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ABSTRACT

This study was designed to create and check a quick, specific, and quality by design (QbD) based reversed-phase
high-performance liquid chromatography (RP-HPLC) method for measuring two drugs, Dapagliflozin and
Teneligliptin, at the same time in human blood. The analysis was done using an Agilent Technologies 1100 RP-
HPLC system with a C18 column that is 250 mm long, 4.6 mm wide, and 5 micrometers thick. To fine-tune the
method, a Central Composite Design (CCD) approach was used. The mobile phase was made of methanol and a
solution of water with 0.1% acetic acid. It flowed at 0.7 mL per minute and the detector was set to 240 nm. The
time it took for each drug to pass through the column was 4.588 minutes for Teneligliptin and 8.130 minutes for
Dapagliflozin. Blood samples were processed with a straightforward and fast method to remove proteins. The
method was tested according to ICH M 10 guidelines and showed strong linearity across a concentration range of
5 to 25 micrograms per milliliter, with a very high correlation coefficient (1> = 0.999). The minimum amount of
drug that could be detected (LOD) and the lowest amount that could be measured accurately (LOQ) for
Dapagliflozin were 0.060 and 0.183 micrograms per millilitre, respectively. For Teneligliptin, these values were
0.076 and 0.232 micrograms per milliliter. The accuracy, consistency, and recovery of the method were all within
acceptable limits. In summary, the new method is easy to use, fast, accurate, and reliable, making it a good choice
for everyday use in bioanalytical and pharmaceutical testing.

Keywords: Quality by Design, Dapagliflozin, Teneligliptin, validation.

How to cite this article: Kole SG, Tambavekar DD, Ghotane RB, Nagargoje G, Kore B, Kote S, Dalvi P,
Ghatage S, Sakhare R, Powar D, Patil PB, Mali SS. "Quality by Design Based Bioanalytical Method
Development for Estimation of Antidiabetic Drugs in Human Plasma by RP-HPLC Method". Int J Drug Deliv
Technol. 2026;16(47s): 1189-1203. DOI: 10.25258/ijddt.16.47s.147

Graphical Abstract:

Fig. 1 Graphical Abstract: Developing a biological approach based on quality for design to measure antidiabetic
drugs in human plasma using RP-HPLC method
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1. Introduction:

Analytical chemistry essentially allows separation,
identification and understanding of quantity of entity
or phyto chemical constituents present in a given
matrix whether it is simple or complex as drug
formulations i.e. Development of robust analytical
methodologies is critical for quality assurance and
control (QA/QC) of pharmaceutical products
including the stability and therapeutic efficacy in
biological systems when evaluating activities
pertinent to pharmacokinetic and bioavailability
studies.

HPLC is one of the most used ways to analyze drugs
since it is very sensitive, selective, and reliable. One
of these new methods is called reverse-phase high-
performance liquid chromatography (RP-HPLC). It
is now more frequently utilized to find substances
that are moderately neutral to non-polar. RP-HPLC
method development has to be carried out in a
systematic way by optimizing the chromatographic
parameters viz stationary phase (C18 is the most
common). This results in larger peak resolution and
higher separation. In bioanalytical applications, the
elimination of interference with endogenous plasma
components also requires adequate sample
preparation  techniques, such as  protein
precipitation.

Validation of method is the key step in analytical
method development for ensuring reliability and
reproducibility of results. Evaluation of major
performance prospects which includes specificity,
linearity, accuracy, precision sensitivity and
robustness. Specificity is proved by checking the
ability of method to exclusively detect the analyte
among other components and linearity shows a
straight forward relation of concentration of the
analyte with detector output response. Recovery
studies are generally used for assessing accuracy,
where repeatability and intermediate precision is
being defined as precision. Determines how much
analytical variability that a method can withstand
before it will no longer provide accurate results;
robustness evaluates the resilience of a method to
small but intentional changes in analytical
conditions. This is beneficial for combination drug
therapies by allowing you to analyze multiple
analytes simultaneously and therefore be more time-
efficient.

