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Background: Electronic tongue (ET) is a well-established technology that is used to detect
the taste of a food or a medicinal product and to differentiate between different products
based on their tastes. In addition, it can be used to monitor environmental parameters and
biochemical and biological processes.

Purpose: This study aims to assess any correlation between the results of pharmacopeial
quality control (ie, assay, impurities, and dissolution, etc) and ET analysis for reconstituted
cefdinir (CR) suspension over 10 days (ie, shelf-life).

Methods: The reconstituted CR suspension was tested for several quality attributes such as
dissolution behavior, pH, assay, related substances, and microbial contamination. An HPLC
analytical method was verified and then used for chemical analysis. The taste of CR
reconstituted suspension was followed over 10 days and was then compared with the quality
control results. Moreover, Pearson’s correlation test was used to find a correlation between
chemical analysis results and ET results.

Results: Pearson’s test of correlation showed a significant correlation (p-value <0.05)
between the conventional chemical analysis results (% of CR, % of preservative, % of
released CR, % of total impurities and % of total undefined impurities in the reconstituted
suspension) with the change of their taste (ie, % pattern discrimination index). ET was able to
correlate the results of stability of CR suspension with the change in the taste of the
suspension during the shelf life of the reconstituted suspension.

Conclusion: The obtained results may suggest the use of ET as a new tool for a rapid
assessment of the general quality of a suspension. Moreover, such results would suggest the
use of ET to identify fake or substandard products, especially those have been stored under
inappropriate storage conditions.
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Introduction

The circulation of fake and substandard drug products, especially in developing
countries, is a serious and dangerous problem.' This resulted in an increasing
number of dangerous clinical and public health concerns in these countries.” In
fact, there has been recently an increase in public awareness regarding the existence
of fake and substandard pharmaceutical products.** Although practically all types
of drugs and pharmaceutical products could be counterfeited, the available data
suggest that anti-infectious products are the most counterfeited products in these

countries.'” Unfortunately, nowadays, there are fake products with extreme
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similarity to the original counterparts, which makes it very
difficult to differentiate them by visual inspection.’®
Problems include poor quality active ingredients, pollu-
tion, under or over-concentration of active ingredients,
poor stability, a significant difference in pharmacological
properties (bioavailability, efficacy and toxicity) and inap-
propriate packaging. Recently, many regulatory and inter-
national bodies including the world health organization
(WHO) have established several initiatives to address the
problem of counterfeited medicine, which calls for the
development of analytical tools that can identify the coun-
terfeited medicine in order to detect any substandard phar-
maceutical product.” Moreover, community pharmacists
should be instructed to carry some simple quality control
tests such as visual control, disintegration tests or simple
color reaction tests. However, these tests reveal only very
rough forgeries.®* '® Nowadays, more sophisticated chemi-
cal methods are available but unfortunately, most of these
methods try to prove or disprove the identity and assay of
an active pharmaceutical ingredient (API).'" But some-
times the objective is the discrimination between pure
and fake medications, even when the fake drug contains
the sufficient concentration of APL® Electronic tongue
(ET), is an analytical instrument comprising an array of
non-specific, poorly selective chemical sensors with partial
specificity (cross sensitivity)to different compounds in a
solution, coupled to an appropriate chemometric tool for
data processing.'”

It was well proven that ET devices mimic the ability of
the human tongue to detect the five basic tastes of sweet,
sour, bitter, salty, and umami.'> The ET was successfully
used in several pharmaceutical applications in our labora-
tory. It was used to evaluate the taste of clarithromycin
oral pharmaceutical suspension available in the Palestinian
market.'* Furthermore, ET was used to assess effectively
the taste of Arum palaestinum, which is one of the famous
wild plants used in the medical applications.'*'?

Many analytical methods are available in the literature
to assess the amount of cefdinir (CR), alone or in combi-
nation with other drugs, in the available pharmaceutical
products.'®'® In addition, many other methods are avail-
able to assess its concentration in the biological fluids. To
the best of our knowledge, none of these methods reported
its suitability for dissolution studies.

