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Abstract

A sensitive, selective, and cost-effective RP-HPLC method was developed and validated for simultaneous
quantification of Telmisartan (TEL) and Azelnidipine (AZL) in pharmaceutical formulations using
Azilsartan as internal standard (1S), in accordance with ICH guidelines. Chromatographic separation was
achieved on a Symmetry Cig column (150 x 4.6 mm, 3.5 pum) with a mobile phase of acetonitrile:10 mM
Ammonium Formate containing 0.1% formic acid (40:60, v/v) at 1.0 mL/min and ambient temperature.
Analysis employed a Waters Alliance 2695 HPLC system coupled with UV Detector and data was
acquiesced with Empower-2 software. The retention times of TEL, AZL and IS were found to be 3.47 min
(TEL), 4.86 min (AZL), and 7.73 min (IS) respectively. The developed method was found to be precise,
accurate, sensitive, robust and linear (r2 > 0.999) over 4-80 ng/mL (TEL) and 0.8-16 ng/mL (AZL), with
LLOQ values of 4 ng/mL and 0.8 ng/mL, respectively. The validated method was successfully applied to
the assay of pharmaceutical formulations and the stability of the drugs was studied under variety of
stability conditions.

Keywords: Telmisartan, Azelnidipine, Azilsartan, Assay, Degradation studies, RP-HPLC, Validation, ICH
guidelines
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1. Introduction

1.1 Profile of the selected Drugs

Telmisartan (TEL) Profile: Telmisartan [1-6] (Micardis®), an angiotensin Il receptor blocker (ARB),
treats hypertension and cardiovascular risk reduction by selectively antagonizing AT ; receptors (3000-fold
higher affinity than AT), inhibiting vasoconstriction and aldosterone release. It presents as a white to off-
white crystalline powder; ITUPAC name: 4'-[(4-methyl-6-(1-methyl-1H-benzimidazol-2-yl)-2-propyl-1H-
benzimidazol-1-yl)methyl] biphenyl-2-carboxylic acid; formula C;3zH3oN,O,; MW 514.6 g/mol.
Solubility: insoluble in water, sparingly soluble in dichloromethane and organic solvents, soluble in strong
base and methanol Pharmacokinetics: Rapid oral absorption (bioavailability ~50%, unaffected by food),
>99.5% plasma protein binding, minimal metabolism (<3% hepatic glucuronidation), long half-life (~24 h),
large Vd (~500 L), and 97% fecal excretion unchanged. Cautions: Risk of hyperkalemia with potassium-
sparing agents; acute kidney injury with NSAIDs in renal impairment. Chemical structure of TEL is shown
inFig. 1

Azelnidipine (AZL) Profile: Azelnidipine [7-8] (CalBlock®), a third-generation dihydropyridine calcium
channel blocker, manages hypertension by dual blockade of L-type and T-type channels in vascular smooth
muscle, reducing calcium influx, vasoconstriction, and peripheral resistance with gradual onset and
minimal reflex tachycardia. Light yellow to yellow crystalline powder; IUPAC name: 3-[1-
(benzhydrylazetidin-3-yl)]  5-isopropyl  2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-
dicarboxylate; formula C33H3,N,O6; MW 582.65 g/mol. Solubility: insoluble in water, slightly soluble in
methanol, soluble in ethyl acetate/acetone/acetic acid. Marketed in Japan by Daiichi Sankyo and in India as
Azusa® (Ajanta Pharma, 2020). Chemical structure of AZL is shown in Fig.2.
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Fig.1: The chemical structure of TEL Fig.2: The chemical structure of AZL
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1.2 Literature Review

An extensive literature survey was carried out and found various analytical methods for individual
quantification of telmisartan (TEL) like UV spectrophotometry [9-13], HPLC [14-24], and HPTLC [25].
Azelnidipine (AZL) has been determined by UV [6-28], HPLC [29-34], and LC-MS/MS [35-37] in
formulations or plasma Simultaneous TEL-AZL methods include UV spectrophotometry [38-39], RP-
HPLC [40-46], primarily in tablets, with limited bioanalytical reports in plasma (one HPLC method; RP-
HPLC in human plasma).

1.3 Aim and Scope of the work

The aim of the present investigation is to develop simple, cost effective and rapid alternative RP-HPLC
method. The objective of the work is to set up initial chromatographic conditions for RP-HPLC method
development for simultaneous estimation of TEL and AZL, followed by method validation as per ICH-
guidelines, stability studies under various conditions and quantify TEL and AZL in formulations using the
validated method
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2. Materials and Methods

2.1 Instrumentation

Chromatographic analysis was performed using a Waters Alliance 2695 HPLC system (high-speed
autosampler, column oven, and degasser) coupled to UV Detector. Data acquisition and processing were
performed using Empower-2 software (Waters).

