
A J CSIAN OURNAL OF HEMISTRYA J CSIAN OURNAL OF HEMISTRY
https://doi.org/10.14233/ajchem.2020.22915

INTRODUCTION

Repaglinide (REPA) refers to the anti-diabetic family of
meglitinides used to control type 2 diabetes [1]. Metformin
hydrochloride (MET) is an anti-diabetic medication belonging
to the class of biguanide [2]. Metformin hydrochloride shows its
anti-diabetic action mainly by reducing the development of
hepatic glucose. Meglitinides demonstrate their hypoglycemic
influence by inhibiting ATP-sensitive potassium channels in the
membrane of the pancreatic β-cells by inducing first-phase insulin
secretion. This move is followed by a cascade of events which
eventually stimulates the release of insulin from these cells decrea-
sing the circulation of blood glucose [3]. Metformin hydrochloride
is co-administered as a combined dosage form with the present
drugs; subsequently, it has a different method of action to non-
sulfonylurea insulin secretagogues (repaglinide, mitiglinide
calcium and nateglinide), which gives a combination product
more benefit than a single-component dosage form. Subsequently,
the drugs cited by meglitinides are co-administered with metformin
hydrochloride; the development of a technique for their simulta-
neous purpose with metformin hydrochloride was significant.
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The metformin hydrochloride literature analysis was
performed using HPLC-UV methods and alone with the column
Nova-Pak silica [4], or simultaneously separation was accom-
plished using isocratic mode on an Alltima CN column [5].
HPLC-MS/MS approach for quantifying SGLT2 antagonists
and metformin hydrochloride in plasma simultaneous and
applying it to a pharmacokinetic test in fit volunteers [6].
However, the present work deals with multiple mixtures and is
presenting a particular viewpoint for LC determination. As
for the class of meglitinides, a few methods for their deter-
mination have been published. Metformin hydrochloride was
calculated through means of spectrophotometry [7-9], HPLC
[10-13] and HPTLC [14,15]. An LC method [16,17] for the
simultaneous determination of repaglinide, HPTLC [18] and
spectrophotometric [19,20] techniques are also reported. A
variety of HPLC methods evaluating this were described
for repaglinide combination with metformin hydrochloride
[21-23] and even in multi-component mixtures [24,25]. The
authors intend to establish appropriate HPLC methods for an
immense range of medicinal products and at the similar time,
appropriate for the study of counterfeits. Spectrophotometric
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methods for calculating repaglinide have also been published
and metformin hydrochloride binary mix [26] and HPTLC
[27,28]. Most of the methods recorded for determination of
repaglinide and metformin hydrochloride included plasma
assay [29,30].

The present research has been effective in discussing and
overcoming several problems in the assay of bulk drugs and
dose forms. For instance, separation of repaglinide and metformin
hydrochloride was accomplished in a short time, isocratic chrom-
atographic sprint 6 min. Besides, under chromatographic condi-
tions, aim and method development and validation of the
method simple, precise, accurate and economic characteristics
would be well illustrated further.

EXPERIMENTAL

Materials, reagents and pharmaceutical products:
Repaglinide (certified to contain 99.44%) and metformin hydro-
chloride (certified to contain 99.10%) purchased from Clearsynth
Labs Ltd. (Mumbai, India). EUREPA MF 2 (repaglinide 2 mg
and metformin 500 mg tablets, Torrent Pharmaceuticals Ltd.)
(India) attained from a local pharmacy. Analytical reagent grade
orthophosphoric acid and potassium dihydrogen orthopho-
sphate obtained from Finar Limited (Ahmedabad, India).
HPLC grade acetonitrile and Water procured from S.D. Fine-
chem Ltd. (India).

