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ABSTRACT

Validation entails a systematic approach to ensure that processes, systems, procedures, and equipment consistently
execute their intended functions and provide dependable outcomes. Validation is critical for ensuring quality,
adhering to regulatory standards, and reducing production and operational risks. The developed method was novel
and simple for the simultaneous estimation of Amlodipine & Telmisartan by RP-HPLC. The two peaks were well
resolved at 254nm in isocratic mode at retention times 7.625 and 11.531 min for Amlodipine and Telmisartan
respectively at a run time of 20 min and flow rate 1.0 ml/min with 250mm x 4.6mm, 5um column & Ammonium
acetate buffer: methanol (20:80) as mobile phase. % Assay values for Amlodipine and Telmisartan were found to
be 98.59% & 99.17% respectively. Linearity was obtained in the range of 16-48 ppm & 20-60 ppm and linearity
correlation coefficient was found to be 0.9925 & 0.9955 for Amlodipine and Telmisartan respectively. This new
approach was verified using ICH guidelines and found to be specific, sensitive, precise, accurate, and linear.

KEYWORDS: Method development and validation, ICH guidelines, Amlodipine, Telmisartan, and RP-HPLC.

1. INTRODUCTION molecular formula is C,H»sC\N,Os, Amlodopine has the
1.1 DRUG PROFILE OF AMLODIPINE molecuar mass of 408.879 g/mol.!**!

Amlodipine, first approved by the FDA in 1987, is a
widely used antihypertensive medication that belongs to
the class of dihydropyridine calcium channel blockers.
These blockers are known for their selectivity towards
peripheral blood vessels, resulting in a reduced risk of
myocardial depression and cardiac conduction issues
compared to other types of calcium channel blockers.
Amlodipine is frequently prescribed for the management
of high blood pressure and angina. In addition to its
primary effects, amlodipine exhibits antioxidant
properties and can stimulate the production of nitric
oxide (NO), a vital vasodilator that helps lower blood
pressure. IUPAC name of Amlodipine is 3-ethyl 5-
methyl 2-[(2-aminoethoxy)methyl]-4-(2-chlorophenyl)-
6-methyl-1,4-dihydropyridine-3,5-dicarboxylate and Figure 1: Chemical Structure of Amlodipine.
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1.2 DRUG PROFILE OF TELMISARTAN

Telmisartan is an angiotensin Il receptor blocker (ARB)
commonly used to manage hypertension. ARBs like
telmisartan bind with high affinity to angiotensin Il type
1 (AT1) receptors, preventing angiotensin Il from acting
on vascular smooth muscle, which results in a decrease
in arterial blood pressure. Additionally, recent research
suggests that Telmisartan may possess PPAR-gamma

CH,

agonistic properties, potentially offering beneficial
effects on metabolism. The IUPAC designation for
Telmisartan is  4'-{[4-methyl-6-(1-methyl-1H-1,3-
benzodiazol-2-yl)-2-propyl-1H-1,3-benzodiazol-1-
yllmethyl}-[1,1'-biphenyl]-2-carboxylic acid. Its
molecular weight is 514.63 g/mol and molecular formula
CagHaoN,0, 1

OH

Figure 2: Chemical Structure of Telmisartan.

After an exhaustive literature study™®?® the authors

concluded that a very few methods for simultaneous
quantification of Amlodipine and Telmisartan have been
assessed using spectroscopy and liquid chromatography.

2. MATERIALS AND METHODS
2.1 APPARATUS & CHEMICALS
Table 1: List of apparatus.

Therefore, there is a need to design an innovative, fast,
exact, sensitive, and selective approach for simultaneous
estimation of Amlodipine and Telmisartan by RP-HPLC
in its tablet dosage forms.

S.no | Name Model Manufacturer
1 HPLC Waters 2690 | ALLIANCE
2 | Weighing Balance SAB 203 L | Scale tech
3 | Pipettes, Beakers and Burettes | NA Borosil Class-A
4 | Ultra Sonicator PSA-10A DIGITAL PRO

Table 2: List of chemicals.

S.no | Name

Grade Batch No

1 | Water (Milli Q / HPLC Grade water) | HPLC | P24E100596

Ammonium acetate

HPLC JO58A24

HPLC R276G24

2
3 Methanol
4 Acetonitrile

HPLC R14C24

2.2 PREPARATION OF SOLUTIONS

Mobile phase: Ammonium acetate buffer and methanol
was mixed and sonicated well and prepared in the ratio
of 20:80.

