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ABSTRACT

Aim: Current work entails the analytical quality by design (AQbD) based robust HPLC
method for real-time analysis of canagliflozin and metformin. Different pKa values of two
drugs made their chromatographic separation critical. Materials and Methods: The critical
method parameters were systematically optimized using factorial experimental design
(central composite design) and contours were generated as a function of significant
variables when analyzed in the modeling software. The method operable design
region that control the variation in response is obtained from contour plot and verified
experimentally. Results: Effective chromatographic separation of title analytes was
accomplished on SPOLAR C,, (250 x 4.6 mm, 5u) column at 25°C with mobile phase
comprising of phosphate buffer, pH 6.0 and acetonitrile (55:45 % v/v), pumped at a flow
rate of 0.8 mL/ min by isocratic elution pattern and UV detection at 254 nm. The linear
model was established in the range of 50-300 and 5-30 and uyg/mL at retention times of
3.24 and 10.77 min for metformin and canagliflozin, respectively. Conclusion: Method
obeyed all validation parameters of ICH Q2 (R1) guidelines and able to discriminate the
Adduct generated upon drug degradation. The proposed method was pertinent for assay
drugs and extended to quantify the drugs in prevalence of biological matrix.
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dicarbonimidic diamide, belongs to the class
betic patients is usually accomplished
through combinational therapy. Recently
approved fixed-dose therapy combin-

ing canagliflozin and metformin in a sin-

of organic biguanides. It decreases hepatic

glucose production, decreases intestinal  poy. 10,5530/jper.53.45.167
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absorption of glucose and improves insulin
sensitivity by increasing peripheral glucose
gle dosage form, indicated as an adjunct uptake and utilization. The molecular struc-
to diet and exercise to improve glycemic
control in adults with type 2 diabetes mel-

litus.! Canagliflozin chemically known as

tures are shown in Figure 1.

Several analytical methods such as spectro-
photometric, HPLC, HPTLC and UPLC

25,3R,4R,5S,6R)-2-(3-{[5-(4-fluorophenyl)
thiophen-2-yl] methyl}-4-methylphenyl)-6-
(hydroxymethyl) oxane-3,4,5-triol, is a novel
and selective sodium-glucose transport pro-
tein (SGLT2) inhibitor, reduces reabsorp-
tion of filtered glucose and lowers the renal
threshold for glucose, thereby increases
Metformin
chemically known as IN, N-Dimethyl imido

urinary  glucose excretion.

which have been reported for analysis of
canaglifiozin®® and metformin™’ in an
entity or combination with other drugs.'"
* Few UV, HPLC, stability-indicating and
bioanalytical methods were also reported
for estimation of metformin hydrochloride
and canagliflozin, simultaneously.'”* The
reported

conventional chromatographic

methods were monotonous and concerned
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with time consuming process of varying one factor at
a time (OFAT), require large number of experimental
runs and always yields a narrow robust method which
has high risk of failure during transfer/ real-time usage.
Analytical quality by design (AQbD) approach is one
of the alternatives which dwindle the experimental time
and cost for drug analysis. In recent times, pharmaceuti-
cal companies adopting QbD in analytics for trouble-
free compilation with FDA and ICH guidelines. AQbD
explores scientific understanding of method variables
and their interactions, finally provides a region for
high robust and cost-effective approach. If an AQbD
approach has been implemented in development stage,
flexibility of an analytical method is granted without
need of revalidation or regulatory review. %

Stability study through forced degradation of drug
was used to predict the instability of drug and provide
knowledge about possible degradation pathways /prod-
ucts of the active ingredients also helps to elucidate the
structure of the degradants through characterization.”’
Bioanalysis endeavors the accurate quantitative measure
of active drug and/or its metabolite(s) in biological
samples for the purpose of pharmacokinetic, toxicoki-
netic, bioequivalence and pharmacodynamic studies.”
The proposed chromatographic method is disparate to
literature, here analytical method development through
QbD approach has been followed. Present work is
designed and developed for quantitative estimation of
canagliflozin and metformin in API / pharmaceutical
dosage form / biological fluids with an enactment of
stability studies.

