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Abstract: A combination of antibiotics and antiprotozoal and antisecretory medicines has been
prescribed for the treatment of diarrhea. A rapid, reproducible liquid chromatographic procedure
was established for the concurrent analysis of metronidazole (MET), ofloxacin (OFL), and racecadotril
(RAC) in suspension. The Box–Behnken design, a full factorial multivariate optimization technique,
was utilized to optimize chromatographic parameters with fewer runs. The separation of MET,
OFL, and RAC was accomplished within 3.2 min, using a Zorbax C18 high-performance liquid
chromatography column with a simple mobile phase comprising acetonitrile (55 vol.%): methanol
(10 vol.%):20 mM phosphate buffer (35 vol.%, pH 6, regulated with ortho-phosphoric acid). The
mobile phase was pumped in the isocratic mode at a rate of 1.4 mL/min at ambient temperature.
Analytes were monitored by adjusting the wavelength at 295 nm for MET and OFL and 231 nm
for RAC. Validation of the proposed HPLC method exhibited linearity in the concentration of
20–250 µg/mL, 10–150 µg/mL, and 5–80 µg/mL for MET, OFL, and RAC respectively, along with
an excellent regression coefficient (r2 > 0.999). The accuracy and precision of the chromatographic
procedure were also evidenced by the low percent relative error and relative standard deviation.
A Pareto chart developed by the two-factor interaction (2FI) study confirmed that the method was
robust, as the slight variation in a single factor had no significant influence on the assay outcomes.
Lastly, the developed HPLC process was utilized for the concurrent quantification of MET, OFL,
and RAC in liquid oral preparation. Furthermore, when the assay results were compared to the
described techniques, it was discovered that there was no significant difference in the accuracy
and precision of the results. Hence, the developed rapid HPLC method could be employed for the
quality control study of a preparation comprising of MET, OFL, and RAC in industries and regulatory
authority laboratories.

Keywords: HPLC; surface response; multivariate optimization; formulation; metronidazole; ofloxacin;
racecadotril
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1. Introduction

In developing countries, acute diarrhea is one of the major health problems in chil-
dren under the age of 5, and it is estimated that 2 million children die every year due
to diarrhea [1]. A combination of antibiotics, antiemetics and antiprotozoal drugs is
prescribed for the treatment of diarrhea due to gastroenteritis [2,3]. To reduce the loss
of body fluid and electrolytes, anti-secretary drugs are added with antimicrobials. Re-
cently, the introduced drug racecadotril has been prescribed over loperamide due to better
safety and tolerability in children [4]. A combination of metronidazole (MET, Figure 1A),
ofloxacin, (OFL, Figure 1B), and racecadotril (RAC, Figure 1C) has been introduced for the
management of pediatric acute diarrhea. Ofloxacin is an orally active second-generation
fluoroquinolone class of antibiotic that acts by inhibiting the replication of microorganisms
and revamping themselves. It is a broad-spectrum antibiotic active against Gram-positive
and Gram-negative bacteria including anaerobes [5,6]. Metronidazole is cytotoxic and has
both antibacterial and antiprotozoal properties. It destroys microorganisms by entering
inside the organism and binds with DNA, followed by causing breakage of the DNA helix
and finally inhibiting protein synthesis [7]. Racecadotril inhibits the intestinal secretion
of body fluids by different means compared to the existing antidiarrheal agents. RAC
produces antisecretory activity by inhibiting enkephalinase, a peptidase enzyme present
in the cell membrane, thereby reducing the breakdown of endogenous enkephalins and
reducing the secretion of water and electrolytes in the small intestine [8,9].
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Several analytical practices were described for the assay of OFL, MET, and RAC
as an individual analyte and with other drugs in the formulation and biological sam-
ples. OFL alone and in combination with other drugs has been estimated using UV–
spectrophotometric [10,11], spectrofluorometric [12], high-performance liquid chromatog-
raphy (HPLC) [13–16], capillary electrophoresis [17,18], and HPLC-MS [19] methods. De-
termination of OFL along with MET has been reported in the literature using spectropho-
tometric methods [20] and HPLC methods [21,22]. MET alone was determined using
the IR spectrophotometric method [23] and, along with 2–hydroxyl metronidazole, was
determined by HPLC in plasma [24]. The binary combination of OFL and RAC analy-
sis by HPLC [25–27] and high-performance thin-layer chromatography (HPTLC) [28,29]
methods was reported in the literature. The quantification of RAC was reported using
spectroscopic [30,31], spectrofluorometric [31], and HPLC methods [32]. Analysis of RAC
metabolites in biological samples by LC–MS/MS was reported in the literature [33]. How-
ever, the assay procedure for the concurrent quantification of OFL, MET, and RAC in the
formulation has not been reported. To monitor the quantity of analytes and quality of the
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formulation, and for a regular quality control study of a formulation consisting of OFL,
MET, and RAC, a rapid and validated analytical method is required.

