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ABSTRACT: The development and validation of an RP-HPLC technique for the simultaneous Estimation of metformin and
canagliflozin in a combined dosage formulation is described in this paper. The mobile phase in this new method is (water 50:
Methanol 50 at pH 3) and the column is Cosmosil C18 (250mm x 4.6ID, particle size: 5 micron). Canagliflozin was detected using
UV detection at 254 nm, and the drug was eluted after an 8-minute retention time. The method was validated according to the
International Conference on Harmonization (ICH) guidelines, with precision, accuracy, linearity, limit of detection, limit of
quantitation, and robustness as the parameters. The proposed RP-HPLC approach was found to be useful, practical, and reliable in the

routine analysis of metformin and canagliflozin in bulk and dose form.
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INTRODUCTION

Canagliflozin, {(2S,3R,4R,5S,6R)-2-(3- [5-(4-

fluorophenyl) thiophen-2-yl] methyl-4-methyl phenyl) -2- (3-
[5-(4-fluorophenyl) thiophen-2-yl] methyl-4-methyl phenyl)
Invokana, also known as -6- (hydroxymethyl)oxane-3,4,5-triol,
is a sodium-glucose co-transporter 2- (SGLT2) inhibitor used
in the treatment of type 2 diabetes mellitus in combination with
lifestyle changes such as diet and exercise. mlt was approved
by the FDA for the first time in 2013 for diabetes management,
and then again in 2018 for a second indication of decreasing the
risk of cardiovascular events in persons with type 2 diabetes.
Canagliflozin was the first oral diabetes medication to be
approved for the prevention of cardiovascular events in people
with type 2 diabetes. The most common cause of death in these
patients is cardiovascular disease. Metformin, also known as 1-
carbamimidamido-N, N- dimethylmethanimidamide, is an
antihyperglycemic medicine that decreases blood glucose
levels without producing hypoglycemia in people with type 2
diabetes. Metformin is an insulin sensitizer that reduces insulin

resistance and fasting insulin levels in the blood by a clinically

significant amount. Another well-known benefit of this
medication is that it aids with weight loss. For obese type 2
diabetic patients, metformin is the treatment of choice. A
review of the literature revealed that there are only a few
HPLC-based  analytical techniques for  determining
Canagliflozin and Metformin. In addition, the reported
approach has a number of drawbacks. Furthermore, none of the
methodologies are listed in the Quality by Design
methodology. As a result, the goal of this study is to develop
and validate a simple, precise, accurate, and cost-effective
HPLC method for determining Canagliflozin and Metformin in
bulk as API, as well as to assess the method's applicability in

completed product formulation.

Fig. 1: Structure of Canagliflozin.
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Fig. 2: Structure of Metformin.

MATERIALS AND METHODS

HPLC: HPLC Binary Isocratic System

Column: Cosmosil C18 (250mm x 4.6ID, Particle size: 5
micron)

Detector: UV Visible

Sonicator: Wensar Ultra Sonicator

Membrane Filter: Nylon 0.45um

Chemicals and solvents: Chromatographic condition

Table 1: Chromatographic condition.

13:;' Parameter Observation
1 Col Cosmosil C18 (250mm x 4.61D, Particle size: 5
lumn .
micron)
2 Flow rate 1.0 ml/min
3 Wavelength 254nm
4 | Injection volume 20ul
5 |Mobile phase ratio 80:20 (Methanol: Water at pH 3)
6 Run time 8 min
7 Temperature Ambient

Detection Wavelength by UV Spectroscopy

Between 400nm and 200nm, the standard solution was
scanned. The wavelength of maximal absorption from the
spectrophotometric study was used as the analytical wavelength
for the examination, which was 254nm. As a result, 254nm is

used as an analytical wavelength for further analysis.

Merrformin+Canagliniozin

Absedance Abs|

Figure 3: Overlay UV spectrum of CGF and MFM.

