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ABSTRACT:

KEYWORDS Background: Reverse Phase High-Performance Liquid Chromatography (RP-HPLC) is
validation, RP- used to analyse the Imeglimin hydrochloride (HCL). Accurate and precise analytical
HPLC, methods are crucial for the pharmaceutical analysis of imeglimin HCL, a novel antidiabetic
Antidiabetic, pharmaceutical with promising therapeutic effects.

Imeglimin Objective: To Optimize chromatographic conditions including mobile phase composition,
hydrochloride, column type, and detection wavelength to achieve good resolution, sensitivity, and
Accuracy, selectivity for imeglimin. To Validate the developed RP-HPLC method according to
Linearity. international guidelines (e.g., ICH guidelines).

Method: The method was developed by using Phenomenox, C18 (250 mm X 4.6 mm, 5
pm) column. The mobile phase was adjusted to achieve the highest possible resolution,
sensitivity, and peak symmetry. It contains methanol at 0.05 percent TFAA in water at 20%
VIV. At a flow rate of 1.0 millimetres / minute, the detection was carried out at 240 nm. The
developed method was validated according to ICH guidelines.

Result: To assess the method's performance and reliability, it was validated according to
International Conference on Harmonization, or ICH, standards. Specificity, linearity,
precision, accuracy, robustness, and system the suitability all within the validation
parameters. Imeglimin HCL's linearity was between 1.0 - 15 pg/ml. Imeglimin HCL showed
a mean recovery of 99.36%.

Conclusion: Imeglimin HCL in pharmaceutical formulations was successfully evaluated
employing the authorized RP-HPLC method, showing the method's suitability for routine
quality control. The pharmaceutical industry has a useful tool to ensure the efficacy and
quality of formulations containing imeglimin HCL as a result of the suggested method.
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Background

Diabetes type 2 is a metabolic disease that affects
millions of people and is considered a major public
health concern due to its significant effects on life
expectancy and medical costs. In many regions of the
world, the prevalence of diabetes is rising as a result of
accelerated economic growth and urbanization®.
Diabetes significantly increases morbidity and early
death by affecting a person's quality of life and functional
abilities?. Concerns have recently been raised over the
truth that those under 60 account for over a third of
diabetes-related mortality®. These changes have been
attributed to increased consumption of poor foods and
sedentary lifestyles, which have been linked to raised
body mass index, or BMI, and fasting plasma glucose®.
People who have a higher body mass index (BMI) are
more prone to type 2 diabetes®.

Anti-diabetic drugs have been developed to deal with the
pathophysiology of type 2 diabetes, but their
consumption is restricted because of their negative side
effects, including metformin's gastrointestinal side
effects, hypoglycaemia caused by sulfonylureas,

meglitinides, GLP-1 agonists, and insulin, weight gain
caused by sulfonylureas, meglitinides, edema,
pancreatitis risk, and urinary tract infections caused by
SGLT2 inhibitors®. It is clear that none of the anti-
diabetic medications now on the market addresses the
three aspects of the pathophysiology of type 2 diabetes:
elevated glucose synthesis, insulin resistance, and
malfunction of the pancreatic b-cells.®”

Imeglimin Hydrochloride, also referred to as Imeglimin,
is the first drug in the group of tetrahydroimidazole drugs
known as "glimins," and the drug has recently been
approved for use as an oral anti-diabetic®. Imeglimin
mostly acts on the anaerobic cells of mitochondria, and it
improves bioenergetics, prevents pancreatic b-cell
apoptosis, and protects b-cell action®*2. Also, imeglimin
decreases excessive sugar production, enhances
pancreatic b-cells' insulin-stimulated insulin secretion
(GSIS), and increases muscles' intake of glucose.5314
Chemically Imeglimin Hydrochloride is-(R)-6-imino-N,
N,4-trimethyl-1,4,5,6-tetrahydro-1,3,5-triazin-2-amine
hydrochloride. Molecular formula is c6hl4cln5 with
molecular weight of 191.66 g/mol.

