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Evaluate the percent purity of different brands of perindopril tablets available in the local market using UV
spectrophotometric and FTIR methods.

Objectives: To perform the quantitative determination of different brands of perindopril tablets available
in Malaysia by using UV spectrophotometric and Fourier transform infrared spectroscopy methods and to
compare the quality of perindopril tablets available in Malaysia within the brands as well as with the British
Pharmacopeia limit. Also, to describe the structural characterization by infrared spectrum of absorption,
emission, and photoconductivity of perindopril tablets.

Methodology: Each brand of perindopril was weighed, and the average weight was noted down. Each
perindopril tablet was as per the protocol of U.S.P. and B.P. methods. The percentage deviation of individual
weight from the average weight was determined. The disintegration test was carried out that consisted
of a rack holding 6 glass tubes, each having a 10-mesh screen at its bottom. The tubes were raised and
lowered at a fixed rate in a water bath maintained at 37 + 2°C. Six tablets were placed, one in each tube,
along with a plastic disk over each tablet. The perindopril sample was dissolved in methanol to produce
25 ml (800pg/ml). A volume of 1ml, 2ml, 4ml and 6ml of stock solutions of each brand of perindopril
was pipetted into 100ml volumetric flasks and the volume was made up with distilled water to obtain
working standard solutions in the concentration of 8ug/ml, 16pg/ml, 32pg/ml, and 48ug/ml. At the
wavelength of absorbance at 213 nm, the absorbance of the dilutions and standard preparation in a 1cm
cell was measured using a U.V. spectrophotometer. The percentage purity of the perindopril tablets was
calculated. The perindopril sample was dissolved in a small amount of methanol and added sufficient
methanol to produce 25 ml (800pg/ml). A volume of 1ml, 2ml, 4ml and 6ml of stock solutions of each
brand of perindopril was pipetted into 100ml volumetric flasks and the volume was made up with distilled
water to obtain working standard solutions in the concentration of 8ug/ml, 16pg/ml, 3ug/ml, and 48ug/
ml. The wavelength of absorbance at 213 nm, the absorbance of the dilutions and standard preparation in
a 1cm cell was measured using a spectrophotometer. The percentage purity of the perindopril tablets was
calculated. Structural characterization of perindopril tablets was done through FTIR.

Results: For the UV spectrophotometric method, Brand B, C, D, and E was within the limit specified by BP.
For the FTIR method, all the brands of perindopril obtained were found to have structural characteristics
similarity of perindopril. Conclusion: It was concluded that Brand B and Brand D were the good ones. Both
UV spectrophotometric and FTIR methods can be used for the assay of perindopril in tablets.
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Introduction

Perindopril is a non-sulfthydryl prodrug that belongs to the an-
giotensin-converting enzyme (ACE) inhibitor class of medications.
Its systematic (IUPAC) name is (2S,3aS,7aS)*-[(2S)2-[(2S)-1-ethoxy-
1-oxopentan-2-yl]amino]propanoyl]-2,3,3a,4,5,6,7,7a-octahydroin-
dole-2carboxylic acid [1]. The active ingredient, perindopril, occurs
in a variety of salt forms, including perindopril erbumine, perindopril
arginine, and perindopril tert-butylamine. However, all of these salts
function in the same way. Among a class of drugs that began with the
blockbuster captopril, perindopril has the added feature of being a
smaller molecule than ramipril and trandolapril. Due to these prop-
erties, perindopril has a high affinity for the N- and C-terminal active
sites of tissue and circulating ACE. It is possible to produce stability
and shield patients from the serious cardiovascular events of myo-
cardial infarction and stroke by penetrating the margin of advanced
atheromatous plaques [2]. The chemical structure of perindopril is

@)

shown in Figure 1(a,b). The active metabolite of perindopril, the per-
indoprilat, which has a high affinity for ACE, is produced in the liver
by the hydrolysis of perindopril. Perindopril has a lipophilic perhy-
droindole group that gives it excellent ACE-inhibiting properties [3,4].
It is available as tablets or liquid formulations. Perindopril belongs to
a class of drugs known as ACE inhibitors. To facilitate more effortless
blood flow, it acts by relaxing blood vessels. Perindopril is rapidly me-
tabolized in the liver to perindoprilat (2S,3aS,7aS)-1-[(2S)-2-[(2S)1-
hydroxy1l-oxopentan-2-yl]amino]propanoyl]-2,3,3a,4,5,6,7,7a-oc-
tahydroindole-2carboxylic acid) its active metabolite [5]. Due to
extensive metabolization, only 4-12% of the dosage is recovered in
the urine after oral administration. Perindoprilat, perindopril glu-
curonide, perindoprilat glucuronide, a perindopril lactam and two
perindoprilat lactams are the six metabolites that have been found.
Pharmacological activity only exists as perindoprilat. The two prin-
cipal circulatory metabolites are perindoprilat and perindoprilat glu-

curonide.
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Figure 1: Chemical Structure of Perindopril.

Pharmacokinetics

Perindopril is a prodrug ester hydrolyzed to create the active me-
tabolite perindoprilat. Perindoprilat was created to allow oral deliv-
ery because it is poorly absorbed from the gastrointestinal tract. After
oral administration, perindopril has an absolute bioavailability that
ranges from about 66% to 95%. A single oral dose of perindopril is

rapidly absorbed, reaching peak plasma concentrations approximate-
ly an hour later and then swiftly excreted from the body in about six
hours [6]. Three to four hours after delivery, perindoprilat achieves
its peak plasma concentrations. Perindoprilat is extensively metab-
olized to other inactive metabolites, leaving just 17 to 20% of the
oral dose as active medication. Perindoprilat is broadly circulating
because most tissues effectively block ACE. A radiolabelled dose of
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perindopril is recovered in the urine and faeces in amounts of around
75% and 25%, respectively [6]. The latter could be unabsorbed per-
indopril or biliary excretion. Perindopril, perindoprilat, and other
metabolites, some of which are glucuronide conjugates, account for
renal excretion. Perindopril and perindoprilat have mean total body
clearances of 31 and 41 to 46 L/h, respectively, whereas the mean
renal clearance ranges from 3.0 to 3.7 L/h and 6.1 to 10.3 L/h [6]. Per-
indoprilat has a biphasic elimination pattern with mean distribution
(ti/2a) and elimination (t%[3) phase half-lives of 5 and 25 to 30 hours,
respectively. The mean elimination half-life of perindopril is around
1.5 to 3 hours. The latter half-life most likely illustrates the potent
ACE binding of perindoprilat. Concomitant use with it may cause bi-
lateral or unilateral renal stenosis, genetic or idiopathic angioedema,
extracorporeal treatments causing blood vessels to contract with neg-
atively charged surfaces, history of angioedema associated with prior
ACE inhibitor use [7].