W
(9]

Preparation of Standard Solutions

Preparation of mobile phase

Mobile phase was prepared by mixing HPLC grade Methanol
and water. This was prepared in different ratio as per the
requirement of an experiment from time to time. The pH of
resulting solution was maintained at pH 3 by using ortho
phosphoric acid.

Preparation of standard stock solution of CGF and MFM
10mg of CGF and MFM was weighed individually and
transferred in two separate 100ml volumetric flasks containing
few ml of mobile phase (water 50: Methanol 50 at pH 3). The
volume of both flasks was made up to the mark using mobile
phase to make up the consequential solutions of 100ug/ml
respectively. These solutions were ultra-sonicated for 30min in
three cycles each of 10 min.

Furthermore, these solutions were filtered separately through
0.45p membrane filter in order to remove small traces if any.
Preparation of working solution of CGF and MFM

Aliquot of 0.3ml and 3.0ml of standard stock solutions of CGF
and MFM respectively were pipette out using micropipette and
transferred separately in to two 10.0ml volumetric flask and
diluted with mobile phase (Water: Methanol in the ratio of
50:50 at pH 3) to make solutions of 3pg/ml and 30ug/m
respectively. These solutions were ultra-sonicated for 20 min in
two cycles each of 10 min. Also, they were filtered through
0.45p membrane syringe filter and filled in HPLC vials for
injection. These solutions were then used for auxiliary
investigation.

Preparation of working solution of CGF and MFM in
combination

Aliquot of 0.3ml and 3.0ml of standard stock solutions of CGF
and MFM respectively were pipette out using micropipette and
transferred in single 10ml volumetric flask and diluted with
mobile phase (Water: Methanol in the ratio of 50:50 at pH 3) to
make solutions of 3pg/ml and 30pg/m of CGF and MFM
respectively. This solution was ultra-sonicated for 20 min in
two cycles each of 10 min. Also, it was filtered through 0.45pn
membrane syringe filter and filled in HPLC vials for injection.
These solutions were then used for auxiliary investigation.
RP-HPLC method Validation

Linearity and Range
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Aliquots from standard stock solution (100pg/ml) of CGF and
MFM equivalent to 0.1, 0.2, 0.3, 0.4, 0.5ml and

1.0, 2.0, 3.0, 4.0, 5.0ml respectively were pipette out using
micro-pipette and moved to five diverse 10ml volumetric
flasks. The aliquot of each volumetric flask was diluted up to
10ml using the mobile phase (Methanol 80: Water 20 at pH 3)
to achieve the resulting solutions of 1, 2, 3, 4, 5 of CGF and 10,
20, 30, 40, 50pg/ml of MFM respectively. Each of this solution
was injected to the set optimized chromatographic conditions
and chromatograms were recorded.

Precision

Precision testing was carried out to study repeatability. From
range of linearity quality control (QC) standards was defined
3ug/ml for CGF and 30upg/ml for MFM respectively. The
standard solutions of CGF and MFM were prepared by diluting
standard stock solutions (100ug/ml) of CGF and MFM
equivalent to 0.3ml and 3.0ml respectively up to 10ml using
mobile phase to obtain consequential solutions of 3pg/ml of
CGF and 30pg/ml of MFM. This solution was injected to given
chromatographic conditions (Table 10) in triplicate and peak
area was determined. Outcomes were recorded and
supplementary used to calculate mean, SD, %RSD.

% Accuracy

Accuracy of the method can be determined by different
method. Only the requirement as per ICH Q2R1 guideline is
that, it should be evaluated at three levels with minimum nine
determinations of standard or test concentration of analyte
across the range. Here in this projected research work, accuracy
was determined by two different methods. Firstly, from results
obtained for three QC standards in the precision experiment.
Secondly, by percent recovery experiment as explained in the
later section. % Accuracy was determined from the information
obtained for precision testing. Here in this case, it was
determined from the observations of mean peak area obtained
in the case of three QC standards of CGF and MFM defined for
precision study. The % accuracy was determined by using
following formula.

