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ABSTRACT: In the present paper, a colorimetric method for the determination of tazobactam and piperacillin based
on plasmonic nanoparticles (AuNPs) is suggested. Plasmonic nanoparticles have gained interest for application in the
creation of sensitive analytical techniques because of their unique features. The localized surface plasmon resonance
(LSPR) absorption band for AuNPs with a wavelength 543.5 (Ass35) nm was used for analysis. The working parameters
such as the amount of AuNPs and pH were optimized to obtain the optimum experimental conditions. The calibration
curve for the colorimetric method was prepared with tazobactam and piperacillin concentrations ranging from 2.25-
30.04 mg/L and0.52-10.33 mg/ L, respectively. The detection limits were found to be 1.01 mg/L for tazobactam and 0.29
mg/ L for piperacillin The AuNPs-based colorimetric method suggested in this work can use as an alternative analytical
method for routine analysis of tazobactam and piperacillin because it is quick, simple, and affordable.
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1. INTRODUCTION

Colorimetry is an analysis method that allows determining the content of the target analyte by
comparing and/or measuring the color depth of solutions of colored substances. Compared to other analysis
methods, colorimetry is more intuitive and results can be observed directly with the naked eye [1-3]. However,
there are still challenges with colorimetric analysis methods that need to be resolved, including complexity,
low sensitivity, and the requirement for large sample quantities. To overcome these limitations, nanoparticles
(NP), nanorods, nanowires and other nanostructured materials (NM) with suitable chemical, physical and
optical properties are used as a platform in colorimetric analysis methods [4-6]. In recent years, colorimetric
methods based on nanomaterials have been developing rapidly and are widely used. The combination of
nanomaterials and colorimetry brings a new perspective to colorimetry as it provides lower detection limits
and high sensitivity [7]. Among nanomaterials, especially noble metal nanoparticles such as copper (Cu), silver
(Ag) and gold (Au) attract a lot of attention due to their easy functionalization, biostability, and stable localized
surface plasmon resonances (LSPR) in the UV-Vis region [8-10]. When these metal nanoparticles (MNP)
interact with the electromagnetic wave, the electrons on the surface of the MNPs oscillate freely and exhibit
an absorption band. These properties allow MNPs to be used as a detection probe in the quantitative
determination of various chemical substances [11, 12]. Colorimetric analysis methods based on MNPs are used
in various fields such as cancer and disease diagnosis [13, 14], drug therapy monitoring [15], drug targeting,
drug development [16], food safety [17, 18], environmental monitoring [19], and biotechnology [20, 21].

Piperacillin is a semi-synthetic ureidopenicillin with antibacterial activity against gram positive and
gram negative aerobic and anaerobic bacteria. In recent years, the clinical role of piperacillin has been put at
risk as a result of the increasing prevalence of drug-resistant p-lactamase-producing bacteria. Tazobactam, a
triazolilmethyl penicillanic acid sulfone derivative, is a f-lactamase inhibitor that protects piperacillin from (-
lactamase enzymes. The use of piperacillin in combination with tazobactam broadens the spectrum and acts
against many [-lactamase-producing bacteria such as Staphylococci, Enterobacteriaceae, Haemophilus
influenzae and Bacteroides [22]. It is known that the piperacillin-tazobactam combination has good efficacy in
intra-abdominal infections, urinary tract infections, gynecology and soft tissue infections caused by -
lactamase producing bacteria species. Nowadays, it is seen as a result of clinical findings that such pathogens
are widespread throughout the world, and it is reported that the effect of the combination of tazobactam-
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piperacillin used in the fight against these pathogens is dose-dependent [23-25]. Therefore, determining the
plasma level of the piperacillin-tazobactam dose used against these infections will allow both to keep the drug
dose in the therapeutic range and to prevent the development of drug resistance against [-lactamases
synthesized by bacteria by reducing the side-effect profile. In addition, it is known that approximately 50% to
60% of the administered piperacillin-tazobactam dose is excreted via the kidney [26]. For this reason, knowing
the clearance of the drug in urine is another important point in determining the amount of dose that should
be administered to keep the drug in the therapeutic range in plasma.

