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Abstract Silver nanoparticles have been synthesized and

were utilized for the enhanced luminometric estimation of

moxifloxacin antibiotic. During the experimental proce-

dure, it was clearly found that the addition of silver

nanoparticles intensifies the weak chemiluminescence sig-

nal intensity of calcein–KMnO4 system by several folds. It

was also obvious that the intensity enhancement was lin-

early proportional to the moxifloxacin concentration and

this phenomenon was further utilized for the quantitative

determination of target analyte. Effects of the different

chemical variables during the experiment were studied to

achieve best chemiluminescence signal. Under the opti-

mized experimental parameters, the linear calibration

graph was established over the moxifloxacin concentration

range of 6.0 9 10-8 M to 2.5 9 10-6 M with coefficient

of correlation (r2) value 0.9998. The lower detection limit

was found to be 5.6 9 10-9 M. The percentage relative

standard deviation calculated from five replicate chemilu-

minescence measurements was found to be 2.63 %. The

developed chemiluminescence technique was successfully

applied to the determination of moxifloxacin in tablet

formulation and spiked human urine sample.

Keywords Silver nanoparticles �Moxifloxacin � Calcein �
Chemiluminescence � Flow-injection analysis

Introduction

Moxifloxacin (MF) chemically known as (1-cyclopropyl-7-

[2,8-diazobicyclo(4.3.0)nonane]-6-fluoro-8-methoxy-1,4-

dihydro-4-oxo-3-quinolone carboxylic acid), generally is a

new 8-methoxyquinolone derivative of fluoroquinolone

(FQ) that possesses enhanced in vitro activity against

Gram-positive bacteria and maintained its activity against

Gram-negative bacteria [1–3]. It has been used as

chemotherapeutic bactericidal drug and belongs to the

third-generation FQs family [4]. Also the efficiency of oral

MF 400 mg (once per day) has been well reported in the

recovery of acute sinusitis caused by bacteria and simple

skin and skin structure infections. The bactericidal activity

of this analyzed antibiotic is facilitated by the reticence of

DNA gyrase including topoisomerase II and topoisomerase

IV which are normally the crucial enzymes responsible for

bacterial DNA replication, recombination, repair and

transcription [5]. MF dose is generally provided to patients

in the amount of 400 mg per day, and consequently the

final amount of the drug can be found in urine and serum

for the treated patients are of 30.00–60.00 lg/ml and

2.00–5.00, respectively [6]. Thus, considering the clinical

benefits of MF, there has been a large increase in the

production of MF formulations in market in recent past.

Therefore, due to its vast clinical applications it is of high

demand to establish a reliable, simple and sensitive pro-

cedure for the quantitation of MF drug.

Many methodologies have been reported in the literature

by researchers in the last few decades. Most of the devel-

oped methodologies for the determination of MF are
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mainly based on conventional or hyphenated liquid chro-

matography including high-performance liquid chro-

matography–fluorescence detection (HPLC–FL) [7], solid

phase extraction coupled with HPLC [8], liquid chro-

matography–electrospray ionization mass spectrometry [2]

and direct HPLC [9]. On the other hand, Motwani et al.

[10] established and validated a spectrophotometric tech-

nique for the estimation of MF in bulk and pharmaceutical

tablet formulations. Differential pulse polarographic [11]

and electroanalytical detection [12, 13] methods were also

reported in the literature to quantify the trace amount of

MF in pharmaceutics, serum and urine samples. The via-

bility of capillary electrophoresis coupled with He–Cd

laser-induced FL detection was described for the determi-

nation of MF [14], while Ocana et al. [15] established a

spectrofluorimetric method to determine MF in pharma-

ceuticals, human serum and urine samples.

In recent years, nanoparticle (NP) of metals has been

investigated extensively in many research fields. Among

them, silver nanoparticle (AgNP) has been extensively

studied due to their beneficial catalytic, electrical, optical

and properties [16–18]. With the vast progress of aware-

ness in the field of nanotechnologies and the spectral the-

ories, the luminescence properties of metal NP have also

been testified [19–22]. Although several methods have

been reported for moxifloxacin determination, yet there is

no method reported using the silver nanoparticles as fluo-

rescence enhancer. The method includes low-cost instru-

mentation as compared to the HPLC and LC–MS involving

the solid phase extraction. Although the electrochemical

methods are more sensitive, they need tedious electrode

cleaning steps. The reported CL method is simple, sensi-

tive, rapid, reproducible, and involves easy sample prepa-

ration that does not require tedious extraction processes.