MATERIALS AND METHODS

Materials

The HPLC system (Shimadzu Corporation, Kyoto,
Japan) connected to LC solution software, consisting
of binary pump (LC-20AD), Rheodyne syringe loading
manual sample injector (20 uL), an UV detector (SPD-
20A) and SPOLAR C (250 X 4.6 mm, 5 w) column
was used for the LC separation. The mobile phase was
filtered through Millipore (0.45 um) glass filter assembly
attached with a vacuum pump, sonicated with Ultra-Son-
icator (RK 106, Spincotech) and pH of the solutions was
measured with digital pH meter (LI- 120, Elico). Cana-
gliflozin and metformin hydrochloride were obtained as
gift samples from Dr. Reddys Laboratories, Hyderabad,
India. Marketed formulation (INVOKAMET) with
label claim 50 mg of canagliflozin and 500 mg of met-
formin per tablet was procured from local pharmacy.
Ortho phosphoric acid, hydrochloric acid, potassium
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dihydrogen phosphate and acetonitrile (HPLC grade)
were purchased from Merck, Mumbai, India. Series of
phosphate buffer solutions (pH 3-7) were prepared as
per Indian Pharmacopeia. Sigma tech 3.1.1 software
(Swarooptech Pvt. Ltd. Hyderabad) was employed for
designing of LC experiments and response-modelling
to generate design space for optimized robust analytical
method.

Preparation of mobile phase

Potassium di hydrogen ortho-phosphate buffer, pH
0.0 and acetonitrile were mixed (55:45 %v/v) and fil-
tered through 0.45 um membrane filter and sonicated
to degas. Premixed mobile phase solution was used as
diluent during the study.

Binary standard solution

In order to prepare binary standard solution, cana-
gliflozin working standard of 10 mg and metformin
working standard of 100 mg were weighed, decamped
into 10 mL volumetric flask and dissolved in diluent by
sonication. Volume was contrived up to the mark with
diluent solution and the flask was shaken well (solution-
A). Further 0.1 mL of this solution was diluted to 10
mL with diluent so as get binary working standard solu-
tion concentration of 10 pg/mlL and 100 pug/mL for
canagliflozin and metformin, respectively.

Chromatographic conditions

Chromatographic method development for simultane-
ous analysis of canagliflozin and metformin was done
via AQbD approach. Initial chromatographic condi-
tions were screened for type of column (ODS C ; or C)
and type of organic modifier (methanol or acetonitrile).
Three variables (flow rate, pH of aqueous phase and
% organic mobile phase) were selected for optimization
where number of theoretical plates (N) in experimental
design was set aside as controlling response. Systematic
chromatographic experimentation was performed using
design of experiment tool of sigma tech software 3.1.1,
which offer an effective and competent approach for
studying all critical parameters at the same time to detet-
mine the effect of one factor in presence of others.
Central composite design was utilized to determine the
significant variables and optimize the chromatographic
conditions with the lowest number of runs. The chro-
matographic trials suggested by the system were per-
formed using Shimadzu HPLC system with SPOLAR
C, 250 mm x 4.6 mm x 5 u) column at UV detection
wavelength 254 nm.

Method validation

System suitability test
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The efficiency of the method was monitored by apply-
ing system suitability test to chromatograms obtained
through HPLC injection of standard blend solution for
six times.”” System suitability parameters include theo-
retical plates, tailing factor, retention time and relative
standard deviation (analyte peak area) for six consecu-
tive injections were measured.

Linearity and range

Aliquots of about 0.5, 1, 1.5, 2, 2.5, 3 mL were taken
from mixed standard stock solution (solution-A) con-
currently transferred into different volumetric flasks of
10 mL capacity. These solutions were diluted up to the
mark with diluent such that the final concentration of
metformin and canagliflozin in the range of 50-300 pg/
mL and 5-30 pg/mL respectively was obtained. Injec-
tion volume of about 20 uL was injected at each con-
centration level and calibration curve was constructed
by plotting the peak area against the concentration of
drug, Limit of detection (LOD) and limit of quantifica-
tion (LOQ) were premeditated from the linear regres-
sion analysis data.

Specificity

The specificity study was performed to demonstrate the
effective separation of title analyte peaks from placebo,
biological matrix and all related degradation peaks. The
placebo solution consisted of all the excipients com-
monly used for manufacturing of dosage form. Drugs
were exposed to different stress conditions in order to
generate its degradants.

