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Abstract
Effects of seven different chromatographic parameters and five parameters of sample preparation step of high performance liquid chromatography (HPLC) method for assay determination of benzalkonium chloride (BKC) in nasal formulation were evaluated using two fractional factorial experimental designs. Design space of the analytical method was modeled using Umetrics Modde software and the optimal method conditions were predicted. The optimum HPLC chromatographic conditions were obtained using Phenomenex Luna CN column (150 x 4.6 mm, 3 µm). The results show that mobile phase pH, amount of acetonitrile in the mobile phase and column temperature are the most important factors to get good separation of BKC homologs from interfering peak. In the sample preparation step the use of aqueous solution for dissolving the samples was the most important factor since it eliminated the interfering effect of the active compound. The optimal method was validated for linearity, accuracy and precision.
The use of experimental designs enables us to obtain the maximum amount of information with the least possible number of experiments. Such designs are very economical way when evaluating a variety of different factors and their interactions.
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Introduction
Quality by design has recently been adopted for the development of pharmaceutical products to ensure better product quality1, 2. Use of different experimental designs for evaluation of different factors and their interactions in compatibility studies of drug substance and other excipients are described in the literature. With such approach the authors obtained the maximum amount of information with the smallest possible number of experiments3. Fractional factorial design was also used to evaluate different process and formulation parameters in order to get a chemically more stable and robust final drug product with lower initial levels of different impurities4.

In recent years efforts for applying the Quality by Design (QbD) concept to analytical method development has increased to achieve better control strategy of production processes5, 6, 7. Although QbD concept has not been fully adopted for development of analytical methods recent publications show some possibilities of applying QbD principles to method development in order to determine method operational design region and to achieve more robust analytical methods8. Such concept is required in order to ensure reliable measurements for each critical quality attribute (CQA) defined for a pharmaceutical product. 

The proposed concept is based on predefined requirements for analytical method written in analytical target profile (ATP). During development phase one needs to demonstrate that an analytical method meets the requirements predefined in the ATP9, 10. To assess the multidimensional combination and interactions of different factors that could influence measurements, design of experiments (DOE) should be used11. For screening of the influence of different HPLC chromatographic parameters such as a mobile phase pH value, percentage of organic modifier, column temperature and others different experimental designs can be used and are reported in literature12, 13, 14. The use of experimental designs for optimization for water determinations with the use of Karl Fisher titration analytical method is also described in literature15.

Benzalkonium chloride (BKC) is one of the typical preservatives used in pharmaceutical formulations. It is the preservative of a choice for multiuse aqueous nasal, ophthalmic and otic products and is used since 1935. It was demonstrated in different in vivo and in vitro studies that no toxic effects could be associated to BKC after a short- and long-term exposure to BKC in concentrations between 0.00045% to 0.1%16.

Its solutions are effective against a wide range of bacteria, yeasts and fungi those it is widely used in pharmaceutical formulations as an antimicrobial preservative. It is used in ophthalmic preparations in concentrations ranging from 0.01%-0.02% and in nasal and optic formulations in concentrations ranging from 0.002-0.02%. It is also used as a preservative in small-volume parenteral formulations and cosmetic preparations17. It is a quaternary ammonium compound, a mixture of alkylbenzyldimethylammonium chloride corresponding to the molecular formula [C6H5CH2N(CH3)2R]Cl, where R can be an alkyl group ranging from n-C8H17 to n-C18H37 (Figure 1)17.

Quantitative determination of the amount of BKC homologs present in pharmaceutical formulation is necessary because of its antimicrobial potency and its influence on human health.
Because BKC is a mixture of different homologs and is used in pharmaceutical formulations in low concentrations it can be difficult to obtain reliable analytical measurements. In the past different HPLC18, 19, 20, 21 and electrophoresis22, 23 methods have been developed and used for qualitative and quantitative determination of BKC homologs.
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[bookmark: _Ref348464041]Figure 1: Structural formula of benzalkonium chloride24.

These methods are mainly used for determination of BKC in aqueous solutions of ophthalmic and nasal preparations and were not suitable for determination of BKC in nasal suspension formulations, due to interferences of active compound with other excipients. Therefore, an in house method was developed for assay determination of Benzalkonium chloride (BKC) in nasal spray formulations.

