Mandpe et al.
Future Journal of Pharmaceutical Sciences (2022) 8:38 FUtU 're J ou I"n d l Of
https://doi.org/10.1186/543094-022-00426-4 Pharmaceutical Sciences

RESEARCH Open Access

: : . ®
Experimental design approach, screening @i

and optimization of system variables,
analytical method development of flurbiprofen
in nanoparticles and stability-indicating
methods for high-pressure liquid
chromatography

Shilpa R. Mandpe, Vishal R. Parate and Jitendra B. Naik~

Abstract

Background: The development of chromatographic method and the validation of a sensitive, simple, efficient, and
reversed-phase high-performance liquid chromatography (RP-HPLC) approach were adopted for the drug flurbipro-
fen (FBP) in nanoparticles formulation by using a design of experiment (DoE). The critical method variables (CMVs)
were screened using a statistical two-level fractional factorial design (FFD) followed by optimization of the selected
CMVs that influence the analytical responses (ARs) of the RP-HPLC process by using two-level full factorial design.

Results: Statistical models are used to investigate the effects of system factors including column temperature, flow
rate, and methanol in orthophosphoric acid (OPA) on the dependent responses, retention time, peak area, tailing
factor, and theoretical plates in HPLC. The ideal column temperature (25 °C), flow rate (1 ml/min), and mobile phase
(methanol 85 percent v/v in 0.05 percent OPA in water) were selected independently from the response surface

at three levels (1,4 1, and 0) for further validation at constant solvent pH 2.75. Optimized method in the RP-HPLC
resulted a retention time of 4.75 min, a peak area of 3975.12, a tailing factor of 0.73, and a total of 9697.7 theoretical
plates followed by validation in accordance with the current ICH recommendations Q2 (R1). Linearity, precision, accu-
racy, assay, limit of detection (LOD), limit of quantification (LOQ), and robustness were all included in validation. The
calibration curve was linear (r* =0.9997, slope=70.72) for the concentration of 10 to 50 ug/ml, with a limit of detec-
tion of 0.14 ug/ml. Furthermore, stability-indicating methods demonstrate that drug degradation is highest in the
presence of basic circumstances (about 96.49%), followed by oxidation (about 76.41%), and acidic conditions (about
48.12%), whereas drug is stable in some extent under neutral, photo (sunlight), and dry heat conditions.

Conclusions: Effect of independent variables on dependent responses was screened and optimized by using statisti-
cal software design. A method for drug development could be successfully implemented for the estimation of drug

in nanoparticles formulation as well as for the routine analysis in bulk and pharmaceutical formulations. The high
recovery and low relative standard deviation support the suitability of proposed method that could be employed.
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Background

Flurbiprofen (FBP) is a significant non-steroidal calm-
ing, pain-relieving drug and is regularly suggested for
rheumatoid joint inflammation, osteoarthritis, ankylos-
ing spondylitis, and gout patients [1]. Many times it is
prescribed for the diagnosis of vernal kerato conjunctivi-
tis ocular gingivitis [2] and postoperative care, ophthal-
mic inflammations [3-5]. The analytical method is the
sole accurate method for FBP estimation; however, it has
several drawbacks due to the laborious, difficult extrac-
tion procedures, numerous and lengthy steps to develop
method, very time-consuming procedure. In most of
published articles of FBP which follow HPLC-UV meth-
ods, it was found that due to the complex combinations
of mobile phase composition there was a lack of stability-
indicating ability, extended retention time, and limited
use [6, 7]. Analytical methods are essential components
in product due to their significance in contributing with
process development and product quality control. Inac-
curate data from poor analytical techniques can pro-
duce inaccurate information that may be detrimental to
the drug development program. For the development of
any pharmaceutical substance, traditional liquid chro-
matographic methods are generally used on trial-and-
error process; likewise, it varied one aspect at a time and
watched at the resolution of the outcome until the ideal
method was discovered. The process took a long time and
involved a lot of manual data analysis. Additionally, the

capabilities and robustness of a method are only partially
understood through this form of method development.
Furthermore, until now, the development of a scientific
and risk-based Analytical Quality by Design (AQbD)-ori-
ented reversed-phase HPLC (RP-HPLC) method for FBP
has not received. To solve the issues, there is a need for
the development of a reliable, easy, and highly sensitive
HPLC technique FBP based on AQbD principles. The
ultimate objective of this research work was to produce
an easy, quick, sensitive, robust, effective, and reliable
stability-indicating HPLC approach by applying AQbD
principles and methodology for assessment of FBP in
bulk and pharmaceutical formulation product [8].

