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ABSTRACT

The present study describes the development and
validation of a simple, rapid, precise, and stability-
indicating UV method for the multicomponent
analysis of Dapagliflozin Propanediol, Metformin
Hydrochloride, and Teneligliptin Hydrobromide
Hydrate in bulk materials and tablet dosage forms.
Method validation was carried out in accordance with
the International Council for Harmonisation (ICH)
Q2(R1) guideline by evaluating specificity, linearity,
accuracy, precision, repeatability, and assay. The
validation results satisfied the recommended
acceptance criteria, confirming the method's
reliability and reproducibility. Owing to its
simplicity, cost-effectiveness, and consistent
performance, the proposed UV spectrophotometry
method is well suited for routine quality control and
assay of pharmaceutical formulations containing
these three antidiabetic drugs.

KEYWORDS: Dapagliflozin ~ Propanediol,
Metformin  Hydrochloride, and Teneligliptin
Hydrobromide Hydrate, multicomponent analysis,
UV-Visible Spectrophotometry, ICH Guideline.

I. INTRODUCTION

Diabetes mellitus is a long-term metabolic
disorder characterised by elevated blood glucose
concentrations caused by inadequate insulin
secretion, impaired insulin action, or a combination
of both. Among its various forms, Type 2 Diabetes
Mellitus (T2DM) is the most common, accounting
for over 90% of diabetes cases worldwide. The
disease is associated with progressive complications
involving the cardiovascular system, kidneys, eyes,
and peripheral nerves. Therefore, maintaining
optimal glycaemic control is essential to reduce
disease progression and improve the quality of life of
affected individuals. ¥

Current therapeutic strategies increasingly
rely on combination therapy because it addresses
multiple mechanisms responsible for

hyperglycaemia. =~ A  fixed-dose  combination
containing Dapagliflozin Propanediol, Metformin
Hydrochloride, and Teneligliptin Hydrobromide
Hydrate has emerged as an effective treatment option
for patients with Type 2 Diabetes Mellitus.
Dapagliflozin belongs to the sodium-glucose co-
transporter-2 (SGLT2) inhibitor class and lowers
blood glucose by increasing urinary glucose
elimination. Metformin Hydrochloride, a member of
the biguanide class, suppresses hepatic glucose
production while improving insulin sensitivity in
peripheral tissues. Teneligliptin Hydrobromide
Hydrate is a dipeptidyl peptidase-4 (DPP-4) inhibitor
that enhances glucose-dependent insulin secretion
and decreases glucagon release. The combined
pharmacological actions of these agents provide
improved glycaemic control compared with
monotherapy and contribute to better therapeutic
outcomes.

Numerous analytical techniques, including
RP-HPLC, HPTLC, UPLC, LC-MS/MS, and UV
spectrophotometry, have been reported for the
determination of individual antidiabetic drugs or their
combinations with other therapeutic agents.
However, limited information is available regarding
a validated, stability-indicating uv
spectrophotometry method for the multicomponent
analysis of Dapagliflozin Propanediol, Metformin
Hydrochloride, and Teneligliptin Hydrobromide
Hydrate in bulk drugs and finished pharmaceutical
dosage  forms. Consequently, the present
investigation was undertaken to develop and validate
a selective, sensitive, accurate, precise, and
economical UV  spectrophotometric = method
following the recommendations of ICH Q2(R1). The
validated method is intended for routine quality
control, assay, and analysis of combined antidiabetic
pharmaceutical formulations 349

1.1 Preliminary analysis of the drug
Dapagliflozin propanediol monohydrate (Dapa),
teneligliptin  hydrobromide hydrate (Tena), and
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metformin hydrochloride (Met) are official in the
Indian pharmacopoeia 2022; hence, the preliminary
analysis of the drugs was performed according to
their official monographs.

1.1.1 Dapagliflozin propanediol monohydrate
Description

The sample of dapagliflozin propanediol
monohydrate was observed for its colour and texture.
Solubility

The sample of dap was observed for solubility in
various solvents like methanol and distilled water.

