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Abstract

Medical quality control produces enormous amounts of dangerous organic waste, which has a critical ecological
impact. It was found that mixed-micellar LC was adequate for this purpose. In this study, we developed and
validated a simple, accurate, and robust HPLC method for simultaneously determining Metformin hydrochloride
(MET) and Dapagliflozin (DAP) in tablet dosage form and human plasma. The components were separated at 30
°C on AGILENT and C18 (150 mm and 4.6 mm). The mobile phase (Mph) was consisting of 2% glacial acetic
acid: acetonitrile (85:15, v/v) at 1.0 mL/min flow rate. MET and DAP had retention times of 1.071 and 1.979
minutes, respectively, during the 5-minutes run. DAP and MET showed linear responses over the 1-1000 ng/mL
concentration ranges for drug assays and 50-2000 ng/mL for plasma assays. A MET LOD of 0.13 ng/mL and a
DAP LOD of 0.18 ng/mL are reported for drug assay, whereas for plasma assay, MET LOD is 0.74 ng/mL and that
of DAPA is 0.28 ng/mL. Several validation parameters are calculated by the International Conference on
Harmonization Guidelines (ICH), including linearity, precision, accuracy, and specificity. An eco-friendly RP-
HPLC method has been constructed to develop a simple, comparatively economical, and fulfilling the aims of green
analytical chemistry (GAC). According to the analysis, MET and DAP could be measured simultaneously in tablet
dosage form and human plasma using the proposed method.
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1. Introduction
One of the chronic illnesses that has affected the

Transporter 2 (SLGT2) inhibitor used to manage
Diabetes Mellitus type 2. The drug blocks glucose

world the most recently is diabetes. Diabetes has major
complications that result in unavoidable human deaths
all over the world [1]. Diabetes is a fatal inherited
metabolic condition causing hyperglycemia, leading
to  microvascular  complications like retinal
impairment, renal retrogradation, neurological
illnesses, and frequent macrovascular problems like
myocardial infarction and stroke [2]. There are three
types of diabetes, with type-1 diabetes affecting
primarily youngsters and marked by the full absence
of insulin due to the destruction of the pancreatic cells
that produce it [3]. Type 2 diabetes, characterized by
insulin resistance, is the most common one, with
gestational diabetes diagnosed during pregnancy, and
the prevalence of diabetes has increased significantly
in recent years [3]. DAP is a Sodium Glucose Co-

transport selectively by SGLT2 over SGLT1 in adults,
improving glycemic control. In the treatment of non-
insulin-dependent diabetes mellitus (NIDDM), MET
is a biguanide antihyperglycemic agent (Figure 1). As
a result of its reduced hepatic glucose production,
absorption, and insulin-mediated glucose uptake, it
improves glycemic control in obese NIDDM patients
and may induce weight loss; when taken alone,
metformin does not cause hypoglycemia, but may
enhance insulin and sulfonylurea effects. In addition to
treating polycystic ovary syndrome and other insulin-
resistant diseases, it is also used to treat obesity.
Diabetes mellitus type 2 (T2DM) is treated with DAP
and metformin in combination. Combining DAP and
MET may be a promising treatment option for patients
with T2DM due to its unique mechanism of action and
favorable safety profile [4, 5].
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Fig. 1 (a) MET and (b) DAP structures.

A literature survey reveals that different techniques
have been utilized for the determination of MET and
DAP individually and in combination form.
Spectrophotometric [5-8], electrochemical [9], and
HPTLC [10]. Several HPLC methods have been
applied for the determination of MET or DAP
individually and simultaneously [11-23] for both in
combination. The collection of the applied techniques
for their analysis has been reviewed [24-31]. The
efficacy and safety of the treatment with dapagliflozin
and metformin compared to metformin monotherapy
was tested [32-35]. The pharmacokinetic variables of
their combination were assessed [36]. In the present
study, an eco-friendly RP-HPLC method has been
constructed to develop a simple, rapid, accurate,
precise, comparatively economical, and fulfilling the
aims of green analytical chemistry (GAC) to develop
new analytical methodologies to lower dangerous
chemicals as well as chemical waste while enabling
faster and more energy-effective chemical analysis.
The developed method was validated by using various
statistical parameters according to United States
Pharmacopeia [37,38], Encyclopedia Britannica [39],
and the International Conference on Harmonization
Guidelines (ICH) [40].