The drug’s solubility, chemical stability, and photo-
sensitivity concerns will be improved because of the
new nano-formulation. This research includes screen-
ing for critical analytical variables that affect ARs and
the FBP analytical method optimization using fractional
factorial and full factorial, respectively. DoE is a method
of systematic development beginning with screening of
parameters and process which highlights the develop-
ment of a process and parameters that has been opti-
mized. The application of the DoE method results in
the identification of critical method variables (CMVs)
that has major impact on RP-HPLC method analytical
responses (ARs). Optimization by DoE technique helps
for the development of the best experimental designs for
greatest method performance [9].
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The selected mobile phase, flow rate, column tempera-
ture, and pH are the most significant variables in HPLC
examination which affect response 1: RT (retention
time), Response 2: PA (peak area), Response 3: TF (tailing
factor), and Response 4: TP (theoretical plate) [10-12].

Materials and methods

Pure drug flurbiprofen was purchased from Yarrow
Chem Products, Mumbai, India, and has been claimed
to contain 99.980 percent (w / w). HPLC analytical-grade
methanol was procured from Merck Life Science Pvt.
Ltd., Mumbai, India. HPLC-grade water procured from
Rankem, India, and orthophosphoric acid was purchased
from Merck Life Science Pvt. Ltd., Mumbai, India. The
HPLC system was used as an Agilent 1220 Infinity LC
system with auto sampler. The column was used Nucle-
osil C-18 segment (4.6 mm LD x 250 mm) with UV
detector.

Defining of method—design of experiment (DoE)

"The design of experiments" is a well-structured and well-
organized process strategy for identifying the association
between elements, having an impact on a process and
its output. DoE is a fantastic approach that allows phar-
maceutical person to modify parameters in a systematic
manner according to a pre-determined design to obtain
best suited results [13—15].

a) Screening design of variables

The CMVs that have a substantial impact on ARs,
retention time, peak area, and theoretical plate num-
ber, and tailing factor are all factors to consider in
the HPLC technique and were identified in a screen-
ing analysis utilizing fractional factorial design
(FFD). The dependent variables include the compo-
sition of MeOH in the mobile phase, flow rate, tem-
perature of HPLC column, wavelength, and pH; two
levels of change were made to the dependent vari-
ables with+1 and -1 denoting levels high and low,
respectively (Table 1). The Design-Expert® Software
version 11 recommended a total of 16 experiments.
All the 16 experiments were carried out to identify
CMVs that have a considerable impact on the ARs of
the HPLC method.

As shown in Fig. 1, Pareto plots suggest that the fac-
tors had a significant influence, i.e., MeOH volume
(A), flow rate (B), and pH (E), on all ARs i.e., reten-
tion time (Fig. 1a), peak area (Fig. 1b), tailing factor
(Fig. 1c), and number of theoretical plates (Fig. 1d).
In the Pareto charts, all responses showed statisti-
cal significance having larger than the t-value limit
and the Bonferroni limit. Also, all three variables,
i.e., MeOH percentage (A), pH (E), and flow rate (B),
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Table 1 List of independent factors and their levels used for
screening design

Name Units Levels

Low (— 1) High (+1)
MeOH conc % 80 82
Flow rate ml/min 1 1.2
Temperature C 25 26
Wavelength nm 245 247
p! - 25 3

had a negative impact on retention time (Fig. 1a)
and theoretical plate number (Fig. 1d). These three
parameters were chosen as CMVs for FFD method
optimization because they were found to have a sig-
nificant impact on ARs.

b) Optimization design

According to the screening investigation, parameters
that have a significant impact on the responses were
chosen, and further study was carried out using 32
full factorial designs. MeOH concentration (85% v/v
in 0.05 percent OPA), flow rate, and column tem-
perature for some instances were proved to affect the
CMJVs. For this, there are two types of optimizations;
one is graphical and other is numerical optimization
if there are more than three responses. The STATIS-
TICA program was used to plot the response surface.
The obtained data were subjected into various mod-
els, but the final model was chosen for future experi-
ments based on the highest F-value, P-value, and R?,
and highest desirability found was selected as opti-
mized batch (Tables 2 & 3).