This study aimed to develop a new colorimetric method for the determination of piperacillin and
tazobactam using AuNPs. In line with this goal, the determination of the drugs at lower concentrations was
carried out in order to reflect the clinic by utilizing the surface plasmon property of AuNPs.

2. RESULTS AND DISCUSSION

AuNPs, a plasmonic nanoparticle, were used as nanomaterial in the colorimetric determination of
tazobactam and piperacillin. Due to their confined surface plasmon resonance property and high absorption
extinction coefficient, AuNPs, which are commonly employed in colorimetric measurement, exhibit great
sensitivity in analyses [7]. The absorbance ratios (Abstazo/ AbsAuNPs and Abspip/AbsAuNPs) calculated
using the SPR absorbance of AuNPs at 526.0 nm wavelength (Figure 1) were used in the analyses.
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Figure 1. Spectrophotometric response of AuNP (0.1 M PBS, [AuNP]: 0.61 mM)

The use of nanomaterials in the colorimetric analysis allows the determination of the target analyte at
low concentrations. The spectrophotometric response of piperacillin and tazobactam in the presence of AuNPs
is shown in Figure 2. According to the figure, tazobactam and piperacillin absorption values were observed to
increase in the presence of AuNP (Figure 2A and Figure 2B). The improvement of the absorption values of
AuNPs indicates that it will be a suitable nanomaterial for the determination of tazobactam and piperacillin
in colorimetric sensor design.
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Figure 2. A) UV spectrum of a) Piperacillin and b) piperacillin-AuNPs, B) UV spectrum of a) Tazobactam and b)
tazobactam-AuNPs (0.1 M PBS, [AuNPs]: 0.61 mM, [Pip]: 25.83 mg/L, [Tazo]: 15.01 mg/L)

The mechanism of the colorimetric sensing of tazobactam and piperacillin is shown in Scheme 1. In
colorimetric methods based on plasmonic nanoparticles, the detection mechanism proceeds through the
aggregation or non-aggregation of the nanoparticle. In the colorimetric method developed using AuNP within
the scope of this study, the detection mechanism of tazobactam proceeds through AuNP aggregation, while

the detection mechanism of piperacillin proceeds through non-aggregation.
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Scheme 1. The sensing mechanism of proposed colorimetric detection

DLS can be helpful in determining the mechanisms of nanoparticle-based colorimetric methods because
it provides information about the change in nanoparticle sizes. Whereas an unaggregated AuNPs will have a
hydrodynamic size that is similar to TEM size of a nanoparticle, an aggregated AuNPs will have a
hydrodynamic size that is larger than TEM size of a nanoparticle [27]. After the added of piperacillin, the
hydrodynamic size of the AuNPs was not changed (Figure 3C). After the addition of tazobactam, the
hydrodynamic size of AuNP raised from 21.06 nm to 675.77 nm, indicating AuNPs aggregation (Figure 3A-

