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Abstract
The effects of seven different chromatographic parameters and five sample preparation parameters in a high performance

liquid chromatography (HPLC) method for assay determination of benzalkonium chloride (BKC) in a nasal formulation

were evaluated using two fractional factorial experimental designs. The design space of the analytical method was mod-

eled using Umetrics Modde software and the optimal method conditions were predicted. The optimum HPLC chromato-

graphic conditions were obtained using a Luna CN column (150 × 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 in obtaining good

separation of BKC homologs from an interfering peak. In the sample preparation step, the use of an 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 obtaining the maximum amount of information with the least possible number

of experiments. Such designs are an economical manner in evaluating a variety of different factors and their interactions.

Keywords: Quality by design; Fractional factorial design; Experimental design; HPLC method optimization; preserva-

tives

1. Introduction
Quality by design has recently been adopted for the

development of pharmaceutical products to ensure better
product quality.1,2 The use of different experimental de-
signs for evaluation of different factors and their interac-
tions in compatibility studies of drug substance and other
excipients has been described in the literature. Employing
such an approach, the authors obtained the maximum
amount of information with the smallest possible number
of experiments.3 Fractional factorial design was also used
to evaluate different process and formulation parameters
in order to produce a more chemically stable and robust fi-
nal drug product with lower initial levels of different im-
purities.4

In recent years, efforts for applying the Quality by
Design (QbD) concept to analytical method development
have increased in order to achieve better control strategy

of production processes.5,6,7 Although the QbD concept
has not been fully adopted for the development of analyti-
cal methods, recent publications indicate the possibility of
applying QbD principles to method development in order
to determine the method operational design region and to
achieve more robust analytical methods.8 Such a concept
is required in order to ensure reliable measurements for
each critical quality attribute (CQA) defined for a pharma-
ceutical product. 

The proposed concept is based on the predefined re-
quirements for an analytical method stated in the analyti-
cal target profile (ATP). During the development phase it
is necessary to demonstrate that an analytical method
meets the requirements predefined in the ATP.9,10 Design
of experiments (DoE) should be used to assess the mul-
tidimensional combination and interactions of different
factors that could have an influence on measurements.11

Different experimental designs, which have been reported
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in the literature, can be used for screening of the influence
of different HPLC chromatographic parameters such as
mobile phase pH value, percentage of organic modifier,
column temperature and others.12,13,14 The use of experi-
mental designs for optimization of water determinations
employing the Karl Fisher titration analytical method is
also described in literature.15

Benzalkonium chloride (BKC) is one of a number of
preservatives used in pharmaceutical formulations. It is
the preservative of choice for multiuse aqueous nasal,
ophthalmic and otic products and has been in use since
1935. Numerous in vivo and in vitro studies demonstrated
that no toxic effects were associated with BKC after both
short- and long-term exposure to it in concentrations bet-
ween 0.00045% and 0.1%.16

BKC solutions are effective against a wide range of
bacteria, yeasts and fungi; therefore, it is widely used in
pharmaceutical formulations as an antimicrobial preserva-
tive. It is used in ophthalmic preparations in concentra-
tions ranging from 0.01%–0.02% and in nasal and otic
formulations in concentrations ranging from 0.002–0.02%.
It is also used as a preservative in small-volume parenteral
formulations and cosmetic preparations.17 It is a quater-
nary ammonium compound, a mixture of alkylbenzyldi-
methylammonium chloride with 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 formulations is ne-
cessary because of its antimicrobial potency and its inf-
luence on human health.

As BKC is a mixture of different homologs and is
used in pharmaceutical formulations in low concentra-
tions, it can be difficult to obtain reliable analytical mea-
surements. In the past different HPLC18–21 and electropho-
retic22,23 methods have been developed and used for quali-
tative and quantitative determination of BKC homologs.

The use of fractional factorial designs for optimiza-
tion of the chromatographic conditions and the sample
preparation step of a HPLC method for assay determina-
tion of BKC in aqueous solutions and in a suspension for
intranasal application is demonstrated in the following ar-
ticle. The goal of the optimization was to improve the ac-
curacy and precision of the assay method by achieving
better chromatographic separation of BKC homologs
from interfering chromatographic peaks of the active
compound and other excipients.