Existing methods for analyzing MET and DAP,
particularly when their degradation products are
involved, reveal a significant gap concerning analyst
safety and environmental conservation. Despite an
extensive literature review, an effective solution still
needs to be identified. To align with the principles of
green chemistry, a novel HPLC method has been
developed that stands out for its innovation, efficiency,
and eco-friendliness. This state-of-the-art technique
enables the rapid and precise measurement of MET
and DAP concentrations. It has been rigorously
evaluated across various degradation conditions,
including acidic, basic, oxidative, photolytic, and
thermal processes, confirming the HPLC method's
stability for these drugs. Our detailed examination
demonstrates that this new approach is considerably
more sustainable than previously established methods
as displayed in Table S1. We have delivered quicker
and more dependable results by utilizing a shorter
column of only 150 mm and reducing the analysis time
to merely 5 minutes. It is with assurance that we
present this novel HPLC method as a promising
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resolution to the existing challenges in analyzing MET
and DAP drugs.

2. Materials and Methods

2.1. Materials

2.1.1. Chemicals

(MET and DAP reference standards were Kindly
supplied by EVA pharm. The tablets
(DIAFLOZIMET®,10/500) DAP 10 mg & MET HCI
500 mg of EVA pharm were purchased from a local
pharmacy. Glacial acetic acid (GAA), water (DW),
and acetonitrile (ACN) of HPLC grade (Honeywell
Co, Germany).

2.1.2. Instruments

The system consists of an Agilent quaternary pump, a
diode array detector, and an autosampler injector, as
shown in Table S2.

2.2. Methods and General Procedure

2.2.1. Preparation of Stock and Working Standard
Solutions

To prepare stock solutions, 10 mg of each compound
was dissolved in 10 mL of DW to obtain a 1 mg/mL
concentration. These stock solutions were stable at
5°C for several weeks [17]. The intermediate solution
(IM) is prepared by taking 1 mL of the stock solution
up to 100 mL of the mobile phase (10 pg/mL).
Transfer 1, 2, 10, 20, 100, 200, and 1000 pL from the
intermediate solution into 10 mL volumetric flasks to
gain the working concentrations (1-1000 ng/mL). The
IM solution for plasma assay is prepared by taking 20
ML of the stock solution up to 2 mL of the blank human
plasma (10 pg/mL). Transfer 10, 20, 40, 100, 200, and
400 pL from the intermediate solution into 2 mL
volumetric flasks to gain the working concentrations
(50-2000 ng/mL) in blank plasma, then extracted as
mentioned below [37].

2.2.2. Analysis of marketed formulations

The pharmaceutical product was prepared by
dissolving an accurate amount of drug in DW to obtain
a solution at a concentration of (1 mg/mL MET & 50
mg/mL DAP). Variable dilutions in the mobile phase
to obtain 20 ng/mL MET& 1000 ng/mL DAP.

2.2.3. Plasma assay

The spiked blank human plasma with standards was
set at room temperature after fortification for 10
minutes before solid phase extraction (SPE). At first,
SPE cartridges were activated by ImL ACN, then 1mL
of DW slowly (~ 1 drop/ 10 seconds), then 0.5 mL of
plasma (pass by gravity without pump pressure),
passed air via the cartridges until dryness. Elution
takes place with 2 mL ACN slowly under gravity. The
obtained eluate was evaporated under a nitrogen
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stream at 40°C. Dissolve the dried eluate in 0.5 mL of
MPh solution, then filtrate across 0.45 um before
injection into the HPLC system. The plasma
concentration of MET & DAP was pointed briefly, as
viewed in Figure S1.