Therefore, in the proposed study a simple and highly sen-

sitive chemiluminescence (CL) technique has been devel-

oped, where the weak signal of calcein–KMnO4 CL system

was enhanced by introducing AgNP in the presence of MF.

Based on this occurrence, a new flow-injection CL method

was developed to determine MF contents in pharmaceutical

formulations and biological samples, namely human urine.

Experimental section

Chemicals

All the reagents were of analytical grade and were used

without further refinement. Distilled deionized (DI) water

(Millpore, MilliQ Water System, USA) was utilized

throughout. Moxifloxacin standard was supplied by Sigma-

Aldrich (St. Louis, USA). Stock standard solutions

(1.0 9 10-3 M) of MF were prepared in DI water. All the

experimental solutions were newly prepared before carry-

ing out the analysis by proper dilution with DI water.

Calcein was obtained from Sigma Corporation (St. Louis,

USA). The calcein solution of 1.0 9 10-4 M was made by

dissolving 0.0310 g of calcein and in 500 ml DI water.

Both ammonia solution and silver nitrate standard were

bought from Sigma (St. Louis, USA).

Apparatus

The schematic illustration of the proposed flow-injection

analysis (FIA) system is shown in Fig. 1. Briefly, two

peristaltic pumps (Model 404, Ismatec, Zurich, Switzer-

land) were employed to carry all the working solutions.

Pump P1 delivered AgNP solution which was combined

with analyte solution in a Rheodyne (Model 7125, Cotati,

CA, USA) six-way injection valve through a loop. On the

other hand, pump P2 was responsible for transferring all

other CL reagents, while the flow rate for each line was

kept equal. Polytetrafluoroethylene (PTFE) tubing (0.8 mm

i.d.) was employed throughout the FIA manifold to convey

all analysis solutions into the absorbance cell. A Spex

(Model F111, SPEX industries, Edison, NJ, USA) spec-

trofluorimeter furnished with a coiled glass flow cell

(1.0 mm i.d., 20 mm total diameter) was utilized for

Fig. 1 Schematic of the FIA

CL manifold. P1, P2 peristaltic

pumps, T1, T2 Y-pieces
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identifying and recording the CL intensity of the reaction

yield. Data collection and data analysis were achieved by

the Spex DM 3000 program. During the CL measurement,

the light source of the spectrofluorimeter was kept switched

off, while the emission monochromator slit width was

0.25 mm and the high voltage for the photomultiplier tube

(Model R 928, Hamamatsu, Japan) was set at 950 V.

Pharmaceutical sample preparations

The average weights of ten tablets randomly selected from

the same group were calculated. Then a required portion of

each homogenized sample containing 400 mg of MF

(Avolex) was shifted into 1000-ml Erlenmeyer dark flask

having 500 ml of water followed by sonication in ultra-

sonic bath for 20 min and further diluted with DI water up

to the label mark. Finally, the prepared MF sample was

filtered using Millipore membrane filter paper and diluted

in DI water to volume to obtain the required concentration

of the analytes for analysis.

Urine sample gathering

Blank urine samples from healthy volunteers of ages

around 30–40 years were collected. Instantaneously after

collection of urine, 25-ml aliquots of samples from five

volunteers were spiked with MF separately at various

concentration levels. This was performed to determine the

recoveries of the proposed CL method. After that the

0.5 ml aliquots from each pool were spread to 0.5 ml

Eppendorf and stored at -18 �C inside the refrigerator

until analysis.

Preparation of AgNPs

Silver nanoparticles were prepared as our previously

reported methods, which was adopted from reported liter-

ature with some modifications [23]. The synthesis of NPs

was mainly based on the aqueous and gaseous phase

reaction between the AgNO3 solution and the NH3 gas. At

the starting of the preparation process, 50 ml of silver

nitrate solution of 1.0 9 10-3 M was taken into a 500-ml

two-neck round-bottomed flask and the flask was posi-

tioned into a oil bath on a magnetic stirrer by keeping the

temperature constant. After that, 1 M ammonia solution of

volume 60 ml was added to another 500-ml conical flask

and kept in a water bath at room temperature. Both flasks

were connected using glass tubes through which volatilized

ammonia gas passes and then diffused slowly into the flask

containing AgNO3 and the reaction between them start to

occur. The whole experimental setup was exposed to the

light of daylight lamp to supply heat. In brief, the main

steps involved during AgNPs preparations can be

summarized as follows: firstly, AgNO3 solution containing

flask was kept under stirring (*75 �C oil bath) for 6 h;

