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Abstract

A simple smartphone-based digital image colorimetry is proposed for the determination of vancomycin in drugs. The ana-
lytical method relied on the reaction of vancomycin with copper(Il) in ethanol-water medium with pH 4.3. The reaction
resulted in the formation of a blue—grey complex, presenting an absorption maximum at 555 nm. A mobile application
was used for smartphone-based analysis to decompose the individual channels of the colour model representations. The
determination was performed using three smartphones followed by a comparison of the outcomes with spectrophotometric
measurements. The most optimal analytical parameters were achieved for the H channel. The linear ranges obtained for the
smartphone-based method proved to be comparable to the spectrophotometric range of 0.044—1.500 g dm~> and were 0.049—
1.500 g dm~3, 0.057-1.500 g dm~>, and 0.040—1.500 g dm~> for Smartphones 1-3, respectively. Moreover, the determined
coefficients of variance (CV, n=9) and limits of detection (LOD) were 2.3% and 0.015 g dm™3, 6.2% and 0.017 g dm~3, and
2.5% and 0.012 g dm~, respectively. Whereas for spectrophotometry, the obtained precision, CV was of 0.9% and a LOD
of 0.013 g dm™3. The accuracy of the method was verified using model samples, generally the results were obtained with
accuracy better than 10.9% (relative error). The method was applied to the determination of vancomycin in drugs. The results
obtained by smartphone-based colorimetry did not differ from the expected values for more than 2.6%, were consistent with
each other and with the results of spectrophotometric determinations.
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Introduction

Vancomycin is a glycopeptide antibiotic. Its molecule con-
sists of seven-membered peptide chains forming a tricyclic
structure with an attached disaccharide composed of van-
cosamine and glucose (Fig. 1) [1].

The history of antibiotic begins in the 1950s, when it was
originally isolated from organism Amycolatopsis orientalis
Department of Analytical Chemistry, Faculty of Chemistry, [2]. The extracted substance was able to eradicate Gram-pos-
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Fig. 1 Chemical structure of
vancomycin

The increased use of the drug after its introduction resulted
in the acquisition of resistance by many bacteria strains.
Moreover, many adverse effects have been reported after
years of treatment with vancomycin. The drug is currently
considered an antibiotic of last resort, mainly used to treat
severe or resistant staphylococcal and enterococcal infec-
tions. It may also be used for moderate infections in patients
who may be allergic to first-line antibiotics (such as penicil-
lins) [2, 3].

Due to the possible development of drug resistance to
vancomycin and the numerous adverse effects of the drug,
it is essential to carefully follow the dosing procedures for
the antibiotic and to subsequently monitor its levels in blood
and other body fluids.

Many analytical methods have been developed to deter-
mine vancomycin. The methods are characterized by varying
degrees of complexity, sophistication, or greenness. When
considering Official Compendia, the British Pharmacopoeia
[4], US Pharmacopoeia [5], and European Pharmacopoeia
[6] describe the use of HPLC and microbiological assays
for quantification of the antibiotic in drugs. The Japanese
Pharmacopoeia [7] in turn also gives a microbiological test
but rather than HPLC it indicates spectrophotometry with
UV detection.
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Regarding methods reported in the literature, chromato-
graphic [8—11] and microbiological [12—-15] are the most
widespread. Nevertheless, several spectrophotometric
[16-20], spectrofluorimetric [21, 22], and electrochemical
[23] methods can also be identified. The separation meth-
ods usually provide good analytical performance although
they require specialized apparatus and often expensive and
hazardous reagents employed in significant amounts. Simi-
larly, the microbiological methods also require highly spe-
cialized equipment and expensive reagents; moreover, the
measurements must be conducted under strictly controlled
conditions. Noteworthy, spectrophotometric methods offer
several advantages and may be successfully applied for the
quantitative determination of vancomycin in drugs. In the
majority, the spectrophotometric methods used to determine
vancomycin are based on measuring the absorbance of the
coloured complexes that the analyte forms with various rea-
gents. Fooks et al. [19] proposed a method that relied on the
reaction of vancomycin with the Folin—Ciocalteau’s reagent
in an alkaline medium. The product of the reaction was a
blue—grey complex with an absorption maximum at 725 nm.
El-Ashry et al. [17] developed a method that involved cou-
pling the antibiotic with benzocaine in an alkaline medium
resulting in an orange—yellow compound with a maximum
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absorption at 442 nm. Three methods for the determination
of vancomycin were proposed by Sastry et al. [20]. First,
the analyte was oxidized with sodium metaperiodate excess
and subsequently the product was subjected to three differ-
ent complex reactions with three other reagents to obtain
coloured complexes with absorption maxima at 620, 520,
and 540 nm, respectively. While all these methods had good
analytical performance, they employed toxic reagents and
often required long waiting time and heating. During the
experimental design stage, it was decided to use a rapid,
simple and green method; therefore, it was agreed to test
the method proposed by Junior et al. [16]. The method is
based on the reaction of vancomycin with copper(Il) in etha-
nol-water medium with pH 4.3. The reaction results in the
formation of a blue—grey complex, presenting an absorption
maximum at 555 nm. Its main advantage is the production
of a small amount of chemical waste; moreover, it is envi-
ronmentally friendly. The complex formed when the antibi-
otic reacts with copper(Il) takes on a characteristic colour
depending on the concentration of vancomycin. Therefore,
it is particularly suitable for testing the method using digital
imaging detection.

