STABILITY INDICATING RP-HPLC METHOD
DEVELOPMENT AND VALIDATION FOR ANTI-
DIABETIC DRUG IN PHARMACEUTICAL DOSAGE
FORM

ABSTRACT:

Aims: This study aimed to develop and validate a robust RP-HPLC method for the accurate
estimation of Imeglimin HCL in pharmaceutical dosage forms.

Study Design: The method optimization & Validation by RP-HPLC.

Place and Duration of Study: Department of Quality Assurance, Dr. Rajendra Gode College of
Pharmacy, Malkapur (M.S.) India 443 101 between August 2023 to February 2024.

Methodology: The study utilized a Credchrom C18 column (250mm x 4.6 mm x 5um) and optimized
the mobile phase composition to achieve satisfactory resolution and a retention time of 2.5 minutes
for Imeglimin HCL. Validation parameters were assessed according to established guidelines.
Results: The developed RP-HPLC method exhibited excellent linearity (R*2 close to 1) and
sensitivity (LOD: 0.577722 pg/ml, LOQ: 1.750673 pg/ml). Precision (%RSD values: repeatability
0.994733, intra-day precision 0.988377-0.7480963, inter-day precision 10.988377-0.9883477) and
accuracy (% recovery: 99.06—100.34%) were within acceptable limits. The method's suitability for
routine analysis was further supported by its stability in force degradation studies.

Conclusion: The developed RP-HPLC method provides a sensitive, precise, accurate, and stable
means for the estimation of Imeglimin HCL in pharmaceutical formulations. Its suitability for routine
analysis in pharmaceutical laboratories is demonstrated, offering a valuable tool for quality control

and assurance processes.

Keywords: Imeglimin HCL, RP-HPLC, Method Development, Method Validation, Force Degradation
Studies.

INTRODUCTION:

An antidiabetic drug is any medication that helps lower high blood sugar levels, a hallmark of
diabetes mellitus. Diabetes arises from the body's inability to produce or effectively use insulin, a
hormone vital for controlling blood glucose levels. Type 1 diabetes, constituting 5-10% of cases, results
from the immune system attacking and destroying pancreatic beta cells, requiring insulin therapy for

management '],



Type 2 diabetes, comprising 85-90% of cases, typically affects adults but can occur at any age.
In type 2 diabetes, the pancreas produces insulin, but the body's cells become resistant to its effects,
leading to elevated blood sugar levels 121, This resistance causes insulin to be less effective in regulating
glucose, necessitating various treatment approaches such as lifestyle changes, oral medications, and

sometimes insulin therapy.

Imeglimin Hydrochloride, a newly approved oral anti-diabetic drug, falls under the "glimins"
class. Its chemical structure is (R)-6-imino-N, N,4-trimethyl-1,4,5,6-tetrahydro-1,3,5-triazin-2-amine
hydrochloride, with a molecular formula of C6H14CIN5 and a weight of 191.66 g/mol. Imeglimin
primarily acts on mitochondria, improving their energy production and protecting pancreatic -cells. It
reduces liver glucose production, boosts insulin secretion from pancreatic cells, and enhances muscle
glucose uptake. By targeting defective cellular energy metabolism, Imeglimin addresses a core issue

in type 2 diabetes mellitus 1.
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Fig 1 - Structure of Imeglimin HCL
OBJECTIVE -

The objective of this research paper is to describe the development and validation of a reliable
RP-HPLC method for Imeglimin HCL in pharmaceutical products as per the ich g2(r1) guidelines. Also,
the study aims to investigate whether this method is suitable for force degradation studies, allowing
assessment of its ability to detect degradation products and impurities, thus establishing its stability-
indicating nature. It's important to note that Imeglimin HCL has been relatively understudied. Overall,
this research aims to demonstrate that the developed RP-HPLC method provides a sensitive, precise,
and accurate approach for analyzing Imeglimin HCL in pharmaceutical formulations, thereby making it

suitable for routine analysis in pharmaceutical laboratories.
MATERIAL AND METHOD -

Pharmaceutically active ingredient (Imeglimin HCL) was kindly obtained as a gift from Zydus
pharmaceutical pvt. Ltd. Acetonitrile (HPLC grade) was purchased from SD fine-chem Itd. Chemicals
and solvents, (analytical grade) and HPLC water were purchased from loba chemie. All solvents and
solutions were filtered through a Millipore 0.45 um syringe filter and sonicate.

