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1.

Abstract: The present work was estimated simultaneous multiple response optimization using Derringer’s desirability
function for the development of an High Performance Thin Layer Chromatography (HPTLC) method to detect Oflaxacin
and Tinidazole in the marketed pharmaceutical formulation. Central composite design (CCD) was used to develop
the chromatographic condition for HPTLC. The independent variables used for the optimization were the mobile
phase content of acetonitrile, the saturation time and distance travelled. HPTLC separation was performed on pre
coated silicagel 60F,s, aluminium plate as the stationary phase using acetonitrile: water (5:5 v/v) as the mobile phase.
Quantification was achieved based on a densitometric analysis of Ofloxacin and Tinidazole over the concentration
range of 100-600ng/spot and 300-1800ng/spot, respectively, at 303nm. The method yielded compact and well resolved
bands at R,0f 0.32 £ 0.02 and 0.53 £ 0.02 for Oflaxacin and Tinidazole respectively. The linear regression analysis
for the calibration plots produced = 0.9996, * = 0.9998 for Oflaxacin and Tinidazole respectively. The accuracy,
precision, limit of detection, limit of quantification, specificity and robustness of the methods were validated as per
the ICH guidelines. The factors evaluated were found to have an insignificant effect on the responses. The results
indicated that the method is suitable for the routine quality control testing of marketed tablet formulations.

Keywords: Central Composite Design, High Performance Thin Layer Chromatography, Oflaxacin, Tinidazole, Validation.

INTRODUCTION

Oflaxacin (OFL) is a broad spectrum, fluorinated quinolone antibacterial drug, chemically it is a 9-fluro-2, 3 —
dihydro-3 —methyl -10-(4-methyl-1-piperazinyl)-7-oxo-7H- pyrido [1, 2, 3-de]-1, 4 benzoxacine- 6- carboxylic
acidlv Tinidazole (TNZ) is a antiprotozoal, antibiotic and antibacterial drug, chemically it is 1-[2-(ethyl sulphonyl)
ethyl]-2-methyl-5-nitro-1H-imidazole (Figure 1). According to the literature, According to the literature, OFL and
TNZ are official in [P, BP, USP when used individually, but the combination of OFL and TNZ is not official in any
Pharmacopoeia. Various analytical methods such as spectrophotometric[1-3], HPLC[3-15], Spectrofluorimetry,




K. Manikandan and K.S. Lakshmi

HPTLC methods were reported for the estimation of OFL and TNZ alone and combination with other drugs
in tablet formulation[16-22]. Spectrophotometric method and HPLC method have been reported simultaneous
estimation of OFL and TNZ in combined pharmaceutical formulation.
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Figure 1: Chemical structure of (A) Ofloxacine and (B) Tinidazole

This investigation focused on development and validation of HPTLC method according to ICH guidelines
(ICH (Q2) R1) for simultaneous estimation of OFL and TNZ[23-25]. The design of experiment was used to
analyse the effect of several factors on the responses. Response surface methodology serves the purpose of this
study viz modelling and optimisation of responses.

In the present study central composite designs to adopt validate and optimised chromatographic condition
of HPTLC method. Due to flexibility ease in better understands of primary effect of factors and their interaction,
the CCD was selected for the study. This research intended to develop a rapid and simple, precise, accurate
HPTLC method using DoE approach for the quantitative estimation of Oflaxacin and Tinidazole, validate as
per the ICH guidelines[26-32].

2. MATERIAL AND METHODS

Materials

Pure analytical drugs of OFL and TNZ were kindly donated by the pharmaceutical industries and were used
without further purification. Marketed tablet formulations of Abiflox TN (Anant Pharmaceuticals), A Flox TZ
(Psyco Remedies) and Viflox- TZ (Avalanche harmaceuticals) label claim 200mg of OFL and 600mg of TNZ
respectively were purchased from the local market. All chemicals and solvent used were of analytical grade
purchased from Sigma-Aldrich, India.