Standard and sample solution preparation and calibration
curve

A standard flurbiprofen (FBP) solution was set by taking
accurate amount of FBP in methanol for final concentra-
tion 100 pg/ml to obtain the calibration graph, 5 fixations
(20 pl loop) of concentration 10-50 pg/ml injected into
system, and the graph between peak area and concen-
trations was plotted. A 30-min time fragment was kept
in between each run [16]. For the determination of FBP
drug content from FBP nanoparticles (Nps), an appropri-
ate quantity of solid NPs was dissolved in the minimum
quantity of dichloromethane to form polymer precipi-
tate [17]. After mixing the solution carefully, it was cen-
trifuged for 15 min at 4000 rpm and filtered through
0.22-p PVDF membrane, and the collected supernatant
was made up with the mobile phase to obtain a sample
solution containing 100 pg/ml. The assay was carried out
with the resulting solution of FBP [18-21].
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Fig. 1 Pareto charts showing the impact of critical factors on the analytical responses (RT, PA, TP, and TF). RT (1a), PA (1b), TP (1c), and TF (1d)

Development of method and validation process

The optimized chromatographic process for the deter-
mination of FBP was validated as per the ICH guidelines
Q2 (R1) for linearity, accuracy, intra-day and inter-day
precision, limit of quantification and limit of detection,
repeatability, robustness, and assay study.

Both intra-day precision and inter-day precision were
performed at six replicates of concentration levels. The %
RSD measured for inter-day compared to intra-day accu-
racy is high due to the high-end stability of the solvent.
Assay of FBP was performed. The accuracy has been
determined by the actual sample concentration (40 pg/
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Table 2 Screening variables and their levels (in coded and
actual) used for 3% factorial design

Independent variables Level used, actual (coded)

(=M ©) +n
X1=Flow rate (ml/min) 1 1.1 1.2
X2 =Temperature (°C) 20 225 25
X3 =Methanol (%) 80 825 85

ml), and % RSD was calculated. In standard graph of cali-
bration, the value of drug content was calculated through
regression equations.

The robustness is the capacity to remain unaffected
where any small change in process parameters do not
lead to any change in its reliability during the day-to-
day usage. The method was investigated by intention-
ally altering the process, such as by changing the mobile
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phase’s pH, its percentage of organic content, or its wave-
length [22].

System suitability

The system suitability test verifies that the HPLC is suffi-
ciently precise, most specific, and repeatable for the ana-
lytical estimations. The tests were carried out by injecting
any sample six times in a row. Peak area, theoretical plate,
retention time, and tailing factor are the system suitabil-
ity parameters and are represented as an %RSD.

Response surface methodology analysis and optimization
model validation

An aggregate of twenty-seven runs for factor optimi-
zation were done by employing 3> full factorial design,
and the impact of three independent variables was ana-
lyzed using factorial structure based on the dependent
variables (responses, Table 3). The following equation is

Table 3 Full factorial design matrix (in coded level) along with optimized formulation and experimental data

Factor 1 Factor 2 Factor 3 Response 1 Response 2 Response 3 Response 4
Std Run A:Flow Rate B:Temp C:Methanol RT PA TF TP
ml/min Celcius % Min AUC

17 1 1.1 25 825 44 392552 0.72 9703
12 2 12 20 82.5 4 3604.91 0.75 8948
4 3 1 225 80 551 432157 0.72 10,240
18 4 12 25 82.5 4.04 3596.22 0.74 9050
14 5 1.1 225 825 449 39318 0.73 9576
2 6 1.1 20 80 502 3935.56 0.73 9202
10 7 1 20 825 4.95 4309.67 0.72 9981
27 8 1.2 25 85 3.69 3596.32 0.74 8684
16 9 1 25 82.5 4.85 432246 0.72 10,175
25 10 1 25 85 4.39 432881 0.72 10,165
7 11 1 25 80 561 4315.05 0.74 10,901
15 12 1.2 225 82.5 4.06 3592.36 0.74 8926

