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ABSTRACT

Objectives: The aim of the present study is to illustrate compatibility testing of ganciclovir (GCV) with some
common excipients that would be used to manufacture solid oral dosage forms. Different spectroscopy techniques
were utilized to see the interaction of GCV with excipients such as lactose, microcrystalline cellulose (MCC),
magnesium stearate, and talc, and dicalcium phosphate. Further, a molecular docking study was also done to
know the interaction of GCV with excipients. In vitro study of a physical mixture of GCV with excipients was
performed to get the release of drug.

Material and Methods: A number of analytical techniques (differential scanning calorimetry [DSC] using
DSC-Q20, TA instruments, Fourier-transform infrared spectroscopy [FTIR] spectroscopy using Spectrum RX
1, nuclear magnetic resonance [NMR] using Bruker Advance Neo 500 MHz NMR spectrometer, etc.) have
been used to explore the drug-excipient compatibility. Further, a suspected interaction was evaluated by thin-
layer chromatography (TLC). In vitro dissolution studies in different sets of experiments were accomplished
to determine the influence of hydrophobic and hydrophilic attributes of excipients (MCC, lactose, dicalcium
phosphate, and talc) on the dissolution profile of GCV using USP1-type dissolution apparatus. Furthermore,
in silico molecular docking studies were also performed to evaluate any probable molecular interactions among
drugs and excipients using Auto Dock VINA 1.2.0 software and GROMACS 5.0 software.

Results: Comparing FTIR and 'H NMR spectra of GCV and physical mixtures of GCV and excipients, no
significant deviation of characteristic peaks in infrared spectroscopy and '"H NMR signals was observed. The DSC
of GCV showed two sharp endothermic peaks at 238.82°C and 255°C. The endothermic peak of GCV in DSC
thermogram of physical mixtures was observed in nearly the same position except with lactose and dicalcium
phosphate. A slightly deviated peak of GCV with a physical mixture of drug and lactose and dicalcium phosphate
indicated that there were suspected interactions between the drug with lactose and dicalcium phosphate. These
interactions were evaluated by thin-layer chromatography (TLC) and it confirmed that there was no interaction
between drugs and excipients. In vitro dissolution studies determined the influence of hydrophobic and
hydrophilic attributes of excipients on the dissolution profile of GCV. The physical mixture of GCV with MCC
displayed a maximum amount (66.48%) of drug release in 10 min. On the other hand, a physical mixture of
GCV with talc showed a minimum amount (12.08%) of drug release in 10 min. Docking study predicted that the
number of interactions were more between GCV and lactose (four nos.) in comparison to GCV and MCC (two
nos.). This interaction supported the in vitro drug release of a physical mixture of GCV with MCC which was
higher than a mixture of GCV with lactose.

Conclusion: Compatibility testing of GCV with used excipients by analytical techniques confirmed that GCV
should be compatible with used excipients. Drug dissolution of GCV and physical mixture of MCC exhibited the
maximum amount of drug release whereas a mixture of GCV with talc released the minimum amount of drug for
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both short (10 min.) and long (60 min.) periods. Docking studies disclosed that the lactose complex showed less deviation with less root mean square
deviation value in comparison to the microcrystalline complex. Thus, the lactose complex has more hydrogen bonds and it was more stable as compared
with the MCC complex. GCV indicates that the total energy of the MCC complex is less than that of the lactose complex. This indicates that GCV is
more soluble when combined with the microcrystalline complex. Therefore, GCV and used excipients could be used for solid dosage formulations.

Keywords: Ganciclovir, Compatibility studies, Molecular docking, Excipients, In vitro dissolution

INTRODUCTION

The quality, safety, efficacy, and stability of any pharmaceutical
product are paramount in any new drug development
process. To ensure consistency in these parameters,
comprehensive information about active pharmaceutical
ingredients and their excipients is necessary.!! An excipient
is considered as the vital component of a quality drug
product.”! Any form of physicochemical interaction between
the drug and excipient will potentially affect the product
stability and bioavailability.”! Therefore, drug-excipient
compatibility study is a prerequisite for the development of
drugs that are safe and stable for use. Proper selection and
assessment of possible incompatibilities among the drug and
excipients during preformulation studies are of paramount
importance to accomplish the target product profile and
critical quality attributes.*” To avoid incompatibilities,
problems encountered during drug development and post-
commercialization, there is a need for proper assessment of
possible incompatibilities among the drug and excipients
using appropriate analytical technique.’” These analytical
techniques are needed not only to generate useful information
with regard to which excipient is compatible with a drug
substance but also for troubleshooting unexpected problems
which might arise during formulation processes.”*!