Instrumentation

Densidometric separation was achieved Linomat V Sample applicator (Camag, Switzerland). Hamilton microliter
syringe (Bonaduz, Switzerland). Precoated aluminium plate with silica gel 60 F,s, (10cmx10cm with 250mm
thickness; E. Merck, Darmstadt, Germany). TLC scanner I1I (Camag, Switzerland). winCATS software Ver 4.4.1
(Camag, Switzerland), Camag Twin trough chamber (Camag, Switzerland) using this study, and All chemical
were weighed using electronic balance (Shimadzu Corp., Japan).

Preparation of Standard Solution

Accurately 50mg OFL and 150mg TNZ were weighed and transferred to a 50ml standard flask, dissolved in
25ml of methanol and volume was makeup with the same. Each drug concentration was found to be 1000ug/ml
of OFL and 3000 pg/ml TNZ respectively.
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Chromatographic Procedure

The samples of Smm band width were spotted on silica gel precoated aluminium plates with microlitre syringe
using sample applicator. The mobile phase consisted of acetonitrile: water (5: 5v/v) and 10 ml of mobile phase
were used for the chromatography. Linear ascending development was carried out in twin trough glass chamber
saturated with the mobile phase. The optimised chamber saturation time for mobile phase was 30mins at room
temperature (28 °C £ 2). The chromatogram was run for a distance of 8§ cm. After the development; TLC plates
were dried with the help of a Hair dryer. Densitometric scanning was executed on Camag TLC scanner III in
the reflectance-absorbance mode at 303nm (Figure 2) and operated by CATS software. The evaluation was via
peak areas with linear regression.

Spectra comparison
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Figure 2: Overlain absorption spectra of Ofloxacine and Tinidazole at 303 nm

Software Aided Method Optimization

DoE is an effective tool which is used to optimize the compositional parameters and evaluate the principal effects
and their interaction. CCD is subdivision of response surface methodology used to explore quadratic response
surfaces without employing a three level factorial design.

The critical factors and their experimental levels investigated for optimization were estimated based on
preliminary univariate studies of chromatographic method development.

A total of 20 experiments including five center points were conducted by selecting three factors; acetonitrile
content in mobile phase (A), saturation time (B), developing distance(C) and the retardation factor (R)) of OFL
and TNZ were the response selected for both drugs represented in the Table 1. Acetonitrile concerned the total
volume of the mobile phase. The suggested values for all three factors A, B and C were 5ml, 30mins and 8cm
respectively. Accordingly, the Acetonitrile content (A) was maintained between 6.59 and 9.41. Similarly, the
minimum and maximum values of the chamber saturation time (B) were fixed at 22.93 min and 37.07 min,
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respectively. Likewise, the minimum and maximum values for the distance travelled (C) were fixed at 6.59 and
9.41, respectively. The coded value of ot was 1.41. The data generated were analyzed using the trial version of the
Design Expert (Version 10.0.0.1, Stat-Ease Inc, Minneapolis, MN, USA) statistical software. The significance of
the relevant factors was calculated using Fisher’s statistical test for the Analysis of Variance (ANOVA) model.
All experiments were conducted in a randomized order to minimize the bias effects of uncontrolled variables.
Centre points of the design were Replicated (n = 5) to estimate the experimental error.

Table 1
Central composite rotatable del;i;n arrangement and responses
Factors Responses
Runs Type A: Acetonitrile  B: Chamber saturation — C: Distance Rf of Rf of
content (ml) time (min) travel (cm) Ofloxacin Tinidazole
1 Factorial 4 35 9 0.37 0.59
2 Axial 6.68179 30 8 0.26 0.47
3 Factorial 4 25 9 0.36 0.58
4 Center 5 30 8 0.32 0.48
5 Axial 5 30 6.31821 0.3 0.5
6  Center 5 30 8 0.32 0.48
7  Factorial 6 25 9 0.27 0.48
8  Center 5 30 8 0.32 0.48
9  Factorial 6 35 7 0.28 0.49
10 Axial 3.31821 30 8 0.4 0.62
11 Factorial 6 25 7 0.27 0.48
12 Axial 5 30 9.68179 0.31 0.52
13 Factorial 4 35 7 0.36 0.58
14  Axial 5 38.409 8 0.33 0.55
15  Factorial 6 35 9 0.28 0.49
16  Center 5 30 8 0.32 0.48
17  Center 5 30 8 0.32 0.48
18  Center 5 30 8 0.32 0.48
19 Axial 5 21.591 8 0.3 0.52
20  Factorial 4 25 7 0.35 0.57

Validation of the Method

The linearity, limit of detection, limit of quantitation, accuracy, precision, specificity, and robustness of HPTLC
method were validated by the ICH Q2 (R1) guideline.

