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ABSTRACT

A simple, rapid, precise, sensitive and reproducible reverse phase high
performance liquid chromatography (RP-HPLC) method has been developed
for the quantitative analysis of Dapagliflozin in pharmaceutical dosage form.
Chromatographic separation of Dapagliflozin was achieved on Prominence
LC-20A Quaternary Gradient HPLC system, by using Shimpack C-18 (5um,
4.6 x 250mm) column and the mobile phase containing Methanol and water
with 0.1% ortho phosphoric acid with pH of 4.5 in a 80:20v/v ratio. The
flow rate was 1.0ml/min; detection was carried out by absorption at 224nm
using a UV detector at ambient temperature. LOD and LOQ were found to
be 1.279 pg/ml and 3.877 pg/ml respectively and retention time was found
to be 3.935mins. The % Recovery was found to be 99.93%-100.29%. The
number of theoretical plates and tailing factor for Dapagliflozin were not
less than 2000 and not more than 2 respectively. % Relative standard
deviation of peak areas of all measurements always less than 2.0. The
proposed method was validated according to ICH guidelines. The method
was found to be simple, economical, suitable, precise, accurate and robust
method for quantitative analysis of Dapagliflozin.

KEYWORDS: Dapagliflozin, High performance liquid chromatography,
Method development, Validation.

INTRODUCTION
Dapagliflozin

is a highly selective sodium-glucose
cotransporter-2 inhibitor (SGLT2) used for the treatment
of type 2 DM. In Europe, oral Dapagliflozin to be taken
once daily is approved for use as monotherapy (For
diabetic patients who are intolerant of metformin).

trials that showed notable reducing effects of
Dapagliflozin in fasting blood glucose, glycosylated
hemoglobin (HbAlc), and postprandial blood glucose
levels. Furthermore, Dapagliflozin appeared to have a
cardio protective effect, by reducing blood pressure,
lowering body weight, uric acid, and triglyceride, and
enhance insulin resistance.

Dapagliflozin as marketed in 2012, is a new class of anti-
diabetic agents that effectively reduce blood glucose
levels, body weight, and systolic blood pressure. In
addition to that, they have newly shown cardiovascular
safety. The glucose-reducing effect of Dapagliflozin has
been approved in many randomized controlled clinical

Dapagliflozin is an oral, selective SGLT2 inhibitor that
has displayed a significant improvement in glycemic
control. Across universal clinical development programs
including analysis of Phase IIB/III trial, treating with

WWW.Wjaps.com 154


https://doi.org/10.5281/zenodo.17235341
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.5281/zenodo.17235341
mailto:medicalentomologist94@gmail.com
mailto:medicalentomologist94@gmail.com

World Journal of Advance Pharmaceutical Sciences

WJAPS, Volume 2, Issue 3, 2025

Dapagliflozin alone as monotherapy or in conjunction
with pre-existing OADs was linked with a significant
lowering in glycosylated hemoglobin (HbALc), fasting
blood glucose and also help in lower or stabilize the
body weight and systolic blood pressure (SBP) in
patients with T2 diabetes mellitus.

Dapagliflozin inhibits subtype 2 of the sodium-glucose
transport proteins (SGLT2), which is responsible for at
least 90% of the glucose reabsorption in the kidney.
Blocking this transporter causes blood glucose to be
eliminated through the urine. It also reduce the body
weight, and systolic blood pressure. In addition to that,
they have newly shown cardiovascular safety.
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Figure 1: Chemical Structure of Dapagliflozin.

Dapagliflozin is selected in order to assess the potency in
pure and tablet dosage form. Athorough review of the
literature reveals that only few spectrophotometric
techniques®*%, RP-HPLC"*?Y, HPTLC?? and UPLC#!
are effective for determining the presence of
Dapagliflozin alone or in combination in a variety of
pharmaceutical formulations and biological fluids,
including stability studies. This information provides
details about the analyte's synthesis, physical and
chemical properties, solubility, and pertinent analytical
techniques. For the regular determination of
Dapagliflozin in pure and tablet form, newer, easier,
more sensitive, quick, accurate, and reproducible
spectrophotometric and chromatographical approaches
are therefore required.

MATERIALS AND METHODS

Apparatus and Software

Chromatographic separation was performed on a
Prominence LC-20A Quaternary Gradient HPLC system
as the instrument model and column used is ShimpackC-
18 5um, 4.6 x 250mm.