The present study aims to evaluate the drug-excipient
compatibility testing of ganciclovir (GCV) using
modern analytical techniques. GCV (an antiviral drug)
was selected for studying the effect of drug-excipient
compatibility study. Ganciclovir (GCV) is 26 times
more potent than its analog acyclovir against the human
cytomegalovirus (CMV) strain in in vitro. The drug
has antiviral properties which are primarily used for
herpes simplex virus and CMV and are also used to treat
different types of other viruses such as varicella-zoster
virus and Epstein-Barr virus.”’ The excipients, which are
used in the present study, are lactose (LAC), magnesium
stearate, microcrystalline cellulose (MCC), talc, and
dicalcium phosphate. The interaction between the drug-
excipient was evaluated by physicochemical studies
that would be done using Fourier-transform infrared
spectroscopy (FTIR), nuclear magnetic resonance
(NMR), and differential scanning calorimetry (DSC). The
dissolution behavior of the drug (GCV) was also studied
to find out the amount of drug release with different

excipients in each physical mixture. Further, a thin
layer chromatography (TLC) study was done to confirm
the possible interaction between the drug and excipient.
To support compatibility testing and drug release in
vitro, a docking study was also carried out to find the
possible interaction between excipients and drugs. GCV
compatibility studies were conducted with lactose, MCC,
talc, dicalcium phosphate, mannitol, and magnesium
stearate and this compatibility study was not reported for
GCV with the above-mentioned excipients.

MATERIAL AND METHODS
Materials

GCV was obtained from Ranbaxy Pvt. Ltd., New Delhi,
India, as a gift sample for research purposes; and lactose,
MCC, magnesium stearate, talc, and dicalcium phosphate
were purchased from Loba Chemie Pvt. Ltd., Mumbai, and
Central drug house, New Delhi, respectively. The solvents
were obtained from Thermo-Fisher Scientific India Pvt. Ltd.,
Mumbeai, India.

Methods
Compatibility studies

Compatibility studies of GCV with common excipients were
done by preparing a physical mixture of GCV with excipients
in the ratio of 1:1 and examined using the following analytical
techniques.

FTIR studies

FTIR spectroscopy identifies the characteristic vibrational
frequencies exhibited by various functional groups
present in the test compound. FTIR can be useful for the
evaluation of compatibility between components since
any modification in the bond that exhibits characteristic
vibrational frequencies produces spectral changes leading
to frequency shifts and splitting in the absorption peaks.
Thus, the presence of any spectral changes during the
compatibility study might be an indication of probable
incompatibility. KBr disk method (sample to KBr weight
ratio of 1:100) was used to obtain the FTIR spectra
using Spectrum RX 1, (Perkin Elmer, UK.) in a range of
4000 cm™-500 cm™.['!
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DSC studies

DSC thermograms of samples were obtained using a
DSC-Q20, TA instruments (New Castle Delaware, U.S).
The method was followed as reported in the literature with
certain modifications. Samples were heated in the sealed
standard aluminum pans from 50°C to 300°C at a scanning
rate of 10°C/min under nitrogen purge, with an empty
aluminum pan as reference. DSC thermograms displayed
interactions if there were appearance or disappearance
of new endothermic peaks, and significant shifts in the
melting point of components or variations in corresponding
enthalpies of reaction were observed.!'"'

NMR spectroscopy studies

NMR is the most widely used technique to investigate the
structure of molecules. NMR is quite a sensitive technique
to know the molecular structural features as the neighboring
atoms influence the signals from individual nuclei. The NMR
spectra of GCV and drug-excipient physical mixtures (1:1)
were recorded in DMSO-4 using Bruker Advance Neo 500
MHz NMR spectrometer.*1%!

