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Keywords: ABSTRACT: Introduction: Simvastatin is one of the cholesterol-reducing agents, in the class of

statins which is an HMG-CoA reductase inhibitors, used in the treatment of hyperlipidemia. It was

Simvastatin, Characterization, categorized in biopharmaceutics classification system (BCS) class Il drug, which has low solubility
Dissolution, Quality assessment, in aqueous media. It is a white-to-off white crystalline and non-hygroscopic powder, insoluble in
Pharmacopoeia water, but soluble in methanol, chloroform, and ethanol. Characterization test as FTIR spectroscopy

: was important to identify the identity of tablets. Tablets properties were evaluated by various
CorreSpondence to Author: physicochemical parameters including dissolution test to examine the equivalence and quality of
Nabila Perveen different marketed brands of Simvastatin. They should comply with the specified pharmacopoeia
Research Scholar limit for each test. Objectives: Objective of this study was to analyze the identity and evaluate the

’ quality control parameters of different brands of Simvastatin with the specified pharmacopoeia

Deparf[ment of Pharmaceutical limit. Method: Different brands of Simvastatin 20 mg tablets were collected by purchasing from
Chemistry, Faculty of Pharmacy, local pharmacies in Malaysia. Physicochemical parameters such as weight variation, thickness and
AIMST University, Malaysia. diameter measurement were performed. Besides, characterization test using FTIR

spectrophotometer, dissolution test as well as disintegration test of each brand of Simvastatin tablets
E-mail: nabila@aimst.edu.my were also performed. Results: There were no abnormalities in the physical appearance of all tablets

from different brands. All the brands complied with the official specifications for weight uniformity
where no tablet showed deviation more than +7.5%. Thickness, diameter measurement and
disintegration test of each brand of Simvastatin tablets also passed the specified limit.
Characterization test using FTIR spectrophotometer confirmed the identity of Simvastatin with peak
of aromatic hydroxyl group around 3700-3100 cm-1, methyl group around 3000 -2800 cm-1 and
aromatic carbonyl group around 1800 -1600 cm-1, except the standard Simvastatin showed strong
and sharp peak for aromatic carbonyl group whereas other brands showed weak peak. A
Characterization test using MS also confirmed the identity of Simvastatin with base peak of 419.3
m/z for protonated molecular ion [Simvastatin + H] + and major product ions at 199 m/z and 285
m/z were also observed compared to standard Simvastatin. Regarding dissolution test, Brand B
achieved a bioavailability rate of 80.35%, AUCO0-2 44.47 mg.hr/l and Brand E achieved a
bioavailability rate of 70.11%, AUCO0-2 29.8 mg.hr/l which was the highest among the brands
tested, indicate immediate drug release pattern. Other brands might exhibit more sustained release
profiles over a longer period of time. Conclusion: Results of all the parameters such as weight
variation, thickness, diameter, and disintegration test obtained from the study comply with the USP
and BP Pharmacopoeia limits. Brand C was identified having the most immediate drug release
based on AUC despite the initial low percentage of release rate. Brands A and D showed prolonged
drug release whereas Brand B and E showed potential immediate drug release.

INTRODUCTION: Hypercholesterolemia is one  Based on the 2015 Malaysian Ministry of Health
of the risk factors for cardiovascular disease report, the overall prevalence of hyper-
(CVD), the leading cause of morbidity and cholesterolemia among Malaysian adults was
mortality worldwide. 47.7% and 38.6% were undiagnosed 2
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Based on the Malaysia statistics on drugs in 2015
and 2016, the use of Simvastatin in the public
sector has markedly increased up to 65% in the
2015 and 2016 cohorts compared to the 2013 and
2014 cohorts. Simvastatin also remained within the
top 10 drugs from 2015 to 2016 in the public sector
2T That’s why to carry out the study of “Quality
Assessment and Comparative Study of Different
Marketed Brands of Simvastatin Tablets in
Malaysia”. Simvastatin is a white-to-off white
crystalline and non-hygroscopic powder which is
insoluble in water, but soluble in methanol,
chloroform, and ethanol. It is also an inactive
prodrug, good oral absorption but undergoes
hepatic first-pass metabolism, resulting in low
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bioavailability *°, which in turn shows rate-limited
oral absorption and differences in pharmacological
effects. Biotransformation takes place in the liver
by ring- opening reaction of the lactone ', convert
to active form of Simvastatin (B- hydroxy acid)
because the simvastatin lactone form favors
hydrolysis due to unstable at higher pH values,
opening the lactone and yielding the hydroxyl acid
form as shown in Fig. 1 *°. It helps lower
cholesterol production by preventing HMG-CoA
production, causes decrease in low-density
lipoprotein (LDL) (20 — 40 %) and triglycerides (10
— 20 %), while increases the high-density
lipoprotein (HDL) (5— 15 %) '
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FIG. 1: HYDROLYSIS OF SIMVASTATIN ®