secondly, the flask was allowed to settling for another

6–7 h without any stirring as well as heating; thirdly, the

step one was followed for another 4–5 h; In the fourth step,

the step 2 was repeated; and finally the step 1 was per-

formed for 3� h in the fifth step.

Analytical procedures

The used FIA configuration of the current study consisted

of a three-channel manifolds that using two pumps P1 and

P2. In the proposed calcein–KMnO4 flow-injection CL

system, the pump P2 delivers calcein and KMnO4 solution

which are mixed in the three-way ‘‘T1’’ connector of the

FIA system. On the other hand, the pump P1 delivers the

AgNP solution, which is then mixed with the solution

containing the target compound through the injection

valve. Both the streams were then combined in the second

‘‘T2’’ connector and after that enter into the flow cell in the

fluorimeter, accompanying with the increase of the CL

intensity. The enhancement in the CL intensity was noticed

once the AgNP solution was introduced into the carrier

stream of the FIA. The obtained CL signals corresponding

to a blank was found to be proportional to the sample

concentration and hence was used as analytical signal for

the quantitative analysis purpose of MF. The comprehen-

sive FlA system used during the experiment is schemati-

cally presented in Fig. 1.

Results and discussion

Transmission electron microscopy image and UV

spectral characteristics

Transmission electron microscopy (TEM) image of AgNP

showed that the average particle size is about 14 nm and

the dispersions of NPs are good (Fig. 2a). The desired size

of AgNPs was controlled by keeping the concentration of

ammonia gas very low and maintained throughout the

synthesis process [23]. The scattering component of metal

nanoparticles is responsible for luminescence enhancement

and the scattering component depends on the size and

shape of the nanoparticles. And since the chemilumines-

cence is an energy transfer process so the distance between

the nanoparticles and fluorophore also plays an important

role. Also the absorption maxima of the silver nanoparti-

cles changes inside the visible region on the basis of their

size. In chemiluminescence the spectral overlap for the

resonance energy transfer of the metal nanoparticle with

spectrum (excitation/emission) of the fluorophore is also

very important [24]. Therefore, the size controllability and
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tunability for the preparation of the nanoparticles are very

important as it can produce monodisperse AgNPs with a

desired shape and size which are responsible for lumines-

cence enhancement of the proposed system [25]. The UV–

Vis spectrum of the synthesized AgNP showed (Fig. 2b) an

absorption peak near 390 nm, which is the characteristic

absorbance wavelength of silver [26]. The narrow peak of

the UV-absorption spectrum confirmed the higher

monodispersity level of the synthesized AgNP in the

solution [27–29].

CL parameters optimizations

Oxidizing agent selection

The effects of different oxidizing agents on CL intensity of

the proposed CL method were investigated. Oxidizing

agents including KMnO4, K3Fe(CN)6, KIO3, Ce(SO4)2,

KBrO3 were tested. 1.0 9 10-4 M solutions of KMnO4,

Ce(SO4)2, KBrO3 and KIO3 were prepared in

1.0 9 10-2 M H2SO4 while the K3Fe(CN)6 was made in

0.1 M NaOH. The experimental results showed that the CL

intensity was strongly dependent on oxidizing agents.

Among the tested oxidizing agents, the utmost CL intensity

was achieved when KMnO4 was utilized and was chosen

for further experimentation.

Optimization of calcein concentration

The effect of calcein concentration on CL intensity was

investigated during the chemiluminogenic determination of

MF. The calcein concentration was tested over the concen-

tration range from 1.0 9 10-6 M to 1.0 9 10-3 M in tripli-

cate and the standard deviation was found in the range of

0.028–0.143, while the concentration of MF was kept at

1.0 9 10-4 M. The results obtained are shown in Fig. 3. It

was clearly seen that theCL intensity is strongly dependent on

calcein concentration. Up to the calcein concentration

1.0 9 10-4 M, the CL intensity increased and then become

nearly constant. Hence, 1.0 9 10-4 M calcein was chosen as

optimum concentration for the determination of MF. The

higher CL reaction rate of calcein might be responsible for

increasingCL intensitywith increasing calcein concentration.

