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Abstract

Objective: Through fenofibrate (Fen) and excipient compatibility assessments and the development of
Fen pellets, the current study aims to discover suitable excipients to improve performance and stability
of oral solid formulations.

Methods: Analytical instruments [Differential Scanning Calorimetry — Q20, TA Instruments,
Fourier Transform Infrared Spectroscopy Spectrum RX 1, Bruker Advance Neo S00MHz Nuclear
Magnetic Resonance Spectrometer, and Thin Layer Chromatography)] were used to characterize
Fen and to study the compatibility. Excipients and Fen were obtained from Loba chemie and Biocon,
correspondingly. USP1-type dissolution apparatus was used to study the dissolution, and Auto Dock
VINA 1.2.0 software was utilized to know the interaction of Fen with different excipients.

Results: Different analytical techniques confirmed that Fen was compatible with used excipients.
Docking score for combination of Fen with microcrystalline cellulose (MCC) was found -2.3 and
it showed minimum interaction with each other. Additionally, an instant release of Fen tablet was
deliberated utilizing a combination of various excipients. Maximum drug release (93.03% in 60min)
was obtained with physical mixture of Fen and MCC. Tablet batches 1, 2 and 3 showed 94%, 88% and
87% percent drug release respectively at 90min. It was observed that batch 1 displayed extreme drug
release and lowest disintegration time.

Conclusion: From several analytical procedures, it was discovered that Fen was compatible with
excipients used in pharmaceutical manufacturing, including lactose, magnesium stearate, MCC, talc,
dicalcium phosphate, and mannitol. Physical mixture of MCC with Fen disclosed extreme amount
of % drug release in shorter period. Docking studies displayed possible interactions among Fen and
excipients. It was observed that Fen was more soluble when combined with the microcrystalline
complex. Developed immediate release tablets demonstrated fast disintegration and drug release.
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1 INTRODUCTION

For a new dosage form to be safe, effective, and stable
preformulation research is necessary'”. Investigation for
the physical and chemical characteristics of the drug alone
and in combination with excipients is part of this process"".
Drugs are prepared by mixing active pharmaceutical
ingredients (API) with different excipients. Excipients are
well known for maximizing capacity of product for the
efficient performance of medication by accelerating the
release of API, and safeguarding it from deterioration'®.
Despite being pharmacologically inert, excipients may
interact with a drug when it is administered and influence
the stability of drug™®. Incompatibility is the result of the
interaction between the excipient and the drug, which affects
the physical and chemical qualities of the formulations'™.
Effective and reliable formulations that can improve
patient compliance, improve drug absorption, and lengthen
shelf life require careful excipient selection””’. Analytical
techniques must be used to properly examine any potential
incompatibilities between the drug and excipient to prevent
such interactions during the drug formulation development
process. The current study used analytical techniques to
evaluate the drug-excipient compatibility of fenofibrate
(Fen) as well as the preformulation of a novel dosage form.

An anti-hyperlipidemic drug called Fen increases levels
of high density lipid while reducing levels of low-density
lipid, very low-density lipid, cholesterol, and triglycerides.
The drug is primarily used to treat hypercholesterolemia,
severe hypertriglyceridemia, and dyslipidemia"”. Fen
increases lipolysis, activates lipoprotein lipase, and reduces
apoprotein C-III through activating peroxisome proliferator
activated receptor alpha. Therefore, this is commonly
used drug. Lactose (LAC), mannitol, magnesium stearate
(MgS), microcrystalline cellulose (MCC), talc, and
dicalcium phosphate (DP) were used excipients in the
current investigation. It is pertinent to perform the detailed
compatibility study of Fen with these excipients as these
excipients were not used for compatibility study with
Fen and their solid dose formulation. Compatibility study
reveals the interaction of Fen with excipient. Excipient is an
important component of drug and if it interacts with API,
properties of drug will change that why it is important to do
compatibility study. Nuclear magnetic resonance (NMR),
ultraviolet spectroscopy, differential scanning calorimetry
(DSC), and fourier transform infrared spectroscopy (FTIR)
were utilized to analyze the drug-excipient interaction.
Fen and used excipients were characterized with different
analytical techniques. To determine the drug release from
of each physical mixture, a dissolution study of all physical
mixtures was conducted. Additionally, in-silico experiments
were conducted to learn more about potential interactions
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between drugs and excipients, which aided in vitro drug
release and compatibility testing. Fen compatibility
experiments were carried out with LAC, talc, MCC, DP,
MgS, and mannitol which were used for the formulation
of conventional tablet. Several formulations of Fen are
reported" ¥, Further, using the direct compression method,
a conventional Fen tablet was formulated with compatible
excipients which were studied™” and post-compression
characterization, and in vitro drug release for developed
tablet were investigated.