Characterization of the tablets using Differential
Scanning Calorimetry (DSC), Fourier- Transform
Infrared  Spectroscopy (FTIR) and  Mass
Spectrometry (MS) were important to identify the
identity of tablets whereas the tablets properties
usually evaluated through various physicochemical
parameters. FTIR spectroscopy is a powerful
characterization technique with high chemical
specificity, that provides information on molecular
structure based on the absorption of infrared light
(IR) *°. Attenuated total reflection (ATR) mode is
the most suitable as sample thickness was not a
limiting factor thus ATR- FTIR is used to analyze
range of sample forms with minimal sample
preparation. Nowadays, the widespread availability
of multiple brands of Simvastatin tablets in
Malaysia has prompted a growing concern among
healthcare professionals about the challenges
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associated with generic brand substitution. It
becomes imperative to assess the physicochemical
equivalence of these formulations to make
informed decisions regarding interchangeability .
It was important to examine the equivalence and
quality of different marketed drug brands,
especially used to manage chronic conditions such
as hyperlipidemia. Healthcare systems encourage
the replacement of originator with generic products
due to the same quality and low cost, thus, the
quality of these generic products was required to
evaluate consistently. Quality assurance of
pharmaceutical products influences quality; thus,
the dissolution tests are very essential to evaluate
different brands available to ensure performance
and quality of finished products. It was also
important to ensure efficacious and safety of
products for patients at an affordable cost. For
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example, like Simvastatin, some unpredictable
dissolution profile outcomes might be possible as it
was an inactive pro-drug and practically insoluble
in water ', Dissolution was defined as the amount
of substance released into solution per unit time
under standardized conditions such as temperature
and composition of solvent. Although dissolution
cannot be used as a predictor of therapeutic
efficiency, it can be used as quantitative and
qualitative tool, which provides useful information
about the drug’s biological availability *.

Objectives: The objectives of this study are to
identify the physicochemical parameters such as
weight variation, thickness and diameter, as well as
compare the disintegration and dissolution of
different brands of Simvastatin with the specified
limit. We also want to identify and analyze the
identity of different brands of Simvastatin tablets
based on the spectrum obtained from
spectrometers. Dissolution of drugs being the
important parameters to evaluate the quality and
efficacy of a drug thus, to determine and compare
the percentage drug release in dissolution with
different brands of Simvastatin. During the
research, there was a need to understand and
consistently follow the USP guidelines to prevent
errors from occurring during handling of the
experiment.

Methodology Sample Collection: Simvastatin 20
mg tablets produced by different pharmaceutical
companies were collected by purchasing from local
pharmacies in Malaysia. The study was performed
within tablet expiration dates.

Physicochemical Parameters:
Materials: Simvastatin 20mg tablets (Brand A, B,
C,DandE).

Equipment:
vernier caliper.

Digital weighing balance, digital

Weight Variation Test: 20 tablets of each brand of
simvastatin tablets were weighed individually using
digital weighing balance and got the average value
for each brand.

Diameter and Thickness Measurement: The
diameter and thickness of 20 tablets of each brand
of simvastatin tablets were measured by using
digital vernier caliper and get average diameter and
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thickness for each brand. Diameter deviation was
then calculated using formula below .

Characterization test FTIR
spectrophotometer:

Materials: Standard Simvastatin 20mg powder
(98%) (Thermo Scientific), Simvastatin 20mg

tablets (Brand A, B, C, D and E), isopropyl alcohol.

using

Equipment: PerkinElmer Fourier Transform

Infrared Spectroscopy (FTIR)

Dissolution Test:

Materials: Standard Simvastatin 20mg powder
(98%) (Thermo Scientific), Simvastatin 20mg
tablets (Brand A, B, C, D and E), sodium dodecyl
sulfate (SDS), monobasic sodium phosphate,
distilled water, sodium hydroxide.

Equipment:  Shimadzu  UV-1800  spectro-
photometer, Pharma test USP apparatus Il
(Rotating Paddle apparatus), pH meter, volumetric
flask, cuvette.

Preparation of Dissolution Medium: pH 7.0
buffer solution containing 0.5% sodium dodecyl
sulfate (SDS) in 0.01M sodium phosphate prepared
by dissolving 30 g of SDS and 8.28 g of monobasic
sodium phosphate in 6000 mL of water and
adjusting with 50% (w/v) sodium hydroxide
solution to a pH of 7.0 and 900 mL (United State
Pharmacopeia, 2005).

Preparation of Blank Solution: 10ml of pH 7.0
buffer solution was diluted to 50ml in volumetric
flask, used as blank sample.

Preparation of Standard Simvastatin Solution:
5mg of reference Simvastatin was accurately
weight, dissolve in 10ml of phosphate buffer
solution pH 7.0 then transfer to 50ml volumetric
flask, make up the volume by distilled water. This
solution had a concentration of 100ug/ml (stock
solution). Label as solution A. From solution a, five
different serial solutions were prepared with the
following concentration (10 pg/ml, 20 pg/ml, 30
nug/ml, 40 pg/ml and 50 pg/ml). To prepare each
dilution, pipette out required volume (1ml, 2ml,
3ml, 4ml and 5ml respectively) into 10 mi
volumetric flask and make up to volume with
distilled water, then observed the absorbance under
UV-Visible spectro-photometer with 1lcm path-
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length quartz cell at wavelength of 238nm, used
distilled water as blank reading.