Smartphone technology has provided innovative possi-
bilities and applications in various fields of science, includ-
ing chemistry. Smartphones play significant role as detection
systems in the development of novel analytical methods [24,
25].

Smartphones are used most commonly as digital imaging
systems based on colorimetry [25-27], but they are also used
in fluorescence [28, 29], chemiluminescence [30] and elec-
trochemical [25, 31] methods. Low cost, high availability
and simplicity of the use of smartphones have made them
tools used in the development of novel analytical methods
for environmental [32], food [33], and especially biomedical
and health tracking [32, 34-37] analysis.

Various apps for different types of smartphone-based
detection in chemical analysis were developed [25]. One of
the mobile tools for colorimetric analysis is the application
PhotoMetrix with further extensions PhotoMetrix PRO® and
PhotoMetrix UVC® [32, 38]. These applications allow the
decomposition of digital images recorded by the smartphone
camera and their processing in the same device, enabling
detection without the need to use additional computer equip-
ment. Image decomposition using PhotoMetrix PRO® is pos-
sible in two ways. In the first one, a histogram is created
based on the integral RGB model, which includes adding
the primary colours: red (R), green (G), and blue (B). The
second way is to independently decompose R, G, B channels
and alternative RGB colour model representations, such as
hue (H), saturation (S), and value (V) of the HSV model
representation, and hue (H), saturation (S), and brightness
(L); in the representation of the HSL model. Most of the
methods developed using the PhotoMetrix PRO® application

employed univariate analysis based on a calibration curve.
The analytical signal was measured for a single channel.
Methods based on the use of multivariate analysis, includ-
ing Principal Component Analysis (PCA) and Partial Least
Squares (PLS) were also developed [32, 38].

The aim of the study was to verify the feasibility of the
determination of vancomycin in the colour reaction with
copper(Il) ions [16] using a digital image-based colorimetry,
and to compare results of antibiotic determination obtained
using three separate digital imaging systems. To the best of
our knowledge, this is the first approach to determine van-
comycin in drugs using a smartphone-based digital image
colorimetry.

Results and discussion
Preliminary studies

For the determination of vancomycin, it has been decided
to adapt a rapid, inexpensive, and green method, wherein
vancomycin reacts with copper(Il) acetate in a water—ethanol
medium (pH 4.3), resulting in a maximum absorbance at
555 nm [16]. To this aim, Junior et al. [16] used a copper(Il)
acetate solution in concentration of 12.00 g dm=>. However,
as appeared in preliminary studies, such a concentration of
copper(Il) acetate caused rapid precipitation. Hence, it was
decided to conduct studies on the selection of an optimal
concentration of the reagent. Spectrophotometric measure-
ments were performed using standard solutions of vari-
ous concentrations of copper(Il) acetate: 12.00, 6.00, and
3.00 g dm™.

