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Abstract

Introduction: The newly-approved tetrahydrotriazine-based antidiabetic drug imeglimin hydrochloride (IMGH)
might be contained process- and degradation-related impurities, which require sensitive and robust analytical
control in compliance with regulatory requirements. In this paper, a Quality by Design (QbD)-supported Reversed-
Phase High-Performance Liquid Chromatography (RP-HPLC) technique of comprehensive impurity profiling of
IMGH in pharmaceutical dosage forms is designed, optimized, and validated. Materials and Methods: A QbD-
enabled systematic method based on the central composite design was employed to establish the influence of key
technique parameters, such as mobile phase composition and pH, on chromatographic responses, such as retention
duration, theoretical plates and percent recovery. To obtain optimum separation, a Phenomenex ODS C18 column
(250 x 4.6 mm, 5.0 mm) was used with 10 mM acetate buffer: ACN (30:70) as the mobile phase and 1.0 ml/min
flow rate, column temperature of 30°C, and ultraviolet detection at 240 nm. Discussion and Conclusion: The
optimized method was validated in accordance with ICH Q2(R1) and Q3B guidelines, demonstrating excellent
linearity (R? = 0.999), precision, accuracy, specificity, robustness, and sensitivity. IMGH and its associated
impurity, N2, N2,6-trimethyl-1,3,5-triazine-2,4-diamine were found to have limits of detection of 2.158 ug/mL
and 0.04117 pg/mL, respectively, and limits of quantification of 6.021 ug/ml and 0.125 pg/ml, respectively.
Recovery studies confirmed the accuracy of the method, with recoveries within acceptable regulatory limits.
In order to ensure product safety and consistency, the suggested QbD-based RP-HPLC approach provides a
straightforward, reliable, and legally compliant analytical instrument for routine quality control and impurity
monitoring of IMGH in pharmaceutical formulations.
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that more than 380 million people worldwide suffer
from T2DM, which is expected to increase to more than
592 million people by 2035.1 Over 95% of individuals
have T2DM, which was previously limited to adults but
is now more common in children. According to the WHO
in 2021, 1.6 million deaths occurred before the age of
70 years due to diabetes and 530000 kidney disease deaths
were caused by diabetes.”! According to the International
Diabetes Federation, approximately 415 million adults aged
20-79 years had DM in 2015.5

Imeglimin hydrochloride (IMEG.HCI), a tetrahydrotriazine-
containing newly approved oral antidiabetic agent that
comes under the “glimins” category, is used to treat T2DM.!
Chemically, imeglimin hydrochloride (IMGH) is designated
as (R)-6-imino-N,N,4-trimethyl-1,4,5,6-tetrahydro-1,3,5-
triazin-2-amine hydrochloride [Figure 1].! IMGH enhances
mitochondrial function, reduces hepatic gluconeogenesis,
and improves glucose homeostasis by reducing mitochondrial
free radicals.[*” IMGH increases glucose-stimulated insulin
release from P cells, possibly by increasing the synthesis
of nicotinamide adenine dinucleotide.®! Impurities in
imeglimin like IKI (6-(dimethylamino)-4-methyl-1,3,5-
triazin-2(1H)-one),I!  N2,N2,6-trimethyl-1,3,5-triazine-2,4-
diamine comes from synthesis, by product, or storage and
may interfere in the quality of the product, and the presence
of impurity at elevated level poses several toxicological
effects. Therefore, regular monitoring of impurities for any
formulation to identify and quantify the impurities present
within the product is the crucial step.

Quality by Design (QbD) is a structured technique that
methodically focuses on finding and controlling variability
during method development. After method development,
the performance of the developed method was assessed
according to the International Council for Harmonization
(ICH) validation guidelines.!®! Several factors, such as solvent
polarities, different buffers, mobile phase ratio, injection
volume, and flow rate, are chromatographic parameters that
contribute to the variability in the analytical method.