2.2 Reagents and Chemicals

Reference standards of telmisartan (TEL), azelnidipine (AZL), and Azilsartan (internal standard) were
obtained from Glenmark Pharmaceuticals (Mumbai, India). LC-MS grade acetonitrile and methanol, and
analytical-grade reagents were purchased from Merck (Mumbai, India). The combination product of
telmisartan and amlodipine label claim (telmisartan 40 mg and amlodipine 5 mg). Telma-AM, tablets (Sun
Pharmaceutical, Mumbai, India) were purchased from the local market HPLC water was generated using a
Milli-Q purification system.

2.3 Preparation of solutions

Stock solutions (50 pg/mL) of telmisartan (TEL) and azelnidipine (AZL) were prepared by transferring
accurately weighed quantities (5 mg TEL or 8 mg AZL) into separate 100 mL volumetric flasks, dissolving
in diluent (50:50 v/v acetonitrile: water), and diluting to volume. Working standard solutions (~160 ng/mL)
were obtained by diluting 0.32 mL TEL stock or 0.04 mL AZL stock to 10 mL with diluent. A combined
working solution was prepared by transferring 1.0 mL each of TEL and AZL working solutions into a 10
mL volumetric flask and diluting to volume with diluents. Azilsartan stock solution (50 pg/mL) was
prepared by dissolving 5 mg in a 100 mL volumetric flask with diluent. IS solution The working (160
ng/mL) was obtained by diluting 0.32 mL of stock to 10 mL, followed by further dilution of 1.0 mL to 10
mL with diluents. Ammonium Formate buffer (10 mM, pH 3.0) was prepared by dissolving 0.63 gin1 L
Milli-Q water (HPLC grade), adjusting pH with 0.1% formic acid, sonicating (15 min), and filtering
through a 0.45 um PVDF membrane. The mobile phase (40:60 v/v acetonitrile: buffer) was mixed,
sonicated (15 min), and filtered through a 0.45 um membrane prior to use

2.4 Method Development

The selected drugs are polar and soluble in the polar solvent such as methanol. The selection of stationary
phase and mobile phase in chromatographic separation depends upon the nature of the drug molecules to be
separated and quantified. As the components are polar, a reversed phase HPLC mode of separation is
chosen, in which bonded phase non polar columns and polar mobile phases are chosen in trials. The
absorption spectra of selected drugs are obtained by scanning in the UV region from 200 to 400 nm and it
is observed that wavelength 234 nm is an isosbestic point, therefore, wavelength 234 nm is selected as the
wavelength of detection of the components. The proposed method is optimized by changing one of the
chromatographic parameters at a time while keeping the others constant, and chromatograms are obtained
under a set of chromatographic conditions. The optimized chromatographic conditions, Symmetry Cis
column (150 x 4.6 mm, 3.5 pum) with a mobile phase of acetonitrile:10 mM Ammonium Formate
containing 0.1% formic acid (40:60, v/v) at 1.0 mL/min and ambient temperature, injections 10 pL,
ambient temperature of the column, run time for 10 minutes. Analysis employed a Waters Alliance 2695
HPLC system coupled with UV Detector and data was acquiesced with Empower-2 software. The system
suitable parameters are evaluated by the software. Blank, calibration standards (4-80 ng/mL TEL; 0.8-16
ng/mL AZL), quality control samples, and samples were injected (10 pL) into the HPLC. Chromatograms
were recorded using Empower-2 software at a wavelength of 234 nm Peak areas of TEL, AZL, and internal
standard (Azilsartan) were integrated automatically using the apex algorithm with baseline correction.
Analyte-to-IS peak area ratios were calculated and plotted against nominal concentrations to generate
weighted (1/x?) calibration curves (rz2 > 0.99). Unknown sample concentrations were back-calculated from
the calibration curve equation via least-squares regression. System suitability was confirmed by retention
time reproducibility (£2%), resolution (>2.0), and theoretical plates (>5000)

3. Method Validation
The developed method is validated as per the ICH Guidelines
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3.1 System suitability:

System suitability was assessed by six replicate injections (10 pL) of working standard solution containing
telmisartan (TEL; 40 ng/mL), azelnidipine (AZL; 8 ng/mL), and internal standard Azilsartan (160 ng/mL)
onto a Symmetry C18 column (150 x 4.6 mm, 3.5 pum). The mobile phase (acetonitrile:10 mM Ammonium
Formate pH 3.0 [40:60 v/v]) was delivered at 1.0 mL/min over 10 min runs. Representative chromatograms
(blank and system suitability) are shown in Fig.3—4 respectively
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Fig-4: Chromatogram of System suitability
3.2 Specificity:

The mobile phase was filtered before use through a 0.45micron membrane filter and pumped from the
respective solvent reservoirs into the column at a flow rate of 1ml/min. Prior to injection of the standard or
sample solutions; the column is equilibrated for at least 30min with the mobile phase flowing through the
system. The response of the detector is recorded at 234 nm. It is observed that the base line is parallel to x-
axis and no peaks are found in the chromatogram. Chromatograms are obtained for standard and sample
solutions under the optimized chromatographic conditions, and then the blank chromatogram is compared
with the standard and sample chromatograms given by Fig.5.
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3.3 Linearity:

Calibration standards (TEL: 4-80 ng/mL; AZL: 0.8-16 ng/mL) were prepared and analyzed in duplicate
across five independent runs (n=10). Analyte-to-internal standard (Azilsartan) peak area ratios were plotted
against nominal concentrations using weighted linear least-squares regression and representative linear

plots were shown in Fig.6—7 respectively.
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3.4 Sensitivity

Method sensitivity was established at the LLOQ concentrations of 4 ng/mL (TEL) and 0.8 ng/mL (AZL),
determined as the lowest concentrations yielding signal-to-noise ratios >10:1 with acceptable precision and
accuracy. Six replicate injections of LLOQ standards demonstrated mean calculated concentrations of
99.37% (TEL; SD 0.0061 ng/mL, %CV 1.66%) and 99.22% (AZL; SD 0.00585 ng/mL, %CV 5.76%) of
nominal values, meeting FDA/ICH criteria (%CV <20%, accuracy 80-120%). A sample chromatogram of

Fig.-7: Calibration plot for concentration v/s Area ratio of AZL

study of specificity is given in Fig.-8.
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3.5 Precision and Accuracy

Accuracy of calibration standards was determined across five independent runs (n=5 concentrations x 2
replicates). Back-calculated concentrations for all standards excluding LLOQ were within 85-115% of
nominal values, while LLOQ accuracy met 80-120% criteria per FDA/ICH guidelines. Intra-assay
precision and accuracy were determined by analyzing six replicates at four QC levels (LLOQ QC, LQC,
MQC, HQC) within a single run. Inter-assay precision was evaluated across four independent runs (n=24
per level). Representative chromatograms (HQC, MQC, LQC) are shown in Fig. 9-11 respectively.
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3.6 Recovery
Absolute recovery of telmisartan (TEL), azelnidipine (AZL), and internal standard (Azilsartan) was
determined at three QC levels (LQC, MQC, HQC; n=6 each; TEL 60, 40 and 20 ng/ml and AZL 12, 8 and
4 ng/ml)) by comparing mean peak areas samples. Representative chromatograms (LQC, MQC, HQC)
shown in Fig.12—14 respectively.
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Fig.14: Chromatogram for recovery studies LQC
3.7 Robustness
Robustness is the study of the effect of variation of optimized parameters such as composition of the

mobile phase, flow rate and detection wavelength on system suitability. A standard solution is prepared as
per the test method.

Robustness of the method was determined by injecting the system suitability standard in five replicates by
making slight deliberate changes in chromatographic conditions, such as; Wavelength +5 nm, Flow rate +
10%, PH of Mobile Phase £ 0.2 units, Mobile Phase composition = 2% Organic solvent

3.8 Ruggedness

A study of ruggedness is a study of the variation between of results between two analysts and two systems.
Six sample solutions were prepared as per the test method, and each analyzed by both analysts as per test
method. System to system variation: System to system variability study was conducted on different HPLC
systems, under similar conditions at different times. A Comparison of both the results obtained on two
different HPLC systems, shows that the assay test method is passes for ruggedness for system-to-system
variability.

3.9 Stability Studies

Stress degradation (forced degradation) is crucial in analytical method validation, especially for stability-
indicating methods, where it involves intentionally breaking down a drug under harsh conditions to
generate impurities, prove the method's specificity understand degradation pathways, and ensure it can
detect changes, all per ICH guidelines. This "stress testing" confirms the method's ability to accurately
quantify the intact drug and impurities, making it reliable for long-term stability. Stability was evaluated at
three QC levels (LQC, MQC, HQC; n=6 each) under FDA/ICH-recommended conditions: bench-top (24h,
room temp), processed sample stability (auto sampler, 4°C, 12/18 h), freeze-thaw (3 cycles, -80°C to RT),
short-term (-20°C, 24 h), long-term (-80°C, 28 days), and wet stability (12/18 h) were investigated.

4. Results and Discussion

4.1 System suitability:

From the study of system suitability, the results obtained were summarized as follows. Retention times
were 3.473 min (TEL), 4.866 min (AZL), and 7.723 min (IS), with mean peak areas of 3.824 x 10° cps
(TEL), 1.028 x 105 cps (AZL), and 3.974 x 10° cps (IS). Mean retention time %CV was <1.0%
(acceptance: <2.0%), and analyte-to-1S peak area ratio %CV was <2.0% (acceptance: <5.0%), confirming
chromatographic performance, resolution (>2.0), and theoretical plates (>5000). The results were
presented in Table-1
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Table-1: System suitability Results of TEL and AZL

MQC TEL Area TEL RT ISTD Area ISTD RT Area Ratio
(40ng/ml) (cps) (min) (40ng/ml) (min)
Mean 3.824x10° 3.473 3.974x10° 7.723 0.9622
SD 0.00725 0.00303 0.00611 0.00314 0.00267
%CV 0.19 0.09 0.15 0.04 0.28
*Statistical evaluation on six replicate measurements
AZL Area AZL RT ISTD Area ISTD RT Area Ratio
MQC (8ng/ml) (cps) (min) (40ng/ml) (min)
Mean 1.028x10° 4.866 3.974x10° 7.723 0.2586
SD 0.00777 0.00378 0.00611 0.00314 0.00178
%CV 0.76 0.08 0.15 0.04 0.69