This study aims to investigate the capacity of ET in the
assessment of the general quality of drug products. For this
purpose, CR reconstituted suspension was selected as a
pilot example. The dry suspension was reconstituted,

stored under the recommended storage conditions and
was routinely analyzed (for 10 consecutive days) as per
the requirement of the international guidelines for quality
of drug product."’

After that, the results of analysis including drug con-
tent, related substances, and dissolution profile were com-
pared with the signals obtained from ET.

Materials and methods

Chemicals and reagents

Cefdinir (CR) suspension produced by Pharmacare PLC
(Ramallah, Palestine) and USP CR reference standard (RIs;
Holland Moran, Holon, Israel) was used in this study. High-
performance liquid chromatography (HPLC)-grade solvents
such as acetonitrile and methanol were purchased from
Sigma-Aldrich GmbH (Germany) and were used as received.
Potassium dihydrogen phosphate, dibasic sodium phosphate,
sodium hydroxide pellets, phosphoric acid, tetramethylam-
monium hydroxide (TMAH) solution, citric acid, and tetra-
hydrofuran were also purchased from Sigma-Aldrich
(Germany). Purified water was obtained using a Millipore
Milli-Q plus water purification system.

Instruments

An HPLC system (Merck—Hitachi, Kent, England) pro-
vided with model L-7100 pump, L-7200 autosampler,
DAD L-7450 photodiode array detector, L-7300 column
oven, and D-7000 software HSM Version 3.1 (Merck—
Hitachi, Kent, England). The experimental conditions for
HPLC were optimized using C18 chemically bonded col-
umn (3.9-mmx150-mm column that contains 4-um pack-
ing L1) that was purchased from ACE (London, UK). The
wavelength for CR detection was 254-nm. The flow rate
was maintained at about 1.4 mL per minute. The resolu-
tion between CR and m-hydroxybenzoic acid was greater
than 3.0; the tailing factor of the CR peak was not more
than 2.0, and the relative standard deviation (RSD) for
replicate injections of the standard preparation was not
more than 1.0%. Weights were measured using Ohaus
balance (Model DV215CD; Shekel Ltd, Israel); pH was
identified using Mettler Toledo GmbH pH meter (Model
S47-K; Agentek, Mettler Toledo, Switzerland).

An o-Astree ET device (a-MOS, Toulouse, France)
was used for the experiment. The ET was equipped with
an Ag/AgCl reference electrode, a 16-position auto-sam-
pler and automatic stirrer. It has seven solid potential
sensors that are chemically modified field effect transistors
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(ChemFET). These sensors consist of two parts: the sensi-
tive layer and the transducer. These sensors are coated
with the specific membrane (chemical compounds) to
induce both cross sensitivity and cross selectivity. A rever-
sible bond will form between specific molecules and the
coated membrane leading to variation in potential between
each sensor and Ag/AgCl reference electrode.”’*' The
device has a software package for multivariate data analy-
sis (ie chemometrics) named o-Soft version 14 (a-MOS,
Toulouse, France), which also automatically collects and
stores the sensors’ output signal.

Methods

General quality control of suspension

The obtained reconstituted CR suspension was tested for
several quality attributes such as organoleptic properties,
viscosity, dissolution behavior, pH, assay, related sub-
stances, and microbial contamination.

Assay and chromatographic conditions
The concentration of CR in the compounded suspension
was measured using HPLC analytical method according to
the United States Pharmacopoeia'® which was verified
according to the FDA guidelines for analytical method
verification.”” The optimum mobile phase was prepared
by mixing 1L of citric acid buffer (citric acid buffer was
prepared by dissolving 7.0 g of citric acid monohydrate in
1000 mL of water and adjusting with phosphoric acid to a
pH of 2.0+0.05) with 111 mL of methanol and 28 mL of
tetrahydrofuran.

The mobile phase was filtered with microporous filter
(0.45 pm) and was degassed by sonication prior to use. A
wavelength of 254 nm was used. The flow rate used was
1.4 mL/minute and the injection volume was 15 pL. The
diluent was prepared by dissolving 10.65 g of anhydrous
dibasic sodium phosphate and 3.40 g of monobasic potas-
sium phosphate in 750 mL of water. The final pH, 7.0
+0.05, was adjusted using phosphoric acid or sodium
hydroxide, and then was diluted with water to 1000 mL.
The peak was quantified by comparing the sample and
standard peak area ratios as a function of concentration.
Weights were measured using Ohaus balance; pH was
identified using pH meter (Toledo GmbH).

