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ABSTRACT

For the simultanecous measurement of atorvastatin calcium and amlodipine besylate, a straightforward, accurate, and precise UV
spectroscopic approach has been established. The established approach of simultaneous equations is cost-effective and repeatable.
365 and 246 nm were the wavelengths used to measure the absorbance of the two medications, respectively. Amlodipine besylate
and atorvastatin calcium showed linearity at their respective Amaxes of 365 and 246 nm as well as at the isoabsorptive point at
238 nm in a concentration range of 2 to 10 pg/mL. The accuracy of the approach was shown by recovery trials, which showed
recovery of >99.78% for amlodipine besylate and >99.36% for atorvastatin calcium. The proposed approach is recommended for
regular analysis due to its speed, ease of use, accuracy, sensitivity, and specificity. The International Council of Harmonization's
(ICH) guidelines were followed for conducting the validation investigations.

Keywords: UV spectroscopy, atorvastatin calcium, amlodipine besylate, and simultaneous equation approach.

INTRODUCTION that comes from the chemical dihydropyridine. This drug is
often used to treat hypertension and chronic, stable angina.
Amlodipine, a calcium channel blocker that belongs to the
third generation of dihydropyridines, is categorized as class I
in the Biopharmaceutics Classification System (BCS). It is
often used to treat hypertension, mostly by causing the
smooth muscle in blood arteries to relax, which causes the
vasculature to dilate. Inhibiting voltage-gated L-type calcium
channels is the mechanism of action, which prevents
extracellular calcium from entering cardiac and vascular
cells and causes the "slow" influx. 3. Compared to other
dihydropyridine derivatives, amlodipine has a decreased
incidence of reflex tachycardia and other side effects
associated with vasodilation. Additionally, a single daily
dosage may be administered due to the drug's slow
elimination and extended duration of effect. The
gastrointestinal system shows a delayed and almost full
absorption profile of amlodipine.
The lipid-lowering drug atorvastatin calcium is classified as
an HMG-CoA reductase inhibitor and falls within the BCS
investigated. 7 class II pharmacological category. The creation of
2 - [methyl ((2-ami noethoxy)] A calcium antagonist is mevalonate from HMG .CoA, the ﬁrst.and slowest step in .the
amlodlpl ne-4 (2—chlor0pheny1)-1,4-dihydro-6-methyl cholesterol manufacturmg process, 18 blocked by statins,
such as atorvastatin calcium. It lowers triglyceride and LDL
cholesterol levels while increasing HDL cholesterol. 4.

High blood pressure that persists for a long time is
referred to as hypertension. Increased vascular resistance
is the primary cause of hypertension, or persistently
elevated blood pressure, even while cardiac output is
within the normal range. Vasodilatation is actually how
some of the strongest antihypertensive drugs reduce this
resistance. One One major problem with treating
hypertension is that, in 90% of instances, primary or
essential hypertension—a disease in which the reason of
the persistently elevated blood pressure is unknown—
occurs. Many of the interrelated regulating mechanisms
are altered, and often adjusting two or more of these
processes 1is necessary to reduce blood pressure.
Hypertension that only sporadically arises from a
clinical condition 1is referred to as secondary
hypertension. First and foremost, the ailment must be
treated, and doing so will usually lower the secondary
hypertension. If not, more direct participation might be

acid carboxylate of 3,5-pyridine 3-ethyl 5-methy] ester.
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While atorvastatin inhibits the HMG-CoA reductase,
amlodipine has a calcium ion antagonist (slow-channel
blocker) activity, which accounts for the dual action of the
two medications. Transmembrane influx inhibition is the
mechanism by which amlodipine, one half of
amlodipine/atorvastatin, decreases calcium influx into
cardiac muscle and vascular smooth  muscle.
Amlodipine/atorvastatin ~ functions by selectively and
competitively  preventing HMG-CoA from forming
mevalonate, a precursor of sterols like cholesterol. 5.
Only fixed-dose combinations of atorvastatin calcium and
amlodipine besylate are marketed as tablets. To the best of
our knowledge, no simultaneous technique has been
published for their determination. In this message, we
describe a novel, rapid, precise, and easy-to-use UV-
spectrophotometric technique for concurrently measuring
atorvastatin and amlodipine.

