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ABSTRACT
Article Info The present study describes a simple, accurate, precise and cost effective reverse
Volume 6, Issue 5 phase High Performance Liquid Chromatographic (RP-HPLC) method for
Page Number : 01-24 determination of Linagliptin and Metformin HCl in bulk marketed tablet

formulation. Optimization was done by response surface methodology, applying a
Publication Issue : three level Box-Behnken design. Three factors selected were flow rate, column
September-October- length and methanol concentration in mobile phase. The optimized
2021 chromatographic method was validated according to the International Conference

on Harmonization (ICH) Q2 (R1) guidelines for linearity, range, accuracy and

Article History robustness.

Accepted : 10 Oct 2021  The separation was carried out using three columns with different length.

Published : 30 Oct 2021  Detection was done using UV detector at 250 nm. The developed method
employed mobile phase methanol : phosphate buffer (pH 4.6) (75:25), temperature
25°c and flow rate 0.8 ml/min, which was optimized with the help of design
expert software. High linearity of the developed method was confirmed over
concentration range of 400-600 pg/mL for Metformin HCl & 1.5-3.5 pg/mL for
Linagliptin with correlation coefficient of 0.9979 & 0.9968. The percentage RSD
for precision and accuracy of the method was found to be less than 2%. Peaks
were obtained at retention times of 2.6 & 5.6 min. respectively for Metformin HCl
& Linagliptin. The proposed method can be successfully used to determine the
drug contents of marketed formulation.

Keywords : QbD, Metformin HCI, Linagliptin, Box-Behnken design

I. INTRODUCTION WATER’s HPLC system with manual injection, UV
Trajenta Duo (Company- Boeringer Ingelheim) tablets detector & binary pump was used. All solvents were

were purchased from local pharmacy for the study. used of HPLC grade. pH of mobile phase was adjusted
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by using Ortho-phosphoric acid. Design Expert v 10
was used for DOE.

II. METHODS AND MATERIAL

Development of HPLC Method by QbD Approach and
its Optimizations

Selection of analytical wavelength

Standard stock solution of MET & LIN was diluted
with diluent to obtain final concentration of 10pg/ml.
UV-Visible

Spectrophotometer in the spectrum mode between

Solution = was  scanned  using
the wavelength range of 400 nm to 200 nm and their
spectra were overlaid. The wavelength selected was
250 nm.

Selection of mobile phase

The APIs of MET & LIN were injected into the HPLC
system and run in different solvent systems. Mixture
of different solvents were tried in order to determine
optimum chromatographic conditions for effective
separation of both drugs. After several permutation
and combination, it was found that the Methanol and
Phosphate buffer of pH 4.6 gives satisfactory results as
compared to other mobile phases. Finally, the optimal
composition of the mobile phase takes as per design, as

it gave good peak shape of MET & LIN with minimal

Development of Analytical RP-HPLC Method with
Design Space and Control Strategy determination by
optimization study:

All the computations for the current optimization
study and statistical analysis were performed using
Design Expert® software (Design Expert trial version
10; State-Ease Inc., Minneapolis, MN, USA).

Design of experiments (DOE-1): Thus, 3° randomized
response surface designs with a Box-Behnken design
were used with 17 trial runs to study the impact of
three factors on the two key response variables. In this
design 3 factors were evaluated, each at 3 levels, and
experimental trials were performed at all 3 possible
combinations. The flow rates (X1), Column Length
(X2), mobile phase compositions (X3) were selected as
independent variables and retention time (RT) and
Resolution were selected as dependent variables. The
resulting data were fitted into Design Expert 10
software and analysed statistically using analysis of
variance (ANOVA). The data were also subjected to 3-
D response surface methodology to determine the
influence of flow rate, temperature, mobile phase
composition on dependent variables. The probable
trial runs using 3% Box-Behnken designs are as shown

in table no 9.2.

tailing.
Table No. — 1 : 3° Box Behnken designs of DOE
Run Factor 1 Factor 2 Factor 3 Response 1 Response 2 Response 3
A:MOBILE PHASE B:FLOW C:COLUMN RT of I Drug | RT of Il Drug | Resolution
COMPOSITION RATE LENGTH (min.) (min.)
(% Me) (ml/min) (mm)
1 50 0.8 100 2.6 4.6 1.81
2 75 1 100 2 3.6 1.45
3 75 0.8 150 2.6 5.6 2.72
4 100 0.6 150 4.1 6.1 1.81
5 75 0.8 150 2.6 5.6 2.72
6 100 0.8 250 2.8 5.4 2.36
7 50 1 150 2.1 3.8 1.54
8 75 0.6 250 3.7 5.9 2
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9 75 0.8 150 2.6 5.6 2.72
10 75 1 250 2.1 4.3 2
11 75 0.8 150 2.5 5.8 3
12 100 1 150 1.8 3.6 1.63
13 75 0.6 100 3.4 6.1 2.45
14 75 0.8 150 2.6 5.6 2.72
15 50 0.8 250 3 4.5 1.36
16 50 0.6 150 3.2 5.4 2
17 100 0.8 100 2.2 4.5 2.09
Table No. — 2 : Levels selected
Levels of Factors
) Mobile Phase
Level of Variable Flow Rate Column length .
) Composition
(mL/min) (mm)
(M:B)
Low Level (-1) 0.6 100 50: 50
Medium Level (0) 0.8 150 75: 25
High Level (1) 1.0 250 100: 00