1 13 1 20 80 5.88 4319.99 0.73 9774
26 14 1.1 25 85 3.84 3922.21 0.73 9378
24 15 1.2 225 85 354 3599.88 0.74 8819
13 16 1 225 82.5 491 4319.04 0.72 10,110
20 17 1.1 20 85 39 3916.94 0.73 9409
22 18 1 225 85 4.25 4311.75 0.71 10,007
6 19 1.2 225 80 4.58 3596.63 0.74 9054
8 20 1.1 25 80 491 3937.21 0.73 9557

3 21 1.2 20 80 4.68 3596.83 0.75 9687
11 22 1.1 20 82.5 4.5 3933.82 0.73 9407
5 23 1.1 225 80 4.98 395349 0.73 9556
23 24 1.1 225 85 3.88 3919.34 0.73 9319
21 25 1.2 20 85 3.75 3603.87 0.74 8730
19 26 1 20 85 4.22 4323.15 0.72 9713

9 27 1.2 25 80 4.68 3596.83 0.75 9687
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Fig. 2 Plota showing true versus predicted values, with residual plot b for response Y1

standard equation showing the correlation of critical fac-
tors and the analytical responses.

Y =Bo+ BiXi+ BoX3+ ... + BiXK (1)

Y'is the expected outcome value for the polynomial model
and S represents the regression coefficients 1 to k for
each degree and 5, is the Y intercept. The model is only
a general linear regression model with k predictors raised
to the power of i where i=1 to k. A quadratic expression
follows second-order (k=2) polynomial forms. X;, X,, X5
are the critical factors which are depending on the cor-
relation of factors and responses [23-25].

Force degradation study

To check the stability and the purity of the drug solution,
a forced degradation analysis is required in which metha-
nol (100 pg/ml) is used and the precise outcomes are
obtained after the 6 replications. Studies on force deg-
radation were conducted out from the following stress
conditions by treating the sample. The drug shows more
stability in solution up to a month, according to a stabil-
ity study of FBP under various conditions. For the quan-
tification of FBP, the established approach was proven to
be specific, in the presence of formulation excipients, and
then used to estimate drug content in solid powder of
nanoparticle formulation [26-29].

Oxidation degradation

To obtain chromatograms from the solution of H,O,,
a desired solution was prepared using 1% of 2 ml H,O,
mixed with 2 ml of drug content at standard atmospheric
conditions. The water was added after half an hour to
obtain the desired solution of 40 pg / ml concentration.
Then, the solution was analyzed in HPLC.

Acid degradation

To obtain chromatograms from the solution of hydro-
chloric acid (HCL), a desire solution was prepared using
1% of 2 ml HCI mixed with 2 ml of drug content at stand-
ard atmospheric conditions. Water was added after
15 min to obtain the desired solution of 40 pg / ml con-
centration. Then, the solution was analyzed in HPLC.

Base degradation

To obtain chromatograms from the solution of NaOH, a
desire solution was prepared using 1% of 2 ml NaOH was
mixed with 2 ml of drug content at standard atmospheric
conditions. The water is added after 15 min to obtain the
desired solution of 40 pug / ml concentration. Then, the
solution was analyzed in HPLC.

Neutral degradation

To obtain chromatograms from the solution, a desired
solution was prepared using 100 mg of drug content
mixed with water at 70 °C for approximately 3 h. Finally,
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water was added to get 40 pg/ml in the solution. Then,
the solution was analyzed in HPLC.

Photo (sunlight) degradation

To obtain chromatograms from the solution, a desired
solution was prepared using 1% of 1000 ug/ml drug con-
tent. The prepared solution is applied on the wooden
blank and kept in direct sun rays for approximately 1 day.
Finally, water was added to get 40 pg/ml solutions. Then,
the solution was analyzed in HPLC.

Dry heat (thermal) degradation

A chromatogram is obtained after dry heat treatment.
Dried drug sample of about 100 mg of was kept in the
oven at 80 °C with for 6 h. Finally, 40 pg/ml concentra-
tion solution was prepared of the heated sample. Then,
the solution was analyzed in HPLC.