The UHPLC system used for the method development and
validation consisted of Agilent, (CA, USA) equipped with a
quaternary pump G4204A, Agilent DAD G4212A (Diode array
detector), Agilent thermostat column compartment TCC
G1316C and Agilent autosampler G4226A fitted with an Agilent
thermostat G1330B, were used. Data acquisition, recording
and chromatographic integration performed OpenLAB CDS
Chem station (version A.01.05). All chromatographic evaluation
and isolation conducted on the Agilent Zorbax Eclipse Plus
C18 (150 × 4.6 mm, 5 µm) at 232 nm and the temperature
held at 30 ºC. Phosphate buffer (4 g), pH 3.7 and acetonitrile
at ratio (20:80, v/v), use as a mobile phase, a flow rate of 1
mL/min in isocratic mode and an injection volume of 5 µL for
all.

Preparation of buffer solution: Buffer solution the
concluding is collected of 4.0 g KH2PO4 in 1000 mL HPLC
water, pH adjusted to 3.7 by orthophosphoric acid. Buffer
solution filtered through (0.45 µ nylon membrane filter) and
degassed for 20 min in a sonicator.

Preparation of standard stock solutions: Accurately
weighed 50 mg of repaglinide and metformin hydrochloride
were separately transferred into 100 mL volumetric flasks and
dissolved in 70 mL of the mobile phase mixture sonicated for
20 min. The final volume made up of the mark with the mobile
phase mixture.

Preparation of working solution: Accurately calculated
1 mL aliquots from standard stock solutions were moved to
volumetric flasks of 10 mL and finally completed to volume,
utilizing REPA and MET as standard working solutions (50
mg/mL).

EUREPA MF 2 tablets, preparation: Twenty tablets
EUREPA MF 2, claimed to contain 2 mg REPA and 500 mg

MET were weighed precisely and then powder using a mortar
pestle and fine particle size. The exact weight of this powder
equivalent to the one tablet content was considered, transferred
to a volumetric flask of 20 mL, added 10 mL of the mobile
phase, sonicated for about 40 min and then completed with
the same mobile phase to the volume. This solution (10 mL)
was transferred to 20 mL volumetric flasks made up to the
mobile phase mark and an additional 0.4 mL aliquot from
Flask was transferred to 100 mL volumetric flasks. The mobile
phase was added to the mark and filtered (Hydrophilic PVDF
0.22 µm) to produce a final concentration of 50 µg/mL repag-
linide and 50 µg/mL metformin hydrochloride, respectively.

Method development and optimization: Method deve-
lopment and optimization certain mobile phases and columns
initially checked to have all eluents on the same chromatogram
due to the significant difference in chemical and physical prop-
erties of repaglinide and metformin hydrochloride. Based on
the specificity, selectivity and correct chromatographic para-
meters of the formed peaks calculated in terms of peak sym-
metry, peak sharpness, resolution and tailing factor between
the two peaks, column suitability and the used as a mobile
phase in the improved method. We used the solvent as a mobile
phase for all samples to confirm the minimum noise and
eliminate any inappropriate solvent peaks.

Columns applied in our initial trials: Efforts were made
by using four kinds of UHPLC columns Zorbax Eclipse Plus
C18 (50 × 4.6 mm, 1.8 µm), Inertsil ODS-2 (150 × 4.6 mm,
5 µm), Zorbax Eclipse Plus C18 (150 × 4.6 mm, 5 µm), Pheno-
menex Synergi C18 (150 mm × 4.6 mm × 4 µm) for the improved
method.

Types of buffers and different mobile phase evaluated
using: Various concentrations of phosphate buffer with (20,
30, 40, 50 and 60 mM) then used to increase the polarity of
the mobile phase resulting in a narrowed peak.

Several mixture solutions with various pH levels (2.5, 3.0,
3.5, 4.0, 4.5, 5.0, 5.5 and 6.0) were used to analyze the retention
time and resolution of repaglinide and metformin hydrochloride
under which the other chromatographic parameters were kept
unchanged. A 30 mM and 3.7 pH phosphate buffer for the
optimized method.

Selection of UV wavelength: Repaglinide has a λmax at
241 nm and metformin hydrochloride has λmax at 234 nm. The
acceptable response obtained when both drugs were detected
at 241 nm either independently or in combination.