Application of proposed method for analysis of

marketed formulation

Standard stock solution:

For MET, Std. stock solution was prepared by adding
accurately weighed 50 mg API in 100 solvent to make
final concentration of 500 ppm. And for LIN, 10 mg of
API was dissolved in 100 ml solvent from which 2.5
ml was further diluted up to 100 ml to get
concentration of 2.5 ppm.

Sample solution preparation:

Accurately weighed tablet powder equivalent to 50
mg of MET was transferred in a 100 ml volumetric
flask and methanol was added. It was shaken
vigorously for 5 to 10 minutes. Later the volume was
made up to mark with methanol. The solution was
filtered through whattman filter paper No.42.
Procedure:

Equal volumes of standard and sample solutions were
injected separately after equilibrium of stationary
phase. The chromatograms were recorded and the
response i.e. peak area of major peaks were measured.
The content of MET & LIN was calculated by

comparing a sample peak with that of standard.
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Amount of drug in tablet was calculated using
following formula-

Concentration in test solution (mg/ml):

CT = (AT x CS) + AS

Assay (%):

Uh Assay = (CT % 100) =+ CS

Where,

AT= Area of test solution

AS-= area of standard solution

CT= Concentration of drug in test solution

CS= Concentration of drug in standard solution

System Suitability Test:

System suitability is a Pharmacopoeial requirement
and is used to verify, whether the resolution and
of

adequate for analysis to be done. The tests were

reproducibility chromatographic system are
performed by collecting data from five replicate

injections of standard drug solution.

Validation
Validation of method for analysis of MET & LIN
The developed method was validated as per ICH

guidelines.
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A) Linearity:

Determination

The linearity of the analytical method is determined
by mathematical treatment of test results obtained by
analysis of samples with analyte concentrations across
the claimed range. Area is plotted graphically as a
function of analyte concentration. Percentage curve
fittings are calculated.

Preparation of standard stock solution

For MET, Std. stock solution was prepared by adding
accurately weighed 100 mg API in 100 solvent to
make final concentration of 1000 ppm. And for LIN,
10 mg of API was dissolved in 100 ml solvent to get
concentration of 100 ppm.

Preparation of linearity solution:

For MET, Linearity was performed by diluting
standard stock solution. From stock solution aliquots
of4,45,5,5.5, 6 ml diluted to 10ml with diluent such
that the final concentration of MET in the range of
400 to 600 pg/ml.

Preparation of linearity solution:

For MET, Linearity was performed by diluting
standard stock solution. From stock solution aliquots
of 4, 4.5,5,5.5, 6 ml diluted to 10ml with diluent such

that the final concentration of MET in the range of

400 to 600 pg/ml.
Table No. — 3 : Dilution table for linearity (MET)
Sample Linearity stock | Final volume
solution- Transfer (ml)
(ml)

Linearity — 4 10
60%

Linearity — 4.5 10
80%

Linearity — 5 10
100%

Linearity — 5.5 10
120%

Linearity — 6 10
140%
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Preparation of linearity solution:

For LIN, Linearity was performed by diluting standard
stock solution. From stock solution aliquots of 1.5, 2,
2.5, 3, 3.5 ml diluted to 100 ml with diluent such that
the final concentration of MET in the range of 1.5 to
3.5 pg/ml.

Table No. — 4 : Dilution table for linearity (LIN)

Sample Linearity stock Final volume
solution- (ml)
Transfer
(ml)
Linearity — 60% 15 100
Linearity — 80% 2 100
Linearity — 25 100
100%
Linearity — 3 100
120%
Linearity — 3.5 100
140%
B) Accuracy (recovery)

The accuracy of an analytical method is determined
by applying the method to analysed samples, to which
known amounts of analyte have been added. The
accuracy is calculated from the test results as the

percentage of analyte recovered by the assay.

Preparation of standard stock solution

For MET, Std. stock solution was prepared by adding
accurately weighed 100 mg API in 100 solvent to
make final concentration of 1000 ppm. And for LIN,
10 mg of API was dissolved in 100 ml to get

concentration of 10 ppm.