Results

All the analyses were conducted at a concentration of
40 pg/ml. STATISTICA software was used to analyze
the results. The polynomial model of the second-order
coefficients was determined by regression equation.
For each response, the model was found to be signifi-
cant when adjusted R value is near to predicted R value.
Based on Eq. 1, Y1 is the suitable response for retention
time and Y2 is for peak area, Y3 for tailing factor, and Y4
for theoretical plate. X1, X2 are the flow rate of mobile

phase represented in ml/min, X2 is the internal tempera-
ture of column, and X3 is the degree of methanol in the
design. In terms of coded factors, the model equation for
responses (Y1-Y4) are as follows:

Variables effect on retention time (Y1)

Figures 2 and 3 (A1-A3 and B1-B3) graph shows the effect
of independent factors (X;, X, and X;) over dependent
response retention time (Y;).

Final equation in terms of coded factors

Y1(RT, min) =4.44 — 0.4194X1 — 0.5772X3
+ 0.1675X1X3 + 0.0972X12

Equation 2 shows the inverse relationship of RT and the
functional parameters, i.e., flow rate of mobile phase
(X;) and concentration of MeOH (X;). The solid posi-
tive relapse coefficient demonstrates a sharp increment
in retention time, with equal a higher rate of flow and
MeOH conc. To minimize the retention time, the flow
rate can be increased. We can likewise accelerate the
partition and lessen mobile phase thickness by expand-
ing the temperature, in this way limiting backpressure.
To expand the mobile phase variable i.e.,, methanol,
the retention time will diminish, and every single other
response will increase. This might be because of the
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mobile phase’s expanded extremity, making a quicker
analyte balance among stationary phase and the mobile
phase.

Variables effect on peak area (Y2)

Figures 4 and 5 (C1-C3 and D1-D3) show linear cor-
relation plot for the response Y2 among true as well
as measured values and the corresponding remaining
graphs. Increase in flow rate makes the pinnacle zone
(Area under curve) rise. Likewise, the peak area is addi-
tionally increased by increment in column temperature
and amount of methanol in the mobile phase. Equation 3
shows impact of flow rate, column temperature and
methanol concentration on peak area.

Final equation in terms of coded factors

Y2(Peak area) =3930.01 — 360.42X1 — 0.2283X2
— 2.83C — 2.48X1X2 + 0.2233X1X3

+ 0.5558 X2X3 + 27.98X1>

— 0.3528X2% + 1.32X32
(3)

Variables effect on tailing factor

Figures 6 and 7 (E1-E3 and F1-F3) show linear corre-
lation plot for the response Y3 among true as well as
measured values and the corresponding graphs.

Final Equation in Terms of Coded Factors

Y3 (TF) = 0.7315 + 0.0106X1 — 0.0033X2 (4)

This equation shows the positive impact of flow rate (X1)
so whenever increase in flow rate there will be elevation
of TF value and negative impact of column temperature
(X2). The increase in temperature value decreases the
tailing factor.

Variables effect on theoretical plate
This equation expressed to predict values of response
for coded variables. The response on theoretical plate is
affected by flow rate (X1), temperature of column (X2),
and methanol concentration in mobile phase (X3).
Figures 8 and 9 (G1-G3 and H1-H3) indicate linear
correlation plot for the response Y4 among true as well
as measured values and the corresponding graphs.

Final equation in terms of coded factors

Y4 (TP) =9546.59 — 526.72X1 + 136.06X2
—190.78X3 — 143.08X1X2
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Statistics of response
All the dependent critical analytical responses are ana-
lyzed statistically, i.e., RT, PA, TP, and TF. (Table 4).

Analysis of variance for the responses (Y1-Y4)
Tables 5,6, 7 and 8 show the ANOVA tables for various
responses (RT, PA, TF, and TP).

Graphical and numerical optimization

Figure 10 shows the overlay plots showing relationship of
factor and responses for graphical optimization, whereas
Figs. 11 and 12 show numerical optimized method hav-
ing highest desirability of 0.918.

Calibration curves

The span of the linearity can be analyzed by the stand-
ard solution of 10-50 pg/ml (+*=0.9997, slope=70.72)
(Fig. 13).

