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ABSTRACT

Vildagliptin which is DPP-4 inhibitor and Remogliflozin which is SGLT2 inhibitor in single dose
regimen lower blood glucose by separate, complementary mechanisms. Both are glucose
dependent, accounting for the low risk of hypoglycaemia during treatment. There is no risk factors
associated with this combination and moreover it is single dose regimen. The aim of the present
study was to develop and validate a simple, rapid and reproducible gradient high performance
reverse phase liquid chromatography method for the estimation of Remogliflozin and Vildagliptin in
bulk drug sample and in synthetic mixture using Xterra® Waters C18 column (150 mmx4.6 mm, 5
pum) at 25°C with UV detection at 210 nm and for this gradient mode was used. The compounds
were eluted gradiently at a flow rate of 1.0ml/min. The average retention times for Remogliflozin
and Vildagliptin were 4.881 and 6.334 min, respectively. The calibration curves were linear (I’Z
=0.988) over the concentration range 10-200 ug/ml for Remogliflozin and 10-200 pg/ml for
Vildagliptin. No spectral or chromatographic interferences from formulation excipients were found
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ICH parameters.

and hence it was successfully applied for the determination of Remogliflozin and Vildagliptin in bulk
and in synthetic mixture. The accuracy of the proposed method was determined by recovery
studies and found to be 98-101%. The proposed method was validated and results conformed to

Keywords: Accuracy; calibration curve; LOD; LOQ); precision; retention time.

1. INTRODUCTION

In type —Il diabetes patient is having insulin
resistance. Mainly in this type of diabetes there
are two interrelated problems in which one
include the irregularity in insulin hormone which
is produced by pancreas and other problem
include is that the cells very poorly respond to
insulin and very less take in sugar.

Remogliflozin inhibits the sodium-glucose
transport proteins (SGLT), which are responsible
for glucose reabsorption in the kidney. Blocking
this transporter causes blood glucose to be
eliminated through the urine. Remogliflozin is
selective for SGLT2. Inhibitors of sodium-glucose
co-transporter type 2 (SGLT2) represent a new
class of anti-hyperglycemic agents with a unique
mechanism of action. These drugs lower blood
glucose by increasing urinary glucose excretion.
Remogliflozin etabonate (REM) is a prodrug of

remogliflozin, an SGLT2 inhibitor under
development [1,2,3].
In patients of type-ll diabetes vildagliptin

improves glycaemic controls as it is orally active
potent and selective DPP-4 inhibitor which
enhance pancreatic (a and B) islet functions. It
improves insulin secretion and suppress the
glucagon secretion in diabetic patients. Both are
glucose dependent and lowers the risk for
hyperglycemia.

The synergistic effect of these two combined
drugs lowers the blood glucose by comple-
mentary mechanisms of action and in single fixed
dose regimen. This combination of this drugs
enhance their glucose lowering effects [4,5].

Moreover according to clinical trials of the phase
— Il of FDC as well as bioequivalence studies of
REM +VDG combined fixed dosage form is used
to improve the glycaemic control when metformin
and one of the mono constituents of fixed dose
combination of REM and VDG do not provide
adequate glycaemic control [6].

2. MATERIALS AND METHODS

Remogliflozin raw material was received as gift
sample from Galpha Laboratories; Ankleshwar

Vildagliptin raw material was received as gift
sample from Cipla pharmaceutical Pvt. Ltd.
Acetonitrile used was HPLC grade, Merck Ltd.,
ultra - pure water and Membrane filter of 0.22 ym
nylon membrane filter (RANKEM) were used.