Linearity

The standard solutions of both drugs were prepared to reach a concentration range of 100 to 600ng/spot of OFL
and 300 t0 1800ng/ spot of TNZ respectively. One microlitre of each standard solution was spotted on the TLC
plate. Linearity was repeated six times. The plate was developed on same mobile phase. The peak areas were
plotted against the respective concentrations to obtain the calibration graphs.
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Limit of Detection (LOD) & Limit of Quantitation (LOQ)

Estimation of LOD and LOQ was performed by spotting blank methanol six times by the same method as
explained in chromatogram condition. The signal to noise ratio was determined. A LOD was considered as 3:1
and LOQ as 10:1. The LOD and LOQ were experimentally verified by diluting known concentrations of the
standard solution of OFL and TNZ until the average responses were approximately 3 or 10 times the standard
deviation of the responses for six replicate determinations.

Precision

The precision of method performed by repeatability and intermediate precision studies. Repeatability studies
were performed by analyzing middle concentration of the linearity range of the drugs, six times on the same day.
Intermediate precision of the method was performed by repeating studies on two different days.

Accuracy

The accuracy of the developed method was tested with three concentrations of drug corresponding to 80, 100 and
120% and determining the recovery of added drug. At each level of the amount, six determinations were performed.

Specificity

The specificity of the method was justified by analysing standard drug and sample. The spot for both drugs in
the samples was confirmed by comparing the spectra and R, of the spot regarding standard. The peak purity of
OFL and TNZ was estimated by comparing the spectra position of the spot.

Robustness of the Method

The effect of small and deliberate variations in the process parameters, such as a change in the Acetonitrile content
in the mobile phase by volume, saturation time, distance travelled and wavelength was studied. The effect of
changes in both the R, values and peak areas was examined by calculating the % RSD for each parameter

Analysis of Marketed Formulation

Estimation of the OFL and TNZ content of the tablets dosage form, ten tablets were accurately weighed, and their
mean weight was determined. These tablets were then finely powdered in a glass mortar. A powder equivalent
to 50 mg of OFL was accurately weighed and transferred into a 50ml volumetric flask with 5 ml methanol. The
mixture was diluted to volume with methanol and sonicated for 15 min before being filtered through Whatman
no. 42 filter paper wetted with methanol. The solutions were diluted to obtain a sample stock solution containing
1000pg/ml of OFL and 3000pg/ml of TNZ. 2microliter of the filtered solution (200ng/band of OFL and 600ng/
band of TNZ) was applied to the HPTLC plate, followed by development and scanning. The analysis was
repeated in triplicate.

3. RESULTS AND DISCUSSION

Selection of Wavelength

The sensitivity of the HPTLC method with ultraviolet detection depends on the use of an appropriate wavelength.
The developed plate was subjected to densitometry measurements in the scanning mode in the UV—Vis region
0f' 200—700 nm. The overlain spectrum was scanned on a CAMAG TLC Scanner 3, the both drugs appreciably
absorbed light at 303nm, and this wavelength was selected as the detection wavelength.

International Journal of Control Theory and Applications
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Preliminary Study

An HPTLC method for OFL and TNZ alone or combined with another drug had previously been reported.
Specifically, the selected mobile phase consisted of Acetonitrile: Water. Hence, various combinations of these
components at different proportions, such as Acetonitrile: Water. (6:4, v/v) or Methanol: Water. (6:4, 7:3, 8:1,
9:1, 8:2v/v), were tested at a fixed chamber saturation time for 30 min and solvent migration distance of 80 mm.
However, the drugs were not satisfactorily resolved with an acceptable R, value. The chamber saturation time
and solvent migration distance are crucial to HPTLC chromatographic separation. Here, the saturation time of
the chamber was less than 25 min and the distance of the mobile phase front greater than 80 mm resulted in the
diffusion of the analytic band. A solvent consisting of acetonitrile: water (5:5v/v) was found to be a satisfactory
mobile phase that separated OFL and TNZ well. However, the R value of OFL was close to 0.8 and also affected
by the chamber saturation time. Therefore, further chromatographic conditions were optimized to obtain well-
defined, compact bands of OFL and TNZ with acceptable R, values (<0.8) for both drugs using CCD

