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Abstract

spectroscopy to determine the diastereoisotopic protons.

Spectrophotometric analysis is still one of the most commonly used analytical techniques. In this study, a various and
sensitive Spectrophotometric methods have been reported for the determination of Atorvastatin in its pharmaceutical
form. Among this analysis UV were carried out using methanol as solvent, the absorption maxima were found to be at
205, 246 and 285 nm. Furthermore, a precise, rapid, FTIR spectroscopy method was developed which is usually applied
as an identification method, except for grinding for the acquisition of the FT-IR spectra, no sample preparation was
required. The chirality of the atorvastatin molecule then leads us through a nuclear magnetic resonance (H'NMR)
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I. Introduction

Hyperlipidemia is characterized by an unusually high level of lipids
in the blood and is a major risk factor for a number of cardiac issues,
including atherosclerosis and stroke. All etiologies are characterized by
elevated levels of blood cholesterol, primarily low-density lipoprotein
(LDL) and/or triglycerides. Statins are first-line treatments for
hyperlipidemia [1, 2].

Statins bind to HMG-CoA reductase at nanomolecular quantities,
causing dislocation of HMG-CoA, the natural substrate of this enzyme.
There are currently seven statins on the market worldwide, all of which
are deemed safe and well tolerated by the body, including Atorvastatin
(Figure 01). The major function of atorvastatin is to reduce LDL
cholesterol by inhibiting HMG-CoA reductase through a mevalonic acid-
like moiety. As a result, inhibits a first and crucial rate-limiting step in
cholesterol production in the liver [3, 4].

It is chemically defined as [R- (R*, R*)]. [(phenyl amino) carbonyl]
-2-(4-fluorophenyl)-b, d-dihydroxy-5-(1-methylethyl) [(phenyl amino)
carbonyl], Its chemical formula CssHssFN20s and is very barely soluble
in distilled water, pH 7.4 phosphate buffer, and acetonitrile; it is slightly
soluble in ethanol; and it is freely soluble in methanol [5, 6]. For the
determination of atorvastatin in pharmaceutical form, in individual
formulations and combined with other active ingredients, various
analytical methods have been described, including spectrophotometric

methods [7, 8]; notably: Vis-UVS spectrophotometry, INFRARD,
HINMR; Vis-UV spectroscopy is one of the methods of choice for the
determination or quantification of a single component in pharmaceutical
preparations. The reasons for this stem from the ease, their sensitivity and
precision which most spectrophotometric measurements can be made
[9,10].

Furthermore, determining the molecular structure may be greatly
aided by IR spectroscopy. The IR spectrum of an organic substance is like
a fingerprint; it can be used to identify a substance by comparison with
previously recorded reference spectra or to demonstrate significant
structural elements of the molecules with intense vibration bands [2, 3]

For chemical analysis, nuclear magnetic resonance (NMR)
spectroscopy is a useful instrument. Because the spectrum displays
distinctive peaks that correlate to the various types of hydrogen atoms in
the compound, this provides important information on the chemical
environment and structure of the molecule [10, 11].

the aim of this work is to determine the stereochemical of atorvastatin in
its pharmaceutical form by using Spectrophotometric methods such as
UV, FTIR, HNMR specifically to determine the diastereoisotopic
protons.
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Figure 1: Chemical structure of Atorvastatin

11 Experimental Method

The Vis-UV- spectrophotometry the preparation of sample solutions
involved the powdering and precise weighing of 0,05 mg of
Atorvastatin® 40 mg. The powder was dissolved in methanol to a volume
of 20 ml. The device used in this work was of the “Specord 50 plus” brand.
This new dual-beam UV/Vis photometer for the spectral range from 190
to 1100 nm combines high energy through put with best stability. we
carried out a scanning in an interval going from 200 nm to 400 nm
controlled by the software. and regarding the infrared method which is
created and used as an identification method. A "Cary 630 FTIR " brand

[&]

275
25

device was utilized with No sample preparation was necessary, with the
exception of grinding for the FT-IR spectra to be acquired. The chirality
of the atorvastatin molecule then leads us through a nuclear magnetic
resonance (HNMR) spectroscopy to determine the diastereoisotopic
protons by using the master Nova software

III1. Results and Discussion:

UV-Vis spectroscopic analysis:

The specter of absorption visible UV of Atorvastatin in methanol present
three characteristic bonds of absorption present in (Figure 02) and Table
.
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Figure 2: UV-absorbance spectra of Atorvastatin

Bonde I Bonde II Bande III
J.max nm 205 246 285
A 2795 1358 0.60
AE kcal/mol 139 592 116327 102202