2 MATERIALS

Fen (CAS 49562-28-9) was secured from Biocon,
Bangalore as a gift sample for research purpose; MgS (CAS
557-04-0), LAC (CAS 63-42-3); MCC (CAS 9004-34-6),
DP (CAS 7757-93-9), talc (CAS 14807-96-6), and mannitol
(CAS 69-65-8) were gained from Loba chemie Pvt. Ltd.,
Mumbai and Central drug house, New Delhi, respectively.
The solvents were acquired from Thermo-Fischer Scientific
India Pvt. Ltd. in Mumbai, India.

3 METHODS
3.1 Compatibility Study

To determine whether Fen and a few chosen excipients
were compatible, a physical mixes of the medication and
the excipient in a 1:1 ratio was prepared, and the results
were examined using the analytical techniques listed
below.

3.2 FTIR Study

The test compound’s different functional groups exhibit
distinct vibrational frequencies that can be identified using
FTIR spectroscopy. Any variation to the bond exhibiting
typical vibrational frequencies results in spectral changes,
which cause the absorption peaks to divide and frequency
shift, FTIR spectroscopy can be useful for evaluating
the compatibility between components. Therefore, the
existence of any spectrum changes during the compatibility
analysis may be a sign of likely incompatibility. The test
compound’s different functional groups exhibit distinct
vibrational frequencies that can be identified using FTIR
spectroscopy. KBr disc method (sample to KBr weight
ratio of 1:100) was used to obtain the FTIR spectra using
Spectrum RX 1, (Perkin Elmer, U.K.) in a range of
4000cm™'-500cm ™,

3.3 DSC Study

A DSC-Q20 from TA instruments (New Castle, USA)
was used to obtain DSC thermograms of the samples. With
a few changes, the procedure was used as it was described
in the literature. Samples were heated under nitrogen purge
from 50°C to 300°C in sealed standard aluminum pans at a
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Table 1. Calibration Curve of Fen

Comemaien ooz RSt
0 0 0

2.5 0.113+0.0019 1.72

5 0.200+0.0002 0.13

7.5 0.314+0.0040 1.28

10 0.404+0.0041 1.02

15 0.582+0.0021 0.37

20 0.774+0.0022 0.30

25 0.937+0.0017 0.18

scanning rate of 10°C/min. As a guide, an empty aluminum

pan was utilized. The formation or disappearance of new

endothermic peaks, a considerable shift in the melting point

of the constituents, or a fluctuation in the corresponding

enthalpies of reaction were all indicators of interactions in
17

DSC thermograms' “.

3.4 NMR Spectroscopy Study

The most common used method to examine a molecule’s
structure is NMR. NMR is very discriminatory method
which can detect interaction via variations in chemical shift
because of change in the electronic environment at the
interacting atoms. NMR spectrum of Fen and its physical
mixtures were recorded in DMSO- , utilizing Bruker
Avance Neo 500MHz NMR spectrometer’*'”.

3.5 Analytical Method Development
3.5.1 UV-Visible Spectroscopy Method Development
and Validation

Fen (10mg) was dissolved in ethanol to create a stock
solution with a concentration of 100pug/mL. The volume
was then increased to 100mL. Graded dilutions of the stock
solution were used to create a standard Fen solution with
a concentration range of 2.5-25ug/mL (Table 1). Using
UV-visible spectroscopy, the solution’s absorbance was
measured at 290nm, and a calibration curve was presented
in Figure 1. The calibration curve appears to be quite linear,
as indicated by the correlation coefficient, or R°, which was
determined to be above 0.99.

3.5.2 Calibration curve for Fen
Calibration curves for Fen in ethanol were developed
and presented in Figure 1.

3.5.3 Linearity

It involves figuring out the drug’s concentration range
that complies with Beer-Lambert’s Law. Standard Fen
solutions with varying concentrations (2.5-25ug/mL)
were utilized for linearity investigations. The calibration
curves were obtained by plotting the absorbance of various
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concentrations against the concentrations, following
a triplicate analysis. As seen in Figures 1 and 2, the
calibration curve of absorbance against concentration in
ethanol and water was determined to be linear over a range
of 2.5-25pg/mL. Figures 1 and 2 illustrate the regression
equations, which were y=0.0385x and y=0.0354x, where
y stands for absorbance and x for concentration in pg/mL.
The results of the regression reveal that R°=0.999 in ethanol
and R°=0.9957 in water.

3.5.4 Range
The range of the method was derived from the linearity
studies and provided acceptable degree of linearity and

precision. The range was obtained in the range of 2.5 to
25ug/mL.