Sample Analysis: Dissolution test of each
Simvastatin brand (Brand A, B, C, D and E) was
performed using USP apparatus-11 (Paddle) at 37
0.5 °C in 900 ml phosphate buffer medium with
0.5% SDS at pH 7.0 and 50 rpm %, Six tablets of
brand A were placed into each vessel. 10 ml sample
was withdrawn from the dissolution medium at 30-
60- 90 and 120- minutes interval, followed by
immediate replacement of fresh dissolution
medium for the acquisition of sink condition. Each
sample was then filtered through Whatman filter
No. 41 °. The 10 ml solutions were then diluted to
50 ml and assayed under UV-Visible
spectrophotometer with 1cm path-length quartz cell
at 238nm to determine the absorbance of each
tablet for each brand of Simvastatin released in the
dissolution test. The dissolution experiments were
repeated for brand B, C, D and E respectively.
Insert the absorbance of sample solution into the
standard equation to calculate the concentration of
each six tablets for each brand. Then calculate the
drug release amount and percentage of drug release

Label Information:
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using formula below, get the average percentage
drug release for each brand then plot graph of
average percentage of drug release (%) against time
(minutes).

Disintegration Test:
Materials: Simvastatin 20 mg tablets (Brand A, B,
C, D and E), distilled water.

Equipment: Disintegration test apparatus
Procedure: Four tablets of Brand A were placed in
each vessel along with plastic disk over each tablet
and the apparatus (basket-rack assembly) was
operated using distilled water at 37°C. Tubes were
allowed to move up and down.

After 30 minutes, stop the disintegration apparatus
and observe if each tablet had disintegrated
completely and pass through the screen. The plastic
disks do not allow the tablets to float and imparts
slight pressure on the tablets to force any soft mass
through screen. The procedures were repeated for
Brand B, C, D and E. While the Appearance and
descriptions of five different brands of Simvastatin
20mg tablets is shown in Tables 1 and 2.

TABLE 1: LABEL INFORMATION OF FIVE DIFFERENT BRANDS OF SIMVASTATIN 20MG TABLETS

Brands  Expire date Ingredients
A 03/2026 Simvastatin, Microcrystalline cellulose, Pregelatinised starch, Magnesium stearate, Purified
water, Butylated hydroxyanisole, Isopropyl alcohol, Low substitutedhydroxypropy! cellulose,
Opadry yellow, Opadry brown,
Opadry pink, Lactose.
B 05/2025 Simvastatin, Microcrystalline cellulose, Starch, Magnesium stearate, Butylated hydroxyl
lanisole, Ascorbic acid, Citric acid anhydrous, Opadry orange, Lactose monohydrate.
C 01/2027 Simvastatin, Microcrystalline cellulose, Starch, Magnesium stearate, Butylated hydroxytoluene,
Ascorbic acid, Citric acid anhydrous, Ethanol, Opadry pink, Lactosemonohydrate.
D 01/2025 Simvastatin, Microcrystalline cellulose, Pregelatinised starch, Magnesium stearate, Purified
water, Butylated hydroxyanisole, Hydroxypropyl cellulose, Hydroxypropyl methylcellulose,
Ascorbic acid, Citric acid monohydrate,
Lactose monohydrate, talc, titanium dioxide, iron oxide.
E 06/2025 Simvastatin, Cellulose, Pregelatinised starch, Magnesium stearate, Butylated hydroxyanisole,

Ascorbic acid, Citric acid monohydrate, Lactose monohydrate, Hypromellose, Hyprolose.,

Appearance and Descriptions:

TABLE 2: APPEARANCE AND DESCRIPTIONS OF FIVE DIFFERENT BRANDS OF SIMVASTATIN 20MG

TABLETS

Brands Shape Colour

Convexity Descriptions

Oval Nude pink

Film-coated One strip contains 10 tablets
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Oblong Nude orange Film-coated One strip contains 10 tablets
Oblong Nude orange Film-coated One strip contains 10tablets
Round Orange Film-coated One strip contains 10 tablets

Oval Pink Film-coated One strip contains 15tablets

Physicochemical Parameters: Average weight of different brands of Simvastatin tablets.

TABLE 3: AVERAGE WEIGHT OF FIVE DIFFERENT BRANDS OF SIMVASTATIN 20MG TABLETS

Tablets Weight (mg)
Brand A Brand B Brand C Brand D Brand E
Averageweight 205.87 205.22 207.92 207.98 207.20

From Table 3, the average weight of brand A, B,
C, D and E was 205.87 mg, 205.22 mg, 207.92mg,
207.98 mg and 207.20 mg respectively. Brand D
had the highest weight while brand B had lowest
weight. While the average weight of 20 tablets of
five different brands of Simvastatin 20 mg tablets is
shown in Fig. 1. Since, the average weight of all
different brands of Simvastatin tablets were within

the 80 mg to 250 mg, thus minimum 18 tablets
should not deviate from average weight by +7.5%
based on BP °. From Table 3, the highest
deviation from brand A, B, C, D and E does not
exceed +7.5%, thus it passed the test. Average
weight of five different brands of simvastatin is
shown in Fig. 2.