Table 1: Result of Vis-UV spectroscopic analysis of Atorvastatin

I11.A.b. Discussion:

Using the Beer-Lamber absorption law, we can calculate the molecular
extinction coefficients, which provide information on the intensities of
the absorption bands.

e The first bond located at Amax =205 nm attributed to electronic
transition m—r* with an energy about A=139.592 kcal/mol and &=

1118 which corresponds to the double aromatic links between both
(C=0).

e The second bond situated at Amax = 246 nm attributed to electronic
transition n—m* with an energy about 116,327 Kcal/mol and &=
543,2 which corresponds to the double links between both (C=0).

e The third bond situated at Amax= 285 nm with attributed to electronic
transition n—m* with an energy about 102,202 Kcal/mol and = 240
due to the presence of the free doublet of heteroatom (C=0, C -N).
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Figure 3: Energy diagram of Atorvastatin

According to the Atorvastatin energy diagram (Figure 03), the electronic
transition energy is inversely related to the wavelength, so as the transition
energy decreases, the wavelength of the corresponding increases; this
observation provides information on the molecule's stability based on the
number of existing intramolecular interactions.

111.B.a. IR spectroscopic analysis:

An IR spectrometry was used to get the infrared absorption spectrum of
atorvastatin. The spectrum is depicted in Figure 04, and a brief table 02
of peak assignments.
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Figure 4: The infrared spectrum (IR) of Atorvastatin
v (cm!) & (cm) y(em)
CH: 29182920 13581381 700; 747
CHs 28502899 - -
C=C aromatic 1420 - -
C-H aromatic 3000 - 669; 690
C=0 (amide, Acid) 1992 - -
c-0 1140 - -
N-H amide 3522 1649 -
0O-H 32213274 - -

Table 2: Results of the infrared spectrum (IR)

111.B.b. Discussion:
- The infrared spectrum of atorvastatin presents 18 characteristic
absorption bands;

- Four thin bands are located respectively at 2850; 2899; 2918; 2920 cm-
! correspond to the symmetric and asymmetric valence vibrations of the
CH bonds of CHz and CHs (Table 02), this is confirmed by the presence
of two absorption bands located around 1358; 1381 cm™ corresponds to
the deformation vibrations in the same symmetrical and asymmetrical
plane of the CH bonds of CH2 and CHs, and also by the presence of two
fine absorption bands are located around 700; 747 cm-! attributed to out-
of-plane deformation vibrations of the CH and CH2 connections.

- A band located at 1420 cm corresponds to the vibration of the aromatic
C=C bond, the aromacity is confirmed by the presence of two absorption

bands around 669; 690, attributed to deformation vibration outside the
aromatic C-H bond plane.

- A characteristic absorption band located at 1992 corresponds to the
carbonyl bond valance vibration C=0.

- The amide function is characterized by the presence of a fine gap and
intensity around 3522 cm attributed to the valance vibration of the N-H
bond and this is confirmed by the presence of an absorption band located
at 1649 cm due to the vibration of deformation in the same plane of N-H
bonds and intensity band around 3522 cm attributed to the valance
vibration.

- of the N-H bond and this is confirmed by the presence of an
absorption band located at 1649 c¢cm due to the vibration of
deformation in the same plane of N-H bonds.
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- Is The carboxylic acid function is characterized by the presence of a
band located around 1140 cm corresponding to the vibration of the
C-0 bond valence, this is confirmed by the presence of a very wide
band from 3500 to 2540 cm™ corresponds to the vibration of the
assigned valence at the O-H bond carbonyl acid.

“‘né-.lw 1M NMR 5\«.‘4 v o
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111.C.a. HNMR spectroscopic analysis:
The determination of the structure of Atorvastatin, based on the HINMR
spectra, indicate the presence of 31 signals showed in Figure (05).
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Figure 5: HNMR spectrum of Atorvastatin

Position

HNMR

313(1H.s)

1,40 (7 H, m)

1,40 (7H, m)

719 (3H. m)

383(1H.s)

383(1H.s)

176 (1H, s)

1.76 (1 H, s)

401 (1H, s)

165(1H, s)

165(1H, s)

449 (1H, s)

2.63(2H, d, J6.0)

263 (2H, d,J6.0)

956(1H, s)

263 (1H,d,J6.0).

