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Abstract

A simple, rapid, precise, accurate and sensitive reverse phase liquid chromatographic method
has been developed for the determination of Empagliflozin in bulk and pharmaceutical dosage
form dosage form. The chromatographic method was standardized using Develosil ODS HG-5 RP
C18, 5um, 15cm x 4.6mm i.d. column with UV detection at 228 nm and Phosphate Buffer:
Acetonitrile = 45:55 (pH-2.8) at a flow rate of 1.0 ml/ min. The proposed method was
successfully applied to the determination of Empagliflozin in bulk and pharmaceutical dosage
form. The method was linear over the range of 0-50 ug/ml. The recovery was in the range of
98% to 102% and limit of detection was found to be 0.07 ug/ml and quantification was found to
be 0.21pg/ml. Different analytical performance parameters such as precision, accuracy, limit of
detection, limit of quantification and robustness were determined according to International
Conference on Harmonization (ICH) guidelines.
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INTRODUCTION:

Empagliflozin (trade name Jardiance) is a drug of
the gliflozin class, approved for the treatment of type
2 diabetesin adults in 2014. It was developed
by Boehringer Ingelheim and Eli Lilly and Company.[1]
Empagliflozin is an inhibitor of the sodium glucose co-
transporter-2 (SGLT-2), and causes sugar in the blood
to be excreted by the kidneys and eliminated in urine.
Empagliflozin is primarily used in type 2 diabetics to
lower blood glucose levels. Empaglifozin in people
with type 2 diabetes reduces the risk of cardiovascular
death and congestive heart failure.[2][3]

Empagliflozin is an inhibitor of the sodium glucose co-
transporter-2 (SGLT-2), which is found almost
exclusively in the proximal
tubules of nephronic components in the kidneys.
SGLT-2 accounts for about 90 percent of glucose
reabsorption into the blood. Blocking SGLT-2 reduces
blood glucose by blocking glucose reabsorption in the
kidney and thereby excreting glucose (i.e., blood
sugar) via the urine.[4][5][6]

The IUPAC Name of Empagliflozin is (2S, 3R, 4R, 5S,
6R)-2-[4-chloro-3-({4-[(3S)-oxolan-3-yloxy] phenyl}
methyl) phenyl]-6-(hydroxymethyl) oxane-3,4,5-triol.
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Fig 1: Chemical Structure of Empagliflozin

Standard & sample preparation for UV-
spectrophotometer analysis:

The standard & sample stock solutions were
prepared separately by dissolving standard & sample
in a solvent in mobile phase diluting with the same
solvent. (After optimization of all conditions) for UV
analysis. It scanned in the UV spectrum in the range
of 200 to 400nm. This has been performed to know
the maxima of Empagliflozin, so that the same wave
number can be utilized in HPLC UV detector for
estimating the Empagliflozin. While scanning the
Empagliflozin solution we observed the maxima at
228 nm. The UV spectrum has been recorded on
ELICO SL-159 make UV — Vis spectrophotometer

model UV-2450. ]

MATERIALS AND METHODS

HPLC Instrumentation & Conditions:

The HPLC system employed was HPLC with
Empower2 Software with Isocratic with UV-Visible
Detector.
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Fig 2: UV spectrum

Optimized Chromatographic Conditions:

Column: Waters ODS (C18) RP Column, 250 mm x 4.6
mm. S5pum.

Mobile Phase: Phosphate Buffer: Acetonitrile =
45:55 (pH-2.8)

Flow Rate: 1.0ml/minute

Wave length: 228nm

Injection volume: 20pl

Run time: 08 mins.

Column temperature: Ambient

Sampler cooler: Ambient

MOBILE PHASE PREPARATION

About 2.72172grams of Potassium dihydrogen
orthophosphate was weighed and transferred into a
1000ml beaker, dissolved and diluted to 1000m| with

HPLC Grade water. The pH was adjusted to 2.80 with
diluted orthophosphoric acid Solution. 450mL (45%)
of above Phosphate buffer solution and 550mL of
HPLC Grade Acetonitrile (55%) were mixed well and
degassed in ultrasonic water bath for 15 minutes.
The resulted solution was filtered through 0.45 um
filter under vacuum filtration. ¥