Use of fractional factorial designs for optimization of chromatographic conditions and sample preparation step of HPLC method for assay determination of BKC in aqueous solutions and suspension for intranasal application is demonstrated in the following article. The goal of the optimization was to improve accuracy and precision of the assay method by achieving better chromatographic separation of BKC homologs from interfering chromatographic peaks of active compound and other excipients.
Experimental
Chemicals and Reagents
Triethylamine ((C2H5)3N) (TEA), anhydrous Sodium acetate (CH3COONa), anhydrous Acetic acid (CH3COOH) and orto-Phosphoric acid 85% (H3PO4) purchased from Merck KGaA (Darmstadt, Germany), Acetonitrile (CH3CN) (ACN) purchased from J.T. Baker (Avantor Performance Materials, Center Valley, PA) used for preparation of solvents and mobile phases were all of analytical grade. All aqueous solutions were prepared using highly purified water obtained from a Milli-Q water purification system (Millipore Corp., Bedford, MA). Benzalkonium chloride (≥95.0%) was used as a reference standard and was purchased from Sigma-Aldrich (St. Louis, MO).
Equipment
All experiments were performed on a Waters Alliance 2695 Separations module equipped with a quaternary gradient pump, a temperature controlled column heater, an auto-sampler and Waters 2487 Dual absorbance detector (Waters Corporation, Milford, MA). Instrument control, data acquisition and processing of results were performed using Empower 3 chromatography Software (Waters Corporation, Milford, MA). 
Optimization experiments have been performed on Luna CN analytical column (150mm x 4.6mm I.D., 3m) provided by Phenomenex (Torrance, CA).
Millipore Millex-HV Hydrophilic PVDF 0.45 mm disk filters, purchased from Millipore (Billerica, MA), were used to filter the final sample solutions before the analysis with HPLC method.
All pH measurements of mobile phase were carried out with Mettler-Toledo SevenMulti pH meter using a Mettler-Toledo InLab Expert Pro pH electrode (Mettler-Toledo LLC, Columbus, OH). Umetrics MODDE 9.1 software (Umetrics AB, Umeå, Sweden) was used for developing experimental designs and evaluation and modeling of results.
Analytical method
Initially a fast gradient HPLC analytical method was developed to determine the assay of benzalkonium chloride in nasal spray suspension samples. The initial chromatographic conditions are summarized in Table 1.
[bookmark: _Ref382215485]

Table 1: Chromatographic conditions of the initial HPLC method for assay determination of BKC.
	Mobile phase A
	15mM sodium acetate buffer : Acetonitrile : triethylamine = 850 : 150 : 5 (v/v/v) with pH5.5

	Mobile phase B
	15mM sodium acetate buffer : Acetonitrile : triethylamine = 500 : 500 : 5 (v/v/v) with pH 5.5

	Column
	Phenomenex LUNA CN, 3 µm, 100 Å, 150 x 4.6 mm

	Column temperature
	40°C

	Flow rate
	1.5 mL/min

	Detection wavelength
	254 nm

	Gradient parameters
	Time
	%A
	%B

	
	0
	20
	80

	
	2
	0
	100

	
	10
	0
	100

	
	11
	20
	80



The method was not robust and exhibited a high variability of obtained results. Therefore we optimized sample preparation step and chromatographic conditions of the method with two DoE fractional factorial designs. The goal of the optimization was to gain more robust analytical method with less variability of the results. The separation of all interfering placebo peaks and BKC homologs had to be achieved and better resolution between the active compound and BKC homologs.
Standard solutions
Stock standard solution of benzalkonium chloride (1.5 mg mL-1) was prepared by dissolving appropriate amount of reference standard in acetonitrile. Working concentrations of BKC standard were obtained with further dilution of stock standard solution. The concentrations were in range of 15 – 120 g mL-1. The sum of BKC homologs peak area was plotted against the corresponding concentration to obtain a calibration curve.
Analysis of samples
To determine the assay of benzalkonium chloride in nasal suspension samples, containing 0.05 to 0.2 mg g-1 of benzalkonium chloride, 5 g of suspension sample was transferred into a 25 mL volumetric flask and accurately weighed. About 20 mL of acetonitrile and 40 L of orto-phosphoric acid were added and the solution was sonicated for 15 minutes. Acetonitrile was added to the final volume and the solution was left until the sediment was settled. The supernatant was filtered using a Millipore Millex-HV Hydrophilic PVDF 0.45m filter into HPLC vials and analyzed with the initial method. 
Results and discussion
HPLC method optimization
[bookmark: _Ref347603356]First the chromatographic conditions of the initial analytical method were optimized by screening the influence of seven different chromatographic factors. A randomized two dimensional fractional factorial design (27-3) was used and the parameters tested were the amount of acetonitrile and triethylamine in mobile phase A and B, mobile phase pH value, percent of mobile phase A at the start of the gradient, first time point of the gradient, flow rate of the mobile phase and column temperature. Screened parameters and their corresponding levels are shown in Table 2.