2.1 Instrumentation

Chromatographic analysis was carried out on a
prominence  liquid chromatograph  (UFLC
Shimadzu Corporation, Tokyo, Japan) with LC-
2010AHT series binary pump systems, Auto
sampler injection, temperature controller (column
oven, HCO-02, PCI Analytics) system controller
and a UV detector (LC-2010). CLASS-VP
(version 2.31) software was used to acquire and
process the data. A Semi micro analytical balance
(Sartorius CD2250, Germany) was used for
weighing purpose. HPLC water was obtained
using arium®611VF (Sartorius). Magnetic stirrer
(1MLH, Remi) was used for mixing purpose. pH
tutor (313927, Eutech Instruments) was used for
pH measurement. Sonication of solutions was
done using Ultrasonic cleaner (D 120/1H, Trans-
O-Sonic). All volumetric glasswares were used
and were calibrated. In this method reversed
phase column Luna C4g 100A° (250mmx4.6mm
i.d.) 5um (Phenomenex, Luna®) was used.
Graduated Pipettes of 1, 2, 5 and 10 ml capacity
were used and measuring cylinders of 10, 100 ml
and 500 ml capacity were used. All the glassware
were class ‘B’ volumetric glassware. All apparatus
and instrument were calibrated before use.

3. STANDARD SOLUTION PREPARAT-
ION [7,8]

3.1 Preparation Standard Solution of
Remogliflozin

Preparation of buffer: Accurately weighed about
2.86 grams of sodium acetate was taken into
1000m| beaker and dissolved and diluted to
1000ml with HPLC water and degassed in
ultrasonic water bath and filtered through 0.45um
filter using vacuum filtration and the pH of 4
was adjusted by using diluted ortho phosphoric
acid.
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Preparation of mobile phase: The optimized
mobile phase consists of a mixture of acetate
buffer (pH 5.6) and methanol in the ratio of 30:70
viv.

The diluents: The drug was first dissolved in
methanol and further dilutions were made using
methanol.

Preparation of standard stock solution:
Accurately weighed 10 mg of Remogliflozin
(REM) was taken in a 10 ml standard volumetric
flask and dissolved in few ml of methanol. Then
the volume was made up to the mark with
methanol. From the above solution, 1 ml was
diluted to 10 ml with methanol to get a
concentration of 100pg/ml of Remogliflozin.

4. PREPARATION STANDARD SOLUTION
OF VILDAGLIPTIN

About 100 mg of Vildagliptin (VDG) was weighed
accurately into a 100ml volumetric flask and
dissolved and diluted to volume with mobile
phase acetate buffer and methanol (30:70 v/v) to
obtain a concentration of 1000 ug/ml and this
solution was used as stock solution. From this
stock solution 1ml was taken to dilute 10ml again
with  mentioned mobile phase to get the
concentration 100 pg/ml of Vildagliptin.

4.1 Preparation Standard Solution of
Remogliflozin and Vildagliptin in
Combination

1ml from working standard stock solutions of
REM (100 pg/ml) and 1 ml from working
standard stock solutions of VDG (100 pg/ml)
were taken in a common volumetric flask diluted
up to 10ml with mobile phase acetate buffer and
methanol (30:70 v/v) to make final concentration
REM (100 pg/ml) and VDG (100 pg/ml)

4.2 Preparation of Test
Solution

(Formulation)

As per the patent the synthetic mixture is
prepared by taking the ratio of 1:1 and talc
sufficient to make the quantity. According to this
ratio Remogliflozin and Vildagliptin (100 mg+ 100
mg) accurately weighed and mixed in the 100 ml
volumetric flask. Talc is added to the sufficient
quantity and sonicate for 15 min. Make up the
volume with Methanol. The solution was filtered
through whatmann filter paper No. 42. This
solution had concentration of 1000 pg/ml for REM

and 1000ug/ml for VDG. From this solution
pipette out 1ml in 10 ml volumetric flask and
volume was made up to mark with mobile phase
acetate buffer (pH 5.6) and methanol (30:70 v/v)
to make final concentration REM (100ug/ml) and
VDG (100pg/ml).Chromatogram of the Test
solution containing 100ug/ml of REM and 100
pg/mi of VDG was recorded and
peak areas were noted for estimation of REM and
VDG.