SAMPLE AND STANDARD PREPARATION FOR THE
ANALYSIS

25 mg of Empagliflozin standard was transferred into
25 ml volumetric flask, dissolved & make up to
volume with mobile phase. Further dilution was done
by transferring 0.3 ml of the above solution into a 10
ml volumetric flask and make up to volume with
mobile phase. !
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RESULT AND DISCUSSION:
Table-1: Trials for method development
W
Column Used Mobile Phase Flow Rate Ie:;,teh Observation Result
Symmetry ODS (Ciz) RP Methanol: Water = . Very Low Method
Column, 250 mm x 4.6 1.0ml/min  228nm .
50: 50 response rejected
mm, 5pm
Symmetry ODS (Cig) RP  Acetonitrile: Water = Method
Column, 250 mm x 4.6 60: 40 1.0ml/min  228nm Low response .
rejected
mm, 5um
i\cl)ﬁnitr;S%D;r(nc)l(szlip Acetonitrile: 1.0ml/min  228nm Tailing peaks Method
’ ' Methanol = 70: 30 ' &p rejected
mm, 5pm
Symmetry ODS (Ci8) RP Phosphate Buffer: .
Column, 250 mm x 4.6  Acetonitrile =20:80  1.0mi/min 228nm  hesclutionwas - Method
not good rejected
mm, 5um (pH-4.0)
Symmetry ODS (Cis) RP Phosphate Buffer:
. - Method
Column, 250 mm x 4.6  Methanol = 30:70 1.0ml/min  228nm Tailing peak .
rejected
mm, 5um (pH-3.8)
Symmetry ODS (Ci8) RP Phosphate Buffer: Method
Column, 250 mm x 4.6 Acetonitrile = 45:55 1.0ml/min  228nm Nice peak
accepted
mm, 5um (pH-2.8)
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Table 2: Peak results

Rt Peak Area

Tailing Factor

Plate Count

3.867 584624 1.42

4765

METHOD VALIDATION:

Accuracy: Recovery study: To determine the
accuracy of the planned technique, recovery studies
were distributed by adds completely different
amounts (80%, 100%, and 120%) of pure drug of

Int J Pharm Biol Sci.

Empagliflozin were taken and extra to the pre-
analyzed formulation of concentration 30pg/ml.
From that proportion recovery values were
calculated. (7]

Table-3: Accuracy Readings

Conc. Inppm  Conc. Found Peak Area % Recovery
24 24.022 472546 101.916
24 23.937 471121 101.736
24 24.206 475612 100.343
Avg. 101.3317
S.D 0.860928
%RSD  0.849614
Conc. In ppm Conc. Found Peak Area % Recovery
30 30.103 574216 100.113
30 30.521 581211 101.394
30 30.575 582121 101.547
Avg. 101.018
S.D 0.787478
%RSD 0.779542
Conc. Inppm  Conc. Found Peak Area % Recovery
36 36.041 673514 100.858
36 36.502 681214 99.737
36 36.557 682132 100.091
Avg. 100.2287
S.D 0.57304
%RSD  0.571732

Precision:

Repeatability

The exactitude of every technique was determined
one by one from the height areas & retention times

obtained by actual determination of six replicates of
a set quantity of drug. Empagliflozin (API). The %
relative variance was calculated for Empagliflozin
square measure bestowed within the table-4. 11

Table-4: Repeatability Results of Precision

HPLC Injection Retention Time Peak Area
Replicates of Empagliflozin (Minutes)

Replicate — 1 3.873 598647
Replicate — 2 3.867 586484
Replicate — 3 3.866 594624
Replicate — 4 3.865 588642
Replicate — 5 3.865 584213
Replicate — 6 3.867 589874
Average 590414
Standard Deviation 5344.816
% RSD 0.905266
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Intraday & Inter day: The intra & inter day variation  RSD (% RSD < 2%) within a day & day to day variations
of the method was carried out & the high values of  for Empagliflozin revealed that the proposed method
mean assay & low values of standard deviation & % s precise. [*2

Table-5: Results of Intra day & Inter day
Observed Conc. Of Empagliflozin (ug/ml) by the proposed

Conc. Of Empagliflozin (API) method
(ng/ml) Intra-Day Inter-Day
Mean (n=6) % RSD Mean (n=6) % RSD
24 23.86 0.95 24.79 0.86
30 30.09 0.64 29.89 0.43
36 36.07 0.87 36.12 0.91
Linearity and Range correlation coefficient (r?) of 0.999. A typical

The calibration curve showed good linearity in the calibration curve has the regression equation of y =
range of 0 — 50 ug/ml, for Empagliflozin (API) with  16721x + 70860 for Empagliflozin. (3]

Calibration Curve of Empagliflozin
9000000 1 y = 167219x + 70860
8000000 R? = 0.9997
7000000
« 6000000
[J]
< 5000000 === M EAN AUC (n=6)
'S 4000000
a
3000000 Linear (MEAN AUC
2000000 (n=6))
1000000
0 T T 1
0 20 40 60
Conc. in ppm
Fig-3: Calibration curve of Empagliflozin (API)
Table-6: Linearity Results of Empagliflozin
CONC.(pug/ml) MEAN AUC (n=6)
Oppm 0
10ppm 1768452
20ppm 3468421
30ppm 5146243
40ppm 6735124
50ppm 8389756
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Fig 6: Calibration of Empagliflozin concentration in 30 ppm
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Fig 8: Calibration of Empagliflozin concentration in 50 ppm

LOD & LOQ: The Minimum concentration level at
which the analyte can be reliable detected (LOD) &
quantified (LOQ) were found to be 0.07 & 0.21pug/ml
respectively.