Various methods, including Liquid Chromatography
Quadrupole Time-of-Flight Mass Spectrometry and nuclear
magnetic resonance,!”” Reversed-Phase High-Performance

(R)-6-imino-N,N 4-trimethyl- I
1,4,5,6-tetrahydro-1,3,5-triazin- CHs
a 2-amine hydrochloride b N2 N2 6-trimethyl-1,3,5-triazine-2,4-diamine

Figure 1: Chemical structure of (a) imeglimin and (b) impurity
N2,N2,6-trimethyl-1,3,5-triazine-2,4-diamine
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Liquid Chromatography (RP-HPLC),!'™ ultra-performance
liquid chromatography-atmospheric pressure chemical
ionization-tandem mass spectrometry (UPLC-APCI-MS/
MS),!! liquid chromatography-tandem mass spectrometry
(LC-MS/MS),"? and ultraviolet (UV)-visible spectroscopy,!'*!
are available for the determination of IMGH but not for
impurities. Therefore, the current study’s objective was to
develop a trustworthy RP-HPLC technique for the quantitative
determination of contaminants that was improved using
a QbD methodology and verified in compliance with ICH
requirements.

EXPERIMENTAL

Materials

IMGH API and related impurity (N2,N2,6-trimethyl-1,3,5-
triazine-2,4-diamine) were procured from Pharma Affiliates.
Imeglyn 500 tablets, marketed by Zydus Healthcare, labeled
to contain 500 mg of Imeglimin hydrochloride in each film-
coated tablet, were purchased from the market. HPLC-grade
chemicals were used for method development.

Chromatographic system

Chromatographic separation was achieved using HiQSiL
C18 Columns (250 x 4.6 mm, 5 um), with a mobile phase
of 10 mM acetate buffer: ACN (30:70, v/v) and a flow
rate of 1.0 mL/min at ambient column temperature.l' For
chromatographic separation, the selected wavelength was
240 nm, and the injection volume was 5 u. HPLC method
validation was performed according to ICH guidelines, and
optimization using a central composite design (CCD) was
performed for many parameters, including pH and mobile
phase, two variables at three different levels.

Analytical characterization

The solubility of IMGH in various solvents was analyzed.
Attenuated Total Reflectance Fourier Transform Infrared
(FTIR), Lumos, Bruker USA, was used for the functional
group identification present in the IMGH and related impurity
N2, N2,6-trimethyl-1,3,5-triazine-2,4-diamine.

Optimization of analytical condition using design
of experiment (DoE) software

The established approach was optimized using CCD; the
independent variables pH and mobile phase ratio were
investigated due to their influence on the dependent variables.
For the separation procedure, an experimental design was
created that included independent variables, including
temperature, the pH of the mobile phase, and the kind of column
utilized. The number of theoretical plates (Y?2), retention time




(Y1), and compound recovery (Y3) were used to gauge how
well the separation worked. Desirability functions and an
overlay plot were used to get the best composition predictions.
The expected analytical conditions were found using the DoE
software. The experimental design results were statistically
analyzed using the QbD-based Design-Expert-13® software. To
determine the model’s appropriateness and reliability, statistical
validation was performed, which recognizes the distribution of
the correlation coefficient F-value (R2), predicted R-squared
(R2 Pred), adjusted R-squared (R2 Adj), PRESS statistics,
and adequate precision produced by the analysis of variance
(ANOVA) provision.!!>!¢]

Determination of A max

The mobile phase of 10mM acetate buffer: ACN (30:70) was
prepared, maintained pH 4.64, sonicated for 10 min, and
filtered through a 0.45 m membrane filter paper. The IMGH
and impurity N2,N2, 6-trimethyl-1,3,5-triazine-2,4-diamine
standard stock solutions (1 mg/mL) were further diluted for
concentration of 1000 pg/mL, and dilutions of impurities
ranging from 0.2 to 1.2 ug/mL were made in a similar pattern
as IMGH. Both prepared dilutions were scanned over the UV
range of 200—400 nm to detect the wavelength.[!”

HPLC method development and validation

Mobile phase and chromatographic conditions
selection

IMGH and related impurities were used as working
standards for chromatographic separation. The introduction
of different mobile phase ratios at different pH levels leads
to system suitability characteristics. A total of nine trials of
different mobile phases were performed. High resolution and
adequate peak characteristics were obtained using a mobile
phase 10 mM acetate buffer: ACN in 30:70 v/v ata 1 mL/min
flow rate.

Chromatograms and system suitability parameters

Validation of analytical methods

Validation provides a high level of assurance for method
specificity and is written proof that the procedure’s
performance characteristics satisfy the requirements for the
intended analytical application.