Chemistry

a.  Perindopril-Impurity A Synonyms: [2S-(2a,3a(3,7a3)]-Oc-
tahydro-1H-indole-2-carboxylic Acid; (2S,3aS,7aS)-2Carboxyoc-
tahydroindole; (2S,3aS,7aS)-Perhydroindole-2-carboxylic Acid;
Perindopril related compound A.

b.  Perindopril-Impurity C Synonyms:(2S)-2-[(3S,5aS,9aS,10
aS)-3-Methyl-1,4-dioxodecahydropyrazino[1,2-a]indol2(1H)-yl]
pentanoic Acid;10aS-PerindoprilatDiketopiperazine;(S)-2-[(3S,5
as,9aS,10aS)-3Methyl-1,4-dioxodecahydropyrazino[1,2-a]indol-
2(1H)-yl]pentanoic Acid, Perindopril Related Compound C (USP).
c.  Perindopril-Impurity E Synonyms: (2S,3aS,7aS)-1-[(2S)-
2-[[(1S)-1-[(1Methylethoxy)carbonyl]butyl]amino]propanoyl]
octahydro-1H-indole-2-carboxylic Acid; Perindopril Isopropyl
Analog.

d.  Perindopril - Impurity | Synonyms:
(2S,3aS,7aS)-1-[(2S)-2-Aminopropanoyl] octahydro-1H-indole-2
- carboxylic Acid.

Methodology and Experimental
Method for the Assay of Perindopril

There are few methods to assay the perindopril, which include
Fourier-transform infrared spectroscopy (FTIR), UV Spectrophotom-
eter, Thin Layer Chromatography (TLC), and High-Performance Lig-

Table 1: Different brands of perindopril tablets analyzed.

uid Chromatography (HPLC). The method adopted in this research
was UV spectrophotometry and Fourier-transform infrared spectros-
copy (FTIR) [8]. The sample composition impacts this property, po-
tentially revealing what is in the sample and at what concentration.
Fourier-transform infrared spectroscopy (FTIR) is a technique used
to obtain an infrared spectrum of absorption or emission of a solid,
liquid or gas. High-resolution spectral data are concurrently collected
over a broad spectral range by a FTIR spectrometer. Compared to a
dispersive instrument, FTIR spectroscopy offers a higher signal-to-
noise ratio. Spectrum may be obtained rapidly and efficiently with
FTIR. By employing FTIR, accurate results can be obtained without
needing external calibration. Additionally, because it is a non-destruc-
tive technique, it is simple to distinguish between organic and inor-
ganic substances.

Collection of Perindopril Tablets and Preparation of Per-
indopril Powders

The different brands of Perindopril tablets were purchased from
different pharmacies in Sungai Petani, Kedah D.A., Malaysia. A total of
30 tablets were bought for each brand. These brands will be named A,
B, C, D, E and F in this research. Their further description is recorded
in Table 1. The standard perindopril powder was available in the lab-
oratory of AIMST University. Each brand’s 20 perindopril tablets were
weighed using the microbalance. The 20 perindopril tablets then pro-
ceeded to measure the thickness and diameter using an electronic
vernier caliper and the average thickness and diameter were noted.
The 20 perindopril tablets of each brand were crushed into powder
with the help of a mortar and pestle. The powder was kept inside a
re-sealable plastic bag to avoid the powder’s contact with moisture,
which may cause the denaturation of the drug sample. The re-sealable
plastic bag was labelled clearly with the name and the crushing date.
These powders were kept in the desiccator. Different brands of perin-
dopril tablets are laid down in Table 1. UV-Visible spectrophotometer
Shimadzu UV-1800 was connected to the computer. This equipment
includes a light source, monochromator, sample and reference cells,
amplifier, detector, and recording devices such as a computer. The
componentrs of UV-Visible spectrophotometer were Tungsten fila-
ment lamps, Monochromator: (light of a single wavelength), Sample
and reference cells, Detector. The photomultiplier tube was common-
ly used as a detector in UV-Visible spectrophotometer.

Drugs

Description

>

= o
__.o')/)J .
- .

Brand A

Chemical name: Perindopril arginine/amlodipine besilate
1x 30 tablets/bottle

Contains 3.395 mg perindopril.

Oval shape

White color
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Brand B

¢  Chemical name: Perindopril arginine
®  1x 30 tablets/bottle

¢  Contains 3.395 mg perindopril.

®  Rod shape

®  Light-green color

Brand C

®  Chemical name: Perindopril tert-butylamine
®  (Perindopril erbumine)

®  3x[1x10] = 30 tablets/pack

®  Contains 3.398 mg perindopril.

®  Round shape

¢ White color

Brand D

®  Chemical name: Perindopril erbumine
\_)s—{/& - ®  3x[1x10] = 30 tablets/pack
- S ®  Contains 4mg perindopril.
®  Round shape
®  White to off-white color

Brand E

®  Chemical name: Perindopril tertbutylamine (perindopril erbumine)
®  1x30 tablets/pack

¢  Contains 4mg perindopril.

®  Oblong shape

®  White color

Brand F

g A ¢  Chemical name:  Perindopril erbumine
®  3x[1x10] = 30 tablets/pack

¢  Contains 4mg perindopril

®  Oblong shape

®  White to off-white color

Pressure adjuster

Figure 2: Components of FTIR.

Fourier Transform Infrared Spectroscopy (Ftir) Method the computer which is shown in Figure 2.

FTIR Spectrometer (Perkin Elmer Spectrum two) connected to
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a. The source

. IR energy is emitted from a glowing black-body source, and
the beam passes through an aperture, which controls the amount
of energy.

b.  The interferometer

. The IR beam enters the interferometer where “spectral en-
coding” takes place. The interferometer uses a reference laser for
precise wavelength calibration. c. The sample:

. The IR beam enters the sample compartment, where it is
transmitted through or reflected off the sample’s surface; the
sample absorbs specific frequencies of energy that are uniquely
characteristic of the sample.