[bookmark: _Ref386744652]Table 2: Factors and corresponding levels for 27-3 fractional factorial design.
	Factor name
	Abbr.
	Settings

	(f1) Buffer pH
	pH
	5 to 6

	(f2) Amount of TEA
	TEA
	4 to 6 mL

	(f3) Amount of ACN
	ACN 
	-25 to 25 mL

	(f4) Start %MfA
	%MfA
	10 to 30 %

	(f5) Gradient timepoint
	Time
	1.5 to 2.5 min

	(f6) MF flow rate
	Flow
	1.3 to 1.7 ml/min

	(f7) Column temperature
	Temp
	35 to 45 °C



Nineteen experiments presented in Table 3 were carried out according to design of experiments that also includes three central point experiments for the determination of experimental error. These are experiments N17, N18 and N19. Six responses were measured for each experiment: retention factor of BKC homolog C12 (k’C12), tailing for BKC homolog C12 (TC12), retention difference between an unknown placebo peak and BKC homolog C12 (RsP,C12), resolution between active compound and BKC homolog C12 (RsA,C12), resolution between BKC homologs C12 and C14 (RsC12,C14) and resolution between BKC homologs C14 and C16 (RsC14,C16), respectively. The results of experiments are presented in Table 3.
[bookmark: _Ref347604579]
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Table 3: Randomized 27-3 fractional factorial design and results of observed responses.
	Exp No
	Run Order
	Factors
	Responses

	
	