Linearity

Six different concentrations of IMGH and impurity
N2,N2,6-trimethyl-1,3,5-triazine-2,4-diamine ranging from
20—120 pg/mL to 0.2—1.2 pg/mL, respectively, were selected
for linearity. The observed peak area versus drug concentration
was interpreted by linear least square regression analysis,
and the calibration curve of drug concentration and peak area
results the slope and the correlation coefficient.!'®!
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Precision

The closeness of successive samplings of the same solution
was used to gauge the developed method’s precision. By
injecting three replicates for each concentration, it was
observed in terms of % RSD.!"”!

Limit of detection (LOD) and limit of quantification
(LOQ)

The LOD and LOQ were calculated using the standard
deviation of the response and the slope of the calibration curve
in accordance with the ICH Q3 criteria. While the formula for
LOQ was 10 x /S, the formula for LOD was 3.3 x 6/S.22

Robustness

The robustness of the developed method was assessed by
purposefully modifying the system suitability parameters,
such as the mobile phase ratio, flow rate, and pH.*!

RESULTS AND DISCUSSION
FTIR study

Functional group identification of the IMGH and the impurity
N2,N2,6-trimethyl-1,3,5-triazine-2,4-diamine was achieved
by introducing powdered samples of both imeglimin and
the impurity N2,N2,6-trimethyl-1,3,5-triazine-2,4-diamine
between two KBr discs. The results are shown as peaks of
different vibrations in the graph [Figure 2 and Table 1].

Determination of A max

The mobile phase of 10 mM acetate buffer: ACN (30:70)
was prepared, sonicated for 10 min, and filtered via 0.45 m
membrane filter paper. The IMGH and impurity N2,N2,6-
trimethyl-1,3,5-triazine-2,4-diamine standard stock solutions
(1 mg/mL) were further diluted to obtain a concentration of
1000 pg/mL, and dilutions of impurities ranging from 0.2
to 1.2 ug/mL were made in a similar pattern as IMGH. Both
prepared dilutions were scanned over the UV range of 200—
400 nm to detect the wavelength.!'”? The maximum wavelength
for Imeglimin was found 240nm as shown in figure 3.

Analytical condition optimization for

the development of the RP-HPLC
technique for IMGH and impurity
N2,N2,6-trimethyl-1,3,5-triazine-2,4-diamine

Experimental design

The developed method was optimized by evaluating the
theoretical plates, retention time, and % recovery, followed
by the CCD and quadratic design model, as presented in
Table 2. For optimization, nine trial runs using a response
surface study type, randomized subtype, CCD, and quadratic




mpurities

Table 1: Fourier Transform Infrared interpretation of imeglimin hydrochloride (IMGH) and its impurity N2,

N2,6-trimethyl-1,3,5-triazine-2,4-diamine

Name Structure Functional groups/types of vibrations Reference value Observed value
IMGH /c' N-H 3500-3100 3383.6
S C=N 1690-1640 1652.2
\ ‘</"_’\NH C-N 1350-1000 1374
/ N ‘< C-H 3150-3050 2924 1

(R)-6-imino-N,N,4-trimethyl-
1,4,5,6-tetrahydro-1,3,5-
triazin-2-amine hydrochloride

Impurity NH, C=N 1690-1640 1687.91
N7 N C-N 1350—1000 1328.04

Hsc)\.J\N/c”’ N-H 3500-3100 3421.87

: C-H 3150-3050 3051.52

CH,
NLN26-trimethyl-1,3,5-triazine-2,4-diamine

Table 2: Experimental runs and response variables imeglimin hydrochloride impurity N2,

N2,6-trimethyl-1,3,5-triazine-2,4-diamine

Standard  Run Factor 1 Factor 2 Response 1 Response 2 Response 3
A: Mobile phase B: pH Retention time  Theoretical plates Recovery
(Content of Acetonitrile) (%)
% Min Numbers %
6 1 98.28 3.5 6.89 4950.14 88.61
8 2 70 5.6 5.89 4858.13 97.89
3 3 50 5 5.11 4824.14 96.53
5 4 41.71 3.5 4.89 4572.84 99.41
4 5 90 5 6 4847.72 98.99
9 6 70 3.5 6.12 4758.21 97.81
1 7 50 2 5.13 4516.98 96.51
7 8 70 1.37 6.11 4750.97 97.86
2 9 90 2 6 4881.14 99.99