Diabetes mellitus, also known as diabetes, is a long-
term metabolism-related condition that s
characterized by uncontrolled elevation of blood
glucose, either due to diminished pancreatic insulin
secretion or insulin resistance at the cellular level.
As type 2 diabetes often impacts multiple systems
within the body, combination therapy is gaining
popularity. While we have you, feel free to sign up
for our e-Newsletter or check out our current print
issues of A Diabetes Digest Magazine. In contrast,
teneligliptin is an inhibitor of the enzyme dipeptidyl
peptidase-4 (DPP-4) which found to enhances the

activity of incretin the hormones and promotes
production of insulin while inhibiting glucagon
release from alpha cells. Due to the complementary
mechanisms of these drugs, their concurrent
administration is an attractive strategy for better
glycemic control.

Dapagliflozin is a competitive and selective
inhibitor of the SGLT2 transporters, with favorable
pharmacokinetic properties; teneligliptin has potent
and long-acting DPP-4 inhibitory activity Because
of their increasing use in combination therapy, for
efficacious simultaneous estimation especially on
biological matrices like human plasma. However,
the interference drug analysis due to the endogenous
substances present in plasma and thereby
necessitates selective and robust bioanalytical
methods.

QbD offers a methodical and scientific framework
for method optimization through determining key
method variables and assessing their effect on the
analysis performance via employing statistical
design tools [22]. These approaches provide greater
robustness and reproducibility of methods, while
also ensuring regulatory compliance.

This research seeks to formulate and authenticate a
singular RP-HPLC methodology using QbD
concepts for the concurrent quantification of
dapagliflozin and teneligliptin in human plasma.
This method is simple, fast, precise and robust and
could be applied in routine screening of samples for
pharmacological activity as well as used in studies
into bioavailability and pharmacokinetics.

2. Materials and methods

2.1. Chemicals and Reagent

Gift samples of Dapagliflozin (DAPA) and
Teneligliptin (TENELI) were received from a
licensed pharmaceutical company as reference
standards. Acetonitrile, methanol and water HPLC-
grade was obtained from Merck (India) Buffer
solutions were prepared using orthophosphoric acid
and potassium dihydrogen phosphate of analytical
grade. Human plasma specimens were gathered
from a qualified blood bank and placed at —20°C
until analysis.

2.2. Equipment’s:

The chromatography was conducted with an
Agilent 1100 series HPLC system, including a
quaternary pump, autosampler, column oven, and
UV detection device. The ChemStation application
was used to gather and analyze the data. We used a
reverse-phase C18 column (250 mm x 4.6 mm, 5
um) to separate the samples.

2.3. Requirements for Chromatography:
To separate the two phases, a fluid phase
comprising sixty minutes forty seconds (v/v)
buffered phosphate (pH 3.5 modified with
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orthophosphoric acid) and acetonitrile was
employed. Before being used, the mobile phase
was filtered through a 0.45 um membrane filter and
degassed. The flow rate stayed at 1.0 mL/min, and
detection happened at 232 nm. The column
temperature became 30°C, the sample volume
measured was 20 pL, and the entire run duration
was 10 minutes.

2.3. Characterization of API

Orientation of active pharmaceutical ingredients,
Dapagliflozin (DAPA) and Teneligliptin (TENELI)
was performed to establish their identity and purity.
It was visually assessed and recorded for
organoleptic properties like colour, odour and
appearance. For melting point determination each
drug was placed in a capillary tube and heated
gradually until it melted using digital melt point
apparatus. Purity was assessed against literature
values (in italics), by comparing the observed
melting points. FTIR spectroscopy was conducted
by scanning the samples between 4000—400 cm™
using an IR spectrophotometer, and appropriate
peaks (% transmittance versus wavenumber) were
analyzed to determine characteristic functional
groups. UV spectrophotometric analysis was then
done for scanning drug solutions (dissolved in
methanol) in the region of 200 - 400 nm range to
detect absorption maximum (Amax) & establish its
identity as well.