3.5.5 Interday and Intraday Precision

Closeness of two or more measurements to each other is
precision. The mean absorbance of three concentration (2.5,
10, 25ug/mL) with standard deviation and relative standard
deviation were calculated and given in the Table 2. In case
of intraday precision, percent RSD values were found in the
range of 0.52%-1.60% and, whereas of interday precision,
it was obtained in the range of 0.64%-1.89%. These
results were within the permissible limit i.e.,<2% and thus
validated the precision.

3.6 Thin Layer Chromatography (TLC) Study

The basis of TLC is the dispersion of a chemical between
an eluting solvent-moving liquid phase and a thin layer of
applied solid material on a glass or plastic plate. A sensitive
and quick method known as TLC is used to count the
components in a mixture, confirm the purity and identity of
compound, track the progression of a reaction, and analyze
fractions obtained from column chromatography™”. TLC
consists of the following three steps: spotting, TLC plate
creation, and visualization. Using a glass capillary spotter,
a little amount of diluted solution is applied to one end
of the TLC plate to perform spotting. When developing
a TLC plate, the bottom of the plate is submerged in the
development solvent, which then rises through capillary
action. In this work, a 9:1 chloroform:methanol as mobile
phase was employed. Samples ascend upward at different
speeds and mix with the starting spot along the way due to
differences in their solubility in the solvent and variations
in their attraction to the stationary phase. Visualization can
be achieved with UV light. The spot stands out against the
bright background because the silica gel on the plate has
been impregnated with a fluorescent material that lights
when exposed to UV radiation. A TLC plate was also used
for visualization by being placed inside a closed container
of iodine vapor”"’. Following visualization, R, values were
determined.

3.7 In Vitro Dissolution Study
The USP-II types dissolving instrument (Lab India DS
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Figure 2. Calibration Curve of Fen in Water.

Table 2. Interday and Intraday Precision

Intraday Precision Interday Precision

Conc Mean RSD Mean

RSD (%)
(ug/ml) AbsorbancetSD (%) AbsorbancetSD
2.5 0.113+0.1131  0.52%  0.116+0.0021 1.89%
10 0.425+0.0066  1.60%  0.409+0.0043 1.07%
25 0.944+0.0055  0.59% 0.926+0.0060 0.64%

800), India, was utilized to conduct the dissolution study.
A copper wire was used to secure the capsule containing
200mg of Fen to the paddle after it had been precisely
weighed and filled. As a dissolving medium, 900mL of
0.05M sodium lauryl sulphate (SLS) in distilled water were
used. The temperature was maintained at 37+0.5°C, and the
stirring speed was 75rpm. Five millilitres of samples were
removed from each beaker at various periods and replaced
with fresh media in order to maintain the sink condition.
After passing through a 0.2um nylon filter, the extracted
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samples were measured at 290nm using a 3,200UV/Visible
Spectrophotometer. In accordance with the medication
% dissolved in the dissolving media, the release statistics
were assessed. As previously mentioned, dissolving
tests were also carried out for drug-excipient physical
combinations'”**",

3.7.1 Molecular Docking

A proven in-silico method to identify drug interactions on
the molecular level is known as “molecular docking”***. The
Auto Dock VINA software was used for the docking process.
The PubChem database provided the 2D structures of the
compounds that were downloaded. The docking structures
were assembled using the Auto Dock tools, and a blind
docking with a 40A*40A*40A grid size was completed.

3.7.2 Formulation Development of Conventional Tablet
Direct compression is quickly emerging as one of
the most widely used and economical tablet production
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Table 3. Composition for Conventional Tablet of
Fen

Quantity (mg)

Ingredients

Batchl Batch2 Batch3
Fen 120 120 120
MCC 142 - -
Anhydrous LAC - 142 -
DP - - 142
MgS 3 3 3
Sodium starch 4 4 4
glycolate
Talc 6 6 6
Total 275 275 275

Table 4. Dissolution Test Parameters

900mL of 0.5M SLS in Water
37+0.5°C

Dissolution Media

Temperature

Stirring speed 75rpm
Tablet taken One tablet in each basket
Volume with drawn

A

5mL in specific interval of time

280nm

max

techniques in the pharmaceutical industry. The term “direct
compression” refers to the method of compressing tablets
into a firm compact straight from a powdered active drug
component and appropriate excipients, without using the
granulation process. As a directly equivalent vehicle, MCC
and DP were employed”**",

3.7.3 Conventional Tablet of Fen

Every component was precisely weighed and put through
40-number mesh sieves. In an inflated polythene bag, the
necessary amount of Fen is combined with the disintegrant
and diluent, and thoroughly mixed for ten to fifteen min. For
consistent API mixing, geometric mixing was employed.
Furthermore, talc and MgS were added to the powder
combination to lubricate it. Using a rotary tableting machine, flat
faced direct compression tablets (275mg) were created. Table 3
contained the typical tablet formulation formula for each batch.