Analytical verification

The method was verified according to the ICH guidelines.”**

Parameters such as system suitability, selectivity, linearity,

range, accuracy (recovery) and precision (reproducibility)
were all revalidated. This analytical procedure validation
was conducted using three trials of the product and one trial
of'the placebo product that was prepared in the laboratory. The
dissolution test method for CR suspension, based on the assay
test method, was also validated.

Solutions preparations

Precisely, 0.1 M phosphate buffer was prepared by dissol-
ving 10.65 g of anhydrous dibasic sodium phosphate and
3.40 g of monobasic potassium phosphate in 750 mL of
water. The pH was adjusted by phosphoric acid or sodium
hydroxide to a pH of 7.0+0.05, and then the volume was
reported to 1L using purified water. Concerning the mobile
phase, it was prepared by mixinglL of the above-prepared
phosphate buffer with 111 mL of methanol and 28 mL of
tetrahydrofuran.

Concerning the preparation of CR Standard, this was
prepared by placing an accurately weighed amount of USP
CR RS into a proper volumetric flask and then dissolving
it in 0.1 M phosphate buffer to obtain a solution that has a
concentration of about 0.05 mg per mL of CR.

Concerning the assessment of assay, this was done by
transferring quantitatively the contents of each bottle of
reconstituted oral suspension into an appropriate flask and
diluting with 0.1 M solution of phosphate buffer to achieve
a solution that has a concentration of about 0.05 mg per
mL of CR. With regard to the resolution solution, this was
performed by accurately weighing the required quantities
of USP Cefdinir RS and m-hydroxybenzoic acid into an
appropriate volumetric flask. Then dissolve in 0.1 M solu-
tion of phosphate to obtain a solution that has a concentra-
tion of about 0.05 mg per mL of CR and about 0.175 mg
per mL of m-hydroxybenzoic acid.

The mobile phase was prepared with variable mixtures
of solution A and solution B as indicated in the chromato-
graphic system. Solution A was prepared as a mixture of
aqueous EDTA solution (0.4 mL, 0.1 M) and TMAH solu-
tion (1000 mL, 0.1% w/v, pH of 5.5+0.1). Solution B was a
mixture of: TMAH solution (250 mL of 0.1% w/v), acet-
onitrile (150 mL), methanol (100 mL) and EDTA solution
(0.2 mL, 0.1 M). To prepare a standard solution 1, an
appropriate amount of USP CR RS was dissolved in phos-
phate buffer (0.1 M, pH of 7.0) to achieve a solution that
has a concentration of 0.75 mg/mL. Then an appropriate
amount of this resulting solution was diluted with 0.1%
TMAH solution to achieve a solution that has a concentra-
tion of about 15 pg/mL. To prepare a standard solution 2, an
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appropriate amount of USP CR related compound A RS
was dissolved in TMAH buffer (0.1% w/v) to achieve a
solution that has a concentration of 0.04 mg/mL. To pre-
pared a standard solution 3, an appropriate amount of USP
CR related compound B RS was dissolved in phosphate
buffer (0.1 M, pH of 7.0) to achieve a solution that has a
concentration of 0.04 mg/mL. To prepare the “resolution
solution”, accurately weighed USP CR RS (37.5 mg) were
transferred into a 25-mL volumetric flask and then a solu-
tion of phosphate buffer (10 mL of 0.1 M) was added. After
that, standard solutions 2 and 3 (5.0 mL of each), were
added and the final solution was diluted with 0.1% w/v
TMAH solution to the desired volume.