1.2 Drug Structure:

HO

1.1.2 Teneligliptin hydrobromide hydrate
Description

The sample of Tena was observed for its colour and
texture.

Solubility

The sample of Tena was taken in test tubes and
observed for solubility in various solvents like
distilled water, 0.1 N HCI, 0.1 N NaOH, methanol
and acetonitrile

1.1.3 Metformin hydrochloride

Description

The sample of metformin hydrochloride was observed
for its colour and texture.

Solubility

The sample of met was observed for solubility in
various solvents like methanol, and distilled water.

Figure no: 1 Dapagliflozin propanediol monohydrate
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Figure no: 2 Teneligliptin hydrobromide hydrate ®
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Figure no:3 Metformin hydrochloride ©

II. MATERIALS AND METHODS:

2.1 Materials: The glassware and apparatus used
were made of borosilicate glass and were calibrated
before use. A calibrated digital weighing balance
(Sartorius TE-214S, 200 g capacity) was used for
weighing chemicals. UV-Visible analysis was
performed using a Shimadzu UV-1700 Pharmaspec
double-beam spectrophotometer with 10 mm quartz
cells. An ultrasonic bath (RC System MU1700) was
used to ensure complete mixing of the samples.
Selection of Analytical Method for Simultaneous
Estimation of Dapagliflozin, Teneligliptin and
Metformin

The analytical method was selected after evaluating
the ultraviolet absorption characteristics of
Dapagliflozin Propanediol (DAPA), Teneligliptin
Hydrobromide Hydrate (TENA), and Metformin
Hydrochloride (MET). Individual standard solutions
of each drug were prepared in methanol and scanned
over the wavelength range of 200400 nm. The
overlay spectra were examined to identify suitable
analytical wavelengths for simultaneous estimation.
Based on the spectral behaviour of the three drugs,
the multicomponent UV spectrophotometric method
was selected because it enabled simultaneous
quantification without prior separation. The overlay
spectra are presented in Figure No. 1

Determination of A max

The prepared working solutions were scanned
individually between 200 and 400 nm using a UV—
Visible spectrophotometer. The absorption maxima
were observed at 222 nm for Dapagliflozin, 243 nm
for Teneligliptin, and 232 nm for Metformin. These
wavelengths were selected for subsequent
multicomponent analysis.

Linearity range

12.3 mg of DAP, 14.74 mg of TENA, and 10 mg of
MET standard drug were weighed and transferred
into a 10 mL volumetric flask. DAP, TENA and MET
were dissolved in 10 ml of methanol as a solvent to
obtain a final concentration of 1000 pg/ml of DAP,

TENA and MET (labelled as “Std Stock Solution —
A”)

From the “Std Stock Solution —A”, 1 ml of aliquot
was pipetted out into a 10 ml volumetric flask and the
volume was made up to the mark with methanol to
obtain a final concentration of 100 pg/ml of DAP,
TENA and MET (labelled as “Std Stock Solution —
B”).

From the “Std Stock Solution —B,” 0.2, 0.4, 0.6, 0.8,
and 1.0 ml of DAP; 0.4, 0.8, 1.2, 1.6, and 2.0 ml of
TENA;and 0.2,0.4,0.6,0.8, and 1.0 ml of MET were
pipetted into a series of 10 ml volumetric flasks. And
the volume was made up to the mark with distilled
water to obtain the concentration of 2, 4, 6, 8 and 10
pg/ml of DAP, 4, 8, 12, 16 and 20 pg/ml of TENA
and 2, 4, 6, 8 and 10 pg/ml of MET. (Figure no: 6,7,8)

Selection of Analytical Wavelength Range
Accurately weighed quantity of 10 mg of DAP, 20mg
of Tena and 500mg of MET were taken into the
beaker and dissolved with methanol. This solution
was transferred into a 25ml of volumetric flask. The
volume was made up to the mark with methanol to
get concentration of 400 pg/ml of DAPA, 800 ug/ml
of TENA, 20,000 pg/ml of MET each drug with the
same solvent.