Buffer preparation: Ammonium acetate buffer: 4.0
grams of ammonium acetate was properly weighed and
put into a 1000 ml volumetric flask. Water was added to
fill the flask and filtered through a 0.45 um membrane
filter.

Diluent preparation: Water and Acetonitrile (70: 30)
used as diluent throughout the study.

Standard preparation: 40.00 mg of Amlodipine and
50.00 mg of Telmisartan were precisely weighed and
transferred to two separate 100 ml volumetric flasks. 60
mL of diluent was added and sonicated for 5 minutes.
The volume was increased to the mark using diluent.
Then, 4ml of each solution was put into a 50ml
volumetric flask, and the volume was adjusted to the
mark using the same diluent.
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Sample preparation: Equivalent powder from 20 tablets
was accurately taken from UZITEL-A containing
Amlodipine 40mg and Telmisartan 50 mg respectively
and transferred to 100 ml volumetric flask. 60 mL of
diluent was added and sonicated for 5 minutes. The
volume was made up to the mark using diluent. Then,
4ml of solution was placed into a 50ml volumetric flask,
and the final volume was produced to the mark using the
same diluent.

Optimized chromatographic  conditions:  After
performing various trials in isocratic mode, the
optimized chromatogram was obtained at 254nm with
1.0 ml/min flow rate using Ammonium acetate buffer:
methanol (20:80).  The Sample temperature was
maintained at 20°+ 5°C. Peaks were well resolved using

Welchrom 250mm x 4.6mm, 5um column at an ambient
temperature for 20 min run time.

3. RESULTS AND DISCUSSION

3.1 SYSTEM SUITABILITY

System  suitability in  chromatography involves
performing a series of tests to verify that all components
of the chromatographic system—such as equipment,
electronics, analytical procedures, and samples—are
working correctly before the analysis begins. These
evaluations are essential to ensure that the system meets
established standards for the intended application,
thereby ensuring both the reliability and accuracy of the
analytical outcomes. Validation is done as per ICH
requirements.*"!
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Figure 3: System suitability for standard chromatogram.
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Figure 4: Overlay of System suitability for standard chromatograms.
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Table 3: System suitability results.

Amlodipine | Telmisartan

Retention Retention
Time Time

1| Mean* 7.612 11.528
2 | Std. Dev 0.009 0.017
3| %RSD 0.12 0.15

* Average of five replicate injections

Discussion: The developed method successfully passed
the system suitability criteria, as evidenced by a

Blank

1.20

theoretical plate value exceeding 2000, tailing factor not
exceeding 2.0, and % RSD remaining below 2.0%.

3.2 SPECIFICITY

The chromatographic method's capability to distinguish
and quantify the target analyte in the presence of other
substances, such as impurities, degradation products,
matrix components, or additional analytes, is referred to
as its specificity. High specificity means that the method
can effectively and accurately separate and detect the
target compound without interference from other
substances within the sample.
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Figure 5: Blank chromatogram.

Discussion: The specificity chromatogram for the blank
showed no interference with the primary peak, indicating
that the technique is specific.

3.3 ACCURACY
Accuracy in an analytical method describes how well the
test results correspond to the actual or reference value.

To assess accuracy, sample solutions at concentration
levels of 50%, 100%, and 150% are introduced into the
system, and the percentage recovery is calculated to
evaluate the method’s precision.
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Figure 6: Sample solution chromatogram.
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Table 4: Results for Accuracy.

S.No Sample solption Amlodipine Telmisartan
) concentration* % RSD | Recovery % | % RSD | Recovery %
1 50% sample solution 1.05 0.53
2 100% sample solution 0.34 99.55% 0.18 99.20%
3 150% sample solution 0.06 0.26

* Average of three replicate injections

Discussion: The RSD percentage does not exceed 2.0%.
The approach is considered accurate because the
percentage  recovery acceptability criterion  for
Amlodipine and Telmisartan ranges between 98.0% and
102.0%.

3.4 PRECISION
Precision indicates how consistently the method can

Precision, however, measures the extent of variation or
dispersion in these results and is typically expressed
through statistical tools such as standard deviation,
relative standard deviation (RSD), or coefficient of
variation (CV).
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Figure 6: Precision chromatograms overlay of Amlodipine and Telmisartan.