Accuracy

To evaluate the accuracy of the method, recovery stud-
ies at three levels were performed by standard addition
method. Test solutions were spiked with working stan-
dard solution at 80 %, 100 % and 120% of the target
concentration and analyzed by contemplated method.
The samples were prepared in triplicate at each level and
the % recovery of drug was calculated by measuring the
peak area of chromatogram.

Precision

Mixed binary standard solution of canagliflozin (20 pg/
ml) and metformin (200 pg/ml) was prepared as per
procedure mentioned and injected the same solution for
six times to check the system precision. Method preci-
sion study was carried out by estimating corresponding
responses of drug solutions prepared for six times for
the concentration of canagliflozin 20pg /ml and met-
formin 200ug/ml when analyzed through proposed
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method. The retention time and area of the determina-
tions were measured and %RSD was calculated.

Robustness verification

In order to assess the robustness of the method, delib-
erate changes in method critical parameters were made
within MODR. The variations in the parameters include
pH (% 0.2), organic phase (+ 2%), flow rate (+ 0.1ml/
min) of mobile phase and detector wavelength (+ 2
nm). The % RSD of retention time and theoretical
plates of chromatogram obtained for every variation
was premeditated.

Application of contemplated method

Assay of marketed formulation

Twenty tablets of marketed pharmaceutical formula-
tion INVOKAMET), each containing 50 mg of cana-
gliflozin and 500 mg of metformin were taken and
accurately weighed. The average weight (762.28 mg) was
determined and crushed in to fine powder. An accu-
rately weighed quantity of powder (152.45 mg) equiva-
lent to 10 mg of canagliflozin and 100 mg of metformin
was transferred to volumetric flask of 100 mL capacity
and dissolved in mobile phase by sonication. The flask
volume was made up to the mark with mobile phase
and filtered the solution through Whatman filter paper
(No. 41). The filtrate of 1 mL was diluted to 10 mL with
mobile phase and analyzed with contemplated method.
The amount of canagliflozin and metformin present in
sample solution was determined.

Stability testing

Degradation of drug was achieved by situated the drugs
under stress conditions as per ICH Q1A (R2) guide-
line.*” Each 5 mL of binary standard solution (solution-
A) and 0.5 N hydrochloric acid solution were mixed and
heated at 60°C for 60 min. Anon solution was cooled
and neutralized with 0.5 N sodium hydroxide solution.
Similarly, alkali (0.5 N sodium hydroxide), neutral (water)
and peroxide (6% v/v H,0,) degradation studies were
carried out. Photolytic and thermal degradation studies
were carried out in the solid state by exposing a very
thin layer of pure canagliflozin and metformin in a petri
plate to UV-light (365 nm and 254 nm) and heat (105°C)
for 48 h. Finally, all stressed samples were diluted with
mobile phase, analyzed by contemplated HPLC method
and chromatograms were recorded to assess the stability
of drugs. Concurrent analysis of controlled sample was
done along with stressed samples.

Bioanalysis

S$701
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Collected whole human blood (drug free) into commer-
cially available anticoagulant (EDTA) treated tubes (lav-
ender tops) and subjected for centrifugation for 10 min
at 2000 rpm to remove cells. The resulting supernatant
liquid (designated as plasma) of 1 mL was immediately
transferred into a clean polypropylene tube using a Pas-
teur pipette. To this 1 mL of acetonitrile (precipitating
agent) and 1 mL of binary standard solution (solution-
A) was added, mixed well and volume was contrived
upto 10 mL with mobile phase. This solution was cen-
trifuged for 10 min, collected the 0.1 mL supernatant
solution, diluted to 10 mL with mobile phase and fil-
tered. The filtrate of 20 pL was injected into the HPLC
system and analyzed with contemplated method.

RESULTS AND DISCUSSION

Preliminary studies

Authentication of drugs was confirmed by determina-
tion of melting point, UV absorption spectra (A__ ) and
principal peaks in FT-IR. Results of these studies were
compared with the reference values and found to be
within the limit of acceptance. The individual methano-
lic standatd solutions (10 pg/mL) of canagliflozin and
metformin when analyzed in UV spectrophotometer
ranging from 200 nm - 400 nm, showed iso-absorptive
point at 254 nm. Hence chromatographic peak inte-
gration was done at 254 nm in order to get maximum
responses for both analytes.