From this stock solutions 10 pg/ml solution of each
drug were prepared in methanol and scanned in the
range of 200—400 nm. The scan was studied for the
selection of the wavelength range where three drugs
showed absorbance. The result and spectrum shown
in Table No:1 and Figure No:1

Selection of Wavelength Interval

Various wavelength intervals like 30, 35, 40, 50 nm
were tried to get the accurate concentration of the
sample preparation.

40nm was selected as the wavelength interval so that
the absorption of the solutions were measured at 350,
310, 270 and 230nm.

Analysis of Tablet Formulation
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Twenty tablets of DAP, TENA and MET
(Zita DM) were weighed and crushed to obtain fine
powder. An accurately weighed tablet powder
equivalent to about 10mg of MET (0.4 mg of TENA
and 0.2 mg DAP) was transferred to 25 ml volumetric
flask and sonicated for 10 minutes in 10 ml of
methanol and made up to the volume with methanol
to get the concentration of and 8 pg/ml DAP, 16
pg/ml TENA and 400 pg/ml MET. The resulting
solution was filtered through Whatman filter paper
no. 41, and this solution was used as ‘Sample Stock
A

From the ‘Sample Stock A’ solution, 0.5 ml
of the aliquot was pipetted out and transferred into a
10 ml volumetric flask. The volume was made up to
the mark with water to obtain a solution with final
concentration of 4 pg/ml of DAP, 8 pg/ml of TENA
and 200 pg/ml of MET and this solution was labelled
as ‘Sample Stock B’. From this solution, 2.5 ml of the
aliquot was pipetted out and transferred to a 10 ml
volumetric flask. The volume was made up to the
mark with water to obtain a solution with final
concentration of 5 pg/ml. The sample solution was
scanned over the range of 200 nm to 350 nm in multi
component mode immediately after scanning of all
the serial dilutions prepared for the calibration curve
of the std solutions (Figure. No: 3) and concentration
of each component from the sample solution was
estimated by analysis of spectral data with respect to
that of mixed standard having same concentration of
three drugs. Results are given in Table No:2

Validation of Spectrophotometric Method

1. Accuracy Study for DAP, TENA and MET

To determine the accuracy of the method, recovery
study was performed by standard addition method at
80 %, 100 %, and 120 % level of the assay
concentration. For this study 0.5ml of the pre-
analysed sample stock-B solution (0.20 pg/ml of

DAP, 0.40 pg/ml TENA and 10 pg/ml of MET) was
transferred to the three separate clean 10 ml
volumetric flask which was already contain of 0.4ml,
05ml, and 0.6ml from stock-C, of the mixed standard
solution (0.20 pg/ml of DAP, 0.40 png/ml TENA and
10 pg/ml of MET) transfer 2.5ml of tablet sample
solution to the same three separate 10ml volumetric
flask respectively and made up to the mark with
water. These solutions were analysed in multi-
component mode, same as that of the sample solution
analysis. Spectrum of accuracy shown in Figure No:5
Results are shown in Table No: 3

I1. Precision

The precision of an analytical method was studied by
performing intermediate precision and repeatability.
1) Intermediate precision

A. Intra-day Precision

Variation of results within the same day was
analysed. Intra-day precision was determined by
analysing the mixed standard and sample solutions of
0.16 ug/ml of DAP, 0.32 pg/ml of TENA and 8 pg/ml
of MET at three different time intervals on the same
day. Results are shown in Table No:5

B. Inter-day Precision

Variation of results between the days was analysed.
Inter-day precision was determined by analysing the
mixed standard and sample solutions of 0.16 pg/ml
of DAP, 0.32 pg/ml of TENA and 8 pg/ml of MET on
three consecutive days. Results are shown in Table
No:6

