
International Journal of Biotechnology and Bioengineering Volume 4 Issue 2, February 2018

Citation: Sakineh Alizadeh et al. (2018), Simple and Rapid Simultaneously Colorimetric Determination of Betamethasone and Nephazoline based on partial least square 
using Gold Nanoparticle Probe. Int J Biotech & Bioeng. 4:2, 21-32. DOI: 

International Journal of Biotechnology and 
Bioengineering

Simple and Rapid Simultaneously Colorimetric Determination of Betamethasone 
and Nephazoline based on partial least square using Gold Nanoparticle Probe

Research Article ISSN 2475-3432

21

Morteza Bahram1, Sakineh Alizadeh*2

1 Department of chemistry, Faculty of Science, Urmia University, 5715175976, Urmia, Iran
2 Department of Analytical chemistry, Faculty of Chemistry, Bu-Ali Sina University, 65178638695, Hamadan, Iran

Corresponding author:  Sakineh Alizadeh
Department of Analytical chemistry, Faculty of Chemistry, Bu-Ali Sina 
University, 65178638695, Hamadan, Iran. Tel/ fax:  +98 441 2972143, 
E-mail: solmaz.alizade@gmail.com

Copyright: ©2018 Sakineh Alizadeh et al. This is an open-access 
article distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original author and source 
are credited

Citation: Sakineh Alizadeh et al. (2018), Simple and Rapid 
Simultaneously Colorimetric Determination of Betamethasone and 
Nephazoline based on partial least square using Gold Nanoparticle 
Probe. Int J Biotech & Bioeng. 4:2, 21-32. 