5. SELECTION OF ELUTION MODE [9,10]

Reverse phase chromatography was chosen
because of its recommended use for ionic and
moderate to polar compounds. It is not only
simple, convenient but also better performs in
terms of efficiency, stability and reproducibility.
C18 column (150mmx4.6mm, 5um) is chosen
because of it is least polar compared to C, and Cg
columns. Cyg column allows eluting polar
compounds more quickly in comparison to non-
polar compounds. In addition to this, UV detector
is used, which allows easy detection of the
compounds in UV transparent organic solvents.
Chromatographic separation was achieved on a
Xterra® Waters C18 column (150mmx4.6mm,
5um) with UV detection at 210 nm. Gradient
mode was chosen due to simplicity in application
and robustness with respect to longer column
stability.

6. CHROMATOGRAPHIC CONDITION

Standard and sample solutions were injected in
column using ultra-fast auto sampler. The
chromatogram was run for appropriate time
duration with degassed mobile phase, mixture of
acetate buffer (pH 5.6) and methanol (30:70 v/v) .
The system was equipped with a UV-visible
detector (SPD-20A, Japan) and detection is
carried out at wavelength 210 nm. Analyses were
performed at 30°C The chromatogram was

stopped after separation was achieved
completely. Data related to peak like area,
height, retention time, resolution etc. was

recorded using CLASS-VP software (version
2.31).

7. METHOD VALIDATION [11,12,13]

The method of analysis was validated as per the
recommendations of ICH for the parameters like

system suitability studies, accuracy, linearity,
precision, detection limit, quantitation and
robustness.
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7.1 System Suitability Studies

The system suitability was evaluated by five
replicate analyses of REM and VDG mixture at
concentration of 100 yg/ml of REM and 100 pg/ml
of VDG. The column efficiency, resolution, and
peak asymmetry were calculated for the standard
solutions. The results of System suitability studies
are given in Table 2.

7.2 Stability of Analytical Solution

In order to demonstrate the stability of both the
standard and sample solutions during analysis,
both solutions were analyzed over a period of 24
hours at room temperature. The results indicated
that for both the solutions, the retention time and
peak area of REM and VDG did not show much

variation (% RSD less than 2.0). There
was no significant degradation within the
indicated period. Hence, it was concluded

that both the solutions were stable for 24 hours at
room temperature.

7.3 Linearity and Range

The linearity response was determined by
analyzing 5 independent levels of concentrations
in the range of 10-200 pg/ml and 10-200 pg/ml for
REM and VDG, respectively with the 25 pl inject
volume and chromatograms were recorded.
Calibration curve was constructed by plotting
average peak areas versus concentrations and
regression equation was computed. This is given
in Table 3.

7.3.1 Preparation of calibration curve for REM
and VDG

Calibration curve for REM: The calibration
curve was constructed with five concentrations
ranging from 5-200 pg/ml for Remogliflozin (10,
50, 100, 150, 200 pg/ml of Standard stock
solution having concentration 1000 pg/ml). The
data of peak area versus concentration were
treated by linear least square regression analysis.
Calibration curve of ROS is given in
Fig. 10.

Calibration curve for VDG: The calibration curve
was constructed with five concentrations ranging
from 10-200 pg/ml for Vildagliptin (10, 50, 100,
150, 200 pg/ml of Standard stock solution having
concentration 1000ug/ml). The data of peak area
versus concentration were treated by linear least
square regression analysis. Calibration curve of
TEN is given in Fig. 11.
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8. PRECISION
8.1 Intraday Precision

The precision of the developed method was
assessed by analysing samples of the same
batch in nine determinations with three Standard
solutions containing concentrations 50, 100,
150pg/ml for REM and 50, 100, 150 pg/ml for
VDG and three replicate (n=3) each on
same day. The % RSD value of the results
corresponding to the peak area was
expressed for intraday precision. This is given in
Table 4.

8.2 Inter Day Precision

The precision of the developed method was
assessed by analyzing samples of the same
batch in nine determinations with three Standard
solutions containing concentrations 50, 100, 150
pg/ml for REM and 50, 100, 150 pg/ml for
VDG and three replicate (n=3) each on different
day.