The following variables were assessed in post-compression
investigations for the Fen pills that were formulated.

3.7.4. Appearance
Uncoated tablets were kept in the light and viewed via a
lens for determining the shape and color of the tablet.

3.7.5 Hardness Test

A tablet’s resistance to mechanical shocks during
handling is demonstrated by a hardness test"**", Monsanto
hardness tester was utilized to know the tablet’s hardness.
It was stated as kg/cm’. Tablets were chosen at random
and examined for hardness. The values of the mean and
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standard deviation were ascertained.

3.7.6 In-Vitro Disintegration Time

The in-vitro disintegration time of the produced
tablet was determined using the Lab India disintegration
instrument. The disintegration time is the length of time
needed for a tablet to dissolve and leave no trace of solid
material behind. Water was employed as the immersion
liquid and maintained at 37+2°C. as a disintegration
medium. Using a disintegration test instrument in
accordance with I.P. requirements, the tablet’s in-vitro
disintegration time was ascertained.

3.8 In-Vitro Dissolution Study

An easy, quick, and accurate method for evaluating the
quality of formulations is an in-vitro dissolution study"”. The
release of the medication from the prepared formulation at
different times was the primary goal of the in vitro dissolving
test. The in vitro dissolution test for each formulation was
conducted using the following parameters, which are detailed
in Table 4 and were used throughout the investigation.

4 RESULTS
4.1 FTIR Spectroscopy

The distinguishing absorption bands of the Fen and
excipients were displayed in the FTIR spectra, which are
displayed in Figure 3A-E for the drug and mixture of drug
and excipients. Fen’s FTIR spectra are similar to previously
published FTIR spectra of the compound because of the
absorption peaks at 2883cm’ (C-H stretch), 1598cm™ (C=0
stretch), and 1728cm™ (ester stretch)'**”. Additionally,
a comparison of the FTIR bands of physical mixtures
containing various excipients and pure Fen was conducted,
as Table 5 illustrates. The distinct absorption bands of pure
Fen and physical mixes of Fen with varying excipients are
seen at the same location in Table 5 and Figure 3. Fen is
thus compatible with every excipient that is utilized.

4.2 'TH NMR Spectroscopy

"H NMR has been used in several investigations to find
any drug-excipient interactions'®'>’". The chemical shift
(0) of 1.16 0 (CH-CH,), 1.60 ¢ (C-CHs,), and 4.98 6 (CH;-
CH) were the distinctive values of the signals found in
the '"H NMR spectrum of Fen, which is identical to the
spectrum that has been published””. Table 6 presents the
results of the comparative examination of the chemical
shifts of the Fen and physical combinations, as well as the
comparison of the chemical shifts of the two spectra. It was
found that the typical signals of mixes of Fen including
various excipients and pure Fen are similar. Fen and the
employ ed excipients were hence compatible. Figure 4
depicted the Fen structure.

4.3 DSC Study

The DSC thermogram of Fen showed a single
endothermic peak at 81.74°C (Figure 5A), which was

J Mod Biol Drug Discov 2024; 3: 4
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Figure 3. FTIR Spectra for Fen with LAC (3A); MCC (3B); Talc (3C); DP (3D); Mg Stearate (3E); and Mannitol (3F) and

Physical Mixtures of Fen and corresponding Excipients.

Table 5. A Comparative Study for the FTIR Absorption Bands of Pure Fen and Physical Mixture of Fen

with Different Excipients

Functional Feno Feno + Feno + Feno + Feno + Feno + Feno +
Group DP McCC LAC Talc Mannitol MgS
C-H stretch 2983 2983 2983 2983 2984 2984 2984
C=0 1598 1598 1598 1599 1599 1598 1598
Ester 1728 1728 1728 1728 1728 1728 1728
1
Table 6. H NMR Chemical Shifts for Fen and Physical Mixtures of Drug and Excipients

g;’j::;’“ of Chse}fi‘fi:al éi‘;gte Fen+LAC Fen+MCC Fen+Talc  Fe+DP Mlzf:ﬁ:ol Fen + Mg$
1 CH,-CH 1.16 1.16 1.16 1.16 1.16 1.16 1.16
3 CH,-C 1.60 1.60 1.60 1.60 1.60 1.60 1.60
2 CH-CH;, 498 498 4.98 498 498 498 498

0
3 3
O O 0.,
cl o) ﬁ/
O 1

Figure 4. Structure of Fen: 1, 2, 3 Represent Position of
Protons.

determined to be consistent with the literature that has
been published”*”. The DSC thermograms of a physical
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mixture of LAC, MCC, talc, MgS, DP, and mannitol, as
well as pure Fen, were displayed in Figure 5.

