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A new method for the determination of josamycin has been developed based on quenching of the fluorescence

of 3-mercaptopropionic acid-capped CdTe quantum dots (MPA-CdTe QDs) by josamycin in ethanol. Reaction

time, interfering substances on the fluorescence quenching, and mechanism of the interaction of CdTe QDs

with josamycin were investigated. Under optimum conditions, the relative fluorescence intensity was linearly

proportional to the concentration of josamycin between 12.0 and 120.0 µg mL−1 with a correlation coefficient

of 0.9956 and a detection limit of 2.5 µg mL−1. The proposed method was successfully applied to commercial

tablets, and the results were satisfactory, i.e. consistent with those of high-performance liquid chromatography

(HPLC). 
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Introduction

Josamycin(JOS) is a 16-membered macrolide antibiotic that

is particularly indicated for the treatment of infections of the

skin, respiratory tract, ear, nose and throat. It is therefore used

in human and veterinary practice. Like other macrolide

antibiotics, JOS is a lipophilic molecule with a central lactone

ring of 16 atoms to which several amino and sugar moieties

are bound.1,2 Up till now the detection and quantification of

JOS in biological fluids, tissues, eggs and milk has mainly

been performed by kinetic spectrophotometric,3,4 Voltam-

metry method,5 liquid chromatography,6-9 liquid chromato-

graphy-mass spectrometry (LC-MS)10,11 and capillary electro-

phoresis.12 However, kinetic spectrophotometric methods is

based on reaction for a fixed-time of 20 ± 2 min at 70 oC.

LC needs great amount of organic solvent, large instrument

and skilled operator. Capillary electrophoresis is simple than

HPLC, but its reproducibility is poor. Moreover, they are

also time-consuming, rather complicated and expensive, and

cannot be used for routine clinical analysis. So there still

exists a need for improved a cheaper and simpler method for

the measurement of JOS.

Fluorimetric techniques are becoming increasingly important

for quantitative determination of pharmaceutical drugs13,14

due to their high sensitivity, short run time, cheap instrumen-

tation and selectivity, etc. Compared to organic fluoro-

phores, QDs exhibit higher quantum yield, colour availabi-

lity, good photostability, large surface-to-volume ratio and

surface functionality. Thus, QDs have been widely employ-

ed in some applications, such as the determination of

enrofloxacin,15 ranitidine hydrochloride,16 roxithromycin,17

polycyclic aromatic compounds18 and cytochrome c19 in

analytical chemistry. However, the use of MPA-CdTe QDs

to the study of the interaction between QDs and JOS by

fluorescent technique has not been reported so far. In this

study we found that the fluorescence intensity of CdTe QDs

quenched in the presence of JOS at ethanol. The quenched

intensity of fluorescence was proportional to the concent-

ration of JOS. Based on this phenomenon, a new method for

the determination of JOS by the fluorescent technique was

developed. The method has been applied to the deter-

mination of JOS in commercial tablets from different

manufactures with satisfactory results.

Experimental 

Apparatus. UV-vis absorption spectra were recorded

with a UV-2102 PC UV/vis Spectrophotometer (UNICO

(Shanghai) Instrument Co., Ltd., China). The spectra and

intensity of fluorescence were measured with a RF-5301

spectrofluorimeter (Shimadzu, Japan). A quartz cuvette

(1 × 1 cm cross section) was used. The slit-width for ex-

citation and emission was set at 5 nm and 3 nm, respectively.

All optical measurements were performed at room temper-

ature under ambient conditions.

Reagents. JOS reference standard, Cadmium chloride,

sodium borohydride (NaBH4), tellurium powder, 3-mer-

captopropionic acid (MPA), sodium hydroxide and absolute

ethanol were purchased from Aladdin-Reagent Company

(Shanghai, China). All chemical reagents were of analytical

grade and used as received without further purification. 

Synthesis of Quantum Dots. The preparation of MPA-

CdTe QDs was via a modified method adopted from

literature.20 The CdTe QDs colloidal solution was prepared

using the reaction between Cd2+ and NaHTe solution at pH

12.0 with MPA as the stabilizing reagent. The molar ratio

of Cd2+/Te2−/MPA was 1:0.4:2.3. Briefly, 1.26 × 10−4 mol

CdCl2·2.5H2O was dissolved in 90 mL water, and 2.88 × 10−4

mol of MPA was added under stirring, the pH of mixture

was adjusted to 12 using 1 mol L−1 NaOH, the mixture was

bubbled with N2 atmosphere for 60 min. Under vigorous

stirring, 5.04 × 10−5 mol freshly prepared oxygen-free NaHTe,
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which was prepared by reaction of 80 mg Te powder and

80 mg NaBH4 in 2 mL water at 0 oC for 8 h, was injected to

the above solution. Afterward, the resulting solution mixture

was heated to 100 oC and refluxed for 2 h.