METHOD OPTIMIZATION -



The objective of this study was to develop a sensitive, precise, and accurate method RP-HPLC
(Shimadzu HPLC) with photodiode array detector method for analyzing drugs in pharmaceutical dosage
forms. To achieve this, various tests were conducted to optimize the method under isocratic conditions.
This involved experimenting with different mobile phase compositions and C18 columns of varying
lengths to achieve satisfactory resolution of Imeglimin HCL. Ultimately, the credchrom C18 column
(250mm x 4.6 mm x 5um) was selected for providing both satisfactory resolution and runtime. A series
of aqueous mobile phases containing phosphate buffer and acetonitrile in a ratio of 80:20 % v/v were
tested. Additionally, the analysis of the drugs was performed at different wavelengths (220, 225, 241,
and 256 nm), and the appropriate wavelength for estimation of Imeglimin HCL was determined by
overlaying the UV spectra of the drugs. Following optimization of the mobile phase and wavelength, the
flow rate was set at 1 ml/min, and the retention time for Imeglimin HCL was determined to be 2.5

minutes.

1. Preparation of mobile phase:

Prepare a mobile phase consisting of phosphate buffer adjusted to ph. 4.2 and
acetonitrile in a ratio of 80:20 (v/v). Transfer the prepared phosphate buffer and acetonitrile
separately into containers. Subject both solutions to sonication for 15 minutes before use in
HPLC analysis.

2. Preparation of phosphate buffer:

Dissolve monosodium phosphate (nah2po4) and disodium phosphate (na2hpo4) in
distilled water to achieve desired concentrations for the final volume. Mix the solutions
appropriately, adjusting the ph with a ph. meter upto ph 4.2.

3. Preparation of standard stock solution 1 of Imeglimin HCL (1000ppm):

Accurately weigh 50 mg of Imeglimin HCL API working standard and transfer it to a 50
ml volumetric flask. Add 75% of the diluent (HPLC water) and dissolve thoroughly. Adjust the
volume up to 50 ml with diluent and sonicate the solution for 15 minutes.

4. preparation of standard stock solution 2 of Imeglimin HCL (100ppm):

measure accurately 1 ml of standard stock solution 1 of Imeglimin HCL and transfer it

to a 10 ml volumetric flask. Add 75% of the diluent and dissolve properly. Adjust the volume up

to 10 ml with diluent and sonicate the solution for 15 minutes.
METHOD VALIDATION -

Method validation in RP-HPLC confirms the suitability of an analytical method for its intended
use, ensuring accuracy, precision, and reliability. It encompasses method development, optimization,
and validation per ich guidelines. Development involves selecting mobile phase, column, and detector
based on molecule properties like polarity and functional groups. Validation stages include assessing
accuracy, specificity, linearity, limit of detection, and limit of quantification. RP-HPLC finds wide
application in pharmaceuticals, aiding in compound detection, separation, and quantification. Method

validation is vital for ensuring product quality, safety, efficacy, and assessing clinical responses 1.

1. Linearity —



Prepare an aliquot of 05, 1, 1.5, 2, 2.5, 3, 4 and 5 ml were pipette out from the above
stock solutions and transferred into a 10 ml volumetric flask and volume was make up with
diluents 05, 10, 15, 20, 25, 30, 40, and 50 pg/ml of Imeglimin HCL respectively [,

2. Specificity —

Weigh accurately about 50mg of Imeglimin HCL working standard to a 50ml volumetric

flask. Dissolve it in 75% of diluent and sonicate it. Make up to 50 ml mobile phase.
3. Limit of detection (LOD) -

The limit of detection (LOD) is the lowest concentration of an analyte in a sample that
can be detected, though not necessarily quantitated. It is a limit test that specifies whether or
not an analyte is above or below a certain value [©!,

4. Limit of quantitation (LOQ) —

The limit of quantitation (LOQ) is defined as the lowest concentration of the analyte in
a sample that can be determined with acceptable precision and accuracy under the stated
operational conditions of the method.

5. Precision —
The precision of this method was evaluated in terms of repeatability, intraday precision

(within a day), and interday precision (across three consecutive days) ["1.

