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ABSTRACT

A simple and precise stability indicating RP-HPL&thod was developed and validated for the simutiase
determination of Metformin Hydrochloride and Saxatsh in pure drug and combined tablet dosage form.
Chromatography was carried out on Hypersil O0Sg (250x4.6mm, 5u particle size) analytical colummgsa
mobile phase of Phosphate buffer @R,) adjusted to pH 5.0 with dilute orthophosphoridgdaacetonitrile and
methanol in the ratio of 25:50:25 % v/v/v at avilsate of 1.0 ml/min. The analyte was monitorechgidPDA
detector at 211 nm. The retention time was founidet@.246min and 4.516nin for Metformin Hydrochloride and
Saxagliptin respectively. Linearity was observedha concentration range of 125-750 pg/ml and ZZ54g/ml
for both Metformin Hydrochloride and Saxagliptintivicorrelation coefficient of 0.999 respectiveljheTmean %
recoveries obtained for Metformin Hydrochloride aB@éxagliptin were found to be 99.62-99.93% and ®9.6
99.80% respectively. Stress testing which coveod laydrolysis, base hydrolysis, peroxide, photolf/V light),
neutral and thermal degradation was performed tover the specificity of the proposed method and atisgion
was achieved. The developed method has beenistdlystvalidated according to ICH guide lines amafd to be
simple, precise and accurate with the prescribetliesm Thus the proposed RP-HPLC method was suatgssf
applied for the stability indicating simultaneoustimation of Metformin Hydrochloride and Saxaglipin routine
quality control analysis in bulk and marketed fotations.

Keywords: Metformin Hydrochloride, Saxagliptin, RP-HPLC, Eed degradation, Method validation.

INTRODUCTION

Saxagliptin:

Chemically, (as shown in figure 1) it is (1s, 3s5)-2-[(2s)-2-Amino-2-(3-hydroxy-1-adamantyl) acéi®t
azabicyclo [3.1.0] hexane-3-carbonitrile. It hamalecular formula of GH»sNsO, and molecular weight of 315.41
g/mol. Saxagliptin is a new oral hypoglycemic agelpeptidyl peptidase-4 (DPP-4) inhibitor and arahtic for
the treatment of type 2 diabetes. DPP-4 inhibitmes a class of compounds that work by affectingattgon of
natural hormones in the body called incretins. étios decrease blood sugar by increasing consumpfisugar by
the body, mainly through increasing insulin prodéuetin the pancreas, and by reducing productiosugfar by the
liver. The inhibition of DPP-4 increases levelsiaetof glucagon like peptide 1 (GLP-1), which initsbglucagon
production from pancreatic alpha cells and increg@seduction of insulin from pancreatic beta cHlg].
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Fig.1: Chemical structure of Saxagliptin

Metformin Hydrochloride:

Chemically, (as shown in fig.1) it is (3-(diaminoethylidene)-1, 1-dimethylguanidine; hydrochloridé. has
molecular formula of ¢H;,CINs and molecular weight i$65.62g/mol. Metformin is an oral antihyperglycemic
agent (type 2 diabetes) belongs to class of bigiesniand useful for treating non-insulin-dependétietes
mellitus (NIDDM). Metformin decreases blood glucdseels by decreasing hepatic glucose productienrehsing
intestinal absorption of glucose, and improvingulits sensitivity by increasing peripheral glucosgtake and
utilization. These effects are mediated by theidghiactivation by metformin of AMP-activated pratekinase
(AMPK), a liver enzyme that plays an important radeinsulin signaling, whole body energy balanced ahe
metabolism of glucose and fats.

HC Y Y ° + HC

NH NH

Fig. 2: Chemical structure of Metformin Hydrochloride

Literature survey reveals that few analytical methwere reported like RP-HPLC meth@gid4], GC method [15],
HPTLC methods [16-17] and spectrophotometric medfip8-19] in single or in combination with other deumn

pharmaceutical dosage forms. However there wagatnilisy indicating method reported for this drugnebination
and hence the present study was aimed to develspgle, fast, economical, selective, accurate, ipeeand
sensitive stability indicating RP-HPLC method fbe tsimultaneous determination of Metformin Hydroctle and
Saxagliptin in bulk and combined tablet dosage fosmitable for routine quality control analysis.