C. The detector:

. The beam finally passes to the detector for final measure-
ment.

d.  The computer:

. The signal is digitized, the FFT (Fast fourier transform)
along with calculation takes place, and the final infrared spectrum
is presented to the user.

Uniformity of Weight, Thickness and Diameter of Perindo-
pril Tablets

1.  Twenty tablets of each brand of perindopril were weighed
and recorded.

2. The percentage deviation of individual weight from the av-
erage weight was determined using formula 1 as mentioned be-
low:

ht of each tablet - Average weight

Deviation( %) = x 1009

Average weight

3. The deviation of individual weight from the average weight
should not exceed the limits given by British Pharmacopoeia
(B.P) as shown in Table 2.

Table 2: Limit of deviation of individual weight from the average

Uniformity of thickness and diameter of Perindopril tab-
lets

Twenty tablets of perindopril were tested for the diameter and
thickness using an electronic vernier caliper. The values of the diam-
eter, thickness, and hardness were recorded. Each deviation is calcu-
lated and the deviation of the individual unit from the mean diameter
should not exceed *+ 5% for tablets with a diameter of less than 12.5
and * 3% for a diameter of 12.5 mm or more.

Assay of Perindopril Tablets Uv

Spectrophotometric Method

Using

Preparation of Standrad Stock Solution:

1. 521.75 mg of Perindopril standard was accurately weighed
and transferred to a 25ml volumetric flask and is then dis-
solved in methanol and added sufficient methanol to make
up the volume to 25 ml and sonicated.

2. Theresidue in the stock solution was removed by filtration.

3. Theresidue was placed on a glass plate and placed inside the
chamber for drying at room temperature.

The weight of the dried excipient was weighed and recorded.

5. The stock solution was used to prepare working solutions
prepared by diluting the stock solutions of Perindopril with
distilled water.

6. The weight of the residues after filtration is shown in Table 3.

Table 3: Weight of residues after filtration.

weight.
Average weight of tablet | Deviation (%) Number of tablets

+10.0

Less than 80 mg Minimum 18 Maximum 2
+20.0
*£75

80mg to 250mg Minimum 18 Maximum 2
+15.0
+5.0

More than 250mg Minimum 18 Maximum 2
+10.0

Brand Weight of powder taken Weiglqt of gxcipient
before filtration (mg) after filtration (mg)

Standard/ A 521.75 431.7

B 458.15 312.3

C 459.8 388.0

D 500.8 460.7

E 450.75 406.9

F 42615 4259

Preparation of Working Standard Solutions

A volume of 1ml, 2ml, 4ml and 6ml of stock solutions of each
brand of perindopril was pipetted into 100ml volumetric flasks and
the volume was made up with distilled water to obtain working stan-
dard solutions in the concentration of 8pug/ml, 16pg/ml, 32ug/ml and
48pg/ml

Determination of UV- Absorbance of Different Concentra-
tions

The standard working solution of Perindopril was scanned in UV-
Vi’s spectrophotometer from 500-190 nm at the A max of 213 nm.

The percentage of purity was calculated by the following formula:

Copyright@ : Naeem Hasan Khan | Biomed ] Sci & Tech Res | BJSTR. MS.ID.008206.

43397


https://dx.doi.org/10.26717/BJSTR.2023.52.008206

Volume 52- Issue 1

DOI: 10.26717/BJSTR.2023.52.008206

% Purity = Absorbance of sample
X 100%

Absorbance of standard.

Disintegration Test for Perindopril Tablets

1. The disintegration test apparatus consists of a rack holding
6 glass or plastic tubes, each having a 10-mesh screen at its
bottom.

2. The tubes were raised and lowered at a fixed rate in a water
bath maintained at 37+2°C.

3. Six tablets were placed, one in each tube, along with a plastic
disk over each tablet for each cycle.

4. The tubes were allowed to move up and down, and the time
required for each tablet to disintegrate and pass through the
screen is recorded.

Fourier Transform Infrared Spectroscopy (Ftir) Method

1. Before placing the sample material, the crystal plate was
cleaned with distilled water, followed by methanol.

2. Solid samples of perindopril were positioned flat on the crys-
tal plate and clamped down with a pressure arm.

3. Pressure applied to the crystal plate was adjusted using a
pressure arm to ensure consistent contact between the crys-
tal and the sample.

4. Started scanning samples using spectrum software.

5. The data were analysed and the results were reported.
Results and Observation
Average Weight of Different Brands of Perindopril Tablets

The average weight of different brands of perindopril is shown
in Table 4. The table shows that brand A has the highest weight
(104.35mg) per tablet, while brand B has the lowest weight (91.625
mg) per tablet. The average weight for Brands C, D, E, and F were
91.69 mg, 100.16 mg, 90.145 mg, and 92.43 mg per tablet, respective-
ly. Uniformity of comparative weight variation of Perindopril tablets
is shown in Table 5. According to Table 5, Brands A, B, C, D, E and F
have an average weight of between 80 mg to 250 mg. According to the
average weight given by British Pharmacopoeia (B.P.) shown in Table
2, the tablets for Brand A, B, C, D, E and F did not exceed the limits,
which is a minimum of 18 of the tablets are within 7.5% and maxi-
mum 2 tablets have deviation of within 15.0%. Therefore, Brand A,

B, C, D, E and F have passed the test. Average diameter and thickness
of different brands of Perindopril tablets is laid down in Table 6. The
average diameter and thickness of different brands of perindopril are
shown in Table 6. The table shows that brand A has the highest diam-
eter of 8.54 mm while brand D has the lowest diameter of 6.44 mm.
The average diameter for Brands B, C, E and F was 8.12 mm, 6.58 mm,
8.11 mm, and 8.10 mm per tablet, respectively. The table shows that
brand C has the highest thickness, 3.27 mm, while brand F has the
lowest thickness, which is 2.71 mm. The average thickness for Brands
A, B, D and E are 3.06 mm, 2.76 mm, 2.92 mm, and 2.73 mm per tab-
let, respectively. Uniformity of Diameter and Thickness of Different
Brands of Perindopril tablets is shown in Table 7.

Table 4: Average Weight of Different Brands of Perindopril.

Copyright@ : Naeem Hasan Khan | Biomed ] Sci & Tech Res | BJSTR. MS.ID.008206.