The results enabled the construction of calibration graphs
with the following equations and coefficients of determi-
nation: for 12.00 g dm™3 (A=0.104c+0.002; R*= 0.999);
for 6.00 g dm™3 (A=0.105¢+0.002; R2=0.999), and for
3.00 g dm™ (A =0.088¢ —0.004; R*=0.999), where A is
absorbance and ¢ is concentration/g dm™>. It is clear that
even a twice lower concentration of copper(Il) acetate
gives results nearly equal to those obtained in the presence
of 12.00 g dm~ reagent. The slopes of the curves and the
determination coefficients for these curves are similar. For
the reagent concentration of 3.00 g dm~ the slope of the
curve, and accordingly the sensitivity of the method, appears
to decrease compared to the others. Therefore, it was decided
to proceed with the study in the presence of copper(Il) ace-
tate at a concentration of 6.00 g dm™.

For the digital image-based analysis, mobile application
PhotoMetrix PRO® (Santa Cruz do Sul, Brazil) in the uni-
variate module was used. Initially, experiments were con-
ducted directly on a laboratory counter under normal labora-
tory room lighting. However, due to the variable conditions,
the results obtained were unsatisfactory. Several attempts
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were conducted using different light sources, at different
positions of the smartphones and the cuvette to acquire the
optimal measurement conditions. Finally, it was decided
to construct a platform that would allow measurements to
proceed in a reproducible and repeatable manner. A white
box with a mounted cuvette holder was prepared to perform
the measurements. The cuvette was illuminated using a ring
lamp. The smartphone was housed in a tripod and positioned
vertically at a distance of 5 cm from the cuvette. The selected
region of interest was 16 X 16 pixels. For each smartphone,
the measurements proceeded in the exact same manner.
First, the solution in the cuvette was analyzed with the spec-
trophotometer, followed by Smartphone 1, Smartphone 2,
and Smartphone 3. Each solution was measured using digital
imaging in five repetitions. Using three smartphones, the
results obtained with the app were compared using cameras
from different manufacturers and with different resolutions.
The subsequent section presents the optimization stage, the

Table 1 Comparison of selected analytical parameters for the used
method registered for various channels representing colour mod-
els using tested smartphones and spectrophotometer (A absorbance;

¢ concentration/g dm™>; § analytical signal/a.u. (arbitrary unit);

selection of conditions for smartphone-based measurements,
and the verification of the method.

Selection of conditions for smartphone-based
measurements

The application PhotoMetrix PRO® allows analysis in four
colour spaces—RGB, HSL, HSV, and HSI. This implies that
results are obtained for all solutions on eight channels—R,
G, B, H, S, L, V, and I. The measurements for the calibration
solutions were performed using three smartphones and to
compare results, a spectrophotometer. Based on the received
results, a calibration graphs were constructed, the linear
ranges were determined, and certain analytical parameters
were calculated. The data are summarised in Table 1.

The analyzed calibration solutions were different in terms
of colour depending on the concentration of vancomycin.
With increasing concentration of the antibiotic, the colour

R? determination coefficient; LOD limit of detection, LOQ limit of
quantification (n=9); CV coefficient of variation for concentration
0.70 g dm™)