To prepare the “test solution”, proper volume of recon-
stituted oral suspension equivalent to 150 mg of CR was
transferred into a 100-mL volumetric flask and then a
solution of phosphate buffer was added (30 mL of
0.1 M) and the resulting solution was further diluted to
the desired final volume with 0.1% w/v TMAH solution.
Concerning the chromatographic system, the test solution
is maintained at a temperature of 4£3 °C, and the column
temperature was kept at 40+0.5°C. The flow rate was set
about 1 mL per minute. The chromatograph is pro-
grammed for a runtime of about 60 mins, about 10 uL)
of the resolution solution, standard solution 1, and the test
solution were separately injected. Record the chromato-
grams and measure the peak responses. The resolution
between the CR peak and the third peak of CR related
compound A was higher than 1.5; the tailing factor of CR
related compound B was not more than 1.5, and the
relative standard deviation for the CR peak response in
replicate injections of standard solution 1 is not higher
than 2.0%. The percentage of individual specified and
unspecified impurities in the portion of oral re-com-
pounded suspension was calculated.

Taste assessment

Purified water was added to CR dry powder bottles to
reconstitute the suspension according to the package insert
instruction. All samples were randomly evaluated on the
same day of measurement.

ET measurement, conditioning, calibration and diagnos-
tic steps were carried out according to the manufacturer
guidelines (o MOS, Toulouse, France).The samples were
measured at a room temperature of 25 °C using a potentio-
metric a-Astree ET device, equipped with seven ChemFET
potentiometric sensors designated by the manufacturer as
BA, BB, GA, CA JB, HA and ZZ, an Ag/AgCl reference

electrode (Metrohm, Ltd., Herisau, Switzerland), a mechan-
ical stirrer (Metrohm, Ltd.) and a 16-position sample chan-
ger and a 759 Swing Head for sampling (Metrohm, Ltd.).
The ET was connected to a computer with an installed o-
Soft version 14 to automatically gather and store the outputs
of the sensors (i.e. potentiometric values in Millevolte) for
further analysis. Each sample measurement lasted for
2 mins. Between each measurement, 80 mL deionized
water was used to clean the sensors for 10 s. Moreover,
each sample was measured 6 times per cycle each day. The
first, second and the sixth measurements were discarded in
order to obtain the most stable possible potentiometric
signals, according to our previous experience and manufac-
turer recommendations. Data for each sampler day was
reduced (i.e. centered and standardized) for further multi-
variate data analysis. Three sensors namely CA, HA and ZZ
were used for multivariate data analysis.

To investigate the relationship between these samples,
the similarity test was carried out. The method is used to
investigate the similarity relationship between samples,
since it is not easy to reveal this relation in a linear
model, like PCA. The test describes three parameters; i.e.
group distance, probability value (p-value) and pattern
discrimination index (%). In which, the greater the dis-
tance amongst the center of gravity of each group, the
better the differences between groups are. However, this
value does not take into account the groups’ dispersion.
The dispersions occur due to poor reproducibility, inap-
propriate selection of sensors, sensor failure to discrimi-
nate the samples and the presence of too wide sample to
sample variability. As a consequence, if two groups are
widely dispersed and have a relatively large distance
among their center of gravity, they are not considered
significantly different. The p-value is a good mean for
evaluating the discrimination of the compared groups.
Wherein, the smallest the p-value is (ie, less than 0.05),
the higher the probability that groups are discriminated.
The highest the pattern discrimination index (%) the better
the discrimination between samples, taking into account
the dispersion issue between groups.>'

Statistical analysis

For ET results, Principle Component Analysis (PCA) -
which is a well-known method that is used with different
types of odor and taste sensors —and similarity test were
used for data exploration and discrimination study using o-
Soft version 14 (o MOS, Toulouse, France).
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Regarding statistical analysis, the SPSS program (ver-
sion 21) was used. Moreover, Pearson correlation test was
used to find a correlation between chemical analysis
results and ET results. p-value <0.05 was considered to
be statistically significant.

Results

The aim of this analysis is to verify and establish a corre-
lation between assay method (USP method) and ET ana-
lysis for CR suspension. First, we confirmed that the assay
method is effective and reproducible according to the
validation parameters: System Suitability, Specificity,
Linearity, Range, Accuracy, and Precision. Regarding the
used analytical method, it was found to be valid for the
assay of CR in the prepared suspension since all validation
parameters were within the accepted levels as reported in
Appendix 1.

