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ABSTRACT

Over a billion persons worldwide suffer from hypertension, a serious global health issue. It is one of the main causes of
heart attacks, strokes and early mortality. This work uses a stability indicating RP HPLC approach to provide a green
analytical method for measuring telmisartan and azelnidipine simultaneously in pharmaceutical formulations. Studies on
forced degradation were carried out by subjecting both drugs to stress conditions including acidic, basic, hydrolytic,
photolytic and oxidative environments. Successful separation of the drugs was accomplished on an Inertsil, C18 column
of dimensions (15cm x 4.6 mm, 5 pwm) that had a run time of 7.0 minutes and an injection volume of 20 puL. At a flow rate
of 1.0 mL/min, the mobile phase was made up of 0.01 M ammonium dihydrogen orthophosphate buffer having pH 3.0 and
acetonitrile in the ratio of 40:60 (v/v). The wavelength of the detector was 240 nm. Telmisartan and azelnidipine were
shown retention durations of 2.826 and 5.192 minutes respectively. Standard validation procedures as per ICH guidelines
were followed and the method showed satisfactory specificity, selectivity, linearity, range, accuracy, precision and
robustness. The correlation coefficient (1?) for Azelnidipine was 0.9994 while for Telmisartan it was obtained 0.9992. The
study assesses environmental sustainability using the AGREE, ComplexGAPI, and ESA methods. An Eco-Scale score and
an AGREE score was found to be 89.5 and 0.78 respectively. The established method for measurement of specific
medicines is practical, efficient, and environmentally friendly making it appropriate for routine stability analysis and
quality control. In accordance with the principles of environmentally friendly chemistry and guaranteeing a minimal
environmental impact, this work presents an effective, accurate and ecologically sustainable analytical approach for the
analysis of stability samples of telmisartan and azelnidipine tablets.
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INTRODUCTION AZD, a dihydropyridine calcium channel blocker, is a

Hypertension is denoted the medical term for the
consistently high blood pressure in artery walls. The most
common sign of stage II hypertension is persistently high
blood pressure which can be described as an average
systolic pressure of 140 mmHg or diastolic blood pressure
of 90 mmHg. Stage II hypertension can lead to serious
health issues which includes vision loss and blindness,
peripheral artery disease, kidney damage and failure, heart
attacks and strokes, and heart failure. Angiotensin receptor
blockers (ARBs), beta-blockers, ACE inhibitors, calcium
channel blockers, and diuretics are examples of
antihypertensive medications that lower blood pressure and
lower the risk of problems!.

Drug Information of Azelnidipine
Telmisartan (TEL)

(AZD) and

medication used to treat hypertension. Its chemical name is
3-[1-(Benzyldrylazetidin-3-yl)] and it is a derivative of
dihydropyridine 2-amino-5-isopropyl 4-(3-nitrophenyl)-6-
methyl 3, S-dicarboxylate-1, 4-dihydropyridine. AZD
works by inhibiting the transmembrane influx of calcium
ions through voltage-dependent calcium channels in the
smooth muscle of vascular walls, leading to vasodilation
and reduced blood pressure. It is an official drug listed in
the Indian Pharmacopoeia®. AZD, a calcium channel
blocker in Japan, gradually lowers blood pressure with
minimal heart rate increase and is being investigated for
post-ischemic stroke treatment®®. The Chemical structure
of AZD was depicted in figure 1.

TEL is a type of angiotensin receptor blocker (ARB).
Chemically, it's known as 2-(4-{[4-methyl-6-(1-

*Author for Correspondence: bhandarideepalil6@gmail.com



Validated RP-HPLC Method for the Simultaneous Determination of Azelnidipine and Telmisartan

Table 1: Results of method's system suitability parameters (n = 6)

Parameters Criteria Telmisartan (TEL) Azelnidipine (AZD)

Capacity Factor (k') k>2 2.826 5.192

Tailing factor (7) T<2 1.570 1.667

Theoretical plates (V) N> 2000 5913 5716

Resolution (Rs) Rs>2 0.00 7.90

% RSD (peak area) % RSD <2 0.14 0.08

Table 2: Evaluation of TEL and AZD in marketed formulation (n = 3)