Procedure for Preparation of sample Solution:
Prepare the standard solution by taking stock solution
equivalent to 80%, 100%, and 120%, each in triplicate.
Inject each preparation into the HPLC system.
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Table No. —5 : Concentration table for accuracy

Sample | Concentration | Concentration Total
of Std. of For. Concentration
(pg/ml) (pg/ml) (pg/ml)
Accuracy 200 250 450
- 80%
Accuracy 200 300 500
—100%
Accuracy 200 350 550
—120%

Table No. — 6 : Concentration table for accuracy

Sample Concentration | Concentration Total
of Std. of For. Concentration
(pg/ml) (pg/ml) (ng/ml)
Accuracy 1.25 1 2.25
- 80%
Accuracy 1.25 1.25 25
—-100%
Accuracy 1.25 15 2.75
-120%
Procedure:

Injected standard preparation and sample preparations
of recovery solutions into the HPLC and measure the
peak responses for the MET & LIN peaks.

Amount of drug Recovered was calculated using
following formula

Calculation:-
AT % CS

Conc. found =
AS

Where,
AT= Area of test solution
CS= Conc. of Std.
AS= Area of Std.
(Observed Conc.x 100)
Added Conc.

% Recovery =

C) Precision:

Precision of an analytical method is the degree of
agreement among Individual test results when the
procedure is applied repeatedly to multiple Samplings

of a homogenous sample. Precision of an analytical
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method is usually expressed as standard deviation or
relative standard deviation.

Method precision:

Determination:

Prepare five different test solution of the 100% test
concentration from the same sample matrix. Inject
duplicate injections of each test solution.

Preparation of standard stock solution:

For MET, Std. stock solution was prepared by adding
accurately weighed 50 mg API in 100 solvent to make
final concentration of 500 ppm. And for LIN, 10 mg of
API was dissolved in 100 ml solvent from which 2.5
ml was further diluted up to 100 ml to get
concentration of 2.5 ppm% assay values and RSD of

assay were calculated.

D) Robustness:

Determination:

The robustness of an analytical method is determined
by analysis of aliquots from homogenous lots by
differing physical parameters that may differ but are
still within the specified parameters of the assay. The
sample along with standard was injected under
different chromatographic conditions as shown below.

e Changes in flow rate. (+0.10ml/min)

Carry out the following procedure individually by

changing following variation in chromatographic

conditions.

1) Change in flow rate of mobile phase to 0.7
ml/min.

2) Change in flow rate of mobile phase to 0.9

ml/min.

E) Limit of Detection
It may be calculated based on standard deviation (SD)
of the response and slope of the curve(S).
LOD= 3.3 (SD)/S
Where, SD= Standard deviation
S= Slope
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F) Limit of Quantitation Table No. — 8 : Absorbance values for different

It may be calculated based on standard deviation (SD) concentration of Linagliptin in methanol
of the response and slope of the curve(S). (Amax=227nm)

LOD-= 10 (SD)/S

Where, Concentration Absorbance
SD= Standard deviation (ug/ml)
S= Slope 2 0.27
4 0.54
ITII. RESULTS 6 0.79
8 1.03
Standard Calibration Curves for MET & LIN 10 1.28

Table No. — 7 : Absorbance values for different

concentration of Metformin HCI in methanol
(Amax=233nm)

Figure No. — 2 : Beer-Lambert’s plot for Linagliptin in

methanol (Amax=227nm)

Concentration Absorbance Linagliptin
(ug/mb 12 by s s
2 0.17 g 1 /
2 0.8 P —4—Absorbance
4 0.31 g 0o 7
<04 / Linear
6 0.49 02 (Absorbance)
0
8 0.64 0 5 10 15
10 08 Concentration
HIGH PERFORMANCE LIQUID
Figure No. - 1: Beer-Lambert’s plot for of Metformin  ~pyp OMATOGRAPHY (HPLC) METHOD FOR
HCl in methanol (Amax=233nm) ANALYSIS OF MET & LIN

Concentration
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Metformin HCI A] HPLC Method Development
1
¥ =0.0795x+0.005 Table No. — 9 : Layout of Actual Design of DOE
0.8 , R? =0.9989
2 pa
_'.E 06 / === Ahsorbance Procedure:
[+}
. o / — linear Injected standard preparation and sample preparations
02 ’ (Absorbance) of recovery solutions into the HPLC and measure the
0 . . 0 s peak responses for the MET & LIN peaks.

Amount of drug Recovered was calculated using
following formula

Calculation:-
AT = CS

Conc. found =
AS

Where,
AT= Area of test solution
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CS= Conc. of Std.

AS= Area of Std.

(Observed Conc.x 100)
Added Conc.

% Recovery =

C) Precision:

Precision of an analytical method is the degree of
agreement among Individual test results when the
procedure is applied repeatedly to multiple Samplings
of a homogenous sample. Precision of an analytical
method is usually expressed as standard deviation or
relative standard deviation.

Method precision:

Determination:

Prepare five different test solution of the 100% test
concentration from the same sample matrix. Inject
duplicate injections of each test solution.