Multivariate optimization using surface response analysis demonstrates a better pic-
ture of the effect of different variable factors on the separation of analytes by chromatogra-
phy [34,35]. Hence, the multivariate optimization approach has been extensively used for
the optimization of analytical conditions in HPLC and CE methods [34–38]. Furthermore,
it reduces the time and effort in developing an effective analytical method without losing
the resolution between the analyte peaks [34]. In the current study, we developed a rapid,
and effective liquid chromatographic method by optimizing chromatographic separation
features by adopting the Box–Behnken design with response surface analysis and effectively
applied it for the concurrent quantification of OFL, MET, and RAC in the pharmaceutical
formulation. This is the first analytical method for the simultaneous determination of OFL,
MET, and RAC in the formulation.

2. Materials and Methods
2.1. Materials

OFL, MET, and RAC standards were procured from Biokemix India Ltd. (Hyderabad, India).
Pure potassium dihydrogen phosphate (monobasic), and potassium hydrogen phosphate
(dibasic) used for the preparation of the mobile phase were procured from Sigma Aldrich
(Chemie GmbH, 131 Steinheim, Germany). Analytically pure organic modifiers acetonitrile
and methanol were acquired from Fisher Scientific (Loughborough, UK). Orthophospho-
ric acid used for the fine adjustment of pH was purchased from S.D. Fine Chem Ltd.
(Mumbai, India). The pharmaceutical preparation assayed was suspension consisting of
50 mg/5 mL of OFL, 100 mg/5 mL of MET, and 15 mg/5 mL of RAC, purchased from the
Indian market.

2.2. Instrumentation

The separation of OFL, MET, and RAC was performed on high-performance liquid
chromatograph (1200 series, Agilent Technologies, Ratingen, Germany) employing the
reversed-phase (RP) technique. The HPLC system was fitted with an autosampler, vacuum
degasser, quaternary pump, and diode array detector connected to the computer system.
The analyte elutes were managed using Chem–station software (Ver B.04.03.SP1 Agilent
Technologies, Waldbronn, Germany).

2.3. Chromatographic Procedure

Agilent high-performance liquid chromatographic system with Zorbax C18 (150 mm × 4.6 mm
i.d, 5 µm) column was employed for the chromatographic separation of OFL, MET, and
RAC. The mobile phase consisting of 55% acetonitrile:10% methanol 35% 20 mM phos-
phate buffer (pH 6) was forced isocratically with a speed of 1.4 mL/min. The detector
wavelengths were set at 395 nm for MET and OFL, and 231 nm for RAC with the help
of a PDA detector. Analysis was performed by introducing 20 µL of analyte solutions at
room temperature.

2.4. Preparation of Primary Standard Solutions

Primary standard solutions of OFL, MET, and RAC were prepared separately by
adding 50 mL methanol to previously weighed 50 mg each of OFL, MET, and RAC to attain
a concentration of 1 mg/mL. Primary standard solutions were further diluted with the
mobile phase to bring the concentration of analytes to the linearity range before injecting
them into the HPLC system.

2.5. Preparation of Sample Solution

The suspension (1 mL) comprising OFL (50 mg/5 mL), MET (100 mg/5 mL), and RAC
(15 mg/ 5mL) was measured, after shaking the bottle for 5 min, into a 50 mL graduated
flask consisting of methanol (25 mL). The solution was subjected to sonication for 10 min
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to completely dissolve the drugs in the solvent. Then, the solution was filtered into
another graduated flask and the total volume was adjusted to 50 mL with the same solvent.
A sufficient amount of mobile phase solvent was added to an aliquot of sample solution to
adjust the concentration of compounds to the linearity range just before estimation by the
optimized HPLC procedure.