Marketed Formulation _ Labeled claim (mg) Content Found (mg) % Assay +SD %RSD
TEL AZD TEL AZD TEL AZD TEL AZD TEL AZD

Zeblong-T Tablets 40 8 39.73 7.92 99.33 99.38 0.18 0.04 046 0.52

benzodiazol-1-yl) methyl} phenyl) benzoic acid. Among all
ARBs, TEL stands out because it has the longest half-life,
works the longest and binds most strongly to angiotensin II
type 1 (AT1) receptors*’. TEL not only blocks the renin-
angiotensin system (RAS) but also selectively activates
peroxisome proliferator activated receptor gamma (PPAR),
a key player in controlling insulin and glucose
metabolism'3. Chemical structure of TEL was depicted in
figure 2. TEL is recognized as an official drug in the Indian
Pharmacopoeia’, Japanese Pharmacopeia®, United States
Pharmacopoeia’ and British Pharmacopoeia®. This research
aims to demonstrate stability indicating assay methods of
AZD and TEL in combination with antihypertensive
medications to prevent side effects like strokes and heart
failure!*15,

According to the literature survey, AZD and TEL analytical
techniques of different brands and commercial formulations
were investigated both separately and in combination with
other drugs. These included HPLC!®%°, stability indicating
2125 QbD approaches?®, spectrophotometric?’, HPTLC 28,
UPLC®»3! LC-ESI-MS*?, LC with tandem mass
spectrometry®’.  This work showcases analytical
developments and incorporates green analytical chemistry
concepts to improve sustainability in analytical techniques.
Tools like Eco-Scale, AGREE, and Complex GAPI assess
greenness, minimizing environmental impact and ensuring
sustainable practices, enhancing method effectiveness and
safety*.

MATERIAL AND METHODS

Methanol, acetonitrile and water were used of HPLC grade.
Ammonium dihydrogen orthophosphate of AR grade was
used of SD fine-chem limited. AZD and TEL were
obtained as a gift sample from Precise Biopharma and USV
Pharmaceuticals respectively.

Figure 1: Chemical Structure of AZD

Table 3: Specificity results of Standard and Sample

Drug Sample Retention Time (RT)
Telmisartan Azelnidipine

Blank -

Standard 2.826 5.192

Sample 2.842 5.130

Instrumentation and Chromatographic Conditions
Instruments and equipment’s used for work such as
Analytical Balance-Web man, pHmeter —Lab India,
Ultrasonicator- Life Care Instruments Pvt. Ltd. A Shimadzu
HPLC system (model LC-2010CHT), equipped with
quaternary pumps, a UV detector was used. The system was
fully integrated with LC Solution software for streamlined
control and data processing. Chromatographic analysis was
performed using an Inertsil C18 column had a dimensions
of 15cm x 4.6 mm i.d. with 5 um particle size. Buffer
consisted 0f 0.01 M ammonium dihydrogen orthophosphate
with the pH adjusted to 3.0 using orthophosphoric acid. The
mobile phase consisted of a mixture of buffer (component
A) and acetonitrile (component B) in a 40:60 (v/v) ratio.
Separation was achieved at 1.0 mL/min, and eluent
detection was performed at a wavelength of 240 nm, with
HPLC system operation at 25°C.

Method and Preparations

Diluent used for Preparations

Depending on the solubility of the drugs, methanol was
chosen as the diluent.

Standard Stock Solution Preparation

40 mg of TEL and 8 mg of AZD were weighed accurately
and transferred into separate 50 mL volumetric flasks. Each
flask was filled with about three-fourths of the chosen
diluent and the mixtures were sonicated for ten minutes to
completely dissolve. The solutions were then further diluted
to volume with the same diluent and labeled as standard

Figure 2: Chemical Structure of TEL
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Table 4: Spectral and statistical information for the
suggested RP-HPLC method of determining TEL and
AZD

Analyte

Azelnidipine (AZD)
Wavelength (L) = 240 nm
Linearity and range
12.8-19.2 pg/ml
Regression equation
y=29040x +3219.3