Method validation: The standardized procedure for the
simultaneous assessment of repaglinide and metformin hydro-
chloride was tested in accordance with the International
Conference on Harmonization (ICH) Guidelines Q2 (R1) [32,
32] for the evaluation of limit of detection (LOD), limit of
quantitation (LOQ), system suitability, precision, accuracy,
specificity, robustness and ruggedness.

System suitability: Six replicates injections also deter-
mined the system’s suitability repaglinide and metformin
hydrochloride (50 µg/mL). The method developed was found
suitable for use as tailing factor, repeatability, number of theor-
etical plates repaglinide and metformin hydrochloride resolution
was within limits.
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Precision, repeatability (intra-day precision) and inter-
mediate precision (inter-day precision): The precision of
the system and the method were tested by injecting six separate
combinations of repaglinide and metformin hydrochloride
samples (50 µg/mL) on the same day beneath the same
operating conditions. Intermediate or inter-day precision was
analyzed by evaluating the effects on three different days of
six independent determinations.

Linearity and range: The standard repaglinide and
metformin hydrochloride stock solution are diluted within the
concentration range of (20-100 µg/mL). Triplicates of this
concentration range were prepared and plotted on a calibration
curve for repaglinide and metformin hydrochloride. This concen-
tration range had been developed and plotted on a calibration
curve for repaglinide and metformin hydrochloride. To ensure
the linearity of the analytical method, the slope, intercept and
correlation coefficient of the calibration curves (peak area versus
concentration) was defined.

Accuracy study and recovery: The accuracy of the sug-
gested method was verified by the placebo spiking process,
which was achieved separately by spiking placebo with repag-
linide and metformin hydrochloride at three different levels,
80%, 100% and 120%. Triplicate assessments of these three
levels to determine the mean and % RSD were reported.

Method sensitivity, LOD and LOQ: LOD and LOQ for
repaglinide and metformin hydrochloride were determined
based on the linear regression equation:

Standard deviation (of response)
LOD 3.3

Slope of calibration curve
= ×

Standard deviation (of response)
LOQ 10

Slope of calibration curve
= ×

Robustness and ruggedness: Intentional minute changes
were made in the chromatographic conditions such as wave-
length, flow rate, temperature and pH of the buffer. Such diffe-
rences were also tested for resolution between peaks of repag-
linide and metformin hydrochloride, retention time, number
of theoretical plates, asymmetric factor and % RSD.

Forced degradation study

Acid degradation: Forced degradation of repaglinide and
metformin hydrochloride (50 µg/mL) by acid hydrolysis using
1 M HCl maintained for 2 h at 60 ºC. The sample was applied
to the target after the stress was neutralized with NaOH and
diluted with the mobile phase and filtered (Hydrophilic PVDF
0.22 µm) before the study.

Base degradation: Forced degradation of repaglinide and
metformin hydrochloride (50 µg/mL) by base hydrolysis using
1 M NaOH maintained for 2 h at 60 ºC. The sample was applied
to the target after the stress was neutralized with hydrochloric
acid and diluted with the mobile phase and filtered (Hydrophilic
PVDF 0.22 µm) before the study.

Hydrogen peroxide (neutral) degradation: Forced degra-
dation of repaglinide and metformin hydrochloride (50 µg/
mL) was observed under the impact of (3%) H2O2 maintained
for 2 h at 60 ºC. The stressed sample was diluted with mobile

phase and filtered (Hydrophilic PVDF 0.22 µm) before the
study.

Thermolysis degradation: The effect of rising tempe-
rature on REPA and MET (50 µg/mL) was observed by heating
the sample in refluxing apparatus at 60 °C for 48 h. The stressed
sample was diluted with mobile phase and filtered (Hydrophilic
PVDF 0.22 µm) before the study.

Photolytic degradation: The effect of UV light on the
REPA and MET (50 µg/mL) stability was analyzed by 48 h
illumination of the sample in UV light at 365 nm. The stressed
sample was diluted with mobile phase and filtered (Hydrophilic
PVDF 0.22 µm) before the study.