R B T B

T
4500 3750

88 3 3 ¥

Figure 2: Fourier Transform infrared data of (a) imeglimin hydrochloride and (b) impurity

design model were employed. following nine trial runs, yielding predicted retention time,

theoretical plate, and recovery percentage values [Figure 5].
Retention time, theoretical plates, and recovery values were Using the actual and predicted values, the percentage error
entered into the DoE software design expert-13 trial version  was calculated to obtain the outcome of predictability; a low
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Table 3: Predicted values and experimental results of response variables Retention time,

Theoretical plates, and Recovery

Run Retention time Theoretical plates Recovery
Actual Predicted % Actual Predicted % Actual Predicted %
value value Error value value Error value value Error
1. 6.89 6.60 4.39 4950.14 4936.23 12 98.64 99.31 0.75
2. 5.89 5.73 2.79 4858.13 4848.54 6 97.32 97.36 0.79
3. 5.11 5.18 -1.35 4824.14 4796.50 0 96.39 96.21 0.12
4. 4.89 4.98 -1.81 4572.84 4610.49 -5 95.81 95.88 -0.53
5. 6.00 6.33 -5.21 4847.72 4856.54 16 99.16 98.64 -0.08
6. 6.12 5.79 5.70 4758.21 4773.36 -1 97.15 97.59 -1.01
7. 5.18 5.26 -2.47 4516.98 4519.89 -18 96.41 96.55 -1.67
8. 6.11 5.85 4.44 4750.97 4698.18 -9 98.11 97.83 0.79
9. 6.00 6.41 -6.40 4881.14 4920.51 -3 99.35 98.97 0.81
% Error=(Actual-Predicted) x100/Predicted
IMIGLIMIN.vspd - RawData suggested that optimum results might be obtained using a
1.71 T , mobile phase ratio of 10 mM acetate buffer: ACN (30:70)
1501 7 [Figure 4, 6].
5 oor 7 RP-HPLC of IMGH and impurity N2,N2,6-trimethy-
2 1,3,5-triazine-2,4-diamine chromatogram and
0.50- 7 system suitability parameters
0.00} The chromatographic column was saturated with the prepared
033 { | mobile phase (10 mM acetate buffer: ACN (30:70)). Aworking
200.00 400.00 600.00 800.00 standard solution of IMGH and impurity at a concentration of
nm 10 pg/mL and 1.2 pg/mL, respectively, was introduced into

Figure 3: Ultraviolet spectra of imeglimin hydrochloride

% error suggested that the model had good predictability
[Table 3].

A correlation analysis was conducted between the responses
and independent variables. Quadratic polynomials were
used to represent each response, and the ANOVA statistical
parameters were determined [Table 4]. A highly significant
level of significance was found for each model (P = 0001).
An excellent match between the model and responses
(P =0.0001 in every case) was indicated by both residual
mean squares and mean squares of regression being bigger
than F in every instance [Table 5].

Impact of mobile phase ratio and pH on retention
time

The chromatographic performance was enhanced and
improved by changing the ratio of the mobile phase and
pH, followed by the QBD approach. Chromatographic
performance was assessed by analyzing the retention time,
theoretical plates, and % recovery. After introducing various
combinations of mobile phases, result indicated that a mobile
phase ratio of 30:70 (10 mM acetate buffer: ACN) and a pH
level of 4.6 showed a retention time of 5.6 min, theoretical
plates of 4806.51, and 97.26% recovery. These calculations
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the Shimadzu LC-20 AD [Figure 7 and Table 6].

Linearity

Six different concentrations of standard stock solutions of
Imeglimin and Impurity N2,N2,6-trimethyl-1,3,5-triazine-
2,4-diamine, ranging from 10-60 pug/mL to 0.2-1.2 ug/mL,
respectively, were added to create the calibration curve for
the linear relationship between concentration and peak area,
as indicated in Tables 7 and 8 [Figure 8 and 9].

Range

The range in the analytical method refers to the upper
and lower analyte concentrations in the sample for which
the analytical process has been shown to have sufficient
precision, accuracy, and linearity. The approach appears
to follow Beer’s law, according to a linearity investigation
with concentration ranges of 20-120 ug/ml for IMGH and
02—1.2 ug/mL for contaminants.