EXPERIMENTAL SECTION

Chemicals:

Metformin Hydrochloride and Saxagliptin were obtdnas gift samples from Dr.Reddy’s Laboratoriesjétgbad.
HPLC grade water, methanol and acetonitrile weretpsed from E.Merck. Chem. Itd., Mumbai. All tHeemicals
used were of analytical reagent grade (E.Merckjedridose combination tablet formulations (Kombigly%R)

containing 500 mg of Metformin and 5 mg of Saxatififmanufactured by Bristol Myers Squibb India Putd,

Mumbai) were procured from local pharmacy market.

Instrumentation:

Quantitative HPLC was performed on Waters techrielo@695 series and PDA detector module equippéid wi
auto injector using empower software. A reversasphHypersil ODS £ (250x 4.6mm, particle size 5um)
analytical column was used. Weighing was done omatizu balance (AX 200) and pH adjustments werezdon
using pH meter (ELICO LI 615) was used.

Chromatographic conditions:

Chromatographic separation and analysis were daoig on Hypersil ODS {g column (250x4.6mm, 5 p particle
size) column. The optimized mobile phase consistiigPhosphate buffer (pH adjusted to 5.0 with @ilut
orthophosphoric acid), acetonitrile and methandhia ratio of 25:50:25 %v/v/v. Flow rate was maimnéa at 1.0
ml/min and run time for 7 min. Prior to sample utjen, column was saturated with mobile phase fbr8n and
injection volume of 10ul was injected using autmpéer mode. The detection response was measuilaim at
ambient temperature (3C).

Preparation of Phosphate buffer:

Accurately weighed and transferred a quantity 861gm of potassium dihydrogen orthophosphate int@G0 mi
of volumetric flask. Added about 900 ml of HPLC deawater and degas to sonicate for 5 min and fimafide up
the volume with water and then pH of the soluticasvadjusted to 5.0 with dilute ortho phosphoridathe buffer
was subjected to filtration using 0.g5membrane filter.
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Preparation of mobile phase:

Phosphate buffer (adjusted to pH 5.0 with diluteAQRicetonitrile and methanol were taken in théoraf 25:50:25
%v/viv and mixed well and then degassed by sulmjgdid sonication for 10 minutes and filtered undaccum
filtration.

Preparation of diluent:
Mobile phase was used as diluent.

Preparation of Standard solutions:

Accurately weighed and transferred 50 mg of Metiorand 5 mg of Saxagliptin reference standards anf® ml
and 100 ml clean dry volumetric flasks separately added 3/4 volume of diluent , sonicated for 5 min and made
up to the final volume with diluent. From the abmteck solution, 1.0 ml was pipette out in to anilovolumetric
flask and then made up to the final volume withudiit to obtained concentration of 500ug/ml of Metfim and
5ug/ml of Saxagliptin working standard solutionspectively.

Preparation of sample solutions:

20 tablets were weighed and determined the avexaight and then crushed to a fine powder. The tgidevder

equivalent to 500 mg of Metformin and 5 mg of Sdisim was weighed accurately and transferred atb00 ml

volumetric flask, 70 ml of diluent was added andisated for 10 min and then made up the volumé wdituent

and filtered. From the filtered solution, 1.0 misagipette out into a 10 ml volumetric flask and mag to the mark
with diluent to obtained concentration of 500ug/ofl Metformin and 5ug/ml of Saxagliptin working salep
solutions. Injected 10 ul of filtered portion okteBample and standard preparation into the chrarsibic system.
Record the responses for the major peaks. Calculiie content of Metformin and Saxagliptin preseneach

tablet.

Method validation:

System suitability:

System suitability test should be carried out tdfyehat the analytical system is working propedgd can give
accurate and precise results. Standard solutions prepared as per the test method and injectedifives into the
chromatographic system. The system suitability mpatars were evaluated for tailing factor, retentiomes and
theoretical plates of standard chromatograms. &helts obtained are reported.

Accuracy:

The accuracy of an analytical method is the closené agreement between the value which is accegitieer as a
conventional true value or an accepted referentevand the value found. The study was performednbking
three different concentrations at 50%, 100% and%d36vels using standard addition method where sampl
preparations were spiked with known amount of saathédind then each concentration was injected thress into
the chromatographic system. The accuracy of arytcel method should be established across itseang

System Precision and Method precision:

The system precision was carried out to ensurettigaanalytical system is working properly by irtjeg standard
solution preparations six times into the HPLC dmalrietention time and peak areas were measurethd®8D was
calculated In method precision, a homogenous sampleaging of Metformin and Saxagliptin of a single
batch were analyzed six times and % RSD was ledéal

Specificity:

Specificity is the ability to assess unequivocalig analyte in the presence of compounds that reagxpected to
present, such as impurities, degradation products raatrix components. The specificity of the metheds

assessed by comparing the Chromatograms obtaiopdtfre drug standards with that of obtained from tiblet

preparations .The retention times of the drug stedsland the drug from sample preparations were samthe
method was specific without interference from eiarips in the tablets.