4.4 TLC Study

The amount that the materials travel down the plate is
measured using the R, value. R, is calculated by dividing the
substance’s travel distance by the solvent’s travel distance.
Its value is consistently in the range of 0 and 1. Fen and its
physical combinations with several excipients (LAC, MCC,
talc, DP, MgS, and mannitol) were shown to have an R,
value of 0.56"".

J Mod Biol Drug Discov 2024; 3: 4


https://doi.org/10.53964/jmbdd.2024004

https://doi.org/10.53964/imbdd.2024004

A =
| e0s0°C
oo\ 5
I
g |
s
2
3 -0
&
3
g
S
15
204
1 st7ac
25+
) & & 100 120 140 1
Estp Temperature (°C) Uniersel V4 SA TA Instrments
(]
001 \ —
} e (_‘//—\zsmpc
| |
| |
5 02
s 1 .
3
i
E
£ 04
06+
| 8122
08 . , ; r
0 50 100 150 200 250
[ Temperature (°C) Unhversal V4 SA TA Instuments
E 0
103
7945 |]
4
106,125
s 2
H
E
[
®
2 3
4
8030
0 100 180 200 280 0
G ”

Heal Flow (W/g)
N

06

B 02
aod t 8023°C
1 L 525309 14286°C e —
— 8.137Jig 11319 .
| i
g 2 |
s 1
3 | J
= 14651°C 21465°C
2 04
-06
srirc
-08
50 100 150 200 250 a0
Eolp Temperature (°C) Uniersal V4 5A TA Instruments
79.44C
\‘1 8.427Jig
= 2
H
€ |
z
o |
[
=
£ 3
4
s047°C
5 T T T T T
50 100 150 200 250 300
ExoUp Temperature (°C) Universal V454 TA Instruments
F 1
8007°C 16576°C
0 AIIEIU/g 39.524g
80.90°C
5
B
E
°
[
3
£ 2
3]
167.10°C
-4 T T T T T T T T
A 60 80 100 120 140 160 180 200 220
Bole Temperature (“C) Universal VA SA TA Instruments

4 60 80
ExoUp

100 120 140 1
Temperature (“C)

Universal V4 5A TA Instruments

Figure 5. DSC Thermograms: Fen (A); Physical Mixtures of Fen and LAC(B); Physical Mixtures of Fen and MCC (C);
Physical Mixtures of Fen and Talc (D); Physical Mixtures of Fen and DP (E); Physical Mixtures of Fen and Mannitol (F);

Physical Mixtures of Fen and MgS (G).

4.5 In-Vitro Drug Release for Physical Mixtures of Fen
and Excipients

Figure 6 shows the Fen dissolving behavior for physical
combinations with various excipient types attached. For
40min, the dissolving behavior of pure Fen in physical mixes
with several excipient types was observed. It was shown
that the minimum drug release for 60min when Fen was
combined with MgS was 46.29%, whereas the highest drug
release for 60min when Fen was combined with MCC was

@»* Innovation Forever Publishing Group Limited
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93.06%. This was caused by the hydrophobic properties of the
MgS; however, the hydrophilic properties of MCC allowed
for more drug release. Therefore, choosing the excipient
wisely will guarantee that the formulation performs well.

4.6 Molecular Docking

Table 7 provided the number of hydrogen bonds and
docking score for each complex (Fen with various excipients),
and Figure 7 included information on the 3D posture of

J Mod Biol Drug Discov 2024; 3: 4
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Figure 6. In-Vitro Dissolution Study for Fen and Physical Mixtures of Drug and Excipients.

A

D

Figure 7. Docked Pose of Fen with: A-Anhydrous LAC Complex; B-MCC Complex; C-Mannitol Complex; D-MgS

Complex; E-Talc Complex; F-DP Complex.

docked complexes. Docking scores for complexes of Fen
with LAC, MCC, mannitol, MgS, talc and DP were observed
as-24,-2.3,-2.9,-3.1,-2.5 and -2.5, respectively and numbers
of hydrogen bonds are 2 for each complex (Table 7).

4.7 Formulation Development of Conventional Tablet
4.7.1 Post—-Compression Study
4.7.1.1 Appearance

Upon examination, the tablets from each batch were
discovered to be flat, circular, and crack-free, with a whitish
tint. By selecting the three tablets at random, the thicknesses
of the tablets for each formulation were measured with
a dial caliper. For batches 1, 2, and 3, the mean tablet
thickness values were discovered to be 4.2mm, 4.0mm, and
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4.4mm, respectively. By selecting three tablets at random,
the Monsanto hardness tester was used to measure the
hardness of each formulation’s tablets. The mean values for
batches 1, 2, and 3 were found to be 3.5kg/cm’, 3.1kg/cm’,
and 3.2kg/cm’, respectively.