3. Results and Discussion
3.1. Optimization of Chromatographic Condition

Optimization of the chromatographic condition is crucial for the development of
a rapid HPLC process with excellent baseline separation of analytes, accuracy, and precision
in fewer trail runs. To establish a rapid RP HPLC procedure, a small C18 HPLC column was
selected, and based on the pKa values of the analytes (MET:2.63, OFL:5.45, REC:12.60), for
good separation, acidic phosphate buffer was selected. For the baseline separation of OFL
and MET, the ideal mobile phase was 90% organic solvent and 10% aqueous phase with pH
above 5 [20,21], whereas for the separation of OFL and RAC, it is the opposite, that is, 10%
organic phase and 90% water with pH below 3 [25–27]; hence, the selection of mobile phase
and pH was challenging. In the preliminary study, the concentration of phosphate buffer
had less influence on the separation of compounds and 20 mM phosphate demonstrated
a good peak shape and separation. With the acetonitrile and phosphate buffer, baseline
separation between the MET and OFL peaks was not achieved; however, the addition of
10% methanol separated these two peaks with a resolution of more than 2; hence, 10%
methanol was used in the mobile phase. However, with more than 10% of methanol, there
was no improvement in the resolution, and the peak shape of ofloxacin deteriorated. Hence,
the concentration of methanol was fixed at 10%. Thereafter, the amount of acetonitrile,
mobile phase pH, and flow rate showed a vast change in the retention time of analytes,
and hence were optimized to establish a fast liquid chromatographic process with excellent
baseline separation of peaks using the Box–Behnken design (BBD) using Design Expert
12 software (Stat-Ease, Minneapolis, MN, USA). BBD is a surface response model that uses
22 full factorial designs, generating a higher number of factors using three levels of the
factors. Hence, according to the BBD, three factors (amount of acetonitrile and mobile phase
pH, and flow rate) at three levels (low, medium, and high) of chromatographic conditions
require 17 runs including three center points. BBD requires fewer runs and is a three-level
factorial design. Three levels of pH (5.5, 6.0, and 6.5), acetonitrile concentration (50, 55, and
60%), and flow rate (1, 1.2, and 1.4 mL) were used for the optimization. The retention time of
all three analytes was considered as response measurements. Using design expert software,
perturbation plots and surface response models were generated to know the impact of the
parameters on the selected response. Figure 2a–c shows that flow rate had an impact on
the retention time of MET, OFL, and RAC, while with an increase in the concentration of
acetonitrile in the mobile phase, the retention time of RAC reduced drastically compared to
MET and OFL due to its high solubility in acetonitrile and insolubility in water.

The response surface model shows the effect of two variable parameters. Figure 3A–F
surface response curve for MET shows that an increase in the flow rate with a rise in the
percentage of acetonitrile and pH reduced the retention time of MET. However, 60% of
acetonitrile resolution among MET and OLF was lower than 2. Using 50% acetonitrile
along with a speed of 1.0 mL/min showed good resolution between MET and OLF, but the
RAC was eluted after 4.5 min, taking a longer analysis time. RAC showed a long retention
time with an increase in flow rate with a decrease in mobile phase pH (Figure 3G–I). The
percentage of acetonitrile had a prominent effect on the retention time of RAC. An increase
in the flow rate and acetonitrile concentration reduced the retention time of RAC. The
combined effect of pH and acetonitrile concentration was not significant on the retention
time of MET and RAC. Finally, in the present work, the mobile phase consisting of 55%
acetonitrile, 10% methanol, and 35% phosphate buffer with pH 6 and a speed of mobile
phase 1.4 mL/min eluted all three compounds in a short time with good baseline separation
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and peak shape. The retention time of MET, OFL, and RAC was found to be 1.05, 1.51, and
3.05 min, respectively (Figure 4A).
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3.2. Selection of Wavelength

The UV–Vis absorption spectra of RAC showed λmax at 231 nm and no absorption
above 250 nm. However, OFL and MET showed an isosbestic absorption point at 295 nm.
Furthermore, OFL had some absorption below 250 nm, but MET did not show any absorp-
tion below 250 nm. Hence, two separate wavelengths, 231 nm for RAC and 295 for OFL
and MET, were selected using a diode array detector to record the analytes’ peaks. The
developed HPLC method can also be performed using a photomultiplier tube detector by
programming the wavelength: 295 nm until 1.8 min then changing to 231 nm.