Screening experiments

In HPLC, two key parameters influence selectivity
such as the chemistry of stationary phase and organic
modifiers in mobile phase. Scouting of stationary phase
was performed using columns (ODS C  and C)) with
diverse chemistry. Bonded phase ODS C , provides
superior analyte elution with good peak shape, hence
RP-HPLC technique with ODS C  column was selected
for analysis. Methanol and/or acetonitrile were chosen
as organic modifiers for screening. Where acetonitrile
showed selectivity and good separation of analytes
within short run time than methanol. Hence acetonitrile
was selected as organic modifier. Analyte peak identity
was confirmed through retention time comparison.

QbD assisted method development

Analytical quality by design (AQbD) method develop-
ment strategy is a logical and science-based approach
where method requirements and critical controls are
need to be identified/ defined in the eatly stage of
method development. AQbD method design includes
defining Analytical Target Profile (ATP), Critical Qual-
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ity Attributes (CQAs), identifying Critical Method
Parameters (CMPs) with risk assessment and generation
of Design Space (DS).

Apnalytical Target Profile (ATP) of the proposed method
is liquid chromatographic separation of canagliflozin
and metformin from each other as well as from their
degradant peaks/ impurities and biological matrix.
Critical Quality Attributes (CQAs) are measurable attri-
butes of the chromatogram that should be within an
appropriate limit (or) range to ensure the desired quality
of the method. For chromatographic methods, CQAs
are resolution, number of theoretical plates, tailing and
retention time of analytical peak etc. In the present
study, number of theoretical plates (IN) which embodies
the efficiency of separation was selected as CQA.
Critical Method Parameters (CMPs) are the factors whose
variability has an impact on CQA, selected by science-
based process called quality risk assessment. Different
pKa values of two drugs recommends the optimization
of desirable pH of mobile phase. Peak symmetry and
stationary-mobile phase interactions will depend on
flow rate. Retention factor (k’) value will be most readily
modified by changing the % of organic mobile phase.
Hence mobile phase flow rate, aqueous phase pH and
organic mobile phase (%) were selected as typical Chro-
matographic Method Parameters (CMPs), shown in
Table 1. These plays a crucial role in maintaining consis-
tent retention of analytes, selectivity and reproducibility
of a method. Risk on method performance is assessed
by simultaneous evaluation of all method vatiables and
their interactions.

In order to ascertain optimum chromatographic con-
ditions, selected variables were screened using factorial
experimental design (2°). Software designed experimen-
tal runs were performed with respect to three variables
such as % organic phase (X1), flow rate (X2) and pH of
aqueous mobile phase (X3) to acquire theoretical plate
count for both analytes as method control responses.
The Software suggested central composite experimen-
tal design (CCD) and their responses were depicted in
Table 2.

Statistical analysis

Statistical analysis of experimental observations was
performed to evaluate significant factors that affect the
chromatographic response, given in Table 3. Polynomial
equations for prediction of responses were obtained as
follows.

Y1 = 9733.3+ (-1320.62) b, + (-1287.37) b, + (135.37)
b, + (-301.37) b, + (- 483.62) b,, + (-60.37) b,, +
(-61.625) b, .
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Y2 = 4155+ (66.875) b, + (-655.875) b, + (-72.875)
b, + (-492.375) b, + (32.125) b, + (-178.875) b,, +
(47.875) b,

Statistical data analysis of canagliflozin exhibited X1 (%
organic phase) as significant factor owing to highest SS
ratio (53.52%) at b1 combination. The negative sign of
the b1 coefficient indicates the lower % organic mobile
phase, increases the response (N) of chromatographic
system. Variable X2 (flow rate) is also an important fac-
tor (S§=38.36%) and assumed to be better response
obtained at lower flow rates. Insignificant effect on
response was observed with X3 (pH of aqueous phase)
and variable interactions.