Optimization of Chromatographic Conditions using CCD

CCD was employed due to its flexibility and applied to optimize the HPTLC separation by gaining a better perception
of the factor’s main and interaction effects. A three-factorial, rotatable central composite statistical experimental
design was employed using 15 experimental runs that included five centre points. The independent variables, such
as the acetonitrile content in the mobile phase (A), chamber saturation time (B) and distance travelled (C), and the
responses for all 15 optimised trial experimental runs were summarised in Table 1. During model selection, the
best-fitted models for the Rf values of OFL and TNZ were a linear and quadratic model, respectively, based on the
lowest PRESS value and the adjusted R? value closer to 1. The model was validated with an analysis of variance
(ANOVA) using the Design Expert software and the results were presented in Table 2. Significant effects had
a P value less than 0.05. An adequate precision greater than 4 is desirable, and the obtained ratio for both drugs
indicated an adequate signal. The percentage coefficient of variation (% CV), a measure of reproducibility of the
model, was less than 10%, and the adjusted R-square values were high, indicating a good relationship between the
experimental data and those of the fitted models. Here, the adjusted R? values were well within the acceptable
limit of R? > 0.80, which indicated that the experimental data fitted polynomial equations well. The final equation,
regarding the actual components and factors, is shown in Table 2.

Table 2
Predicted response models and statistical parameters obtained from the ANOVA for CCD

Response  Type of . . Adjusted Model o Adequate

(Rf value) Model Polynomial equation model for Y R Povalue % CV precision

Ofloxacin  Quadratic 0.32 — 0.042A + 6.62B +2.69C — 2.5AC 0.9957 <0.0001 0.75 83.504
+3.754A% - 1.549B - 5.085C"

Tinidazole Quadratic 0.48 — 0.046A + 6.623B + 3.92C — 2.5AC 0.9947 <0.0001 1.12 63.810

+0.023A% +0.019B + 0.010C>

A positive value represents the effect that favours optimization, whereas a negative value indicates an
inverse relationship between the factor and the response. 3-d response surface plots and perturbation plots were
constructed to evaluate the effect of the factors on the retention factor of each drug. In Figure 3, perturbation plots
are presented for the predicted model to better understand the investigated procedure. This Figure 3 demonstrates
how the response changes in response to perturbations in each factor from its defined reference value while all
other factors are held constant at a reference point; the steepest slope or curvature indicates the sensitivity to a
specific factor. Figure 3(a) shows that the distance travelled (factor C) had the most significant effect on the R,
value of OFL compared with other factors. Moreover, the Acetonitrile content (A) and chamber saturation time (B)
had more significant effects on the R value of TNZ, followed by the distance travelled (factor C) (Figure 3(b)).
Figure 4(a) represents a variation in the R, value of OFL as a function of the chamber saturation time and
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distance travelled while n-butanol concentration was constant. Specifically, the retention factor of OFL inversely
correlated with the distance travelled. An analysis of the perturbation plots and response plots of the optimisation
model revealed that the Acetonitrile content (A) and chamber saturation time (B) more significantly affected the
responses than factor (C), i.e., the distance travelled.

Perturbation
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ot 0.33
s .
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I [ I I I
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=
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Figure 3: Perturbation graph showing the effect of each factor, A, B, and C, on the:
(a) Rf value of Ofloxacine(OFL) and (b) the Rf value of Tinidazole (TNZ)
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The optimum conditions of separation were estimated using Derringer’s desirability function. During the
numerical optimisation, the targets of individual factors and responses were fixed of the 15 different solutions
of the optimisation provided by the software, two conditions that have a desirability near one were selected.
The maximum Derringer’s desirability function obtained for the response surface was presented in Figure 4(c).
To investigate the predictability of the proposed model, the agreement between the experimental and predicted
responses for both the predicted were shown in Table 3. The percentage of the prediction error was calculated
using the following formula: predicted error = experimental-predicted/predicted x 100. Table 3 and the % predicted
error identified a set of coordinates that produced a high desirability value (D = 1) at optimum condition 1.
Thus, these coordinates were assessed to select an optimum experimental condition to analyse ZID and LAD in
combination. The selected optimised composition for the final HPTLC analysis was Acetonitrile: Water (5: 5
v/v). Under the optimised conditions, the HPTLC densitogram showed a Rf of 0.24 for OFL (100 ng/band) and
0.54 for TNZ (300 ng/band) and was depicted in Figure 5.
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Figure 4. Three-dimensional plots of the RSM for both responses (a) variation in the Rf of Ofloxacine as a function of B

