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ABSTRACT

The presented work offers a validated gradient method based on RP-HPLC enabling fast

quantification of Amlodipine and Atenolol simultaneously in tablet formulations. The whole
analysis is founded upon RP-HPLC separation using ODS-A C18 (250 mm x 4.6 mm, particle
size-5um) column maintained at 35°C. The mobile phase comprises a buffer, acetonitrile, and
methanol. 0.9ml/min flow rate was set together with 20ul of injection volume and the entire
analysis has been carried out at 228 nm. The chromatogram showed that there were well-separated
Atenolol and Amlodipine peaks. Over the concentration range of 25 to 75ug/ml for Atenolol and
2.5 to 7pg/ml for Amlodipine a linear relationship of the drug concentration with peak areas was
observed. With the recovery between 99.88% to 101.66% for Atenolol and 99.34% to 102.54% for
Amlodipine, the current approach is proven to be accurate. The approach demonstrated high
precision as for both the drugs percent Relative standard deviation was below 2%. Atenolol and
Amlodipine in tablet formulation can therefore be analyzed using this method, which is more

convenient as well as reliable than the other methods.
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INTRODUCTION

One of the most common and serious health
problems emerging nowadays is
hypertension [1]. High blood pressure is
associated with many significant
cardiovascular disorders, including kidney
failure, CHF (congestive heart failure),
strokes, as well as heart attacks. Among the
treatments, beta-blockers are the efficacious
as well as safest drugs to fight against high
blood pressure and Atenolol comes from this
beta-blocker pharmacological class [2].
Atenolol is an antagonist or blocker of beta-1
adrenergic receptors, named so since it has
the ability to specifically bind to and block
this receptor [3]. It functions as it competes
against catecholamine to bind with the heart's
as well as smooth muscle's adrenergic
receptors (B1) which so inhibits sympathetic
activation [4]. The main purpose of
adrenergic stimulation includes increasing
the rate of heartbeat. Atenolol helps in
lowering the cardiac output, and heart rate
together with systolic and diastolic B.P by
inhibiting stimulation [5].

Chemically, Atenolol is characterized as 4-
(2-hydroxy-3-[(1-methylethyl) amino]
propoxy| benzeneacetamide [6] (Figure 1).
For oral administration the various dosage
forms available for Atenolol are - capsules,

tablets, and also syrup. This medicine is

usually offered as a tablet in three distinct
strengths i.e.25, 50, and 100 mg [7].
Amlodipine is an  antihypertensive
medication that belongs to the calcium
channel blocker class of drugs. It acts by
inhibiting Calcium from entering the cell
membranes of smooth muscle and
myocardial cells, resulting in decreased
contractile function and dilating coronary as
well as systemic arteries, subsequently
lowering  blood pressure [8]. Since
Amlodipine has a long half-life, therefore
dosed only once a day and this also promotes
compliance by patients [9]. Chemically
Amlodipine is characterized as 3-~{O}-ethyl
5-~{0O}-methyl 2-(2-aminoethoxymethyl)-4-
(2-chlorophenyl)-6-methyl-1,4-
dihydropyridine-3,5-dicarboxylate [10]
(Figure 2). An oral dose of Amlodipine
comes in 2.5, 5, and 10 mg strengths.
Generally, the advised initial dose is Smg per
day whereas 10 mg per day is the highest
dose [11].

In comparison to monotherapy, an
antihypertensive drug combination can
produce numerous advantages such as
regulating the blood pressure better, provide
a simple dosing schedule, causes a reduction
in side effects [12], and because beta-

blockers together with calcium channel
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blockers represent effective hypertensive
medications, their action takes a synergistic
approach to control high blood pressure.
According to Li-Ping et.al., Amlodipine and
Atenolol work synergistically to decrease as
well as stabilize the blood pressure and when
the two drugs are present in dose ratio 10:1
the effect is considered to be most potent
[13]. Because HPLC is a fast as well as

robust method, it is thought to be most
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Figure 1: Structure of Atenolol

MATERIAL AND METHODS

Instrumentation and reagents: The HPLC
system — Shimadzu was employed for the
chromatographic  separation that was
integrated with UV detector along with
autosampler. An LC software program was
used for gathering and processing the
analysis data. Pure samples of Amlodipine
and Atenolol were obtained from Arene life
science Itd. And Kopran research lab. HPLC
grade methanol and acetonitrile were used
(from merk life science) and other reagents
were of AR grade including potassium
dihydrogen phosphate. Throughout the work,

milli Q water has been used for preparations

appropriate for the simultaneous
quantification of compounds contained in the
multicomponent dosage form. The purpose
of this work has been to thoroughly validate
an HPLC gradient method which is much
cost-effective, and efficient as per the ICH
guidelines for determining Amlodipine and
Atenolol simultaneously in the

pharmaceutical tablet dosage form.