The highest SS ratio (59.9369%) was obtained at b2
combination i.e; X2 variable so that low rate was the
main variable for analysis of metformin. The negative
sign of b2 coefficient indicates lower mobile phase
flowrate on the column, increases the response (theo-
retical plates number). Aqueous mobile phase pH i.e. b3
(85=33.78%) has negative coefficient, hence at the lower
pH values theoretical plates number can be increased.
Insignificant effect on response was observed with X1
(% organic mobile phase) and variable interactions.
Further analysis was attempted for observing curvature
effect at 95% confidence levels. ANOVA indicated that
the process model with X1, X2, X3 along with inter-
actions is highly significant at 95% Confidence level
(»<0.05). Since curvature effect is significant and says
non-linear relationship between Y and X. Hence obliga-
tory to go for central composite design (CCD).

Design Space (DS) generally termed as method operable
design region (MODR) obtained through simulation
technique (2D/3D) which can be used to find out the
response for a given set of input variables. Data obtained
from the statistical model experimentation was analyzed
in the modeling software by contour plot (2D) method.
Two-dimensional graphs (contours) were generated as a
function of significant variables while third variable was
held constant at a specified (optimum) level, illustrated
in Figure 2. It was noted that design space for proposed
analytical method was large to get high number of theo-
retical plates (Y1= 8000 -13500, Y2= 4000-7000) with
respect to different levels of CMPs. Those levels were
optimized using contour plots.

Figure 2a illustrates the % organic mobile phase has
prominent effect on theoretical plate number of cana-
gliflozin (Y1) and indicates organic modifier above +1
level (65%) and below -1 level (45%) decreases the
response (Y1). Flow rate of mobile phase at any level
(-2 to +2) can produce maximum response. Hence %
organic phase at lower level (-1) and flow rate at lowest
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level (-2) can be preferred which dwindle the cost of
experiment.

Figure 2b demonstrates that theoretical plate number
for metformin (Y2) decreases with increase in flow rate
and pH of aqueous mobile phase. Flow rate at lower
level (-2 to +1) can be preferred which may produce
maximum response (Y2) and reduces the solvent con-
sumption. Even though aqueous phase pH from -2 level
to +1 level showed higher number of theoretical plates
for metformin, the pH at +1 level is preferred in order
to achieve analyte stability in mobile phase and to pre-
serve lifetime of column. Hence mobile phase with pH
6.0 can be chosen.

Optimized experimental conditions

The robust HPLC parameters were optimized as mobile
phase consisting of phosphate buffer, pH 6.0 and aceto-
nitrile (55:45 % v/v), pumped at a flow rate of 0.8mlL/
min on SPOLAR C (250 x 4.6 mm, 5u) column by iso-
cratic elution pattern with injection volume of 20 ML
at 25°C column temperature. The detection was carried
out at 254 nm and retention time were found to be and
3.24 and 10.77 min for metformin and canagliflozin,
respectively.

Method validation

The verified method was validated according to ICH
Q2 (R1) guidelines. A linear response was willful over
the examined concentration range of 5-30 pg/mL and
50-300 pg/mL for canagliflozin and metformin, respec-
tively. The chromatogram of linearity was demonstrated
in Figure 3. Chromatograms of blank, placebo and bio-
logical matrix had dearth of peak at the retention time
of title drugs indicated the specificity of method. The
accuracy of the method was validated by recovery stud-
ies and was found to be significant under specification
limits with afforded recovery 98.7- 100.4 % and 98.3-
100.3 % of canagliflozin and metformin, respectively.
The % RSD values for intra-day and inter-day study
were less than 2.0, endorsed the good repeatability of
proposed method. Predicted response of optimized
method parameters in robust process (MODR of con-
tour plot) was verified experimentally and the difference

Table 1: Factors selected for QbD method.

. . Lower level Upper level
Variables/ factors Units
(-1) (+1)
Organic mobile phase o
x1) Yo 45 65
Flow rate (X2) S 0.6 1.0
min
pH of agqueous phase } 4 6
(X3)
S703
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Table 2: CCD plan of experiments and their observations.

