatives of TCAs in acid medil@®8]. This B-CD + [anhydro-MTC]" — [anhydro-MTCS-CD]* [29]
inclusion complex op-CD and anhydro-derivatives of TCAs

had strong fluorescence at 435-480 nm. Therefore, TCA oxi- @)
dation products were the inclusion complex ®CD and

anhydro-derivatives of TCAs, which were responsible for the HSOs~ -+ [anhydro-MTC$-CDJ*

B — HSG;* + [anhydro-MTC-CD]ox® (7
120 4
[anhydro-MTC$-CD]ox® + MnO4~
‘§ — [anhydro-MTC$-CD]ox M *+manganesecomplex [34]
Ew- ®)
§ il [anhydro-MTCA-CD]ox™*
= — [anhydro-MTCB-CD]oxt + hv(436 nm) 9)
Yao et al. gave a model of inclusion complex and demon-
LI , ‘ . { . strated that fluorescence intensity was dependent on the sta-
280 350 420 490 560 bility constants of inclusion complex affected by two main
wavelength (nm) factors: electronic effect and stereoscopic effect. According

to their studies, the stability constants of MTC and OTC were
;igéc?ib E"ég:‘edﬁ;ﬁ:?eb;gj"g% 7°5f &Mmgs.%‘sﬁx'cl&wc@y?&m greater than that of TC, thus the fluorescence intensity of
5 103 M: B-CD: 5 10-5M: MTC: 0.1 mg/ml. (A) Fluorescence excita- M TC and OTC were stronger than that of TC. This could be
tion spectrum (emission wavelength = 436 nm); (B) Fluorescence emission the reason why the CL signals of MTC and OTC were greater

spectrum (excitation wavelength =320 nm). than TC in our work.
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4. Conclusion [9] P. Sanit, C. Thiraporn, W. Nattakarn, G. Kate, C. Orawon, Anal.
Chim. Acta 499 (2003) 191.

A novel HPLC-CL detection method was established for [10] A.B. Syropoulos, A.C. Calokerinos, Anal. Chim. Acta 255 (1991)

- ) . X 403,
the determination of TCA residuesin honey. This method was 11] A. Pena, LP. Paliis, C.M. Lino, M.I. Silveira, A.C. Calokerinos,

based on enhancement by TCAs of the CL from the potas-  ~ anal. chim. Acta 405 (2000) 51.

sium permanganate—sodium sulfiieeyclodextrin systemin  [12] R.W. Fedeniuk, S. Ramamurthi, A.R. McCurdy, J. Chromatogr. B
a phosphoric acid medium. The method allowed for simulta- 677 (1996) 291.

neous and sensitive detection of oxytetracycline, tetracycline, [13] D-J Fletouris, J.E. Psomas, N.A. Botsoglou, J. Agric. Food Chem.

d motacvoli dues in h " the CL 38 (1990) 1913.
and metacycline resiaues in honey. Moreover, the CL reac- ;1 \y o moats, R. Harik-Khan, J. Agric. Food Chem. 43 (1995) 931.

tion was highly compatible with the mobile phase used in the [15] w.A. Moats, J. Agric. Food Chem. 48 (2000) 2244.
HPLC separation. The application potential of the HPLC-CL [16] R. Coyne, @. Bergh, O.B. Samuelsen, J. Chromatogr. B 810 (2004)

method to other analytes, especially residues in more com- ~ 325. ] ,
plex matrices, is under further investigation. [17] P. Vihas, N. Balsalobre, C.dpez-Erroz, M. Herandez-@rdoba, J.
Chromatogr. A 1022 (2004) 125.

[18] S.M. Croubels, K.E. Vanoosthuyze, C.H. Van Peteghem, J. Chro-
matogr. B 690 (1997) 173.
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