O\/\NH2

Figure 2: Structure of Amlodipine

and in the study, tablets containing 5 mg
Amlodipine and 50 mg Atenolol was
employed.

Preparation of mixed Standard solution:
Atenolol  stock solution (A) having
1000pg/ml concentration and Amlodipine
stock solution (B) having 250pg/ml
concentration were prepared by dissolving
respective working standard with diluent A
and at temperature, not surpassing 10°C
sonicated for few minutes to dissolve. For
preparation of mixed standard solution from
stock solution A — 5ml and from stock
solution B -2ml were pipette out and

transferred into volumetric flask of 100ml
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including diluent A volume was made up to
the mark.

Test solution: five tablets were transferred
after weighing into a volumetric flask of 250
ml and about 150ml of diluents A was added.
At temperature, not surpassing 10°C it was
sonicated to dissolve and using diluent A
volume was made up to 250ml. For 5
minutes at 1000 RPM, the solution got
centrifuged. Thereafter, into a volumetric
flask of 100ml, 5 ml of supernatant was taken
and with diluent B volume was made up.
Optimized chromatographic conditions:
The stationary phase enabling analytes
chromatographic separation was a ODS-A
C18 (250 mm x 4.6 mm, 5m) column
maintained at temperatures of 35°C. With the
U.V detector, the analysis was reported at
228 nm. For injecting samples, 20ul of
injection volume was selected. Flowing at
0.9 ml/min, a gradient mobile phase
comprising of Buffer, Acetonitrile, and
Methanol was utilized.

METHOD VALIDATION

The process confirming that analytical
procedures utilized to perform a certain test
are appropriate in order to be used for the
purpose for which they were developed is
called method validation. ICH guidelines
were used to validate the developed method

for all parameters.

The system suitability test is done to
demonstrate the proper functioning of the
system prior to HPLC analysis. Prior to
beginning analysis, the acceptance criteria of
system suitability testing must be met. 5
replicate injections of a mixed standard
solution having 100% concentration of
Atenolol and Amlodipine were injected into
the HPLC system for assessing the system
suitability. In order to determine the method
precision, six test solutions were prepared
and injected into the HPLC system on same
day. Whereas in similar manner six test
solutions were prepared and injected into
different HPLC systems on a different day by
a different analyst. Based on the assay results
of these six test preparations, %RSD was
calculated to evaluate the precision of the
method. In order to assess the method’s
linearity working test solutions of Atenolol
and Amlodipine at various concentrations
covering 50-150% were prepared. The
responses to these solutions were recorded
after they were introduced into the system.
The linearity curve was generated by plotting
the peak areas of the chromatogram against
the concentrations of Atenolol and

Amlodipine. To verify the method's
accuracy, recovery studies were conducted
using a recovery sample in which a placebo

was spiked using predetermined quantities of
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Atenolol and Amlodipine at a concentration
of 50-150 percent of the working standard in
triplicates. The method's specificity is
utilized to inspect for possible excipients
interference with the analytical peak’s
retention time, potentially altering the
analytical method’s specificity. In the
presence of prevalent excipients that were
involved in the formulation of tablets,
specificity was determined

RESULTS AND DISCUSSION

The system suitability checks are criteria that
ensure proper system performance. The peak
area percent RSD, USP tailing factor, as well
as theoretical plates, were all estimated as
instrument performance characteristics. The
percent RSD for Atenolol and Amlodipine
peak areas was below 2%, with values of
0.104 and 0.208 respectively. Mean USP
tailing factor for Atenolol was 1.485 and for
Amlodipine was 1.471. With theoretical
plates above 2000 for both. The acceptance
requirements were met by all of the
parameters assessed. The findings revealed
that for the analysis the chromatographic
system was suitable. For method precision

and intermediate precision, Atenolol &

Amlodipine have % content between 90 to
110 %, and the RSD percentage of results
was within a 2% limit that made it evident
that the method developed is precise. The
Table 1 represents the method and
intermediate precision. In the concentration
range of 25 to 75ug/ml and 2.5 to 7 pg/ml for
Atenolol and Amlodipine respectively a
linear relationship of the drug concentration
with peak areas was observed. Table 2
provides data for linearity. The method is
said to be linear as the data obtained is within
Amounts  of

the specification limits.

Amlodipine and Atenolol that were
recovered (accuracy) ranged from 99.88% to
101.66% for Atenolol and 99.34% to
102.54% for Amlodipine. Table 3 reports the
accuracy (recovery) result. The presented
method is found to be extremely accurate as
a result of the high percentage of the
recovery. Since extra peaks were not found
indicating that there were no interference due
to the presence of excipients contained in
tablets showing that for the drugs being

studied, the method is unique or specific

(Figure 3).