3.3. Method Validation

HPLC method was validated for various criteria such as linearity, sensitivity, accuracy,
precision, selectivity, stability, and robustness. The validation was performed by analyzing
the mixture of all three analytes in triplicate, as per the validation guidelines provided in
the International Council for Hominization (ICH) [39].

3.3.1. System Suitability Test

The HPLC system suitability parameters retention time, peak area, resolution, tailing
factor, and theoretical plate were calculated (Supplementary Figures S5–S7) by analyzing the
standard solutions of analytes in six replicates. The average system suitability parameters,
along with standard deviation, are presented in Table 1. The standard deviation is well
within the acceptable range along with high resolution, theoretical place, and acceptable
tailing factor for all three analytes.

3.3.2. Linearity of a Calibration Curve

Linearity is the direct correlation between the amount of the analyte and the peak
area of the analyte chromatogram. The concentration of all three analytes for the linearity
range was selected depending on the anticipated concentration of analytes in the formu-
lation. OFL, MET, and RAC demonstrated linearity with a series of solutions consisting
of 10–150 µg/mL, 20–250 µg/mL, and 5–80 µg/mL, respectively. The calibration curve
was designed using six diverse concentrations in the range against the corresponding
peak area of analytes. The regression equation of the standard curve was determined by
Microsoft excel software and intercept slope, and the regression coefficient was computed
and tabulated in Table 1 (Supplementary Figures S1–S3).
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Table 1. System suitability and regression analysis results.

Parameters MET OFL RAC

System suitability results
Retention time ± SD 1.05 ± 0.011 1.51 ± 0.013 3.05 ± 0.035

Peak area ± SD 1365.4 ± 9.64 a 4117.8 ± 21.56 b 178.37 ± 2.18 c

Resolution ± SD – 2.12± 0.05 d 5.33 ± 0.08 e

Tailing factor ± SD 1.08 ± 0.012 0.96 ± 0.016 1.04 ± 0.011
Theoretical plate ± SD 2714.41 ± 12.45 2532.77 ± 10.78 11,995.42 ± 124.38

Linearity

Linearity range (µg/mL) 20–250 10–150 5–80
Slope 12.111 72.272 8.991

Intercept 15.442 454.494 2.691
Regression coefficient (r2) 0.9991 0.9997 0.9995

Sensitivity

LOD (µg/mL) 3.06 2.88 1.25
LOQ (µg/mL) 10.21 9.63 4.18

SD: standard deviation, a 100 µg/mL, b 50 µg/mL, c 20 µg/mL, d resolution between MET and OFL, e resolution
between OFL and RAC.

3.3.3. Sensitivity

Lower limit of detection (LLOD) and quantification (LLOQ) are the parameters that
specify the sensitivity of the assay procedure. LLOD and LLOQ of the proposed method
were performed using a signal-to-noise ratio. LLOD and LLOQ were determined by
analyzing the low concentration of analytes and comparing the chromatograms against
blank in the ratio of 3:1 and 10:1, respectively. The low LLOD and LLOQ (Table 1) confirmed
the sensitivity of the proposed HPLC method. LLOQ is the concentration of the analyte,
which can be quantified with accuracy and precision. Further, the concentration of the
linearity range was selected above the LLOQ to accurately quantify the analytes.

3.3.4. Precision and Accuracy

Precision is the closeness among multiple measurements of the analyte when different
aliquots of individual homologs solutions are analyzed. The precision of the HPLC proce-
dure was performed considering the within-day and between-day precision by performing
the assay at three different concentrations (low, medium, and high) of all three compounds
in the linearity concentration. The precision of the analysis was stated as a percentage
relative standard deviation, and the mean %RSD was found to be 0.76 to 1.55%, 0.56 to
1.96%, and 0.59% to 1.61% for OFL, MET, and RAC, respectively, endorsing the precision of
the developed HPLC procedure (Table 2).