Linearity:

The linearity of an analytical method was carried to check its ability to elicit test results tlaae directly, or by a
well-defined mathematical transformation, proparéibto the concentration of analyte in samples iwith given

range. Different concentrations of standard sohgiwere prepared by diluting aliquots (0.25- 1.9pcehstandard
stock solution (5000ug/ml of Metformin and 50 pgfamt Saxagliptin) in to 10 ml volumetric flasks tbtained

concentrations in the range of 125-750 pug/ml fortftenin and 1.25-7.5ug/ml for Saxagliptin and thajected

each concentration into the chromatographic systetithe chromatograms were recorded.
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Robustness:

The robustness of the proposed method was detedmbiypenalyzing aliquots from homogenous lots byedifig
physical parameters like mobile phase compositilony rate and column temperature. The standard samdple
solutions were injected into the chromatographaated conditions of flow rate + 0.2 ml/min, mobdeganic phase
composition, mobile phase buffer pH + 0.2 units aoimn temperature by +°6.

Limit of Detection (LOD)

Limit of detection is the lowest concentration loé tanalyte that can be detected by injecting detrgamount, not
necessarily quantity by the method, under the dtakperimental conditions. The minimum concentratib which
the analyte can be detected is determined frortirtbarity curve by applying the formula.

LOD= 3.3 §/b.

S.is the standard deviation of intercept
b is the slope of calibration curve

Limit of Quantification (LOQ)

Limit of quantification is the lowest concentratiohthe analyte in a sample that can be estimategtgatively by
injecting decreasing amount of drug with acceptaptecision and accuracy under the stated experahent
conditions of the method. Limit of quantitation cha obtained from linearity curve by applying ttedldwing
formula.

LOQ =10gb

S.is the standard deviation of intercept
b is the slope of calibration curve

Ruggedness (Intermediate precision):
It is carried out by injecting standard solutioreparations six times into the chromatographic systa two
different days. %RSD was determined for retentionetand peak areas of standard and sample solutibns

Metformin and Saxagliptin

Forced degradation (stress testing) studies:

Stress testing of the drug substance can helpifgehe likely degradation products, which can inrt help to
establish the degradation pathways and the intrtaibility of the molecule and to develop anddetie the stability
indicating power of the procedures used.

Acid degradation studies:

To 1.0 ml of stock solution a¥letformin and Saxagliptinl.0 ml of 2N Hydrochloric acid solution was addet
refluxed for 30 min at 6 and then neutralized the solution with 1.0 mR2df NaOH solution. The resultant
solution was suitably diluted with diluent in a 10wolumetric flask to obtain 500ug/ml & 5ug/ml stins of
Metformin and Saxagliptiiespectively. Then 10 pl solutions were injectet ithe chromatographic system and
the chromatograms were recorded to assess thditgtabsample.

Base degradation studies

To 1.0 ml of stock solution afletformin and Saxagliptinl.0 ml of 2N sodium hydroxide solution was added
refluxed for 30 min at 6T and then neutralized the solution with 1.0 ml of 2N He&olution. The resultant
solution was suitably diluted with diluent in a &0 volumetric flask to obtain 5000ug/ml & 5pg/ndistion of
Metformin and Saxagliptiiespectively. Then 10 pl solutions were injectet ithe chromatographic system and
the chromatograms were recorded to assess thditgtabsample.

Oxidation (Peroxide) studies:

To 1.0 ml of stock solution dfletformin and Saxagliptin1.0ml of 20% Hydrogen peroxidg,0,) was added
separately and kept for 30 min at°60The resultant solution was suitably diluted wittuent in a 10 ml
volumetric flask to obtain 500pg/ml & 5upg/ml sotuti of Metformin and Saxagliptinespectively. Then 10 pl
solutions were injected into the chromatographistesy and the chromatograms were recorded to a#sess
stability of sample

349



Mohammad Yunoos and D. Gowri Sankar J. Chem. Pharm. Res., 2015, 7(4):346-355

Thermal degradation studies:

The standard stock solution was placed in an ovetD&a°c for 6 hrs. For HPLC study, the resultant solution
was then further diluteavith diluent in a 10 ml volumetric flask to obtaB000ug/ml & 5ug/ml solutions of
Metformin and Saxagliptin respectively and 10 plusons were injected into the chromatographic sgstand
the chromatograms were recorded to assess thditgtalbithe sample.