Table 5: Method precision results for Amlodipine and Telmisartan.

S. No | Peak Name* | Average | SD | % RSD
1 Amlodipine 819184 | 0.24 0.2
2 Telmisartan | 1704973 | 0.15 0.2

* Average of six replicate injections

Discussion: The RSD percentage does not exceed 2.0%.
The approach is regarded as precise since the precision
values are within the acceptable range for Amlodipine
and Telmisartan.

3.5 LINEARITY
In chromatography, linearity refers to the relationship
between the concentration or quantity of an analyte

injected and the detector's response. It assesses how
accurately the detector response reflects changes in
analyte concentration over a specified range. When
linearity is present, the detector response, such as peak
height or area, will increase or decrease in direct
proportion to the analyte concentration. This property is
crucial for ensuring accurate and  consistent
guantification of substances during chromatographic
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analysis. Amlodipine and Telmisartan were made in five concentration of analyte on x-axis and peak area on y-
concentrations, and each concentration was injected three axis.
times to test linearity. A graph was plotted taking

Amlodipine
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Figure 7: Linearity graph for Amlodipine.
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Figure 8: Linearity graph for Telmisartan.

Table 6: Results for linearity.

Amlodipine Telmisartan
Conc. in PPM* Peak Area Conc. in PPM* Peak Area
16 387748 20 806176
24 593504 30 1233387
32 778985 40 1547878
40 928457 50 1927678
48 1065725 60 2207183
Regression Equation | y =21136x + 74521 | Regression Equation y :1?;'@%%%)( *
Linearity Correlation Linearity Correlation
Coefficient (R?) 0.9925 Coefficient (R?) 0.9955

* Average of three replicate injections

Discussion: The R? values are within the acceptability technique has been demonstrated to be exact, accurate,
standards, i.e. NLT 0.99 for Amlodipine and and linear.
Telmisartan, indicating that the method is linear.

3.6 RANGE
The range is the interval between the highest and lowest
analyte concentrations in the sample across which the
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Table 7: Range values for Amlodipine & Telmisartan.

Percentage of solution | % RSD for Amlodipine | % RSD for Telmisartan
50% 0.08% 0.08%
100% 0.39% 0.39%
150% 0.06% 0.09%

Bracketing standard
Bracketing is an analytical approach in which samples
are evaluated at the higher and lower limits of a specified

range to ensure accuracy and precision over the whole
range.
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Figure 9: Sample solution Bracketing Standard chromatograms

METHOD APPLICATION TO THE ANALYSIS OF
AMLODIPINE AND TELMISARTAN

The proposed and verified technique was used to
simultaneously determine Amlodipine and Telmisartan
in commercially available tablet dosage form UZITEL-

Table 8: %Assay of Amlodipine and Telmisartan.

A. The assay findings are reported in the table below. It
was discovered that no dosage form excipients interfered
with their analysis, indicating that the approach is
suitable for routine quality control work.

UZITEL-A Tablets
Name of the drug | Labeled claim (mg) | %Assay*
Amlodipine 5 98.59
Telmisartan 40 99.17

*Average of six replicate injections

SUMMARY AND CONCLUSION
The study successfully established and validated a
particular, new, and accurate RP-HPLC technique for

simultaneously estimating Amlodipine and Telmisartan
in Tablet Dosage Forms.

Parameters Amlodipine | Telmisartan
% Recovery in Accuracy 99.55% 99.20%
% RSD in Precision 0.20% 0.20%
Linearity Correlation coefficient 0.9925 0.9955
% Assay 98.59% 99.17%

The key objectives included optimizing the HPLC
method for effective separation and quantification of the
two drugs, while ensuring accuracy, precision,
specificity, linearity, and range. The method's application
to commercial product analysis, routine quality control,
and stability testing was also assessed. The mobile phase