2.2.4. Method validation study
The optimized chromatographic conditions were
validated according to USP 27- NF 22 (2004) and ICH
(2015) by evaluating linearity, precision, accuracy,
limits of detection (LOD) and quantification (LOQ),
robustness, and system suitability testing.
Linearity: Standard working solutions were diluted in
the range of (1-1000 ng/mL) for drug assay and in the
range of (50-2000 ng/mL) in plasma assay and
injected triplicates into the LC system to plot a
calibration curve for the determination of linearity.
The slope, intercept, and coefficient of correlation (R)
of the plot were determined via linear regression
equation (RE).
Specificity: The level of standard and sample were
prepared as per the test method at a concentration of
20 ng/mL MET& 1000 ng/mL DAP for drug assay and
100 ng/mL MET & DAP for plasma assay and then
injected into the chromatographic system. The
chromatograms were recorded and compared.
Forced Degradation Study:
Five types of degradations have been applied to stock
solutions in this study:
1) Light degradation: exposure to a UV lamp for 120
min.
2) Heat degradation: exposure to 85°C for 120 min.
3) Basic hydrolysis: addition of equal volume to the
stock solution of 1 N of NaOH. Then placed at room
temperature for 120 min., the base hydrolyzed samples
were neutralized.
4) Acid hydrolysis: addition of equal volume to the
stock solution of 1 N of HCI for acid hydrolysis. Then
placed at room temperature for 120 min., the acid
hydrolyzed samples were then neutralized.
5) Oxidation: addition of equal volume to the stock
solution of 30% of H,O; for oxidation. Then placed at
room temperature for 120 min.

After degradation, complete the volume with the
mobile phase.

The degradation %= (area of QC sample- area after
degradation) x 100.
Precision: The precision was estimated at the method
repeatability by calculating the relative standard
deviation (RSD) for 6 determinations made under the
same experimental conditions and on the same day
(intra-day precision) and made at 6 different days
(inter-day precision).
Accuracy and recovery: it was tested at three different
levels that were 50, 100 and 200%. It was determined
by the standard addition method in drug assay and by
fortification and spiking method in plasma assay.
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Accuracy was expressed in terms of percentage
recoveries.

Determination of the LOD & LOQ: the determination
based on the intercept standard deviation (S) of a linear
plot and slope (b). {LOD=3.3*S/ b; LOQ=10*S/b}.
Robustness: this study was performed to evaluate the
impact of minor alteration in the chromatographic
conditions as the column temperature £ 2 °C (28 and
32°C), UV detector £ 2 nm (228 and 232 nm) and
change in mobile phase composition by + 20%. After
each alteration, the sample solution was injected and
the % RSD was checked.

System Suitability testing (SST): carrying out SST on
a freshly prepared QC of the MET and DAP to dissect
the various optimized parameters. The theoretical
plate count, symmetry, and tailing factor were
determined for 6 replicates.

3. Results and discussion
3.1. Method development and optimization

To create a new RP-HPLC method, DAP and
MET were separated and quantified in medicinal
tablets and plasma using various mobile phase
compositions. Preliminary experiments were carried
out to choose the most suitable and ideal settings to
build an efficient procedure for the analysis of the
medications. The detection wavelength, column
temperature, and mobile phase composition were
adjusted to optimize separation and precision, with 2%
GAA: ACN in (85: 15 v/v) at 1.0 mL/min. MET and
DAP retention times were measured with UV
detection at 230 nm and were found to be 1.069 and
1.979 minutes, respectively. Figures 2 and 3 show
typical chromatograms of MET and DAP. ICH
guidelines were followed to validate the optimized
method.