4.7.1.2 Disintegration Profile for Fen Oral Formulation

Analysis of disintegration for three batches Batches 1,
2, and 3 were selected at random from each batch, and the
disintegration times for those batches were discovered to be
2, 4, and 4min, respectively.

4.7.1.3 In Vitro Dissolution Studies of Formulated Tablet
Further, in-vitro %drug release study was performed

J Mod Biol Drug Discov 2024; 3: 4


https://doi.org/10.53964/jmbdd.2024004

Table 7. Docking Score and No. of H-Bonds

.. Docking No of
S.No Drug + Excipient score H-bond
1 Fen + Anhydrous LAC -24 2
2 Fen + MCC 23 2
3 Fen + mannitol -29 2
4 Fen + MgS -3.1 2
5 Fen + Talc 25 2
6 Fen + DP -25 2
Dissolution of fenofibrate tablet
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Figure 8. Dissolution Profile of Fen Tablet.

in water and in vitro dissolution studies of the formulated
tablet was shown in the Figure 8. The dissolution behavior
of batches for formulated Fen tablet were studied for 90min.
The percentage of drug released in 15min for each of the
three batches was found to be quite similar: batch 1 showed
32% of the drug released, batch 2 showed 30%, and batch
3 showed 28%. After 90min, it was discovered that the
medication release percentages for batches 1, 2, and 3 were
94%, 88%, and 87%, respectively.

5 DISCUSSION
5.1 Compatibility Studies Using FTIR Spectroscopy
The FTIR spectrum of pure Fen was characterized by
absorption bands at 2983 (alkane stretch C-H), 1598 (C=0)
and 1728 (ester) cm”. FTIR spectrum of physical mixture
of Fen with anhydrous LAC showed the characteristic
absorption peaks [2983 (alkane stretch C-H), 1599 (C=0)
and 1728 (ester) cm']. When FTIR spectrum of pure Fen
was compared with the FTIR spectrum physical mixture of
Fen with LAC, it was found that the peak corresponding to
pure Fen and physical mixture with anhydrous LAC were
reserved (Figure 3A). It means that there was no interaction
between drug and anhydrous LAC and if there was any
interaction between drug and anhydrous LAC, there will
be shift of absorption peaks. Therefore, it was determined
that Fen and LAC did not interact chemically. Further
investigation revealed the distinctive peaks [2983 (alkane
stretch C-H), 1598 (C=0), and 1728 (ester) cm'] in the
FTIR spectrum for the physical mixing of Fen and MCC.
The bands corresponding to pure Fen and MCC were found
to be kept at the same position when spectra of pure Fen
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and a physical mixture of Fen with MCC were compared.
As a result, we anticipated that Fen and MCC would not
interact chemically. (Figure 3B). FTIR spectrum for physical
mixture of Fen with talc showed the characteristic bands
[2984 (alkane stretch C-H), 1599 (C=0) and 1728 (ester)
cm’']. The physical mixture spectrum showed that the bands
corresponding to pure Fen and the physical mixture of Fen
and talc were located at the equivalent position, indicating
that it was not possible to see any chemical interaction
between the two compounds (Figure 3C). FTIR spectrum
physical mixture of Fen with DP displayed characteristic
bands at [2983 (alkane stretch C-H), 1598 (C=0) and 1728
(ester) cm™']. After comparing the two spectra, we discovered
that the bands belonging to pure Fen were reserved,
indicating that Fen and DP were not chemically incompatible
(Figure 3D). Additionally, an FTIR spectra of a physical
mixture of mannitol and Fen was obtained, revealing three
distinct bands at [2984 (C-H alkane stretch), 1598 (C=0),
and 1728 (ester) cm™']. When the two FTIR spectra were
compared, the analogous band to pure Fen was observed at
the same location, indicating that mannitol and Fen did not
interact chemically (Figure 3E). When the physical mixture
of MgS and Fen was analyzed, the FTIR spectrum revealed
three distinct bands: 1728 (ester) cm”, 1598 (C=0), and 2984
(alkane stretch C-H). Given that bands of Fen were preserved
in the physical mixture, this discovery demonstrated the
compatibility of Fen with MgS (Figure 3F). When MgS,
LAC, talc, LAC, mannitol, and DP were physically mixed
with Fen, the characteristic bands of the functional groups of
pure Fen were still present, according to the FTIR spectra.
This suggested that Fen and physical combinations of Fen
with excipients were compatible. These results demonstrated
that all of the excipients that were used, such as mannitol,
LAC, Mg§, talc, and MCC, were compatible with Fen.