Procedures. An appropriate volume of working solution

of JOS were added to a 10 mL volumetric flask with 0.40

mL CdTe QDs, then diluted with ethanol to the mark and

mixed thoroughly. The fluorescent spectra were obtained by

scanning the emission from 350 to 600 nm on the spectro-

fluorimeter (with 5 nm and 3 nm slite width for excitation

and emission, respectively), and the fluorescent intensity F

for the reaction product and F0 for the reagent blank were

measured at the maximum emission wavelength, ΔF = F0−

F.

Sample Treatment. For the pharmaceutical analysis, 10

tablets were reduced to a homogeneous fine powder in a

mortar. An amount of this powder corresponding to about

500.00 μg mL−1 solution was accurately weighed and dis-

solved in about 25 mL ethanol. After sonicated for 10 min,

the solution was filtered, transferred into a 50 mL calibrated

flask and completed to volume with the same solvent.

Results and Discussion

UV-vis and Fluorescence Spectroscopy of CdTe QDs.

The absorption spectra and fluorescence spectra of the CdTe

QDs were obtained and shown in Figure 1. The fact that

the emission maximum lay close to its absorption onset

indicated the emission rose from direct recombination

between conduction and valence band charge carriers. It can

be seen that the line width of the fluorescence spectra was

narrow, which also revealed that the as-prepared CdTe QDs

were nearly monodisperse and homogenous.

The Fluorescence Quenching of CdTe QDs by JOS.

The emission spectra of CdTd QDs in the absence and

presence of JOS were recorded in ethanol, the results of

which are shown in Figure 2. The observed fluorescence

band was centered at 561 nm (excitation 350 nm). When

JOS was added to the CdTe QDs, a significant decrease of

QDs fluorescence emission was observed. Considering this

significant quenching of fluorescence intensity, the possibi-

lity of developing sensitive methods for JOS based on

spectrofluorometry has been evaluated. 

Mechanism of the Interaction of CdTe QDs with JOS.

Quenching of FL emission from QDs may occur by several

mechanisms: energy transferring, charge diverting, surface

absorption, and surface bound complexation equilibrium

attraction.21,22

To explore the mechanisms of reaction, the UV-vis ab-

sorption spectra of CdTe QDs were investigated in the

absence and presence of the JOS (Figure 3). As showed in

Figure 3, JOS had no absorption in the 400-700 nm wave-

length range. This shows the quenching of FL emission of

CdTe QDs was not attributed to the absorption of the

emission wavelength by JOS. No obvious change was

observed for the CdTe QDs absorption spectra before and

after successive addition of JOS, which also means CdTe

QDs do not aggregate or become smaller after addition of

JOS. If FL emission quenching of CdTe QDs occurred

because of a charge transfer process, the absorption of

Figure 1. Absorption spectra (1) and fluorescence spectra (2,
excited at 350 nm) of CdTe QDs.

Figure 2. Fluorescence emission spectra of CdTe QDs in the
absence and presence of different concentrations of JOS. Concent-
ration of CdTe QDs from (1) to (5): 0.2 mmol L−1, (6): 0 mmol L−1;
JOS from (1) to (6): 0, 24, 32, 40, 60, 40 µg mL−1.

Figure 3. Absorption spectra of CdTe QDs in the presence of JOS
(1), CdTe QDs (2), JOS (3).
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sufficient light energy causes excitation of electrons from the

valence band (VB) to the conduction band (CB) resulting in

the formation of positive charge termed as a hole (h+) in the

VB and a free electron (e−) in the CB (eqn. (1)).

CdTe + hν → CdTe* + e−(CB) + h+(VB) (1)

Without the presence of electron acceptor, the electron and

hole would recombine and emit the fluorescence. Based on

the presence of the conjugated double bonds, hydroxyl

groups of macrocyclic lactone ring are traps of the holes,

which could block the recombination of electron and hole

and quench the fluorescence of nanocrystals. Similar results

have been reported by Yang et al., they have reported the

photoluminescence quenching of nanoparticles through the

direct oxidation of catechol earlier.23 

Reaction and Stability. Under room temperature, the

effect of time on the fluorescence intensity of the system was

tested. Results show that the intensity of fluorescence

intensity reaches quickly a maximum when all reagents are

mixed together. No additional incubation time is needed.