2) Repeatability

Standard and sample solutions of 0.16 pg/ml of DAP,
0.32 pg/ml of TENA and 8 pg/ml of MET were
prepared and analysed six times. The standard
deviation and % Relative standard deviation were
calculated. Results of validation parameters are
shown in Table No:7
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II1. RESULTS AND DISCUSSION:
solvent DAPA (10pg/ml) TENA (10 pg/ml) MET (10 pg/ml)
Wavelength(n | Absorban | Wavelength(n | Absorban | Wavelength(n | Absorban
m) ce m) ce m) ce
Water - - 241.20 0.267 232.40 0.706
Methanol 223.80 0.612 245.40 0.245 236.40 0.926
Acetonitri 223.40 0.603 247.80 0.193 237.40 0.539
le
Acetone 207.60 0.585 - - - -
Stock in 222 0.507 242 0.277 232 0.832
methanol
further
dilution in
water
3.1 Solubility studies of (Dapa, Tena and Met)

Table No:1 Data for solvent selection for UV-Visible Spectrophotometric Method.

3.2 Overlay spectrum of UV
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Figure no: 1 Overlay Spectra of in DAP (10ug/ml), TENA (20 pg/ml) and MET (500 pg/ml) in methanol.
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3.3 Multicomponent Analysis

WAVEL , Mo, WAVEL. Mo.
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27/0.0
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put measuring A interwval
P=Manual input)

Figure No:2 Selection of wavelength interval

omponent

Figure No.4: Spectrum of sample solution.
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Figure No. 5: Overlay spectrum of accuracy Study.
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Figure No. 6: Linearity graph of Metformin
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Figure No. 7: Linearity graph of Tenegliptin
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Figure No. 8: Linearity graph of Dapagliflozin
3.5 Assay results by multicomponent analysis method:
Table No 2: Assay Result of Tablet Formulation
Sr. Amount of Total amount % Assay
no standard drug
found (pg/ml)
added (pg/ml)
DAPA TENA | MET DAPA TENA | MET DAPA TENA MET
1 10 20 500 10.05 20.12 503.05
100.58 100.63 100.61
DOI: 10.5281/zen0d0.22068313 | Impact Factor value 7.429 ISO 9001: 2008 Certified Journal Page 1369




International Journal of Pharmaceutical research and Applications
) Volume 11, Issue 4, Jul.-Aug.2026, pp:1362-1372 www.ijprajournal.com
-

IJPRA Journal
2 10 20 500 10.10 20.16 504.65
101.08 100.81 100.93
3 10 20 500 10.17 20.34 508.7
101.78 101.73 101.74
4 10 20 500 10.06 20.14 503.05
100.68 100.73 100.61
5 10 20 500 10.07 20.14 503.1
100.78 100.73 100.62
6 10 20 500 10.15 20.31 508.4
101.58 101.58 101.68
MEAN 10.05 20.16 505.13 101.08 101.03 101.03
+SD 0.0547 0.1032 2.7171 0.4979 0.4859 0.5399
%RSD
0.5449 0.5121 0.5378 0.4926 0.4809 0.5343