Averageweight (mg)

205
204
203
202

Brand A Brand B

Average weight of 20 tablets of five different brands of Simvastatin 20mg tablets

Brand C Brand D Brand E

FIG. 2: AVERAGE WEIGHT OF FIVE DIFFERENT BRANDS OF SIMVASTATIN
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Thickness of Different Brands of Simvastatin Tablets:

Average thickness of 20 tablets of five different brands of Simvastatin 20mg tablets

4

33
3
25
2
1.5
1
0.3
0

Brand A Brand B

Average thickness (mm)

Brand C Brand D Brand E

FIG. 3: AVERAGE THICKNESS OF FIVE DIFFERENT BRANDS OF SIMVASTATIN

Diameter of Different Brands of Simvastatin
Tablets: Average diameter of each brand of
Simvastatin tablets was shown in Fig. 3. The
average diameter of brand A, B, C, D and E was
10.13 mm, 11.12 mm, 11.09 mm, 8.09 mm, and

11.17 mm respectively. Brand D has a shorter
diameter (8.09 mm) while brand E has a larger
diameter (11.17 mm). Thickness and diameter of
20 tablets of five different brands of Simvastatin is
shown in Fig. 3 and 4, respectively.

Average diameter of 20 tablets of five different brands of Simvastatin 20mg tablets
12

Brand A Brand B Brand C Brand D Brand E
FIG. 4: AVERAGE DIAMETER OF 20 TABLETS OF FIVE DIFFERENT BRANDS OF SIMVASTATIN
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Characterization Test FTIR Spectrophotometer: FTIR spectrum of standard Simvastatin is laid down
in Fig. 5.
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FIG.5: FTIR SPECTRUM OF STANDARD SIMVASTATIN
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TABLE 4: FTIR SPECTRUM OF STANDARD SIMVASTATIN

Peak number  Wave number (cm ) Functional groups Type of vibration Type of peak
1 3545.46 Aromatic hydroxyl group (O-H) Stretching Broad peak
2 2953.30 Alkane group (C-H) Stretching -
4 1722.65 Aromatic Carbonyl group (C=0) Stretching Sharp and strong
peak
5 1694.93 Aromatic Carbonyl group (C=0) Stretching Sharp and

strong peak

FTIR spectrum of Standard Simvastatin is shown in 4 and 5 were for ester and lactone. For the Brand
Fig. 3 and Table 4, respectively. Stretching A, B, C, D and E, the spectra are given in Fig. 6-10
vibration of carbonyl group (C=0) in peak number respectively.

FTIR Spectrum of Brand A:
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FIG. 6: FTIR SPECTRUM OF BRAND A
FTIR Spectrum of Brand B:
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FIG. 7: FTIR SPECTRUM OF BRAND B.

FTIR Spectrum of Brand C:
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FIG. 8: FTIR SPECTRUM OF BRAND C
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FTIR Spectrum of Brand D:
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FIG. 9: FTIR SPECTRUM OF BRAND D
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FIG. 10: FTIR SPECTRUM OF BRAND E

FTIR Spectrum of Different Brands of Simvastatin Tablets are shown in Fig. 9:
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FIG. 11: FTIR SPECTRUM OF DIFFERENT BRANDS OF SIMVASTATIN TABLETS

All the different brands of Simvastatin (Brand A,
B, C, D and E) shown in the Fig. 11 had the same
peak as per standard Simvastatin such as Aromatic
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hydroxyl group (O-H) around 3700cm™ - 3100cm’
! "alkane group (C-H) around 3000cm™ — 2800cm™
and aromatic carbonyl

group (C=0) around
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1800cm™-1600cm™. The only different between
standard Simvastatin and other brands of
Simvastatin was the aromatic carbonyl group
(C=0) with stretching vibration around wavelength

Mass Spectrometry:
Mass Spectrum of Standard Simvastatin:

E-ISSN: 0975-8232; P-ISSN: 2320-5148

1800 -1600 cm " showed sharp and strong peak in
standard Simvastatin but weak peak in all other
brands of Simvastatin (Brand A, B, C, D and E).
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FIG. 12: MASS SPECTRUM OF STANDARD SIMVASTATIN OF PROTONATED PRODUCT ION (BASE PEAK)

Based on the results of analysis as shown in Fig.
12, it is confirmed that the appearance of
simvastatin in this standard Simvastatin with
identified peak (base peak) of 419.3 m/z for

Mass Spectrum of Brand A:

protonated molecular ion [Simvastatin + H] .
Major product ions at 199 m/z and 285 m/z were
also observed.
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FIG. 13: MASS SPECTRUM OF BRAND A OF SIMVASTATIN PRODUCT

MOLECULAR ION (BASE PEAK)

Based on the results of analysis as shown in Fig.
13, it is confirmed that the appearance of
simvastatin in Brand A as the peak of 419.3 m/z for

Mass Spectrum of Brand B:

ION AND PROTONATED

protonated molecular ion (base peak) and major
product ions at 199 m/z and 285 m/z were also
observed.
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Based on the results of analysis as shown in Fig. 14
and compare with the reference standard in Fig. 4,
it is confirmed that the appearance of simvastatin in

Mass Spectrum of Brand C:
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Brand B as the peak of 419.3 m/z for protonated
molecular ion (base peak) and major product ions
at 199 m/z and 285 m/z were also observed.

B 1992
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| *
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FIG. 15 MASS SPECTRUM OF BRAND C OF SIMVASTATIN PRODUCT

MOLECULAR ION (BASE PEAK)

Based on the results of analysis as shown in Fig. 15
and compare with the reference standard in Fig. 4,
it is confirmed that the appearance of simvastatin in
Brand C as the peak of 419.3 m/z for protonated
molecular ion (base peak) and major product ions
at 199 m/z and 285 m/z were also observed.