*Statistical evaluation on six replicate measurements

4.2 Specificity

Specificity was evaluated using six individual blanks processed identically to samples. No endogenous
interferences were observed at retention times of telmisartan (3.47 min), azelnidipine (4.86 min), or
internal standard Azilsartan (7.73 min). In blank, peak responses at analyte retention times were <20% of
LLOQ signal (TEL: 4 ng/mL; AZL: 0.8 ng/mL), and IS channel interference was <5% of LLOQ IS
response. All six matrix lots (100%) met FDA/EMA acceptance criteria, confirming method selectivity.
Carryover was assessed by injecting six replicates of upper limit of quantification (ULOQ) standard (TEL
80 ng/mL, AZL 16 ng/mL) Analyte peak areas in blank chromatograms were <20% of LLOQ response
(TEL 4 ng/mL; AZL 0.8 ng/mL) and <0.25% of ULOQ response, meeting FDA/ICH acceptance criteria.
No carryover was observed in subsequent calibration standards or QC samples.

4.3 Linearity:

The results of linearity studies were summarized and presented in Table-2. Calibration curves exhibited
excellent linearity (mean r2 = 0.9999 + 0.0001) over the validated ranges, regression parameters (slope,
intercept, r2) for TEL and AZL confirming robust quantitative performance per ICH Q2(R1)/FDA
guidelines. Back-calculated concentrations of all standards fell within £15% of nominal values

Table-2: Linearity Results of TEL and AZL

Conc. in Response re?rgr?se Conc.in  Response re'sA\roer?se

ng/ml of TEL rgtio ng/ml of AZL rgtio
0 0 0.0 0 0 0.0

4.00 0.389 0.098 0.80 0.112 3.972
10.00 0.976 0.246 2.00 0.261 3.967
20.00 1.942 0.488 4.00 0.515 3.982
30.00 2.898 0.732 6.00 0.773 3.959
40.00 3.878 0.982 8.00 1.022 3.948
50.00 4.761 1.207 10.00 1.289 3.944
60.00 5.713 1.437 12.00 1.535 3.976
80.00 7.622 1.923 16.00 2.046 3.963
Slope 0.0240 Slope 0.0322

Intercept 0.00477 Intercept 0.00519

r> Value 0.9999 R? Value 0.9999
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4.4 Sensitivity

Method sensitivity was established at the LLOQ concentrations of 4 ng/mL (TEL) and 0.8 ng/mL (AZL),
determined as the lowest concentrations yielding signal-to-noise ratios >10:1 with acceptable precision and
accuracy. Six replicate injections of LLOQ standards demonstrated mean calculated concentrations of
99.37% (TEL; SD 0.0061 ng/mL, %CV 1.66%) and 99.22% (AZL; SD 0.00585 ng/mL, %CV 5.76%) of
nominal values, meeting FDA/ICH criteria (%CV <20%, accuracy 80-120%). Acceptance Criteria: At least
67 % (4 out of 6) of samples should be within 80.00-120.00 %. Percent of mean accuracy should be within
80.00-120.00 %. % CV accuracy should be < 20.00 %.

Table-3 Results of Sensitivity of Telmisartan and Azelnidipine

© 2025 IJCRT | Volume 13, Issue 12 December 2025 | ISSN: 2320-2882

LLOQ LLOQ

Concentration of AZL

Replicate Number Concentration of TEL (4ng/ml)

(0.8ng/ml)
Peak area Peak area
1 0.385x10° 0.105x10°
2 0.382x10° 0.099x10°
3 0.389x10° 0.094x10°
4 0.375x10° 0.106x10°
5 0.372x10° 0.109x10°
6 0.379x10° 0.097x10°
n 6 6
Mean 0.380x10° 0.102x10°
SD 0.00631 0.00585
% CV 1.66 5.76
% Mean Accuracy 99.37% 99.22%

4.5 Precision and Accuracy

In accuracy and precision studies at least 75% (including LLOQ and ULOQ) of calibration standards
complied with acceptance criteria across all runs. In blank and zero standard chromatograms, interfering
peak areas at analyte retention times were <20% of LLOQ response, and <5% of LLOQ IS response at IS
retention time, confirming selectivity. Detailed accuracy data presented in Table-4&5. Mean accuracy was
85-115% (LQC, MQC, HQC) and 80-120% (LLOQ QC), with precision (%CV) <15% (<20% at LLOQ),
meeting FDA/ICH M10 criteria.