Percent recovery

Preparation of standard stock solution of MFM and CGF
from API

Precisely weighed 10mg of CGF and 100mg MFM (API) and
transferred in to a 100ml volumetric flasks containing few ml
of mobile phase and volume was made up to the mark (100ml)
using mobile phase (Methanol 80: Water 20 at pH 3) to get
ending concentration standard stock solution of 100ug/ml of
CGF and 1000pg/ml of MFM. The subsequent solution was
filtered through 0.45p1 membrane filter and ultra- sonicated for
30 min in three cycles each of 10 min.

Preparation of standard working solution MFM and CGF
From the above standard stock solution of MFM and CGF
further dilutions were performed as mentioned in Table 5.
These standard working solutions of CGF and MFM were
injected for set chromatographic system in triplicate and mean
peak area was determined.

Table 2: Dilutions of standard stock sol. of MFM and CGF

for % recovery.

Sr. |Vol. of stand. Stock| Final vol. |Final Conc. of| Final Conc. of
No. sol. (ml) (ml) CGF MFM

1. 03 10 3 30

2 04 10 4 40

3. 0.3 10 3 50

Preparation of standard sample solution from dosage form
Twenty tablets (Label claim INVOKAMET, 50mg of
Canagliflozin and 500mg of Metformin Hydrochloride, Janssen
Pharmaceuticals) were weighed and average weight was
determined. Further, the tablets triturated to obtain powder.
Powder equivalent to 10mg of CGF along with it contain
100mg MFM were transferred to 100ml volumetric flask
containing some amount of mobile phase in ml and diluted with
mobile phase slowly with wobbling to achieve the main stock
solution of CGF 100pg/ml and MFM 1000pg/ml. The
substantial solution was filtered through 0.45pn membrane filter
and ultra- sonicated for 30min in three cycles each of 10 min.
Preparation of sample solution for % recovery by spike
method

Aliquots of 0.2ml of standard stock solution (100pg/ml of CGF
and 1000pg/ml of MFM) was pipette out using micro pipette in
three different 10ml volumetric flasks. In the respective 10ml
flasks add 0.1, 0.2 and 0.3ml of sample stock solutions serially
and finally make up the volume up to 10ml with same solvent
to obtain final concentrations as 3, 4 and Spg/ml of CGF and
30, 40 and 50pg/ml of MFM to attain test solutions at 50%,
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100% and 150% likewise. Each of these three level test
solutions of CGF and MFM was injected to the given set of
chromatographic conditions and peak area for each level was
determined by integration of chromatograms. The peak area
obtained for standard solution of CGF and MFM injected (in
the past estimated) was compared with sample to get %
recovery. The % recovery was determined from the sample and
standard.

Table 3: Dilutions of sample sol. of MFM and CGF for %

recovery.
Vol. of stand. | Vol. of sample . . -
Sr. Final | Final Conc. of | Final Conc. of
No. stock sol. (ml) | stock sel. (ml) vol. (ml) CGF MFM
1. 02 01 10 3 30
2 02 02 10 4 40
3. 02 03 10 5 50

Experimental work System suitability testing
Table 1: Observations for system suitability testing of CGF
& MFM.

81 P Observations of CGF Ohbservations of MFAM Accept s

No, | Farameter Mew | SD | %RSD| Mem | SD | URSD| eriterin | TR
T | Ptk Arer 153176 | 6493 | 0519 | 264804 | 131838 | 034 | <2 P
2 | Releationtime | 3819 | 00%42] 093 | 355 | 008 | 049 | <03% | P
3 ﬁ’;ﬁ’:&fﬁwm 7393 | 6387 | 087 | S403 | S066 | 0% | >200 | Pa
M 606 | 000 | 08 | 606 | 004 | 06 | >LB | Pa

Linearity and Range

Table 5: Observations obtained for linearity experiment of

CGF and MFM.
Conec. of CGF std. Conc. of MFM
Ii:. solution (pg/ml) peak Area | Sr. No. std. solution peak Area
(pg/ml)
1 1 64371 1 10 436070
2 2 92297 2 20 1523861
3 3 124088 3 30 2656039
4 4 134056 4 40 3628938
5 3 102624 5 50 4862786

Figure 4: Calibration curve of CGF.
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Figure 5: Calibration curve of MFM.