Preparation of standard stock solution:

For MET, Std. stock solution was prepared by adding
accurately weighed 50 mg API in 100 solvent to make
final concentration of 500 ppm. And for LIN, 10 mg of
API was dissolved in 100 ml solvent from which 2.5
ml was further diluted up to 100 ml to get
concentration of 2.5 ppm% assay values and RSD of
assay were calculated.

D) Robustness:

Determination:

The robustness of an analytical method is determined
by analysis of aliquots from homogenous lots by
differing physical parameters that may differ but are
still within the specified parameters of the assay. The
sample along with standard was injected under
different chromatographic conditions as shown below.

e Changes in flow rate. (+0.10ml/min)

Carry out the following procedure individually by
changing following variation in chromatographic

conditions.

3) Change in flow rate of mobile phase to 0.7
ml/min.
4) Change in flow rate of mobile phase to 0.9

ml/min.
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E) Limit of Detection
It may be calculated based on standard deviation (SD)
of the response and slope of the curve(S).
LOD= 3.3 (SD)/S
Where, SD= Standard deviation
S= Slope
F) Limit of Quantitation
It may be calculated based on standard deviation (SD)
of the response and slope of the curve(S).
LOD= 10 (SD)/S

Where,
SD= Standard deviation
S=Slope

RESULTS

Standard Calibration Curves for MET & LIN
Table No. — 7 : Absorbance values for different
concentration of Metformin HCI in methanol
(Amax=233nm)

Concentration Absorbance
(ug/ml)
2 0.17
4 0.31
6 0.49
8 0.64
10 0.8

Figure No. —1: Beer-Lambert’s plot for of Metformin
HCl in methanol (Amax=233nm)

Metformin HCI

=

y =0.0795x+ 0.005
0.8 ;o R? =0.9989
2 /
o
£ 06
2 / == Absorbance
204
s 02 / Linear
’ ¢ (Absorbance)
0

o

5 10 15
Concentration
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Table No. — 8 : Absorbance values for different

concentration of Linagliptin in methanol

(Amax=227nm)

Concentration Absorbance
(ug/ml)
2 0.27
4 0.54
6 0.79
8 1.03
10 1.28

Figure No. — 2 : Beer-Lambert’s plot for Linagliptin in

methanol (Amax=227nm)

Absorbance

Linagliptin

14 » y =0.1255x+ 0.029
12 R? = 0.9996

1 /
08 / =$==Absorbance
0.6 /
0.4 / Linear
0.2 (Absorbance)

0

0 5 10 15

Concentration

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) METHOD FOR ANALYSIS OF MET & LIN

A] HPLC Method Development

Table No. — 9 : Layout of Actual Design of DOE

Run Factor 1 Factor 2 Factor 3 Response | Response | Response
1 2 3
A:MOBILE B:FLOW | C:COLUMN | RTofl RT of I | Resolution
PHASE RATE LENGTH Drug Drug
COMPOSITION | (ml/min) (mm) (min.) (min.)
(% Me)
1 50 0.8 100 2.6 4.6 1.81
2 75 1 100 2 3.6 1.45
3 75 0.8 150 2.6 5.6 2.72
4 100 0.6 150 4.1 6.1 1.81
5 75 0.8 150 2.6 5.6 2.72
6 100 0.8 250 2.8 5.4 2.36
7 50 1 150 2.1 3.8 1.54
8 75 0.6 250 3.7 59 2
9 75 0.8 150 2.6 5.6 2.72
10 75 1 250 2.1 4.3 2
11 75 0.8 150 25 5.8 3
12 100 1 150 1.8 3.6 1.63
13 75 0.6 100 3.4 6.1 2.45
14 75 0.8 150 2.6 5.6 2.72
15 50 0.8 250 3 45 1.36
16 50 0.6 150 3.2 5.4 2
17 100 0.8 100 2.2 45 2.09
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Table No. — 10 : ANOVA table for retention time I

Source Sumof | df Mean F p-value
Squares Square Value Prob > F
Model 5.89 9 0.65 17.05 0.0006 | significant
A-MOBILE PHASE COMPOSITION | 8.882E-016 | 1 | 8.882E-016 | 2.313E-014 | 1.0000
B-FLOW RATE 493 1 4.93 128.34 < 0.0001
C-COLUMN LENGTH 0.24 1 0.24 6.38 0.0395
AB 0.36 1 0.36 9.38 0.0183
AC 0.000 1 0.000 0.000 1.0000
BC 4211E-003 | 1 | 4.211E-003 0.11 0.7502
A? 5.158E-003 | 1 | 5.158E-003 0.13 0.7248
B? 0.14 1 0.14 3.75 0.0939
2 2.166E-003 | 1 | 2.166E-003 0.056 0.8191
Residual 0.27 7 0.038
Lack of Fit 0.26 3 0.087 43.46 0.0016 | significant
Pure Error 8.000E-003 | 4 | 2.000E-003
Cor Total 6.16 16

Final Equation in Terms of Coded Factors:
RT of IDrug =

2.6412— 0.8052x B+ 0.1750XC— 0.3 x AB—0.0315xBC+ 0.0350x A” +0.1852 x B?