Table-4: Precision and accuracy Results of TEL

Concentration

(ng/ml) HQC MQC LQC LLQC
60 40 20 4
Mean 5.710x10° 3.819x10° 1.905x10° 0.382x10°
SD 0.00585 0. 00325 0.00407 0.00606
% CV 0.10 0.09 0.21 1.59
% Mean Accuracy 99.55% 99.87% 99.63% 99.90%
*Statistical analysis on six replicate measurements
Table-5: Precision and accuracy Results of AZL
Concentration
(ng/mi) HQC MQC LQC LLQC
12 8 4 0.8
Mean 1.525x10° 1.025x10° 0.508x10° 0.101x10°
SD 0.00214 0.00579 0.00502 0.00339
% CV 0.14 0.56 0.99 3.34
% Mean Accuracy 98.90% 99.71% 99.41% 98.25%

*Statistical analysis on six replicate measurements
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4.6 Recovery

Absolute recovery of telmisartan (TEL), azelnidipine (AZL), and internal standard (Azilsartan) was
determined at three QC levels (LQC, MQC, HQC; n=6 each; TEL 60, 40 and 20 ng/ml and AZL 12, 8 and
4 ng/ml)) by comparing mean peak areas samples Mean recoveries were consistently 98-99% across all
levels for both analytes and IS, with acceptable precision (%CV <5%).

4.7 Ruggedness
The %CV for TEL, and AZL was passed the Ruggedness on precision accuracy and the results were
presented in Table 6-7.

Table-6: Ruggedness on precision accuracy of results of TEL

HQC LQC MQC
Replicate No. " Nominal Conceggatlon(ng/ml) 10
Analyte peak area
n 6 6 6
Mean 5.715x10° 1.901x10° 3.819x10°
SD 0.00509 0.00531 0.00454
%CV 0.09 0.28 0.12
% Mean Accuracy 99.63% 99.42% 99.87%

*Statistical analysis on six replicate measurements

Table-7: Ruggedness on precision accuracy of results of AZL

HQC LQC MQC
Replicate No. s Nominal Concerlltratlon(ng/ml) c
Analyte peak area
n 6 6 6
Mean 1.523x10° 0.511x10° 1.020x10°
SD 0.00505 0.00631 0.00587
%CV 0.33 1.23 0.58
% Mean Accuracy 98.77% 99.42% 99.22%

*Statistical analysis on six replicate measurements

4.8 Stability Studies

The stability under different conditions like bench-top (24h, room temp), processed sample stability (auto
sampler, 4°C, 12/18 h), freeze-thaw (3 cycles, -80°C to RT), short-term (-20°C, 24 h) and long-term (-
80°C, 28 days) at three different concentrations of HQC, LQC and MQC were studied, and Mean, SD,
%CV, Mean accuracy for Telmisartan, Azelnidipine were found to be within the limits. Acceptance
Criteria: At least 67 % (8 out of 12) of total QC samples and 50 % (3 out of 6) at each level should be
within 85.00-115.00 %. The % mean accuracy of LQC and HQC should be within 85.00-115.00 %. The %
CV of LQC and HQC samples should be < 15.00 %. Mean % recovery ranged 84.0-99.9% for TEL and
AZL, with precision (%CV <15%). The results were presented in Table 8-12respectively.

Table-8: Bench Top Stability of TEL and AZL

TEL AZL
HQC LQC MQC HQC LQC MQC
Con. 60 20 40 12 4 8
ng/ml
Mean 5.713x10° 1.899x10° 3.819x10° 1.530x10° 0.510x10° 1.023x10°
SD 0.00589 0.00931 0.00826 0.00554 0.00627 0.00517
%CV 0.10 0.49 0.22 0.36 1.23 0.51
% Mean
99.60% 99.32% 99.87% 99.22% 99.22% 99.51%
Accuracy

*Statistical evaluation on six replicates
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Table- 9: Auto Sampler Stability of TEL and AZL

TEL AZL
HQC LQC MQC HQC LQC MQC
Con. 60 20 40 12 4 8
ng/ml
Mean 5.700x10° 3.802x10° 1.900x10° 1.514x10° 1.021x10° 0.512x10°
SD 0.01003 0.01067 0.01055 0.00769 0.00659 0.00724
%CV 0.18 0.28 0.56 0.51 0.65 1.41
% Mean
Accurac 99.06% 99.42% 99.37% 98.18% 99.32% 99.61%
Yy
*Statistical data on 24 replicate measurements
Table-10: Freeze Thaw Stability of TEL and AZL
TEL AZL
HQC LQC MQC HQC LQC MQC
con. 60 20 40 12 4 8
ng/ml
Mean 5.709x10° 1.909x10° 3.808x10° 1.516x10° 0.508x10° 1.019x10°
SD 0.00599 0.00573 0.00607 0.00611 0.00585 0.00374
%CV 0.10 0.30 0.16 0.40 1.15 0.37
% Mean 99.53% 99.84% 99.58% 99.31% 98.83% 99.12%
Accuracy
*Statistical data on six replicate measurements
Table-11: Short term Stability of TEL and AZL
TEL AZL
HQC LQC MQC HQC LQC MQC
Cop: 60 20 40 12 4 8
ng/ml
Mean 5.489x10° 1.820x10° 3.660x10° 1.481x10° 0.490x10° 0.987x10°
SD 0.00629 0.00585 0.00585 0.00539 0.00335 0.00611
%CV 0.11 0.32 0.16 0.36 0.68 0.62
% Mean
95.69% 95.19% 95.71% 96.04% 95.33% 95.43%
Accuracy
*Statistical data on six replicate measurements
Table-12: Long term Stability (28 days) of TEL and AZL
TEL AZL
HQC LQC MQC HQC LQC MQC
Con. 60 20 40 12 4 8
ng/ml
Mean 4.980x105 1.631x105 3.318x105 1.321x105 0.432x105 0.890x105
SD 0.00779 0.00556 0.00797 0.00602 0.00471 0.00374
%CV 0.16 0.34 0.24 0.46 1.09 0.42
ch'\lj';ir; 86.82% 85.30% 86.77% 85.67% 84.05% 86.58%