5.2 Compatibility Studies Using 1H NMR Spectroscopy

"H NMR has been used in a number of studies to find any
drug-excipient interactions*'”’. Table 6 provided a description
of the comparative analysis for chemical shifts of the physical
mixes and Fen. The most important signals for Fen were 1.16
(CH, -CH-), 1.60 (CH,-C), and 4.98 (CH-CH,-). 'H NMR
spectra of physical mixtures of Fen with anhydrous LAC,
MCQC, talc, DP, mannitol and MgS showed the characteristic
signals at 1.16 (CH, -CH-), 1.60 (CH,-C), and 4.98 (CH-
CH,-), 1.16 (CH, -CH-), 1.60 (CH,-C), and 4.98 (CH-CHj-),
1.16 (CH,-CH), 1.60 (CH;-C), and 4.98 (CH-CH,-), 1.16 (CH,
-CH-), 1.60 (CH;-C), and 4.98 (CH-CH;-), 1.16 (CH, -CH-
), 1.60 (CH;-C), and 4.98 (CH-CH;-), and 1.16 (CH, -CH-
), 1.60 (CH;-C), and 4.98 (CH-CH;-), respectively (Table 6).
There were no incompatibilities between the medication and
the physical mixtures of Fen with excipients, as indicated by
the "H NMR spectra of the physical mixtures of LAC, MCC,
talc, DP, mannitol, and MgS, which all kept the distinctive
signals of pure Fen. Based on the information gathered, we
concluded that Fen was safe to use with all of the excipients,
which included mannitol, LAC, MgS, talc, and MCC.

J Mod Biol Drug Discov 2024; 3: 4


https://doi.org/10.53964/jmbdd.2024004

5.3 Compatibility Studies Using DSC

DSC thermogram of pure Fen demonstrated an endo-
thermic peak at 81.74°C (Figure 5A). DSC thermogram
of physical mixes of Fen with anhydrous LAC shown
endothermic peaks at 8§1°C, 146.51°C and 214.65°C.
When the thermograms of Fen and LAC were compared,
it was found that the peaks representing pure Fen and
anhydrous LAC were slightly altered, indicating that there
was no chemical interaction between the two (Figure 5B).
Moreover, the DSC thermogram of the physical mixture of
Fen with MCC showed endothermic peaks at 81.09°C and
254.24°C. Upon comparing the two thermograms, it was
observed that the peak denoting pure Fen had remained
intact, albeit with minor alterations. This suggests that
there was no chemical incompatibility between the drug
and excipient (Figure 5C). On the DSC thermogram, the
physical mixture of talc and Fen showed an endothermic
peak at 80.47°C. The fact that the peak corresponding to
pure Fen was found at the same place with a slight variation
(Figure 5D) indicates that there was no detectable chemical
interaction between talc and Fen. Physical combinations
of Fen and DP showed endothermic peaks at 81.09°C
and 106°C on the DSC thermogram. After comparing the
two thermograms, we discovered that the peak representing
pure Fen was reserved with a small variation, indicating that
Fen and DP were not chemically incompatible (Figure SE).
In addition, a DSC thermogram of a physical mixture
of mannitol and Fen was taken, and endothermic peaks
were seen at 167 and 80.90 degrees Celsius. There was no
chemical interaction between mannitol and Fen, as shown
by the slightly altered matching peak to pure Fen on the
comparison of the two thermograms (Figure 5F). When a
physical mixture of MgS and Fen was investigated using a
DSC thermogram, endothermic peaks were seen at 81.09
and 89.22 degrees Celsius. The fact that the peak of Fen
was maintained with only minor changes indicates that Fen
and MgS are compatible. (Figure 5G).

5.4 TLC study

The movement of material along plate is measured
to determine the R, value. The distance moved by
the substance divided by travel distance of solvent is
recognized as R, The mobile phase used in this work was
a 9:1 chloroform:methanol solution. R, values of 0.56 were
obtained for Fen and physical mixes containing various
excipients, like MgS, LAC, mannitol, MCC, talc, and DP.
Every physical composition with a different excipient was
visible at the same location as the Fen spot. This indicates
that there was no interaction between the Fen and any of the
physical combinations including various excipients; if there
had been an interaction, the R value would have varied.

5.5 In-Vitro Drug Release for Physical Mixtures of Fen
and Excipients

Figure 6 depicted the Fen dissolving behavior for
physical combinations with various excipient types. Fen’s
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medication release was shown to vary depending on the
excipient employed. The drug release increased together
with the passage of time. The physical combination of
MCC and Fen demonstrated the highest possible drug
release in 60min, or 93.03%. Because LAC is hydrophilic,
it also demonstrated a high drug release rate of 87.47% in
60min. However, due to their hydrophobic nature, physical
combinations of Fen with talc and MgS only demonstrated
46.29% and 65.41% drug release in 60min. As seen
in Figure 6, the dual effects of the various excipients’
hydrophobicity and hydrophilicity affected the drug release
from the physical mixes comprising different excipients.