—0.0262x C2

Figure no- 3: Response plot of retention time (min) against flow rate and MPC

Design-Ex pet® Software
Factor Coding: Actual
RT of | Drug (min.)

I4.‘I
18
X2 = B: FLOW RATE

Actual Factor
C. COLUMN LENGTH = 175

X1=A: MOBILE PHASE COMPOSITION

RT of | Drug (min.)

B: FLOW RATE (mVmin)

A: MOBILE PHASE COMPQ

60
0.6 50
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Figure no- 4 : Response plot of retention time (min) against MPC and Column Length

Design-Ex pet® Software

Factor Coding: Actual

RT of | Drug (min. )

» Design points above predicted value
o

H4.1

18

X1 =A: MOBILE PHASE COMPOSITION
X2 = C: COLUMN LENGTH

n.)

Actual Factor
B: FLOW RATE = 0.8

RT of | Drug (mi

70
A: MOBILE PHASE COMPOS&I

90

100 100

T30 100

250

C: COLUMN LENGTH (mm)

Table No- 11 : ANOVA table for RT II

Source Sum of | df Mean F p-value
Squares Square Value | Prob > F
Model 12.03 | 9 1.34 173.10 | <0.0001 | significant
A-MOBILE PHASE COMPOSITION | 0.32 1 0.32 40.95 | 0.0004
B-FLOW RATE 7.44 1 7.44 963.85 | < 0.0001
C-COLUMN LENGTH 0.21 1 0.21 27.36 | 0.0012
AB 0.20 1 0.20 26.23 | 0.0014
AC 0.26 1 0.26 33.82 | 0.0007
BC 0.19 1 0.19 2485 | 0.0016
A2 1.37 1 1.37 177.20 | < 0.0001
B? 0.50 1 0.50 64.92 | <0.0001
o 0.56 1 0.56 72.14 | <0.0001
Residual 0.054 | 7 | 7.720E-003
Lack of Fit 0.022 | 3 | 7.346E-003 | 0.92 0.5082 | not significant
Pure Error 0.032 | 4 | 8.000E-003
Cor Total 12.08 | 16

The Model F-value of 173.10 implies the model is significant. There is only a 0.01% chance that an F-value this

large could occur due to noise. "Values of ""Prob > F"" less than 0.0500 indicate model terms are significant. In

International Journal of Scientific Research in Chemistry (www.ijsrch.com) | Volume 6 | Issue 5
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this case A, B, C, AB, AC, BC, A++2+-, B++2+-, C++2+- are significant model terms. Values greater than 0.1000
indicate the model terms are not significant. If there are many insignificant model terms (not counting those
required to support hierarchy), model reduction may improve your model. "The ""Lack of Fit F-value"" of 0.92
implies the Lack of Fit is not significant relative to the pure error. There is a 50.82% chance that a ""Lack of Fit
F-value"" this large could occur due" to noise. Non-significant lack of fit is good -- we want the model to fit.

Final Equation in Terms of Coded Factors:

RT of I Drug =

5.7409+ 0.2039x A —0.9894xB +0.1625 X C— 0.2250 X AB+ 0.2486 x AC
410.2131%x BC—0.570x A’ —0.345% B2 —0.420x% C*

Figure no- 5 : Response plot of RT II against flow rate and MPC

Design-Ex pet® Software
Factor Coding: A ctual
RT of Il Drug (min.)

IB.‘I

3.6

X1 =A: MOBILE PHASE COMPOSITION
¥2 = B FLOW RATE

Actual Factor
C: COLUMMN LENGTH = 175

RT of Il Drug (min.)

0.9

B: FLOW RATE (ml/min)

International Journal of Scientific Research in Chemistry (www.ijsrch.com) | Volume 6 | Issue 5 11




Shivam S. Lale et al. Int ] Sci Res Chemi September-October-2021; 6 (5) : 01-24

Figure no- 6 : Response plot of RT II against Column Length and mobile phase composition

Design-Expern® Software

Factor Coding A ctual

RT of Il Drug (min.})

» Design points above predicted value
o

6.1
H3.E 6.5

*1=A: MOBILE PHASE COMPOSITION '
2 = C. COLUMN LENGTH

Actual Factor
B: FLOW RATE = 0.8

RT of || Drug (min.)