5. Conclusions

*Statistical data on six replicate measurements

A sensitive, selective, economic and rapid stability RP-HPLC method was successfully developed and fully
validated for simultaneous quantification of telmisartan (TEL) and azelnidipine (AZL) in pharmaceutical
formulations as per guidelines. The method demonstrated excellent linearity (r2 > 0.999) over 4-80 ng/mL
(TEL) and 0.8-16 ng/mL (AZL), LLOQ sensitivity, precision (%CV <15%), accuracy (85-115%),
recovery (98-99%), and stability across all tested conditions. The developed method can be used as an
alternative method for routine analysis in any pharmaceutical industries.

IJCRT2512929 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ i155


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 12 December 2025 | ISSN: 2320-2882

6. Acknowledgement

The authors express sincere gratitude to the management of Sir C.R. Reddy Educational Institutions for
providing seed funding that enabled this research project. Appreciation is extended to the Research
Committee and Research & Development Cell of Sir C.R. Reddy College for approving and supporting the
research proposal. Special thanks to Shri Icon Laboratories, Vijayawada, for generously providing the
laboratory facilities essential for successful method development and validation.

7. Conflict of Interests
The authors declare that there is no conflict of interest.

Author Contributions

All the authors contributed significantly to this manuscript, participated in reviewing/editing, and approved
the final draft for publication. The research profile of the authors can be verified from their ORCIDs, given
below:

Dr. G. Ramu https://orcid.org/0000-0002-0553-5069
Dr. G. R. Satyanarayana https://orcid.org/0000-0002-6984-0003
K. Sujatha https://orcid.org/0009-0008-9006-6041
Dr. B. V. Purnima https://orcid.org/0000-0002-3204-1814
V.R.P Parameswar G https://orcid.org/0000-0003-3313-8009
Dr. V. Nagalakshmi https://orcid.org/0000-0001-5474-5815
REFERENCES

[1] Daily Med. (2022) ‘Micardis—Telmisartan tablet’, DailyMed, December 19, Retrieved 24 December
2024.

[2] American Society of Health-System Pharmacists. (2019) ‘Telmisartan monograph for professionals’,
Drugs.com, Retrieved 3 March 2019.

[3] Haberfeld, H. (Ed.). (2015) Austria-Codex, Osterreichischer Apothekerverlag, Vienna.

[4] Benson, S.C., Pershadsingh, H.A., Ho, C.1., Chittiboyina, A., Desai, P., Pravenec, M., et al. (2004)
“"Identification of telmisartan as a unique angiotensin Il receptor antagonist with selective PPARgamma-
modulating activity, ACS Medicinal Chemistry Letters, Vol 43, pp. 993-1002.

[5] Stangier, J., Su, C.A., and Roth, W. (2000) ‘Pharmacokinetics of orally and intravenously administered
telmisartan in healthy young and elderly volunteers and in hypertensive patients’, Journal of International
Medical Research, Vol 28 (4), pp. 149-167.

[6] Gosse, P. (2006). ‘A review of telmisartan in the treatment of hypertension: blood pressure control in
the early morning hours’, Vascular Health and Risk Management, Vol 2 (3), pp. 195-201.

[7] PubChem. (2023) ‘Azelnidipine’, PubChem Compound Database, Retrieved April 2023.

[8] National Center for Biotechnology Information. (2022) ‘PubChem compound summary for CID 65948:
Azelnidipine’, Retrieved 24 August 2022.

[9] Chivate, N., Patil, S., and Saboji, J. (2012) ‘Development of UV spectrophotometric method for
estimation and Validation of Telmisartan as a pure API, Journal of Pharmaceutical Research, Vol 5, pp.
3331-3333.

[10] Kumar, M., and Kumar, C. (2018) ‘Dissolution Method Development and Validation for Tablet
Dosage form of Telmisartan Using UV Spectrophotometric Method’, Journal of Chemical and
Pharmaceutical Research, Vol 10, pp. 148-156.

[11] Rathod, S., Patil, M., and Santosh, A. (2012) ‘UV Spectrophotometric method development and
Validation for Telmisartan in Bulk and Tablet Dosage Form’, International Journal of Pharmaceutical
Sciences and Research, Vol 3, pp. 3936-3939.

[12] Komal, P., Komal, D., and C.P. (2012) Stress degradation studies on Telmisartan and development of
a validated method by UV spectrophotometry in bulk and pharmaceutical dosage forms’, Pharmaceutical
Methods, Vol 2, pp. 253-259.