The accuracy of any measurement refers to the closeness of the mean determination
to the real quantity of analyte. Hence, the accuracy was established by calculating the
percentage recovery and percentage relative error from the above solutions. The mean %
recovery ranged from 98.45% to 100.10%, 99.22% to 100.60%, and 98.05% to 100.20% for
OFL, MET, and RAC, respectively. The % relative errors were also within the acceptable
range, confirming the accuracy of the HPLC method (Table 2).

3.3.5. Selectivity

Selectivity was performed to ensure the complete baseline separation of analytes and
the absence of any intervention from the formulation excipients during the analysis of
the analytes. The resolution value above 2 (Table 1) confirmed the baseline separation
of analytes and separation selectivity. For the determination of separation of analytes
from the formulation excipients, the chromatogram of the blank solution was obtained by
analyzing the excipient solution and compared with the chromatogram of the standard
solution of analytes. The blank solution chromatogram did not show any interfering peaks
at the retention time of all three analytes. Furthermore, the chromatograms of formulation
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solutions of OFL, MET, and RAC had well-separated neat discrete peaks, indicating the
selectivity of the proposed HPLC method (Figure 4B).

Table 2. Precision and accuracy results from the developed HPLC method.

Drug

Within-Day Between-Day

Amount
[µg/mL]

Amount
Found Mean
[n = 3] ± SD

% RSD % Recovery % RE
Amount

Found Mean
[n = 9] ± SD

% RSD % Recovery % RE

MET
20 19.69 ± 0.20 1.02 98.45 −1.55 20.02 ± 0.31 1.55 100.10 0.10

100 98.96 ± 1.13 1.14 98.96 1.04 99.47 ± 1.45 1.46 99.47 −0.53
250 247.38 ± 1.89 0.76 98.95 1.05 246.94 ± 2.03 0.82 98.78 −1.22

OFL
10 10.06 ± 0.16 1.59 100.60 −0.60 10.03 ± 0.14 1.40 100.30 0.30
75 74.51 ± 1.46 1.96 99.35 0.65 74.38 ± 0.97 1.30 99.17 −0.83

150 148.99 ± 0.83 0.56 99.33 0.67 148.83 ± 1.09 0.73 99.22 −0.78

RAC
5 5.01 ± 0.08 1.60 100.20 −0.20 4.98 ± 0.06 1.20 99.60 −0.40
40 39.72 ± 0.64 1.61 99.30 0.70 39.38 ± 0.23 0.59 98.05 −1.92
80 79.08 ± 0.93 1.18 98.85 1.15 79.83 ± 0.96 1.20 99.79 −0.21

SD: standard deviation; % RSD: percent relative standard deviation; % RE: percent relative error.

3.3.6. Stability of Solutions

To study the stability of standard stock solutions of OFL, MET, and RAC, 1 mg/mL in
methanol stored in the refrigerator at 4 ◦C was mixed using a mobile phase to bring the
amount of drugs in the linearity range and was analyzed every day. OFL was stable for at
least 5 days, whereas MET and RAC were stable for more than 7 days under refrigerator
conditions. Additionally, the working standard solutions prepared in the mobile phase
were evaluated by analyzing them every hour for 8 h on the same day. The peak area of all
three analytes was unchanged, confirming the stability of the working standard solutions
in the mobile phase for at least 8 h, which is sufficient to complete the daily analysis.

3.3.7. Robustness

The robust analytical method is the one in which the analysis result remains un-
changed with a minor variation in the experimental parameters. Hence, to endorse the
robustness, the stock solution of OFL, MET, and RAC was analyzed by slightly changing
the optimized experimental condition. A multivariate approach, the full factorial 2n facto-
rial method, where n is the number of independent factors, was adopted to identify the
effect of simultaneous variation in the independent variables on the analysis results. The
minor changes were made in wavelength (±2 nm), flow rate (±0.1 mL/min), pH (±0.1),
and mobile phase composition (±2 mL of acetonitrile). The percentage assay calculated
demonstrated that the assay results did not change with small deviations in the experi-
mental parameters. However, the Pareto charts demonstrate the effects of independent
and collective effects of variable parameters on the assay results. The parameters’ values
beyond the Bonferroni perimeter were extremely significant; however, the values beyond
the t-value were significant.