Dissolution Test: The calibration curve of standard
simvastatin is shown in Fig. 16.

Average Percentage Drug Release (%) of Brand A:

ION AND PROTONATED

Calibration curve

b=t
5 08
£ 06 v=0.0133x + 0.1269
£ 04 R2=0.9788
< 02
0
0 10 20 30 40 50 60 70

Concentration {ug/ml)

FIG. 16: CALIBRATION CURVE OF STANDARD
SIMVASTATIN

TABLE 5: AVERAGE PERCENTAGE DRUG RELEASE (%) OF BRAND A

Brands  Time (min)  Tablets Average absorbance  Concentration Drug Percentage

reading (y) (ug/ml) (x) release (mg) drug release (%)

Tablet 1 0.167 3.015 2.714 6.784

Tablet 2 0.224 7.301 6.571 16.427

30 min Tablet 3 0.207 6.023 5.420 13.551

Tablet 4 0.196 5.195 4.676 11.690

Tablet 5 0.266 10.459 9.413 23.532

Tablet 6 0.196 5.195 4.676 11.690

Average percentage drug release (%) 13.946

Tablet 1 0.209 6.173 5.556 13.889

Tablet 2 0.248 9.105 8.195 20.487

60 min Tablet 3 0.273 10.985 9.886 24.716

Tablet 4 0.268 10.609 9.548 23.870

Tablet 5 0.281 11.586 10.428 26.070

Brand A Tablet 6 0.265 10.383 9.345 23.363

Average percentage drug release (%) 22.066

Tablet 1 0.216 6.699 6.029 15.073

Tablet 2 0.256 9.707 8.736 21.840

90 min Tablet 3 0.269 10.684 9.616 24.039

Tablet 4 0.278 11.361 10.225 25.562

Tablet 5 0.283 11.737 10.563 26.408

Tablet 6 0.269 10.684 9.616 24.039

Average percentage drug release (%) 22.827

Based on Table 5, the average percentage drug
release of Brand A for all six tablets in 30 min, 60

min, 90 min and 120 min were 13.95%, 22.07%,
22.83% and 24.10% respectively.
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Average Percentage Drug Release (%) of Brand B:

TABLE 6: AVERAGE PERCENTAGE DRUG RELEASE (%) OF BRAND B

Brands Time(min) Tablets Average absorbance  Concentration Drug release  Percentage drug
reading (y) (ng/ml) (x) (mg) release (%)
Tablet 1 0.379 18.955 17.059 42.649
Tablet 2 0.386 19.48 17.533 43.833
30 min Tablet 3 0.370 18.278 16.450 41.126
Tablet 4 0.379 18.955 17.059 42.649
Tablet 5 0.386 19.481 17.533 43.833
Tablet 6 0.384 19.331 17.398 43.494
Average percentage drug release (%) 42,931
Tablet 1 0.386 19.481 17.533 43.833
Tablet 2 0.392 19.932 17.939 44.848
60 min Tablet 3 0.397 20.308 18.277 45.694
Tablet 4 0.387 19.556 17.601 44.002
Tablet 5 0.359 17.451 15.706 39.265
Tablet 6 0.385 19.406 17.465 43.664
Brand B Average percentage drug release (%) 43.551
Tablet 1 0.551 31.887 28.699 71.746
Tablet 2 0.565 32.940 29.646 74.115
90 min Tablet 3 0.551 31.887 28.699 71.746
Tablet 4 0.537 30.835 27.751 69.378
Tablet 5 0.555 32.188 28.969 72.423
Tablet 6 0.561 32.639 29.375 73.438
Average percentage drug release (%) 72.141
Tablet 1 0.620 37.075 33.368 83.419
Tablet 2 0.601 35.647 32.082 80.205
120 min Tablet 3 0.602 35.722 32.150 80.374
Tablet 4 0.642 38.729 34.856 87.141
Tablet 5 0.541 31.135 28.022 70.055
Tablet 6 0.605 35.947 32.353 80.882
Average percentage drug release (%) 80.346

Based on Table 6, the average percentage drug min, 90 min and 120 min were 42.93%, 43.55%,
release of Brand B for all six tablets in 30 min, 60  72.14% and 80.35% respectively.

Average Percentage Drug Release (%) of Brand C:

TABLE 7: AVERAGE PERCENTAGE DRUG RELEASE (%) OF BRAND C

Brands  Time (min)  Tablets Average absorbance Concentration  Drug release (mg) Percentagedrug

reading (y) (ug/ml) (x) release (%)
Tablet 1 0.285 11.887 10.699 26.746
Tablet 2 0.289 12.188 10.969 27.423
30 min Tablet 3 0.291 12.338 11.105 27.761
Tablet 4 0.303 13.241 11.917 29.791
Tablet 5 0.294 12.564 11.308 28.269
Tablet 6 0.292 12.414 11.172 27.930
Average percentage drug release (%) 27.987
Tablet 1 0.294 12.564 11.308 28.269
Tablet 2 0.297 12.789 11.511 28.776
60 min Tablet 3 0.294 12.564 11.308 28.269
Tablet 4 0.300 13.015 11.714 29.284
Tablet 5 0.293 12.489 11.240 28.100
Brand C Tablet 6 0.298 12.865 11.578 28.945
Average percentage drug release (%) 28.607
Tablet 1 0.304 13.316 11.984 29.961
Tablet 2 0.303 13.241 11.917 29.791
90 min Tablet 3 0.299 12.940 11.646 29.115
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Tablet 4 0.360 17.526 15.774 39.434
Tablet 5 0.304 13.316 11.984 29.961
Tablet 6 0.300 13.015 11.714 29.284
Average percentage drug release (%) 31.258