Photolytic studies:

It is carried out by exposing.0 ml of stock solution olMetformin and Saxagliptin to UV light, by keepiniget
beaker in UV Chamber for 7days or 200 Watt hout#inphoto stability chambeThe resultant solution was diluted
with diluent in a 10 ml volumetric flask to obta§®0pg/ml & 5pg/ml solutions ofletformin and Saxagliptin

respectivelyand 10 pl solutions were injected into the chramephic system and the chromatograms were
recorded to assess the stability of sample.

RESULTS AND DISCUSSION

Saxagliptinis not official in any pharmacopoeia and thereasstability indicating RP-HPLC method was reported
for simultaneous estimation with Metformin in b@kd pharmaceutical dosage forms. Hence authorlaased to
develop and validate stability indicating RP-HPLGCethod for simultaneous estimation of Metformin and
Saxagliptin in combined tablet dosage form.

From this study, it was found that a simple, precaccurate, sensitive and efficient stability @ading RP-HPLC
method has been developed and validated for timaigin of Metformin and Saxagliptim pharmaceutical dosage
form. Chromatographic separation were carried ouHgpersil ODS C;g column (250x 4.6mm,5u particle size)
using mobile phase composed of Phosphate buffesRKE adjusted to pH 5.0 with dilute orthophosphori@dac
acetonitrile and methanol in the ratio of 25:50%5//v/v at a flow rate of 1.0 ml/min using PDA detien at 211
nm. The retention time of Metformin and Saxagliptiare found to be 2.24@in and 4.516nin respectively.

System suitability chromatogram is shown in fig8rand results are shown in table 1. Linearity wesuated in
the concentration range of 125-750 pg/ml for Metfor and 12.5-7.5 pug/ml foGaxagliptin respectively. The
calibration curves were described by the equation $0843.36x +452.39 and y = 47925.54x +257@ith
correlation coefficient of 0.99983nd 0.99962 foMetformin and Saxagliptin respectively as showrfigire 4 and
figure 5 respectively. The standard and samplermnhtograms in the specifity studies are shown inrégé and
figure 7. The chromatograms of Limit of detectidd©Q) and limit of quantification (LOQ) are shown figure 8
and figure 9 Accuracy data is shown in table 2. Valedation summary parameters and assay resufésnelol from
the marketed formulation are shown in table 3 atdket4. The results of robustness studies are shotable 5 and
table 6. The %RSD in precision, accuracy and rotasst studies were found to be less than 2 %, itiicthat the
method was precise, accurate and robust. The s&stisg chromatograms for both Quinapril and HGF& shown
from figure 10 to figure 15 and results are showteble 7 and table 8.

Table-1: System suitability studies

S. No | System suitability parameters| Metformin HCL | Sxagliptin
1 Tailing factor(T) 1.47 1.12
2 Resolution (Rs) 12.46
3 Retention time(Min) 2.246 4516
4 Theoretical plates(N) 3638 7506
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Fig. 3: Typical chromatogram of system suitabilitysolution
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Linearity

The calibration curve was found to be linear over¢concentration range of 125-750 pg/ml for Metfiorand 1.25-
7.5 pg/ml for Saxagliptin. The correlation coeffist was found to be 0.999 for both Metformin and&sgiptin

Table-2: Accuracy (recovery) studies

Sample Level | Peak area’ | Mean % Recovery *+ SO
50% 254832 99.84£+0.4¢
Metformin HCL | 100% 510138! 99.€3+042
150% 763446! 99.62+ 0.84
50% 11823: 99.7:+0.6€
Saxagliptin 100% 23661. 99.8(+0.6
150% 35441¢ 99.6€+0.54