\N/

H—2CI

N — NH
/K /l\
NH, N

Figure no. 1 Structure of Imeglimin
Hydrochloridelmeglimin HCL in tablet formulation was
determined through the invention and validation of an
ultraviolet (UV) spectroscopic method.*® The aim of the
study is to develop an efficient, reliable, rapidly,
sensitive, and accurate HPLC method for assessing
imeglimin HCL. The criteria used to determine the drug
content of the DS in various pharmaceutical commercial
products are linearity, precision, precision, limit of
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quantification (the LOQ), specificity, and limit of
detection (LOD).

1. Experimental procedure
1.1 Chemicals and reagents

For this study HPLC grade Acetonitrile and methanol
were purchased from Merck, and water from Siddhi Lab
India. Marketed preparation of Imeglimin Hydrochloride
tablets was purchased from a local pharmacy shop. Gift
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sample of Imeglimin Hydrochloride was procured from
Alkem pharma Limited.

2.2 Instrumentation and
conditions

chromatographic

The HPLC Binary Gradient System model no 1260
Infinity 11 used for the method development and
validation equipped with UV detector and pump.
Analysis and separation have been done on an
Phenomenox, C18 column (250 mm X 4.6 mm) 5 um at
240 nm in 40° Celsius column oven temperature. The
mobile phase consisted of Methanol: 0.05 % TFAA in
Water (20: 80 % V/V), the flow rate was set at 1.0 ml/min
in an isocratic mode and the injection volume was set at
20 pl for all samples.

2.3 Preparation of the buffer solution

0.5 ml of Trifluoroacetic acid diluted up to 1000 ml with
water.

2. Method Development by RP-HPLC
2.1, Preparation of standard stock solutions for
Chromatographic development

Weighed accurately 10 mg Imeglimin HCL and
transferred into 20 ml volumetric flask, added 15 ml of

water and sonicated to dissolve the standard completely
and diluted up to the mark with water (500 PPM). Further
diluted 0.8 ml to 20 ml with water (20 PPM).

3.2 Sample preparation of Marketed test sample:

Weighed 20 tablets transferred in mortar pestle and
crushed to fine powder. Mixed the contents with butter
paper uniformly. Weighed the powder material
equivalent to 50 mg of Imeglimin HCL and transferred
to clean and dried 100 ml of volumetric flask. Added 70
ml of water, sonicated for 10 minutes with intermittent
shaking. After 10 minutes allow to cool the solution to
room temperature and made volume up to the mark with
water. Filtered the solution through suitable 0.45 p
syringe filter discarding 3-5 ml of initial filtrate. Further
diluted 0.5 ml of filtered stock solution to 25 ml with
water. Injected the resultant solution and chromatograms
were recorded and results are recorded.

3.3 Selection of analytical wavelength

Water as a blank and Imeglimin HCL standard solution
(20 PPM) was scanned from 400 nm to 200 nm.
Absorption maxima was determined for drug. Imeglimin
HCL showed maximum absorbance at 240 nm

Figure no. 2 UV spectrum of Imeglimin HCL

3. Method validation
3.1. System suitability

Weighed about 10 mg of Imeglimin HCL and transferred
in 20 ml volumetric flask, added 15 ml of water,
sonicated to dissolve it, made volume up to the mark with
water. Pipette out 0.5 ml from standard stock solution
and transferred into 25 ml volumetric flask and made
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volume up to the mark with water. (10 p/ml working
concentration), chromatograms were recorded.

4.2 Specificity:

Specificity is the ability to access unequivocally the
analyte in the presence of components which may be
expected to be present. Following solution shall be
prepared and injected to prove the specificity nature of
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the method. (Checked peak purity for standard and test
sample solution)

I.Blank (Water as Blank)
I1.Placebo
I11.Imeglimin HCL Standard solution
IV.Tablet test sample solution

3.2 Linearity and range

The linearity of an analytical procedure is its ability
(within a given range) to obtain test results which are

directly proportional to the concentration (amount) of
analyte in the sample.

Levels of Linearity were performed from 10% to 150%
of working concentration. Each level injected in triplicate
and mean area calculated.