Received:   January 8, 2018,             

Abstract
Gold nanoparticles (Au NPs) have attracted enormous scientific and technological interest due to their ease of synthesis, chemical stability, 
and unique optical properties. In this work the absorbance of the Au NPs at 520 nm decreased and in 640 increased with the increase 
in the concentration of betamethasone (BET) and nephazoline (NEP). The rate of absorbance change in these drugs is difference. For 
this reason we can simultaneously determine the BET and NEP. The color change of the Au NPs with different concentrations of these 
drugs could make it convenient to be observed by the naked eye. The formation of Au NPs in the presence of citrate was monitored by 
transmission electron microscopy (TEM) and UV-Vis spectroscopy. The experimental conditions were optimized to obtain the highest yield 
for nanoparticle formation. Partial least square (PLS) regression as an efficient multivariate spectral calibration method was employed to 
make a connection between the SPR spectra of the generated Au NPs. The number of PLS latent variables was optimized by leave-one-out 
cross-validation utilizing prediction residual error sum of square (PRESS). This method allowed the determination of BET and NEP in the 
range of 0.05-13 µg / mL   (R2 =  0.9907) and  13-133.3  µg / mL   (R2  =  0.9906), with  a  low  detection limit  of  0.006 and 0.14  µg / mL (S/N 
= 5), respectively. This method was found to be sensitive and selective and was applied for the determination of BET and NEP in serum and 
Eye drops
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Introduction
Au nanoparticles (Au NPs) with high stability among the other metal 
nanoparticles have great interest due to their using in many fields 
such as sensors, biosensors, medicine, catalysis and many emerging 
areas of nanotechnology [1–3]. AuNPs are also useful colorimetric 
probes because of their distance-dependent optical properties and 
extremely high extinction coefficients at visible region [4, 5] which 
closely rely on their unique surface Plasmon resonance from red to 
blue, corresponding to their dispersion and aggregation states [5], 
respectively. Based on this principle, several colorimetric methods 
have been developed for the detection of ions [6], biomolecules [7], 2, 4, 
6-trinitrotoluene (TNT) [8], drugs [9] and melamine [10]. 
In order to perform a global analysis on the spectral overlapping of total 
a flat oxins and simultaneous determination of them, chemometric 
methods must be employed. Recently, chemometric methods such as 
principal component regression) PCR), partial least square (PLS) and 
artificial neural network (ANN) have found increasing applications for 
multicomponent determinations [11–13]. 
Partial least squares (PLS) regression can allow simultaneous 
spectrophotometric determination of several drugs as well as improve 
the data handling process of complex chemical systems [14]. 
PLS calibration of a multicomponent system can be performed 
in two different ways, PLS1 and PLS2. The use of PLS2 has a few 
advantages. Firstly, there is one common set of PLS factors for all 
analytes. This simplifies the procedure and interpretation and allows 
for simultaneous graphical inspection. Secondly, when the analyte 
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concentrations are strongly correlated, one may expect that the PLS2 
model is more robust than separate PLS1 models. Finally, when the 
number of analytes is large the development of a single PLS2 model is 
performed much quicker than that of many separate PLS1 models [14]. 
Betamethasone (BET) is a potent glucocorticoid steroid with anti-
inflammatory and immunosuppressive properties. Unlike other drugs 
with these effects, BET does not cause water retention [15]. It is applied 
as a topical cream, ointment, foam, lotion or gel to treat itching. 
BET sodium phosphate is sometimes prescribed as an intramuscular 
injection (I.M) for itching from various ailments, including allergic 
reactions to poisonivy and similar plan [16]. BET eye drops and ointment 
are used to treat short-term inflammatory eye conditions. They are 
usually prescribed by an eye specialist. They contain a corticosteroid 
(sometimes called a ‘steroid’) which helps relieve inflammation, 
redness and irritation [17]. 
The United States Pharmacopoeia (USP) 29 prescribes  reverse phase 
high performance liquid chromatography (RP-HPLC) method for 
determination of BET dipropionate in cream, lotion and ointment [18]. 
Different liquid chromatographic methods have been reported for 
determination of BET valerate alone or in combination in different 
formulations [18, 19]. Nephazoline (NEP) is a sympathomimetic agent 
with marked alpha adrenergic activity. It is a vasoconstrictor with a 
rapid action in reducing swelling when applied to mucous membrane. 
It acts on alpha-receptors in the arterioles of the conjunctive to 
produce constriction, resulting in decreased congestion. It is an active 
ingredient in several over-the-counter formulations including Clear 
Eyes and Naphcon eye drops[20].
NEP has been determined simultaneously with other imidazolines 
with and without derivatization by spectrofluorimetric and derivative 
spectrophotometric methods [21] with quantitative determination. 
RP-HPLC has been used to determine NEP in pharmaceutical 
[22] formulations with other corticosteroids with by capillary 
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electrophoresis together with their degradation products [23] and 
other antibiotics and corticoids [24]. 
When this combination of active principles is used in pharmaceutical 
formulations, a problem may occur to the pharmaceutical analyst 
in charge of quality control. If those active principles are in small 
concentrations, extreme precautions should be taken in the selection 
of the more advantageous analytical method. To solve this problem 
through the application of a rapid method, but meeting the proper 
demands of quality control (accuracy, precision, sensitivity, and 
specially selectivity), when more than one active principle is involved, 
as in this case, a deep analytical development is required. 
In this work a new convenient sensor for drug, based on aggregation 
of citrate- capped AuNPs is presented. The presence of BET and NEP 
in optimum condition induces the aggregation of AuNPs, leading to 
a color change from red to blue. Resulting in forming bigger size of 
nanoparticles, declaring an obvious color change from red to blue 
with increasing the concentration of BET and NEP. Different in kinetic 
profiles of aggregation (monitored absorbance increase versus time 
at 640 nm) were applied for simultaneous analysis of NEP/ BET using 
PLS regression as an efficient multivariate calibration. Experimental 
conditions were optimized to obtain the highest yield for nanoparticle 
formation. PLS regression as an efficient multivariate spectral 
calibration method was employed to make a connection between 
the SPR spectra of the generated AuNPs and concentration of drugs. 
The number of PLS latent variables was optimized by leave-one-out 
cross-validation utilizing prediction residual error sum of square 
(PRESS). The proposed model exhibited a high ability for prediction 
of BET and NEP concentration in samples notably, a good selective 
recognition of BET and NEP in kinetic data with aggregation assay was 
shown against other drugs. The results of this work provide a rapid 
method for simultaneous evaluating the quantitative analysis of BET 
and NEP in human plasma and eye drops at physiologically meaningful 
concentrations. 
Scheme 1

Scheme 1: Structure of A) Betamethasoneleft, B) Nephazolineright.