Chemicals and Reagents

Dapagliflozin pure form was obtained as gifted sample
from Althera Laboratories and its pharmaceutical dosage
form DAPANORM labeled claim 10mg were purchased
from local pharmacy manufactured by alkem laboratories
Itd. Methanol, ortho Phosphoric Acid and water obtained
from Bharathi college of pharmacy Bharathinagara, K.M.
Doddi, Maddur TQ & Mandy dist. India. All the
Chemicals used in this investigation were HPLC grade.

Selection of mobile phase
Based on sample solubility, stability and suitability
various mobile phase compositions were tried to get a

good resolution and sharp peaks. The standard solution
was run in different mobile phases. From the various
mobile phases Methanol and water with 0.1% ortho
phosphoric acid with pH of 4.5 in a 80:20v/v ratio with
detection wavelength of 224nm, since it gave sharp peak
with good symmetry within limits.

Buffer Preparation

Iml of phosphoric acid is dissolved in 1litre of HPLC
grade water. Filter through FCP-305u membrane filter,
after that adjust its pH to 4.5 with ortho phosphoric acid
Preparation of mobile phase:

Mobile phase was prepared by mixing Methanol and
water with 0.1% ortho phosphoric acid with pH of 4.5 in
a 80:20v/v ratio. It was filtered through FCP-305p
membrane filter to remove the impurities which may
interfere in the final chromatogram.

Preparation of standard stock solution

Accurately weigh and transfer 100mg of Dapagliflozin
working standard into a100ml clean dry volumetric flask
add diluent and sonicate to dissolve it completely and
make volume up to the mark with the same solvent.
(Stock solution) Further pipette 1ml of the above stock
solutions into a 10ml volumetric flask and dilute up to
the mark with diluent. (100ppm of Dapagliflozin).

Preparation of sample solution

Accurately weighed and transfer 100mg of Dapagliflozin
sample into a 100ml clean dry volumetric flask add
diluent and sonicate it up to 30min to dissolve, and
centrifuge for 30min to dissolve it completely and make
volume upto the mark with the same solvent. Then it is
filtered through 0.2u Whatman Uniflo Nylon filter
(Stock solution). Further pipette 1ml of the above stock
solutions into a 10ml volumetric flask and dilute up to
the mark with diluent (100ppm of Dapagliflozin).

Flow rate selection

Different flow rates were studied. A flow rate of
1.0ml/min gave an optimal signal to noise ratio with a
reasonable separation time.

Validation of Analytical Method

The method is validated according to the ICH guidelines;
Validation of an analytical method is the process to
establish by laboratory studies that the performance
characteristic of the method meets the requirements for
the intended analytical application. Performance
characteristics are expressed in terms of Analytical
parameters.

System suitability

10ul of the standard solution was injected under
optimized chromatographic conditions to evaluate the
suitability of system. Parameters such as number of
theoretical plates (N), tailing factor (T), retention time
(tr), asymmetry and area were determined. The obtained
values indicate good performance of system Fig: 1, the
values of system suitability parameters were shown in
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Table: 1.

Solution stability

In order to demonstrate the stability of both standard and
sample solutions during analysis, both solutions were
analyzed over a period of 24hr at room temperature. The
results show that for solutions, the retention time and
peak area of Dapagliflozin remained almost unchanged
(% RSD less than 2.0).

Specificity

Specificity of the HPLC method was checked for
interference of impurities, degradants or excipients in the
analysis of sample solution and was determined by
injecting a volume of 10pul of sample solution and the
chromatogram was recorded. There is no interference of
impurities, excipients peak on the peak of Dapagliflozin,
indicating the high specificity of method. Which are
shown in Fig: 2 and 3.

Linearity and Range

The linearity of the method was demonstrated over the
concentration range of 3- 18ug/ml of the target
concentration. Aliquots of 3, 6, 9, 12, 15 and 18ug/ml
were prepared from above prepared stock solution.
Different concentrations of the pure drug were injected
into the chromatographic system. Calibration curve of
Dapagliflozin was constructed by plotting peak area v/s
applied concentration of Dapagliflozin. The obtained
results shown an excellent correlation between peak area
and concentration of pure drug within the concentration
range & it has shown in Fig: 4. The correlation
coefficient for the average area at each level versus
concentration of analyte was calculated and is presented
in Table: 2, and their calibration parameters were shown
in Table: 3.