2.4. Choosing the Ximax Wavelength and
Calibration Curve

2.4.1.  Solubility Studies

A series of solubility studies were performed to
establish a suitable solvent system for the
determination of Dapagliflozin and Teneligliptin.
Good solubilizing behavior was observed by
separately adding around 1mg or less of each drug
to methanol, acetonitrile and dimethyl sulfoxide
(DMSO)and shaking/sonicating. The solubility was
visually evaluated in terms of clarity and the absence
of undissolved particles. Both drugs are soluble in
methanol and since it offers the highest solubility,
methanol was selected as a solvent for preparation
of stock and working solutions.

2.4.2. Selection of Analytical Wavelength

For Amax determination, to different 10 mL
volumetric flasks, weighed accurately each drug at 5
mg was added one by one to separate flask and
dissolved in methanol using sonication for 10
minutes until they are completely dissolved. These
solution were diluted appropriately to a
concentration of 10 pg/mL. A UV-visible
spectrophotometer was employed to scan the
solutions in a range of 200 to 400 nm. The
absorption spectra were obtained and the maximum
absorbance wavelength (Amax) was determined.

While Teneligliptin was used at Amax 246 nm,
Dapagliflozin exhibited maximum absorbance (g) at
220 nm. The simultaneous estimation was indicated
by the concurrent presence of an isosbestic point at
240 nm.

2.4.3. Making of Standard Stock Mixture

Two levels of Dapagliflozin and Teneligiptin were
accurately weighed; 5 mg Dapa-glifozin + 10 mg
Tenelgiptin were used and put into a 10 mL
volumetric flask with an appropriate amount of
solvent to make it up [57]. The medicines were
dissolved using methanol as the solvent and
sonicated again for 10 to 15 min until completely
dissolved. The mobile phase was added to the
completed volume until it reached the mark after full
solubilization of tablets, resulting in final
concentrations of 500 pg/mL and 1000 (pg/mL) for
Dapagliflozin and Teneligliptin respectively. All
stock solutions prepared were stored in amber boxes
in the fridge to avoid degradation.

2.4.4. Preparation of Calibration Curve
Various amounts of aliquots (0.05, 0.1, 0.15, 0.2 and
0.25 mL) from stock standard solutions were
transferred to individual 10 mL volumetric flasks for
preparation  of  calibration standards, and
subsequently diluted with the mobile phase.
Dapagliflozin 2.5 to 12.5 pg/mL and Teneligliptin 5
to 25 pg/mL (EG1001, EG5000). All of the
preparated solutions were well mixed. The
generated method was applied to the given
standards, and the high regions were measured.
Unknowns were measured against an internal
standard.

2.5. Before the treatment (human plasma as a
biological fluid)

Context: Due to the complex nature of plasma
matrix, biological sample preparation is an
important step for bioanalytical studies. Human
plasma samples were collected from a certified
blood bank and stored refrigerated prior to use. A
protein precipitation procedure was employed to
prepare the samples since injecting plasma directly
into the HPLC system may cause the column to
become clogged and proteins and other endogenous
elements to get in the way. So, as this procedure
says, 1 mL of plasma was combined using an
Eppendorf tube and then precipitated with 3 mL of
acetonitrile. Vortexing the liquid for 5 minutes
caused all of the plasma proteins to settle out. Then
it was spun at 3000 rpm for 20 minutes to separate
the proteins that had settled out. The obtained clear
supernatant was collected separately without
disturbing the pellet, and stored under refrigerated
conditions until analysis. Blank plasma samples
were prepared by mixing extracted plasma with a
methanol and water mixture to be used as control
during analysis.
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2.6. Bioanalytical Method Development by RP-
HPLC

2.6.1. Selection of Chromatographic Method
Method development for the selected drugs was
tailored using (RP-HPLC), owing to its simplicity,
sensitivity and suitability for bioanalytical
applications based on the polarity of these drugs.
To prepare and test the combinations of methanol
and aq. phase containing 0.1% acetic acid, in
different ratios were made. Prior use, each
composition of mobile phase was filtered and
degassed. Chromatograms were assessed based on
retention time, peak shape and resolution for
samples injected under different conditions. The
optimal mobile phase was determined as the one
affording sharper and well-resolved peaks at a
reasonable run time.