*Mean of three determinations

respectively.
Linearitv graph of Metformin HCL
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Fig.4: Linearity Graph of Metformin HCI (125-750 pg/ml)
Linearity graph of Saxagliptin
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Fig.5: Linearity Graph of Saxagliptin (1.25-7.5 pg/ml)
Table -3: Validation summary parameters of the propsed RP-HPLC Method
Parameter Metformin HCI Saxagliptin
Regression equation y=10843.36x+452[39 y=4792524%6.78
Correlation coefficient 0.99983 0.99962
LOD (pg/ml) 1.25 0.17
LOQ (ug/ml) 4.38 059
System precision (% RSD 0.52 0.26
Method precision (% RSD 0.63 0.38
% Assay 99.74-99.94% 99.62-99.92%
Table 4: Results of Assay in Marketed Formulation
Standard Sample | Labelled amount | Amount found
Brand Drug peak area | peak area (mg/tab) (mg/tab) % Assay | %RSD*
Kombialvze XR Metformin HCL | 5084435 5098717 500 499.35 99.81 0.5
gy Saxagliptin 236147 236701 5 4.99 99.83 0.36

*Mean of six determinations
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Specificity studies:
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Fig.7: Typical chromatogram of sample
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Fig.9: Typical chromatogram of Limit of Quantification (LOQ)

Table-5: Results of robustness study of Metformin i€l

Metformin HCI

S. No. Parameter Change Leve| Retention time Peak USP USP
(min) area Tailing | Plate count
0.8 2.564 5083214 1.48 3472
1. Flow rate (z0.2ml/min) 1.0 2.240 5056675 1.41 3728
1.2 1.927 475624 1.23 4826
Mobil ic oh 30:40:30 2.487 509144 1.37 3741
2. Coom;)ﬁgtri%i”('fl%tyao\s”ev) 255025 2.252 506783  1.45 3874
B 20:60:20 2.076 487462 141 3918
25 2.174 504642 1.52 3562
3. Temperature (z5°C) 30 2.287 507418 1.37 3622
35 2.316 499342 147 3974
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Robustness:
The developed method is robust with deliberate gaarwith variation of mobile organic phase compasitflow
rate and column oven temperature for bd#tformin HCI and Saxagliptin

Table-5: Results of robustness study of Saxagliptin

Saxagliptin
S. No. Parameter Change Leve| Retentiontime | Peak USP USP

(min) area | Tailing | Plate count

0.8 5.012 255741 1.24 6921

1. Flow rate (+0.2ml/min) 1.0 4.520 234809 1.16 7482
1.2 4.084 218725 1.08 8837

Mobil ic oh 30:40:30 4.176 268241 1.19 7281

2, Comgo'sﬁig;%ff(')% A')Dv/\"j‘)se 25:50:25 4582 247164 1.14 7554
- 20:60:20 3.924 226467 111 7665

25 4.233 22692 1.16 7432

3. Temperature(x5°C) 30 4.467 237814 1.14 7506
35 4.548 216482 1.12 7964

Forced degradation studies:
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Fig.10: Chromatogram of Acid hydrolysis
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Fig.11: Chromatogram of Base hydrolysis
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Fig.12: Chromatogram of Oxidation (peroxide) degradtion
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Fig.13: Chromatogram of Thermal degradation
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Fig.15: Chromatogram of Neutral degradation
Table-7: Degradation Study ofMetformin HCI
S. No. Condition Retention time| Peak Area] Degradatn % Assay | % Net degradation
1 Acid degradation Hydrolysis 2.381 4762049 92.18 7.69
2 Base Hydrolysis 2.300 4762278 93.22 6.65
3 Oxidation (peroxide) degradatign 2.251 4814105 .284 5.63
4 Thermal degradation 2.252 4856398 95.06 4.81
5 UV Exposure 2.254 5012491 97.74 2.13
6 Neutral degradation 2.253 5083206 97.08 2.79
Table-8: Degradation Study ofSaxagliptin
S. No. Condition Retention time| Peak Area] Degradain % Assay | % Net degradation
1 Acid degradation Hydrolysis 4.256 215482 92.37 7.46
2 Base Hydrolysis 3.592 218584 93.70 6.13
3 Oxidation (peroxide) degradatign 4.536 221304 804. 4.97
4 Thermal degradation 4.532 222816 95.51 4.32
5 UV Exposure 4.529 230110 97.64 2.19
6 Neutral degradation 4.528 232401 97.62 2.21
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CONCLUSION

From this study it is concluded that the proposeabiity Indicating RP-HPLC method was found to simple,
accurate, precise, rapid and useful for routindyaigof Metformin HCl and Saxagliptin in bulk & Bimaceutical
dosage form. The statistical parameters and regosteidies were carried out and reported. The obthiesults
were satisfactory as per ICH guidelines.
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