Moreover, the parameters of the dissolution method
were assessed and they were within the accepted criteria
as summarized in Appendix 2.

The parameters of system suitability were assessed and
they were within the acceptance criteria as also summar-
ized in Appendix 3.

The related substances test was carried out according to
United States Pharmacopeia (USP 33) method of analysis.
All results were within the acceptable limit in the USP 33
as reported in the Appendices 4-8.

Concerning the results of quality of the final CR sus-
pension (250 mg/5 mL), it was reconstituted using purified
water and then placed on the shelf at room temperature for
complete quality control such as physical microbial assess-
ment and chemical analysis which, for example, showed
decrease in the % w/v concentration of both CR and
sodium benzoate from 103.4 to 100.1% w/v and from
103.9 to 100.4, respectively, while the total related impu-
rities where increased from 1.62 to 4.49% w/v, as reported
in Table 1.

The USP method was verified and revalidated accord-
ing to the ICH guidelines for analytical validation devel-
opment by testing parameters such as system suitability,
linearity, selectivity, precision, range, accuracy, and
robustness (Appendices 1-8). In fact, all tested parameters
were within the accepted range according to the guidelines
for the above-mentioned validation parameters.

Our results confirm the stability of the re-suspended
CR suspension for the tested time interval (10 days) as
evident from assay evaluation as well as preservative-

related impurity testing (Table 1).

However, there is a trend of change in these para-
meters that were correlated with the change of the taste
of the re-compounded suspensions as reported in Tables
1 and 2 as well as in Figures 1 and 2. For example, the
% concentration of CR, showed a decrease from 103.
4% to 100.1% which correlated negatively with the
distance from the original taste in the ET (»=—0.958,
p=0.042). Moreover, % sodium benzoate decreased from
103.9% to 100.4% which correlated negatively with the
distance of the taste in the ET although it was not
statistically significant (» 0.919, p=0.081), while the
total impurities showed an increase from 1.62% to
4.49% from day O to 10 days of assessment (Table 1),
which also correlated with the distance from the original
taste in the ET (»=—0.923, p=0.077).

To carry out the ET assessment, CR suspension was
diluted in purified water and tested by ET daily for ten
days (except weekend). The principal component analysis
(PCA) scores plot (Figure 1) of the data shows very dis-
tinguished samples according to their analysis day. Two
principal components explained about 96% of the total
variation, which indicates that almost all data variation is
explained. It can also be noticed that there is a clear trend
that ET can follow the product according to the tested day
(i.e. shelf life), which supports the idea of using ET for
quality control.

It can be shown how the scores plots of PCA are
shifting from those of the initial day (Day 0) to form
clear distinguished groups according to their testing day
(Figure 1). In fact, the higher the distance between these
groups the higher the change in the taste of the tested
sample.

Table 2 shows that the distance between samples
increases from day to day. The higher the distance between
samples, the higher the difference in the taste and compo-
sition between them. Moreover, the pattern discrimination
indices generally increase also. However, this index takes
into account the difference between the centers of gravity
and the dispersion of each group. The distance from the
original taste and the pattern discrimination index were
significantly correlated ( =0.789, p=0.018). Moreover, a-
Soft version 14 (a-MOS, Toulouse, France) created a
quality control model (SQC), which shows the difference
in taste between the analyzed samples and the reference (i.
e. Day 0 in our case). Regarding the taste of CR recon-
stituted suspension, a continuous change in the taste pro-
file versus time was observed as shown in Figure 2 and
Table 2. Pearson test of correlation showed significant
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Table | Results of stability of CR reconstituted suspension

TESTS Time (Day) Limit
0 3 5 10
ASSAY
% wiv CR 103.4 102.4 101.2 100.1 90.0-110.0%
% wiv Sodium benzoate 103.9 102.1 102.9 100.4 90.0-120.0%
PRODUCT DESCRIPTION OF CONSTITUTED SUSPENSION
Color Off White to cream | Off White to cream | Off-white to cream colored
colored colored suspension
suspension suspension
Odor Strawberry Strawberry Strawberry Strawberry Strawberry
Taste Strawberry Strawberry Strawberry Strawberry Strawberry
Caking No caking No caking No caking No caking No caking should occur
occurs occurs occurs occurs