2.6.2. Selection of Stationary Phase (Column)
To obtain maximal separation of the analytes from
plasma components, various stationary phases
including C18, C8 and cyano columns were
evaluated. Other chromatographic parameters were
constant for the selection of all other
chromatographic conditions. From the above data,
the C18 column was selected for the final method
due to its relative separation efficiency, improved
peak shape, and minimal interference of endogenous
plasma matrix with other components in contrast to
those columns that were tested.

2.7. Bioanalytical Method Validation

2.7.1. Linearity

Hence, we assessed the linear dynamic range of the
method by measuring calibration standards (CS) at
concentrations equivalent to 2.5-12.5pug/mL for
Dapagliflozin and 5 to 25 pg/mL for Teneligliptin.
We produced a line for calibration by graphing a
concentration against the peak area and finding the
correlation coefficient (R?). A score above 0.98
showed that the line was very straight.

[45].

2.7.2.  Accuracy

Accuracy was determined by means of three
recovery trials conducted at 80%, 100% and 120%
levels. You mix known quantities of standard drug
into previously tested samples to calculate percent
recovery. The percentage results fell within an
acceptable range (98-102%) confirming the
methodology was accurate.

2.7.3. Precision
based on numerous experiments conducted in

identical conditions (intra-day) and on different days
(inter-day). This resulted in accurate findings, less

than 2%RSD (relative standard deviation).

2.7.4.  Repeatability (System Suitability)

The repeatability was evaluated by multiple
injections of standard solutions, by observing the
consistency of peak area and retention time. %RSD
values generated were within acceptable range,
indicating system suitability.

2.7.5.  Robustness

We tested how strong the approach was by making
minor, planned changes to chromatography
parameters including the mobile phase form, flow
rate, and identifying wavelength. We then examined
what these amendments did to chromatographic
behaviour, finding that the method was robust since
there were no significant variation.

2.7.6. LOD and LOQ

We found the limit of detection (LOD) and the limit
of quantification (LOQ) by dividing the standard
variation of responses by slope of the calibrating
standard. They also demonstrate how responsive the
whole conceived methodology actually is. The
detection limit was calculated by multiplying the
noise value found by three and the quantication limit
by ten. This was confirmed by the equation:

LOD = 3.3 x ¢/S and LOQ = 10 x /S

Here o is the standard deviation and S is the slope of
calibration curve.

2.8. Estimations of drugs present in human
plasma

DA in Beta Cells Developing methods for RP-HPLC
along with its applications. The developed RP-
HPLC method was also successfully applied to
assay Dapagliflozin and Teneligliptin in human
plasma + commercially available tablet dosage
forms. Take the tablets and determine a weight,
crush these into powder and dispense an amount
equivalent to the average tablet weight into a
volumetric flask. Afterward, methanol and human
plasma were added together before spinning until
clear. Subsequently, the solution was corralled
through a membrane filter and blended with an
appropriate mobile phase until obtaining the desired
concentration.. The injected sample of prepared
solution was additionally used in HPLC system and
the chromatograms were recorded as per optimized
techniques. Using the calibration curve, the drug
content was calculated and % label claim and %RSD
values were determined to evaluate method accuracy
and precision.

2.9. Analysis of marketed formulation (Assay):
Selection of a Zita-D-P C2T510 menzungam and
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DPA-10 mg tablet for assay. The average powder
weight for 20 tablets was taken, which was found to
be 131.56 mg. Then the equivalent weight of the
tablet powder calculated was 131.568 mg,
transferred into flask and make up vol. with 10 ml
Methanol and added 3 ml Human plasma; vertically
Shaked for 30 min.then centrifuged at 5000 rpm forl
hr. Subsequently, membrane filters were used to
yield purified organic solution. From this were
obtained stock solution containing 500 -+1000
pg/ml. Pipette out further 0.1 ml of above stock
solution in ahigh quality product and dil up to
remark with diluents in10 ml volumetric flask. (10
pg/ml). The Drug per tablet amount was calculated
using values ofthe area extrapolated from the CV.
Tablet formulation, the analysis procedure was
repeated five times. Calculations of % Label claim
for % RSD based on the Tablet assay.