Validation

During validation, all the graphs were clear, sharp, and
very well without any impurities. Results for precision,
the RSD percentage were less than 2. A recovery study is
well utilized to determine the accuracy and the response
of the peak area. The ICH limit decides different param-
eters of linearity with the system variables. In FLP, the

linearity test was executed at 5 separate levels. The sug-
gested approach shows a great linearity span of 10, 20, 30,
40, 50 pg/ml (r*=0.9997).

Intra-day and inter-day precision (n =6).

This method is used to determine the precision values
of inter-day and intra-day. % RSD was found 0.48 for
inter-day and 0.081 for intra-day. The outcome (Table 9)
has almost no effect on the parameters due to any little
variation.

Repeatability
Repeatability study was conducted and % RSD was found
0.05.

Robustness

The process parameters were checked for robustness
study; it is found acceptable % RSD value less than 2 per-
cent within the limits. The fact that there were no obvi-
ous alterations in the chromatograms suggested that the
HPLC procedures that have been developed are robust
(Table 10).

Limit of quantification (LOQ), limit of detection (LOD)
LOD and LOQ values determine the sensitivity of
method. The lowest concentration can be detected by
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Table 4 Statistics for the model of response

Responses Source Std. Dev R? Adjusted R? Predicted R? Press

Retention time Linear 0.1235 0.9632 0.9584 0.9439 0.5342 -
2FI 0.1041 0.9773 0.9704 0.9376 0.5943 -
Quadratic 0.0872 0.9864 0.9792 0.9583 0.3972 Suggested
Cubic 0.0918 0.9912 0.9770 0.9042 09133 -

Peak area Linear 16.13 0.9974 0.9971 0.9965 8136.06 -
2F 17.18 0.9975 0.9967 0.9952 11,159.82 -
Quadratic 8.39 0.9995 0.9992 0.9986 3186.86 Suggested
Cubic 6.00 0.9998 0.9996 0.9986 3198.84 -

Tailing factor Linear 0.0056 0.7519 0.7195 0.6431 0.0010 Suggested
2FI 0.0057 0.7774 0.7106 04691 0.0016 -
Quadratic 0.0051 0.8492 0.7693 0.5781 0.0012 -
Cubic 0.0045 0.9309 0.8203 0.4818 0.0015 -

Theoretical plate Linear 245.23 0.8122 0.7877 0.7160 2.092E+06 Suggested
2FI 214.75 0.8748 0.8372 0.6889 2.291E4+06 Suggested
Quadratic 21635 0.8920 0.8348 0.6639 2475E4+06 -
Cubic 202.26 0.9445 0.8556 0.4473 4.071E406 -

The R? value close to 1 shows suggested model for all bold in the said Table

Table 5 ANOVA results for Response 1: RT

Source Sum of squares d.f Mean square F-value p-value

Model 9.34 4 2.33 268.29 <0.0001 Significant

A-Flow rate 3.17 1 3.17 363.99 <0.0001

C-Methanol 6.00 1 6.00 689.33 <0.0001

AC 0.1160 1 0.1160 13.34 0.0014

A2 0.0567 1 0.0567 6.52 0.0181

Residual 0.1914 22 0.0087

Cor Total 953 26

Table 6 ANOVA results for Response 2: PA

Source Sum of squares d.f Mean square F-value p-value

Model 2.343E4-06 9 2.604E + 05 370247 <0.0001 significant

A-Flow rate 2.338E406 1 2.338E406 33,252.12 <0.0001

B-Temp 0.9384 1 0.9384 0.0133 0.9094

C-Methanol 143.88 1 143.88 2.05 0.1707

AB 73.76 1 73.76 1.05 0.3201

AC 0.5985 1 0.5985 0.0085 0.9276

BC 371 1 3.71 0.0527 0.8211

A2 4695.79 1 4695.79 66.78 <0.0001

B’ 0.7467 1 0.7467 0.0106 0.9191

c? 10.52 1 1052 0.1495 0.7038

Residual 119545 17 70.32

Cor Total 2.344E4-06 26
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Source Sum of squares d.f Mean square F-value p-value