Fig. 2 Chrgmatogram of MET and DAPA at a conc. of 100 bpb in
MPh solution.

et

20

v

Fig. 3 Chromatogram of MET ;nd DAPA at a conc. of 100 ppb in
blank human plasma.
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3.2. Method validation

It has been validated that the recommended analytical
method for simultaneous estimation of MET and DAP
in pharmaceutical formulations is suitable, precise,
linear, accurate, and workable for a variety of working
ranges.

3.2.1. Linearity and range

The linearity of peak area responses (Y) versus
concentrations (X) was demonstrated by linear
regression analysis. It was found to be linear in the
range of 1-1000 pg/mL, as shown in Table 1 and
Figures S2 and S3, and in the range of 50-2000 pg/mL
in blank human plasma, as shown in Table 2 and
Figures S4 and S5.

Table 1. The concentrations of MET and DAP
(png/mL) in Mph solution and their corresponding area
under peak (AUP) using HPLC.

200 795.22

500 1938.20

1000 3968.80

2000 7912.00

RT conc.
Compound . AUP RE | R
P (min) | (ppb)
1 2816 | <
2 5500 | o
K
10 26.467 | X
w
MET 1071 | 20 54579 | © | 0.99996
100 | 28877
200 | 5521
1000 | 2887.8
1 3021 | %
R
2 7600 | R
X
10 36872 | &
w
DAP 1979 | 20 75.9 0.99998
100 | 4016
200 | 7982
1000 | 41209

Table 2. The concentrations of MET and DAP
(pg/mL) in blank plasma and their corresponding area
under peak (AUP) using HPLC.

RT Conc.
Compound . AUP RE | R
P (min) | (ppb)
50 14060 | <
!I\I)
100 | 28577 | @
200 | 57210 | X
©
MET 1069 o0 | 138910 0.99996
1000 | 2887.80
2000 | 5701.60
50 19581 [y 1
DAP 1.979 b & | 0.99998
100 | 39961 | N

3.2.2. Selectivity

The chromatograms were recorded and compared to
determine whether there was no interference from
excipients or the mobile phase. It is indicated in
Figures 4-6 in the drug assay. The chromatograms
were recorded and compared to blank reagents and
blank plasma for the plasma assay, so there was no
plasma or chemical reagent interference, as indicated
in Figures 7 and 8.

Fig.5 Cthomatogram of MET and DAP pufe star;dard at a
concentration of 20 &1000 ng/mL, respectively.

L)

|

Egypt. J. Chem. 67, No. 10 (2024)

Fig. 6 Ch}omatogram of MET and DAP in tablet at a concentration
of 20 & 1000 ng/mL, respectively.
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Fig. 7 Chromatogram of MET and DAP standard in blank plasma at
a concentration of 100 ng/mL, respectively.
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Fig. 8 Chromatogram of blank plasma

3.2.3. Forced Degradation

The International Conference on Harmonization
(ICH) guideline entitled stability testing of drug
substances that stress testing be carried out to
elucidate the inherent stability characteristics of the
active substance. The findings of forced degradation
are displayed in Table 3 and the graphs are depicted in
Figure 9.

(@)
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Fig. 9 Chromatograms of MET and DPA after exposure to (a)

light, (b) heat, (c) acid, (d) base, and (e) oxidation.
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Table 3. Degradation studies results for 120 min.

. Degradation%
Items Condition
MET DAP
Standard | 0 | = | e
Photo uv 0.4 2.8
Thermal 85°C 14 3.6
Acid
(HCl) IN 11 23
Alkaline
(NaOH) IN 6 14
Peroxide
30% 8 15
(H202) °

3.2.4. Precision

The intra- and inter-day precisions of drug assay were
summarized in Tables 3-6 showing that RSD% is 0.59
& 1.3 %; respectively for drug assay and 0.49 & 1.2
%; respectively for plasma assay, these results agreed
with the acceptance criteria set by ICH, 2005 (<1% for
intraday precision and <2% for Interday precision).

Table 4. Intraday and Interday precision data for
estimation MET.