The intensity of ΔF is stable for at least 2.0 h at room

temperature. Therefore, 5 min of incubation time was re-

commended.

Effect of Temperature on the FL Intensity of QDs.

Temperature has great effect on the fluorescence intensity of

CdTe QDs (Figure 4). The influence of the temperature on

the fluorescence intensity shows a nearly linear (negative)

relationship between temperature and fluorescence intensity

of CdTe QDs. When the temperature is decreased, the

fluorescence is enhanced. Similar results have been reported

by Yu et al.24

Temperature coefficient (Tcoef), in percentage, was cal-

culated from the expression

(2)

Where IF1 and IF2 are the fluorescence intensity at any two

temperatures which define the temperature increase (ΔT).

The calculation of Tcoef affirms the non-radiant deactivation

process is the internal conversion when ;25 the

value obtained for CdTe QDs with a temperature coefficient

of 0.48%. It showed non-radiant deactivation process

occurred for CdTe QDs. Thus, as for the CdTe QDs, the

increased temperature results in the decreased quantum yield

of fluorescence, which contributes to the declining FL

intensity when it is excited with the same energy.

Calibration Curves and Sensitivity. Under the optimum

conditions, the calibration curves for determination were

built under the temperature of 25 oC (Figure 5). The linear

range was 12.0-120.0 μg mL−1 for JOS. The linear regre-

ssion equation was ΔF=2.6996C+1.267, the correlation

coefficient was 0.9956. It demonstrated that there was a

good linear relationship between the concentration of JOS

and ΔF. The limit of detection (LOD) was 2.5 μg mL−1,

which was given by the equation LOD = KS0/S, where K was

a numerical factor chosen according to the confidence level

desired, S0 was the standard deviation (S.D.) of the blank

measurements (n = 11, K = 3), and S was the slope of the

calibration curve. For five successive determinations of a

40.0 μg mL−1 JOS solution, the relative standard deviation

(RSD) for the FL Intensity was 1.65%. The comparison of

CdTe quantum dots as fluorescent probes for JOS deter-

mination with other methods was listed in Table 1. It can be

seen that the CdTe quantum dots offered a wide linear range

for JOS detection and better reproducibility than some of

previous reports. These results indicated that CdTe quantum

dots is an appropriate fluorescent probes for the deter-

mination of JOS.

Tolerance of Foreign Substance. The tablets often con-

tained the following excipients: sodium dodecyl sulphate,

glucose, sucrose, starch, mannitol and o-phthalic acid.26 The

results showed that for 40.0 μg mL−1 JOS, at least 2.5-fold

concentration of mannitol; 2-fold concentration of sodium

dodecyl sulphate; 0.1-fold concentration of Glucose, sucrose,

starch and o-phthalic acid; 0.01-fold concentration of EDTA

and CaSO4 do not interfere with fluorescence intensity of the

standard solution (signal change below 5%). However, the

Tcoef %( ) = 
2.303

TΔ
---------------

IF
1

IF
2

--------log 100×

Tcoef 1 %≤

Figure 4. Effect of the temperature on fluorescence intensity of
CdTe QDs, from 1 to 5: 20, 24, 28, 32, 36 oC.

Figure 5. Fluorescence emission spectra of CdTe QDs in the
absence and presence of different concentration of JOS: 0.0, 12.0,
24.0, 32.0, 40.0, 60.0, 80.0, 100.0, 120.0 and 140.0 µg mL−1 from
1 to 10.
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solubility of these interfering substances in ethanol was very

low, so that their concentration in the sample solution was

low. After being dissolved in ethanol and then filtered, the

sample was directly detected without other treatments. 

Application. The present method was applied to deter-

mine JOS in commercial tablets. The results obtained by the

proposed and reference (HPLC method9 for the assay of JOS

was adopted) procedures for pharmaceutical formulations

are compared in Table 2 and are in good agreement. The

recovery of the method was in the range of 96.2-101.9%. 

Conclusion

The article described a simple, rapid and economical

fluorescence method for the determination of JOS in

commercial tablets. The primary advantage of this method is

its simplicity and rapidity. Under the optimum conditions,

the method has a linear range of 12.0-120.0 μg mL−1 with

a 0.9956 correlation coefficient. The limit of detection was

2.5 μg mL−1. The presented method has been applied

successfully to the determination of JOS in pharmaceutical

formulations. 
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