The % RSD value of the results corresponding to
the peak area was expressed for inter-day
precision. This is given in Table 4.

9. ACCURACY
9.1 Preparation of Synthetic Mixture

Composition of synthetic mixture: It was
determined by calculating the recovery of REM
and VDG by standard addition method.

Remogliflozin: 100 mg
Vildagliptin: 100 mg
Talc: 9. s 1000 mg

All the excipients were mixed in 10ml volumetric
flask and sonicate for 15min. Make up the volume
with Distilled Water. The solution was filtered
through Whatman filter paper No. 42.

Finally the solution had concentration 100ug/mi
for REM and 100pg/ml for VDG. From that pipette
out 1 ml in 10 ml volumetric flask and make up to
the mark with Methanol. Add amount of standard
Remogliflozin and Vildagliptin APl (80%, 100%,
120%) to amount of formulation equivalent to
10pg/ml of REM and 80ug/ml of VDG in
respective flask and volume was made up to the
mark with same solvent. Spiking of formulation in
the accuracy was as per the Table.
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Data from nine determinations over three
concentration levels covering the specified range
was determined and % recovery was calculated.
This is given in Table 5.

10. LOD (LIMIT OF DETECTION) AND
LOQ (LIMIT OF QUANTIFICATION)

The LOD and LOQ is estimated from the set of 6
calibration curves used to determine method
linearity.

The LOD and LOQ may be calculated as

=3.0X
LOD =33 Slope

LOQ =10 x
¢ Slope

Where, SD = SD of Six intercept of calibration
curve
Slope =
curves

the mean slope of the 6 calibration

11. ROBUSTNESS

Robustness and Ruggedness of the method was
determined by subjecting the method to slight
change in the method condition, individually, for
example, Pump flow rate and change in mobile
phase composition etc.

Three replicates were made for the same
concentration (25ug/ml of REM and 200ug/ml of
VDG). % RSD was calculated. This is given in
Table 6.

111 Analysis of Ten and ROS in
Synthetic Mixture

Composition of synthetic mixture: It was
determined by calculating the recovery of REM
and VDG by standard addition method.

e Remogliflozin:100 mg
e Tenegliptin: 100 mg
e Talc: g.s.1000 mg

All the excipients were mixed in 10ml volumetric
flask and Sonicate for 15min. make up the
volume with Distilled Water. The solution was
filtered through Whatman filter paper No. 42.

Finally the solution had concentration 100ug/mi
for REM and 800 pg/ml for VDG. From that
pipette out 1ml in 10 ml volumetric flask and
volume was made up to mark with mobile phase -
acetate buffer (pH 5.6) and methanol (30:70 v/v)
to make final concentration REM (10 pg/ml) and
VDG (80 pg/ml). Chromatogram of the Test
solution containing 10 pg/ml of REM and 80 pg/ml
of VDG was recorded and peak areas were noted
for estimation of VDG and REM. This is given in
Fig. 9.

12. RESULTS AND DISCUSSION
12.1 Mobile Phase Selection

Various mobile phases with different ratio of
different solvents and pH were used are shown
in. The mixture of acetate buffer (pH 5.6) and
methanol (30:70 v/v) provided optimum polarity
for proper migration, separation and resolut ion of

Remogliflozin and Vildagliptin peaks. Under
these conditions, the eluted peaks were
well  defined, resolved and free from
tailing.

Due to the non-polar nature of the stationary
phase more polar component Remogliflozin will
be eluted first because of its more affinity
towards the polar mobile phase and less polar
component. Vildagliptin will be eluted later
due to its more affinity towards non-polar
stationary phase. Figure show chromatograms for
various mobile phases tried.