Y intercept (c) (3219.2728)
Slope (m) =29039.8115

Telmisartan (TEL)
Wavelength (A) = 240nm
Linearity and range

64 - 96 pg/ml

Regression equation
y=92789x - 63199

Y intercept(c) -63198.8805
Slope (m) = 92788.8840

Table 5: Results of Intraday precision of Azelnidipine and
Telmisartan

Area % Assay
Drug  Telmisartan Azelnidipine Telmisartan Azelnidipine
1 6865685 475740 99.29 100.69
2 6857142 473401 99.39 100.41
3 6858932 466427 99.63 99.15
Average 6860586 471856 99.44 100.08
+SD 4505 4844.9212 0.1716 0.8226
%RSD  0.07 1.03 0.17 0.82

Table 6: Results of Intermediate precision of Azelnidipine and
Telmisartan

Correlation Coefficient Correlation Coefficient Area % Assay
() = 0.9992 (r) = 0.9994 Drug  Telmisartan Azelnidipine Telmisartan Azelnidipine
. o . 1 8229685 513260 100.10 99.09

stock solutions, yielding concentrations of 800 ug/mL for  , 8221142 516632 99 40 99.15
TEL and 160 pg/mL for AZD. 3 8222990 510681  100.68  99.25
Working Standard Solution Preparation Average 8224606 513524 100.06  99.16
Pipetted out a 5.0 mL aliquot from above standard stock  1gp 4495 2984.2929  0.6386 0.0766
solution and transferred into a 50 mL volumetric flask. The  9%RSD 0.05 0.58 0.64 0.08

volume was brought up to the mark with the diluent and
resulting working standard solution containing 80 pg/mL of
TEL and 16 pg/mL of AZD.

Sample Stock Solution Preparation

Twenty tablets weighed accurately and crushed into finely
powder with mortar and pestle. Weighed fine powder of
tablets equivalent to 40 mg of TEL and 8 mg of AZD into a
dried 50 mL volumetric flask. About 35 mL of diluent was
added and the mixture sonicated for 15 minutes with
intermittent shaking to ensure complete extraction. After
cooling the solution was diluted up to mark with the same
diluent and filtered through a HPLC-grade filter. The
resulting sample solution contained 800 pg/mL for TEL and
160 pg/mL for AZD

Working Sample Solution Preparation

Pipetted a 5.0 mL aliquot from above filtered sample stock
solution and transferred into a 50 mL volumetric flask. The
volume was then brought up to the mark with the diluent
resulting in a final solution containing 80 pg/mL of TEL
and 16 pg/mL of AZD.

Optimization of Chromatographic Condition

After analyzing the UV spectra of TEL and AZD it was
found that 240 nm had a good absorption; as a result, this
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Figure 3: Overlay of AZD and TEL UV spectra

wavelength was selected as the analytical one for detection.
Multiple trials and experiments were conducted using
various combinations of water, acetonitrile, methanol, and
different buffer systems as the mobile phase to optimize the
chromatographic conditions. Initial trials using various
combinations of water and acetonitrile in different
proportions failed to achieve adequate separation of TEL
and AZD peaks as well as suitable retention times and peak
symmetry. The aqueous phase was replaced with an acidic
buffer of 0.01 M ammonium dihydrogen orthophosphate
adjusted to pH 3.0, for improved resolution and peak shape.
Using a mobile phase composed of 0.01 M ammonium
dihydrogen orthophosphate buffer pH 3.0 and acetonitrile
in a 40:60 (v/v) ratio along with an Intersil C18 column had
a dimension of 15cm x 4.6 mm, 5 um resulted in good
resolution and acceptable peak symmetry for both TEL and
AZD. After evaluating flow rates between 0.5 and 1.2
mL/min, the ideal flow rate was determined to be 1.0
mL/min, allowing both TEL and AZD to elute in less than
7 minutes. The corresponding UV spectra and optimized
chromatogram are presented in Figure 3 and 4 respectively.
System Suitability Parameters

System suitability characteristics were evaluated to be
compared with respect to acceptable limits once the ideal
chromatographic conditions for the new method were
determined. The system suitability parameters were
determined to be suitable for the analysis and to be within
the acceptable limit ranges (Table 1).