Precision

Three replicates of IMGH at three distinct concentrations
(25, 50, and 75 ug/mL) were examined in a day for intraday
investigation [Tables 9 and 10] and on 3 consecutive days for
interday investigations. The same procedure was followed for
the impurity N2,N2,6-trimethyl-1,3,5-triazine-2,4-diamine
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Figure 4: 3D surface plot for the effect of mobile phase ratio and pH on (a) retention time, (b) theoretical plates, and (c) recovery
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Figure 5: Actual and predicted values plot of retention time, theoretical plates, and % recovery

Table 4: Analysis of variance-based model

adequacy and precision statistics for critical
method attributes

Statistical Retention Theoretical Recovery
Parameters time plates

Standard deviation 0.3114 37.74 0.4456
Mean 5.79 4773.36 97.59
C.V. % 5.38 0.7905 0.4566
R? 0.8197 0.9568 0.9098
Adjusted R? 0.7596 0.9309 0.8797
Predicted R? 0.5974 0.8352 0.7965
Adeq Precision 9.0219 16.5498 13.3464

[Tables 11 and 12] at three distinct concentrations (0.3, 0.6,
and 0.9 pg/mL). The % RSD was calculated after intraday
and interday analysis.

Accuracy

A drug recovery study was performed to assess the accuracy of
the developed method. Three distinct levels (50, 100, and 150%)
of pure IMGH were added to a basic concentration of 50 pg/mL
of the sample solution, and Impurity N2,N2,6-trimethyl-1,3,5-
triazine-2,4-diamine was spiked at different concentrations of
0.4, 0.8, and 1.2 pg/mL for the accuracy content determination
of impurity N2,N2,6-trimethyl-1,3,5-triazine-2,4-diaminefrom
the spiked sample [Tables 13 and 14].
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The LOQ and LOD

LOQ of IMGH and impurity N2,N2,6-trimethyl-1,3,5-
triazine-2,4-diamine were found as 6.021 ug/mL and
0.125 ug/mL, respectively. Similarly, the LOD was
calculated for IMGH and impurity N2,N2,6-trimethyl-1,3,5-
triazine-2,4-diamine, which were found to be 2.158 pug/mL
and 0.04117 ug/mL, respectively.

Robustness

Robustness of the method was determined by using the three
different variations of pH, Flow rate, and Wavelength which
impact the peak area, obtained results were indicated in
Table 15.

Assay

Ten 500 mg Imeglyn tablets were weighed, crushed, and
ground into a powder. After weighing and transferring
10 mg of crushed powder into a 10 mL volumetric flask,
the flask was filled to capacity with diluent and sonicated
for 30 min. A 0.45 um filter was used to filter the sample
solution following sonication. After being further diluted
with diluent to reach a concentration of 100 mg/mL, the
filtrate (1 mL) was loaded onto a chromatograph. Six
measurements were made from the homogenous mixture to
calculate the percentage content of IMGH and the principal
impurity N2,N2,6-trimethyl-1,3,5-triazine-2,4-diamine from
the linearity equation.




Table 5: Analysis of variance for the linear model

Response Source Sum of squares df Meansquare F-value P-value
R1 Model 2.65 2 1.32 13.64 0.0059 significant
A-Mobile phase 2.63 1 2.63 27.13 0.0020
(Content of Acetonitrile) (%)
B-pH 0.0137 1 0.0137 0.1413 0.7199
Residual 0.5820 6 0.0970
Cor Total 3.23 8
R2 Model 1.577E+05 3 52570.59 36.92 0.0008  significant
A-Mobile phase 1.061E+05 1 1.061E+05 74.51 0.0003
(Content of Acetonitrile) (%)
B-pH 22608.64 1 22608.64 15.88 0.0105
AB 28998.68 1 28998.68 20.37 0.0063
Residual 7119.69 5 1423.94
Cor Total 1.648E+05 8
R3 Model 12.01 2 6.01 30.24 0.0007  significant
A-Mobile phase 11.79 1 11.79 59.38 0.0003
(Content of Acetonitrile) (%)
B-pH 0.2202 1 0.2202 1.11 0.3329
Residual 1.19 6 0.1986
Cor Total 13.20 8

Table 6: Chromatographic parameters and system suitability results for imeglimin hydrochloride (IMGH) and

associated impurity N2, N2,6-trimethyl-1,3,5-triazine-2,4-diamine

Name RT (Min)+*RSD Concentration (ug/mL) Area Plates Asymmetry
IMGH 11+0.8 10 710152 10542 1.08
Impurity 6.30+0.6 1.2 13543 6085 0.98
Table 7: Linearity study of imeglimin hydrochloride (IMGH)