MATERIALS AND METHODS

Instrument

A double-beam UV-visible spectrophotometer (Shimadzu-
1800) and two matched quartz cells (1-cm) were utilized for
recording the absorbance of the solution.

Materials

Amlodipine besylate and atorvastatin calcium were procured
as gift samples from Unichem Pharmaceutical and Amoli
Labs, respectively.

Solvents

Methanol was used as the solvent. Each and every one of the
chemicals and reagents utilized were of analytical quality.

Determination of A,,,, of Amlodipine Besylate Along With
Atorvastatin Calcium

In order to identify the wavelength of maximum absorption
for each drug, solutions comprising 10 pg/mL of amlodipine
besylate and 10 pg/m L of atorvastatin calcium were
appropriately diluted with methanol and then individually
screened in the wavelength range of 200 to 400 nm.
Amlodipine and atorvastatin both displayed absorbance
maxima (Figures 1 and 2). Amlodipine shows at 365 and

238 nm, and Atorvastatin peak was at 246 nm, The overlaid
spectra displayed the maximum concentrations of both

medicines and iso-absorptive sites at 238 nm.%’

Preparation of Standard Drug Solution

Accurately weighed 10 mg of atorvastatin calcium and
amlodipine besylate were dissolved in 10 mL methanol
in volumetric flasks to obtain a solution concentration as
1000 pg/mL. About 1-mL aliquot from this was diluted
10 mL with methanol in a volumetric flask to obtain
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Figure 1: A, of amlodipine besylate
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Figure 2: A, of atorvastatin calcium

100 pg/mL solution. From these, further dilutions were made
so as to obtain solution ranges from 2 to 10 ug/mL.%?

Preparation of Sample Solution

Withdraw 1-mL from the mid-stock solution of amlodipine
besylate and atorvastatin calcium in 10 mL volumetric flask
and measure the absorbance (Figure 3).!-!!

Simultaneous Equation Method

The absorption maxima of amlodipine besylate and atorvastatin
calcium in methanol were recorded and were found to be
at wavelengths of 365 and 246 nm, respectively. These
wavelengths were chosen for the simultaneous analysis. By
using stock solutions of both drugs, the series of standard
solutions having concentrations of 2 to 10 pg/mL were prepared
individually using methanol as solvent. The absorbance at each
concentration was recorded at the chosen wavelengths, and the
absorptivities (A 1%, 1-cm) were calculated for both medicines
by taking an average of triplicate determinations.

Cx=A,(ay|)-A(ay,)/ ax2 ay, - ax; ay,
Cy=A,(ax;)-A (ax,)/ ax, ay, - ax; ay,

Where, A, and A; are absorbances of mixture at 365 and 246
nm, respectively, ax; and ax; are absorptivities of atorvastatin
calcium at A; and A,, respectively and ay, and ay, are
absorptivities of amlodipine besylate at A; and A, respectively.
Cx and Cy are concentrations of atorvastatin calcium and
amlodipine besylate, respectively.'?
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Figure 3: Combined UV spectra

03

025 Absorbance nm e

02 O

0.15 e

. y=0.041x +0.0434
- R2=0.9997
01 =
e
0.05
0
0 1 2 3 4 5 6
Figure 4: Calibration curve of amlodipine besylate

0.5
045 Absorbance nm

: e

04
035 { 3

0.25

e y=0.087x +0016

013 R>=0.9936

Figure 5: Calibration curve of atorvastatin calcium

RESULT AND DISCUSSION
Method Validation Parameters

Accuracy

Accuracy estimation was carried out by measuring atorvastatin
calcium and amlodipine besylate recovery using the traditional
addition method. 0.8, 1.0, and 1.2 mL of working standard
solution (100 pg/mL) of each drug was added to 1-mL of the
test’s working sample solution (100 pg/mL of both) in methanol
and subsequently diluted to 10 mL. The absorbance of the
solution was determined for atorvastatin and amlodipine at a
selected wavelength. Triplicate determinations were carried
out.
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Table 1: Percentage recovery of added substances
Name of drug % %recovery of added substances*  %RSD
Amlodipine 80 102.23 £ 1.47 1.065
100 100.56 + 0.65
120 99.78 £ 0.06
Atorvastatin 80 101.98 +0.98 1.208
100  100.48 +0.08
120 99.36+0.5

*Values expressed Mean = SD, (n = 3)