Chemicals and Materials
All materials and reagent used were of analytical grade, solvents 
were of spectroscopic grade and double distilled water (DDW) was 
used. BET and NEP pure drug were obtained from Department of 
Food and Drug Administration, Urmia, Iran.  All chemicals used in the 
experiments were of analytical grade and were used without further 
purification. Tri sodium citrate dehydrate, HCl, NaOH were obtained 
from Merck (Darmstadt, 91 Germany).
Apparatus 
Absorption spectra were recorded on an Agilent 8453 UV-Visible 
Spectrophotometer with a 1cm quartz cells. The size, morphology 

and structure of the synthesized AuNPs were characterized by 
transmission electron microscopy (TEM, Philips-CMC-300 KV). A 
Metrohm model 713 pH-meter was used for pH measurements. A40 
kHz universal ultrasonic cleaner water bath (RoHS, Korea) was used. 
All calculations and programming were performed in MATLAB (Hyper-
cube Inc. Version10) PLS mfiles and use essential regression.
Synthesis of gold nanoparticles    
The Au seeds were synthesized according to Ferns method. Briefly, 
an aqueous solution 100 ml of 1 mM HAuCl4 was heated to boiling 
with stirring; then 10 ml 1% (w /v) aqueous sodium citrate was added 
suddenly. The color of the mixed solution changed from yellow to 
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Fig. 1: a) TEM of AuNPs, b) TEM of aggregated AuNPs: ionic strength 1 mmol / L, time 10 min, pH of 6: AuNPs, 10 n mol / L.
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Results and discussion
Optimization of NaCl Concentration 
These nanoparticles are normally charged and very sensitive to 
changes in the dielectric of the solution. For example, for citrate 
stabilized particles, the addition of NaCl shields the surface charge 
and leads to a concomitant decrease in the inter-particle distance and 
eventual particle aggregation [27]. 
Ion strength has a crucial role in the aggregation process that can be 

attributed to the ability of strong electrolytes to constrict the aroused 
electrical double-layer from the capping agent. Also, it is found that by 
increasing the ion strength above a certain limit, the aggregation of 
nanoparticles induces even in the absence of analytes [28]. Therefore, 
some controlled experiments were conducted that have revealed the 
concentration of 1 m mol / L of NaCl as optimized (Fig. S1) in which 
there is aggregation not in the absence, but only in the presence of 
our analytes.

Fig. S1: Optimization of ionic strength for a) BET and b) NEP, NaCl concentration from 0.05-12 m mol / L for BET and 0.05-15 m mol / L for 
NEP, time 10 min, pH of 6, injection of 200 µL of BET and NEP (10-4 mol / L): AuNPs, 10 n mol / L.

Optimization of pH
Because of the presence of hydroxyl, amine and other functional 
groups in drugs, pH is another critical parameter that should be 
taken into consideration. Electrostatic interactions are the mainly 
responsible for aggregation of AuNPs in the presence of drugs [28]. With 
this in mind, to increase the possibility of electrostatic interaction, the 
best condition is attainable in which the drugs molecule is available in 

the nanoparticle surrounding. This also could be confirmed based on 
the stock diagram of our drugs. As shown in Fig. S2, the synthesized 
AuNPs are stable in the range of pH 6. Therefore, our drugs have best 
structure for interaction with AuNPs in of pH 6 and 7 [29, 30]. In upper 
alkaline pH, AuNPs attend to form hydroxide form [31] therefore the 
best pH for our work will be 6 (Fig. S2). 
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Fig. S2: Optimization of pH for a) BET and b) NEP, pH from 3-12, time 10 min, pH of 6, injection of 200 µL of BET and NEP (10-4 mol / L): 
AuNPs, 10 n mol / L.
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Optimization of incubation time
Different incubation times were examined to find the optimized it. 
The results indicated that AuNPs aggregated right after mixing with 
BET and NEP (aggregation agent) in optimum conditions. On the 

other hand, the aggregation of AuNPs was suppressed and spectral 
change is detectable in the 10 min as an optimum incubation time. So 
we used this time as the end time for kinetically data that collected for 
simultaneously determination (Fig. S3).

Fig. S3: Optimization of incubation time for a) BET and b) NEP, time from 1-20 min, time 10 min, pH of 6, injection of 200 µL of BET and NEP 
(10-4 mol / L): AuNPs, 10 n mol / L.

Partial Least Squares (PLS) Method
Partial least square regression (PLSR) calibration for both drugs 
was structured by using the non-linear iterative partial least squares 
(NIPALS) algorithm. To choose the calibration samples, the components 
to be determined have been selected in order to span all dimension. A 
training set of 26 standard samples was taken from different mixture 
of BET and NEP. The correlation between the different calibration 
samples has to be avoided because collinear component in training set 
data will tend to cause under-fitting in PLS models [32]. The optimum 
number of PLS latent variables was obtained by leave one-out cross-
validation utilizing prediction residual error sum of squares (PRESS) as 
a statistical criterion. 
Method validation
For these purpose, under the optimum experimental conditions, a 
typical calibration curve was obtained for the determination of BET 
and NEP by plotting absorbance (A) signal vs. drugs concentrations. 