Standard/
No./Brand
A B C D E F
1. 105.3 921 | 930 | 1012 | 912 | 9238
2. 103.6 906 | 90.1 | 1005 | 89.0 | 92.8
3. 105.5 922 | 911 | 1015 | 904 | 921
4. 102.7 915 | 917 986 | 894 | 927
5. 103.2 915 | 926 | 1022 | 90.7 | 926
6. 102.3 921 | 917 | 1003 | 898 | 921
7. 105.2 912 | 918 988 | 90.6 | 92.3
8. 105.6 913 | 922 | 1006 | 90.1 | 93.7
9. 104.6 912 | 910 992 | 901 | 911
10. 103.9 921 | 905 993 | 90.1 | 916
11. 105.8 921 | 914 | 1004 | 91.0 | 927
12. 104.6 916 | 917 996 | 894 | 92.6
13. 104.8 924 | 923 | 100.7 | 89.9 | 929
14. 105.1 914 | 915 99.7 | 902 | 92.1
15. 106.1 910 | 913 | 1012 | 905 | 926
16. 103.6 916 | 920 994 | 90.1 | 924
17. 102.6 909 | 914 989 | 89.6 | 919
18. 105.0 915 | 916 993 | 905 | 914
19. 104.1 922 | 925 | 1004 | 902 | 934
20. 103.5 920 | 924 | 1014 | 901 | 92.8
wggﬁa(grsg) 10435 | 91.63 | 91.69 | 100.16 | 90.15 | 92.43
43398
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Table 5: Uniformity of Weight of Perindopril Tablets.

Brand Standard/ A B C D E F
No. Average weight (mg) 104.35 91.63 91.69 100.16 90.15 92.43
Deviation (%)
1. 0.91 0.51 1.43 1.04 1.16 0.40
2. -0.72 -1.12 -1.73 0.34 -1.28 0.40
3. 1.10 0.62 -0.64 1.34 0.28 -0.36
4. -1.58 -0.14 0.01 -1.56 -0.83 0.29
5. -1.10 -0.14 0.99 2.04 0.61 0.18
6. -1.96 0.51 0.01 0.14 -0.39 -0.36
7. 0.81 -0.47 0.12 -1.36 0.50 -0.14
8. 1.20 -0.36 0.56 0.44 -0.06 1.37
9. 0.24 -0.47 -0.75 -0.96 -0.06 -1.44
10. -0.43 0.51 -1.30 -0.86 -0.06 -0.90
11. 1.39 0.51 -0.32 0.24 0.94 0.29
12. 0.24 -0.03 0.01 -0.56 -0.83 0.18
13. 0.43 0.84 0.67 0.54 -0.28 0.51
14. 0.72 -0.25 -0.21 -0.46 0.06 -0.36
15. 1.68 -0.69 -0.43 1.04 0.39 0.18
16. -0.72 -0.03 0.34 -0.76 -0.06 -0.03
17. -1.68 -0.80 -0.32 -1.26 -0.61 -0.57
18. 0.62 -0.14 -0.10 -0.86 0.39 -1.11
19. -0.24 0.62 0.88 0.24 0.06 1.05
20. -0.81 0.40 0.77 1.24 -0.06 0.40

Table 6: Average diameter and thickness of different brands of Perindopril tablets.

No./Brand Standard/ A B C D E F
D T D T D T D T D T D T

1. 8.53 3.07 8.12 2.78 6.61 3.27 6.44 2.92 8.11 2.72 8.08 2.70
2. 8.54 3.04 8.13 2.76 6.58 3.28 6.45 2.92 8.10 2.73 8.11 2.71

8.53 3.07 8.12 2.76 6.58 3.26 6.44 2.92 8.10 2.74 8.09 2.71
4. 8.53 3.04 8.11 2.75 6.57 3.27 6.45 2.92 8.10 2.74 8.11 2.70
5. 8.53 3.06 8.12 2.75 6.57 3.29 6.43 2.92 8.10 2.74 8.09 2.72
6. 8.53 3.07 8.13 2.76 6.57 3.28 6.45 291 8.11 2.72 8.11 2.69
7. 8.54 3.06 8.12 2.75 6.57 3.28 6.45 2.92 8.12 2.74 8.10 2.70
8. 8.53 3.06 8.12 2.75 6.57 3.26 6.45 2.92 8.10 2.74 8.10 2.71
9. 8.53 3.06 8.13 2.76 6.57 3.25 6.44 2.92 8.11 2.74 8.11 2.71
10. 8.54 3.07 8.12 2.76 6.58 3.28 6.45 2.92 8.12 2.72 8.09 2.70
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11. 8.55 3.06 8.12 2.76 6.57 3.25 6.44 2.92 8.10 2.74 8.09 2.70
12. 8.55 3.05 8.12 2.74 6.57 3.28 6.43 291 8.12 2.72 8.10 2.71
13. 8.54 3.05 8.13 2.74 6.57 3.28 6.44 2.92 8.11 2.74 8.09 2.71
14. 8.54 3.06 8.13 2.75 6.58 3.26 6.45 291 8.10 2.73 8.11 2.70
15. 8.56 3.07 8.13 2.76 6.57 3.26 6.43 2.92 8.12 2.74 8.09 2.72
16. 8.54 3.07 8.14 2.76 6.58 3.27 6.45 2.92 8.11 2.73 8.10 2.72
17. 8.54 3.06 8.11 2.78 6.57 3.26 6.44 292 8.10 2.74 8.09 2.71
18. 8.56 3.06 8.12 2.75 6.57 3.27 6.45 291 8.11 2.74 8.08 271
19. 8.55 3.06 8.13 2.77 6.58 3.26 6.44 2.92 8.10 2.73 8.09 2.72
20. 8.54 3.06 8.13 2.73 6.58 3.27 6.44 291 8.10 2.74 8.09 2.70
Average 8.54 3.06 8.12 2.76 6.58 3.27 6.44 292 8.11 2.73 8.10 271

Note: D: Diameter  T: Thickness

Table 7: Unifrominty of diameter and thickness of different brands of perindopril tablets

No. Brands Standard/ A B C D E F
Average D T D T D T D T D T D T
Diameter (D) and thickness (T)