Table 6: Observations of CGF obtained for intra and inter-

day precision.

Intra-day precision Inter-day precision

Conc. Peak drea Repeatability) Peak Area (Intermediate precision)
(pg/ml) . - Mean % . . Mean %
Morning | Evening area | RSD Inference | Dayl | Day2 area | RSD Inference
3 124088 | 123310 124088 | 123863
3 124351 | 123572 | 1246232 | 033 | Pass | 124351 | 124369 | 123869 | 0.57 Pass
3 125003 | 123213 125003 | 125869

Table 7: Observations of MFM obtained for intra and

inter-day precision.

Peak Area Intra-day precision Ptk Area Inter-day precision
Conc. (Repeatability (Tntermediate precision)
/) \ , Mean % | Infor Mean % | Infere
(rgml Morning | Evening wen | BSD | ence Dayl | Dayl wa | BSD | me
30| 2636039 | 2663461 2636039 | 263639
3| 63D | 1663465 | 2638378 | 019 | Pass | 2631421 | 2638888 | 2660754 | 034 | Pams
30| 2662048 | 2635031 2662048 | 2660734

% Accuracy

Table 8: Observations obtained for accuracy of CGF.

5r.No. | Conc. (ng/ml) | Peak Area | Mean 5D 1% 5D
64571
1 1 64600 6470334 | 208.06 | 032
649435
124088
2 3 124351 12454734 | 457,
125003
192624
103 5 193242 19313634 | 468.32 | 024
193343

-1
Ln
—
=
9%}
o

Table 9: Observations obtained for accuracy of MFM.

Sr. No. | Conc. (ug/ml) | Peak Area | Mean SD 2%%5D
436070
1 10 435112 435168.66 | 87437 | 020
434324
2636039
2 30 2651421 | 2656502.66 | 5328.65 | 020
2662048
4862786
3 30 4876371 | 4871545.66 | 7399.16 | 0.16
4875480

Percent recovery
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Table 10: Observations obtained for percent recovery

experiment of CGF at three levels viz. 50, 100 and 150%.

% Conc.of | Conc.of | Totalconc, | Peak Total peak % Inference
Recovery | standard sample | ofsample | Areaof Areaofsample | Recove (Standards 95-
Level | spiked (ugml) | (ngm) | (ugm) | Su. | P Y| 105% whv)

0 2 1 3 124088 123203 10090 | Pass
100 2 2 4 134036 13534 10083 | Pass
130 2 3 b 192624 191044 9007 | Pass

Table 11: Observations obtained for percent recovery

experiment of MFM at three levels viz. 50, 100 and 150%.

Conc. of Inference

ey || o T | TP i
Level spiked (hg/m) (i) of Std. sample Recovery | 95-103%
(nghnl) why)
30 2 10 30 2636039 2603771 10142 | Pas
100 2 0 4 3628038 3674364 10125 | Pas
130 2 30 30 4362786 4878342 10031 | Pas
LOD and LOQ

LOD and LOQ indicate the minimum concentration of CGF
and MFM that can be determined and quantified using
proposed method. The LOQ was determined using following
formulae and were to be 0.32 of CGF and 0.33 pg/ml of MFM.
The LOD was determined using following formulae and were
to be 0.97 of CGF and 0.99 pg/ml of MFM.

Table 12: Observations for LOD and LOQ.