The combined effect of all four parameters showed a significant effect on the assay
of MET; however, slight changes in the individual parameters did not show any effect
(Figure 5a. Similarly, the assay results of OFL were slightly affected by changes in the
wavelength, and hence need to be carefully controlled (Figure 5b). The combined effect of
pH, the concentration of acetonitrile, and wavelength was significant in the assay of RAC.
Flowrate showed a positive effect, whereas pH and wavelength showed a negative effect on
the assay of RAC; hence, they should be carefully controlled during the analysis (Figure 5c).
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Figure 5. Pareto chart for (a) metronidazole, (b) ofloxacin, and (c) racecadotril. Chromatography
parameters (A) pH (5.8, 6, and 6.2), (B) flow rate (1.3, 1.4, and 1.5 mL/min), (C) concentration of
acetonitrile (53, 55 and 57%) and (D) wavelength (293, 295, and 297 nm for MET and OFL; 229, 231,
and 233 nm for RAC). FR: Flow Rate, ACN: Acetonitrile.

3.4. Analysis of Formulation

The developed RP HPLC system was used for the concurrent quantification of MET,
OLF, and RAC in the formulation. The amount of all three analytes was calculated using
corresponding regression equations. The results are in agreement with the number of
analytes in the formulation label, (Table 3) confirming the absence of any interference from
the formulation excipients (Supplementary Figures S4 and S5). Furthermore, assay results
were compared with the reported methods [24,25] in terms of correctness and precision.
The computed t-value and F value for the proposed HPLC method were less than the
critical value of the Student’s t-test and F test (Table 3). This confirmed that no significant
variation was observed in the inferences in terms of accuracy and precision (Table 3).
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Table 3. Analysis results of drugs from formulations by optimized HPLC method.

Amount of Sample Taken a [µg mL−1] % Found by Proposed Method % Found by Reference Method

MET OFL RAC MET OFL RAC MET [24] OFL [25] RAC [25]

80 40 12 99.64 99.47 99.46 99.47 98.37 100.33
100 50 15 100.27 100.94 98.09 101.62 99.33 101.67
160 80 24 99.37 101.07 100.77 98.37 100.43 98.27
200 100 30 100.47 99.48 99.52 99.39 100.76 99.61

Across Mean 99.93 100.24 99.46 99.71 99.72 99.97
%RSD 0.52 0.88 1.09 1.37 1.09 1.42

t (2.446) b 0.307 0.737 0.569
F (9.276) c 6.963 1.515 1.67

a amount taken after dilution of formulation with label claim, 100 mg of MET, 50 mg of OFL, and 15 mg of RAC
per 5ml of suspension; b is a critical value of Student’s t-test (p > 0.05); c is a critical value of F test (p > 0.05).

4. Conclusions

A fast, reproducible, and robust RP HPLC method was established for the concurrent
determination of metronidazole, ofloxacin, and racecadotril in antidiarrheal suspension.
This is the first analytical method for the simultaneous determination of OFL, MET, and
RAC in the formulation. Chromatographic conditions for the baseline separation of analyte
peaks with a good resolution were achieved with fewer runs using the Box–Behnken
design, a full factorial multivariate optimization technique. Further validated HPLC
methodseparated all three analytes in 3.2 min with high accuracy and precision. A Pareto
chart developed by the two-factor interaction (2FI) study confirmed that the method was
robust, as the slight variation in a single factor had no significant effect on the assay results.
Furthermore, the evaluation of assay results using the provided method revealed that
there was no significant difference in inferences about accuracy and precision. Hence,
the developed rapid HPLC method could be utilized for the quality control study of
a pharmaceutical preparation comprising MET, OFL, and RAC in pharma industries and
regulatory authority laboratories.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/separations9050103/s1, Figures S1–S3: Calibration curves for stan-
dard solutions of metronidazole, ofloxacin, and racecadotril, respectively; Figure S4: Chromatograms
of standard solution; Figure S5: Chromatograms of formulation solution; Figures S6–S8: Equations
used for calculation of tailing factor, theoretical plate, and resolution.
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