Precision

The precision of the analytical method was determined
by intra-day and inter- day precision Table: 5 and Table:
6, respectively the sample solution was prepared as per
the test method. In intra-day precision, the same
concentration of sample solution was injected 6 times in
the same day and in inter-day precision, injecting six
solutions of same concentration for six different days in a

RESULTS AND DISCUSSION

vy
=
o

week. The average and standard deviation of mean area
were taken and %RSD was calculated and reported.
%RSD values were within the limits and the method was
found to be precise.

Accuracy

The accuracy of the method was determined by recovery
studies by the determination of % mean recovery of the
drug at three different levels (80%, 100% and 120%). At
each level, three determinations were performed. A
known amount of standard pure drug was added to pre
analyzed tablet powder and the sample was then
analyzed by developed method. Results of recovery
studies were reported Table: 7, the observed data were
within the range, which indicates good recovery values.

Robustness

Robustness is a measure of capacity of a method to
remain unaffected by small but deliberate variations in
the method conditions, and is indications of the
reliability of the method. A method is robust, if it is
unaffected by small changes in operating conditions. To
determine the robustness of this method, the
experimental conditions were deliberately altered at by
changing parameters like change in Flow rate of the
Mobile phase and change in organic phase, and the
results were shown in Table: 8. The method has no effect
on the retention time and chromatographic response of
the 6 solutions indicating that the method was robust.

Limit of detection

Limit of detection is determined by the analysis of
samples with known concentrations of analyte and by
establishing the minimum level at which the analyte can
be reliably detected. The results of LOD were shown in
Table: 9.

Limit of quantitation

Limit of quantitation is determined by the analysis of
samples with known concentrations of analyte and by
establishing the minimum level at which the analyte can
be reliably Quantitate. The LOQ can also be calculating
based on the LOD strength, the LOD values were
multiplied by three times to get LOQ. The results of
LOQ were shown in Table: 9.

DetectorAChannel1224nm

Fig. 1: Chromatogram of Dapagliflozin.
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Table 1: Optimized chromatographic conditions.

Optimized conditions Values

Column ShimpackC-18(5um,4.6x250mm)

Mobile phase Methanpl an_d water with _0.1% ortho phos_phoric
Acid with pH of 4.5 in a 80:20v/v ratio

Flow rate 1.Oml/min

Injection volume 20ul

\Wavelength 224nm

[Temperature 30°C

Retention time 3.935min

Run time 10min

Elution Isocratic

Table 2: System suitability studies of Dapagliflozin by RP-HPLC method.

1. Specificity

m\V

0.0

System suitability Parameters | Acceptance criteria Results
Tailing factor T<?2 1.091
Theoretical plates N> 2000 2832
Retention time - 3.935
Area - 277322
5 Detector A Channel 1 224nm
2.5 5.0 7.5 10.0

Fig. 2: Chromatogram of Blank.

Detector A Channel 1 224nm

3.935

0.0

2.5 5.0 1.5 10.0
min

Fig. 3: Chromatogram of sample.

Table 3: Calibration data of Dapagliflozin by RP-HPLC method.

Concentration (ng/ml) | Peak area* (mv)
3 121682
6 191961
9 249052
12 299328
15 357620
18 420524
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Fig. 4: Calibration curve of Dapagliflozin by RP-HPLC.

area

Table 4: Regression parameters table of Dapagliflozin by RP- HPLC Method.

Optimized conditions Values
Linearity range(ug/ml) 3-18ug/ml
Regression equation(Y*) Y=19443x + 69215
Correlation Coefficient(r) 0.998
Slope(a) 69215
Intercept(b) 19443

*Y=bX+a, where X is the concentration of compound in mcg/ml and Y is the peak area.

Table 5: Intra-day Precision results for Dapagliflozin by RP-HPLC.

SL NO Concentration Area Concentration Found (ug/ml) Mean +SD | %RSD
(Hg/ml) pg/ml
1 10 265200 10.08
2 10 265589 10.10
3 10 265784 10.11
4 10 65305 10,09 10.10 | 0.0129 | 0.12
5 10 265589 10.10
6 10 265978 10.12

*Average of six determination

Table 6: Inter-day precision results for Dapagliflozin by RP-HPLC.