Signal/channel Linear equation R? Linear range /g dm™ LOD/g dm™ LOQ/g dm™ CV/%
Spectrophotometer A A=0.1068c+0.0002 0.999 0.044-1.500 0.013 0.044 0.9
Smartphone 1 R S=7.407c+75.491 0.999 0.221-0.700 0.067 0.221 11.2
Smartphone 2 cannot be adjusted - - - - -
Smartphone 3 §S=8.441c+129.791 0.981 0.087-0.700 0.026 0.087 174
Smartphone 1 G S§=12.106c +44.189 0.995 0.196-0.700 0.059 0.196 16.7
Smartphone 2 cannot be adjusted - - - - -
Smartphone 3 §=12.877¢+91.762 0.995 0.217-0.500 0.066 0.217 144
Smartphone 1 B cannot be adjusted - - - - -
Smartphone 2 cannot be adjusted - - - - -
Smartphone 3 S§=-12.802c+87.932 0.988 0.088-1.200 0.027 0.088 154
Smartphone 1 RGB cannot be adjusted - - - - -
Smartphone 2 cannot be adjusted - - - - -
Smartphone 3 S§=-87.480c +108.777 0.984 0.191-1.000 0.058 0.191 9.5
Smartphone 1 H S§$=18.898c+3.524 0.999 0.049-1.500 0.015 0.049 23
Smartphone 2 S§=7.662c+19.967 0.997 0.057-1.500 0.017 0.057 6.2
Smartphone 3 $=16.408c+7.940 0.999 0.040-1.500 0.012 0.040 25
Smartphone 1 S $=0.083c+0.424 0.975 0.183-1.200 0.055 0.183 14.6
Smartphone 2 cannot be adjusted - - - - -
Smartphone 3 §=0.101c+0.336 0.994 0.279-1.200 0.084 0.279 34
Smartphone 1 L cannot be adjusted - - - - -
Smartphone 2 cannot be adjusted - - - - -
Smartphone 3 cannot be adjusted - - - - -
Smartphone 1 \% §=0.023¢+0.314 0.991 0.329-1.500 0.100 0.329 18.7
Smartphone 2 cannot be adjusted - - - - -
Smartphone 3 §=0.033¢+0.511 0.909 0.282-0.700 0.085 0.282 19.5
Smartphone 1 I §=0.020c+0.213 0.981 0.256-1.000 0.078 0.256 154
Smartphone 2 cannot be adjusted - - - - -
Smartphone 3 §=0.019¢+0.403 0.979 0.371-1.200 0.112 0.371 16.8
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of the solutions changed from blue to grey—blue. Hence, a
change in the hue was observed, and therefore, satisfactory
results were expected for the H channel and for the chan-
nels from the RGB colour space. As can easily be observed
by examining Table 1, that prediction has been confirmed
regarding channel H. The best results were obtained for this
channel, in terms of linearity range, coefficient of determi-
nation as well as LOD and LOQ, using each smartphone.
Moreover, the data acquired on the remaining seven chan-
nels did not permit the fitting of any trend line in a great
part. Therefore, in the subsequent stages of the study, only
the output from channel H was considered.

Considering the H channel and the results obtained for
each smartphone, there are differences between them. The
sensitivity obtained for Smartphone 2 is about twice lower
than for the other two smartphones, but this has no signif-
icant influence on the obtained LOD and LOQ values. It
would seem that in the case of smartphone-based digital
image colorimetry, the resolution of the camera of the phone
used will be crucial, as this can have a direct impact on the
image quality. However, our experiment indicates that other
device parameters must also have a major influence on the
results obtained. Smartphone 1 and 3 were manufactured by
the same producer and their camera resolutions were differ-
ent (16 Mpx vs. 12 Mpx). Smartphone 2 was produced by
other manufacturer, but its camera resolution was similar to
that of Smartphone 3 (13 Mpx vs. 12 Mpx).

Analytical characteristics of the developed method

Using the channel H, the quantitative measurements were
performed for vancomycin in the concentration range
from 0.00 to 1.50 g dm~>. Equations of calibration graphs
achieved from digital imaging measurements using various
smartphones and from spectrophotometry are presented in
Table 1. It was decided not to perform measurements over
a wider range of concentrations, since this was unneces-
sary for analysis of drugs. The repeatability was represented
by the coefficient of variation (CV, n=9) for the concen-
tration 0.70 g dm™>. The limit of detection (LOD, n=9)
was established as a 3.3 times standard deviation of results
obtained for the blank sample over the calibration slope.
Afterwards the quantification limit (LOQ, n=9) was cal-
culated as 3 times LOD. The linear range, the calculated
LOD and CV values are included in Table 1. Based on the
analysis of Table 1, it is evident that the linear ranges for
the smartphone-based method proved to be comparable
to the spectrophotometric range of 0.044—1.500 g dm™
and were 0.049-1.500 g dm~>, 0.057-1.500 g dm~3, and
0.040—1.500 g dm™ for Smartphones 1-3, respectively. The
determined precision and limit of detection values were 2.3%
and 0.015 g dm~, 6.2% and 0.017 g dm~>, and 2.5% and

0.012 g dm~3, respectively. While for spectrophotometry, the
obtained CV value was of 0.9% and a LOD of 0.013 g dm™>.