IJCRT2512929 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ i156


http://www.ijcrt.org/
https://orcid.org/0000-0002-0553-5069
https://orcid.org/0000-0002-6984-0003
https://orcid.org/0009-0008-9006-6041
https://orcid.org/0000-0002-3204-1814
https://orcid.org/0000-0003-3313-8009
https://orcid.org/0000-0001-5474-5815
https://doi.org/10.1161%2F01.HYP.0000123072.34629.57
https://doi.org/10.1161%2F01.HYP.0000123072.34629.57
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1993985
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1993985

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 12 December 2025 | ISSN: 2320-2882

[13] Rajesh, J., Milind, B., and Jagdish, V. (2018) ‘UV-spectrophotometric analytical method development
and Validation for determination of telmisartan in pharmaceutical drug and drug product’, International
Journal of Current Advanced Research, Vol 7, pp. 13292-13296.

[14] Reddy, N.V.S. (2012) ‘Development and Validation of RP-HPLC Method for Estimation of
Telmisartan in Bulk and Tablet Dosage Form’, International Research Journal of Pharmacy and Applied
Sciences, Vol 2, pp. 39-43.

[15] Ashok, P., and Narendran, S. (2019) ‘RP-HPLC method for estimation of Telmisartan in human
plasma’, International Journal of Applied Pharmaceutics, Vol 2, pp. 237-240.

[16] Prashanth, N. (2020) ‘Analytical Method Development and Validation for the Simultaneous
Estimation of Telmisartan and Atorvastatin in Bulk and Tablet Dosage Form’, International Journal of
Applied Pharmaceutical Sciences and Research, Vol 5, pp. 312-319.

[17] Patel, J., and Dhingani, A. (2015) ‘Development and Validation of Bioanalytical HPLC Method for
Estimation of Telmisartan in Rat Plasma’, Dhaka University Journal of Pharmaceutical Sciences, Vol 11,
pp. 121-127.

[18] Kaur, L., and Singh, G. (2020) ‘Development and Validation of rapid RP-HPLC method for the
detection and quantification of telmisartan incorporated in dosage forms and plasma’, Journal of
Pharmaceutical Research and Therapeutics, Vol 1, pp. 78-83.

[19] Patra, R., Mohan, S., and Gowda, N. (2016) ‘Stability-Indicating RP-UHPLC Method For
Determination of Telmisartan in Drug Substance and Marketed Formulation’, International Journal of
Pharmaceutical Sciences and Research, Vol 7, pp. 2031-2039.

[20] Rama, R., Praveen, K., and Krishna, R. (2012) ‘Stability-indicating hplc method for simultaneous
estimation of low-level impurities of telmisartan and hydrochlorothiazide in tablet dosage forms’,
International Journal of Pharmacy and Pharmaceutical Sciences, Vol 4.

[21] Londhe, S., Kaul, N., and Agrawal, H. (2010) ‘Stability-Indicating RP-HPLC Method for Analysis of
Telmisartan in the Bulk Drug and in Formulations’, Acta Chromatographica, Vol 22, pp. 539-548.

[22] Rafiq, Z., and Rauza, B. (2008) ‘Stability Indicating HPLC method for the determination of
telmisartan as bulk drug and in pharmaceutical dosage form’, International Journal of Chemical Sciences,
Vol 6, pp. 975-981.

[23] Sahu, L., and Patro, S. (2014) °Stability Indicating assay of telmisartan in tablets’, International
Journal of Pharmaceutical Sciences and Research, Vol 13, pp. 439-444.

[24] Bhadoriya, U., Dhaked, H., and Danodia, K. (2013) ‘RP-HPLC Method development and Validation
for estimation of Telmisartan in bulk and tablet dosage form’, International Journal of Drug Regulatory
Affairs, Vol 1, pp. 61-64.

[25] Chitra, P., Ganesa, S., and Arumugam, K. (2007) ‘Determination of Telmisartan by HPTLC — A
Stabilitylndicating Assay’, Journal of Planar Chromatography, Vol 6, pp. 477-481.

[26] Imdad, H., Amit, K., and Netra, P. (2021) ‘Analytical method development and Validation of
Azelnidipine by UV-visible spectroscopy’, World Journal of Pharmaceutical Research, Vol 10, pp. 2277—
7105.

[27] Rele, R. (2014) ‘Spectrophotometric Estimation of Azelnidipine in bulk and pharmaceutical dosage
form by second order derivative methods’, Journal of Chemical and Pharmaceutical Research, Vol 6, pp.
198-202.

[28] Raskapur, D., and Patel, M. (2012) ‘UV-Spectrophotometric method development and Validation for
Determination of Azelnidipine in Pharmaceutical Dosage Form’, International Journal of Pharmacy and
Pharmaceutical Sciences, Vol 4, pp. 238-240.

[29] Sushil, D., Rishikesh, S., and Pavan, B. (2021) ‘Development and Validation of Stability Indicating
RP-HPLC Method for Azelnidipine for bulk drug’, Natural Volatiles and Essential Oils, Vol 8, pp. 11151—
11157.