Table 1: Method and Intermediate precision results of Atenolol and Amlodipine

Drug Method precision Intermediate precision
Y%assay (n=6) S.D % RSD %assay (n=6) S.D % RSD
Atenolol 98.25 0.71 98.72 0.76 0.77
Amlodipine 98.46 0.67 98.94 0.63 0.64
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Table 2: Linearity data for Atenolol and Amlodipine
Parameter Atenolol Amlodipine
Linearity range 25 to 75pg/ml 2.5to 7 pg/ml
Slope 50155 57002
Intercept 30395 8535
Correlation coefficient 0.999 0.999
Table 3: Accuracy (recovery) result of Atenolol and Amlodipine
Spike level % Atenolol Amlodipine
Recovery S.D % RSD Recovery S.D % RSD
Mean % (n=3) Mean % (n=3)
50 100.88 0.39 0.38 102.21 0.33 0.3
100 100.5 0.56 0.56 100.04 0.61 0.61
150 101.31 0.32 0.31 99.78 0.41 0.41
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Fig. 3: chromatogram for specificity
CONCLUSION REFERENCES

It was discovered, based on the findings, that
a unique, efficient, as well as highly reliable
RP-HPLC method estimating quantitatively
Amlodipine and Atenolol simultaneously in

pharmaceutical  tablet

dosage form

employing gradient program, confirmed
being linear, specific, accurate, precise and
also fit the purpose for which it was intended.
This study completed provides documented
evidence of the analytical method being
in

effective

analyzing  these  drugs

quantitatively therefore can be

readily

implemented as a routine estimation method

[1] Ezzati M, Lopez AD, Rodgers A, Vander
Hoorn S, Murray CJ. Selected major risk
factors and global and regional burden of
disease, Lancet 2000; 360: 1347-60.

[2] Chauhan A. A review on atenolol, World
J Pharm Pharm Sci, 2020; 9(3): 902-914.

[3] Abdussaleem K, Boopathy D, Perumal P.
Analytical Method Development and
Validation of Losartan Potassium and
Atenolol in combined dosage form by
RP-HPLC, Int.J PharmTech Res, 2010;
2(1):471-474

IJBPAS, September, 2022, 11(9)

4197



Chaudhary M And Priya

Research Article

[4] Naikini P, Akula A, Ajitha A, Maheswara
Rao VU. Rp-Hplc Method Development
And Validation For The Simultaneous
Estimation Of Amlodipine And Atenolol
In Bulk And Tablet Dosage Forms, Int J
Pharm Pharm Sci, 2013; 6(1): 390-394

[5] Bhusari Vidhya K, Dhaneshwar Sunil R.
Validated HPLC Method for
Simultaneous Quantitation of Amlodipine
Besylate, Atenolol and Aspirin in Bulk
Drug and Formulation, J Pharm Biomed
Sci, 2012; 17(09)

[6] Kumar Gunda R, Suresh Kumar JN,
Brahma CK, Satyanarayana V, Prashant
KN. Design, Formulation and Evaluation
of Atenolol Gastro Retentive Floating
Tablets , Asian Journal of Pharmaceutics,
2015; 9(4): 34-42

[7] Chaudhari V, Hussian S, and Ubale M. A
newer validated and stability indicating
HPLC method for the estimation of
Atenolol and Hydrochlorothiazide in bulk
drug and dosage form, IntJ Chem Stud,
2013; 1(4): 93-101

[8] Nagamani P, Manjunath SY, Hemant
Kumar T. Development and Validation of
RP-HPLC Method for Estimation of
Amlodipine Besylate and Celecoxib in
Pharmaceutical ~ Formulation, J drug

deliv ther, 2020; 10(6): 31-36

[9] Sudhakar M, Venkateshwara rao J,

Devika GS, Ramesh Petchi R. A
Validated = RP-HPLC  method for
simultaneous estimation of Nebivolol
hydrochloride and S-Amlodipine besylate
in tablet dosage forms, Int j chem pharm

sci, 2010; 1: 28-32.

[10] https://pubchem.ncbi.nlm.nih.gov/compo

und/2162

[11]Zhou Y, Li J, He X, Jia M, Liu M.

Development and validation of a liquid
chromatography—tandem mass
spectrometry method for simultaneous
determination of amlodipine,
atorvastatin and its metabolites ortho-
hydroxy atorvastatin and para-hydroxy
atorvastatin in human plasma and its
application in a bioequivalence study, J

Pharm Biomed Anal, 2013; 83: 101-107.

[12] Prisant, LM.  Fixed low-dosage

combination in first line treatment of
hypertension; Journal of Hypertension,

2002; 20: 11-19.

[13] Li-Ping X, Fu-Ming SH, Chao-Yu M,

Yuan-Ying J, Ding-Feng S. Synergism
of atenolol and amlodipine on lowering
and stabilizing blood pressure in
spontaneously hypertensive rat, Acta
Pharmacologica Sinica, 2005; 26: 1303-
1308.

IJBPALS, September, 2022, 11(9)

4198