Method verification

The verification of the method relied on the determination
of vancomycin in model samples. The solutions included
the following concentrations of the antibiotic 0.100, 0.300,
0.500, 0.700, 1.000, and 1.200 g dm~>. The solutions were
prepared as described in the Samples section. The measure-
ments were performed using smartphones and with the spec-
trophotometric detection. According to the selected condi-
tions for smartphone-based measurements, only data for the
H channel were considered. The results of the vancomycin
determination are presented in Table 2 along with the values
of coefficient of variation (CV, n=3) and relative error (RE).

It can be noted that the results obtained for vanco-
mycin determination achieved with spectrophotometric
measurements are characterised by a very good precision
(CV <4.5%) and accuracy (RE <3.8%). Regarding the
results of precision and accuracy obtained using the smart-
phone-based measurements, they are generally lower (14.1
and 10.9%, respectively), but can be also considered as sat-
isfactory. The only exception are the results obtained for
concentrations of 0.100 and 0.300 g dm~ using Smartphone
2, where the results were obtained with poorer accuracy
(RE=31.9% and 12.8%, respectively).

Determination of vancomycin in authentic samples

The developed procedure was applied to the determination
of vancomycin in drug samples. The samples were analysed
in triplicate. The procedure for preparing sample solutions is
described in the Samples section. The results of the determi-
nations, along with the analytical parameters, are presented
in Table 3.

It can be observed that generally, the obtained results of
the determination of vancomycin in drug samples compared
to the expected concentration values (declared by manu-
facturers), in all cases are characterized by good accuracy
(RE<2.6%).

Moreover, the results achieved by different smartphones
are consistent with each other and they correspond to the
result received by spectrophotometry. Most of the results
is also consistent with the expected values. However, spec-
trophotometric results and the result of the determination
using Smartphone 3 (for Sample 1), although they do not
differ from the expected for more than 2.6% (RE), cannot be
regarded as consistent with the expected values. The reason
relates to obtained in these cases narrow confidence intervals
connected with good precision. It should be also noted, that
for the expected values, the confidence intervals were not
provided.
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Table 2 Results obtained for model samples using spectrophotometer and tested smartphones (mean concentration (n=23) obtained using the
developed approach; CV coefficient of variation (n=3); RE relative error (IRElI/% = ((found value —expected value)/expected value) x 100%))

Expected Spectrophotometer Channel H
concentration/g
dm™3 Smartphone 1 Smartphone 2 Smartphone 3
Determined CV/% IREl/% Determined CV/% IREl/% Determined CV/% IREl/% Determined CV/% IREl/%
concentration/g concentration/g concentration/g concentration/g
dm™? dm™? dm™* dm™?
0.100 0.104 4.5 3.8  0.095 100 5.0 0.147 0.7 31.9 0.107 14.1 438
0.300 0.306 14 2.1 0.301 6.8 04 0344 8.1 12.8 0.315 10.2 49
0.500 0.499 0.9 0.1  0.502 0.1 04 0495 0.2 1.1 0.564 35 109
0.700 0.709 0.6 1.3 0.726 0.8 3.6 0.720 0.7 2.8 0.738 04 5.1
1.000 1.012 1.2 1.2 1.030 0.7 37 1.024 0.8 24 1.037 05 3.6
1.200 1.189 1.6 09 1.213 06 1.1 1.189 1.0 1.0 1.187 52 1.1

Good precision and accuracy confirm analytical useful-
ness of the developed method for vancomycin determination
in drug samples.

Comparing to other methods reported in the literature,
the approach presented in this work is characterized by good
sensitivity and a relatively wide linear range. The analytical
parameters obtained for the digital image-based colorimetry
compared with analytical parameters of other methods are
presented in Table 4. The LOD values achieved with smart-
phones are comparable to those obtained using UV-Vis
methods. The use of smartphones offers good analytical
parameters, at the same time it is low-cost, uncomplicated
and the analysis can be performed at any place.