2. Experimental
2. 1. Chemicals and Reagents

Triethylamine ((C2H5)3N) (TEA), anhydrous sodium
acetate (CH3COONa), anhydrous acetic acid (CH3COOH)
and ortho-phosphoric acid 85% (H3PO4) were purchased
from Merck KGaA (Darmstadt, Germany) and acetonitrile
(CH3CN) (ACN) from J.T. Baker (Avantor Performance
Materials, Center Valley, PA). All reagents used for prepa-
ration of solvents and mobile phases were 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).

2. 2. Equipment

All experiments were performed on a Waters Allian-
ce 2695 Separations module equipped with a quaternary
gradient pump, a temperature controlled column heater,
an auto-sampler and Waters 2487 Dual absorbance detec-
tor (Waters Corporation, Milford, MA). Instrument con-
trol, data acquisition and processing of results were per-
formed using Empower 3 chromatography Software (Wa-
ters Corporation, Milford, MA). 

Optimization experiments were performed with a
Luna CN analytical column (150mm × 4.6mm I.D., 3μm)
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 the HPLC method.

All pH measurements of the mobile phase were car-
ried out with a Mettler-Toledo SevenMulti pH meter using a
Mettler-Toledo InLab Expert Pro pH electrode (Mettler-To-
ledo LLC, Columbus, OH). Umetrics MODDE 9.1 software
(Umetrics AB, Umeå, Sweden) was used for developing ex-
perimental designs and evaluation and modeling of results.

2. 3. Analytical Method

A fast gradient HPLC analytical method was ini-
tially developed to determine the assay of benzalkonium

Figure 1. Structural formula of benzalkonium chloride.24

These methods are mainly used for determination of
BKC in aqueous solutions of ophthalmic and nasal prepara-
tions. However, they were not suitable for determination of
BKC in nasal suspension formulations due to interference
of the active compound and other excipients. Therefore, an
in-house method was developed for assay determination of
Benzalkonium chloride (BKC) in nasal spray formulations.
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chloride in nasal spray suspension samples. The initial
chromatographic conditions are summarized in Table 1.

The method was not robust and the obtained results
exhibited a high variability. Therefore, we optimized the
sample preparation step and the chromatographic condi-
tions of the method with two DoE fractional factorial de-
signs. The goal of the optimization was to gain a more ro-
bust analytical method with less variability in the results,
separation of all interfering placebo peaks and BKC ho-
mologs and improved resolution between the active com-
pound and BKC homologs.

2. 4. Standard Solutions

The benzalkonium chloride stock standard solution
(1.5 mg/mL) was prepared by dissolving an appropriate
amount of reference standard in acetonitrile. The working
concentrations of BKC standard, in range 15–120 μg/mL,
were obtained with further dilution of the stock standard
solution. The sum of BKC homologs peak area was plot-
ted against the corresponding concentration to obtain a ca-
libration curve.

2. 5. Analysis of Samples

To determine the assay of benzalkonium chloride in
nasal suspension samples containing 0.05 to 0.2 mg/g of

benzalkonium chloride, 5 g of suspension sample was ac-
curately weighed and transferred to a 25 mL volumetric
flask. About 20 mL of acetonitrile and 40 μL of ortho-
phosphoric acid were added and the solution sonicated for
15 minutes. Acetonitrile was added to the final volume
and the solution left until the sediment had settled. The su-
pernatant was filtered into HPLC vials using a Millipore
Millex-HV Hydrophilic PVDF 0.45μm filter and analyzed
with the initial method. 

3. Results and Discussion
3. 1. HPLC Method Optimization

Firstly, the chromatographic conditions of the initial
analytical method were optimized by screening the inf-
luence of seven different chromatographic factors. A ran-
domized two dimensional fractional factorial design (27–3)
with Resolution IV was used. In this design the three-fac-
tor interactions were replaced with new factors. This
means that no factors are confounded with two-factor in-
teractions, but each two-factor interaction is confounded
with two other two-factor interactions.

The parameters tested were the amount of acetoni-
trile and triethylamine in mobile phases A and B, the mo-
bile phase pH value, the percentage of mobile phase A at
the start of the gradient, the first time point of the gradient,

Table 1. Chromatographic conditions of the initial HPLC method for assay determination of BKC.