consisted of ammonium acetate buffer and methanol
(20:80). The chromatography was conducted under
isocratic conditions with a UV detector set at 254 nm, a
flow rate of 1 ml/min, and a run time of 20 minutes. The
retention times for Amlodipine and Telmisartan were
observed at approximately 7.6 and 11.5 minutes,
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respectively. System suitability tests confirmed that
theoretical plate counts exceeded 2000, and tailing
factors were within acceptable limits. Precision was
excellent, with the relative standard deviation (RSD)
below 2%. Specificity tests verified the method's ability
to accurately distinguish and quantify the drugs without
interference. The method's accuracy was validated
through recovery studies at different concentration
levels, with RSD values below the 2% acceptance
threshold. Linearity was demonstrated across various
concentration levels. The method proved reliable for
quantifying both drugs, with low RSD values further
supporting its suitability for pharmaceutical analysis. In
conclusion, the developed HPLC method was found to
be accurate, precise, specific, and linear, making it
suitable for the simultaneous determination of
Amlodipine and Telmisartan in  pharmaceutical
formulations. It is well-suited for routine quality control
and stability testing of combined dosage forms

ACKNOWLEDGMENT

All authors are thankful to Principal and management of
Srinivasararao College of Pharmacy for providing
facilities for this work.

REFERENCES

1. Baumhakel M, Béhm M. "Recent achievements in
the management of Raynaud's phenomenon™.
Vascular Health and Risk Management, 2010;
6: 207-214.

2. Musa R, Qurie A. "Raynaud Disease". StatPearls.
Treasure Island (FL): StatPearls Publishing, 2024;
4(2): 450-455.

3. Delgado-Montero A, Zamorano JL. "Atorvastatin
calcium plus amlodipine for the treatment of
hypertension". Expert Opinion on Pharmacotherapy,
2012; 13(18): 2673-2685.

4. "Amlodipine Disease Interactions”. Drugs.com.
Archived from the original on 2017. Retrieved 4
July 2017.

5. Grimard BH, Safford RE, Burns EL "Aortic
Stenosis: Diagnosis and Treatment". American
Family Physician, 2016; 93(5): 371-378.

6. Hitchings A, Lonsdale D, Burrage D, Baker E. The
Top 100 Drugs e-book: Clinical Pharmacology and
Practical Prescribing. Elsevier Health Sciences,
2014; 4(8): 90.

7. "Amlodipine: medicine to treat high blood pressure".
nhs.uk., 2018.

8. Russell RP."Side effects of calcium channel
blockers". Hypertension, 1988; 11(3): 30-33.

9. Sica D. "Calcium channel blocker-related periperal
edema: can it be resolved?". Journal of Clinical
Hypertension, 2003; 5(4): 2914, 297.

10. Feng X, Luo Z, Ma L, Ma S, Yang D, Zhao Z,
et al.. "Angiotensin Il receptor blocker telmisartan
enhances running endurance of skeletal muscle
through activation of the PPAR-8/AMPK pathway".
Journal of Cellular and Molecular Medicine, 2011;
15(7): 1572-1581.

11. He H, Yang D, Ma L, Luo Z, Ma S, Feng X, et al..
"Telmisartan prevents weight gain and obesity
through activation of peroxisome proliferator-
activated  receptor-delta-dependent  pathways".
Hypertension, 2010; 55(4): 869-879.

12. Li L, Luo Z, Yu H, Feng X, Wang P, Chen J,
et al.. "Telmisartan improves insulin resistance of
skeletal muscle through peroxisome proliferator-
activated receptor-6 activation". Diabetes, 2013;
62(3): 762-774.

13. McDermott MM, Bazzano L, Peterson CA, Sufit R,
Ferrucci L, Domanchuk K, etal.. "Effect of
Telmisartan on Walking Performance in Patients
With Lower Extremity Peripheral Artery Disease:
The TELEX Randomized Clinical Trial". JAMA,
2022; 328(13): 1315-1325.

14. Yin SN, Liu M, Jing DQ, Mu YM, Lu JM, Pan CY.
"Telmisartan increases lipoprotein lipase expression
via peroxisome proliferator-activated receptor-alpha
in HepG2 cells". Endocrine Research, 2014;
39(2): 66-72.

15. Stangier J, Su CA, Roth W "Pharmacokinetics of
orally and intravenously administered telmisartan in
healthy young and elderly volunteers and in
hypertensive patients”. The Journal of International
Medical Research, 2000; 28(4): 149-167.

16. Gosse P."A review of telmisartan in the treatment
of hypertension: blood pressure control in the early
morning  hours". Vascular Health and Risk
Management, 2006; 2(3): 195-201.