Replicates Concentrations of IMGH

10 pg/mL 20 pg/mL 30 pg/mL 40 pg/mL 50 pg/mL 60 pg/mL

Peak area
1 710152 1428237 2260138 3058153 3779335 4535721
2 710642 1415038 2254132 3118042 3719125 4486153
3 720121 1431238 2219021 3028150 3678335 4561633
4 710156 1423920 2234193 3147143 3719236 4525428
5 720458 1428121 2231138 3052358 3617337 4461532
6 710852 1409138 2220135 3028163 3789865 4483371
Mean 713730.2 1422615.3 2236459.5 3072001.5 3717205.5 4508973.0
Standard deviation 5089.3 8683.6 17187.4 49372.8 64236.9 37910.8
%RSD 0.7 0.6 0.8 1.6 1.7 0.8
DISCUSSION reported previously, such as LCMS,[!>?2 RP-HPLC,?]!

To estimate IMGH and related impurities in pharmaceutical
formulations simultaneously, the current work used a
QbD-based RP-HPLC approach. QBD Analytical methods
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and UV-visible spectroscopy,!'®! solely focused on the API
estimation of IMGH, with limited attention on the impurity
profiling of. For instance, Chandarana ez al. developed a
green bioanalytical LC-MS/MS method for the estimation




Table 8: Linearity study of impurity N2, N2,6-trimethyl-1,3,5-triazine-2,4-diamine

Replicates ConcentrationsoflmpurityN2, N2,6-trimethyl-1,3,5-triazine-2,4-diamine

0.2 ng/mL 0.4 pg/mL 0.6 pg/mL 0.8 ng/mL 1 pg/mL 1.2 pg/mL

Peak area

1 3873 5938 7786 9787 11367 13543
2 3931 5896 7694 9898 11436 13568
3 3860 5912 7875 9769 11442 13456
4 3883 5799 7889 9796 11369 13749
5 3823 5813 7785 9789 11398 13653
6 3812 5882 7868 9888 11584 13457
Mean 3863.67 5873.33 7816.17 9821.17 11432.67 13571.00
Standard deviation 43.20 55.55 75.18 56.44 80.71 114.39
%RSD 1.12 0.95 0.96 0.57 0.71 0.84

Table 9: Intra-day precision study of imeglimin

Table 11: Intra-day precision study of impurity N2,

hydrochloride

N2,6-trimethyl-1,3,5-triazine-2,4-diamine

Concentration (ng/mL) Area SD %RSD Concentration (ng/mL) Area SD %RSD
25 1368237 25120.84 1.80 0.3 5518 65.18 1.17
25 1388129 0.3 5607

25 1418138 0.3 5645

50 3258153 10000.00  0.31 0.6 9349 33.05 0.35
50 3278153 0.6 9403

50 3268153 0.6 9343

75 4676326 27537.85  0.58 0.9 11735 214.27 1.85
75 4721326 0.9 11638

75 4726326 0.9 11325

Table 10: Inter-day precision study of imeglimin

hydrochloride

Table 12: Inter-day precision study of impurity N2,
N2,6-trimethyl-1,3,5-triazine-2,4-diamine

Concentration (ug/mL) Area SD %RSD Concentration (ug/mL) Area SD %RSD
25 1388133 3666.14  0.26% 0.3 5689 51.08 0.90
25 1388129 0.3 5593

25 1388132 0.3 5671

50 3238281 14436.64 0.44% 0.6 9325 61.45 0.66
50 3238279 0.6 9362

50 3263285 0.6 9645

75 4676229 20002.50 0.43% 0.9 11818 25.89 0.22
75 4696236 0.9 11779

75 4656231 0.9 11769

of IMGH.'"” The UPLC-APCI-MS/MS method, which
is reported for genotoxic impurity identification are high
operational complexity and costly, which may not be
appropriate for the routine analysis.!'! By combining IMGH
and its impurities into a single chromatographic run, the
proposed RP-HPLC method offers a more effective and
thorough analytical procedure.
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Method optimization was performed using a quality-by-
design—based response surface methodology employing
CCD with nine experimental runs to evaluate the impact
of mobile phase composition and pH on critical analytical
attributes. ANOVA results identified the mobile phase
acetonitrile content (P < 0.05) as the main factor affecting
retention time and recovery, while pH had no discernible
impact on these responses. According to the model, this