Concentration Concentration Mean*
SL NO (ug/ml) Area Found (ug/ml) (ug/mi) +SD %RSD
1 10 266000 10.12
2 10 265800 10.11
3 10 265600 10.10
4 0 265900 1011 10.11 0.0106 0.10
5 10 265700 10.10
6 10 266100 10.13

*Average of six determination

Table 7: Accuracy results for Dapagliflozin by RP-HPLC.

Spiked Amount of | Amount of | Total amount | Total amount %

SL NO level Standard | sample ofdrug  |of drug found Recovery Mean* | £SD | %RSD

(ug/ml) | (g/mb) | (pg/mi) (ng/ml)

180.8 100.44

1 80 100 80 180 180.36 100.2 100.29% [0.108| 0.107
180.40 100.22
199.38 99.69

2 100 100 100 200 200.29 100.14 99.93% |0.185| 0.185
199.95 99.97
220.03 100.01

3 120 100 120 220 219.60 99.80 99.94% |0.101| 0.101
220.05 100.02

*Average of three determination
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Table 8: Robustness results for Dapagliflozin by RP-HPLC.
Parameters Level Factor Mean area £SD %RSD
Flow rate (1ml/min) -2 0.8m|/min 279841+653.19 0.233
+2 1.2ml/min 265595+896.53 0.337
-2 222nm 256722.74612.82 0238
Wavelength (224nm:2) 5 226nm 275906£1550.52 0.561
Column oven -2 28°C 233383+1007.55 0.431
temperature (30°C+2) +2 32°C 233112.3+1087.30 0.466
Table 9: Determination of LOD and LOQ results of Dapagliflozin by RP-HPLC.
Sl. No [Parameters Values
1 LOD (3.3xSD of Intercepts/average of slopes) 1.279ug/ml
2 LOQ (10xSD of Intercepts/average of slopes) 3.877ug/ml

**Mean value obtained from six calibration curves.

CONCLUSION

The current analytical method satisfies the acceptance
requirements and has been validated in accordance with
ICH recommendations. The new analytical approach was
shown to be simple, sensitive, accurate, and cost-effective.
It may be applied to the regular analysis of Dapagliflozin
in pharmaceutical dosage forms and bulk drug.

REFERENCES

1.

Al-Arjani RA. Development and Validation of a
New Combination: Dapagliflozin, Pioglitazone and
Metformin Simultaneously in Tablets Dosage Form
by HPLC. Master's thesis, University of Petra., Aug
2021; 9-24.

Padmaja BR, Sivagami B, Chandrasekar R, Babu
MN. A highly validated RP-HPLC method
development for the simultaneous estimation of
dapagliflozin and saxagliptin in tablet dosage forms.
Int J Pharm Sci Drug Res., 2018 sep-oct; 10(5):
372-8.

Mante GV, Gupta KR, Hemke AT. Estimation of
dapagliflozin from its tablet formulation by UV-
spectrophotometry. Pharm Methods, 2017 Jul 1;
8(2): 102-7.

V.B. Tambe, P.S. Tajane, R. K. Godge. Analytical
method  Development and  Validation  of
Dapagliflozin by UV-spectroscopy. IJFANS Intl J of
Food and Nutritional Sci., 2022; 11(11): 709-716.
Yadav M, Chauhan R, Singh R, Tiwari N. UV-
Spectrophotometric  Approach  for  Concurrent
Assessment of Sitagliptin and Dapagliflozin. Afr. J.
Bio. Sc., 2024 Apr 22; 6(9): 1024-1032.

Suthar AM, Prajapati LM, Joshi AK, Patel JR,
Kharodiya ML. Estimation of Saxagliptin
hydrochloride and  Dapagliflozin  propendiol
monohydrate in combined dosage form. J. of Innv in
Appl Pharm Sci (JIAPS)., 2018 Jun 30; 3(2): 01-7.
Patel A, Omray DL, Soni P. Method development
for simultaneous estimation of Dapagliflozin and
saxagliptin in fixed-dose combination and validation
on UV spectroscopy. J Pharm., 2020; 9(3): 2536-43.
Minal H, Sameer L, Valmik G, Vitthal C, Khomne
A. Ultraviolet-spectrophotometric  method for
simultaneous estimation of Dapagliflozin
propanediol and Metformin hydrochloride. Intl Res J

10.

11.

12.

13.

14.

15.

16.

17.

of Pharm., 2019; 10(4): 90-4.