	f1
	f2
	f3
	f4
	f5
	f6
	f7
	k’C12
	TC12
	RsP,C12
	RsA,C12
	RsC12,C14
	RsC14,C16

	N11
	1
	-
	+
	-
	+
	+
	-
	+
	2.76
	1.16
	1.140
	4.64
	3.97
	4.21

	N19
	2
	0
	0
	0
	0
	0
	0
	0
	2.97
	1.16
	0.178
	6.38
	3.85
	4.23

	N2
	3
	+
	-
	-
	-
	+
	-
	+
	3.82
	1.16
	-1.082
	9.20
	4.49
	4.65

	N13
	4
	-
	-
	+
	+
	+
	-
	-
	2.72
	1.16
	0.170
	5.97
	3.50
	3.65

	N3
	5
	-
	+
	-
	-
	+
	+
	-
	2.67
	1.08
	0.977
	4.92
	3.55
	3.94

	N12
	6
	+
	+
	-
	+
	-
	-
	-
	3.84
	1.12
	-0.257
	10.19
	5.29
	5.56

	N1
	7
	-
	-
	-
	-
	-
	-
	-
	2.98
	1.23
	0.736
	6.32
	4.02
	4.52

	N14
	8
	+
	-
	+
	+
	-
	-
	+
	2.91
	1.13
	-1.116
	8.97
	3.50
	3.67

	N16
	9
	+
	+
	+
	+
	+
	+
	+
	2.91
	1.12
	-0.214
	6.93
	3.50
	3.58

	N17
	10
	0
	0
	0
	0
	0
	0
	0
	3.01
	1.17
	-0.143
	6.71
	3.88
	4.24

	N9
	11
	-
	-
	-
	+
	-
	+
	+
	2.98
	1.17
	0.473
	5.97
	4.05
	4.26

	N8
	12
	+
	+
	+
	-
	+
	-
	-
	2.88
	1.21
	-0.702
	7.48
	3.27
	3.48

	N4
	13
	+
	+
	-
	-
	-
	+
	+
	3.24
	1.14
	-0.303
	7.62
	3.98
	4.38

	N6
	14
	+
	-
	+
	-
	-
	+
	-
	3.23
	1.19
	-1.028
	8.93
	3.36
	3.53

	N18
	15
	0
	0
	0
	0
	0
	0
	0
	3.01
	1.18
	-0.130
	6.61
	3.86
	3.95

	N5
	16
	-
	-
	+
	-
	+
	+
	+
	1.92
	1.24
	-0.164
	5.33
	2.58
	2.65

	N15
	17
	-
	+
	+
	+
	-
	+
	-
	3.00
	1.13
	0.961
	5.89
	4.16
	4.48

	N7
	18
	-
	+
	+
	-
	-
	-
	+
	2.16
	1.20
	-0.543
	4.46
	3.18
	3.45

	N10
	19
	+
	-
	-
	+
	+
	+
	-
	4.59
	1.13
	-0.551
	11.26
	5.64
	5.78



All collected data was processed with Umetrics MODDE 9.1 software. Partial Least Squares (PLS) statistical model was optimized for each observed response, the non-significant factors were excluded from the model. After detailed analysis main significant factors were identified for each response using this model as shown in Figure 2. 

[image: ]
[bookmark: _Ref349415924]Figure 2: Main effects for all observed responses for HPLC method optimization for BKC assay determination.

From figure 2 it can be seen that pH of the mobile phase has the most significant effect on the retention factor of BKC homolog C12, resolution between active compound and homolog C12 and resolution between interfering unknown component and homolog C12. Higher pH of the mobile phase leads to better resolution between the interfering peaks of the active and unknown compounds from BKC homolog peaks, but leads to higher retention times of BKC homologs. On the other hand the amount of ACN in mobile phase mostly affects the resolution between the homologs of BKC. With higher amount of ACN the resolution between BKC homologs is reduced mainly due to shorter retention times on the HPLC column.

Using a MODDE integrated sweet spot analysis tool the design space of the analytical method was modeled. By setting the appropriate criteria for each observed response the optimal chromatographic conditions were predicted (Figure 3).

[image: ]
[bookmark: _Ref348466093][bookmark: _Ref382209535]Figure 3: Sweet spot diagram for a PLS model of the analytical operational design region. Optimal chromatographic conditions proposed by MODDE are marked with a cross.

From the sweet spot diagram on Figure 3 the design space model for four factors is shown, three factors were fixed. The green area represents the part of the design space where all criteria for the observed responses were met and is considered as a sweet spot. With the black cross a calculated sweet spot is marked. The sweet spot prediction is in alignment with our conclusions gained from the significance of individual effects on observed responses. The optimal conditions are achieved with mobile phase containing less ANC and higher pH. Flow rate of the mobile phase and column temperature is reduced to help achieve the best separation while the gradient time point does not have any significant effect.

Using MODDE statistical model a prediction of observed responses was made for proposed optimal experimental condition. To confirm the validity of the statistical model experimental confirmation test was performed and the responses of this test are summarized in Table 4.

[bookmark: _Ref349416414]Table 4: Statistical model prediction for responses at optimal chromatographic conditions and experimental results obtained by a confirmation run.
	Factor
	Predicted
	Lower
	Upper
	Observed

	Retention factor C12
	3.61
	3.38
	3.83
	4.11

	Tailing C12
	1.17
	1.15
	1.19
	1.06

	Resolution A,C12
	9.91
	9.16
	10.75
	9.72

	Resolution P,C12
	-0.76
	-1.07
	-0.45
	-1.365

	Resolution C12,C14
	4.38
	4.03
	4.78
	4.76

	Resolution C14,C16
	4.74
	4.40
	5.09
	4.88



From table 4 it is seen that the observed responses are within the predicted confidence intervals. Resolution between the placebo peak and peak of BKS homolog C12 (Resolution P,C12) was even better than the prediction of the statistical model. 

On Figure 4, chromatograms obtained with initial method (Table 1) and with optimized analytical method using the conditions calculated from the sweet spot analysis are show. From the figure it is seen that with the optimized method a much better resolution between the active compound and the BKS homologs is achieved and an interfering placebo peak is also separated from the homolog C12.


[image: ]
[bookmark: _Ref348894697]Figure 4: Chromatogram of sample analyzed with initial (top) and optimized (bottom) chromatographic conditions.