Standard Drug | LOD (pg/ml) | LOQ (ng/ml)
Solution

CGF 057 1.70
MFM 016 0.49

SUMMARY AND CONCLUSION

The proposed work was intended to expand an easy,
vulnerable, precise, accurate and economic RP-HPLC method
for the estimation of Canaglifozin (CGF) and Metformin
Hydrochloride (MFM) as API. Also, method projected to
explore an applicability of the method to test for assay of CGF
& MFM in marketed formulations (Tablet dosage form). At the
beginning of the experiment of method development with RP-
HPLC, trial runs were recorded and preliminary
chromatographic conditions were defined with mobile phase
composition of Methanol and Water pH 3 in the ratio of 80:20.
Above chromatographic conditions were used for further RP-
HPLC method development as the chromatographic peak was
better defined and roughly complimentary from tailing. The
retention time obtained for CGF & MFM was 5.819 min and
3.75min respectively (Mean RT of SST) with C18 stationary

phase (Column 250mm x 4.6mm, Spm particle size).

System suitability experiment was carried out to learn an
efficiency of the system and to make it appropriate for
additional learn with six repeated measurements of standard
solution of the CGF & MFM. The calculated statistical
parameters were contained by the receiving standard as per
ICH Q2RI guidelines for CGF & MFM. The equivalent peak
area and retention time of both CGF & MFM were
reproducible as indicated by % RSD within limit (<2 and <0.5
for Peak area and RT respectively). Linearity of the method
was assessed by practical regression coefficient of about 12 =
0.996 between the standard concentration of CGF and the
respective peak areas. The regression curve was plotted by
linear regression fitting and its regression equation was y =
31787x — 30168 (Where, Y gives peak areca and X is the
concentration of the CGF). Linearity of the method was
assessed by practical regression coefficient of about r2 = 0.999
between the standard concentration of MFM and the respective
peak areas. The regression curve was plotted by linear
regression fitting and its regression equation was y = 109585x
— 66601 (Where, Y gives peak area and X is the concentration
of the MFM).

REFERENCES

[1]. Hostettmann K, Marston A, Hostettmann M, 1998,
Preparative Chromatography Techniques Applications in
Natural Product Isolation, 2nd ed., Berlin, Heidelberg:
Springer Berlin Heidelberg, 50.

[2]. Bernard  Fried, Handbook of Thin Layer
chromatography, Marcel Dekker Inc., 2003.

[3]. Pakhomov V P, Pharmaceutical Chemistry Journal,
2003; 37(8): 451-452.

[4]. JungbauerA, Rainer A, "Chapter 22 Ion-Exchange
Chromatography", Guide to Protein Purification, 2nd
Edition, Methods in Enzymology, 2009; 463: 349-371.

[5]. Isenberg HD: Clinical microbiology procedures
handbook 1994; Ed. Chapter 12.19 and chapter 14.
Updates. American Society for Microbiology,
Washington, DC., 1992.

[6]. Snyder LR and. Kirkland JJ: Introduction to modern
liquid chromatography, 2nd ed, Wiley-Interscience, New
York, 1979; 222.



Paper Title: -

FROM BY RP-HPLC

SIMULTANEOUS ESTIMATION OF ANTI-DIABETIC DRUGS CANAGLIFLOZIN AND METFORMIN IN BULK AND DOSAGE

(7]

[13].

[14].

[15].

[16].

[17].

[18].

[19].

Flurer C L, Borra C, Andreolini F, Novotny M, J.
Chromatogr. A, 1988; 448: 73.

Van der Wal S, Yang F J, J. High Resolut. Chromatogr,
1983; 6: 216.

Chervet J P, Ursem M, Salzmann J P, Anal. Chem.,
1996 68, pp. 1507.

Ishii D, Asai K, Hibi K, Jonokuchi T, Nagaya M, J.
Chromatogr., 1977; 144: 157.