The retention time for teneligliptin was 4.588
minutes and that of dapagliflozin was 8.130 minutes,

3. Result:

3.1 Method Development:

A combination RP-HPLC method for estimating
dapagliflozin and teneligliptin was developed
through sequential improvement of
chromatographic conditions. We examined a wide
variety of mobile phases, flow rates and detecting
wavelengths to develop a separation with high
column efficiency and an acceptable peak shape or
resolution.

A CI18 column (250 mm X 4.6 mm, 5 pum) and
methanol and water with 0.1% acetic acid as the
mobile phase were used to set up the
chromatographic conditions. The flow rate remained
at 0.7 mL per minute and was measured at 240 nm.
In these settings, the method produced symmetrical
high signal peaks with good resolution.

respectively. The resolution between the two peaks
exceeded 2, indicating adequate separation.

AWDTA 5=240,16 ReE 360,16 (YOG\OT000000.0)
mA

100

3.591

4121

Figure. No.2: Representative Chromatogram of DAPA & TENELI on Methanol + (0.1% Acetic acid) Water

(90:10) with flow rate 0.7 ml/min at 240 nm
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Figure. No.3: Representative Chromatogram of DAPA & TENELI on Methanol + (0.1% Aceticacid) Water

(30:70) with flow rate 0.7 ml/min at 240 nm.

3.2 Method Optimization by QBD Approach
On  distinctive  acceptance  criterions, the

chromatographic trail is selected for QbD design as
Criteria
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Table No.1: Chromatographic trail chosen for QbD

Sr. The makeup of the mobile |rate of
no. phase flow(ml/min Time of ret¢ntion (min) Conclusion
) 4.588 8.130
Methanol + ( 0.1% Acetic TENELI DAPA
acid) Water (30:70 v/v)
L + lml-human 0.7 Aceepted
plasma

The method was optimized using Box—Behnken
experimental design in the framework of Quality by
Design. Risk assessment guided the selection of
three independent variable choice: mobile phase
composition (buffer: acetonitrile ratio), flow rate
and buffer pH. Every factor was assessed with 3
levels. This resulted in 17 runs of the design,
Central Composite Design for determination of
DAPA and TENELI

including five center point replicates. This study
included retention time, resolution and base peak
tailing factor as responses. Second-order (2) fitted to
experimental data

use a quadratic model to estimate the effects and
interactions of the factors.

Table No. 2: Design of Central Composite

Name Units min max
A Methanol % 25 35
B Rate of Flow ml/minute 0.6 0.8

3.3 ANOVA for Quadratic model

From the ANOVA analysis, it was established that
developed model is statistically significant for all
responses studied

with p-values less than 0.0001. The coefficients of
determination (R?) were 0.93 to 0.99 for responses,
indicating good relationships between the
experimental and predicted values.

The closeness of adjustedR? and predictedR? was
further confirmed the reliability and predictability of
the model.

The mobile phase composition and flow rate, which
evaluated toxins, had greater F-values than the effect
of pH on chromatographic responses (For values)
for both toxin(i.e., By columns)(Fig. 2B-D).