and C for a fixed value of A; (b) variation in the Rf of Tinidazole as a function of A and B for a fixed value of C;
(c) graphical representation of the maximum of Derringer’s desirability function.
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Figure S: Densitogram of Ofloxacin and Tinidazole
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Table 3
Comparison of experimental and predicted values of different experimental runs under optimum conditions
CZI,;Z;ZZ’:S A;’ (ﬁlc;;otn(z;lrlz)le B: Chcz‘:;bee; ns”q;;tmnon C: Dzst;zcilznc)e travel Rfof Ofloxacin  Rf of Tinidazole
1 4 25 9
Predicted 0.36 0.58
Experimental 0.35 0.56
Predicted Error % 1 2
2 6 35 7
Predicted 0.28 0.49
Experimental 0.29 0.51
Predicted Error % 1 2

3.3. Method Validation
3.3.1. Linearity

The linearity of an analytical method is its ability to provide results that are directly, or via a mathematical
transformation, proportional to the concentration of the analyte within a given range. The OFL and TNZ showed a
good correlation coefficient (2 =0.9958 for OFL and »2 = 0.9989 for TNZ) in the proposed concentration ranges
of 100-600 ng/band for OFL and 300-1800 ng/band for TNZ (Table 4). The homoscedasticity of the variance
was confirmed using Bartlett’s test, and the responses of the peak area for both drugs exhibited homogenous
variance, as indicated by a y2 value less than the tabulated value (Table 4). Figure 6 shows a three-dimensional
overlay of the HPTLC dendrograms for OFL and TNZ with calibration bands at 254nm.

. 900.0
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L 700.0
L €00.0

900.0
[AU]
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€00.0

500.0
400.0
200.0
200.0
500.0 100.0

0.0
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400.0
200.0
200.0
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0.0

[Rf]

0so 00

Figure 6: Linearity of Ofloxacin and Tinidazole
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3.3.2. LOD and LOQ

The LOD and LOQ of the developed method were found to be 8.840 and 26.789 ng/band, respectively, for
OFL and 63.416 and 195.260 ng/band, respectively, for TNZ, indicating the sensitivity of the proposed method
(Table 4).

3.3.3. Precision

The experiment was repeated two times in one day (intra-day precision), and the average % RSD values of the
results were calculated. Similarly, the study was conducted on two different days (inter-day precision), and the
average % RSD values for the peak areas of OFL and TNZ were calculated. The Intra-day and inter-day precision
is expressed regarding % RSD and was less than 2, confirming the precision of the method (Table 4).

3.3.4. Accuracy

When used to evaluate the recovery after spiking with three concentrations of standard, 50%, 100% and 150%,
the proposed method showed percentage recovery rates between 101.46-101.54 for OFL and 101.21-101.87
for TNZ, which were within the acceptable range of 100 £ 2%.

3.3.5. Specificity

The chromatogram of the pharmaceutical formulation obtained using the developed method showed only
two peaks at R, of 0.24 and 0.54 for OFL and TNZ, respectively, and was found to be at the same Rf for both
standard drugs. The peak purity of both drugs in pharmaceutical dosage form was confirmed by comparing the
overlaid spectra at the peak start, peak apex and peak end positions of the band. The results shown in Table 4
demonstrate that the purity exceeded 0.999 for all peaks, indicating the specificity of the method in the presence of
various excipients (Figure 7).