120(1H,s)

761 (4 H m),

716 (3 H.m)

7,16 (3 E. m)

7,61 (4 H, m)

Table 3: Chemical shifts in HINMR and the attribution of Repaglinide signals




Clinical Trials and Case Studies

111.C.b. Discussion:
The HINMR spectrum analysis of Atorvastatin shows the presence of
singular one proton corresponds to a group (OH) at 9.56 (1H, s). The

References:

Page 5 of 4
amlodipine besylate and atorvastatin calcium in bulk and
pharmaceutical formulations using transmission FT-IR
spectroscopy, Heliyon, vol. 9, no. 3, Mar. 2023.

signals at 1.20 and 2.63 ppm attributable respectively to (H-21, H-22) 5. A. A.Ramadan, H. Mandil, and J. Sabouni, Determination of
d'ue to the presence qf oxygenated protqns. A one proton singular atorvastatin calcium in pure and its pharmaceutical
signal (1H, s) resonating at 3.13 ppm attributable to the presence of formulations using iodine in acetonitrile by UV-visible
methyl. the signals (H13a_1§ Hl_fb) _(3ddd, Jab, [ ac, [ 2a, 1H) resonant at spectrophotometric method; Original Article, 2015.
1.76 (H153, H15b) (ddd, [, J"ac, J° 2, 1H) resonant at 1.65 ppm and 6. B. Yilmaz and S. Kaban, UV and First Derivative
(H17a, H17b) (dd, j%b, j%c, 1H) resonant at 2.63 ppm corespond to . L
the presence of diastereaisotopic protons. Spectroph(.)to'metrlc Methpds for .the Estimation  of
IV. Conclusion Atorvastatin in Pharmace_utlcal Preparations, 2918.
In the present study, simple, rapid, sensitive, accurate, and precise 7. S Ash.our,. New Kinetic S.pec:trophotometrlc Method .for
spectrophotometric methods such as UV, infrared, and HINMR for Determination of Atorvastatin in Pure and Pharmaceutical
the determination of the stereochemical of atorvastatin in its Dosage Forms, Pharm Anal Acta, vol. 04, no. 05, 2013,
pharmaceutical form were developed. In conclusion, the combination 8. S. K. Rath, S. V Samantaray, and S. C. Dinda, Development
of UV, IR, and HNMR spectroscopic approaches enabled a full and validation of new analytical method for the estimation of
understanding of Atorvastatin’s stereochemical characteristics. These atorvastatin  calcium hydrate residue by using uv
techniques have contributed to a better knowledge of its spectrophotometer, Int J Pharm Sci Res, vol. 4, no. 9, p. 3416,
pharmacological properties and possible applications by providing 2013.
significant information about its electronic structure, functional 9. L. H. Nurani et al., “Review: Chemometrics-Assisted UV-Vis
groups, and spatial arrangement of substituents. Spectrophotometry for Quality Control of Pharmaceuticals: A
Review,” Indonesian Journal of Chemistry, vol. 23, no. 2.
1. C.A.Poojaand P. Shailendra, Chawla et al Various analytical Gadjah Mada University, pp. 542-567, 2023.
methods for analysis of atorvastatin: A review, 2019, 10. K. Addadi, K. Sekkoum, N. Belboukhari, A. Cheriti, and H. Y.
2. J.J. M. Nasr, N. H. Al-Shaalan, and S. M. Shalan, Sustainable Aboul-Enein, “Screening approach for Chiral separation of -
environment-friendly quantitative determination of three anti- aminoketones by HPLC on various polysaccharide-based
hyperlipidemic statin drugs and ezetimibe in binary mixtures Chiral stationary phases,” Chirality, vol. 27, no. 5, pp. 332
by first derivative Fourier transform infrared (FTIR) 338, May 2015.
11. L. F. Galiullina, G. S. Musabirova, I. A. Latfullin, A. V.

spectroscopy, Spectrochim Acta A Mol Biomol Spectrosc, vol.
237, Aug. 2020.

3. S. Zsolt Farkas, S. Imre, D. Muntean, and A. Tero-vescan,
Analysis of drug related impurities by infrared spectrometry in
the class of statins, 2013.

4, S. lbesh, Y. Bitar, and S. Trefi, A New method for
simultaneous qualitative and quantitative determination of

Aganov, and V. V. Klochkov, Spatial structure of atorvastatin
and its complex with model membrane in solution studied by
NMR and theoretical calculations, J Mol Struct, vol. 1167, pp.
6977, Sep. 2018.

Ready to submit your research? Choose ClinicSearch and benefit from:

& ClinicSearch

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

YVVVYVYV

At ClinicSearch, research is always in progress.

Learn more https://clinicsearchonline.org/journals/clinical-trials-and-case-studies

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence,
and indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver
(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless
otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://clinicsearchonline.org/journals/clinical-trials-and-case-studies