Tablet 1 0.306 13.466 12.120 30.299
Tablet 2 0.307 13.541 12.187 30.468
120 min Tablet 3 0.313 13.992 12.593 31.483
Tablet 4 0.317 14.293 12.864 32.160
Tablet 5 0.307 13.541 12.187 30.468
Tablet 6 0.306 13.466 12.120 30.299
Average percentage drug release (%) 30.863

Based on Table 7, the average percentage drug min, 90 min and 120 min were 27.99%, 28.61%,
release of Brand C for all six tablets in 30 min, 60  31.26% and 30.86% respectively.

Average Percentage Drug Release (%) of Brand D:

TABLE 8: AVERAGE PERCENTAGE DRUG RELEASE (%) OF BRAND D

Brands Time Tablets Average absorbance Concentration Drug release(mg)  Percentagedrug
(min) reading (y) (ng/ml) (x) release (%)

Tablet 1 0.268 10.609 9.548 23.870
Tablet 2 0.276 11.211 10.089 25.224
30 min Tablet 3 0.276 11.211 10.089 25.224
Tablet 4 0.259 9.932 8.939 22.348
Tablet 5 0.259 9.932 8.939 22.348
Tablet 6 0.274 11.060 9.954 24.885
Average percentage drug release (%) 23.983
Tablet 1 0.227 7.556 6.801 17.002
Tablet 2 0.280 11.511 10.360 25.900
60 min Tablet 3 0.278 11.361 10.225 25.562
Tablet 4 0.283 11.737 10.563 26.408
Tablet 5 0.272 10.910 9.819 24.547
Brand D Tablet 6 0.281 11.586 10.428 26.070
Average percentage drug release (%) 24.248
Tablet 1 0.259 9.932 8.939 22.348
Tablet 2 0.278 11.361 10.225 25.562
90 min Tablet 3 0.277 11.286 10.157 25.393
Tablet 4 0.270 10.760 9.683 24.209
Tablet 5 0.269 10.684 9.616 24.039
Tablet 6 0.281 11.586 10.428 26.070
Average percentage drug release (%) 24.604
Tablet 1 0.278 11.361 10.225 25.562
Tablet 2 0.285 11.887 10.699 26.746
120 min Tablet 3 0.285 11.887 10.699 26.746
Tablet 4 0.285 11.887 10.699 26.746
Tablet 5 0.277 11.286 10.157 25.393

Tablet 6 0.290 12.263 11.037 27.59211
Average percentage drug release (%) 26.464

Based on Table 8, the average percentage drug min, 90 min and 120 min were 23.98%, 24.25%,
release of Brand D for all six tablets in 30 min, 60  24.60% and 26.46% respectively.

Average Percentage Drug Release (%) of Brand E:

TABLE 9: AVERAGE PERCENTAGE DRUG RELEASE (%) OF BRAND E

Brands Time Tablets Average absorbance Concentration Drug release Percentagedrug
(min) reading (y) (ug/ml) (x) (mg) release (%)
Tablet 1 0.282 11.662 10.495 26.239
Tablet 2 0.273 10.985 9.886 24.716
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30 min Tablet 3 0.283 11.737 10.563 26.408
Tablet 4 0.274 11.060 9.954 24.885

Tablet 5 0.285 11.887 10.699 26.746

Tablet 6 0.283 11.737 10.563 26.408

Average percentage drug release (%) 25.900

Tablet 1 0.345 16.399 14.759 36.897

Tablet 2 0.288 12.113 10.902 27.254

60 min Tablet 3 0.292 12.414 11.172 27.930
Tablet 4 0.296 12.714 11.443 28.607

Tablet 5 0.301 13.090 11.781 29.453

Brand E Tablet 6 0.290 12.263 11.037 27.592
Average percentage drug release (%) 29.622

Tablet 1 0.501 28.128 25.315 63.288

Tablet 2 0.350 16.774 15.097 37.742

90 min Tablet 3 0.340 16.023 14.420 36.051
Tablet 4 0.338 15.872 14.285 35.712

Tablet 5 0.331 15.346 13.811 34.528

Tablet 6 0.424 22.338 20.105 50.261

Average percentage drug release (%) 42.930

Tablet 1 0.580 34.068 30.661 76.652

Tablet 2 0.540 31.060 27.954 69.885

120 min Tablet 3 0.632 37.977 34.180 85.449
Tablet 4 0.544 31.361 28.225 70.562

Tablet 5 0.515 29.180 26.262 65.656

Tablet 6 0.437 23.316 20.984 52.461

Average percentage drug release (%) 70.111

Based on Table 9, the average percentage drug
release of Brand E for all six tablets in 30 min, 60
min, 90 min and 120 min were 25.90%, 29.62%,
42.93% and 70.11% respectively.