Linearity Imeglimin HCI stock solution:

Weighed 10 mg of Imeglimin HCI and dissolved in 10
mL with Water. Further diluted 2.5 ml of stock solution
to 50 mL with Water. (50 pg/mL)

Table No.1 Linearity level preparation for HPLC

Sr. No. Level (%) mL  of stock | Diluted to with Water | Imeglimin HCI
solution (mL) Concentration
(Mg/mL)
1 10 0.20 10 1.00
2 50 1.00 10 5.00
3 100 2.00 10 10.00
4 125 250 10 12.50
> 150 3.00 10 15.00

Acceptance criteria: Correlation Coefficient: NLT 0.98
4.2 Accuracy (% recovery)

The accuracy of the analytical procedure expresses the
closeness of agreement between the value which is
accepted either as a conventional true value or an
accepted reference value and the value of the value

found, Accuracy will be conducted in the range from 50
% to 150 % of working concentration. Solution of each
accuracy level was prepared in triplicate. Calculated %
Recovery for each sample, Mean % recovery for each
level and overall recovery and also calculated % RSD for
each level and % RSD for overall recovery.

Table No.2 Accuracy sample preparation:

Diluted to | Volume .
0)
Level (%) | API (mg) | Placebo (mL) taken (mL) Diluted to (mL) | Conc (png/mL)
25.2 22.5 100 0.5 25 5.04
50 25.0 22.2 100 0.5 25 5.00
25.3 22.7 100 0.5 25 5.06
50.1 22.3 100 0.5 25 10.02
100
50.1 22.6 100 0.5 25 10.02
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50.3 22.4 100 0.5 25 10.06
75.3 22.3 100 0.5 25 15.06
150 75.1 22.5 100 0.5 25 15.02
75.0 22.3 100 0.5 25 15.00

Acceptance criteria: % Recovery for each sample and
Mean recovery and overall recovery should be in the
range of 98-102%. The Relative Standard Deviation
should not be more than 2.0%.

4.3 Precision

Precision of an analytical procedure expresses the
closeness of agreement between a series of
measurements obtained from multiple sampling of the
same homogeneous test under the prescribed conditions.
Precision is of two types, Repeatability and Intermediate
precision.

|.Repeatibility:
Preparation of sample solution (6 Samples prepared):

Weighed 20 tablets and calculated average weight and
transferred in mortar pestle and crushed to fine powder.
Mixed the contents with butter paper uniformly.
Weighed the powder material equivalent to 50 mg of
Imeglimin HCI and transferred to clean and dried 100
mL of volumetric flask. Added 70 mL of water, sonicate
for 10 minutes with intermittent shaking. After 10
minutes allow to cool the solution to room temperature
and made volume up to the mark with water. Filtered the
solution through suitable 0.45 pu PVDF syringe filter
discarding 3-5 mL of initial filtrate. Further dilute 0.5 ml
of filtered stock solution to 25 ml with water. (10 mcg
of Imeglimin HCI), injected the resultant solution and
chromatograms were recorded.

Six samples prepared.

Acceptance criteria: % Assay: 90-110% for each
sample and mean assay value.

% RSD for % assay of 6 samples of Intermediate
precision: NMT 2

4.4 Limit of Detection (LOD) and Limit of
Quantitation (LOQ):

Detection limit:

679

The detection limit of an individual analytical procedure
is the lowest amount of analyte in a sample which can be
detected but not necessarily quantitated as an exact value.

Quantitation limit:

The quantitation limit of an individual analytical
procedure is the lowest amount of analyte in a sample
which can be quantitatively determined with suitable
precision and accuracy.

As per ICH Q2R1 guidelines LOD and LOQ was
determined by using the approach Based on the
Calibration Curve in which residual standard deviation
of a regression line was calculated and determined the
LOD and LOQ by using following formula:

LOD=3306/S
LOQ=10c6/S
Were,

¥ = residual standard deviation of a regression
line

S = Slope of regression line
4.5 Robustness

The robustness of an analytical procedure is a measure of
its capacity to remain unaffected by small, but deliberate
variations in method parameters and provides an
indication of its reliability during normal usage.

Determination: Blank and Standard solution were
injected under different chromatographic conditions as
shown below.

A). Changes in flow rate by +10%. (+ 0.1ml/min)

B). Change in column oven temperature. (+ 2°c)

C) Change in wavelength (£ 3 nm)

4, Results and discussion

5.1 System Suitability

System suitability is a Pharmacopoeia requirement and is
used to verify, whether the chromatographic system is
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adequate for analysis to be done. The tests were
performed by collecting data from Five replicate

Table No.3 Results for System Suitability Test of Imeglimin HCL

injection of standard drug solution and the results are

recorded.