Model 0.0022 2 0.0011 36.00 <0.0001 Significant
A-Flow rate 0.0020 1 0.0020 6547 <0.0001

C-Methanol 0.0002 1 0.0002 6.53 00174

Residual 0.0007 24 0.0000

Cor Total 0.0029 26

Table 8 ANOVA results Response 4: TP

Source Sum of squares d.f Mean square F-value p-value

Model 6.228E+06 4 1.557E406 30.11 <0.0001 Significant
A-Flow Rate 4.994E+06 1 4.994E 4 06 96.58 <0.0001

B-Temp 3.332E+05 1 3.332E+05 6.44 0.0187

C-Methanol 6.551E405 1 6.551E405 1267 0.0018

AB 2457E+05 1 2457E+05 4.75 0.0403

Residual 1.138E406 22 51,706.10

CorTotal 7.365E4 06 26

system is LOD, whereas LOQ is lowest concentration in
analytes in stated sample determined under acceptable
precision values. To obtain LOQ & LOD, actual drug
concentration in linear range and calibration curve
were used for 6 repetition assessments. LOD and LOQ
values were 0.14 pg / ml and 0.42 pg / ml. (Table 11).

Analysis of the nanoparticles formulation and recovery
study

The chromatogram of drug content from nanoparticles
was obtained. A peak at RT 4.42 min was obtained with
(% RSD 0.01). The formulation’s average recovery was
discovered to be 101.28% with % RSD 0.08 (Tables 11
and 12).

Forced degradation analysis (stability-indicating methods)
Studies on force degradation were conducted out and
the following results obtained (Table 13, Fig. 14).

Oxidation degradation

FBP found to be extremely susceptible to degradation
in the oxidation analysis. At RT values of 2.24, 2.34,
2.60, and 4.77, the FBP showed four additional degrada-
tion peaks.

Acid degradation

FBP very easily undergoes acid degradation; degradation
graph showed 3 peaks more having values for RT of 2.27,
2.68, and 7.06 when solution was reacted with HCL for
15 min.

Basic degradation

FBP is found to undergo degradation very quickly in the
base-induced degradation analysis. An additional 6 peak
values are obtained in the drug content of 2.06, 2.42, 2.68,
2.77,2.99, and 4.07.

Neutral degradation
No degradation peak observed in neutral degradation.

Photo degradation
At RT 3.16 min, the drug showed additional peaks.

Dry heat degradation

Just 6.32 percent of the medication was depleted under
this condition. At RT values of 2.23 min and 3.13 min, the
drug showed two additional peaks.

Discussion

The screening and optimizations are successfully done
by novel statistical designing approaches. In this study,
the HPLC was used to perform and produce an effective
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resolution of FBP from nanoparticles formulated previ-
ously; as a result, the suggested study had several advan-
tages over the previous one. Most quality issues originate
from the way a pharmaceutical product was designed.
As per the survey of this research, no adequate validated
analytical approach for the simultaneous quantitative
determination of flurbiprofen in the loaded polymer-
mediated nano-formulations has been published. As a

result, proposed research is about method development
and validating a RP-HPLC for simultaneous FBP analysis
in polymer-based nano-formulations by employing the
DoE approach. The prior approach employed was pricey,
because of use of acetonitrile as the solvent, and the
mobile phase of system in combination of acetonitrile and
ammonium acetate, and buffer. However, new method
appears as a cost effective as we have used methanol
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and water as the mobile phase. At 247 nm wavelength,
the retention duration was less 4.75 min, compared to
8.94 min (previous) for the previous approach. Also, no
significant difference found in LOD and LOQs in pro-
posed method with 0.14 pg/ml and 0.42 pg/ml with high-
est recovery. A stability-indicating study was carried out,
on applying varying stress conditions over the sample.
During the forced degradation experiment, roughly 76.41
percent of the substance deteriorated under oxidation.
Under the acidic conditions, the drug was degraded by
approximately 48.12 percent.

In basic condition, the drug was degraded about 96.49
percent. The neutral degradation condition exists with-
out drug degradation. Less than 1 percent of the drug was
degraded in the photo and dry heat degradation state.