Table No.3 : Quadratic model ANOVA

Source Sum of df | Mean Square F-value p-value
Squares
Model 8.55 5 1.71 186.91 <0.0001 significant
A-Methanol 4.84 1 4.84 528.51 <0.0001
B-Flow rate 3.55 1 3.55 388.52 <0.0001

1JDDT, Volume 16 Issue 47s, 2026

PAGE 1194




“QUALITY BY DESIGN BASED BIOANALYTICAL METHOD DEVELOPMENT FOR
ESTIMATION OF ANTIDIABETIC DRUGS IN HUMAN PLASMA BY RP-HPLC METHOD”

AB 0.0048 1 0.0048 0.5204 0.4941
A? 0.1230 1 0.1230 13.45 0.0080
B? 0.0505 1 0.0505 5.52 0.0511
Residual 0.0640 7 0.0091
Cor Total 8.61 12
Table No .4: Fit
Std. Dev. 0.0956 R 0.9926 '3::;%
Mean 4.84 Adjust R? 0.9873
CV.% 1.98 Predict R? 0.9506
Ad Precision 44.4438
Statistics for Developed RP-HPLC Method Approach

3.4 Response Surface Methodology

Retention time and resolution were significantly
affected by mobile phase composition as well as
flow rate (interaction effect).

Higher proportion of organic solvent decreased
retention time while high deviation was responsible

Predicted vs. Actual
RS(AREA2)

|
Color points by value of
RS(AREA2):

641511 [T 68.0238

Std#5Run#2
X:65.5284
V:65.9257

for resolution. Analysis time and separation
efficiency was affected based on different flow rate
variations.

The pH of the buffer influenced peak symmetry and
analyte ionization,with better peak shape noted at
acidic conditions.

The interaction plots showed that optimum
chromatographic performance needed to be
revolved with the appropriate adjustment of all
variable.

Factor Coding: Actual

RS(AREA?) (AUC)

R5(AREA2) (AUC)
® Desgn points

64.1511 (I 680238

X1=A

X2=8 E

flow rate (mi/min)
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Factor Coding: Actual

R5(AREAZ2) (AUC)
Design Points:
@ Above Surface
@ Below Surface
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Figure no.4: RP-HPLC Method for Optimization of Dapagliflozin

surface Plots and Contour plots

3.5 System Suitability

Under optimized chromatographic conditions,
system suitability testing was performed to assess
conditions. Theoretical plate counts were
satisfactory, thus supporting a respectable
performance of the column. The tailing

and Teneligliptin by 3D Response

the factor was <2, showing reasonable peak
symmetry. A resolution between neighbouring
peaks greater than 2 indicating sufficient separation.
Biobatch retention time reproducibility (intra-day
variability) was < 2% %RSD for both peak area and
retention time, indicating high system precision.

Table No. 5: System suitability Parameter

Parameter Dapagliflozin Teneligliptin Acceptance Result
(DAPA) (TENELI) Criteria

Retention Time | ~4.7 ~8.5 Consistent Complies

(min)

Peak Area (%RSD) | <1.07 <1.07 <2% Complies

Theoretical ~ Plates | ~8266 ~9357 > 2000 Complies

(N)

Tailing Factor* ~1 (if applicable) ~1 (if applicable) <2 Complies

Resolution (Rs)* >2 — >2 Complies
3.6 Validation of Devloped Bioanalytical Method standard ~ chromatographic ~ conditions  and

3.6.1 DAPA & TENELI chromatographic
separation in biological fluid:
The blank plasma chromatogram was recorded at the

represented in (figure no.5)

[ TTWOTR Se 0 e Rer o0 Te
mAU
160

140

[~ 4.234 - PLASMA
= 4.654 - PLASMA

T
I
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Fig. No 5 : Chromatogram of blank plasma

DAPA & TENELI were isolated from human
plasma with eluting solvents Methanol and ACN,
pure and respective media mixtures. The highest
recovery was observed for methanol.

percentage. Methanol used as eluting solvent in this
study due to its optimal characteristics and
maximum drug recovery from plasma.