STABILITY STUDIES
ACID DEGRDATION
A precisely measured 10 mg of unadulterated
medication was exchanged to a clean and dry round
base flagon. 30 ml of 0.1 N HCl was added to it and it
was refluxed in a water shower at 600C for 4 hours.

Permitted to cool to room temperature. The sample
was then neutralized using dilute NaOH solution &
final volume of the sample was made up to 100ml
with water to prepare 100 pg/ml solution. It was
infused into the HPLC framework against a clear of
portable stage (subsequent to advancing the
versatile stage pieces). This experiment was
repeated several times using same concentration of
HCI (0.1N) and observed its degradation profile. The
typical chromatogram shown below is the
degradation profile of Minocycline in 0.1N HCI. 4
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Fig-9: Acidic degradation
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BASIC HYDROLYSIS:

A precisely measured 10 mg of unadulterated
medication was exchanged to a clean and dry round
base flagon. 30 ml of 0.1N NaOH was added to it. &
it was refluxed in a water bath at 60°C for 4 hours.
Allowed to cool to room temperature. The example
was then killed utilizing 2N HCl arrangement and last
volume of the example was made up to 100ml to plan

100 pg/ml arrangements. It was infused into the
HPLC framework against a clear of portable stage in
the wake of enhancing the versatile stage
arrangements. This experiment was repeated
several times using same concentration of NaOH
such as 0.1N to observe its degradation profile. The
chromatogram shown below is the degradation
profile of Minocycline in 0.1N NaOH. **!

] Pl
0.20H ﬁ
] M
] |
] |
0.15 \ \
i [
= i |
2 n
010+ |
1 |
|
o
0.05 || \
1= 8 25 85 2 &)\
- — o N © © © | \
1o — — o o o™ o ™) -
000z = L] T E & 3 T
—— " ———
1.00 2.00 3.00 4.00 5.00 .00 7.00 8.00
Mnutes
Fig-10: Basic degradation
THERMAL DEGRADATION

drug became soluble and the mixture of drug & water
was allowed to cool to room temperature. Last

volume was made up to 100 ml with HPLC water to
base carafe. 30 ml of HPLC water was added to it.  plan 100 pug/ml arrangement. It was infused into the

Then, it was refluxed in a water bath at 60° c for 6 HPLC framework against a clear of versatile
hours uninterruptedly. After the reflux was over, the  stage/mobile phase. [

Precisely measured 10 mg of unadulterated
medication was exchanged to a clean and dry round
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M
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Fig-11: Thermal degradation studies

PHOTOLYTIC DEGRADATION:

Around 10 mg of unadulterated medication was
taken in a clean and dry Petri dish. It was kept in an
UV bureau at 254 nm wavelength for 24 hours
without interference. Precisely measured 1 mg of the
UV uncovered medication was exchanged to a clean

and dry 10 ml volumetric cup. First the UV exposed
drug was dissolved in methanol & made up to the
mark with mobile phase to get 100 pg/ml solution. At
long last this arrangement was infused into the HPLC

framework against a clear of portable stage and
chromatogram was gotten. (7]
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Fig-12: Photolytic degradation.

OXIDATIVE HYDROLYSIS (3% H:202):

Precisely measured 10 mg. of unadulterated
medication was taken in a clean and dry 100 ml
volumetric jar. 30 ml of 3% H202 and a little
methanol was added to it to make it dissolvable and

then kept in that capacity in dim for 24 hours. Last
volume was made up to 100 ml. utilizing water to get
ready 100 pg/ml arrangement. The above example
was infused into the HPLC framework. [*8]
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Table-7: Results of forced degradation studies of Empagliflozin API.

Fig-13: Peroxide degradation

L. . Assay of active Assay of degraded Mass Balance
Stress condition Time
substance products (%)

Acid Hydrolysis

2 . .61 26. 100.
(0.1 M HCl) 4Hrs. 73.616 6.384 00.0
Basic Hydrolysis

24Hrs. 95.475 4,525 100.0
(0.1 M NaOH) s
Thermal Degradation
(50 °C) 24Hrs.  91.106 8.894 100.0
UV (254nm) 24Hrs. 97.124 2.876 100.0

(o)
3 % Hydrogen 24Hrs.  96.343 3.657 100.0
Peroxide
CONCLUSION

A sensitive & selective RP-HPLC method has been
developed & validated for the analysis of
Empagliflozin API. Facilitate the proposed RP-HPLC
strategy has magnificent affectability, exactness and

reproducibility. The result shows the developed
method is yet another suitable method for assay,
purity & stability which can help in the analysis of
Empagliflozin in different formulations.
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