8.54 3.06 8.12 2.76 6.58 3.27 6.44 2.92 8.11 2.73 8.10 2.71
1. -0.12 0.33 0.00 0.72 0.46 0.00 0.00 0.00 0.00 -0.37 -0.25 -0.37
2. 0.00 -0.65 0.12 0.00 0.00 0.31 0.16 0.00 -0.12 0.00 0.12 0.00
3. -0.12 0.33 0.00 0.00 0.00 | -0.31 0.00 0.00 -0.12 037 | -0.12 0.00
4. -0.12 | -0.65 -0.12 -0.36 | -0.15 0.00 0.16 0.00 -0.12 0.37 0.12 -0.37
5. -0.12 0.00 0.00 -0.36 | -0.15 0.61 -0.16 0.00 -0.12 037 | -0.12 0.37
6. -0.12 0.33 0.12 0.00 -0.15 0.31 0.16 -0.34 0.00 -0.37 | 0.12 -0.74
7. 0.00 0.00 0.00 -0.36 | -0.15 0.31 0.16 0.00 0.12 0.37 0.00 -0.37
8. -0.12 0.00 0.00 -0.36 | -0.15 | -0.31 0.16 0.00 -0.12 0.37 0.00 0.00
9. -0.12 0.00 0.12 0.00 -0.15 | -0.61 0.00 0.00 0.00 0.37 0.12 0.00
10. 0.00 0.33 0.00 0.00 0.00 0.31 0.16 0.00 0.12 -0.37 -0.12 -0.37
11. 0.12 0.00 0.00 0.00 -0.15 | -0.61 0.00 0.00 -0.12 037 | -0.12 -0.37
12. 012 | -0.33 0.00 -0.72 | -0.15 0.31 -0.16 -0.34 0.12 -0.37 | 0.00 0.00
13. 0.00 -0.33 0.12 -0.72 | -0.15 0.31 0.00 0.00 0.00 037 | -0.12 0.00
14. 0.00 0.00 0.12 -0.36 | 0.00 | -0.31 0.16 -0.34 -0.12 0.00 0.12 -0.37
15. 0.23 0.33 0.12 0.00 -0.15 | -0.31 -0.16 0.00 0.12 037 | -0.12 0.37
16. 0.00 0.33 0.25 0.00 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.37
17. 0.00 0.00 -0.12 0.72 -0.15 | -0.31 0.00 0.00 -0.12 037 | -0.12 0.00
18. 0.23 0.00 0.00 -0.36 | -0.15 0.00 0.16 -0.34 0.00 037 | -0.25 0.00
19. 0.12 0.00 0.12 0.36 0.00 | -0.31 0.00 0.00 -0.12 0.00 -0.12 0.37
20. 0.00 0.00 0.12 -1.09 0.00 0.00 0.00 -0.34 -0.12 0.37 -0.12 -0.37
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The average diameter of Brand A, B, C, D, E and F is less than
12.5mm. Each deviation is calculated, and the deviation of the indi-
vidual unit from the mean diameter should not exceed * 5% for tab-
lets with a diameter of less than 12.5. According to Table 8, Brand A,
B, C, D, E and F did not exceed the limits as the deviation of individual
units from the mean diameter did not exceed + 5%. The absorbance
of different brands of perindopril is laid down in Table 8. UV-absor-
bance of different brands of perindopril at a concentration is shown
in Graphs 1-5 and accumulated curves are laid down in Graph 6. The
first, second and third readings of 8 pg/mL standard perindopril were
0.186, 0.187 and 0.187. The average for the standard was 0.187. The
first, second and third readings of 8 pg/mL of Brand B were 0.186,

Table 8: Absorbance of different brands of perindopril.

0.181 and 0.183. The average for brand B was 0.183. Besides, the first,
second and third readings of 8 ug/mL of Brand C were 0.180, 0.184
and 0.182. The average for brand C was 0.182. The first, second and
third readings of 8 pg/mL of Brand D were 0.185, 0.184 and 0.184.
The average for brand D was 0.184. The first, second and third read-
ings of 8 ug/mL of Brand E were 0.168, 0.168 and 0.169. The average
for brand E was 0.168. Lastly, the first, second and third readings of 8
pg/mL of Brand F were 0.164, 0.161 and 0.161. The average for brand
F was 0.162. It was found that the standard/Brand A has the highest
average absorbance of 0.187, and Brand F has the lowest absorbance
of 0.162 at the concentration of 8 pg/mL. The first, second and third
readings of 16 pg/mL standard perindopril were 0.399, 0.4 and 0.4.

Brand Reading Sample
8 ng/ml 16 ng/ml 32 pg/ml 48 pg/ml
First reading 0.186 0.399 0.787 1.159
Second reading 0.187 0.400 0.788 1.156
Standard/ A
Third reading 0.187 0.400 0.790 1.165
Average 0.187 0.400 0.788 1.160
First reading 0.186 0.397 0.789 1.111
Second reading 0.181 0.400 0.780 1.100
’ Third reading 0.183 0.398 0.785 1.105
Average 0.183 0.398 0.785 1.105
First reading 0.180 0.372 0.713 1.160
Second reading 0.184 0.372 0.708 1.156
c Third reading 0.182 0.371 0.710 1.158
Average 0.182 0.372 0.710 1.158
First reading 0.185 0.399 0.786 1.160
Second reading 0.184 0.401 0.787 1.147
b Third reading 0.184 0.399 0.789 1.159
Average 0.184 0.400 0.787 1.155
First reading 0.168 0.366 0.683 1.069
Second reading 0.168 0.353 0.664 1.051
: Third reading 0.169 0.360 0.676 1.059
Average 0.168 0.359 0.674 1.060
First reading 0.164 0.355 0.683 1.020
Second reading 0.161 0.345 0.679 1.023
f Third reading 0.161 0.355 0.679 1.021
Average 0.162 0.352 0.680 1.021
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UV-ABSORBANCE OF DIFFERNT
BRANDS OF PERINDOPRIL AT A
CONCENTRAION OF8 uG/ML
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Graph 1: UV-absorbance of different brands of perindopril at a concentration of 8 ug/mL.