Table 2: %Purity of drug of intra-day precision
Name of drug  Concentration (ug/mL)  %Purity of drug ~ %RSD
Amlodipine 4 99.65 +0.47 1.065
101.74 £ 0.52
98.71 £ 0.08
99.78 £ 0.95 1.208
100.87 + 0.06
99.58 +0.54

Atorvastatin

o N B~ 0

Table 3: %Purity of drug of inter-day precision
Name of drug  Concentration (ug/mL)  %Purity of drug % RSD

Amlodipine 4 98.54 £0.25 0.807
6 100.25+0.12
8 98.561 +£0.12
Atorvastatin 4 99.01 £ 0.98 0.351
6 99.24 +0.04
8 98.40 + 0.43

The simultaneous equation methodology, the absorbance
correction method, and the percentage recoveries were used
to calculate the dosage of amlodipine and atorvastatin at each
level (Table 1).13

Accuracy

An adequate statistical analysis was used to establish the
procedure's degree of repeatability. For both intra-day and inter-
day investigations, the concentrations of both medications were
measured three times in a single day. Both the relative standard
deviation (RSD) and the standard deviation (SD) were calculated.
Tables 2 and 3 provide the findings. 14

The concept of linearity

The quantities of atorvastatin calcium and amlodipine besylate at
their respective absorption maxima were plotted against
absorbance to create calibration curves and determine the
regression equations (Table 4). Plotting of the calibration curves
for the medications amlodipine and atorvastatin for solutions with
concentrations ranging from 2 to 10 pg/mL was done separately
(Figures 4 and 5) and in combination (Figure 6). 15.

Limit of detection (LoD) and limit of quantitation (LoQ)

For an analytical method, LoD is the concentration at which
an instrument signal (signal-to-noise ratio of 3) differs
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Table 4: Linearity of drugs

Parameters Simultaneous Simultaneous Simultaneous
equation method — equation method — equation
(Amlodipine (Atorvastatin method
besylate) calcium) (Combined)

Amax (M) 365 246 238

Beers law 2-10 2-10 2-10

limit (ug/mL)

Correlation 0.9997 0.9936 0.9998

coefficient

Slope 0.041 0.087 0.2839

Intercept 0.0434 0.016 0.4885

Regression y=0.041x + y=0.087x + y =0.2839x

equation 0.0434 R? = 0.016 -0.4885R?=
0.9997 R?=10.9936 0.9998

Table 5: LoD and LoQ of drugs

Drug LoD LoQ

Amlodipine besylate 0.145 0.152

Atorvastatin calcium 0.096 0.124

Absorbance nm

¥=0.2830x - 0.4885
R:=0.9998

0 2 4 6 8 10 12

Figure 6: Calibration curve of combined drugs

substantially from the blank (contains a concentration). The
LoQ is the concentration that can be accurately and precisely
quantifiable reliably with a specific level of signal-to-noise
ratio (SNR) (10).

LoD and LoQ were established based on experimental
standard deviation and slope (Table 5).'

LoD=3.3*(c/S)and

LoQ=10*(c/S)

Where:

o is the standard deviation

S is the slope of the calibration curve.

Application of developed UV- spectroscopy method

The developed UV- spectroscopy method for simultaneous
estimation of amlodipine besylate and atorvastatin calcium
can be used to find out the drug content uniformity of drugs
and also for the percentage cumulative drug release.!’

CONCLUSION

The method worked well for calculating the amounts of
atorvastatin calcium and amlodipine besylate in a synthetic
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mixture that included 2.5 mg of amlodipine besylate.
and 10 milligrams of calcium atorvastatin. The method's
equations were used to directly compute the amounts of both
medications. Values for the coefficient of variation and standard
deviations were computed. The approaches' accuracy,
reproducibility, and repeatability were shown by the decreased
standard deviation figures. Reproducibility, dependability, and
interference were further validated by recovery trials. As a result,
the developed approach was clear-cut, accurate, sensitive, and
exact. The results of the analysis of pharmaceutical formulations
demonstrate that the proposed approach may be utilized to
determine both compounds simultaneously with little interference
from typical additives used in pharmaceutical formulations.
Therefore, atorvastatin calcium and amlodipine besylate may be
estimated concurrently in commercial final goods using the
aforesaid approach.
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