12.2 Method Development and Validation

After selection of mobile phase of acetate buffer
(pH 5.6) and methanol (30:70 v/v) RP-HPLC
method was developed and validated for bulk as
well as synthetic mixtures. According to ICH
guidelines all the validation parameters like
System suitability studies, Stability of analytical
solution, Linearity and range, Precision ,accuracy,
LOD, LOQ, robustness are validated and they
falls within the acceptance criteria. The data of
these parameters and chromatogram are
mentioned in respected parameters and covered
in the figures and table section. The trials are
shown in Figs. 1 to 5.

Tables Selection and Optimization of Mobile
Phase
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Table 1. Optimization of mobile phase

Trial Column Mobile phase Ratio Remark

1. Cis Acetate buffer (pH 8): 25:50:25 v/iv  Peak observed but splitting
water: methanol observed in REM and VDG peak

2. Cis acetate buffer (pH 7.4)  50:50 v/v Peak observed but no clear
and methanol separation in ROS and TEN peak

3. Cis acetate buffer (pH 6 ) and 40 : 60 v/v Peak of ROS observed but
methanol broadening of TEN peak

4. Cis acetate buffer (pH 5) and 55:45 v/v Peak observed but fronting
methanol observed in ROS peak

5. Cis acetate buffer (pH 5.6)  30:70 v/v Peak sharpness was good, More
and methanol theoretical plates, Less tailing and

good resolution

System Suitability Test:

Table 2. Observed values for system suitability test *(n=5)

Parameters Observed values IP

VDG* REM* Specification
Retention Time (min) 6.334 4.881 -
Theoretical plates 6683.25 2067.52 Not less than 2000
Asymmetry (10%) 1.43 0.89 Not greater than 2
Resolution 13.45 - >2

Linearity and Range:

Table 3. calibration of REM and VDG

Sr.No Conc REM VDG
Mean Peak area SD %RSD Mean Peak SD %RSD
area

1 10 24568 8.431 0.032 56986 34.117 0.065
2 50 43765 12.340 0.039 110213 46.628 0.045
3 100 76543 13.436 0.018 129439 62.453 0.056
4 150 95673 15.768 0.016 283438 40.543 0.026
5 200 132419 44.387 0.049 297393 42.687 0.019
Precision

Table 4. Intraday precision and Inter day precision of REM and VDG

Intraday precision SD %RSD Inter day precision SD %RSD
Conc Average Conc Average
(ug/ml) Peak (mg/ml)  Peak
Area Area
TEN 50 122344 30.551 0.026 TEN 50 116536 51.730 0.045
100 146740 26.633 0.017 100 125466 35.473 0.023
150 212647 28431 0.014 150 137648 19.858 0.010
ROS 50 46483 31.476 0.068 ROS 50 47609 13.786 0.033
100 67587 35.786 0.053 100 63875 44896 0.069
150 98462 12.486 0.029 150 93276 15.786 0.016
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Accuracy:
Table 5. Recovery data of rem and vdg
Sr. Std REM VDG STD Spiking Total Amount Total amount % Recovery
No added (ug/ml) (pg/ml) (ug/ml) Taken found
REM VDG REM VDG REM VDG REM VDG
1 - 50 50 - -
2 80% 50 50 40 40 90 90 88.89 90.5 98.99 100.54
3 100% 50 50 50 50 100 100 100.04 99.5 100.04 99.50
4 120% 50 50 60 60 110 110 120.92 110.5 100.84 99.55
Robustness:
Table 6. Robustness of REM and VDG
Change in REM Change in VDG
Parameter Mean SD %RSD Parameter Mean SD %RSD
Peak area Peak area

Change inpH 48543 30.765 0.068 ChangeinpH 113478 54.654 0.054

Change in 48395 30.874  0.067 Change in 116547 54.873 0.065
flow rate flow rate

Change in 48654 30.699 0.054 Change in 119844 54.332 0.056
Wavelength Wavelength

(241 nm) (244nm)
LOD and LOQ

Name of the Compound LOD (ug/ml) LOQ (pg/ml)

Rosuvastatin

0.0138-0.0860 pg/ml

0.0419-0.2615 pg/ml,

Vildagliptin 0.0267-0.0435 pg/mi 0.0567-0.376 pg/ml
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Fig. 11 Calibration curve of REMOGLIFLOZIN

13. CONCLUSION

The combination of these two drugs Remogliflozin
and Vildagliptin is maintain the blood sugar level
by complementary mechanism without any side
effects of hypoglycaemia and lowering of HbAc
level in single dose regimen. The RP-HPLC
method is developed and validated for the same
combination. This method is effective, accurate
and precise.