Conclusions

The feasibility of determining vancomycin in a colour reac-
tion with copper(Il) ions using smartphone-based digital
image colorimetry was tested and the results of antibiotic
determinations obtained using three different digital imag-
ing systems were compared. The PhotoMetrix PRO® app
was proven to be a very useful tool for smartphone-based
digital image colorimetry. Furthermore, it has been dem-
onstrated that the finest results were obtained with the H
channel using this app, regardless of the smartphone model.
The approaches presented in this study offer good sensitivity
and a relatively wide linear range. The analytical parameters
obtained for smartphone-based digital image colorimetry
are comparable with spectrophotometric reported in the lit-
erature for the determination of vancomycin in drugs. The
method was verified through the determination of vanco-
mycin in model samples, with subsequent determination of
the substance in authentic samples. The results received for
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both model and authentic samples are satisfactory and con-
firm the analytical usefulness of the developed method for
drug analysis. To the best of our knowledge, this is the first
approach to the determination of vancomycin in drugs using
smartphone-based digital imaging colorimetry.

Experimental

All used chemicals were of analytical grades and used
without purification. The following reagents were used to
prepare the appropriate solutions: sodium acetate (Chem-
pur, Piekary Slaskie, Poland), 99.5-99.9% acetic acid
(Merck, Darmstadt, Germany), 96% ethanol (POCH, Gli-
wice, Poland), 0.1 mol dm™3 sodium hydroxide (Chempur,
Piekary Slaskie, Poland), copper(Il) acetate monohydrate
(Merck, Darmstadt, Germany), vancomycin hydrochloride
(Sigma-Aldrich, St. Louis, USA), vancomycin hydrochlo-
ride (>85%, Pol-Aura, Dywity, Poland) and vancomycin
hydrochloride (Pharmex Group, Boryspol, Ukraine).
Measurements were performed in an acetate—ethanol envi-
ronment. A 2.0 mol dm~? sodium acetate solution was
prepared by dissolving 16.4 g of CH;COONa in 100 cm?®
of water. Acetic acid solution was prepared by diluting
12.1 cm® of 99.5-99.9% CH;COOH in a 100 cm” of water.
Acetate buffer solution pH 3.5 was prepared by mixing
0.64 cm? of 2.0 mol dm™3 sodium acetate solution and
9.36 cm? of 2.0 mol dm~> acetic acid and adjusted to the
appropriate pH with 0.1 mol dm~ NaOH. Then to obtain
Buffer 1, acetate buffer pH 3.5 was mixed with ethanol
(50:50, v/v). Further acetate buffer solution pH 4.5 was
prepared by mixing 4.30 cm?® of 2.0 mol dm~3 sodium
acetate solution and 5.70 cm? of 2.0 mol dm ™ acetic acid
and adjusted to the appropriate pH with 0.1 mol dm™>
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Table 3 Results obtained for authentic samples using spectropho-
tometer and tested smartphones (mean concentration =+ confidence
interval (n=3, =0.05) obtained using the developed approach; RE

relative error (IREl/% = ((determined value — expected value)/expected
value) -100%))

Sample Expected Spectrophotometer Channel H
concentration/g dm™>
Smartphone 1 Smartphone 2 Smartphone 3
Determined IREl/%  Determined REl/%  Determined REl/%  Determined IREI/%
concentration/g dm™> concentration/g dm™> concentration/g dm~> concentration/g dm~>
Sample 1 0.600 0.585+0.001 2.6 0.595+0.018 0.8 0.599+0.009 0.1 0.585+0.008 2.4
Sample 2 0.600 0.591+0.001 1.5 0.598 +0.008 0.3 0.589+0.069 1.8 0.599+0.024 0.2
Table4 Comparison of Technique Linear range/g dm™  LOD/gdm™  Refs.
methods developed for
vancomycin determination in Spectrophotometry UV-Vis 0.188-14.490 0.064 [17]
pharmaceutical products Spectrophotometry UV—-Vis 0.004-0.032 0.003 23]
Differential pulse polarography (DPP) 0.007-0.074 4.1x10* [23]
Liquid chromatography with UV spectrophotometric 0.001-0.100 1.0x107° [8]
detection (HPLC-UV)
Fluorimetry 1.0x10°-1.0x10* 59x%107 [21]
Flow-injection chemiluminescence system (FI-CL) 0.001-0.040 1.0x107™* [22]
Spectrophotometry UV-Vis 0.044-1.500 0.013 This work
Digital imaging system (channel H, Smartphone 1) 0.049-1.500 0.015
Digital imaging system (channel H, Smartphone 2) 0.057-1.500 0.017
Digital imaging system (channel H, Smartphone 3) 0.040-1.500 0.012
NaOH. Then to obtain Buffer 2, acetate buffer pH 4.5 was Instrumentation