The calibration curve was linear in the range of 0.05-13 µg / mL and 
13-133.3 µg / mL with y = - 0.031 x + 1.5332, R2 = 0.9907; y = - 0.0037 x + 
1.8116, R2 = 0.9906 (Fig. 2) the detection limit is 0.15 µg / mL (n=5) for 
BET and 0.03 µg / mL for NEP (Table 1). Table 2 shows a comparison 
between the results obtained by the present method with those 
obtained by some other methods reported for the determination of 
these drugs. As compared in Table 2, the present method has a good 
detection limit and the linear range compared with Rapid Derivative 
Spectrophotometric Method ,Validated spectrophotometric and 
chemometric methods, micellar electro kinetic chromatography, 
Integrated Analytical Tools Spectrophotometric, chemo metric 
and chromatographic determination, LC-MS/MS, validated liquid 
chromatographic method,  high performance liquid chromatography 
(HPLC) and RP-HPLC [33-41]. It should be highlighted that the major 
advantages of this method is using of very simple method for 
simultaneously determination of this drug.
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Table 1: Method validation parameters for BET and NEP, respectively
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Table 2: Characteristic performance data obtained by spectrophotometric method and other techniques for determination of NEP and 
BET.

Fig. 2: Calibration curve a) for BET 0.05-13 µg / mL and b) for NEP 13-133.3 µg / mL, respectively: ionic strength 1 mmol / L, time 10 min, pH of 
6: AuNPs, 10 n mol / L. 
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Simultaneously determination of BET and NEP
The first step in simultaneous determination of different metal ions 
by PLS methodology involves construction the calibration set for 
the double mixture chosen so that the absorbance's obtained for 
all standard samples were not more greater than 2. A number of 26 
double mixtures of BET and NEP were selected as calibration set. Their 
composition was randomly designed for obtaining more information 
from the calibration procedure. Under these conditions, the calibration 
models were obtained. The obtained model was validated with a 7 
samples as prediction set in different proportions of our drugs that 
were randomly selected. To select the number of factors in the PLS 
algorithm, a cross-validation method, leaving out one sample at a time, 
was employed [42]. For the mentioned sets of 19 calibration spectra, 
PLS-1 and PLS-2 was performed and, using this calibration, the amount 
of the sample left out during the calibration process was obtained. 
This process was repeated 26 times and each sample has been left only 
once. The amount of each sample was then predicted and compared 
with the known values. Preliminary investigations showed that 
increasing at 640 nm is directly related to the level of BET and NEP in 
sample (Fig. 3, 4). This irregularity can be attributed to the interfering 
effect of the other constituents, which can aggregate Au+3 and 
produce AuNPs with bigger size. Thus, we employed PLS regression as 
a powerful and mostly used multivariate calibration method to model 
the contribution of the interfering species in the total SPR signals. The 

PLS model was developed using the calibration set, Changes in PRESS 
and as a function of the number of PLS latent variables are given in Fig. 
5. In addition, the first plate au in PRESS is observed at the number of 
latent variables of 7. Accordingly, seven principal components were 
chosen to calculate the PLS regression coefficients and to predict the 
BET and NEP content of prediction samples. The root mean square 
error of cross- validation (RMSECV) estimated by this number of latent 
variable was 2.92%. Among the detected factors, one can be related 
to the BET and another related to NEP. In addition, nonlinearity in the 
absorbance–concentration relationship and interaction between the 
factors can be considered as the other sources of chemical factors. The 
predicted values of NEP and BET level in the calibration and prediction 
samples and their corresponding relative errors of prediction are 
listed in Table 3, 4 and 5. It is observed that the predicted values are 
very close to the actual amount and the relative prediction errors 
are almost lower than 5.0%. This confirms the success of the PLS 
regression for accurate prediction of BET and NEP amount in samples. 
Now, it will be beneficial to compare the results of PLS1 and PLS2 
multivariate calibration resulted in a more appropriate model or not. 
For this comparison and the validation of the models, some statistical 
parameters including root mean square error of prediction (RMSEP), 
root mean square error of cross validation (RMSECV) and root mean 
square error of calibration (RMSEC) were calculated [43–47]. 

Fig. 3: Change in absorbance of AuNPs at 520 and 640 nm with time, for injection of BET and NEP (700 µL solution 10-4 mol / L) in each opti-
mum condition of these drugs: ionic strength 1 mmol / L, time 10 min, pH of 6: AuNPs, 10 n mol / L.