100
130

180\

C: COLUMN LENGTH ‘&qﬁ\ /
90

250 130 MOBILE PHASE COMPOSITION (9

Table no. 12 : ANOVA for response surface Quadratic model RESOLUTION

Source Sum of df Mean F p-value
Squares Square Value | Prob>F
Model 3.93 9 0.44 10.79 | 0.0024 | significant
A-MOBILE PHASE 0.26 1 0.26 6.43 | 0.0390
COMPOSITION
B-FLOW RATE 0.21 1 0.21 5.29 | 0.0549
C-COLUMN 8.000E-004 | 1 | 8.000E-004 | 0.020 | 0.8922
LENGTH
AB 0.020 1 0.020 0.48 | 0.5090
AC 0.21 1 0.21 5.28 | 0.0552
BC 0.21 1 0.21 5.17 | 0.0572
A? 1.28 1 1.28 3152 | 0.0008
B? 0.97 1 0.97 24.02 | 0.0018
C? 0.40 1 0.40 9.89 | 0.0163
Residual 0.28 7 0.040
Lack of Fit 0.22 3 0.074 4.69 | 0.0848 not
significant
Pure Error 0.063 4 0.016
Cor Total 421 16

International Journal of Scientific Research in Chemistry (www.ijsrch.com) | Volume 6 | Issue 5
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The Model F-value of 10.79 implies the model is significant. There is only a 0.24% chance that an F-value this
large could occur due to noise. "Values of ""Prob > F'" less than 0.0500 indicate model terms are significant. In
this case A, A++2+-, B++2+-, C++2+- are significant model terms. Values greater than 0.1000 indicate the model
terms are not significant. If there are many insignificant model terms (not counting those required to support
hierarchy), model reduction may improve your model. "The ""Lack of Fit F-value"" of 4.69 implies there is a
8.48% chance that a ""Lack of Fit F-value"" this large could occur due to noise. Lack of fit is bad -- we want the

model to fit."
Figure no- 7 : Response plot of Resolution against flow rate and MPC

Design-Ex pert® Software
Factor Coding A ctual
Resolution

Ia
1.36

X1 = A: MOBILE PHA SE COMPOSITION
X2 = B: FLOW RATE

Actual Factor
C. COLUMM LENGTH = 175

Resolution

B: FLOW RATE (milfin)

0.7 \’_’ /M"' 90

0.6 50
A: MOBILE PHASE COMPOSITION (%)

Figure no- 8 : Response plot of Resolution against Column Length and mobile phase composition
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Table no- 13 : Proposed optimised method

Name Goal Lower | Upper | Lower | Upper | Importance
Limit | Limit | Weight | Weight
A:MOBILE PHASE is in range 50 100 1 1 3

COMPOSITION

B:FLOW RATE isinrange | 0.6 1 1 1

C:COLUMN LENGTH is target = 100 250 1 1

150

RT of I Drug none 1.8 4.1 1 1

RT of II Drug none 3.6 6.1 1 1

Resolution is in range 2 5 1 1

A) Optimization solution:

Table no- 14 : Result of optimization for DOE

Number MOBILE FLOW | COLUMN | RT RT | Resolution | Desirability
PHASE RATE | LENGTH | ofI | ofII
COMPOSITION Drug | Drug
1 56.630 0.868 150.000 | 2.425 | 4.900 2.243 1.000 Selected
2 55.008 0.631 150.000 | 3.205 | 5.677 2.244 1.000
3 80.229 0.963 150.000 | 2.004 | 4.505 2.268 1.000
4 100.000 0.600 150.000 | 3.895 | 6.132 2.027 1.000
5 75.000 0.800 150.000 | 2.580 | 5.640 2.776 1.000

B) Developed Method Operable Design Region
Design Space for study DOE:

The graphical optimization done by with the help of Design Expert software provided the base to define the

design space as shown in following Figure 9
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Figure No. 9 : Design space for DOE
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This plot elaborates that the optimized values of both independent variables in the required target range of
retention time & Asymmetric factor lie within the yellow region which is the useful optimum region where the
design space can be determined whereas the grey colored region is totally restricted to achieve the target

response value of dependent variable.

