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ABSTRACT

The objective of this research is to develop a multivariate calibration technique-based UV
spectrophotometric method in first derivative method for Imeglimin hydrochloride in bulk and in
its pharmaceutical form. The multivariate calibration technique associates the relationship between
concentration and amplitude at 5 different wavelengths, hence utilizing the linear regression
equations. As a result of this, the instrumental variations are minimized and the correlation is
enhanced. When distilled water used as the solvent, Imeglimin hydrochloride indicated a
maximum amplitude at 232 nm and linearity between 5 and 15 pg/mL. The developed approach
was found to be simple, linear, accurate, and precise, and it was approved in compliance with ICH

requirements.

Keywords: Imeglimin Hydrochloride, First order derivative, Multivariate calibration

method, Pharmaceutical form, ICH guidelines, Validation
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INTRODUCTION:
Imeglimin Hydrochloride, chemically known
as (4R)-6-N,6-N,4-trimethyl-1,4-dihydro-
1,3,5-triazine-2,6-diamine;hydrochloride.

The molecular formula and molecular weight
were found to be CsHi4CINsand 191.66 g
mol ! respectively [1]. Imeglimin
Hydrochloride (Figure 1) is an oxidative
phosphorylation inhibitor acts as Anti-
diabetic medication. They increase muscle
absorption,  inhibits

glucose hepatic

glucogenogenesis, and restore insulin

secretion to normal. They enhance insulin

action and reverse pancreatic [-cell
dysfunction hence acts potent
antihyperglycemic effects [2]. Literature

surveys demonstrate various techniques for
estimating Imeglimin hydrochloride, like UV-
Visible Spectroscopy (UV) [2, 3], High
Performance Liquid
(HPLC) [4, 5], Mass Spectroscopy [6].

CH,
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N
N
/ /)
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Figure 1: Structure of Imeglimin hydrochloride

Spectrophotometric methods are used as the
most effective approach in laboratories
because of its intrinsic simplicity, rapid
procedure, and cost effective. This method
depends on evaluation of Imeglimin
Hydrochloride with a high level of precision
and accuracy in first order derivative mode.
This is an easy method with low cost and can
be applied to large amount of drug
formulation. This paper demonstrates the
evaluation of Imeglimin Hydrochloride in
pharmaceutical dosage form having a simple
mathematical content with a UV spectral
multivariate calibration analysis technique.
Multivariate analysis means the method of
converting one dependent variable from usual
single species examination to 'm' dependent
variables. e.g. wavelengths, are the calibration
mode which can included simultaneously [7-
14].

The resolving power, sensitivity, rapidity and
affordable for the quantitative analysis,
quality control and regular analysis of the
investing compounds are applied in statistical
method under optimized conditions.

If the amplitude of an analyte (X), here
Imeglimin Hydrochloride is measured at 5
wavelengths set (A = 226, 229, 232, 235 and
238 nm), then for each selected wavelength

we can write the following equation.
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Ane=1f XCx +
ki e 1)

Ao =g X Cx+
ke e ?2)

An32=h X Cx+
K e 3)

Anis=iXCx +
K e (C))

Anzs=j X Cx+
ks e 5)

Where A represents the amplitudes of the
analyte; f, g, h, 1, j are the slopes of the linear
regression functions of the analyte; ki, ko, ks,
ks, ks are the intercepts of the linear regression
function at the 5 selected wavelengths and Cx
represents the concentration of the analyte.
The above 5 equation system (1-5) can be
summarised as

ATZfXCX+gXCx+hXCx+1XCx+JXCX

This can be further simplified to

At = Cx (ftgth+it)) + KaT oouvenee (7N,
Where At and Kar represents the aggregate of
the amplitude obtained and intercepts of
regression equations at 5 wavelength set
respectively. The concentration of analyte in
the solution can be calculated by using the

equation

Ar— KT

Co= =K (8)

T (f+g+h+i+))
GREENNESS EVALUATION TECHNIQUES
The Globally Harmonized System of
Classification and Labeling of Chemicals
(GHS) established a set of pictograms with
related signal words, and the analytical eco

scale [15] is predicated on assigning penalty

points relying over both quantity and number.
The analytical eco scale approach considers
each reagent, including its kind and quantity,
potential occupational exposure, energy
depletion, and waste. Penalty points are
eliminated from a 100 point base score.