Mobile phase A 15 mM sodium acetate buffer : Acetonitrile : triethylamine = 850 : 150 : 5 (v/v/v), pH 5.5

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

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

Column temperature 40°C

Flow rate 1.5 mL/min

Detection wavelength 254 nm

Time (min) %A %B

0 20 80

Gradient parameters 2 0 100

10 0 100

11 20 80

Table 2. Factors and corresponding levels for 27–3 fractional factorial design.

Factor name Abbr. Settings Level – Level + Level 0
(f1) Buffer pH pH 5.0 to 6.0 5.0 6.0 5.5

(f2) Amount of TEA 
in Mobile phase

TEA 4 to 6 mL 4 mL 6 mL 5 mL

ACN –25 to +25 mL H2O : ACN H2O : ACN H2O : ACN

(f3) Amount of ACN with respect MPA: 875 : 125 MPA: 825 : 175 MPA: 850 : 150

in Mobile phase to the initial composition MPB: 525 : 475 MPB: 475 : 525 MPB: 500 : 500

of MP

(f4) Start %Mobile phase A %MPA 10 to 30% 10% 30% 20%

(f5) Gradient time point Time 1.5 to 2.5 min 1.5 min 2.5 min 2.0 min

(f6) Mobile phase flow rate Flow 1.3 to 1.7 mL/min 1.3 mL/min 1.7 mL/min 1.5 mL/min

(f7) Column temperature Temp 35 to 45 °C 35 °C 45 °C 40 °C
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the mobile phase flow rate and the column temperature.
The screened parameters and their corresponding levels
are shown in Table 2.

The nineteen experiments presented in Table 3 were
carried out according to the design of experiments that al-
so includes three central point experiments for the deter-
mination of experimental error. These are experiments
N17, N18 and N19. Six responses were measured for each
experiment: the retention factor of BKC C12 homolog

(k’C12), tailing for BKC C12 homolog (TC12), the retention
difference between an unknown placebo peak (denoted as
Unk P) and BKC C12 homolog (RsP,C12), resolution bet-
ween the active compound and BKC C12 homolog
(RsA,C12), resolution between BKC C12 and C14 homo-
logs (RsC12,C14) and resolution between BKC C14 and C16
homologs (RsC14,C16); see 

Table 3 for the results. The retention difference bet-
ween an unknown placebo peak and BKC C12 homolog
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Table 3. Randomized 27–3 fractional factorial design and results of observed responses.

Exp Run Factors Responses
No Order 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

Figure 2. Main effects for all observed responses for HPLC method optimization for BKC assay determination.
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Figure 3. Sweet spot diagram for a PLS model of the analytical operational design region. The optimal chromatographic conditions proposed by

MODDE are marked with a cross.
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has a negative value when the elution order of the two
peaks is switched.

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

From Figure 2 it can be seen that the mobile phase 
pH has the most significant effect on the retention factor of
BKC C12 homolog, the resolution between the active com-
pound and C12 homolog and the resolution between the in-
terfering unknown peak and C12 homolog. A higher mobi-
le phase pH leads to better resolution between the interfe-
ring 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
the mobile phase particularly affects the resolution between
the homologs of BKC. With a higher amount of ACN, the

resolution between BKC homologs is reduced mainly due
to shorter retention times on the HPLC column.

The design space of the analytical method was mo-
deled using a MODDE integrated sweet spot analysis tool.
The optimal chromatographic conditions were predicted
by setting the appropriate criteria for each observed res-
ponse (Figure 3).

The design space model for all factors, in which
three factors were fixed, is shown in the sweet spot dia-
gram in Figure 3. The green area represents the part of the
design space where all criteria for the observed responses
were met; this is considered a sweet spot. The calculated
sweet spot is marked with a black cross. The sweet spot
prediction is in accordance with our conclusions based
upon the significance of individual effects on observed
responses. The optimal conditions are achieved with a
mobile phase containing less ACN and with a higher pH.
The mobile phase flow rate and column temperature are
reduced to help achieve the best separation, while the gra-
dient time point does not have any significant effect.