RESULTS AND DISCUSSION

Method development and optimization: Our goal in the
present research was to establish a quick, inexpensive, selective
and responsive system for the simultaneous determination of
the antidiabetic class of meglitinides with repaglinide and
metformin hydrochloride. Developing a sufficiently precise
analytical method for discriminating against repaglinide and
metformin hydrochloride has been highly challenging. Simple,
HPLC with DAD detection was used to do this. Preliminary
tests on C18 column at ambient temperature achieved separation
between repaglinide and metformin hydrochloride Neverthe-
less, further optimization of chromatographic conditions was
required to achieve separation of the two target products from
the meglitinides along with demonstration of appropriate peak
shape, selectivity, sensitivity and fulfillment of all other system
suitability parameters. A study was performed to explain the
impact of each parameter on component separation and sufficient
elution to achieve the optimum conditions needed for the separ-
ation of target products; a buffer component of 30 mM potassium
dihydrogen orthophosphate was measured at various pH values
(2.5, 3.0, 3.5, 4.0 and 5.0); acetonitrile was observed at varies
concentrations (20:80, 40:60, 60:40 and 80:20) and at different
flow rates (0.8, 0.9, 1 and 1.2) were assessed.

Through referring to the selection step in the test, the opti-
mum separation was obtained using a 30 °C and C18 column
using a mobile phase consisting of 20% 30 mM potassium
dihydrogen orthophosphate (pH adjusted by orthophosphoric
acid to 3.7): 80% acetonitrile which flows at a rate of 1.0 mL/
min. In a run time of 6 min, eluted peaks were observed at
232 nm. Deficiency of separation between repaglinide and
metformin hydrochloride did not pose an incorrect outcome
or undesirable matter as the two components fit the similar
class of antidiabetics, which stops any option of uniting them
in a single dosage type. Hence, their coordinated separation is
not necessary. For repaglinide and metformin hydrochloride,
respectively, retention periods (min) obtained under acceptable
chromatographic conditions were 3.72 and 1.33 (Fig. 1). The
requirements of the method, therefore, specified earlier under
chromatographic conditions, are considered suitable to separate
in the presence of the two oral antidiabetic drugs.

System suitability: The results obtained from six repli-
cation injections suggested that the parameters evaluated were
within the appropriate range. Repaglinide and metformin hydro-
chloride were maintained consistently and well separated at
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Fig. 1. UHPLC chromatogram of repaglinide and metformin hydrochloride.
Chromatographic conditions: Zorbax Eclipse Plus C-18 (150 mm
× 4.6 mm i.d., particle size 5 µm); mobile phase phosphate buffer
(30 mM potassium dihydrogen phosphate, pH adjusted to 3.7 ± 0.02
with orthophosphoric acid) and acetonitrile (20:80 v/v); flow rate
of 1.0 mL/min; and DAD detection at 232 nm

3.7 min and 1.3 min respectively, demonstrating excellent
resolution of both peaks with an % RSD of the reported retention
periods < 0.3 to suggest stable repeatability of replicate
injections on the integrated UHPLC system used, the tailing
factor for both repaglinide and metformin hydrochloride peaks
never reached 1.0 in both peaks suggesting good peak symmetry
(acceptance limit is < 2). The number of theoretical plates in all
chromatographic runs was always > 2000 to ensure good column
efficacy during the separation cycle established. Results are
displayed in Table-1.

TABLE-1 
SYSTEM SUITABILITY RESULTS FOR REPA AND MET 

Parameters REPA MET 
Peak area (A) mAs 433.30 ± 0.96 1565.50 ± 3.01 
Relative standard deviation (RSD) 0.22% 0.19% 
Retention time (tR) 3.72 1.33 
Theoretical plates (N) 6949 3921 
Symmetry factor (AS) 0.99 0.98 
Resolution 10.61 – 
Retention factor K' 6.46 1.66 

 
Precision: The peak areas obtained after injecting six

individual combined samples of repaglinide and metformin
hydrochloride were repeatable and consistent for two conse-
cutive days. The findings for both intra-day and inter-day
determinations maintain the high precision and repeatability

of the constructed system where all data was presented in %
RSD and never surpassed 0.53 % (% RSD < 2 approval limit).
Results for intra-day and inter-day precision displayed in Table-2.