Evaluation of Marketed Formulation

Determination of assay method followed by weighing 20
tablet of marketed brand of Zeblong-T manufactured by
IPCA contains TEL and AZD (40/8 mg). Calculated the
total weight into average weight of tablet to measure the
equivalent with AZD 8 mg and TEL 40 mg. Crushed all 20
weighed tablet into fine powder with help of mortar and
pestle. Weighed 40 mg of TEL and 8 mg of AZD equivalent
of tablet weights and transferred into dried 50 mL
volumetric flask. Around 30-35 mL of diluent was added to
dissolve drug completely by sonication with intermittent
shaking. After cooling the same diluent was used to make
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Table 7: The mean % recovery results of TEL and AZD

Test Solutions of TEL Test Solutions of AZD
Level Theoretical TEL Area mgofdrug % Level Theoretical AZD Area mgofdrug %
% Conc. Recovered Recovery % Conc. Recovered Recovery
80 0.064200 5564814  0.063738  99.28 80 0.012800 335121 0.012812 100.09
100 0.080000 7264453  0.079959  99.95 100 0.016000 467181 0.015992  99.95
120 0.096000 8786720  0.096223 100.23 120 0.019200 589808 0.019140  99.69
Average 99.84 Average 99.98
+SD 0.39 +SD 0.15
%RSD 0.39 %RSD 0.15

Table 8: Summary of robustness results for TEL and AZD

Table 9: Solution Stability Evaluation for TEL and AZD

S.No. Condition % RSD % RSD Area % Assay Hr.
TEL AZD Drug TEL AZD TEL AZD
1 Flow rate (0.9 ml/min) 0.07 0.59 6841181 418887 99.09 99.28 8 Hrs.
2 Flow rate (1.1 ml/min) 0.25 1.20 6832354 425188 98.75 100.55 24% Hrs,
3 Wavelength (235 nm)  0.27 0.23 Average 6836768 422038 98.92 99.92
4 Wavelength (245 nm)  0.06 0.88 %Assay %Assay Difference
up volume and filtered sample using HPLC-grade filter. A L TEL AZE TEL AZD
X . X . : Initial  99.44 100.08 -- --
5.0 mL aliquot pipetted and diluted of this sample solution
o . 8 Hrs.  99.09 99.28 0.42 0.8
with diluent to make up volume of 50 mL. Table 2 provides
24 Hrs. 98.75 100.55 0.69 0.47
a summary of the percentage assay results after the resultant
solution was injected into the HPLC. Table 10: LOD and LOQ Findings
Method Validation S.No. Parameter TEL(ug/mL) AZD (ug/mL)
According to ICH Q2 (R1) guidelines the method was 1 LOD 0.12 041
validated'"'? assessing key parameters including linearity 2 LOQ 0.43 1.25
and range, specificity/selectivity, LOD, LOQ, accuracy,
precision, solution stability, robustness. Specificity

Green Approach to Evaluate Efficacy of the Method
The method's environmental sustainability was evaluated
using advanced instruments like Analytical Eco-Scale,
Analytical GREEnness, and ComplexGAPI. These indices
provide reliable information on the approach's ecological
footprint, resource efficiency, and environmental impact,
confirming its commitment to sustainable analytical
methods.

An improved version of the popular GAPI indicator,
ComplexGAPI program
(https://mostwiedzy.pl/complexgapi) assesses important
environmental parameters such as reagent use, sample
collection, consumption of energy, waste creation, and total
environmental footprint. The program allows users to
choose the most environmentally friendly alternative by
giving methods color-coded scores that range from the
color red (strong environment risk) to green (a low risk).
The 12 Green Analytical Chemistry (GAC) principles are
evaluated for conformity using a metric known as
Analytical GREEnness (AGREE)
(https://mostwiedzy.pl/AGREE). A radar map that provides
a visual assessment of a method's greenness is provided by
defining scores on a 0—1 scale depending on aspects such as
waste reduction, safety, and reagent and energy
consumption. By evaluating processes using the 12 GAC
principles and taking safety, waste production, and resource
usage into account, Eco-Scale Analytical (ESA) seeks to
increase environmental efficiency scores and pinpoint areas
that require improvement.
(https://ecoscale.cheminfo.org/calculato)*3-38,

RESULTS AND DISCUSSIONS

The specificity of the method was established by analyzing
both the standard drugs and the sample. The retention times
(RT) of TEL and AZD were confirmed by comparing them
with those of the respective standards. No interfering peaks
were observed in the blank chromatogram at the retention
times corresponding to TEL and AZD indicating that the
method is specific. Additionally no interference from the
blank was detected in either the standard or sample
chromatograms as illustrated in Figure 5. Specificity data
for both the standard and sample are summarized in Table
3.