17. Golledge J, Pinchbeck J, Tomee SM, Rowbotham
SE, Singh TP, Moxon JV, etal. "Efficacy of
Telmisartan to Slow Growth of Small Abdominal
Aortic  Aneurysms: A Randomized Clinical
Trial". JAMA Cardiology, 2000; 5(12): 1374-1381.

18. Maimoon S, Reddy KN, Swetha P. RP-HPLC
method  development and  validation  for
simultaneous estimation of Amlodipine besylate and
Telmisartan in tablet dosage form. Indian Journal of
Research in Pharmacy and Biotechnology, 2017;
5(1): 74.

19. Chabukswar AR, Jagdale SC, Kumbhar SV, Desai
DJ, Kuchekar BS, Lokhande PD. HPLC method
development for telmisartan and amlodipine.
Research Journal of Pharmacy and Technology,
2010; 3(4): 1227-30.

20. Kranthi M, Srinivas A. Analytical Method
Development and Validation and Force Degradation
Studies for Simultaneous Estimation of Amlodipine
Besylate and Telmisartan in Tablet Dosage Form by
using RP-HPLC. Int. J. Pharm. Phytopharmacol.
Res., 2014; 4: 2-7.

21. Sasidhar RL, Vidyadhara S, Deepti B, Tejaswi K,
Suhasini J. Development and Validation of RP-
HPLC Method for the Simultaneous Determination
of Hydrochlorothiazide, Amlodipine Besylate and
Telmisartan in  Bulk and  Pharmaceutical
Formulation. Oriental Journal of Chemistry, 2014;
30(4): 1815-22.

WWW.Wjpmr.com Vol 12, Issue 3, 2026.

ISO 9001:2015 Certified Journal | 127



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2856576
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2856576
https://www.drugs.com/disease-interactions/amlodipine.html
https://web.archive.org/web/20170811011628/https:/www.drugs.com/disease-interactions/amlodipine.html
http://www.aafp.org/afp/2016/0301/p371.html
http://www.aafp.org/afp/2016/0301/p371.html
https://books.google.com/books?id=oeYjAwAAQBAJ&pg=PA90
https://books.google.com/books?id=oeYjAwAAQBAJ&pg=PA90
https://books.google.com/books?id=oeYjAwAAQBAJ&pg=PA90
https://www.nhs.uk/medicines/amlodipine/
https://doi.org/10.1161%2F01.HYP.11.3_Pt_2.II42
https://doi.org/10.1161%2F01.HYP.11.3_Pt_2.II42
https://doi.org/10.1111%2Fj.1524-6175.2003.02402.x
https://doi.org/10.1111%2Fj.1524-6175.2003.02402.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3823201
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3823201
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3823201
https://doi.org/10.1161%2FHYPERTENSIONAHA.109.143958
https://doi.org/10.1161%2FHYPERTENSIONAHA.109.143958
https://doi.org/10.1161%2FHYPERTENSIONAHA.109.143958
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3581229
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3581229
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3581229
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9533188
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9533188
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9533188
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9533188
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1993985
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1993985
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1993985
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7450408
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7450408
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7450408
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7450408

Meghana et al.

World Journal of Pharmaceutical and Medical Research

22.

23.

24.

25.

Raju VB, Gandhi BM, Sumanth KS, Srinivas K,
Sarojini GL. Method development and validation for
simultaneous  estimation of telmisartan and
amlodipine by RP-HPLC. World Journal of
Pharmaceutical Sciences, 2017; 29: 45-53.

Krishnan SN, Harika P, Reddy YS. Validated RP—
HPLC Method for Simultaneous Estimation of
Telmisartan and Amlodipine. International Journal
of Pharmaceutics and Drug Analysis, 2014; 2(11):
883-9.

EL-Fatatry HM, Habib A, Hammad SF, Badran Al.
Development and validation of quality by design
optimized reversed phase HPLC method for
simultaneous  estimation of telmisartan and
amlodipine. Int J. Biol Pharm Res., 2013; 4(12):
697-701.

Vekariya NR, Patel MB, Patel GF, Dholakiya RB.
Development and validation of TLC-densitometry
method for simultaneous determination of
telmisartan and amlodipine besylate in bulk and
tablets. Journal of young pharmacists, 2009; 1; 1(3):
259.

WWW.Wjpmr.com Vol 12, Issue 3, 2026.

ISO 9001:2015 Certified Journal | 128