P. Sandra, G. Steenbeke, M. Ghys, G. Schomburg, J.
High Resolut. Chromatogr, 1990; 13: 527.

Dolan, J. A Guide to HPLC and LC-MS Buffer
Selection. http://www.hplc.eu/Downloads

/ACE_Guide BufferSelection.pdf

Perrin D D, Dempsey B, Buffers for pH and Metal lon
Control, John Wiley, New York, 1974.

Ghadir A Khalil, Ismail Salama, Mohammed S Gomaa,
Mohammed A Helal,; Validated RP- HPLC method for

simultaneous determination of  Canagliflozin,
Dapagliflozin, Empagliflozin and Metformin, IJPCBS,
2018; 8(1): 1-13.

V. Kommineni, K. P. R. Chowdary, S. V. U. M. Prasad,;
Development of a new stability indicating RP-HPLC
method for simultaneous estimation of Metformin
Hydrochloride and Canagliflozin and its validation as
per ICH guidelines, IJPSR, 2017; 8(8): 3427-3435.

T. Deepan, M.V. Basaveswara Rao, M. D. Dhanaraju,;
Bioanalytical Method Development and Validation for
Metformin and Canagliflozin Drugs in Human Plasma
by RP-HPLC Method, Middle- East Journal of Scientific
Research, 2017; 25(7): 1451-1457.

B Ramu, N. Ramakrishna, Meruva Sathish, D. Anoosha
(2015).

Formulation of tellmisartan Hcl Fast

Disintegrating Tablets by Sublimation Technique.
International Journal of Pharm Tech Research. 8(3),
330-339..

Ramu, B., Manasa, M.S. (2015). Formulation and
Evaluation of Colon Specific Drug Delivery of Press
Coated Lansoprazole Tablets. Indo American Journal of
Pharmaceutical Research, 5(4),1522.

Ramu B. Formulation of Lamotrigine Orodispersible

Tablets By Using New Generation Superdisintegrants

[20].

[21].

[22].

[23].

[24].

[25].

[26].

Generation  Superdisintegrants World Journal Of
Pharmacy And Pharmaceutical Sciences. 2015; 4:631-
43.

Nagaraju, B.; Ramu, B.; Saibaba, S.V.; Rajkamal, B.
Formulation and evaluation of floating bioadhesive
Doxofylline tablets. Int. J. Drug Deliv. 2016, 8, 134—
141..

P.P. Deepika et al. Formulation and evaluation of
doxorubicin nanopsonges for targeted drug delivery
African J. Biol. Sci. (South Africa)(2024).

RAMESH, C., RAMU, B., RAJKAMAL, B. (2016)
.Formulation of Colon Specific Didanosine Enteric
Coated Matrix Tablets Using Sensitive Polymer. The
Pharmaceutical and Chemical Journal, 3(2), 1-14.
Shahebaz Ahmad Mohd Jafar* and Nishan N.
Bobade.”Development And Evaluation Of Oral Fast
Disintegrating Tablet of Ondansetron
Hydrochloride”.European Journal of Biomedical AND
Pharmaceutical sciences. Volume 7, Issue 5, 367- 380.
Bhagyeshwar G., Ramu B. and Rajkamal B. (2017)
Formulation and evaluation of transdermal patches of
metformin hydrochloride. World Research Journal of
Pharma Technology.; 2:1-20.

B Ramu, N. Ramakrishna, Meruva Sathish, D. Anoosha
(2015).

Formulation of tellmisartan Hcl Fast

Disintegrating Tablets by Sublimation Technique.
International Journal of Pharm Tech Research. 8(3),
330-339.

B. Ramu, Chandrul KK, Pandiyan PS, BioAnalytical
Method Development of Repaglinide Drug Delivery
Systems, Journal of Drug Delivery and Therapeutics.

2019;9(6):140-142.


http://www.hplc.eu/Downloads