Linearity and Range

The mobile phase was equilibrated. 40mg of TEL and 8mg
of AZD were dissolved in a 50mL volumetric flask diluted
with diluent. Pipetted 5.0 mL of this standard solution and
diluted to 50 mL with diluent to obtain the working standard
solution.

Calibration curves were created for TEL and AZD in
concentration ranges of 64-96 ug/mL and 12.8-19.2 pg/mL
respectively. Linearity solutions were prepared freshly by
pipetting 4.0, 4.5, 5.0, 5.5, and 6.0mL of the linearity
standard stock solution into separate 50 mL volumetric
flasks and diluting each to volume with the diluent. The
regression equation for AZD was found to be y =29040x +
3219.3 with a correlation coefficient (%) of 0.9994, while
for TEL it was y = 92789x — 63199 with a correlation
coefficient of 0.9992, where x represents concentration and
y denotes peak area.

The method demonstrated strong linear response,
confirming its suitability for quantifying AZD and TEL in
pharmaceutical formulations, with excellent linearity
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within specified concentration ranges. The linear regression
data are presented in Table 4.

The calibration curves for AZD and TEL are shown in
Figures 6 and 7 respectively.

Precision

Considering accuracy, the study evaluated intraday and
interday variability in TLM and AZD test processes.
Analyzing three drug concentrations at three separate times
on the same day allowed for the determination of intraday
precision. Interday precision was determined by
repeatability conditions, ensuring consistency and
reliability. The percentage assay values ranged between

mV

90% and 110% indicating excellent precision. The percent
relative standard deviation (%RSD) for both TLM and AZD
was found to be not more than 2.0% confirming the
method’s consistency. Similarly, the RSD of the % assay
also remained within the acceptable limit of <2.0%. The
results of the intraday precision study are presented in Table
5, while the interday precision data are shown in Table 6.
Accuracy

For the purpose of establishing accuracy of the method, the
sample solutions of different concentrations were prepare
of 64ppm, 80ppm, & 96 ppm for TEL and for AZD of
12.8ppm, 16ppm & 19.2 ppm. Spiked the placebo with 80,

Telmisartan
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Table 11: Force degradation study of AZD and TEL

S.No. Name of Treatment % Assay % Degradation
AZD TEL AZD TEL
1 Initial 100.32 100.49 0.00 0.00
2 Sunlight Treatment For 56 Hrs. 99.91 100.12 0.41 0.37
3 UV Light Treatment For 7 Days (365 nm) 100.21 100.27 0.11 0.22
4 Heat Treatment For 6 Hrs. at 105°C 99.81 100.01 0.51 0.48
5 Humidity Treatment For 7 days 98.23 99.11 2.09 1.38
6 Acid Treatment (0.1N HCI), 30 min/60° C 98.76 98.37 1.56 2.12
7 Base Treatment (0.5 M NaOH), 30 min/60° C 97.28 96.86 3.04 3.63
8 Hydrolysis Treatment, 30 min/60° C 94.19 98.28 6.13 2.21
9 0.1% Hydrogen Peroxide Treatment, 30 min/60° C 74.28 79.92 26.04  20.57

100 and 120 % of the standard concentration and calculated
% recovery for every solution at each level.

Preparation of Solutions for Accuracy Assessment
Working Standard Solution Preparation

Accurately weighed 40 mg of TEL and 8 mg of AZD and
transferred into a 50 mL dried volumetric flask followed by
the addition of 35 mL of diluent. The mixture was sonicated
to ensure complete dissolution of drugs and then diluted to
volume with the same diluent. Further 5.0mL of this
standard solution was pipetted into another 50 mL
volumetric flask and diluted to volume with diluent.
Sample Solutions for Accuracy

80% Solution

32 mg of TEL and 6.4 mg of AZD were transferred into a
50 mL volumetric flask and sonicated by adding 35 mL of
diluent to dissolve the content of drug. The solution was
then diluted to volume with the same diluent. A 5.0mL
solution pipetted into another 50mL volumetric flask and
made up to volume with diluent.