Patel M, Vyas N, Shah H, Shah U, Patel A, Chokshi
A. Analytical methods for simultaneous estimation
of SGLT2 inhibitor and DPP-4 inhibitor in their
combination for treatment of type 2 diabetes
mellitus. Lett Appl Nano Bio Science, 2020; 10(1):
1799-815.

Mahabole S, Gajeli G, Kalshetti M. RP-HPLC and
UV  Spectroscopic Method Development and
Validation for Estimation of Dapagliflozin in Bulk
and Pharmaceutical Dosage Form. Research Sqare,
2024 jun 12; 2-15.

Borse LB, Wagh MS, Borse SL, Ahire SP, Vaishnav
IS, Naphade VD, Gulecha VS. RP-HPLC Method
Development And Validation For Estimation Of
Dapagliflozin In Tablet Formulation. J of Pharm
Negative Results, 2022 Oct 15; 13(5): 364-72.
Mante GV, Hemke AT, Umekar MJ. RP-HPLC
method for estimation of dapagliflozin from its
tablet. Intl J of Chem Tech Res., 2018; 11(01):
242-8.

Gaikwad AV, Gawade AS, Hupparage Vrushabh B,
Mantry S, Kale A, Kale J. Method Development and
Validation of Dapagliflozin by RP-HPLC. JI of
Pharm Negative Results, 2022 Dec 31; 13(6):
4316-35.

Sree VN, Bhavyasri DK, Sumakanth DM, Swethasri
R. Estimation of Dapagliflozin in Pure and Marketed
Formulation by Validated Reverse Phase-High
Performance Liquid Chromatographic Method.
(2020). Int. J. Life Sci. Pharma Res., 10(4): P70-84.
Sravanthi S, Zarin N, Shruthi B, Krishna DR,
Manjeera A. A New Analytical Method
Development and Validation for the Estimation of
Dapagliflozin by Using Reverse Phase-High
Performance Liquid Chromatography. Intl J of adv
res in medical pharm sci., jul 2021; 6(4): 13-20.
Debata J, Kumar S, Jha SK, Khan A. A New RP-
HPLC method development and validation of
dapagliflozin in bulk and tablet dosage form. Int J
Drug Dev Res., 2017; 9(2): 48-51.

Pal N, Mahtab T, Reddy PP, Rao AS.A new HPLC
method development and validation for the
determination of dapagliflozin in tablet dosage form.
World J of pharma res., 2019; 8(9): 1156-1165.

WWW.wjaps.com

159



World Journal of Advance Pharmaceutical Sciences

WJAPS, Volume 2, Issue 3, 2025

18.

19.

20.

21.

22.

23.

24,

25.

26.

Urooj A, Sundar PS, Vasanthi R, Raja MA, Dutt
KR, Rao KN, Ramana H. Development and
validation of RP-HPLC method for simultaneous
estimation of dapagliflozin and metformin in bulk
and in synthetic mixture. World J Pharm Pharm Sci.,
2017 May 20; 6(7): 2139-50.

Rao BR, Rao VV, Venkateswarlu BS. RP-HPLC
method for simultaneous estimation of dapagliflozin
and saxagliptin in bulk samples. J of Pharm Sci and
Res., 2019; 11(1): 254-7.

Bhavyasri K, Surekha T, Begum S, Sumakanth M.
RP-HPLC Method for Dapagliflozin and Metformin
HCL in Bulk and Combined Formulation. Archives
of Pharmacy Practice, 2021; 12(4-2021): 106-10.
Kladi E, Zerva M, Dotsikas Y. A novel HPLC
method for the simultaneous determination of
empagliflozin and dapagliflozin: Development,
validation, robustness testing and greenness
assessment. Archives of Pharmacy, 2024 Apr 28;
74(Notebook 2): 267-80.

Suma BV, Deveswaran R, Premnath SH. A new
high-performance thin layer chromatographic
method development and validation of dapagliflozin
in bulk and tablet dosage form. Int J Pharm Pharm
Sci., 2019 Aug 1; 11(8): 58-63.

Madhavi S, Rani AP. Development and validation of
a method for simultaneous determination of
dapagliflozin and saxagliptin in a formulation by
RP-UPLC. World J Pharma Res., 2017 Aug 11,
6(12): 904-16.

ICH, Q2A text on validation of analytical
procedures, 1994.

ICH, Q2B validation of analytical methodology,
1996.

ICH, Q2 (R1) validation of analytical procedures:
text and methodology, 2005.

WWW.wjaps.com

160