3.7 Validation of Bioanalytical Methods

3.7.1 Linearity and Range

The genotype coverage across the genotyping
platform was determined according to ICH
guidelines. Linearity was determined calibrating

DAPAGLIFOZIN
y=47.788¢+54.476

70000 R =09993
60000
50000
g 40000
% 30000
0000
100,00
0%

CONC

Fig.no.6: Calibration curve of DAPA
TENALI

3.7.2 Accuracy

As per bioanalytical guidelines, the method was
tested for its accuracy at low, medium and high
concentration levels by performing recovery studies.
An amount of standard drug to be used for the

standards diluted in blank human plasma within the
area defined for each analytical method based on this
work. Regression analyses were conducted
separately for each analyte. Figure 4 shows that r?
values were all greater than 0.99 regardless of
concentration levels. Response of the detector as a
function of concentration will be indicated by both
slope and intercept, which remained relatively
constant. The quantification range was defined
according to the adequate accuracy and precision for
each calibration level. The linearity data are shown
as in Figure 6 and 7.

TENEGLIPTIN

¥ =54.517x + 104.08}

R?=0.9992
1600.00

1400.00
1200.00
1000.00
800.00
600.00
400.00
200.00
0.00

AREA

Fig. No. 7: Calibration Curve of

quantitative analysis is then spiked into pre-analysed
plasma samples. Results on percentage recovery
were determined to be ranging between 98% and
102% for all levels. Recoveries were consistent for
all concentrations, and the calculated values are
shown in Supplementary Table 6.

Table No.6 : Dapagliflozin and Teneligliptin by RP-HPLC Method with Accuracy studies

Level % RSD SD* Mean % recovery
Method %
DAPA | TENELI | DAPA TENELI DAPA TENELI
80 0.29 0.37 0.19 0.38 101.22 101.20
RP-
HPLC 100 1.07 0.19 1.07 0.19 100.50 100.12
120 0.84 0.21 0.85 0.22 101.14 101.09

3.7.3 Precision

The method was validated by assessing within-and
between-day variations. Replicates from the same
and different day excursion of quality control
samples performed across five test concentration

levels. The %RSD for both intra-day and inter-day
precision was less than 2%. The experimental results
evidenced the repeatability and reproducibility in
analytical conditions. Tables 7 and 8 display the
precision data.
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Table No.7: Results of precision data for dapagliflozin both throughout and between days

Conc.
Drug (ng/ml) Intraday Precision Inter-day Precision
% % %
DAPA Mean + SD Amt. % Mean + SD Amt. RSD
Fou RSD Found
nd
5 297.19£1.66 101.60 0.559 294.21£0.94 | 100.3 0.32
7.5 414.93£3.03 100.59 0.73 413.60+£3.22 | 100.2 0.78
10 537.16+0.13 101.01 0.024 536.07+£5.73 | 100.8 1.07
Table No.8: Teneligliptin intra-day and inter-day precise results and statistical data
Conc.
Drug (ng/ml) Intraday Precision Inter-day Precision
% Amt. % Amt. |% RSD
TENELI Mean=SD [Found %RSD  [Mean+ SD Found
647.11+ 0.17 649.89+ 100.14
10 1.12 99.63 1.93 0.30
932.66+ 931.36+
15 2.15 101.35 0.23 1.74 101.19 0.19
1212.74 0.11 1212.09 101.64
20 +1.39 101.70 +0.71 0.06

3.7.4 Repeatability

To evaluate the repeatability of the established RP-
HPLC technology, duplicate injections were tested
at concentrations of 10 pg/mL for Dapagliflozin and
20 pg/mL for Teneligliptin. The mean peak area for
the first group was 535.61 £ 0.66 and for the second
group was 1214.71 + 0.75.
The RSD % values for Dapagliflozin and

Teneligliptin were 0.02% and 0.06%, respectively,
which shows that the approach is quite precise, as
shown in table 3132. However, due to its high
specificity and precision the %found values for
Dapagliflozin ~ varied  100.5-100.7%  while
Teneligliptin was the same as will be confirmed by
% amount (101.88-101.90%) from single run of the
method validating reliability & repeatability of the
method respectively