100% Solution

40 mg of TEL and 8 mg of AZD were transferred into a
50 mL volumetric flask and sonicated by adding 35 mL of
diluent to dissolve the content of drug. The solution was
then diluted to volume with the same diluent. A 5.0 mL
solution pipetted into another S0mL volumetric flask and
made up to volume with diluent.

120% Solution

48mg of TEL and 9.6 mg of AZD were transferred into a
50 mL volumetric flask and sonicated by adding 35 mL of
diluent to dissolve the content of drug. The solution was
then diluted to volume with the same diluent. A 5.0mL
solution pipetted into another 50mL volumetric flask and

AZD Calibration Curve

made up to volume with diluent. The percent mean recovery
of TEL and AZD is presented in Table 7.

Robustness

Robustness measures analytical method reliability under
small, deliberate variations in system parameters, typically
evaluated by comparing results under altered conditions
with those under standard conditions.

In this study, robustness was evaluated by introducing slight
variations in two key parameters: wavelength (+5 nm) and
mobile phase flow rate (£10%). Standard solutions were
prepared and analyzed under these modified conditions
using the same chromatographic setup. The results
demonstrated that these minor changes had no significant
impact on the analyte response for either TEL or AZD,
indicating that the method is robust. The recovery data
confirm the method’s consistency and reliability under
variable conditions. The robustness results for TEL and
AZD were summarized in Table 8.

Stability of Solution

The stability of TEL and AZD assay methods was evaluated
by storing standard solutions at room temperature and
preparing samples for 24-hour stability assessment. The
percentage assay values and their corresponding differences
are presented in Table 9.

Limit of Detection and Quantification

The lowest analyte concentration in a sample that can be
identified under the given experimental conditions and not
always quantified is known as the Limit of Detection
(LOD).

LOQ is limit of Quantitation which determines lowest
concentration at which the analyte can be reliably
quantified with acceptable precision and accuracy. The

y =92789x - 63199

700000 - y =29040x +3219.3 TEL Calibration Curve
2= R?*=0.9992
Nk 10000000.00 -
600000 -
500000 - 8000000.00 -
o 400000 - 6000000.00 -
Z %
< 300000 - $
2 4000000.00 -
200000 -
2000000.00 -
100000
5 0.00 . , : : ; ,
0.0 5.0 10.0 15.0 20.0 25.0 ’ Xy Wy W M IR T
2000000.00
Concentration Concentration
Figure 6: Calibration Curve for AZD Figure 7: Calibration Curve for TEL
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LOD and LOQ values for the method are presented in Table
10.

Forced Degradation Studies

The drug product and placebo (control sample) were
subjected to sunlight treatment, under UV light (Photolytic
exposure), humidity treatment, heat treatment (Thermal),
acid hydrolysis, base hydrolysis, hydrolysis treatment,
oxidation etc. in order to analyze the sample's behavior
through a forced degradation study. After completing the
force degradation study the samples were diluted to a get a
resultant concentration equivalent to 40mg of TEL and 8
mg of AZD as per stated on labeled claim of marketed
formulation. To the next around 10 pl degraded sample
were injected into chromatographic system to perform
analysis using pre-stated HPLC condition.

Photolytic Degradation

Degradation by Sunlight treatment was studied by placing
20 tablets of sample and placebo under sunlight for Not
Less than 7 days (56 Hrs.). Also kept 20 tablets of sample
and placebo In UV-Cabinet for 7 Days at Long (365nm)
Wavelength.

Humidity and Thermal Degradation

Degradation by Humidity treatment was carried out by
placing 20 tablets of sample and placebo in desiccator at

Figure 8: ComplexGAPI evaluation of the created
approach

90% of RH at 25°C For 7 Days. Humidity is achieved in
desiccator by using the saturated solution of Potassium
Nitrate. In order to achieve dry heat degradation 20 tablets
of the sample and placebo were also heated in a hot air oven
set at 105°C for six hours.

Acid Degradation

Taken the desired quantity of sample and placebo for the
acid treatment. For this analysis, sample of a drug products
and placebo were treated with 5 ml of 0.1N HCI for 30 mins
at 60° C. then neutralize the sample if necessary and inject
it. Degradation achieved by increasing the acid normality
0.IN HCl up to 5 N HCI too.