Sample preparation optimization
Another fractional factorial design was used to optimize the sample preparation step of the analytical method. Five different factors shown in Table 5 were identified in the sample preparation step: the type of the pipette used for sample dilution, the weight of the sample, the amount of water in solvent used for diluting, the amount of H3PO4 added to the sample solution and shaking time, respectively. Eleven randomized experiments were performed according to a fractional factorial experimental design including three initial point experiments as shown in Table 6. Three responses were measured for each experiment: Assay of BKC in the sample, tailing for BKC homolog C12 (TC12) and tailing for BKC homolog C14 (TC14). 
[bookmark: _Ref382292932]
[bookmark: _Ref386744161]Table 5: Factors used in the experimental design for sample preparation optimization.
	Factor name
	Abbr.
	Settings

	(f1) Pippete type
	Pip
	HPDE, Glass

	(f2) Sample weight
	W
	0.2 to 0.4 g/mL

	(f3) Solvent type
	Sol
	0% H2O, 75% H2O 

	(f4) Amount of H3PO4
	Acid
	30 to 50 L

	(f5) Shaking time
	Time
	10 to 20 min



All samples were analyzed using the optimized analytical method. The results are presented in Table 6.

[bookmark: _Ref382293313]Table 6: Randomized 27-3 fractional factorial design used for sample preparation optimization with results for observed responses.
	Exp No
	Run Order
	Factors
	Responses

	
	
	f1
	f2
	f3
	f4
	f5
	Assay
	TC12
	TC14

	N6
	1
	HDPE
	0.2
	75
	30
	20
	93.33
	1.04
	1.01

	N2
	2
	HDPE
	0.2
	0
	30
	10
	96.15
	1.14
	1.02

	N3
	3
	Glass
	0.4
	0
	30
	20
	98.36
	1.12
	0.79

	N1
	4
	Glass
	0.2
	0
	50
	20
	94.21
	1.12
	1.03

	N5
	5
	Glass
	0.2
	75
	50
	10
	90.73
	1.07
	1.03

	N7
	6
	Glass
	0.4
	75
	30
	10
	94.23
	1.09
	1.06

	N10
	7
	HDPE
	0.2
	0
	40
	15
	95.73
	1.14
	1.06

	N9
	8
	HDPE
	0.2
	0
	40
	15
	95.00
	1.14
	1.06

	N11
	9
	HDPE
	0.2
	0
	40
	15
	94.33
	1.08
	1.03

	N4
	10
	HDPE
	0.4
	0
	50
	10
	98.24
	1.11
	0.79

	N8
	11
	HDPE
	0.4
	75
	50
	20
	93.53
	1.10
	1.06



PLS model was constructed and optimal sample preparation conditions were identified. The effects of individual factors for observed responses after the model optimization are presented in Figure 5.
[image: ]
[bookmark: _Ref382307678]Figure 5: The main effects after PLS model optimization for all observed responses for sample preparation optimization. Non-significant factors are excluded from the model.

From the model it was evident that both solvent and sample weight have significant effects on the determination of BKS assay in the samples. The pippete type, shaking time and the amount of H3PO4 added to the sample solution did not have any significant effect on the observed responses.
From the chromatograms Figure 6 it can be seen that a solvent mixture of H2O : ACN = 75 : 25 instead of pure ACN reduces the response of the active compound since the active compound is practically insoluble in water and there by reduces the interfering effect of the active compound peak, which enabled us to weight a double amount of the sample. The response of the active compound was minimized while the responses of all BKC homologs were higher resulting in more precise results.

For the optimal sample preparation the sample weight was changed from 5 g to 10 g of suspension sample, and the solvent was changed from pure ACN to a mixture of H2O : ACN = 75 : 25. Higher sample weight resulted in higher response of BKC homologs and therefor better repeatability and precision of the analytical results. Change of the solvent to 75 % water mixture resulted in elimination of active compound response since the active compound is almost insoluble in water.
[image: ]
[bookmark: _Ref382307777]Figure 6: Chromatograms obtained by the initial sample preparation (top) and the optimized sample preparation (bottom) analyzed by the optimized HPLC method.