TABLE-2 
INTRA-DAY AND INTER-DAY PRECISION RESULTS 

Intra-day Inter-day 
Analysis date 

REPA MET REPA MET 
% Assay Mean 99.78 99.90 100.42 99.88 

% RSD 0.53 0.29 0.37 0.52 

 
Specificity: The analytical method was capable of detec-

ting and assessing repaglinide and metformin hydrochloride
in the presence of a typical tablet excipient matrix. The
representative chromatogram of mobile phase, placebo and
repaglinide and metformin hydrochloride, standard mixture,
is displayed in Fig. 2. The specificity of the system was verified
when the optimized conditions for detecting repaglinide and
metformin hydrochloride (from manufacturer’s excipients)
were implemented in EREPA MF 2 tablets, respectively, repre-
sentative repaglinide peak and metformin hydrochloride peak
analysis of marketed tablets displayed in Table-3, while chrom-
atograms in tablets are displayed in Fig. 3.

REPA and MET 
mix standard

Placebo
Mobile phase

500

400

300

200

100

0

m
A

U

0 1 2 3 4 5 6 7 8
min

Fig. 2. Overlaid chromatograms of mobile phase, placebo and repaglinide
and metformin hydrochloride standard mixture

Linearity: In the specified ranges, the analytical calibra-
tion curve constructed for both repaglinide and metformin hydro-
chloride was linear, indicated by the closeness of the correlation
coefficient R2 to 1 (R2 = 0.9999). The linear regression equation
for repaglinide is (y = 8.174x – 3.810, R2 = 0.999) and the linear

TABLE-3 
STUDY OF MARKETED TABLETS 

Retention time Area Symmetric factor Number of theoretical 
plates 

Assay (%) Tablet (EREPA 
MF 2) Replicate 

number REPA MET REPA MET REPA MET REPA MET REPA MET 
1 3.718 1.326 434 1562 0.99 0.98 6924 3931 100.38 99.78 
2 3.719 1.326 434 1566 0.99 0.98 6920 3921 99.58 99.69 
3 3.719 1.327 434 1568 0.99 0.98 6981 3911 99.38 100.23 
4 3.718 1.326 432 1565 0.99 0.96 6949 3931 100.07 99.54 
5 3.719 1.326 433 1563 0.99 0.97 6973 3921 100.38 100.48 
6 3.718 1.327 432 1570 0.99 0.98 6949 3911 100.81 99.63 

Mean ± SD 3.719 ± 
0.00 

1.326 ± 
0.00 

433 ± 
0.96 

1565 ± 
3.01 

0.99 ± 
0.00 

0.97 ± 
0.01 

6949 ± 
24.76 

3921 ± 
8.94 

100.09 ± 
0.54 

99.89 ± 
0.37 

%RSD 0.01 0.04 0.22 0.19 0.00 0.86 0.36 0.23 0.54 0.37 
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Fig. 3. UHPLC chromatogram of EREPA MF 2 capsule sample solution containing (a) 50 µg/mL repaglinide and (b) 50 µg/mL metformin
hydrochloride

regression equation for metformin hydrochloride is (y = 21.73x
+ 42.71, R2 = 0.999) are displayed in Tables 4 and 5. The calibration
curves that were produced by plotting peak area against concen-
tration displayed linear relation. Calibration curves with corres-
ponding residual plots repaglinide and metformin hydrochloride
are displayed in Fig. 4.