Precipitation

No precipitation

No precipitation

No precipitation

No precipitation

A small amount of

occurs occurs occurs occurs precipitation is allowed as long
as this does not affect the
concentration and content of
the active ingredient.
Sedimentation 1.00 0.99 0.99 0.98 Not less than 0.95
Pouring Pouring is Pouring is Pouring is Pouring is Pouring should be smooth and
smooth and smooth and smooth and smooth and easy
easy easy easy easy
pH 4.20 4.25 4.28 431 3248
Free of black spots or strange No strange No strange No strange No strange No strange substances should

matters substances are substances are substances are substances are be found in constituted
founded in founded in founded in founded in suspension
constituted constituted constituted constituted
suspension suspension suspension suspension

Viscosity 350 380 403 440 200-500 mpa

Density 1.18 1.16 .14 1.17 1.13—-1.23 g/mL

identification (HPLC)

Retention times
for sample and
reference
standard are
8.05 8.04 mins

respectively

Retention times
for sample and
reference
standard are
8.05 8.04 mins

respectively

Retention times
for sample and
reference
standard are
8.05 8.04 mins

respectively

Retention times
for sample and
reference
standard are
8.05 8.04 mins

respectively

The retention time of the
main peak in the
chromatogram of the Assay
preparation corresponds to
that in the chromatogram of
the Standard preparation, as
obtained in the Assay.

DISSOLUTION

Average % w/v Dissolution 94.0 933 927 91.7 Min. 80.0% (Q)

RELATED SUBSTANCES

Impurity VIII 0.00 0.03 0.04 0.06 NMT 0.5

Impurity IV 0.00 0.00 0.00 0.01 NMT 0.6

Impurity XIV 0.02 0.02 0.02 0.03 NMT 0.2

Impurity V 0.03 0.02 0.02 0.05 NMT 0.3

(Continued)
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Table | (Continued).

TESTS Time (Day) Limit
0 3 5 10
Impurity B3 0.00 0.00 0.00 0.00 NMT 0.2
Impurity XI 0.00 0.00 0.00 0.00 NMT 0.7
Cefdinir R.C. Al (Isomer a) 0.40 0.42 0.45 0.49 NMT 3.3
Cefdinir R.C. Al (Isomer b) 0.36 0.39 0.42 0.50 —
Cefdinir R.C. Al (Isomer c) 0.06 0.08 0.10 0.16 —
Cefdinir R.C. Al (Isomer d) 0.00 0.00 0.00 0.03 —
Impurity VI 0.06 0.08 0.09 0.11 NMT 0.2
Impurity | 0.01 0.06 0.08 0.12 NMT 0.8
Cefdinir R.C. B 0.03 0.05 0.06 0.09 NMT 0.2
Impurity XIII 0.02 0.06 0.08 0.12 NMT 0.5
Impurity E3 0.01 0.03 0.0l 0.05 NMT 0.2
Impurity XV 0.02 0.03 0.04 0.08 NMT 0.2
Impurity VII 0.00 0.0l 0.01 0.0l NMT 1.2
Impurity llla2 0.05 0.05 0.06 0.09 NMT 1.1
Impurity 111b2 0.00 0.00 0.00 0.00 —
Impurity D3 0.09 0.08 0.07 0.11 NMT 0.2
Unidentified impurities 0.13 0.14 0.15 0.17 NMT 0.2
Unidentified impurities 0.04 0.05 0.06 0.08 NMT 0.2
Unidentified impurities 0.03 0.08 0.11 0.12 NMT 0.2
Unidentified impurities 0.07 0.08 0.09 0.12 NMT 0.2
Unidentified impurities 0.07 0.08 0.08 0.10 NMT 0.2
Unidentified impurities 0.14 0.15 0.16 0.18 NMT 0.2
Unidentified impurities 0.00 0.00 0.00 0.00 NMT 0.2
Unidentified impurities 0.00 0.00 0.00 0.00 NMT 0.2
Unidentified impurities 0.00 0.00 0.00 0.00 NMT 0.2
Total unidentified impurities 0.38 0.43 0.49 0.57 NMT 0.9
% wiv of total impurities 1.62 3.21 341 4.49 NMT 6.2
MICROBIAL CONTAMINATION
Total Aerobic microbial count <10 <l0 <10 <l0 Maximum 10%cfu/mL
Total Yeast and mould count <10 <l0 <10 <10 Maximum 10'cfu/mL.
Escherichia coli Absent Absent Absent Absent Absent/mL.
Preservatives Efficacy Test Pass Pass Pass Pass Passes test