%Organic phase Flow rate pH Theoretical plate number
Combination
X, X, X, Canagliflozin (Y1) Metformin (Y2)
1 45 0.6 4 13313 5327
X, 65 0.6 4 9452 5638
X, 45 1 4 10765 3899
XX, 65 1 4 6609 3727
X, 45 0.6 6 11499 4016
XX, 65 0.6 6 9819 4264
XX, 45 1 6 9439 3113
XXX, 65 1 6 6971 3260
Midpoint 55 0.8 5 9795 4882
X-2L 35 0.8 5 2000 4505
X, +2L 75 0.8 5 7128 4736
X,-2L 55 0.4 5 12441 5295
X,.2L 55 1.2 5 8303 3294
X, 2L 55 0.8 3 9616 4695
X, +2L 55 0.8 7 9730 3545

CCD: Central composite design, L: Level

Table 3: Statistical data analysis of factorial experimental design (23).

Canagliflozin Metformin
Combination

Coefficient SS Ratio Coefficient SS Ratio
b, 9733.3 - 4155.37 -
b, -1320.62 53.52% 66.87 0.62 %
b, -1287.37 38.36% -655.87 59.93%
b, -135.37 0.42% -72.87 0.74%
b, -301.37 2.10% -492.37 33.78 %
b, -483.62 5.41% 32.12 0.14%
b,, -60.37 0.08% -178.87 4.45%
X -61.62 0.08% 47.87 0.32%

*X1=b,=%0rganic mobile phase, X2=b_= Flow rate, X3=b_= pH of aqueous

(percent residual) between the predicted and observed
results was found within £ 8%. Documenting this data
will determine the degree of impact of planned / acci-
dental changes on method. Results of system suitability
test and validation were represented in Table 4.

Application of method

Assay of marketed formulation

The results obtained for assay of canagliflozin and met-
formin were compared with the corresponding labeled
amounts and reported in Table 5. The chromatogram
obtained for analysis of marketed formulation (Invoka-
met) has dearth of additional peaks, indicated no inter-
ference of the formulation excipients used in the tablet,
depicted in Figure 4. The % assay of canagliflozin and

S704

phase

metformin found to be 98.02 % and 100.1 %, respec-
tively. These results were within the limits 98-102%.
Stability testing

The chromatograms of samples subjected to various
forced degradation conditions showed well-separated
peaks of the analytes and degradation products at dif-
ferent retention times, depicted in Figure 5. However, in
some conditions, chromatograms did not show separate
peaks of the degradation products, rather a decrease in
height and area of the analyte peak was observed. Sum-
mary of degradation studies was reported in Table 6.
It was observed that metformin is susceptible towards
alkaline degradation more than any other applied stress
conditions. Significant degradation of canagliflozin was
observed upon exposure to base hydrolysis, photolytic
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Table 4: Results of method validation.

Parameter Results of Canagliflozin Results of metformin
Linearity range 5-30 pg/ml 50-300 pg/ml
Linearity Correlation co-efficient (R?) 0.999 0.999
Regression equation Y = 4365X — 1184 Y= 5349X — 24204
o LOD (ug/mL) 0.5 0.91
Sensitivity
LOQ (ug/mL) 1.67 2.84
Precision Intra-day precision 0.147 0.13
(% RSD of peak .
area) Inter-day precision 0.184 0.256
Accuracy 80% level 0.172 0.238
(% RSD of 100% level 0.761 0.475
B 120% level 0.528 0.416
Flow rate (+ 0.1 mL/min) 1.22 1.17
Robustness pH (£ 0.2) 0.821 0.965
(% RSD of peak - )
area) Organic phase (+ 1%) 1.45 1.21
Wavelength (2 nm) 1.07 0.947
Retention time (min) 10.77 3.24
Peak area 86060 1087270
Theoretical plate number4 11073 4280
Tailing factor 1.2 1.3
System suitability Stationary phase SPOLAR C_, (250 x 4.6mm, 5um)
Mobile phase’ Acetonitrile: Phosphate buffer pH 6 (45:55 v/v)
Flow rate” 0.8 mL/min
Detector wavelength 254 nm
Resolution 25 min

*Optimized in experimental design, A Response considered in experimental design, RSD- Relative standard deviation, n=3.

Table 5: Assay of pharmaceutical dosage form.

Canagliflozin Metformin
Formulation Lal?el Amount found % Lal?el Amount
claim (mg) Assa % RSD claim found(mg) % Assay % RSD
(mg) ‘(A.M+ SD) y (mg) ‘(A.M£SD)
Invokamet 50 49.01+0.05 98.02 0.105 500 500.9+1.85 100.1 0.36

“Number of replications=3

Table 6: Data of stability studies.