TABLE-4 
LINEARITY RESULTS OF REPA AND MET 

Peak area Found concentration STD 
Concentration 
range (µg/mL) REPA MET REPA MET 

20 159 467 19.23 19.08 
30 243 677 29.48 28.84 
40 326 912 39.80 39.76 
50 395 1155 48.29 51.02 
60 490 1351 59.94 60.16 
70 568 1571 69.65 70.39 
80 655 1804 80.33 81.19 
90 734 1989 90.14 89.78 
100 809 2192 99.36 99.21 

 
TABLE-5 

LINEARITY PARAMETERS FOR THE REPA AND MET 

Linearity parameter REPA MET 
Range (µg/mL) 20-100 20-100 
Slope 8.17 21.73 
Intercept 3.81 42.71 
Regression coefficient (r2) 0.999 0.999 
Standard error of Intercept 4.07 15.34 
Standard deviation of intercept 12.20 46.02 
Confidence limit of the slope 8.17 ± 0.78 21.73 ± 0.97 
Confidence limit of the intercept 3.81 ± 3.83 42.71 ± 8.42 

 
Recovery: The accuracy of the experimental, analytical

method was tested by evaluating the added analytes in the
placebo matrix in triplicates at three separate levels (80, 100
and 120%) and represented in terms of percentage recovery
from the spiked form of repaglinide and metformin hydrochloride.
The similarity of the observed analyte values to the theoretical
concentrations reported at various rates demonstrated the true-
ness/accuracy of the proposed method where repaglinide and

metformin hydrochloride > 99% recovered from the spiked exci-
pients. Details for recoveries from repaglinide and metformin
hydrochloride are displayed in Table-6.

TABLE-6 
PERCENT RECOVERY RESULTS REPA AND MET 

Drug Simulated dosage 
nominal (%) 

% Mean  
(n = 3) 

RSD 
(%) 

RE% 

REPA 50 100.02 ± 0.70 0.7 0.02 
MET 50 100.19 ± 0.64 0.64 0.19 
REPA 100 99.96 ± 0.27 0.27 -0.04 
MET 100 100.10 ± 0.22 0.22 0.1 
REPA 150 99.65 ± 0.75 0.75 -0.35 
MET 150 99.83 ± 0.40 0.4 -0.17 

 
LOD and LOQ: The calculated LOD and LOQ were 1.64

mg/mL, 4.93 mg/mL for repaglinide and 2.33 mg/mL, 7.06
mg/mL for metformin hydrochloride, respectively are displayed
in Table-7.

TABLE-7 
VALUES OF LOD AND LOQ 

Drug LOD (µg/mL) LOQ (µg/mL) 
REPA 1.64 4.93 
MET 2.33 7.06 

 
Robustness and ruggedness: No significant adjustments

observed when adding minor variations to the chromatographic
conditions ensuring the method is robust to small intentional
modifications introduced in terms of the wavelength, flow rate,
temperature, pH of the buffer used. Increasing the previous
parameters was modified, thus holding the other chromatographic
system parameters unchanged. Retention time, theoretical plates,
symmetric factors have not changed significantly by adding the
various conditions maintaining the robustness of the method
described. The retention time, theoretical plates, symmetric
factors under different conditions are summarized in Table-8.

Forced degradation study: Repaglinide and metformin
hydrochloride were pressured under different conditions and
UHPLC was subject to separation of the samples. Significant
drug degradation peaks were observed under basic and neutral

Vol. 32, No. 12 (2020) Analytical Method for Simultaneous Determination of Repaglinide and Metformin using UHPLC-DAD  3131



1000

900

800

700

600

500

400

300

200

100

3300

2900

2500

2100

1700

1300

900

500

100

P
ea

k 
ar

ea
P

ea
k 

ar
ea

10 30 50 70 90 110

10 30 50 70 90 110

Concentration (µg/mL)

Concentration (µg/mL)

y = 8.174x – 3.810
R  = 0.999

2

y = 21.73x + 42.71
R  = 0.999

2

6

4

2

0

-2

-4

-6

-8

-10

-12

30

20

10

0

10

20

30

R
es

id
ua

ls
R

es
id

ua
ls

0  50  100 150

0  50  100 150

Concentration (µg/mL) 

Concentration (µg/mL) 

(a)

(b)

(c)

(d)