mixed with ethanol (50:50, v/v). A solution of copper(Il)
acetate of 6.0 g dm™ was prepared by dissolving 600 mg
of (CH;C0O0),Cu-H,0 in a 100 cm® of Buffer 2. Stock
solution containing 3.00 g dm™ of vancomycin was pre-
pared by dissolving 300.0 mg of vancomycin hydrochlo-
ride (Sigma-Aldrich, St. Louis, USA) in a 100 cm? of
Buffer 1. Deionized water (0.05 pS cm™!) obtained from
HLP5sp system (Hydrolab, Straszyn, Poland) was used
throughout the study.

Samples

The proposed method was tested with the use of six model
samples of different known concentrations of vancomycin
(Table 2). In addition, two authentic samples were ana-
lyzed—one sample of drug (Pharmex Group, Boryspol,
Ukraine) and the second one of different purity (>85%, Pol-
Aura, Dywity, Poland). Both vancomycin sample solutions
were prepared by dissolving 30.00 mg of the substance in
25 cm? of Buffer 1 to obtain concentration 1.20 g dm™. The
solutions of the authentic samples were prepared accord-
ing to the procedure described in the section Procedure for
measurements to obtain 0.60 g dm™> concentration of van-
comycin in the sample solutions (Table 3).

Spectrophotometric measurements were performed using
Lambda 25 UV-Vis spectrophotometer (Perkin Elmer,
Waltham, USA) equipped with UV-WinLab software (Per-
kin Elmer, Waltham, USA) and 10 mm path length glass
cuvettes (1 x 1x4.5 cm) (Perkin Elmer, Waltham, USA).

Digital imaging measurements were performed on a
homemade, simple platform consisting of a smartphone
equipped with PhotoMetrix PRO® application as an image-
analyzing device, in the smartphone holder, glass cuvettes
(I1x1x4.5 cm) mounted on a cell holder and a box with
white cartoon paper as a background diffuser. The cell
holder was illuminated using a ring lamp (Tracer, Warszawa,
Poland). The platform was fixed on worktop where the
smartphone and the diffuser were set at a 5 cm distance from
the cell holder. The camera was positioned at a 90° angle to
the cuvette, at its mid-height. Three smartphones with dif-
ferent camera sensor resolutions were deployed: Smartphone
1 (Samsung Galaxy S7; camera matrix 12 Mpx), Smart-
phone 2 (Xiaomi Redmi 9C NFC; camera matrix 13 Mpx)
and Smartphone 3 (Samsung Galaxy A40; camera matrix
16 Mpx).
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Procedure for measurements

The calibration solutions of vancomycin were prepared
in the range of 0.00-1.50 g dm™3. The solutions were
prepared directly in 3.0 cm® glass cuvettes. Therefore, to
obtain required calibration solutions, appropriate volume
of 3.00 g dm™ vancomycin stock solution was added to
cuvette, made up to 1.5 cm’® with Buffer 1 and then mixed
with 1.5 cm?® of 6.0 g dm™ solution of copper(II) acetate.
The preparation of such solutions provides suitable condi-
tions (pH 4.3) for the formation of a grey—blue complex
of vancomycin with copper(Il) ions. After 5—10 min, spec-
trophotometric measurements were performed. Absorbance
was measured at 555 nm, at three replicates for each solution
(Table 1). Subsequently, digital imaging measurements were
conducted with five replicates for every solution. For sample
solutions, the measurement procedure was performed in the
corresponding manner.

Procedure for digital image processing

The captured images were directly analyzed in PhotoMetrix-
PRO application. The selected region of interest was 16 X 16
pixels in all instances. After each image was captured, data
for 8 channels—R, G, B, H, S, L, V, and [-—correspond-
ing to the different colour space models were obtained in
the application (Table 1). When optimized, the results were
interpreted based on the single, most optimal channel. The
signal for RGB was calculated as the average of the signals
on the R, G, and B channels.
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