UV -ABSORBANCE OF DIFFERNT
BRANDS OF PERINDOPRIL AT A
CONCENTRAION OF 16 uG/ML

Firstreading ., M Second reading % Third reading M Average
o oo

&

0.399
04 =
4

o o

<< m m NN mE M emo Ny i
il oo oo o mmmm oo oo M omom o mm
o oo Ss0Sa 6590
LI LR TTT I | BT
3 i inll
o
& STANDARD/ B c D E F
< A

BRANDS

Graph 2: UV-absorbance of different brands of perindopril at a concentration of 16 pg/mL.
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Graph 3: UV-absorbance of different brands of perindopril at a concentration of 32 pg/mL.
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UV -ABSORBANCE OF DIFFERNT BRANDS OF
PERINDOPRIL AT A CONCENTRAION OF 48
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Graph 4: UV-absorbance of different brands of perindopril at a concentration of 48 ug/mL.
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Graph 5: Absorbance of different brands of perindopril.
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Graph 6: Calibration curve of different brands of perindopril.
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The average for the standard was 0.4. The first, second and third
readings of 16 pg/mL of Brand B were 0.397, 0.400 and 0.398. The
average for brand B was 0.398. Besides, the first, second and third
readings of 16 pg/mL of Brand C were 0.372, 0.372 and 0.371. The
average for brand C was 0.372. The first, second and third readings
of 16 pg/mL of Brand D were 0.399, 0.401 and 0.399. The average
for brand D was 0.400. The first, second and third readings of 16 pg/
mL of Brand E were 0.366, 0.353 and 0.360. The average for brand E
was 0.359. Lastly, the first, second and third readings of 16 pg/mL of
Brand F were 0.355, 0.345 and 0.355. The average for brand F was
0.352. It was found that the standard/Brand A and Brand D have the
highest average absorbance of 0.4, and Brand F has the lowest absor-
bance of 0.352 at the concentration of 16 ug/mL.

The first, second and third readings of 32 pg/mL standard per-
indopril were 0.787, 0.788 and 0.790. The average for the standard
was 0.788. The first, second and third readings of 32 ug/mL of Brand
B were 0.789, 0.780 and 0.785. The average for brand B was 0.785.
Besides, the first, second and third readings of 32 pg/mL of Brand C
were 0.713, 0.708 and 0.710. The average for brand C was 0.710. The
first, second and third readings of 32 pg/mL of Brand D were 0.786,
0.787 and 0.789. The average for brand D was 0.787. The first, sec-
ond and third readings of 32 ug/mL of Brand E were 0.683, 0.664 and
0.676. The average for brand E was 0.674. Lastly, the first, second and
third readings of 32 pg/mL of Brand F were 0.683, 0.679 and 0.679.
The average for brand F was 0.680. It was found that the standard has
the highest average absorbance of 0.788, and Brand E has the lowest
absorbance of 0.674 at the concentration of 32 pg/mL.

The first, second and third readings of 48 pg/mL standard per-
indopril were 1.159, 1.156 and 1.165. The average for the standard
was 1.160. The first, second and third readings of 48 ug/mL of Brand
B were 1.111, 1.100 and 1.105. The average for brand B was 1.105.
Besides, the first, second and third readings of 48 pg/mL of Brand C
were 1.160, 1.156 and 1.158. The average for brand C was 1.158. The
first, second and third readings of 48 pg/mL of Brand D were 1.160,
1.147 and 1.159. The average for brand D was 1.155. The first, sec-
ond and third readings of 48 ug/mL of Brand E were 1.069, 1.051 and
1.059. The average for brand E was 1.06. Lastly, the first, second and
third readings of 48 pg/mL of Brand F were 1.020, 1.023 and 1.021.
The average for brand F was 1.021. It was found that the standard has
the highest average absorbance of 1.160, and Brand F has the lowest
absorbance of 1.021 at the concentration of 48 pg/mL.

Comparison by UV-Absorbance of Different Brands of Per-
indopril at Different Concentrations

The reading of 8 pg/ml, 16 pg/ml, 32 pg/ml, and 48 pg/ml of stan-
dard perindopril were 0.187, 0.400, 0.788 and 1.16. The reading of
8 ng/ml, 16 pg/ml, 32 pg/ml, and 48 pg/ml of Brand B were 0.183,
0.398, 0.785 and 1.105. The reading of 8 pug/ml, 16 pg/ml, 32 pg/ml,
and 48 pg/ml of Brand C were 0.182, 0.372, 0.710 and 1.158. The
reading of 8 pg/ml, 16 pg/ml, 32 pg/ml, and 48 pug/ml of Brand D
were 0.184, 0.400, 0.787 and 1.155. The reading of 8 pg/ml, 16 pg/
ml, 32 pg/ml, and 48 pg/ml of Brand E were 0.168, 0.359, 0.674 and
1.060. The reading of 8 ug/ml, 16 ug/ml, 32 pg/ml, and 48 pg/ml of
Brand F were 0.162, 0.352, 0.680 and 1.021.

Table 9: Percent purity Determination of Different Brands of Perindopril by using the UV Spectrophotometric method.

Percent purity (%)
Brand Standard/Brand A (%)
8 ng/ml 16 pg/ml 32 pg/ml 48 pg/ml Average
B 97.9 99.5 97.1 99.6 98.5 100
C 97.3 93.0 97.1 99.8 96.8 100
D 98.4 100.0 99.8 99.6 99.5 100
E 89.8 89.8 99.2 91.4 92.55 100
F 86.6 88.0 86.3 88.0 87.23 100

Accumulated Calibration Curves of Different Brands of
Perindopril

The correlation coefficient of an acceptable calibration is 0.9 or
better. It was observed that all of the brands have a correlation coeffi-
cient of 0.9 and above. The correlation coefficient of standard/ Brand
A was 0.9994; Brand B was 0.9965; Brands C and D were 0.9992;
Brand E was 0.9981, and Brand F was 0.9995. Percent purity Deter-
mination of Different Brands of Perindopril by using the UV Spectro-
photometric method is laid down in Table 9. The percent purity of
standard perindopril was 100 %. There was a total of 4 concentra-
tions conducted for each assay of the sample. The percent purity of 8
pg/ml, 16 pg/ml, 32 pg/ml, and 48 pug/ml of Standard/ Brand A were

100 %. The average percent purity of sample A was 100 %. The per-
cent purity of 8 ug/ml, 16 pg/ml, 32 pg/ml and 48 pg/ml of Brand B
were 97.9%, 99.5%, 97.1% and 99.6%. The average percent purity of
sample B was 98.5 %. The percent purity of 8 pg/ml, 16 ug/ml, 32 ug/
ml and 48 pg/ml of Brand C were 97.3%, 93.0 %, 97.1 % and 99.8%.
The average percent purity of Brand C was 96.8 %. The percent purity
of 8 ug/ml, 16 pg/ml, 32 pg/ml and 48 pg/ml of Brand D were 98.4 %,
100 %, 99.8% and 99.6 %. The average percent purity of Brand D was
99.5 %. The percent purity of 8 ug/ml, 16 ug/ml, 32 pg/ml and 48 ug/
ml of Brand E were 89.8 %, 89.8 %, 99.2 and 91.4 %. The average per-
cent purity of Brand E was 92.55 %. The percent purity of 8 ug/ml, 16
ug/ml, 32 ug/ml and 48 pug/ml of Brand F were 86.6 %, 88.0 %,86.3
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% and 88.0 %. The average percent purity of Brand F was 87.23 %.
Comparison of Percent Purity between Standard and Sample by Using

UV Spectrophotometric Method is given in Graph 7.