Selection of KMnO4 concentration

To acquire the optimum concentration of KMnO4 which

was used for the chemiluminogenic reaction for the quan-

titation of MF, the influence of KMnO4 concentration on

the CL intensity was examined. KMnO4 was employed in

the proposed CL system as the oxidant. Therefore, the

concentration of KMnO4 could affect the CL signal

intensity of the systems. The KMnO4 concentration was

tested in the range of 1.0 9 10-6 M to 1.0 9 10-3 M in

triplicate under the fixed amount of calcein

(1.0 9 10-4 M) and MF (1.0 9 10-4 M) (Fig. 4). The

Fig. 3 Effect of calcein concentration on the CL intensity for the

determination of MF

Fig. 2 TEM image (a) and UV-vis absorption spectra (b) of the synthesized AgNP
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experimental results indicate that the CL intensity

increased up to 6.1 9 10-4 M and then started to decrease

gradually. Hence 6.1 9 10-4 M KMnO4 was chosen as

optimum. The standard deviation for the optimization of

KMnO4 was found to be 0.167–0.243.

NaOH concentration

The calcein–KMnO4 CL reaction was accomplished in

alkaline medium. To adjust the alkalinity of reaction

medium the concentration of NaOH in potassium per-

manganate solution was varied under the discrete concen-

tration of MF (1.0 9 10-4 M). The influence of NaOH

concentration on the CL reaction was analyzed in the range

1.0 9 10-3 M to 1.0 M by keeping other parameters

constant. The highest CL intensity for the proposed system

was observed at 0.05 M concentration of NaOH. Hence

0.05 M was chosen as optimum NaOH concentration for

future experiment.

Flow rate

The flow rate of reagent solutions played an important role

in CL measurements, as the time consumed to transfer the

excited product into the flow cell is critical parameter for

achieving maximum amount of the emitted light [30].

Therefore, the effect of flow rate was studied over the

range 1.0–4.5 ml/min with equal flows in each channel,

while keeping all other conditions as constant. The result

showed that once the flow reached 2.0 ml/min the maxi-

mum CL intensity was observed, which might due to the

decreasing dispersion [31]. On further increasing the flow

rate, no significant change in the analytical signal was

observed. It was observed that with a higher flow rate

consumption of reagent increased and both the measure-

ment rate and the peak shape were affected simultaneously

due to lower residence time (\30 s) [31]. Hence, a flow

rate of 2.0 ml/min in each channel was selected as opti-

mum flow.

AgNP concentration

The significance of AgNP concentration on the proposed

CL reaction of calcein–KMnO4 was investigated over the

concentration range of 1.0 9 10-4 M to 1.0 9 10-3 M,

while the concentration of other experimental parameters

including, MF, calcein and KMnO4 were kept fixed at

1.0 9 10-4 M, 1.0 9 10-4 M and 6.1 9 10-4 M, respec-

tively. The obtained results showed that the appropriate

concentration of AgNPs to attain the best CL intensity

signal was 5.0 9 10-4 M. Further increase in the AgNPs

concentration results in decrease of the CL intensity of the

system that might be attributed due to the strong interaction

among the particles and the CL energy transferred among

particles which are in small distance.

CL spectra of the systems

The CL intensity of proposed calcein–KMnO4 system in

the absence and in the presence of MF drug was recorded

with the emission monochromator, respectively. The

obtained experimental results indicated that an ultra-weak

CL signal of calcein–KMnO4 reaction system was largely

enhanced and the increased intensity is proportional to the

concentration of the substance added. The addition of

AgNP into the reaction system leads to further increment in

the CL by several folds (Fig. 5).