3B).
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Figure 3. Measurements of DLS A)AuNPs, B)tazobactam-AuNPs and C) piperacillin-AuNPs
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Optimizing ambient conditions is very important to develop an accurate, sensitive and reliable analysis
method. For the developed colorimetric sensor, the effect of ambient pH and AuNPs amount on the absorption
value was investigated. The change in absorbance values was examined by changing the AuNPs concentration
to 0.61 mM (100 uL), 1.22 mM (200 uL), 1.83 mM (300 uL), 2.45 mM (400 uL) and 3.056 mM (500 uL) at constant
tazobactam and piperacillin concentrations. It was observed that the maximum absorbance ratio was obtained
when 0.61 mM (100 uL) AuNPs were used, and the absorbance ratio value decreased when the AuNPs value
was increased (Figure 4a). When the amount of nanoparticles increased, the absorbance values of tazobactam
and piperacillin were expected to improve and the absorbance ratio increased, while the absorbance ratio
value decreased with the increase of the nanoparticle amount. It was thought that the reason for this was that
the increased amount of AuNPs caused a decrease in the absorption response of tazobactam and piperacillin
by acting as an interference effect, rather than improving it. For further studies, 0.61 mM (100 pL) AuNPs,
which has the maximum absorbance ratio, was chosen as the optimum amount. The pH value of the working
environment is very effective in colorimetric analyzes based on nanomaterials. For the colorimetric analysis
of tazobactam and piperacillin, the effect of ambient pH on the absorbance ratio was investigated by changing
the pH values between 7.0-11.0 at constant tazobactam and piperacillin concentrations. Since the best
absorbance value for tazobactam was obtained at pH 9.0 and pH 9.5 for piperacillin (Figure 4b), the optimum
pH was chosen as 9.0 for tazobactam and 9.5 for piperacillin.
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Figure 4. Optimization of experimental parameters a) AuNPs amount, b) pH (0.1 M PBS, [AuNPs]:61.0 uM, [Pip]:
25.83 mg/L, [Tazo]: 15.01 mg/L)

The linear working range of the colorimetric sensor developed for the determination of tazobactam and
piperacillin was determined by calculating the absorbance ratios (Abstazo/AbsAuNPs and
Abspip/AbsAuNPs) by measuring the absorbance values of tazobactam and piperacillin at different
concentrations in the presence of a fixed concentration of AuNPs. Tazobactam showed a linear response with
a limit of detection (LOD) of 1.01 mg/L in the concentration range of 2.25-30.04 mg/L (Figure 5).

Piperacillin showed a linear response with a detection limit of 0.29 mg/L (LOD) in the concentration
range of 0.52-10.33 mg/L (LOD=3.3xsb/m, sb: standard deviation of 8 different measurements taken with the
lowest concentration in the calibration graph, m: slope of the calibration graph) (Figure 6). The LOD value
obtained using the developed colorimetric sensor is lower than the studies previously published in the

literature [28, 29].
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Figure 5. A) Spectrophotometric response for tazobactam B) Calibration graph for tazobactam (100 mM PBS pH

9.0, [AuNPs]: 61.0 uM, a-h: 2.25-30.04 mg/L)
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Figure 6. A) Spectrophotometric response for piperacillin B) Calibration graph for piperacillin (100 mM PBS pH
9.5, [AuNPs]: 61.0 uM, a-h: 0.52-10.33 mg/L)

The accuracy and precision of the developed nanoparticle based spectrophotometric method were
assessed in terms of RE and RSD%, respectively. The RE (%) for both Tazo and Pip were found in the range of
-5.66-2.66 for intra-day and-4.33- -0.19 for inter-day (Table 1). For tazobactam and piperacillin, the intra-day
and intra-day precisions (RSD %) were 1.53-4.87% and 0.68-5.42%, respectively. All the results obtained show
that the accuracy and precision of the developed method is quite good.

Table 1. Results of accuracy and precision of intraday and interday

Intraday Analysis
Tazobactam Piperacillin
Amount Amount %Recovery %RSD %RE Amount Amount %Recovery %RSD %RE
Added Found Added Found
(mg/L) (mg/L) (ng/L) (mg/L)
6.00 5.87+0.09 97.7241.54 1.53 -2.17 517 4.88+0.21 94.41+4.12 4.30 -5.60
9.01 9.25+0.23 102.67+2.58 2.55 2.66 10.33 10.36+0.48 100.3+4.63 4.63 0.29
Interday Analysis
Tazobactam Piperacillin
Amount Amount %Recovery %RSD %RE Amount Amount %Recovery %RSD %RE
Added Found Added Found
(mg/L) (mg/L) (ng/L) (mg/L)
6.00 5.87+0.13 97.89+2.31 2.21 -2.62 5.17 4.98+0.27 96.39+5.23 5.42 -3.68
9.01 8.62+0.42 95.7744.65 4.87 -4.33 10.33 10.31+0.07 99.80£0.75 0.68 -0.19