COMPARISON OF PERCENT PURITY
BETWEEN STANDARD AND SAMPLE BY
USING UV SPECTROPHOTOMETRIC METHOD

Standard/ Brand A Sample

PERCENTAGE PURITY (%)

D E F

BRANDS

Graph 7: Comparison of Percent Purity between Standard and Sample by using UV Spectrophotometric Method.

Comparison of percent purity between the standard and sample
by using the UV Spectrophotometric method is recorded in Graph 7.
The percent purity of standard/ Brand A perindopril was 100 %. Be-
sides, the average percent purity of Brands B, C, D, E, and F were 98.5
%, 96.8 %, 99.5 %, 92.55 %, and 87.23 %. Brand D has the highest per-
centage of purity, while Brand F has the lowest percentage of purity
compared to Standard/Brand A. According to British Pharmacopoeia
(BP), the content of perindopril in tablets should be in the range of
92.5 % to 105.0 %. Thus, Brand A, B, C, D and E passed the test, and
Brand F failed the test. Disintegration / time test of different brands
of perindopril tablets is shown in Table 10. The disintegration time of
different brands of perindopril was recorded in Table 10 and Graph 8.
Brand F took the longest time to disintegrate, which is 8.43 minutes,
while Standard/ Brand A took the shortest time to disintegrate, which
is 0.7 minutes. The time taken for tablets to disintegrate for Brand B,
Brand C, Brand D and Brand E were 5.97 minutes, 2.78 minutes, 4.13
minutes, and 1.35 minutes. According to USP limits for disintegration

time for tablets, the time taken for uncoated tablets to disintegrate in
water at 37°C + 2°C is 30 minutes 8. It was found that all the tablets
disintegrate in 30 minutes. Therefore, all of the Brands of perindo-
pril taken passed the disintegration test. FTIR spectrum of different
brands of Perindopril Tablets are shown in Graphs 9-14 respectively
and comparison in Graph 15.

Table 10: Disintegration test of different brands of perindopril.

Brands Time taken for tablets to disintegrate (minutes)
Standard/ A 0.70
B 5.97
C 2.78
D 413
E 1.35
F 8.43
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Graph 8: Time taken for different brands of perindopril tablets to disintegrate.
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Graph 12: FTIR spectrum of Brand D.
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Graph 15: Comparison of FTIR spectrum of different brands of perindopril.

FTIR principal peaks corresponding to the structural features
of Perindopril are shown in Graph 9. Wave number 2898.63
cm* disclosed the presence of C-H stretching, and wave num-
ber 1671.48 cm™ showed the presence of C=0 stretching. Be-
sides that, the broad peak at 2500 -3000 cm™ and peak at
1260.45 cm™ confirm the acid group and a further peak at
3262.29 cm™ with 1640 cm™ confirms the presence of amine
with amide linkage. Four absorptions at 1450-1650 cm™ in-
dicated the presence of C=C aromatic. Moreover, medium ab-
sorption near 1000-1300 cm™ confirms the presence of the
ester group.

FTIR principal peaks corresponding to the structural fea-
tures of Perindopril are shown in Graph 10. Wave number
2898.77 cm disclosed the presence of C-H stretching, and
wave number 1624.14 cm? showed the presence of C=0
stretching. Besides that, the broad peak at 2500 -3000 cm™
and peak at 1259.81 cm! confirm the acid group and a fur-
ther peak at 3261.93 cm™ with 1640 cm™ confirms the pres-
ence of amine with amide linkage. Four absorptions at 1450-
1650 cm™ indicated the presence of C=C aromatic. Moreover,
medium absorption near 1000-1300 cm™ confirms the pres-
ence of the ester group.

FTIR principal peaks corresponding to the structural fea-
tures of Perindopril are shown in Graph 11. Wave number
2916.18 cm™ disclosed the presence of C-H stretching, and
wave number 1617.94 cm? showed the presence of C=0
stretching. Besides that, the broad peak at 2500-3000 cm™
and peck at 1154.38 cm™ confirm the acid group and a fur-

ther peak at 3336.27 cm™ with 1640 cm™ confirms the pres-
ence of amine with amide linkage. Four absorptions at 1450-
1650 cm™ indicated the presence of C=C aromatic. Moreover,
medium absorption near 1000-1300 cm™ confirms the pres-
ence of the ester group.

FTIR principal peaks corresponding to the structural fea-
tures of Perindopril are shown in Graph 12. Wave number
2900.64 cm™ disclosed the presence of C-H stretching, and
wave number 1641.39 cm™ showed the presence of C=0
stretching. Besides that, the broad peak at 2500-3000 cm™
and peck at 1251.64 cm™* confirm the acid group and a fur-
ther peak at 3282.67 cm™ with 1640 cm™ confirms the pres-
ence of amine with amide linkage. Four absorptions at 1450-
1650 cm™ indicated the presence of C=C aromatic. Moreover,
medium absorption near 1000-1300 cm™ confirms the pres-
ence of the ester group.