correlation between the results of decrease in the concen-
tration of CR (+=0.971, p=0.029), decrease in the concen-
tration of sodium benzoate (» =0.953, p=0.047), amount of
released CR (r=0.961, p=0.039), increase in the total
impurities (r =—0.985, p=0.015) and increase in the total
undefined impurities (r=—0.966, p=0.034) in the com-
pounded suspension when plotted against the results of
its % Pattern discrimination index (Figure 2).

Discussion

In this study, full verification was conducted and the
method was proved as reported in the appendices
(Appendices 1-8). The results of the quality analysis

showed a linear change in the critical quality parameters
within the time. These changes were correlated with the
changes in the taste of the CR suspension (light bitter with
a strawberry flavor taste) using the ET. In fact, ET is a
mature technology that is used to detect the taste of a food
or a medicinal product and to differentiate between differ-
ent products based on their tastes. The distance from the
genuine product in ET analysis represents how much close
is the taste of the tested product to the genuine or the
references, light bitter with a strawberry flavor taste since
the probe of the ET takes information from the chemistry
of the sample. Therefore, we tried to find if there is a
relationship between the results of chemical analyses of
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Table 2 Similarity test between samples at different days and the
pattern discrimination index (p-value <0.05)

Day Distance Pattern discrimination index (%)
DO 0 0

DI 0.74 80.45
D2 1.05 68.80
D3 1.74 90.68
D4 1.88 90.18
D5 Not available (weekend)
Dé Not available (weekend)
D7 2.04 88.68
D8 2.75 94.34
D9 351 93.03
DI0 4.7 99.41

the tested CR suspension after reconstitution and the
results of ET analysis. Accordingly, a verified HPLC ana-
lytical method was successfully conducted and used to
assess both CR concentration and the known and unknown
impurities as per the USP.?* After that a correlation
between the release profile of CR from the suspension,
the decrease of the assay of CR and the increase in the
concentration of the impurities after reconstitution of CR
suspension for 10 consecutive days was conducted and
compared with the variation in the distance of the light

bitter with a strawberry flavor taste of the suspension and
the pattern discrimination index (%) (From 0 to 10 days)
by the ET as reported in Table 2, Figures 1 and 2.
Interestingly a significant correlation between chemical
analysis and ET results was found for all variables, that
indicates how the variation in the chemical analysis of the
suspension corresponds to the waking or stepping away of
the pattern discrimination index (%) from 0 to 10 days
(Figures 1 and 2). This may suggest that using ET to
compare the quality of the tested drug product with the
genuine or the reference one may provide useful indica-
tions about the quality or the status (unfavorable storage
conditions may alter its quality) of the product which at
least may suggest to move for more sophisticated analysis
in case of suspicion of a substandard or a counterfeit drug
product.

Conclusion

Electronic tongue (ET) is considered one of the most
important tools to assess the taste of food and pharmaceu-
tical products. In this study, ET was able to significantly
correlate the results of chemical stability of CR suspension
with the change in the taste of the suspension. This may
suggest the use of ET as a new tool for a rapid assessment
of the quality of the suspension and accordingly if it is a
fake or a substandard product by comparing its percentage
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@g\g_w_rm»-—( %

Figure | Scores plot of the PCA model for the samples during the test days.
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Figure 2 Correlation between assay of CR, % w/v of preservative, % w/v of total impurities and % w/v of total undefined impurities in the compounded suspension versus
the results of its % pattern discrimination index.

of discrimination pattern index with the genuine product.

Further studies should be carried out on more drug pro-

ducts to verify the effectiveness and reproducibility of this

method on a wide range of pharmaceutical products.
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