Analytical eco-scale = 100 - total

penalty points

The Green Analytical Procedure
Index (GAPI) is a visual depiction made up of
five pentagons with distinctive colour coding.
The colour coding in the pictogram
corresponds to three levels of evaluation at
each stage of an analytical technique. The
colour coding used by GAPI to determine
greenness spans from green to yellow to red,
denoting the low, medium, and high
environmental impacts connected with the
analytical technique, respectively. J. Potka
Wasylka provided a succinct overview of
GAPI in the year 2018 [16]. The third
assessment methodology makes use of
AGREE metrics [17] special software for
assessing the greenness profile. The result of
the software is a circle with numbers around
the edges that range from 1 to 12 and are
oriented clockwise. These figures represent
the 12 green analytical chemistry
philosophies. Based on the inputs and their
weight, the outputs of each of these 12
principles are rated from O to 1. This aggregate

scale uses the colours red, yellow, and green
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to show different numbers. Red means zero,
dark green means one or close to one, and
yellow means a number between red and dark
green. A score that represents the level of
greenness is produced by adding the 12
principles and the core.
MATERIALS AND METHODS
Reagents
e Distilled water
e Imeglimin was exgratis by Nuray
Chemicals Pvt. Ltd, Thiruvallur.
e The dosage form Lupimeg 500 mg
tablets manufactured by LUPIN LTD,

acquired from a local medical shop.

Solubility
e Freely soluble in Distilled water
Instrumentation
e UV- Visible double beam
spectrophotometer (Perkin-Elmer
Lambda25)
e Electronic weighing balance
Method development
Solubility studies

Imeglimin Hydrochloride was soluble freely
in distilled water. Hence distilled water was
used as the diluent throughout the study.
Preparation of reference stock solution
Solubilizing 500 milligrams of the active
pharmaceutical ingredient in distilled water to
obtain 5000 ug mL"! serves as the standard

stock solution of Imeglimin hydrochloride.

This standard stock solution was used to make
an aliquot of solutions with concentrations
ranging from 5-15 pg mL!.

Determination of Amplitude maxima

The  stock  solution of  Imeglimin
Hydrochloride was diluted with the diluent to
obtain a concentration of 10 pg/mL solution.
The first order derivative spectra were
recorded between 200-400 nm and the
amplitude maximum was found to be 232 nm
(Figure 2). In order to improve the correlation
and to minimize the instrumental fluctuations,
amplitude of these solutions were estimated
over a range encompassing the amplitude
maximum 232 nmi.e., 226,229, 232, 235,238
nm respectively.

Preparation of sample solution

About ten tablets of Imeglimin Hydrochloride
was weighed and transferred to a mortar,
powdered and mixed well. From the tablet
powder, a quantity equivalent to 500 mg of
Imeglimin Hydrochloride was weighed
accurately and dissolved in 100 mL distilled
water, filtered and diluted for further analysis.
Method validation

The proposed method was authenticated as
per ICH guidelines for linearity, accuracy,
precision [18].

Linearity

The Imeglimin Hydrochloride stock solution

was mixed with the diluent to achieve

concentrations ranging from 5-15 ug/mL. In
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order to enhance correlation and reduce
instrumental fluctuations, the amplitudes of
these solutions were measured around
wavelength of 232 nm. i.e., 226, 229, 232,
235, 238 nm in the derivative mode.

The overlay spectra for the linearity in first
derivative mode were shown in Figure 3. The

amplitude of the corresponding

concentrations was recorded and represented
in Table 1. The regression analysis for the
respective wavelengths is presented in Table
2. Figures 4-8 displayed the calibration
graphs, whereas Figures 9-13 showed the
corresponding residual plots at the five

individual wavelengths.

Table 1: UV calibration data at five selected wavelengths for First derivative mode

Concentration Amplitude
(ng/mL) 226 nm 229 nm 232 nm 235 nm 238 nm
5 3.7 6 6.8 5.1 0.9
7.5 6 9.1 104 7.9 29
10 8.2 11.9 13.8 10.9 4.7
12,5 10.6 15.14 17.9 14.5 6.5
15 12.9 18.3 21.6 17.2 8.5
#Average of 5 determinations; UV= Ultra Violet
Precision mL of the sample solution were added to

A 10 pg mL! solution was subjected to UV
scanning in the range of 200 to 400 nm. This
process was repeated six times within a short
time frame for intraday analysis, and on six
different days for interday analysis, in order to
assess precision. The amplitude values
recorded at the selected wavelength sets are
displayed in Figures 14 and 15 for intraday
precision and interday precision, respectively.
Accuracy (Recovery studies)

The accuracy of the established method was
assessed using standard addition technique at

80 %, 100 %, and 120 %. 0.5 mL of the
standard solution and 0.3 mL, 0.5 mL, and 0.7

separate standard flasks. These solutions were
then diluted with solvent to reach the desired
volume. The aliquots after scanning in the first
derivative mode, the % recovery were
calculated. The accuracy studies results are
shown in Figure 16 and provided in Table 3.
Assay

The sample solution's amplitude was
measured at a wavelength of 232 nm. An
estimation was made of the quantity of drug
contained in the formulation and is given in

Table 4.

I9BPAS, October, 2025, 14(10)

5482



Ilakiya M et al

Research Article

RESULTS AND DISCUSSION

The maximum amplitude was recorded at 232
nm using distilled water as the diluent (Figure
2).