FTIR principal peaks corresponding to the structural fea-
tures of Perindopril are shown in Graph 13. Wave number
2898.96 cm™ disclosed the presence of C-H stretching, and
wave number 1641.54 cm™ showed the presence of C=0
stretching. Besides that, the broad peak at 2500-3000 cm™
and peck at 1259.59 cm™ confirm the acid group and a fur-
ther peak at 3267.15 cm™ with 1640 cm™ confirms the pres-
ence of amine with amide linkage. Four absorptions at 1450-
1650 cm™ indicated the presence of C=C aromatic. Moreover,
medium absorption near 1000-1300 cm™ confirms the pres-
ence of the ester group.
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6. FTIR principal peaks corresponding to the structural fea-
tures of Perindopril are shown in Graph 14. Wave number
2898.97 cm™ disclosed the presence of C-H stretching, and
wave number 1641.60 cm? showed the presence of C=0
stretching. Besides that, the broad peak at 2500-3000 cm™
and peck at 1259.69 cm™ confirm the acid group and a fur-
ther peak at 3327.37 cm™ with 1640 cm™ confirms the pres-
ence of amine with amide linkage. Four absorptions at 1450-
1650 cm™ indicated the presence of C=C aromatic. Moreover,
medium absorption near 1000-1300 cm™ confirms the pres-
ence of the ester group.

Comparison of FTIR Spectrum of different brands of Per-
indopril.

All the brands of perindopril obtained were found to have struc-
tural characteristics of perindopril. Saturated alkane absorptions
were observed on the right side of 3000 cm™ in every brand. The
wave number between 1600-1900 cm showed the presence of C=0
stretching. Besides that, the broad peak at 2500-3000 cm™ and peck at
1000-1300 cm™ confirm the acid group. The acid group is confirmed
at the peak around 3600 cm™. Furthermore, medium absorption of
N-H stretch near 3500 cm™ was observed, and the presence of amine
with amide linkage was confirmed at 1640 cm™. Four absorptions at
1450-1650 cm™ indicated the presence of C=C aromatic. Moreover,
medium absorption near 1000-1300 cm1 confirms the presence of
the ester group.

Discussion

The objective of this research was to perform the quantitative
determination of different brands of perindopril tablets available in
Malaysia by using UV spectrophotometric and Fourier transform in-
frared spectroscopy methods. This research uses the quality control
test, UV spectrophotometric assay, disintegration test, and stuctural
characterization by FTIR method. The weight uniformity test of tab-
lets represented the quality control of specific batches of tablets. The
test was performed to check whether the tablets used in the assay of
perindopril contained the amount of active pharmaceutical ingredi-
ent (API) intended, with little variation among tablets within a batch.
During uniformity weight testing, 20 tablets of each brand of perin-
dopril were weighed individually, and the average weight was calcu-
lated. The percentage of deviation of each brand of perindopril tablet
was calculated, and it was found that tablets for Brand A, B, C, D and F
did not exceed the limits given by British Pharmacopoeia, which is a
minimum of 18 of the tablets are within 7.5% and maximum 2 tablets
have deviation of within 15.0 %. Therefore, Brand A, B, C, D, E and F
passed the weight uniformity test. In conclusion, all of the perindopril
of each brand had uniform weights.

The UV spectrophotometric method was used to determine the
percent purity of various perindopril brands. The procedure of this
assay was provided by B. P. Spectrometer was used to measure the
amount of ultraviolet radiation absorbed by perindopril in the sample

solution. At the wavelength of maximum absorbance of 213 nm, the
absorbance of the dilutions and standard preparation in a 1cm cell
was measured using a spectrophotometer. The absorbances will be
utilized for each sample to determine the percent purity. Filtration
was involved in this method. This was because filtration can remove
the undissolved excipients from the perindopril solution. Comparison
of percent purity between the standard and sample by using the UV
spectrophotometric method was recorded in Graph 7. According to
B.P, the percent purity of perindopril in tablets should be in the range
0f 92.5 % to 105.0 %. The average percent purity of Brand A, B, C, D,
E, and F were 100%, 98.5 %, 96.8 %, 99.5 %, 92.55 %, and 87.23 %.
Brand D has the highest percentage of purity, while Brand F has the
lowest percentage of purity compared to Standard/Brand A. Thus,
Brand A, B, C, D and E passed the test, and Brand F failed the test. This
indicated Brand B and Brand D were comparatively better than other
brands used in this research. In conclusion, Brand B, C, D and E were
within the limit specified by B.P. Brand D was the best among these
6 perindopril tablet brands in this assay of perindopril by UV spec-
trophotometric method. Besides, disintegration time test is carried
out to determine the time required for the tablet to disintegrate. The
time taken for tablets to disintegrate for Brand B, Brand C, Brand D
and Brand E were 5.97 minutes, 2.78 minutes, 4.13 minutes, and 1.35
minutes. According to USP limits for disintegration time for tablets,
the time taken for uncoated tablets to disintegrate in water at 37°C
+ 2°C is 30 minutes [8]. It was found that all the tablets disintegrate
in 30 minutes. Therefore, all of the Brands of Perindopril passed the
disintegration test.

Fourier-transform infrared spectroscopy (FTIR) is a technique
that measures the range of wavelengths in the infrared region that are
absorbed by a solid or liquid [9-15]. This is accomplished by applying
infrared radiation (IR) to material samples. The IR spectrometer then
measures the sample’s absorbance of the IR light’s energy at various
wavelengths to determine the material’s molecular composition and
structure. The IR spectrum is a graph of infrared light absorbance
by the substance on the vertical axis and the frequency on the hor-
izontal axis. According to the data obtained, all the brands of perin-
dopril obtained were found to have the structural characteristics of
perindopril. Saturated alkane absorptions were observed on the right
side of 3000 cm™ in every brand. The wave number between 1600-
1900 cm™ showed the presence of C=0 stretching. Besides that, the
broad peak at 2500-3000 cm™ and peck at 1000-1300 cm™ confirm
the acid group. The acid group is confirmed at the peak around 3600
cm™. Furthermore, medium absorption of N-H stretch near 3500 cm™
was observed, and the presence of amine with amide linkage was con-
firmed at 1640 cm™. Four absorptions at 1450-1650 cm™ indicated
the presence of C=C aromatic [16-20]. Moreover, medium absorption
near 1000-1300 cm™ confirms the presence of the ester group.

Conclusion

In conclusion, Brand B and Brand D showed excellent results to
fulfil all the protocol for quantitative and quantitative test among all
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brands of perindopril used in this research. Brand B, C, D and E have
a percentage of purity within the standard provided by the British
Pharmacopoeia. The Brand F has not qualified the standard provid-
ed by the British Pharmacopoeia. Therefore, Brand F should be con-
sidered as substandard tablets. It was concluded that the developed
method was found to be simple, accurate and can be used for routine
quality analysis of perindopril tablets. The assay of pharmaceutical
products should always be performed to ensure the safety, quality,
quantity, and efficacy of pharmaceutical products.
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