Spectra comparison

100.0 L L L 100.0
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0.0 T T r 0.0
200.0 250.0 300.0 [nm] 400.0

€)

International Journal of Control Theory and Applications




K. Manikandan and K.S. Lakshmi

Spectra comparison
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(b)
Figure 7: Overlain peak purity spectra of (a) Ofloxacine (OFL) and Tinidazole (TNZ) with the corresponding standard
Table 4
Analytical validation parameters for CLO and PH using the HPTLC method
Parameters Ofloxacin Tinidazole

Linearity

Linearity range (ng/spot) 100 - 600 300 - 1800

Correlation coefficient (1%) 0.9997 0.9994

Slope 3.8927 5.2022

Intercepts 1.7916 23.0443

Sensitivity

LOD (ng/spot) 1.2352 1.6529

LOQ (ng/spot) 3.7432 5.0089

Precision(%RSD)

Intra- day Precision 0.07201 0.2668

Inter- day Precision 0.1226 0.1029

Accuracy

50% 99.55 100.11

100% 99.90 99.97

150% 99.93 100.00

3.3.6. Robustness

A deliberate change in various parameters, such as the Acetonitrile content in the mobile phase, chamber saturation
time, distance travelled and wavelength, produced %Relative standard deviations of the peak area of less than
2%, indicating the robustness of the method (Table 5).

International Journal of Control Theory and Applications
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Table 5
Robustness study of developed HPTLC method

Change in the mobile phase ratio (acetonitrile: water 5:5 v/v £+ 0.5 in acetonitrile content)

Drugs Ratio Rf Area £ SD (ng/band) % RSD
Ofloxacin 4.5:5.5 0.33+0.02 1177.8£0.7810 0.0663
5.5:4.5 0.34+£0.02 1178.7+0.7810 0.2979

Tinidazole 4.5:5.5 0.55+0.02 4662.9 £0.2516 0.0055
5.5:4.5 0.54+0.02 4564.0 = 0.5686 0.0124

Change in the chamber saturation time (30 min £+ 5)

Drugs Saturation time (min) Rf Area + SD (ng/band) % RSD
Ofloxacin 25 0.33+0.02 1176.1 £0.3785 0.0321
35 0.34+0.02 1178.5 £ 0.4041 0.0088

Tinidazole 25 0.55+0.02 4562.2 £0.5033 0.0427
35 0.54£0.02 4564.0 £ 0.4163 0.0091

Change in distance travelled (8 cm £ 1)

Drugs Distance travelled (cm) Rf Area + SD (ng/band) % RSD
Ofloxacin 7 0.33+0.02 1177.5+£0.2516 0.0213
9 0.34+0.02 1177 £0.5291 0.0449

Tinidazole 7 0.54£0.02 4562.5+0.1527 0.0033
9 0.54£0.02 4565.03 £0.2081 0.0045

Rf

Drugs Wavelength (nm) Rf Area = SD (ng/band) % RSD
Ofloxacin 301 0.33+0.02 1178 £0.5291 0.04492
305 0.33£0.02 1178+ 0.3511 0.01284

Tinidazole 301 0.55+0.02 4563.1 £0.5859 0.02981
305 0.54£0.02 4563.7 £0.6245 0.01368

3.4. Analysis of Marketed Dosage Form

The analysis of the tablet formulation containing 200 mg OFL and 600 mg TNZ showed good recovery.
Specifically, the percentages were 99.926% for OFL and 100.980% for TNZ, indicating that the method can be
used for regular quality assessment when testing the tablet dosage formulation. The %RSD value was found to
be less than 2.

4. CONCLUSIONS

The CCD design and response surface methodology help to obtain essential information on the sensitivity
of the R, values of OFL and TNZ to various chromatographic variables. The acetonitrile content, chamber
saturation time and distance travelled were simultaneously optimised by applying a useful experimental design
tool: response surface design and Derringer’s desirability function. The obtained results indicated that the use
of a CCD design is a variable procedure that can reduce the number of experiments for the development and
optimisation of an HPTLC method. Furthermore, the method is economical and used to generate a maximum
amount of information in less time with a small number of experiments. Methodological validation indicates
that the investigated HPTLC method is simple, accurate\reliable and suitable for the rapid quantitative analysis
of OFL and TNZ in routine tests. The proposed HPTLC method can be successfully utilised to simultaneously
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estimate the amounts of OFL and TNZ in pharmaceutical dosage form without interference and the need to first
separate individual drugs.
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