5.6 Molecular Docking

Molecular docking is a validated in-silico method to
find drug interactions at the molecular level****. Docking
tests were conducted to investigate potential interactions
between Fen and various excipients. The docking analysis
also displays the conformations with the lowest energy.
The Fen molecule was docked with a number of excipients,
including MgS, mannitol, anhydrous LAC, talc, DP, and
MCC. The docking results were listed in Table 7, and
Figure 7 additionally included information on the 3D pose
of the docked complexes. Docking scores of complexes
of Fen and excipients like LAC, MCC, mannitol, MgS,
talc and DP were observed as -2.4, -2.3, -2.9, -3.1, -2.5
and -2.5, respectively and numbers of hydrogen bonds
are 2 for each complex (Table 7). Comparing the docking
data, it was discovered that the highest energy conformer
i.e., combination of Fen with MCC disclosed minimum
interaction with each other. Thus, in the dissolution
study, drug release for combination of Fen with MCC
was observed maximum. Docking score for complex of
Fen with MgS was observed -3.1 which showed that this
complex is more stable. Therefore, % drug release was
found least (46%) for the physical mixture of Fen with
MgS.

5.7 Formulation Development of Conventional Tablet
5.7.1 Post—Compression Study
5.7.1.1 Appearance

Tablets were found in whitish color and flat circular shape.

5.7.1.2 Thickness Test

Using a dial caliper, the thickness of each formulation’s
tablet was measured by selecting three tablets at random.
The mean values of the thickness of tablet were found
to be 4.2mm, 4.0mm, and 4.4mm for batches 1, 2 and
3, respectively. By selecting three tablets at random, the
Monsanto hardness tester was used to measure the hardness of
each formulation’s tablets. The mean values for batches 1, 2,
and 3 were found to be 3.5kg/em’, 3.1kg/em’, and 3.2kg/en’,
respectively.

5.7.1.3 Disintegration Profile for Fen Oral Formulation
Random selection of tablets of three batches 1, 2 and
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3 were done from each batch for disintegration study and
disintegration times of batches 1, 2 and 3 were observed to
be 2, 4, and 4min, respectively.

5.7.1.4 In Vitro Dissolution Studies for Formulated Tablet
of Fen

An in-vitro %drug release experiment was conducted in
water. USP dissolving testing apparatus-2 (paddle method)
(Lab India) was used to determine the drug release of
prepared batches (24). Using 900mL of 0.05M SLS in water
at 37+0.05°C and 75rpm, the dissolution test was carried
out. Within the dissolving device, a sample of the solution
was taken out at predetermined intervals and replaced with
new dissolving medium. After the samples were filtered,
their absorbance at 290nm was measured using a double
beam UV spectrophotometer (UV-3200, Lab India). A%
drug release was computed. On the formulations of batches
1, 2, and 3, in vitro dissolving tests were conducted. The
plotting and analysis of the comparative dissolution graphs
was done. It was discovered that all three batches had
somewhat comparable amounts of medication released in
15min: batch 1 had 32%, batch 2 had 30%, and batch 3 had
28%. The amount of time increased with the drug release.
After 90min, it was discovered that batches 1, 2, and 3 had
released 94%, 88%, and 87% of the drug, respectively.
Batch 1 had the highest quantity of drug release since
MCC was present. Although the three batches should
all be required for medication release, the excipients’
characteristics varied after 30min (Figure 8).

6 CONCLUSION

The compatibility studies for physical mixes of Fen with
different commonly used excipients such as DP, MCC, talc,
LAC, mannitol, and MgS were studied by IR and NMR and
it was observed that the distinctive peaks in the NMR and
IR spectroscopy data were found to be unchanged or slightly
off. Additionally, DSC analysis was performed on pure
Fen and physical mixtures of Fen containing all excipients
employed. The results showed that the endothermic peak
of Fen in the physical mixture of Fen and excipient was
located in the same spot. Fen was shown to be compatible
with all of the excipients employed in this investigation based
on the results of the DSC research. The drug dissolution
performance of Fen was observed. Physical mixture of
MCC with Fen showed maximum amount of drug release
in shorter period. Docking studies were carried out to get
the probable interactions among Fen and excipients. It was
observed that Fen was more soluble when combined with
the microcrystalline complex. According to all the research
mentioned above, there was no interaction between Fen and
the excipients. As a result, Fen and the employed excipients
got along well. The development of Fen conventional tablets
with suitable excipients was carried out. Conventional Fen
pills are expected to dissolve rapidly in the gastrointestinal
tract because of their fast disintegration. Fen batches 1, 2,
and 3 had disintegration times of 2min, 4min, and 4min,
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respectively. At 90min, the percentage of drug released for
batches 1, 2, and 3 was 94%, 88%, and 87%, respectively.
Based on the investigation, batch 1 had the highest drug
release and the shortest disintegration time.
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