Table 4. Statistical model prediction for responses at optimal chromatographic conditions and experimental results

obtained in 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 –1.37 

Resolution C12,C14 4.38 4.03 4.78 4.76

Resolution C14,C16 4.74 4.40 5.09 4.88

Figure 4. Chromatogram of sample analyzed with initial (top) and optimized (bottom) chromatographic conditions. The interfering placebo peak

in the chromatograms is labelled as UnkP and benzalkonium chloride homologs as BKC C12 and BKC C14.
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Using the MODDE statistical model, a prediction of
observed responses was made for each proposed optimal
experimental condition. An experimental confirmation
test, the results of which are summarized in Table 4, was
performed to confirm the validity of the statistical model.

From Table 4 it can be seen that the observed res-
ponses are within the predicted confidence intervals. The
resolution between the placebo peak and the BKC homo-
log C12 peak (Resolution P,C12) was even better than the
prediction of the statistical model. 

Chromatograms obtained with the initial method
(Table 1) and with the optimized analytical method using
the conditions calculated from the sweet spot analysis are
shown in Figure 4. From this it can be seen that superior
resolution between the active compound and the BKC ho-
mologs is achieved with the optimized method and addi-
tionally, an interfering placebo peak (in Figure 4 denoted
as Unk P) is also separated from the BKC homolog C12.
The unknown peaks at the beginning of the chromato-
grams in Figure 4, labelled as Unk 1, Unk 2 and Unk 3,
are responses arising from the placebo and solvent and do
not interfere with the assay determination of BKC.

3. 2. Sample Preparation Optimization

Another fractional factorial design was used to opti-
mize 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 the solvent used for diluting, the amount of

H3PO4 added to the sample solution and the shaking time.
Eleven randomized experiments were performed accor-
ding to a fractional factorial experimental design, inclu-
ding three initial point experiments as shown in Table 6.
Three responses were measured for each experiment: as-
say of BKC in the sample, tailing for BKC homolog C12
(TC12) and tailing for BKC homolog C14 (TC14). 

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

A PLS model was constructed and the optimal sam-
ple preparation conditions were identified. The effects of
the individual factors on the observed responses after the
model optimization are presented in Figure 5.

From the model, it is evident that both the solvent
type and sample weight have significant effects on the as-
say determination of BKC in the samples. Due to the inso-
lubility of the active compound in water, better results we-
re obtained using a solvent mixture of H2O : ACN = 75 :
25, as opposed to pure ACN, as the concentration of the
active compound in the final sample solution was reduced.
As use of a higher sample weight results in an increased
concentration of BKC in the final sample solution, e the
responses under the BKC peaks were higher and the met-
hod precision was better. The pipette 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 presented in Figure 6, it
can be seen that a smaller active compound peak, due to
lower concentration, was achieved as it is practically inso-
luble in water. In contrast, the peaks of the BKC homo-
logs have higher areas due to the doubled sample mass.

Table 5. Factors used in the experimental design for sample preparation optimization.

Factor name Abbr. Settings Level – Level + Level 0
(f1) Pipette type Pip HDPE, Glass HDPE Glass HDPE
(f2) Sample weight W 0.2 to 0.4 g/mL 0.2 g/mL 0.4 g/mL 0.2 g/mL
(f3) Solvent type Sol 0% H2O, 75% H2O 0% H2O 75% H2O 0% H2O
(f4) Amount of H3PO4 Acid 30 to 50 μL 30 μL 50 μL 40 μL
(f5) Shaking time Time 10 to 20 min 10 min 20 min 15 min

Table 6. Randomized 27–3 fractional factorial design used for sample preparation optimization with results for observed responses.

Exp Run Factors Responses
No Order f1 f2 f3 f4 f5 Assay TC12 TC14

N6 1 – – + – + 93.33 1.04 1.01

N2 2 – – – – – 96.15 1.14 1.02

N3 3 + + – – + 98.36 1.12 0.79

N1 4 + – – + + 94.21 1.12 1.03

N5 5 + – + + – 90.73 1.07 1.03

N7 6 + + + – – 94.23 1.09 1.06

N10 7 0 0 0 0 0 95.73 1.14 1.06

N9 8 0 0 0 0 0 95.00 1.14 1.06

N11 9 0 0 0 0 0 94.33 1.08 1.03

N4 10 – + – + – 98.24 1.11 0.79

N8 11 – + + + + 93.53 1.10 1.06
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For optimal sample preparation, the sample weight
was increased 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. The higher sample weight resulted in
higher area of BKC homologs and therefore better repeata-
bility (precision) of the analytical results. The change of the
solvent to a 75 % water mixture resulted in elimination of
the active compound peak due to its poor solubility in water.