Fig. 5 a CL spectra for the quantitative analysis of MF; 1 calcein–

KMnO4 system, 2 calcein–KMnO4–MF system and 3 calcein–

KMnO4–MF–AgNP system; conditions: [MF] = 1.0 9 10-5 M, [cal-

cein] = 1.0 9 10-4 M, [KMnO4] = 6.1 9 10-4 M, [NaOH] =

0.05 M, [AgNP] = 5.0 9 10-4 M

Fig. 4 Dependence of KMnO4 on the CL intensity for the determi-

nation of MF
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Analytical features

The calibration curve for target analyte was constructed

using a set of eight standard solutions of MF under the

optimized experimental parameters conditions, such as,

concentration of calcein, KMnO4, NaOH and AgNP was

1.0 9 10-4 M, 6.2 9 10-4 M, 0.05 M and 5.0 9 10-4 M,

respectively. The results confirm that the concentration of

MF is linear over a MF concentration range of

6.0 9 10-8 M to 2.5 9 10-6 M (r2 = 0.9998) (Fig. 6).

The lower limit of detection for the proposed method was

found to be 5.0 9 10-9 M and relative standard deviation

(RSD) (n = 5) for 1.0 9 10-4 M of MF is 2.63 %.

Interference study

The interference of some ions and biological compounds

including, Na?, K?, Al3?, Ca2?, Mg2?, starch, fructose,

glucose, sucrose, dextrin, lactose, galactose and aspirin

those might be present in the tablet formulation was stud-

ied. For this purpose, addition of increasing concentrations

of these interference compounds to 1.0 9 10-5 M MF

solution was performed until more than 5 % variation in

CL intensity was achieved. The results present in Table 1

shows that most of the interferents were found to have no

significant interference effect for the quantitative determi-

nation of target compound.

Real sample analysis

The validation of the proposed CL method was established

by analyzing the commercial pharmaceutical formulations,

namely Avolex (containing 400 mg ofMF). Firstly, the total

contents of 10 tablets are finely ground tablets were weighed

and mixed to make them homogeneous. Then, an equivalent

of one tablet amount was weighed and dissolved in DI water

with continuous shaking for 20 min using an ultrasonic bath.

Then the final solution was filtered using Millipore mem-

brane filter, and the filtrates were diluted accordingly tomeet

the linear range. The results presented in Table 2 shows that

the overall recovery was about 96.0–96.5 %. Thus, it could

be concluded that, there were no notable changes between

the labeled contents and the amount obtained by the pro-

posed method. The proposed method was then applied to the

determination of targeted antibiotic in spiked human urine

samples (Table 3). The percentage recovery of the analyzed

drug was found to be between 95.5 and 97.2 %. The results

indicate that the proposed CL procedure is simple, suffi-

ciently sensitive and selective for the determination of

analyzed compound in urine sample.

Conclusions

This preliminary study shows that MF exhibits analytically

useful CL upon reaction with calcein–KMnO4 system. The

application of silver nanoparticles showed great influence

in enhancing the weak CL intensity of the proposed

Table 1 Maximum tolerable concentration ratios of interferents and

MF (1.0 9 10-5 M) in the proposed CL system

Interference species Interference

species: MF
Ions Biological compounds

Na?, K? 100

Al3?, Ca2?,

Mg2?
90

Starch, fructose, glucose 50

Sucrose, dextrin, lactose,

galactose

45

Aspirin 20

Table 2 Analysis of MF in pharmaceutical formulations by proposed AgNP enhanced calcein–KMnO4 CL system and recovery studies

Sample Label claimed Found ± RSDa Added (910-7 M) Found (910-7 M) Recovery mean ± RSDa (%)

Avolex 400 mg of MF 389.1 ± 0.17 2.5 2.47 96.0 ± 1.4

4.5 3.86 96.5 ± 0.5

6.5 6.35 97.7 ± 1.5

a Mean of three measurements

Fig. 6 Calibration curves for MF obtained by the AgNP enhanced

calcein–KMnO4 CL system
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calcein–KMnO4 CL system. However, the obtained cal-

cein–KMnO4 CL signal was further strengthened due to the

addition of AgNP in the presence of MF. This enhancing

phenomenon was adapted to the quantitative determination

of target analyte in commercial pharmaceutical drug for-

mulation and spiked human urine. The linearity of the

calibration curves was found over the range of

6.0 9 10-8 M to 2.5 9 10-6 M (r2 = 0.9998). The limit

of detection was found to be 5.6 9 10-9 M, while the RSD

calculated from five replicate measurements was 2.63 %.

The developed CL method was effectively applied to the

quantitation of MF in pharmaceutical tablet formulations

and urine samples. There were no significant interference

effects observed from some common excipients usually

added during the preparations of pharmaceutical drugs.
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