On the Figure 6 the chromatograms obtained with the initial sample preparation and the optimal sample preparation are shown. It can be seen that the response of the active compound is reduced to a minimum, while the responses of the BKS homologs are double the size due to higher sample weight. A better precision of the method was achieved this way which was also confirmed during the Method validation presented in section 3.3.3.

Analytical Method Validation
The optimized analytical method was validated for linearity, working range, precision and accuracy for assay of benzalkonium chloride in nasal spray formulations.
Linearity and working range
Linearity of the proposed analytical method was verified in concentration range 15 – 120 g mL-1 of BKC. Stock standard solution was prepared in three replicates with concentration approximately 1.5 mg mL-1. Three replicates were diluted to gain concentrations of benzalkonium chloride in range of 15 – 120 g mL-1. The results of calibration curves are presented in Table 7.
[bookmark: _Ref347666092]
Table 7: Calibration curve data for BKC by optimized HPLC method in concentration range 15 – 120 g mL-1.
	Calibration level
	Replicate 1
	Replicate 2
	Replicate 3
	Average calibration curve

	
	Amount
	Response
	Amount
	Response
	Amount
	Response
	Amount
	Response

	
	mg/mL
	[V*sec]
	mg/mL
	[V*sec]
	mg/mL
	[V*sec]
	mg/mL
	[V*sec]

	1
	0,01500
	20759,83
	0,01501
	21278,76
	0,01501
	21151,04
	0,01501
	21063,21

	2
	0,03000
	42902,06
	0,03002
	42950,15
	0,03002
	43149,95
	0,03001
	43000,72

	3
	0,04501
	64482,73
	0,04503
	65028,95
	0,04503
	65161,73
	0,04502
	64891,14

	4
	0,06001
	87298,04
	0,06003
	87619,73
	0,06004
	86908,82
	0,06003
	87275,53

	5
	0,09001
	132103,09
	0,09005
	130897,06
	0,09006
	131682,36
	0,09004
	131560,83

	6
	0,12002
	176780,25
	0,12007
	176586,27
	0,12008
	176621,18
	0,12005
	176662,57

	Slope
	
	1487541,7
	
	1476355,0
	
	1479338,7
	
	1481077,6

	Intercept
	
	-1878,0
	
	-1238,7
	
	-1370,0
	
	-1495,6

	R2
	
	0,99997
	
	0,99993
	
	0,99997
	
	0,99997



The high value of correlation coefficient (> 0.9999) demonstrates a good linearity of the proposed method in the range of concentration tested.
Precision
The precision of proposed method was checked by five replicate injections of a standard solution of benzalkonium chloride at a target concentration (60 g mL-1). The obtained results gave an intra-day RSD of 0.64 %. The inter-day precision was checked by three replicate injections of standard solution on different days. The obtained RSD of all injections was 0.77 %. The results indicated a sufficient precision of the optimized HPLC method.
Accuracy
Accuracy of the method was checked by spiking a placebo suspension (without preservative) with stock standard solution of benzalkonium chloride. Accuracy was by analyzing aforementioned standard solutions at five different concentrations levels ranging from 30 – 90 g mL-1. All samples were prepared in three replicates using optimized sample preparation procedure and analyzed with optimized HPLC method. The recovery factor was calculated and obtained results are presented in Table 8.
[bookmark: _Ref349417829]
Table 8: Results of recovery experiments at five concentration levels of BKC, obtained with optimized HPLC method.
	Spiked sample level
	Added
	Found
	Recovery
	Average (n=3)
	SD
	RSD
	CI min
	CI max

	
	[mg/mL]
	[mg/mL]
	[%]
	[%]
	
	
	[%]
	[%]

	50%
	Replicate 1
	0,030020
	0,029208
	97,29
	97,47
	0,43
	0,44
	95,61
	99,34

	
	Replicate 2
	0,030035
	0,029182
	97,16
	
	
	
	
	

	
	Replicate 3
	0,030020
	0,029410
	97,97
	
	
	
	
	

	75%
	Replicate 1
	0,045030
	0,044541
	98,91
	99,17
	0,63
	0,64
	96,45
	101,90

	
	Replicate 2
	0,045053
	0,044471
	98,71
	
	
	
	
	

	
	Replicate 3
	0,045031
	0,044982
	99,89
	
	
	
	
	