The chromatograms obtained with the initial sample
preparation and the optimal sample preparation are shown
in Figure 6. It can be clearly seen that the peak of the active
compound is reduced to a minimum, while the peaks of the
BKC homologs are twice as high due to the higher concen-
tration of BKC in the sample. Improved precision of the
method, which was also confirmed during the Method vali-
dation presented in section 3.3.3, was achieved in this way.

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.

Figure 6. Chromatograms obtained with the initial sample preparation (top) and the optimized sample preparation (bottom) analyzed by the opti-

mized HPLC method. The interfering placebo peak in the chromatograms is labelled as UnkP and benzalkonium chloride homologs as BKC C12

and BKC C14.
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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.

3. 3. 1. Linearity and Working Range

The linearity of the proposed analytical method was
verified in the concentration range 15–120 μg/mL of
BKC. The stock standard solution was prepared in three
replicates, each with a concentration of approximately
1.5 mg/mL. Each replicate was then diluted appropriately
to obtain solutions of benzalkonium chloride with concen-
trations in the range 15–120 μg/mL. The results of the ca-
libration curves are presented in Table 7.

The high correlation coefficient values (> 0.9999)
demonstrate the good linearity of the proposed method in
the concentration range tested.

3. 3. 2. Precision

The precision of the proposed method was checked
with five replicate injections of a standard solution of
benzalkonium chloride at the target concentration
(60 μg/mL). 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 re-
sults indicate sufficient precision of the optimized HPLC
method.

3. 3. 3. Accuracy

The accuracy of the method was checked by spiking
a placebo suspension (without preservative) with a stock
standard solution of benzalkonium chloride. The accuracy
was determined by analyzing the aforementioned standard
solutions at five different concentrations levels ranging

Table 7. Calibration curve data for BKC by optimized HPLC method in concentration range 15–120 μg/mL.

Calibration 
Replicate 1 Replicate 2 Replicate 3 Average calibration curve

level
Amount Response Amount Response Amount Response Amount Response
mg/mL [[μV*sec]] mg/mL [[μV*sec]] mg/mL [[μV*sec]] mg/mL [[μV*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

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]] [[%]] [[%]] [[%]] [[%]]

Replicate 1 0.030020 0.029208 97.29 97.47 0.43 0.44 95.61 99.34

50% Replicate 2 0.030035 0.029182 97.16

Replicate 3 0.030020 0.029410 97.97

Replicate 1 0.045030 0.044541 98.91 99.17 0.63 0.64 96.45 101.90

75% Replicate 2 0.045053 0.044471 98.71

Replicate 3 0.045031 0.044982 99.89

Replicate 1 0.060040 0.059398 98.93 98.73 0.30 0.30 97.44 100.03

100% Replicate 2 0.060070 0.059100 98.38

Replicate 3 0.060041 0.059367 98.88

Replicate 1 0.075050 0.073840 98.39 98.48 0.54 0.54 96.18 100.79

125% Replicate 2 0.075088 0.073590 98.00

Replicate 3 0.075051 0.074347 99.06

Replicate 1 0.090060 0.088820 98.62 98.46 0.84 0.86 94.83 102.09

150% 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
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from 30–90 μg/mL. All samples were prepared in three re-
plicates using the optimized sample preparation procedure
and analyzed with the optimized HPLC method. The reco-
very factor was calculated; the obtained results are presen-
ted in Table 8.

3. 3. 4. Sample Analysis

In order to demonstrate the superior precision and
accuracy of the optimized analytical method, two diffe-
rent types of samples were analyzed with both the initial
analytical method and the proposed optimized analytical
method. One of the samples was a nasal spray solution
and the other a nasal spray suspension, with both contai-
ning an active compound from the group of locally-acting
pharmaceutical compounds.

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

4. Conclusions

Using a traditional one-factor-at–a-time (OFAT) ap-
proach, 128 experiments would be needed to cover the sa-
me analytical method operational region for chromato-
graphic conditions optimization and an additional 32 expe-
riments for optimization of the sample preparation step. In
the presented study, the use of experimental designs signi-
ficantly reduced the number of required experiments, whi-
le the information attained about the analytical method
operational region was still sufficient to determine the sig-
nificant effects of tested factors and even their interactions,
which would not be possible with the OFAT approach.