SD

1.648

4.951

RSD%

0.411

1.242

Table 6. Intraday and Interday precision data for
estimation MET in plasma.

Ser. | Conc. Peaks areas on the same| Peaks areas in six

No. (ng/mL) day days

1 284.9183 284.9183

2 284.1 280.5

3 285 288.5
100

4 282.5 285.2

5 285.4 280.6

6 282.05 280.1

Mean 283.995 283.303

Sb 1.405 3.425

RSD% 0.495 1.209

Table 7. Intraday and Interday precision data for

estimation of dapagliflozin in plasma.

Ser. | Conc. Peaks areas on the same| Peaks areas in six

No. (ng/mL) day days

1 399.6112 399.6112

2 399 395.3

3 398.2 395.5
100

4 397.6 390.8

5 398.2 3915

6 397.6 397.8

Mean 398.3685 395.085

SD 0.797614 3.443

RSD% 0.20022 0.872

3.2.5. Accuracy

Accuracy was expressed in terms of percentage

Ser. | Conc. Peaks areas on the same| Peaks areas in six

No. | (ng/mL) day days

1 288.77 288.77

2 292.4 285.3

3 288.5 289.2
100

4 285.2 288

5 282 285.4

6 290.5 288

Mean 287.445 287.895

SD 1.687291 3.748

RSD% 0.586996 1.302

Table 5. Intraday and Interday precision data for
estimation of DAP.

Ser. | Conc. Peaks areas in the same | Peaks areas in six
No. (ng/mL) day days
1 401.6 401.6
2 400 401.5
3 401 395.5
100
4 397.6 396
5 402.1 405.8
6 401.5 3925
Mean 400.633 398.817
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recoveries of MET and DAP from the real samples as
shown in Tables 7 and 8, and from the blank human
plasma as shown in Tables S3 and S4. The found
recovery from tablets was ranged (99.4-100.9 %) for
MET and (100.9-101.7 %) for DAP, but the recovery
from blank plasma was ranged (99.88-99.99 %) for
MET and (100-100.1 %) for DAP. These results were
within the acceptable range as the accuracy for drug
assay was 98-102 % and for plasma assay was 85-
110 %, therefore the present novel method is of high
recovery and accuracy.
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Table 8. The percentage recovery of MET standard
addition.

Level | Foun
Cone gonc Mean | sp RSD Recove | Accura
ﬁg/m ng/m. % ry % &y
L L
49.3 98.6
0.3 994 +
50 49.71 | 49.68 7 0.74 | 99.42 074
50.04 100.08
99.1 99.1
0.6 99.7 £
100 100.4 | 99.7 6 0.66 100.4 0.66
99.6 99.6
200.8 100.4
o00 | 2018 301-8 }1-1 056 | 100.9 30507-9“—’
2030 101.535

Table 9. The percentage recovery of DAP standard
addition

Level | Foun
Conc | d
. conc. | mMean | sD $SD Reg/ove cAccura
ng/m | ng/m 0 e Y
L L
51.1 102.2
0.7 101.7 +
50 50.5 51.2 5 1.47 101 06
51 102
100.5 100.5
100 102 100.8 | 1.0 0993 | 102 100.9 £
7 0 1
100.1 100.1
203.4 101.7
2026 | 2.8 101.3+
200 205.1 7 7 1.42 102.55 14
199.5 99.75

3.2.6. Determination of the LOD & LOQ.

In the drug assay, LOD for MET was 0.13 ng/mL and
for DAP was 0.18 ng/mL. LOQ for MET was 0.39
ng/mL and for DAPA was 0.55 ng/mL, but for plasma
assay, LOD for MET was 0.74 ng/mL and for DAP
was 0.28 ng/mL. LOQ values for MET and DAP were
2.23 ng/mL and 0.83 ng/mL, respectively.

3.2.7. Robustness

After each alteration, the sample solution was injected
and % RSD was checked and tabulated as shown in
Tables S5 and S6, and those of plasma assay were
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