3.6 Accuracy Studies
Table No 3: Accuracy Results of the UV Method

' | |
Level |sr. Amountof Total amount Total amount %Recovery
of% | N standard drug
recove | o. found (ug/ml) ~ recovered (ug/ml)
ry added (ng/ml)
DAP | TEN | ME | DAP | TEN | ME DAP | TEN | ME DAP | TEN | ME
A A T A A T A A T A A T
80% 1 0.08 | 0.16 4 0.18 | 036 |9.01 |0.08 |0.16 | 4.01 100. 100. | 100.
03 07 72 10 50 34
2 0.08 | 0.16 4 0.18 | 036 |9.01 |0.08 |0.16 |4.03 100. 100. | 100.
05 04 73 85 41 75
3 0.08 | 0.16 4 0.18 | 036 | 9.01 0.08 | 0.16 | 4.03 101. 100. 100.
08 09 79 35 73 76
1 0.10 | 0.20 5 0.20 | 0.40 10.0 | 0.10 | 0.20 | 5.08 101. 101. 101.
100% 17 33 83 58 8 69
2 0.10 | 0.20 5 0.20 | 0.40 10.0 | 0.10 | 0.20 | 5.09 101. 101. 101.
14 31 80 68 78 95
3 0.10 | 0.20 5 020 [ 040 | 020 | 0.10 | 0.20 | 5.09 101. 101. 101.
10 29 10 38 78 91
1 0.12 | 0.24 6 0.21 043 11.0 | 0.11 023 | 6.04 |99.1 98.4 100.
120% 90 57 35 4 1 69
2 0.12 | 0.24 6 0.21 043 11.0 | 0.11 023 | 6.05 [99.8 | 985 100.
94 59 32 1 5 84
3 0.12 | 0.24 6 0.21 | 0.43 11.0 | 0.12 | 0.23 | 6.05 100. | 98.6 | 100.
98 60 36 56 22 8 97
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Table No 4: Statistical Data for the Accuracy Study
Level of % Mean®
recovery +SD % RSD
(% Recovery)
DAPA TENA MET DAPA TENA MET DAPA TENA | MET
80% 100.76 100.54 100.61 0.6291 0.1650 0.2396 0.6243 0.1641 | 0.2381
100% 101.54 101.78 101.85 0.1527 0.0115 0.14 0.1504 0.0113 | 0.1374
120% 99.72 98.54 100.83 0.5451 0.1350 0.1401 0.5467 0.1370 | 0.1389
3.7 Precision Studies (Intra-day and Inter-day)
Table No 5: Results of intra-day precision
Time Concentration of DAP Concentration of TENA Concentration of MET
(Hr) (0.16 pg/ml) (0.32 pg/ml) (8 ng/ml)
0 0.168 0.337 8.044
2 0.163 0.326 8.167
4 0.167 0.334 8.064
Mean 0.166 0.333 8.091
+SD 0.002 0.005 0.065
%RSD 1.740 1.715 0.813
Table No 6: Results of inter-day precision
Day Concentration of DAP Concentration of TENA | Concentration of MET (8
(0.16 pg/ml) (0.32 pg/ml) pg/ml)
1 0.160 0.321 8.045
2 0.163 0.327 8.196
3 0.164 0.321 8.044
Mean 0.163 0.323 8.095
+SD 0.0019 0.003 0.087
%RSD 1.182 1.127 1.077

3.8 Repeatability studies

Table No 7: Results of Repeatability Study for DAP, TENA and MET.

Day Concentration of DAP Concentration of Concentration of MET
(0.16 pg/ml) TENA (0.32 ng/ml) (8 pg/ml)
1 0.160 0.321 8.045
0.167 0.334 8.064
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3 0.164 0.321 8.044
4 0.168 0.321 8.041
5 0.168 0.327 8.044
6 0.163 0.326 8.171
Mean 0.165 0.325 8.068
+SD 0.0029 0.0052 0.0511
%RSD 1.7856 1.6044 0.6344

IV. Conclusion

A simple, rapid, accurate, precise,
and stability-indicating UV method was
successfully developed and validated for the
multicomponent method of Dapagliflozin
Propanediol, Metformin Hydrochloride, and
Teneligliptin Hydrobromide Hydrate in bulk
drugs and pharmaceutical dosage forms. The
method was validated in accordance with
ICH Q2(R1) guidelines and demonstrated
excellent specificity, linearity, accuracy,
precision,  repeatability, and  assay
performance  within the established
acceptance criteria. The validated method
proved to be reliable, reproducible, and
economical for routine quantitative analysis.
Therefore, the proposed UV method can be
effectively employed for routine quality
control, assay determination, and stability
studies of combined pharmaceutical
formulations  containing  Dapagliflozin
Propanediol, Metformin Hydrochloride, and
Teneligliptin Hydrobromide Hydrate.
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