Table 9 Intra- and inter-day precision (n=6)
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We discovered that FBP degradation was highest in
basic conditions, followed by oxidation and acidic con-
ditions, whereas drug is stable, i.e., did not degrade any
further under neutral, very less degradation in photo
(sunlight), and dry heat conditions. During the robust-
ness investigation, all responses RT, PA, TP, and TF were
confirmed within considerable limits.

Conclusions

Based on the study, it can be concluded that screen-
ing and optimization of analytical-dependant and
independent factors and responses by using statistical
designs and screened best factors affecting the process
of optimization, developing, and validation of method.
A new precise, reliable, quick, simple, analytical
method can be developed and validated for determi-
nation of the flurbiprofen in nanoparticle formulation,
FBP. The use of the DoE approach for parameter screen-
ing aids in identifying crucial parameters that influence
ARs of HPLC method for FBP. The DoE software opti-
mization design aids in optimizing the precise circum-
stances needed to build a most accurate and precise
analytical method for FBP. Quantification of FBP was
carried out with precision, methanol in 0.05% OPA in
water as mobile phase, pH 2.75 having flow rate 1 ml/
min, and RT of 4.75 min. The new approach was proved
to be capable of accurately measuring FBP in nanopar-
ticle formulations.

Samples Inj. No Intraday precision Interday precision
of FBP of FBP
Peak area | Peak area Il Day 1 Peak area | Day 2 Peak area |l
1 1 1459.58 1459.74 149247 1498.87
2 2 1458.35 1457.63 1487.74 1512.14
3 3 1458.39 1458.39 1496.31 1502.36
4 4 1454.56 1455.23 1482.23 1507.14
5 5 1457.56 1456.49 1489.65 1513.21
6 6 1457.90 1456.62 1491.21 151442
Mean 1457.72 1455.06 1489.93 1516.59
% Amount found 100.25 100.30 102.50 104.40
SD 0.87 1.49 515 9.39
%RSD 0.06 0.10 0.35 0.62
Mean of 2 1456.39 Mean of 2 1503.26
SD 1.18 SD
%RSD 0.081 9%RSD
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Table 10 Robustness study

Change flow

FLOW RATE-1.0 FLOW RATE-1.2

Sr No Conc pg/ml Area Sr No Conc pg/ml Area

1 50 3943.83 1 50 3276.56

2 50 394149 2 50 3281.77
Mean 3942.66 Mean 3279.17
SD 1.65 SD 3.68
%RSD 0.04 %RSD 0.11

Mobile phase 81.54 18.5%0PA Mobile phase 83.54+16.5%0PA

Sr No Conc pg/ml Area Sr No Conc. pg/ml Area

1 50 3581.69 1 50 3583.77

2 50 3585.11 2 50 3586.84
Mean 35834 Mean 358531
SD 242 SD 217
9%RSD 0.07 %RSD 0.06

Wavelength Change 246 nm 248 nm

Sr No Conc. pg/ml Area Sr No Conc. pg/ml Area

1 50 3568.71 1 50 3530.68

2 50 3569.6 2 50 3531.29
Mean 3569.2 Mean 35310
SD 0.63 SD 043
9%RSD 0.02 %RSD 0.01

Table 11 Regression data for the calibration curve. (n=6) Table 12 Formulation assay and recovery study results (n =6)

Parameter Results Assay of formulation Recovery study

Linearity range 10-50 pg/ml Label claim (mg) ~ %Drug %RSD  %Level  %Recovery — %RSD

r? £ 9%RSD 09997030 estimated

Slope & %RSD 70724030 100 99.1 0.1 80 101.84 0.1

LOD 0.14 pg/ml 120 100.73 0.16

LOQ 042 ug/m Mean 101.28 0.08

Table 13 Results of forced degradation studies (n=6)

Degradation condition Number of degradation products (Rt %Area of degradation product %Drug degraded
values)

Oxidation 3(2.24,232,2.60) 2245,44.10,9.85 7641

Acid 3(2.27,2.68,and 7.06) 40.69, 3.63,3.78 48.12

Base 6 (2.06,2.42,2.68,2.77,2.99,4.07) 2.07,7.75,0,1945,23.27,43.92 96.49

Neutral 0 0 0

Photo (sunlight) 1 0.20 >1

Thermal 2(223,3.13) 557,074 6.32
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