Table No.9: Repeatability Data of Dapagliflozin and Teneligliptin by RP-HPLC Method
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Analyte Conc. Mean Peak | %RSD | % Amount
(pg/mL) Area = SD Found
Dapagliflozin | 10 535.61+£0.66 | 0.02 100.5-100.7
whereas the
3.7.5 LOD and | Teneligliptin | 20 121471 £ 0.06 101.88— values  observed
LOQ 0.75 101.90 for TENELI were
To assess the 0.076 pg/ml and
method 0.232 pg/ml .
sensitivity, the
limit of detection (LOD) and limit of quantification
(LOQ) were calculated. LOD and LOQ were
determined to be 0.060 pg/ml and 0.183 pg/ml
respectively for DAPA,
Table No. 9: Calibration and sensitivity data of Dapagliflozin and Teneligliptin.
Parameter Dapagliflozin Teneligliptin
Linearity(pg/ml) 2.5-12.5 5-25
Slope(m) 47.78 54.51
Intercept(1) 54.47 104.0
Correlation coefficient(R?) 0.999 0.999
LOD(pg/ml) 0.060 0.076
LOQ(pg/ml) 0.183 0.232

3.3 x Standard deviation of the response (o)

slope of the calibration curve

10 x Standard deviation of the respons(o)

L00 =

slope of the calibration curve

3.7.6 Robustness

Range of Parameters Analyzed %RSD (DAPA)
%RSD (TENELI)
The flow rate is between 0.6 and 0.8 mL/min, while
the other numbers are 0.25-0.40 and 0.10-0.13.
Mobile Phase (MeOH): 31.8-33.8%, 0.12-0.13%,
0.19-1.11%, 239-241 nm, and 0.24-040 ,0.56
wavelength.

To test how strong the RP-HPLC procedure was,
tiny changes were made on purpose to the
chromatographic settings, such as the flow rate (0.6—

0.8 mL/min), the composition of the mobile phase
(31.8-33.8% MeOH), and the detection wavelength
(239-241 nm).

The %RSD numbers for Dapagliflozin and
Teneligliptin for Flow Rate Variation, Mobile phase
variation and Wavelength variation were in the
ranges of 0.25-0.40%, 0.10-0.13%; 0.12—0.13%,
0.19-1.11% and 0.24-040 ,0.56 and associated with
Teneligliptin were found to be at as mentioned
variations respectively [Table4]. The results are all
under the acceptable limits (<2%) proving.

Table No. 10 : Result of Robustness Study Dapagliflozin and Teneligliptin

Parameter Range Studied %RSD (DAPA) %RSD (TENELI)
Flow rate 0.6—0.8 mL/min 0.25-0.40 0.10-0.13

Mobile phase (MeOH) 31.8-33.8% 0.12-0.13 0.19-1.11
Wavelength 239-241 nm 0.24-0.40 0.56

Analysis of marketed formulation (assay)

Zita-D tablet was determined by the proposed
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method. The outcomes (Table 32) were in good

agreement with label claim.

Table No. 11: Dapagliflozin and Teneligliptin content in Zita-D tablet

Label % Label
Assay Drug claimed Amount claim SD %RSD
found
RP-HPLC DAPA 10 9.9575 99.58 1.351 0.254
Method
DAPA 10 9.997 98.97
TENELI 20 20.094 100.4 0.863 0.072
TENELI 20 20.072 100.3
CONCLUSION: and Al techniques were not utilized to change the
Analytical Techniques; Dapagliflozin; pictures.

TeneligliptinThere are a few analytical techniques
described in the literatures for determination of
dapagliflozin and teneligliptin, mostly based on UV,
spectrofluorometric and HPLC. The goal of this
study was to provide a better, simpler, more
accurate, and cheaper RP-HPLC technique for
finding dapagliflozin and teneligliptin in biological
materials.

It is usually good for regular analytical use to be able
to quickly analyze a large number of samples with a
high level of accuracy and precision. The main goal
of the project is to create a dependable, accurate, and
exact QbD-based bioanalytical technique for
measuring dapagliflozin and teneligliptin in human
plasma. Both approaches accurately identify each
component in a combination formulation, and they
do not interfere with each other.
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