Sr No. Standard solution Area Asymmetry Theoretical plates
1 Standard_1 5250741 1.52 6739

2 Standard_2 5267845 1.52 6732

3 Standard_3 5240640 1.52 6759

4 Standard_4 5267894 1.51 6745

5 Standard_5 5237891 1.52 6741

Mean 5253002 1.52 6743

STD Dev 14390.62020

% RSD 0.27

System Suitability Acceptance Criteria:

1. Relative standard deviation of the area of analyte peaks
in standard chromatograms should not be more than 2.0

%.

2. Theoretical plates of analyte peak in standard
chromatograms should not be less than 2000.

3. Tailing Factor (Asymmetry) of analyte peaks in
Standard Chromatograms should be less than 2.0

Discussion: It was observed from the data tabulated
above; the method complies with system suitability
parameters. Hence, it can be concluded that the
chromatographic method is adequate for intended
analysis.

5.2 Specificity

Specificity is the ability to access unequivocally the
analyte in the presence of components which may be
expected to be present. Blank, standard solution prepared
and injected to check peak purity.

Table No.4 Results of Specificity.

Description Observation

Blank No interference at R.T. of Imeglimin HCL due to blank
Placebo No interference at R.T. of Imeglimin HCL due to placebo
Standard solution Peak purity was 0.983

Test Solution Peak purity was 0.978
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Linearity and Range

Linearity of an analytical method is its ability to elicit test results that are proportional to the concentration of analyte in
samples within a given range.

Table No.5 Results of HPLC Linearity Data for Imeglimin HCL:

Level

Conc (ug/ml)

Area

Mean % RSD

10%

1.00

532478

533050 0.323
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534987
531684
2649647
50% 5.00 2629580 2636089 0.446
2629040
5261586
100% 10.00 5249630 5261670 0.230
5273794
6547861
125% 12.50 6577945 6555180 0.307
6539734
7836984
150% 15.00 7827966 7838617 0.147
7850901
Figure no. 3 Calibration curve of Imeglimin HCL
Imeglimin HCI Linearity
9000000 -
8000000 -
7000000 -
6000000 -
g 5000000 -
<C 4000000 -
3000000 -
2000000 -
1000000 -
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00
Conc pg/mL
Discussion: 5.4 Accuracy (Recovery):

From the calibration curve (Fig no. 3) it was concluded
that the Imeglimin HCL shows linear response in the
range of 1.0-15.0 pg /ml. The Regression value was
found well within the limit.

681

The accuracy of an analytical method is the closeness of
test results obtained by that method to the true value. The
accuracy of an analytical method is determined by
applying the method to analysed samples to which
known amounts of analyte have been added.
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Table No.6 Result of Accuracy of Imeglimin HCL

Level Area ?oerf(?\(/fl;j?nl) I(T\vlc;(/jrioll) cone % Recovery gﬂeia:)r\]/ery % RSD
2616573 4,98 5.04 98.81
50 2647030 5.04 5.00 100.80 99.61 1.0568
2636411 5.02 5.06 99.21
5249046 9.99 10.02 99.70
100 5204810 9.91 10.02 98.90 99.24 0.4179
5234961 9.97 10.06 99.11
7806160 14.86 15.06 98.67
150 7826400 14.90 15.02 99.20 99.22 0.5698
7864139 14.97 15.00 99.80
Discussion: 5.3 Precision

Overall Recovery: 99.36 %

% RSD for Overall Recovery: 0.664.

Precision of an analytical method is the degree of
agreement among individual test results when the
procedure is applied repeatedly to multiple samplings of

Recovery of analytical procedure was found well within a homogenous sample. Precision of an analytical method
acceptance criteria at all 3 levels. % Recovery not get is usually expressed as standard deviation or relative
hampered by changed in analyte concentration.

standard deviation. Precision was performed on Test
sample.