Drug Release Profile of Different Brands of
Simvastatin Tablets: Average percentage drug
release (%) of all different brands of Simvastatin
tablets is given in Table 10.

TABLE 10: AVERAGE PERCENTAGE DRUG RELEASE (%) OF ALL DIFFERENT BRANDS OF SIMVASTATIN

TABLETS
Time (min) Average percentage drug release (%)
Brand A Brand B Brand C Brand D Brand E
0 min 0 0 0 0 0
30 min 13.95 42.93 27.99 23.98 25.90
60 min 22.07 43.55 28.61 24.25 29.62
90 min 22.83 72.14 31.26 24.60 42.93
120 min 24.10 80.35 30.86 26.46 70.11

Drug release pattern of different brands of Simvastatin tablets is shown in Fig. 17.

90
80
70

Average percentage drug release (%)

—a—Brand: —e—BrandB

Drug rele sepatte n

0 20 40 60
Time (min)
Brand C —e—Brand D

80 100 120 140
Brand E

FIG. 17: DRUG RELEASE PATTERN OF DIFFERENT BRANDS OF SIMVASTATIN TABLETS
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Based on Fig. 16, Brand B had highest percentage
of drug release (80.35%) in 120 minutes while
Brand A had lowest percentage of drug release
(24.10%) at the same time. Brand A (24.10%),
Brand C (30.86%), Brand D (26.46%) and Brand E
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(70.11%) released the drug at slower rate within the
time intervals of 120 minutes. Area under curve g.,
(AUCq), Cmax and Tmax of different brands of
Simvastatin tablets is given in Table 11.

TABLE 11: AREA UNDER CURVE g, (AUCy.;), Cmax AND Tyax OF DIFFERENT BRANDS OF SIMVASTATIN

TABLETS
Brands AUC,., (mg.hr/l) Cmax_(mg/l) Tmax (hours)
Brand A 15.76 10.71 2 hours
Brand B 44.47 35.71 2 hours
Brand C 22.96 13.89 1.5 hours
Brand D 19.13 11.76 2 hours
Brand E 29.80 31.16 2 hours

Disintegration Test: Each different brand of
Simvastatin tablets (Brand A, B, C, D, and E)
passed the disintegration test, in which they
successfully disintegrated within 30 minutes.

DISCUSSION: This research was conducted for
quality assessment and compared different brands
of Simvastatin tablets in Malaysia. Five different
brands of Simvastatin tablets (Brand A, B, C, D
and E) were obtained from local pharmacies in
Malaysia and subjected to variety of tests in order
to assess their quality control parameters. All
investigated brands were within their shelf life
during the tests. The assessments involved the
evaluation of physical appearance, weight
uniformity, thickness, diameter, characterization,
disintegration and dissolution test. Both the United
State  Pharmacopoeia (USP) and  British
Pharmacopoeia (BP) act as the standard references
for these studies. Weight variation test was one of
the methods to determine content uniformity of
tablets which should maintained by the
manufacturers. In the experiment, since the average
weight of Brand A, B, C, D and E obtained for 20
tablets was 205.87 mg, 205.22 mg,

207.92 mg, 207.98 mg and 207.20 mg respectively,
which is within 80 to 250mg, thus minimum 18
tablets should not deviate from average weight by
+7.5% according to the BP The weight
uniformity of tablets in brand A, B, C, D and E
were acceptable as all 20 tablets do not deviate
from £7.5%, shown in Table 4. Since brand D had
the highest weight (207.98 mg) while brand B had
lowest weight (205.22 mg), brand D may contain
more excipients and brand B may contain less
excipients such as diluents, lubricant and so on. In
short, all different brands of the Simvastatin tablets

had almost uniform weight. Based on the result as
shown in Fig. 3, the average thickness of 20 tablets
in Brand A, B, C, D and E were 3.56 mm, 3.11
mm, 3.57 mm, 3.78 mm, and 3.45 mm respectively.
The results showed a small difference in value
which indicates the tablets had uniform thickness
regardless of different brands.

In terms of the diameter of tablets, the average
deviation of individual tablet should not exceed +
5% for tablets with diameter less than 12.5 mm &.
From the results as shown in Figure 4, the average
diameter obtained for 20 tablets in Brand A, B, C,
D and E were 10.13 mm, 11.12 mm, 11.09 mm,
8.09 mm, and 11.17 mm respectively. The highest
deviation does not exceed 5%. Thus, the result
showed the manufacturer complied with the
pharmacopoeia standard. Diameter uniformity of
tablets was very important to increase the patient
compliance and avoid them from being confused
with different size of the tablets because different
size of the tablets may cause the patient to think
that the drugs or tablets have different amount of
active ingredient.