6. Accuracy —

To get a concentration of 80%, 100%, 120% of drug, pipette out 2ml and 3ml, of mixed
standard stock solution into separate 10 ml volumetric flask and volume is made with mobile
phase. Further dilute 3ml this solution to 10ml with mobile phase 1.

7. Robustness —

Robustness assesses the method's reliability when small variations are introduced
intentionally in parameters such as ph, temperature, and mobile phase composition 1. A robust
method remains effective despite minor changes. The impact of changes in detection
wavelength, within £5 nm, was specifically studied 191,

8. Ruggedness —

To determine the degree of reproducibility of the results by this method involved the
studies of the analyst to analyst and day to day; that is to carry out precision study in six
replicates of an assay of a single batch sample by two different analysts on two different days
[,

9. Forced degradation studies

Forced degradation studies, also known as stress degradation studies, were conducted

to assess the stability of Imeglimin HCL according to ich guidelines. The drug was subjected to various

stress conditions including acidic, alkali, oxidative, thermal, and photolytic conditions 2.
o Acidic degradation —

Untreated Imeglimin HCL solution was withdrawn from a stock solution of 1000 pg/ml and

diluted to 100 pg/mlin a 10 ml volumetric flask. 0.1n HCL was added, and the solution was refluxed for



1 hour at 80°c. After cooling, the solution was neutralized with 0.1N NAOH and diluted to volume with

diluent 3],
o Alkali degradation —

Untreated Imeglimin HCL solution was withdrawn from a stock solution of 1000 pg/ml and
diluted to 100 pg/mlin a 10 ml volumetric flask 0.1n naoh was added, and neutralization was done with

0.1n HCL and the volume made up upto 10m| [12.13],

o Oxidative degradation —
1 ml of stock solution was mixed with 1 ml of 3% h202 and allowed to react for 2 hours
at 80°c. The volume was then adjusted to 10 ml with diluent [13l,
o Photolytic degradation —
Imeglimin HCL powder was exposed to sunlight for 2 days, after which a 10 pg/mi
sample solution was prepared and injected into the HPLC system [4],
e Thermal degradation —
Imeglimin HCL powder was exposed to 80°c for 48 hours. A diluted sample was then

injected into the HPLC system to measure peak height, area, and retention time [14.151,

RESULT AND DISCUSSION

e Spectrum of Imeglimin HCL -
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Fig 2 — spectrum of Imeglimin HCL
e Linearity -
Eight standard solutions from 05 to 50 pg/ml strength (05, 10, 15, 20, 25, 30, 40, and

50) were analyzed for linearity in HPLC.
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Fig 4 — linearity area of Imeglimin HCL
Table 1 —linearity area of Imeglimin HCL
Sr no. Conc. (pug/ml) Area

1 05 300936
2 10 710152
3 15 1058252
4 20 1438238
5 25 1889288
6 30 2342138
7 40 3158153
8 50 4019335




e Accuracy —

To check how accurate our proposed method is, we tested it by adding different
amounts of a standard drug to the product at 80%, 100%, and 120% of its concentration.
Then, we estimated the contents using an assay method 4. The percentage of recovery

for Imeglimin HCL falls within a specific range.

We got the accuracy in range in between 98% to 101%

Table 2 —accuracy of Imeglimin HCL

Conc. ] Amount

(ug/mi) Spiked Total recovery % recovery
20 16 36 35.78 99.38
20 16 36 36.24 100.66
20 16 36 35.58 98.83
20 20 40 39.45 98.62
20 20 40 39.85 99.62
20 20 40 40.02 100.05
20 24 44 44.15 100.34
20 24 44 43.74 99.40
20 24 44 43.59 99.06

e LODandLOQ-

The LOD shows the lowest analyte concentration reliably detectable with confidence in

an analytical method.