Such a systematic approach is therefore recommen-
ded in the case of optimization, where screening of a large
number of factors is necessary to isolate factors with sig-
nificant effects on the observed responses.
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Statistical models of analytical method operational
region can be set using statistical evaluation of the results
obtained from the experimental designs. This study shows
that such models of analytical method operational region
can provide an improved perspective and knowledge of
the analytical procedure.

By using a systematic approach for optimization of
the chromatographic conditions and the sample prepara-
tion step of the initial HPLC method, only 30 experiments
were performed in order to reach the optimal method con-
ditions. A PLS model was successfully introduced to
screen the main effects of factors that have a significant
effect on the responses measured. Evaluation of several
validation parameters showed that the predictions of the
model were satisfactory and gave us a good understanding
of the analytical method operational region.

Table 9. Comparison of the analysis results of two different types of samples analyzed using the initial procedure

and the proposed optimized analytical method procedure. Average assay ± SD (RSD) of the individual measure-

ments are presented.

Initial method Optimized method
Formulation Assay Assay 

Average ± SD (RSD) Average ± SD (RSD)

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

101.9 ± 0.4 (0.4) 100.7 ± 0.2 (0.2)
Nasal suspension formulation 101.6, 102.5, 101.9, 100.6, 100.7, 100.7,

101.7, 101.5, 102.3 100.8, 100.4, 101.0

The selection of optimal solvent used for sample
preparation allowed us to reduce the concentration of the
active compound in the sample solutions and with a hig-
her sample weight achieve a higher concentration of the
BKC homologs. The result of the optimization was a large
reduction of the active compound peak area while the area
of BKC homolog peaks was almost doubled. The optimi-
zation of HPLC chromatography conditions resulted in
improved resolution between the active compound peak
and the BKC homolog peaks and the separation of place-
bo peaks and BKC homolog peaks.

The analytical method was validated according to
ICHQ2R1 guidelines.26 The method was successfully
applied for determination of the assay of BKC in two
different nasal spray formulations. With optimization of
the sample preparation step, different types of samples
(nasal spray solutions and nasal spray suspensions) can
also be analyzed with a single robust method instead of
using two different analytical procedures. The enhanced
performance of the optimized sample preparation step
and chromatographic method were confirmed with the
analysis of two different types of samples containing dif-
ferent locally acting active pharmaceutical compounds.
For both samples, more accurate and precise results we-
re obtained with the proposed optimized analytical met-
hod. 
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Povzetek
S pomo~jo dveh delnih faktorskih na~rtov smo ovrednotili u~inek sedmih razli~nih kromatografskih parametrov in petih

parametrov priprave vzorca v metodi teko~inske kromatografije visoke lo~ljivosti (HPLC) za dolo~anje vsebnosti ben-

zalkonijevega klorida (BKC) v farmacevtskih pripravkih za aplikacijo na nosno sluznico. S pomo~jo programskega

paketa Umetrics Modde smo modelirali delovno obmo~je analizne metode in napovedali optimalne pogoje za izvedbo

analize. Optimalne pogoje kromatografske lo~be smo dosegli z uporabo kolone Luna CN (150 × 4.6 mm, 3 μm).

Rezultati so pokazali, da so pH mobilne faze, dele` acetonitrila v mobilni fazi in temperatura kolone najpomembnej{i

dejavniki za dosego dobre lo~be BKC homologov od mote~ih vrhov placeba. Pri pripravi vzorca je najpomembnej{i de-

javnik uporaba vodne raztopine za raztapljanje vzorcev, saj s tem zmanj{amo odziv aktivne u~inkovine in posledi~no

pove~amo selektivnost. Optimizirano metodo smo validirali, pri ~emer smo ovrednotili njeno linearnost, to~nost in

natan~nost. 

Uporaba metode statisti~nega na~rtovanja poskusov nam omogo~a, da z najmanj{im mo`nim {tevilom izvedenih

poskusov dobimo kar najve~  informacij o delovnem obmo~ju. Tak{ni na~rti so ekonomi~en na~in za vrednotenje ra-

zli~nih dejavnikov in njihovih interakcij.