Optimized Method:
Table no- 15: Optimized Method:
Flow rate COLUMN Mobile phase composition
Ml/min LENGTH (mL)
0.8 mL 150 mm Methanol: BUFFER (75:25)
C) CONTROL STRATEGY
System suitability test
Table no- 16: System suitability test for MET & LIN
METFORMIN
Sample Name Retention Time (min) Area Plate Count Tailing factor
Standard 1 2.12 2877534 6285 1.39
Standard 2 2.13 2878541 6187 1.38
Standard 3 2.15 2857565 6104 1.4
Standard 4 2.13 2866543 6084 1.41
Standard 5 2.12 2817564 6114 1.38
MEAN 2859549.4 6154.8 1.392
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SD 24998.74399 82.5330237 0.013038405
%RSD 0.874219693 1.34095379 0.936667012
LINAGLIPTIN
Sample Name Retention Time (min) Area Plate Count Tailing factor
Standard 1 5.87 1956767 4285 1.61
Standard 2 5.83 1967540 4187 1.58
Standard 3 5.93 1976543 4104 1.6
Standard 4 5.98 1967654 4184 1.61
Standard 5 5.86 1965765 4114 1.62
MEAN 1966853.8 4174.8 1.604
SD 7034.216495 72.60647354 0.015165751
%RSD 0.357637995 1.739160524 0.945495691
Acceptance Criteria:
1. %RSD of the five replicate injections is NMT 2.0%.
2. Theoretical plates should be more than 2000.
3. Tailing factor should be NMT 2.
Conclusion:
1. %RSD of the five replicate injections found to be 1.08472586%.
2. Theoretical plates found to be more than 2000.
3. Tailing factor found to be less than 2.
D) METHOD VALIDATION
A) Accuracy :
Table no- 17 : Result and statistical data of accuracy (MET & LIN)
METFORMIN
Sr.No. | Conc. Level | Conc. (pg/ml) Conc. (ug/mL) Area (MET) | Conc. Found | % Recovery | Average % 5D % RSD
STD stalk solution | FOR stock solution (ug/ml) MET Recovery
1 80% 250 200 25408421 | 398.1704843 | 88.48232996 | 88.65904792 | 0.164101007 | 0.1850922
250 200 25501546 | 399.6298288 | 88.80662863
250 200 25467534 | 399.0968333 | 88.68818518
2 100% 250 250 28675334 | 499.2951677 | 99.85903354 100 | 0.214051375 | 0.2140514
250 250 28685564 | 499.4732925 | 99.89465851
250 250 28786543 | 501.2315398 | 100.246308
3 120% 250 300 31764878 | 608.3993685 | 110.618067 | 110.8819808 | 0.385316102 | 0.3475011
250 300 31789476 | 608.8704991 | 110.7037271
250 300 31967635 | 6122828158 | 1113241483
AVERAGE OF D7-D9= | 28715814
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LINAGLIPTIN
Sr. No. | Conc. | Conc. (pg/mL) Conc. (pg/mL) Area (MET) | Conc. Found | % Recovery | Average % | SD % RSD
Level | STD stalk sohation | FOR stock solution (ng/mL) MET Recovery
1 80% 1.25 1 1663543 | 1.900028419 | $4.44570749 | 84.67495123 | 0331346848 | 0.3913163
1.25 1 1665091 | 1.901796479 | 5452428794
1.25 1 1675543 | 1.213734311 | 85.05485826
2 | 100% 1.25 1.25 1956767 | 2.483262737 | 99.33050947 100 0.579795828 | 0.5797958
1.25 1.25 1976547 | 2.508364824 | 100.334593
1.25 1.25 1976553 | 2.508372439 | 100.3348976
3 | 120% 1.25 15 2256545 | 3.150070255 | 114.5480093 | 114.0819243 | 1.717458425 | 1.5054606
1.25 15 2209887 | 3.084937064 | 112.1795296
1.25 15 2275658 | 3.17675144 | 115.5182342
AVERAGE OF 1969955.7
D26-D28 =

B) Precision

Table no- 18 : Results of Method Precision of MET & LIN

METFORMIN
Sample Name Retention Time (min) Area Plate Count Tailing factor
Standard 1 2.13 2877534 6285 1.39
Standard 2 2.15 2878541 6187 1.38
Standard 3 2.11 2857565 6104 1.4
Standard 4 2.13 2866543 6084 1.41
Standard 5 2.16 2817564 6114 1.38
MEAN 2859549.4 6154.8 1.392
SD 24998.74399 82.5330237 0.013038405
%RSD 0.874219693 1.34095379 0.936667012
LINAGLIPTIN
Sample Name Retention Time (min) Area Plate Count Tailing factor
Standard 1 5.89 1956767 4285 1.61
Standard 2 5.91 1967540 4187 1.58
Standard 3 5.88 1976543 4104 1.6
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Standard 4 5.93 1967654 4184 1.61
Standard 5 5.93 1965765 4114 1.62
MEAN 1966853.8 4174.8 1.604
SD 7034.216495 72.60647354 0.015165751
%RSD 0.357637995 1.739160524 0.945495691

Acceptance Criteria:

The % RSD for the six determinations shall be NMT 2.0
Conclusion: Precision:
The RSD of method precision is 0.35763 %. Therefore, the HPLC method for the determination of MET & LIN

is precise.
C) Linearity:
Table no- 19: Result and statistical data of linearity of MET & LIN
METFORMIN HCl
Sr.no Concentration (ug/ml) RT (min) Area Plate Count USP Tailing
1 400 2.13 23278453 | 6581 1.29
2 450 2.13 25587653 | 6273 1.15
3 500 2.14 28785476 | 6164 1.21
4 550 2.11 31674635 6481 1.31
5 600 2.14 34657736 | 6415 1.28
Correlation Coefficient 0.9979
Slope 57595
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Figure no- 10 : Linearity graph of MET
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LINAGLIPTIN HCI
Sr.no Concentration (pg/ml) RT (min) Area Plate Count USP Tailing
1 1.5 5.9 1185921 4285 1.61
2 2 5.92 1499674 4187 1.58
3 2.5 5.86 1976543 4104 1.6
4 3 5.83 2346537 4184 1.61
5 35 5.91 2711283 4114 1.62
Correlation Coefficient 0.9968
Slope 777739
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Figure no- 11 : Linearity graph of LIN
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Table no- 20: Result and statistical data of LOD & LOQ of MET & LIN