Table No.7 Result of Intra- day and Inter- Day Precision for Imeglimin HCL.:

Sample Test Sample (mg) Area % Assay
Sample 1 72.6 5265840 99.89
Sample 2 72.9 5163401 97.54
Sample 3 72.5 5284970 100.39
Sample 4 73.2 5243164 98.64
Repeatability
Sample 5 72.4 5144360 97.85
Sample 6 72.3 5234254 99.70
Mean 99.00
STD DEV 1.166009
% RSD 1.178
Intermediate Sample 1 723 5208103 99.20
precision Sample 2 73.1 5190986 97.79
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(Inter-Day) Sample 3 72.8 5164090 97.69
Sample 4 72.2 5237946 99.91
Sample 5 72.6 5196713 98.57
Sample 6 72.4 5234678 99.57
Mean 98.79
STD DEV 0.926206
% RSD 0.938
Mean 98.895

ﬁi‘;ﬁf‘szi’/i"ty PIUs 575 pEV 1.01012
% RSD 1.021

Discussion: LOD =3.3 x 13643.57666 / 522322.4208

% Assay: % Assay value for each sample (Individual
sample) and mean assay value for precision (6 sample),
mean assay value intermediate precision (6 sample), and
mean assay Vvalue for precision plus intermediate
precision sample (12 sample): 90-110%

% RSD: % RSD for precision study samples (6 sample),
Intermediate precision study samples (6 sample) and
precision plus intermediate precision sample (12
sample): NMT 2.0

54 Limit of Detection (LOD) and Limit of
Quantitation (LOQ):

¥ = 13643.57666 (Residual standard deviation of a
regression line)

LOD =0.086 pg/ml

Quantitation limit (LOQ):
LOQ=106/S

LOQ =10 x 13643.57666 / 522322.4208
LOQ = 0.261 pg/ml

55 Robustness:

The robustness of an analytical method is a measure of
its capacity to remain unaffected by small but deliberate
variations in method parameters and provides an
indication of its reliability during normal usage.

Following changes made under Robustness:

S = 522322.4208 (Slope) > Change in Wavelength
o > Change in flow rate
Detection limit (LOD): > Change in column oven temperature
LOD=33c/S
Table No.8 Result of Robustness study:
Change in Parameter R.T. Standard area | Asymmetry Theoretical
plates
Wavelength by +3 NM (243 NM) 2.78 5106809 1.54 6613
Wavelength by -3 NM (237 NM) 2.80 4896492 1.55 6703
Flow rate by +10% (1.1ml/min) 2.52 4586262 1.56 6586
Flow rate by -10% (0.9ml/min) 3.11 5764850 1.58 6273
Column oven temp by +2°c (42 °c) 2.79 5252460 1.54 6813
Column oven temp by -2°c (38 °c) 2.79 5268010 151 6716
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Assay

Weighed the powder material equivalent to 50 mg of
Imeglimin HCL and transferred to clean and dried 100
ml of volumetric flask. Added 70 ml of water, sonicated

for 10 minutes with intermittent shaking. After 10
minutes allow to cool the solution to room temperature
and made volume up to the mark with water. Injected the
resultant solution and chromatograms were recorded and
results are recorded.

Table No.9 Assay results of Imeglyn 500 mg Tablet:

Sample Area % Assay | Mean Assay
Sample 1 5236014 99.46

98.93
Sample 2 5201796 98.40

From the above results, it can be concluded that the assay
result is within the limit (90-110%.) For selected
marketed test sample and sample can be used for
validation.

5. Conclusion

The present paper described the development of simple,
sensitive and accurate analytical methods for the
determination of Imeglimin Hydrochloride (HCL). The
procedure presented here does not need any expensive
apparatus; therefore, the proposed method can be used
advantageously as a routine method for the determination
of Imeglimin Hydrochloride (HCL) in quality control
and industry, our method may be applied to the
determination the content of the cited drugs in
commercial tablets.

6. Abbreviations

RP-HPLC: Reverse Phase High-Performance Liquid
Chromatography

HCL: Imeglimin hydrochloride

TFAA: Trifluoroacetic anhydride

ICH: International Conference on Harmonization
BMI: Body mass index

GLP-1: Glucagon- like peptide-1

SGLT2: Sodium- glucose co- transporter

GSIS: Glucose- stimulated insulin secretion

UV: Ultraviolet

LOD: Limit of detection

LOQ: Limit of quantitation

PPM: Parts per million
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NLT: Not less than

RSD: Relative standard deviation
NMT: Not more than

R.T.: Retention time

pa/ml: - Microgram per millilitre
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