[30] Ubale, S., Kalshetti, M., and Bhavana, H. (2021) ‘Development and Validation of RP-HPLC method
for quantification of Azelnidipine in tablet’, International Journal of Creative Research Thoughts, Vol 9,
pp. 2320-2882.

[31] Gore, M., and Dabhade, P. (2016) ‘RP-HPLC Method Development and Validation of Azelnidipine’,
International Journal of Pharmaceutical Sciences and Research, Vol 7, pp. 5111-5114.

[32] Prabhakar, D., Sreekanth, J., and Jayaveera, K. (2017) ‘Method Development and Validation of
Azelnidipine by RP-HPLC’, International Journal of Chem. Tech Research, Vol 10, pp. 418-423.

[33] Amin, A., and Saad, M. (2016) ‘Simultaneous Determination of Azelnidipine and Olmesartan
Medoxomil in Pharmaceutical Dosage Forms by UFLC Method’, Journal of Pharmaceutical Science and
Technology, Vol 6, pp. 69-74.

IJCRT2512929 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ i157


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 12 December 2025 | ISSN: 2320-2882

[34] Modi, J., Patel, S., and Upadhyay, U. (2016) ‘Stability Indicating Analytical Method Development and
Validation For estimation of Azelnidipine’, World Journal of Pharmaceutical Research, Vol 5, pp. 831—
847.

[35] Kawabata, K., and Urasaki, Y. (2006) ‘Simultaneous determination of Azelnidipine and two
metabolites in human plasma using liquid chromatography-tandem mass spectrometry’, Journal of
Chromatography B, Vol 4, pp. 45-52.

[36] Suneetha, S. (2013) ‘Sensitive Analysis of Azelnidipine and Related Derivative in Human Plasma by
Ultra-Performance Liquid Chromatography-Tandam Mass Spectrometry’, Asian Journal of Chemistry, Vol
15, pp. 10319-10321.

[37] Dibya, D., Dhiman, H., Himangshu, S., Pintu, K., and Tapan, K. (2021) ‘Special emphasis on
bioanalytical method development and Validation of an anti-hypertensive drug azelnidipine by LC-ESI-
MS/MS in healthy human volunteer’s blood plasma’, Research Journal of Pharmacy and Technology, Vol
14, pp. 3571-3577.

[38] Punugupati, R., Eswarudu, M., and Puttugunta, S. (2022) ‘Method development and Validation for
Simultaneous Quantification of Azelnidipine and Telmisartan in Pharmaceutical dosage form by UV’,
International Journal of Pharmaceutical Sciences Review and Research.

[39] Kumara, P., and Unnathi, Y. (2021) ‘Development and Validation of UV Spectrophotometric
Methodfor Simultaneous estimation of azelnidipine and telmisartan in Combined Dosage Form’, World
Journal of Pharmacy and Pharmaceutical Sciences, Vol 10, pp. 1320-1332.

[40] Manish, K., Umesh, C., and Pankaj, G. (2021) ‘A stability indicating RP-HPLC method validation for
simultaneous estimation of azelnidipine and telmisartan in a fixed-dose combination’, International Journal
of Pharmaceutical Sciences and Drug Research, Vol 13, pp. 288-294.

[41] Harshith, K., Jinesh, B., Bindhyashree, K., Sahana, K., and Hanumanthachar, J. (2023) ‘ Analytical
Method Development and Validations for Simultaneous Estimation of Antihypertensive Drugs’, European
Journal of Pharmaceutical and Medical Research, Vol 10, pp. 463—469.

[42] Manisha, P., Vasudha, D., Srinivas, R.Y ., and Vara, P. (2023) ‘RP-HPLC Method for Determination
of Azelnidipine and Telmisartan in Pharmaceutical Dosage Form’, Research Journal of Pharmacy and
Technology.

[43] Spandana, L., and Subhashini, P. (2022) ‘Telmisartan and azelnidipine quantification employing
HPLC stratagem; stability investigation on telmisartan and azelnidipine’, International Journal of Applied
Pharmaceutics, Vol 14.

[44] Mansi, B., Pankti, D., and Dharu, N. (2021) ‘Stability Indicating RP-HPLC Method Development and
Validation for the Simultaneous Estimation of Telmisartan and Azelnidipine in Tablet ‘Dosage Form’,
International Journal of All Research Education and Scientific Methods, Vol 9.

[45] Spandana, V., and Siddartha. (2022) ‘Analytical Method Development and Validation of Azelnidipine
and Telmisartan by RP HPLC Method’, Journal of Pharmaceutical Nanotechnology, Vol 10.

[46] Krishnaphanisri, P., and Sunitha, K. (2021) ‘Development of HPLC stability demonstrating
methodology for quantifying azelnidipine and telmisartan in tablets and bulk types’, International Journal
of Applied Pharmaceutics, Vol 13 (5), p. 298.

IJCRT2512929 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ i158


http://www.ijcrt.org/