	100%
	Replicate 1
	0,060040
	0,059398
	98,93
	98,73
	0,30
	0,30
	97,44
	100,03

	
	Replicate 2
	0,060070
	0,059100
	98,38
	
	
	
	
	

	
	Replicate 3
	0,060041
	0,059367
	98,88
	
	
	
	
	

	125%
	Replicate 1
	0,075050
	0,073840
	98,39
	98,48
	0,54
	0,54
	96,18
	100,79

	
	Replicate 2
	0,075088
	0,073590
	98,00
	
	
	
	
	

	
	Replicate 3
	0,075051
	0,074347
	99,06
	
	
	
	
	

	150%
	Replicate 1
	0,090060
	0,088820
	98,62
	98,46
	0,84
	0,86
	94,83
	102,09

	
	Replicate 2
	0,090106
	0,087896
	97,55
	
	
	
	
	

	
	Replicate 3
	0,090061
	0,089349
	99,21
	
	
	
	
	

	
	Total Average (n=15)
	98,46
	
	

	
	SD
	0,76
	
	

	
	RSD
	0,77
	
	



Sample analysis
In order to demonstrate a better precision and accuracy of the optimized analytical method two different types of samples were analyzed with the initial analytical method and proposed optimized analytical method. One of the samples was a nasal spray solution while the other is a nasal spray suspension, both containing an active compound from the group of locally acting pharmaceutical compounds.
[bookmark: _Ref382215493]

Table 9: Comparison of analysis results of two different types of samples; performed by initial and proposed optimize analytical method procedure. Average assay ± SD (RSD) an individual measurements are presented.
	Formulation
	Initial method
	Optimized method

	
	Assay
Average ± SD (RSD)
	Assay 
Average ± SD (RSD)

	Nasal solution formulation
	95.4 ± 0.2 (0.2)
95.2, 95.4, 95.6
	92.3 ± 0.2 (0.2)
92.1, 92.3, 92.4

	Nasal suspension formulation
	101.9 ± 0.4 (0.4)
101.6, 102.5, 101.9,
101.7, 101.5, 102.3
	100.7 ± 0.2 (0.2)
100.6, 100.7, 100.7,
100.8, 100.4, 101.0



From Table 9 it can be seen that the assay for both nasal spray formulations the results with optimized method are lower since the interfering peak of placebo was separated from the BKS homolog C12. The variability of the results is comparable or lower as in case of nasal suspension formulation, where the precision of the results was reduced to RSD 0.2%.

Conclusions
Using a traditional one factor at time (OFAT) approach 128 experiments would be needed to cover the same analytical method operational region for chromatographic conditions optimization and additional 32 experiments for optimization of sample preparation step. In this case use of experimental designs significantly reduced the number of needed experiments, while the gained information about the analytical method operational region was still sufficient to determine the significant effects of tested factors and even their interactions, which would not be possible with the OFAT approach.
Such systematic approach is therefore recommended in case of optimization where a screening of large number of factors is needed to isolate factors with significant effects on the observed responses.

With statistical evaluation of the results gained from experimental designs statistical models of analytical method operational region can be set. In this case it was presented that such models of analytical method operational region can give us a better view and knowledge about the analytical procedure.
By using a systematic approach for optimization of chromatographic conditions and sample preparation step of the initial HPLC method only 30 experiments were performed in order to get the optimal method conditions. A PLS model was successfully introduced to screen the main effects of factors that have a significant effect on the responses measured. With a validation experiment the predictions of the model were found to be satisfactory and gave us good understanding of the analytical method operational region.

The optimized sample preparation step allowed us to achieve higher responses of BKC homolog and reduce the response of the active compound and placebo peaks, while the optimization of chromatography (chromatographic conditions) resulted in a better resolution between the active compound and BKC homologs and separation of placebo peaks and BKC homologs. 

The analytical method was validated according to ICHQ2R1 guideline25. The method was successfully applied for determination of the assay of BKC in two different nasal spray formulations. With the optimization of the sample preparation also different types of samples (nasal spray solutions and nasal spray suspensions) can be analyzed with a single robust method instead of using two different analytical procedures. Better performance of the optimized samples preparation step and chromatographic method were confirmed with the analysis of two different types of samples containing different locally acting active pharmaceutical compound. For both samples more accurate and precise results were obtained with the proposed optimized analytical method. 
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