Fig. 4: Change in absorbance of AuNPs at 520 and 640 nm with time, for injection of BET and NEP (700 µL solution 10-4 mol / L) in each opti-
mum condition of these drugs: ionic strength 1 mmol / L, time 10 min, pH of 6: AuNPs, 10 n mol / L.
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Fig. 5: Plot of PRESS against the number of factors for BET and NEP.

Table 3: The level of reference value of NEP and BET in the prediction set by PLS modeling of UV-Vis spectra at 640 nm.
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Table 4: The level of reference value of BET and NEP in the calibration set by PLS modeling of UV-Vis spectra at 640 nm.
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Table 5: Statistical parameters of the PLS1 and PLS2 calibration models developed for simultaneously determination of NEP 
and BET with kinetic data.

Interference study
The influences of foreign coexisting substances such as naproxen, 
ascorbic acid, tramadol, codeine, acetaminophen, saccharides, amino 
acids and ions were tested.  . From the results, the interference of 
naproxen, ascorbic acid, Na2NO2, tryptophan, tyrosine, glucose, 
sucrose, fructose and lactose were very weak (as species number 1 
in Fig. 6). Among the tested substance K+, Na+, NO3-, I-, Cl-, Mg2+,  
Fe3+ and Ca2+ , codeine and cysteine (Fig. 6 species number 2) can 

be  allowed with  relatively higher concentrations but Cefexime, 
Ceftriaxone, Antazoline, NH2OH, Mn2+, Cd2+, SO42-, Ca2+, Zr2+, Co2+, 
Zn2+, Ni 2+, Al 3+, Fe 2+, Cu2+ can only be allowed with relatively 
moderate concentrations (species number 3 in Fig. 6). The allowed 
concentrations of these interfering substances however, were  still  
rather  higher  than  that  of  BET and NEP which  indicated  that  this 
method  had  a  good selectivity between drugs and other species 
because of difference in decreasing and increasing spectra with time.

Fig. 6:  Tests for interference substance on simultaneous determination of BET and NEP (mixture 200 µL of BET and NEP mixture, respective-
ly and amount of interference species also 200 µL; in optimum condition: ionic strength, 1 mmol / L, time 10 min, pH of 6: AuNPs, 10 n mol / 
L, 1, 2, 3 are number of species in text. 4 is behavior of BET and NEP in mixture.   

Real sample analysis
In order to test the applicability of the proposed method, it was 
applied to determination of BET and NEP in spicked serum and eye 
drop samples.  The constructed PLS model was applied to estimate the 
concentration of BET and NEP in these spicked samples. The results 

that have been achieved show good recoveries (98.3-101.6 ℅). The  
results  demonstrated  the  potential  applicability  of  this  method  for  
simultaneous  detection  of BET and NEP in in serum, and eye drops. 
The results for this assay are given in Table S1. 
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Table S1: Analysis of diluted blood serum sample and eye drops for both BET and NEP: ionic strength 1 mmol / L, time 10 min, pH of 6: 
AuNPs, 10 n mol / L.

*ND: not detected

Conclusion
The SPR of the AuNPs, synthesized by the reduction of gold ion with 
citrate, were used as a novel analytical method for determination 
of drugs and species based on aggregation of these nanoparticles. 
A direct relationship was found between the levels of drugs and 
difference in intensity of AuNPs spectra with time in λmax at about 
520 and 640 nm. However, multivariate calibration modeling of the 
SPR absorbance data by PLS regression resulted in more accurate 
results so that the relative prediction errors were almost lower 
than 5%. In comparison with the available analytical methods for 
simultaneously determination of BET and NEP, the proposed method 
has the following advantages: (i) it needs lower amounts of reagents; 

(ii) since this method is selective, the method in real samples can be 
determined without any initial sample preparation. (iii) The proposed 
method has a simple, fast, and low cost procedure, in contrast to 
chromatographic methods, this method does not need any expensive 
apparatus, and (iv) compared with spectrophotometry combined with 
chemo metrics, both methods similarly need the minimum sample 
preparation steps and one cannot prefer one over another for sample 
preparation complexity. A visible color change of AuNPs from wine red 
to blue was observed with increasing the BET and NEP concentration 
so the obvious color change induced can be easily detected by naked 
eyes. The method we developed the method is very sensitive and 
simple without any further modification of AuNPs. 

Graphical abstract
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