The performance evaluation of the colorimetric method developed using AuNPs was performed by
comparing the results obtained for the determination of tazobactam and piperacillin with various methods
reported in the literature. The results in Table 2 show that the developed colorimetric method is better and/or
comparable to other reported methods.
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Table 2. Comparison of the performance characteristics of several methods reported in the literature with the developed
AuNPs-based colorimetric method

Linear Working LOD

Method Substrate Range (mg/L) (mg/L) Ref.
Spectrophotometry Tazobactam 3.00-18.00 2.79 [30]
LC-MS/MS Piperacillin 1.00-45.00 - [31]
HPLC-UV Piperacillin 1.00-100.00 0.05 [32]
Tazobactam 1.00-100.00 0.13

Derivative Spectrophotometry Piperacillin 10.33-51.69 0.17 [33]
Tazobactam 3.00-15.02 0.29

Capillary Zone Electrophoresis Piperacillin 20.00-40.00 0.96 [34]
Tazobactam 10.00-100.00 0.56
Piperacillin 0.78-50.00 0.40

RP-HPLC (28]
Tazobactam 1.00-200.00 0.20
Tazobactam 2.25-30.04 1.01

Colorimetry This work
Piperacillin 0.52-10.33 0.29

3. CONCLUSION

In present study, we have designed a new colorimetric method using AuNPs for tazobactam and
piperacillin analysis. AuNPs, known as plasmonic nanoparticles, have allowed to detection of tazobactam and
piperacillin in low concentrations through their resonance absorbance bands. The proposed method has
exhibited a wide working range (2.25-30.04 mg/L for tazobactam, 0.52-10.33mg/L for piperacillin) and a low
detection limit. The linear equations for tazobactam and piperacillin were Absratio= 0.67[Tazo]+0.54
(R2=0.9916) and Absratio = 0.79[Pip]+1.38 (R2 = 0.9911), respectively. It is considered that the proposed
colorimetric method based on AuNPs can be used in the clinical analysis because of exhibited good
performance.

4. MATERIALS AND METHODS

4.1. Chemicals and devices

Piperacillin, tazobactam, gold nanoparticle (AuNP, 14 nm), NaH>PO4 and Na;HPO, were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Other chemicals used in the experimental studies were obtained
from Sigma-Aldrich (St. Louis, MO, USA), Merck (Darmstadt, Germany) and Tekkim (Istanbul, Turkey).
Colorimetric analyzes were performed with the RAYLEIGH UV 1601 UV-Vis spectrophotometer (Beijing,
China). The pH values of the solutions were measured using the Ohaus Starter 2100 pH meter and the
combined pH electrode. The aqueous solutions used in the experimental studies were prepared daily with
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distilled water obtained from the Microtest purification system. Measurements of Dynamic Light Scattering
(DLS) were taken from Middle East Technical University Central Laboratory (Ankara, Turkey).

4.2. Colorimetric detection process

Standard solutions of tazobactam and piperacillin (10 mM) prepared by dissolving with distilled water
were diluted with 0.1 M phosphate buffer solution (PBS) to obtain solutions at different concentrations.
Standard AuNP (1200 ppm) solution was also diluted 1:10 with 0.1 M phosphate buffer solution. The mixture
solutions prepared using AuNP, piperacillin and tazobactam solutions were taken into a quartz cuvette and
UV absorption spectrum were recorded in the wavelength range of 200.0-700.0 nm. Tazobactam determination
was performed using AbsTazo0208.0nm/ AbsAuNPs2s.0nm absorbance ratio, and piperacillin determination was
performed using AbsPip20s.5nm/ AbsAuNPs6.0nm absorbance ratio. All colorimetric measurements were taken
in triplicate at room temperature.
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