Canagliflozin Metformin
Stress Conditions % Drug
% Drug recovered % Drug decomposed recovered % Drug decomposed

Controlled sample 98.02 - 100.1 -

Acidic (0.5N HCI, 60°C, 60 min) 93.6 4.4 96 4.1
Alkali (0.5N NaOH, 60°C, 60 min) 82.7 15.3 814 18.7
Neutral (H,0, 60°C, 60 min) 94.8 3.2 97.3 2.8
Oxidative (6% v/v H,0,) 80.4 17.6 94.6 5.5

UV light (48 hrs) 75.5 22.5 95.8 4.3
Thermal (105°C, 48 h) 95.3 2.7 98.9 1.2
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Figure 5: Chromatograms of stability studies under acidic (a), alkali (b), neutral (c), oxidative (d), UV-light (e) and thermal (f)
Conditions.

and oxidation condition. Stress degradation study results  with standard solution. The % recovery of canagliflozin
of both drugs revealed its stability under thermal, acidic  and metformin from spiked human plasma was found
and neutral hydrolysis condition. to be 99.2 % and 99.7 %, respectively. The chromato-
Bioanalysis gram obtained through bioanalysis of title analytes has
Recovery of drugs from biological sample was evalu- dearth of additional peaks, indicated no interference of

ated by comparing the chromatographic mean peak area  biological matrix.
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CONCLUSION

A comprehensive analytical approach for simultane-
ous quantification of canagliflozin and metformin was
depicted in this article. The experiments were conducted
based on plan by central composite design in sigmat-
ech software, which could save time, reagents and other
resources. In this strategy, various constraints related to
efficient separation of both analytes were considered
and method parameters were optimized as 45% organic
mobile phase (X1) at a flow rate of 0.8 mL/min (X2)
and aqueous phase pH at 6.0 (X3). These conditions
were concluded as they show maximum response (Y1
and Y2) and would bounce more economic method.
The method was validated as per ICH guidelines. The
prediction from MODR has been verified by concrete
experimental results signifying its robustness hence suit-
able for method transfer and regulatory flexibility. The
capacity of a method to distinguish and quantify cana-
gliflozin/ metformin unequivocally in the presence of
pharmaceutical excipient / biological matrix interfer-
ences was evinced. Forced degradation studies were
performed on canagliflozin and metformin to prove
stability-indicating a property of the method.
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Flow rate (X2) 0.8ml/min
Aqueous phase pH

3) Phosphate buffer, pH 6
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SUMMARY

The present HPLC study was time-honored with accu-
rate and selective quantification of selected drugs in
binary fixed dosage form without prior extraction. The
experiments were conducted based on plan by central
composite design in sigmatech software, which could
save time, reagents and other resources. Analytical qual-
ity by design (AQbD) approach is one of the alterna-
tives which dwindle the experimental time and cost for
drug analysis. Use of experimental design in AQbD to
optimize the robust chromatographic conditions, pos-
sess several advantages such as, provides an information
about significance method parameters and their interac-
tion effects to the method performance also provides
scientific understanding to construct method operable
design region (MODR), which signifies its robustness.
This type of approach is recommended in future QbD
based analytical methods as per FDA and ICH guide-
lines to attain regulatory flexibility and to avoid / mini-
mize revalidation procedure during method transfer as
well in change of method parameters. The capacity of a
method to distinguish and quantify canagliflozin/ met-
formin unequivocally in the presence of pharmaceutical
excipient / biological matrix interferences was evinced.
Forced degradation studies were performed on cana-
gliflozin and metformin to prove stability-indicating a
property of the method. Stability study through forced
degradation of drug was used to predict the instability of
drug and provide knowledge about possible degradation
pathways, degradation products of the active ingredients
also helps to elucidate the structure of the degradants
through characterization. Hence, it can be effectively
applied for the routine analysis in research institution,
quality control department in industries, approved test-
ing laboratories, biopharmaceutical studies and clinical
pharmacokinetic studies for simultaneous determina-
tion of canagliflozin and metformin.
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