METFORMIN HCl
Sr.no Concentration (pg/ml) RT (min) Area Plate Count USP Tailing
1 400 3.121 23278453 6581 1.29
2 450 2.932 25587653 6273 1.15
3 500 2.943 28785476 6164 1.21
4 550 2.878 31674635 6481 1.31
5 600 2.895 34657736 6415 1.28
Correlation Coefficient 0.9979
Slope 57595
SD 4543
LOD 0.260298637
LOQ 0.788783749
LINAGLIPTIN HCl
Sr.no Concentration (pg/ml) RT (min) Area Plate Count USP Tailing
1.5 5.9 1185921 4285 1.61
2 5.92 1499674 4187 1.58
25 5.86 1976543 4104 1.6
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3 5.83 2346537 4184 1.61
5 35 5.91 2711283 4114 1.62
Correlation Coefficient 0.9968
Slope 777739
SD 56767
LOD 0.24086628
LOQ 0.729897819

D) Robustness:
Change in flow rate (+10%)
Table no- 21: Data for change in flow rate

Sr. | System Suitability Observations (MET/LIN) Limit
imits
No. parameter As Such - 10% +10%
% RSD
1 | Peak area response 28733045/1904918 28737635/1904847 28736542/1904283 NMT
2.0
Theoretical plates NLT
2 7783/5643 7536/5413 7923/5782
2000
Tailing factor NMT
3 1.36/1.56 1.41/1.56 1.31/1.56 20
4 Retention Time
. 2.13/5.89 1.89/5.53 3.02/6.23
(Min)
IV. CONCLUSION v' Systematic approach was utilized to develop an

efficient and robust method which includes
CONCLUSION beginning with determination of target profile

v In this project, as per our objective RP-HPLC characteristics, risk assessment, design of

method was developed by implementing QbD experiment and validation.

methodology with mobile phase methanol: v The study was done by using 3 Box Behnken

water (70:30 v/v). The flow rate used was 0.8 response surface designs. In this study

mL /min and UV detection was carried out at interaction of 3 factors; flow rate, column

250 nm. The retention time for MET & LIN was length and mobile phase composition vary at 3

found to be 2.6 & 5.6 min respectively. levels. Effect of such critical process parameter

v' Before method optimization, screening studies on critical quality attribute of the method is

were carried out on different mobile phases of studied. Responses in terms of retention times

varying composition. Based on the results and resolution were evaluated throughout all

obtained from these studies, suitable mobile the runs in design.

phase with appropriate composition was v' By taking such runs Method Operable Design

selected and utilised for method development Region (MODR) also termed as Analytical

using QbD methodology. Design Space (ADS) was developed
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A desirability function was applied to determine
the optimum conditions. Optimum conditions
were obtained; the one with higher desirability
was selected. Replicates of run having optimized
condition were taken to confirm the predicted
response with actual response.

The RP-HPLC method developed for estimation
of MET & LIN was validated as per ICH Q2 (R1)
guidelines using various parameters.

Linearity for the drugs by the proposed method
was determined to study its ability to elicit test
results which are directly proportional to the
concentration of analyte in the sample response
and was found to be in the concentration range
of 400-600 pg/mL for Metformin HCl & 1.5-3.5
pug/mL  for with
coefficient of 0.9979 & 0.9968.
The Limit of Detection (LOD) and Limit of
Quantitation (LOQ) were established at a

Linagliptin correlation

signal-to-noise ratio. LOD and LOQ were
calculated as 3.3x8/5 and 10x8/S respectively as
per ICH guidelines, where & is the standard
deviation of the response (y-intercept) and S is
the slope of the calibration plot. LOD was found
to be 0.260 pg/ml and LOQ was found to 0.788
pg/mL for MET and for LIN it was found to be
0.240 pg/ml and LOQ 0.729 pg/mL

test the

analytical system is working properly and can

System suitability ensures that

give accurate and precise results. System
suitability tests includes tailing factor, number
of theoretical plates, area etc. The results of all
system suitability parameters were acceptable in
their limits defined by official guidelines.

The

chromatographic

proposed  high-performance  liquid

method has also been
evaluated for accuracy, precision and robustness
and proved to be convenient and effective for
the quality control of Metformin HCl &

Linagliptin.
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Moreover, the lower solvent consumption along
with the short analytical run time of 10 min
leads to a cost effective and environmentally
friendly chromatographic procedure. Thus, the
proposed methodology is rapid, selective,
requires a simple sample preparation procedure,
and represents a good procedure for MET &

LIN.
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