Fig. 4. Linearity plots for repaglinide (a) and metformin hydrochloride (b) with corresponding residual plots for the repaglinide (c) and metformin
hydrochloride (d)

TABLE-8 
ROBUSTNESS AND RUGGEDNESS RESULTS OF REPAGLINIDE (REPA) AND METFORMIN HYDROCHLORIDE (MET) 

% RSD (n = 3) Retention time Number of  
theoretical plates 

Symmetric factor 
Parameter Conditions 

REPA MET REPA MET REPA MET REPA MET 
239 0.15 0.3 3.61 1.34 7560 4985 0.99 0.97 

Change in λmax 241 ± 2 
243 0.73 0.19 3.62 1.35 7257 4978 0.99 0.96 
0.8 0.58 0.25 4.51 1.68 8938 6783 0.99 0.98 

Change in flow rate 1 ± 2 
1.2 0.87 0.46 3 1.12 5887 3946 0.97 0.99 
25 0.32 0.29 3.73 1.34 7187 5149 0.91 0.93 

Change in temp. 30 ± 5 
35 0.2 0.19 3.52 1.34 7135 4893 0.99 0.97 

3.68 0.39 0.33 3.61 1.33 7828 5243 0.96 0.98 
Change in pH 3.7 ± 2 

3.72 0.33 0.23 3.84 1.35 7916 5276 0.94 0.98 
Ruggedness 

Analyst 1 0.18 0.21 3.72 1.33 6942 3921 0.99 0.98 
Different analyst 

Analyst 1 0.57 0.32 3.72 1.33 6957 3924 0.99 0.97 
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(H2O2) conditions. Lastly, the terms of acid, light and thermal
stress did not encourage the formation of degradation products.
The chromatograms of pure drugs and their stressed samples
were seen in Fig. 5b-f. Table-9 reported peak retention time,
repaglinide and metformin hydrochloride recovery percentage
degradation under different stress conditions.

Conclusion

For the simultaneous separation and quantification of
repaglinide and metformin hydrochloride in bulk, laboratory-
prepared mixture and pharmaceutical preparations, the suggested
UHPLC approach has the advantages of simplicity, precision,
accuracy and convenience. The proposed UHPLC approach can,
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Fig. 5. (a) UHPLC chromatogram of a standard sample solution containing REPA and MET. UHPLC chromatogram of REPA and MET
obtained from degradation studies, (b) Acid hydrolysis (1 M HCl at 60 °C for 1 h); (c) Base hydrolysis (1 M NaOH at 60 °C for 1 h),
(d) Oxidative degradation (3% H2O2 at 80°C for 1 h), (e) Thermal degradation (60 °C for 48 h), (f) Photo degradation at 25°C for 48
h with UV radiation at 365 nm)

TABLE-9 
DEGRADATION STUDY OF REPAGLINIDE AND METFORMIN HYDROCHLORIDE 

Repaglinide Metformin hydrochloride Condition 

Rt Recovery ± 
SD 

%RSD % Drug 
degraded 

Rt Recovery ± 
SD 

%RSD % Drug 
degraded 

Acid hydrolysis 3.62 84.89 ± 0.35 0.41 14.67 1.33 98.56 ± 0.50 0.51 1.15 
Base hydrolysis 3.62 74.43 ± 0.58 0.77 24.78 1.33 75.79 ± 0.44 0.58 22.99 
Oxidative degradation 3.61 70.13 ± 0.65 0.93 28.83 1.33 91.97 ± 0.63 0.69 6.95 
Thermal degradation 3.72 91.83 ± 0.42 0.85 7.92 1.33 93.85 ± 0.61 0.65 5.47 
Photo degradation 3.72 96.49 ± 0.35 0.36 3.17 1.33 98.63 ± 0.43 0.43 0.96 
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therefore, be used to control the quality of the above drugs with
sufficient selectivity and efficiency in a short time and with low
solvent usage. Such elements have been identified to see the
requirements of the chromatographers for pharmaceutical drug
quality evaluation.
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