CONSENT

It is not applicable.
ETHICAL APPROVAL

It is not applicable.
COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Kim W, Egan JM. The role of incretins in
glucose  homeostasis and  diabetes
treatment. Pharmacol Rev. 2008;60:470—
512.

2. Balas B, et al. The dipeptidyl peptidase IV
inhibitor vildagliptin suppresses
endogenous glucose production and
enhances islet function after single-dose
administration in type 2 diabetic patients. J
Clin Endocrinol Metab. 2007;92:1249-55.

3.

10.

348

Vallon V, Thomson SC. Targeting renal
glucose reabsorption to treat
hyperglycaemia: the pleiotropic effects of
SGLT2 inhibition. Diabetologia. 2017;60:
215-25

Choi CI. Sodium-glucose cotransporter 2
(SGLT2) inhibitors from natural products:
discovery of next-generationantihypergl
ycemic agents. 2016;21(9):1136.

inman B, Wanner C, Lachin JM, et
al. Remogliflozin, cardiovascular outcomes,
and mortality in type 2 diabetes. N Engl J
Med. 2015;373(22):2117-2128.
Available:https://cdsco.gov.infopencms/res
ources/UploadCDSCOWeb/2018/UploadCo
mmitteeFiles/INDMinutes%2027nov.pdf
Joshi S, Gudi G, Menon VC, et al. An open-
label, single-period, two-stage, single oral
dose pharmacokinetic study of
RemogliflozinEtabonate tablet 100 and 250
mg in healthy asian indian male subjects
under fasting and fed conditions. Clin
Pharmacokinet. 2020;59(3):349-357.
DOI:10.1007/s40262-019-00819-4

Ahren B, Schweizer A, Dejager S, et al.
Mechanisms of action of the dipeptidyl
peptidase-4 inhibitor  vildagliptin in
humans. Diabetes Obes Metab.
2011;13:775-783.

Schweizer A, Foley JE, Kothny W, Ahrén B.
Clinical evidence and mechanistic basis for
vildagliptin's effect in combination with
insulin.  Vasc Health Risk Manag.
2013;9:57-64.

Taylor R. Type 2 diabetes: etiology and
reversibility. Diabetes Care. 2013;36:1047-
1055.



11.

Mandale et al.; JPRI, 33(40B): 338-349, 2021; Article no.JPRI.71901

Boden G, Cheung P, Mozzoli M, Fried SK.
Effect of thiazolidinediones on glucose and
fatty acid metabolism in patients with type 2
diabetes. Metabolism. 2003;52:753-759. 5.
El-Ouaghlidi A, Rehring E, Holst JJ, et al;
2007.

Inhibitor vildagliptin does not accentuate
glibenclamide-induced hypoglycemia but
reduces glucose-induced glucagon-like
peptide 1 and gastric inhibitory polypeptide
secretion. J Clin Endocrinol Metab. 2010;
92:4165-4171

12.

13.

Foley JE, Jordan J. Weight neutrality with
the DPP-4 inhibitor, vildagliptin:
mechanistic basis and clinical experience.
Vasc Health Risk Manag. 2010;6:541-548.
Foley JE, Bunck MC, Modller-Goede DL,
Poelma M, Nijpels G, et al. Beta cell
function following 1 year vildagliptin or
placebo treatment and after 12 week
washout in drug-naive patients with type 2
diabetes and mild hyperglycaemia: a
randomised controlled trial. Diabetologia.
2011;54:1985-1991.

© 2021 Mandale et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle4.com/review-history/71901

349