Base Degradation

Taken the desired quantity of sample and placebo for the
base treatment. For this analysis, 5 mL of 0.1 N NaOH was
added to each drug product sample and placebo and they
were both heated to 60 °C for 30 minutes. If necessary the
samples were neutralized before being injected for analysis.
Degradation achieved by increasing the acid normality up
to 5 N NaOH too.

Neutral Degradation

Degradation is achieved by refluxing the sample and
Placebo for 30 min at 60°C then injects the Sample and
Placebo.

Oxidation Degradation

Degradation achieved by exposing sample at 0.1% of 30%
H,0,, refluxed at 60°C for 30 minutes.

All the degradation parameters and their conditions were
summarized with % assay and % degradation in table no 11.
Evaluation of the Recommended Greenness Techniques
The G score is used by the Global Assessment Criteria
(GAC) methodology to evaluate performance across
important parameters such as accuracy, efficiency, and
resilience in order to influence the selection of solutions.
The G score minimizes subjective bias and guarantees an
ideal, flexible solution that is in line with research
objectives by analyzing trade-offs and giving overall
suitability top priority.

It has been shown that the suggested approach presents a
low environmental risk wusing the ComplexGAPI
assessment. A color-coded pictogram that incorporates five

Analysis throughput

1. Sample treatment

2. Sample amount

3. Device Positioning

4. Sample Preparation Stages
5. Automation, miniaturization
6. Derivatization

7. Waste

8.

9.

Energy Consumption
10. Source of reagents
11. Toxicity

12. Operator’s Safety

Figure 9: An illustration of the developed method's AGREE scale

IJPQA, Volume 15 Issue 4, October - December 2024

Page 2748



Validated RP-HPLC Method for the Simultaneous Determination of Azelnidipine and Telmisartan

pentagrams for important elements such solvent and reagent
use, preparation of samples, apparatus, technique type, and
a hexagon for pre-analysis operations is used to visually
indicate the results. This pictogram uses red to highlight
regions that need repair, yellow to indicate an average
effect, and green to represent a safer environmental impact.
Figure 8 indicated an E-factor of 1. The developed method
displayed ten green in color, one red, and six yellow colors,
indicating exceptional commitment to the environment with
small flaws®.

The environmental friendliness of the developed HPLC
technique was evaluated using the AGREE GREEnness
software tool*’. The developed technique was evaluated for
bio-based solvent usage, hazardous aqueous concerns,
sample size, and hourly sample count. The AGREE score
was 0.78, with good results for principles 2, 3, 4, 5, 6, 11,
and 12. The AGREE pictogram of the chromatography
procedure showed slightly lower scores for green analytical
chemistry requirements 7, 9, and 10.The AGREE pictogram
was shown in Figure 9.

Furthermore, the proposed method was classified as
excellent by the Analytical Eco-Scale application with an
Eco-score of 89.5 that determines a score by deducting
points for penalties from an overall number of 100
considering environmental issues such as waste generation,
dangerous chemicals, and high energy usage.

CONCLUSION

The findings of every validation parameter that was
investigated compiled and compared against the acceptance
criteria in accordance with ICH recommendations. TEL and
AZD deteriorated in the presence of oxidation, humidity,
and acid-base hydrolysis, according to the results of the
forced degradation research (Table 11). Additionally, both
compounds showed susceptibility to degradation under
sunlight, UV exposure, and heat. For the simultaneous
measurement of TEL and AZD these results aided in the
creation of a unique, straightforward, precise, and
repeatable stability-indicating RP-HPLC approach. The
method demonstrated high sensitivity and was capable of
distinguishing the active ingredients from their degradation
products without any interference.

Assay results indicated that 99.33% of TEL and 99.38% of
AZD remained intact in the formulation, confirming the
accuracy and reliability of the method. The study's
environmental friendliness was confirmed through
evaluations like ComplexGAPI and AGREE resulting in an
Eco-Scale score of 89.5 and an AGREE score of 0.78.
Outcomes  demonstrated the practical usability,
environmental compatibility and resilience of developed
method which make it a great option for routine analysis
with no environmental impact. The fundamental concepts
of sustainable chemistry are adhered with green analytical
approach.
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