Table 13: Recovery study of imeglimin

Level Concentration (ug/ml) Area % Recovery Mean+SD %RSD
Sample Standard

50% 50 g 25 ug 222356 99.00 100.01+1.383 1.38
221360 99.45
216686 101.59

100% 50 ug 50 ug 331467 101.48 100.02+1.895 1.91
333985 100.71
343642 97.88

150% 50 g 75 ug 456892 99.33 100.01+1.315 1.31
457563 99.18
446989 101.53

Table 14: Recovery study of impurity N2, N2,6-trimethyl-1,3,5-triazine-2,4-diamine

Level Concentration (ug/mL) Area % Mean+SD %RSD
(%) Sample Standard Recovery
50 0.8 ug 0.4 ug 58736 100.29 100+0.257 0.25
59025 99.80
58964 99.91
100 0.8 ug 0.8 ug 70869 100.39 100+0.337 0.33
71253 99.85
71308 99.77
150 0.8 ug 1.2 ug 84869 98.89 100+0.997 1.0
83253 100.81
83658 100.32

Table 15: Robustness study of the imeglimin hydrochloride (IMGH) and Impurity N2,

N2,6-trimethyl-1,3,5-triazine-2,4-diamine

Drug % RSD found for robustness study
pH Flow rate (1 mL/min) Wavelength (nm)
45 4.6 4.7 0.9 1.0 1.1 239 240 241
IMGH 0.4396 0.2795 0.5538 0.0825 0.2378 0.0998 0.186 0.2093 0.2597
Impurity 0.6817 0.3498 0.8307 0.6713 0.3588 0.7629 0.7635 0.5457 0.9236

strategy can achieve optimal chromatographic performance
across multiple criteria with a composite desirability value of
1. An optimized mobile phase allowed for well-resolved and
sharp peaks to be obtained. IMG exhibited a retention time
of 11 min, comparatively higher than previously reported
values of 2.5 min,™ 3.38 min,!"! and 5.7 min, and its impurity
N2,N2,6-trimethyl-1,3,5-triazine-2,4-diamine ~ showed a
retention time of 6.30 min. IMGH and its impurities were
accurately quantified over a wide concentration range using
the developed method, which showed excellent linearity,
with correlation coefficients (R?) of 0.99902 and 0.9991,
respectively. As the intraday and interday %RSD values
were below 2%, the precision and accuracy of the method
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were confirmed, and recovery studies at 50%, 100%, and
150% demonstrated accuracy, with recoveries within 97.88—
100.71% for IMGH and 98.89-100.81% for its impurity,
in accordance with ICH Q2(R1).To confirm the method’s
sensitivity, the LOQ values for IMGH and its impurity
N2,N2,6-trimethyl-1,3,5-triazine-2,4-diaminewere found
to be 6.021 ug/mL and 0.125 ug/mL, respectively, and the
LODs values for IMGH and its impurity N2,N2,6-trimethyl-
1,3,5-triazine-2,4-diaminewere found to be 2.158 g/mL and
0.04117 g/mL, respectively. The robustness of the method
was demonstrated by intentionally varying the wavelengths
and column oven temperatures, supporting its suitability for
routine quality control. Moreover, the developed, optimized,
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Figure 9: Calibration curve of impurity
N2,N2,6-trimethyl-1,3,5-triazine-2,4-diamine
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= = CONCLUSION
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S 10 A It was discovered that the developed and optimized
o RP-HPLC method was reliable, precise, sensitive, and
o o = o = = accurate for estimating IMGH and its impurities. The
° 3 S 8 S S ICH Q2 (R1) requirements were followed for validating
§ § § § § the newly developed approach. The LOD and LOQ for
- NPEAK AREZ N © IMGH and impurity were determined. LOQ found to be
6.021 ug/mL and 0.125 pg/mL, respectively, whereas the
Figure 8: Calibration curve of imeglimin hydrochloride LOD was 2.158 pug/mL and 0.04117 ug/mL, respectively,
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10.

11.

12.

indicating the sensitivity of the approach. The approach
offers greater resolution and is cost-effective and eco-
friendly. Consequently, it was determined that the RP-HPLC
method’s development and validation were appropriate for
routine analysis in pharmaceutical laboratories to regulate
product quality.
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