Linearity

The linear nature of the collected data was
assessed for values ranging from 5 to 15 pg
mL! at 226, 229, 232, 235, 238 nm as shown
in Figure 3. The results presented in Table 1.
All calibration curves within the prescribed
concentration range exhibited linearity. The
Figures 4-13 display the calibration graphs

and accompanying residual plots, while Table

2 presents the results of the regression analysis.

The linear analytical data of the produced
calibration plots demonstrates a strong linear
relationship, as indicated by a correlation
coefficient of around 0.9973.

Precision

The technique's specificity is demonstrated by
the low standard deviation (SD) readings; the
percentage RSD for intra-day and inter-day
precision was determined to be 0.1555 and
0.1549, respectively. At each wavelength, it
varies by less than 2 %. The low percentage of

relative standard deviation suggests that this

approach is precise and perfect (Figure 14-
15).
Recovery
The percentage of the medication that was
recovered from the synthetic mixture was
found to be between 98.60 - 101.50 %w/w,
which was well within the acceptable range of
97 - 103 % w/w as per the ICH guidelines and
the results of the accuracy studies were shown
in Figure 16 and Table 3.
Assay
The amplitude of the tablet solution was
measured at a wavelength of 232 nm. The
percentage of Imeglimin Hydrochloride
(Lupimeg tablets) was determined to be
100.02% w/w. The measured quantity of the
medication in the commercially available
product was determined to be 500.08 mg, with
a relative standard deviation (RSD) value of
less than 2% as indicated in Table 4.
Evaluation of Greenness Profile

The results of greenness profile for
the proposed methods were evaluated. The
results of analytical scale is shown in Table 5,
while the results agree metrics and GAPI is

depicted in Figure 17, 18.
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Figure 2: UV spectrum of Imeglimin Hydrochloride, amplitude maximum at 232 nm
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Figure 3: Overlay Spectrum of Imeglimin Hydrochloride in first derivative mode
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Figure 6: Calibration curve at 232 nm Figure 11: Residual plot at 232 nm
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Figure 8: Calibration curve at 238 nm Figure 13: Residual plot at 22638 nm
Table 2: Linearity data with LOD and LOQ at selected five wavelengths
Wave . . 2 LOD LOQ
length (nm) Regression equation Slope Intercept R (ug/mL) (ug/mL)
226 Y =0.92x - 0.98 0.92 0.98 0.9994 0.3704 1.1226
229 Y=1.236x - 0.18 1.236 0.18 0.9997 0.2532 0.7675
232 Y=1.484x - 0.72 1.484 0.72 0.9995 0.3323 1.0071
235 Y=1.264x - 1.34 1.264 1.34 0.9988 0.5307 1.6084
238 Y=0.764x - 2.98 0.764 2.98 0.9997 0.2615 0.7925
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Figure 14: Overlay UV spectrum showing Intra-day precision
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Figure 15: Overlay UV spectrum showing Inter-day precision
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Figure 16: UV spectrum showing accuracy in first derivative mode

Table 3: Recovery studies for first derivative mode

Wavelength Amount present Amount added Amount Recovered % Recovery

(nm) (ug/mL) (ug/mL) (ng/mL)

226 3 8.12 101.50

5 5 9.86 98.60

7 11.98 99.83

229 3 7.89 98.63

5 5 10.15 101.50

7 12.11 100.92

232 3 8.01 100.13

5 5 10.05 100.50

7 11.96 99.67

235 3 7.99 99.88

5 5 9.89 98.90

7 12.05 100.42

238 3 8.02 100.25

5 5 10.12 101.20

7 11.92 99.33

Table 4: Assay of Imeglimin Hydrochloride for first derivative mode

Label claim

(mg) Amount obtained (mg) % Assay
500 501.29 100.26
500 496.91 99.38
500 502.05 100.41
Average 100.02
SD 0.5549
% RSD 0.5548

Table 17: Summary of Eco scale penalty points for the proposed method

e . Total penalty
Description Penalty points Points Score
Distilled water 0
Instrument 0
Occupational hazard 0 0 100
Waste 0

350.00
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Figure 17: Agree metrics output for the proposed method
Figure 18: GAPI Pictogram for the proposed method
CONCLUSION for routine examination of Imeglimin

The newly developed spectrophotometric
multivariate analysis technique for the
evaluation of Imeglimin Hydrochloride was
validated as per ICH guidelines by evaluating
different validation parameters and was found
to be within the acceptable limits. The
proposed approach demonstrated high

accuracy,  precision,  sensitivity, and
reproducibility in evaluating Imeglimin
Hydrochloride in its Pharmaceutical form.
The established method, which involves basic
mathematical principles, is more valuable and
more consistent compared to existing UV
spectrophotometric methods. Therefore, we

strongly recommend employing this method

Hydrochloride in pharmaceutical form.
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