The characterization test was performed using
FTIR and MS. FTIR spectrum divided into
functional group region (4000 cm ™ — 1500 cm ™)
and fingerprint region (1500 cm - 400 cm ™). Here
we only considered the functional group region. All
the different brands of Simvastatin (Brand A, B, C,
D, and E) have the same peak as per the spectrum
of standard Simvastatin as shown in Fig. 9, such as
aromatic hydroxyl group around 3700-3100 cm™,
alkane group (C-H) around 3000 -2800 cm™ and
aromatic carbonyl group around 1800 -1600 cm™
except the standard Simvastatin have strong and
sharp peak for aromatic carbonyl group but other

International Journal of Pharmaceutical Sciences and Research 254



Yietal., IJPSR, 2025; Vol. 16(1): 241-257.

brands of Simvastatin (Brand A, B, C, D and E)
have only weak peak for aromatic carbonyl group.
This may indicate the active pharmaceutical
ingredient (API) present in other brands of
Simvastatin was in lower concentration compared
to standard Simvastatin. In short, these confirmed
the identity of Simvastatin.

Additional test such as Mass Spectrophotometer
was performed using the mass analysis by Compact
Mass Spectrometer via Atmospheric  Solids
Analysis Probe (ASAP) to detect and confirm
Simvastatin in various brands of Simvastatin from
reference standard of Simvastatin. This test was
performed for standard Simvastatin, Brand A, B
and C as shown in Figures 6-10. All the
Simvastatin  brands performed confirmed the
appearance of Simvastatin with identified peak
(base peak) of 419.3 m/z for protonated molecular
ion [Simvastatin + H] *. Major product ions at 199
m/z and 285 m/z were also observed compared to
standard Simvastatin. These confirmed the identity
of Simvastatin.

The Dissolution test was an important quality
control parameter related to drug absorption and
bioavailability. It has a significant effect on their
pharmacological activity. The percentage drug
release of five brands of Simvastatin tablets were
determined. In accordance with time intervals for
drug release, all brands released the drug at specific
time intervals after sample collection: 30 minutes,
60 minutes, 90 minutes, and 120 minutes (which
totals of 2 hours).

Brand B achieved a bioavailability rate of 80.35%
and Brand E achieved a bioavailability rate of
70.11%. AUC,., (Area under the curve from 0 to 2
hours) for Brand B was 44.47 mg.hr/l and for
Brand E was 29.8 mg.hr/l. These values are the
highest among the brands tested, indicating that
these formulations release a significant amount of
drug into systemic circulation within the first two
hours after administration. This aligns with the high
bioavailability rates observed for Brands B and E.
The high AUC,., values confirm that Brands B and
E exhibit potential immediate drug release
characteristics during the study period. This
immediate release profile correlates well with their
high bioavailability rates, indicating -efficient
absorption and quick availability of the drug in the
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bloodstream. Comparatively, it suggests that other
brands may show extended drug release profiles if
the duration of the study were continued for a few
more hours. This implies that while Brands B and E
show immediate release characteristics, other
brands might exhibit slower and more sustained
release profiles over a longer period of time.

Various factors such as high level of humidity at
storage area can increase the degradation rate of
pharmaceutical drugs, make them softer and alter
the dissolution profile. Besides, factors associated
with dissolution test procedure may lead to
variation or errors in the results such as the
presence of air bubbles in the dissolution medium
will cause problem in dissolution test and it should
be avoided. If these bubbles adhered to the tablet, it
would lead to a decreased exposed surface of tablet
to direct contact with the media, decreased the
dissolution rate, thus degassing the medium can
help to minimize this issue. In addition,
incompatibility between the active ingredient and
excipients such as diluent (lactose) and binders
(starch) can affect the stability and dissolution rate
by delaying the drug release during the
manufacturing process performed by
pharmaceutical company. Moreover, different
products may have been tested on the same
equipment, thus it may cause the presence of
impurities and failure of dissolution test if not
cleaned well °.

Disintegration test was the time recorded for a
tablet to completely disintegrate, correlating to the
drug’s bioavailability. It was influenced by the rate
of solvent influx into the tablets. The results
showed that all the brands passed the disintegration
test according to the pharmacopoeia which
specifies 30 minutes for film coated tablets.

CONCLUSION: In conclusion, quality parameters
of five marketed brands of Simvastatin 20 mg
tablets were analysed by using various methods.
The results of the parameters such as weight
variation, thickness, diameter, and disintegration
test obtained from the study comply with the USP
and BP Pharmacopoeia limit. Brand B and E
showed the highest rate of drug release compared
to other brands within a two-hour duration after
sample collection. As mentioned, Brand B and
Brand E brands initially showed immediate drug
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release patterns. However, there is a suggestion that
they might exhibit delayed drug release if the
dissolution study were extended by a few more
hours. This indicates that their release profiles may
change over time. Brands B and E showed the signs
of potential immediate drug release. Although
Brand C showed a relatively low percentage of
drug release initially, its Area under the Curve
(AUC) confirmed that it has the most immediate
drug release formulation, particularly within 1.5
hours of the study. This suggests that Brand C
releases the drug quickly despite the initial low
percentage. Brand C is identified as having the
most immediate drug release. Brand A and Brand
D brands showed prolonged drug release profiles
during the study. If more time were allowed for
dissolution (beyond the current study duration),
their percentage drug release and AUC would
likely continue to increase, indicating a slower and
more sustained release over time. Brands A and D
exhibit prolonged drug release profiles that would
likely continue to increase with more time in
dissolution studies. It is mentioned that all brands
would release the drug 100% if the study were
completed over a duration of 12-16 hours. This
suggests that the drug release was not instantaneous
but occurs gradually over a longer period.
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