The LOQ establish the lowest concentration of the analyte that can be accurately

quantified with sufficient precision and accuracy

Table 3 — LOD and LOQ of Imeglimin HCL

Drug LOD LoQ

Imeglimin HCL 0.577722 pg/mi 1.750673 pg/ml

e Precision -

Table 4 — repeatability

Sr. No Peak area Mean SD %RSD

1 1388138

2 1406157




3 1415411 1412930.5 14054.89 0.994733
4 1418313
5 1422425
6 1427139
Table 5 — intra- day precision
Peak area Peak area Peak area
Sr. No.
(20 pg/ml) (30 pg/ml) (40 pg/ml)
1 1388138 2342138 3158153
2 1406157 2366459 3169456
3 1415411 2376498 3188145
Mean 1403235.3 2361698.3 3171918
SD 13869.255 17667.777 15146.818
%RSD 0.988377 0.7480963 0.4775287
Table 6 — inter - day precision
Sr. No. | Peak area (day 1) | Peak area (day 2) Peak area (day 3)
1 1388138 1388132 1388128
2 1406157 1406148 1406142
3 1415411 1415406 1415401
Mean 1403235.3 1403228.7 1403223.7
SD 13869.255 13869.378 13868.729
%RSD 0.988377 0.9883904 0.9883477
e Robustness
Table 7 — robustness
Change in flow rate
Flow rate Retention Peak
Sr. No ] Mean SD %RSD
(ml/min) factor area
1 0.8 2.564 1439946
2 1 2.486 1438238 | 1438536 | 1287.14 | 0.089476
3 1.2 2.438 1437424
Change in mobile phase
Ratio Retention Peak
Sr. No Mean SD %RSD
(vIv%) factor area




80:20 2.482 1434652
75:25 2.647 1435689 | 1435538 | 821.429 | 0.057221
60:40 2.846 1436274
Change in wavelength
St No Wavelength Retention Peak Mean D %RSD
(nm) factor area
236 2.491 1404648
241 2.491 1418959 | 1426711 | 10962.3 | 0.76836
246 2.491 1434462
¢ Ruggedness

in experimental conditions such as changes in equipment, analysts, reagents,

and environmental factors ['3. When establishing acceptance criteria for ruggedness in

method validation, it's essential to consider the potential sources of variability that could
affect the performance of the method ["6],

forced degradation studies

(a) Acidic Degradation

(b) Alkali Degradation

(¢) Oxidation Degradation

(d) Light Degradation

(¢) Thermal Degradation

Fig 5 —forced degradation studies of Imeglimin HCL

Table 8 - forced degradation studies of Imeglimin HCL

Sr. %drug %drug
Degradation conditions
No. undegraded degraded
Acidic 93.81 6.19
2 Alkali 75.07 2493




Oxidation 82.50 17.50
Light 89.99 10.01
Thermal 100 0

ASSAY -

An analytical method was developed to determine the content of Imeglimin in imeglyn -500 mg
tablets by zydus pharmaceutical pvt. Ltd. Twenty tablets were weighed and triturated to obtain a fine
powder. A portion equivalent to 50 mg Imeglimin was dissolved in 25 ml of diluent in a 50 ml volumetric
flask, which was then ultrasonicated for 20 minutes and made up to volume with diluent. The resulting
solution was filtered and diluted further to obtain a concentration of 100ug/ml imeglimin. This solution
was filtered again and injected into an RP-HPLC system for analysis. Assaying six samples of the
tablets yielded an average value of 504 mg (100.8%) with a standard deviation of 0.584 and a % relative
standard deviation of 0.58. The assay values fell within the acceptable range of 98-102% against the
claimed amount in the tablets.

Table 9 — analysis of Imeglimin HCL marketed formulation

Sr.
N Amount present in (ug) Amount found in (pg) % label claim
0.
1 20 19.83 99.15
2 20 19.86 99.3
3 20 19.92 99.6
4 20 19.98 99.9
5 20 20.01 100.05
CONCLUSION -

In conclusion, the research successfully developed a sensitive, precise, and accurate RP-HPLC
method for the estimation of Imeglimin HCL in pharmaceutical dosage forms. Through meticulous
optimization of mobile phase composition and wavelength selection, the method exhibited satisfactory
resolution and runtime using a credchrom C18 column (250mm x 4.6 mm x 5um). Validation of the
method demonstrated excellent linearity, sensitivity (with LOD and LOQ values of 0.577722 ug/ml and
1.750673 pg/ml, respectively), precision (%RSD values ranging from 0.4775287 to 10.988377), and
accuracy (% recovery ranging from 98.62% to 100.34%). These findings highlight the method's
robustness and reliability, rendering it suitable for routine analysis in pharmaceutical laboratories.
Overall, this research contributes to the advancement of analytical techniques for drug analysis,

particularly in the context of Imeglimin HCL pharmaceutical formulations.
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