TLC studies

TLC is a method for analyzing mixtures by separating the
compounds in the mixture. TLC is a sensitive technique
and a microgram (0.000001 g) quantity can be analyzed by
TLC and it takes little time for an analysis (about 5-10 min).
TLC consists of three steps-spotting, development, and
visualization. First, the sample to be analyzed is dissolved in
a volatile (easily evaporated) solvent to produce a very dilute
(about 1%) solution. Spotting consists of using a micropipette
to transfer a small amount of this dilute solution to one end of
a TLC plate, and in this case, a thin layer of powdered silica
gel that has been coated onto a plastic sheet. The spotting
solvent quickly evaporates and leaves behind a small spot of
the material. The development consists of placing the bottom
of the TLC plate into a shallow pool of development solvent,
which, then, travels up the plate by capillary action. The mobile
phase that was used in this study was methanol: CHCI; in the
ratio of 2:3. As the solvent travels up to the plate, it moves over
the original spot. A competition is set up between the silica
gel plate and the development solvent for the spotted material.
Visualization of colored compounds is simple and the spots
can be directly observed after development. Because most
compounds are colorless; however, a visualization method is
needed. The silica gel on the TLC plate is impregnated with
a fluorescent material that glows under ultraviolet light.['’l
A spot will interfere with the fluorescence and appear as a dark
spot on a glowing background. While under the ultraviolet
(UV) light, the spots can be outlined with a pencil to mark
their locations and calculate the Ry value.

In vitro dissolution profile and drug release mechanism

The dissolution studies were performed using a USP1-type
dissolution apparatus (Lab India DS 800 Mumbai), India.
Accurately, 250 mg of GCV was weighed and filled in capsules
and dissolution was performed in 900 mL of phosphate
buffer (pH 7.4 as receptor media). The temperature was
maintained at 37 = 0.5°C, and the stirring speed employed
was 100 rpm. Samples of 5 mL were withdrawn at various
time points from each dissolution beaker and were replaced
with fresh media maintained at the same temperature. The
same procedure was adopted for the drug-excipient physical
mixture as well. The withdrawn samples were filtered
through a 0.2 um nylon filter and analyzed at 254 nm using
6850 UV/Visible Spectrophotometer, Jenway. The release data
were accordingly evaluated for drug percentage dissolved in
the dissolution media.

Molecular docking

Docking was carried out using Auto Dock VINA 1.2.0
software.'”! The 2D structures of the molecules were
downloaded from the PubChem database, and initial
geometric optimization was carried out using the
Gaussian software at the DFT/B3LYP level of theory
with 6-311+G+basis et. The structures for docking were
prepared using the AutoDock tools, and a blind docking was
performed with a grid size 40A*40A*40A.0719)

Molecular dynamics stimulations

The best docking pose generated from AutoDock VINA was
taken as input for performing (molecular dynamics) MD
stimulations. The GCV complexed with MCC and lactose
were stimulated using the GROMACS 5.0 software,!
and each 10 ns long with CHARMM 36 m®#! force field.
TIP3 water model was used for each of the stimulations
and equilibration was carried out at 303 K temperature. The
various interactions and trajectories were analyzed using the
GROMACS 5.0 software package.

RESULTS
Results of compatibility studies using FTIR spectroscopy

The FTIR spectra showed characteristic absorption bands
of drug and excipients as it was confirmed from the
literature and FTIR spectra of drug and mixture of drug
and excipients were shown in the [Figure la-e]. The FTIR
spectra of GCV are characterized by the absorption peaks
at 3418.54 cm™ (N-H stretch), 3318.15 cm™ (O-H stretch),
3148.33 cm™! (C-H stretch), 1685.18 cm™ (C=0 stretch),
1658.10 cm™! (C=C stretch), 1571.87 cm™' (C=N stretch), and
1364.89 cm™ (O-H bending). Further, a comparative study
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Figure 1: (a) Fourier-transform infrared spectroscopy (FTIR) spectra of ganciclovir (GCV), Lactose and physical mixtures of GCV and
Lactose. (b) FTIR spectra of GCV, Mg stearate, and physical mixtures of GCV and Mg- stearate. (c) FTIR spectra of GCV, microcrystalline
cellulose (MCC), and physical mixtures of GCV and MCC. (d) FTIR spectra of GCV, talc, and physical mixtures of GCV and talc. (e) FTIR
spectra of GCV, dicalcium phosphate, and physical mixtures of GCV and dicalcium phosphate.

for the FTIR bands of pure GCV and a physical mixture of
different excipients was done and it is shown in [Table 1].

Results of compatibility studies using '"H NMR
spectroscopy

The 'H NMR of GCV exhibited signals with characteristic
values of chemical shift (8) such as 4.61 & (CH,-CH-CH,),
5.45 § (N-CH,0), 6.49 8 (CH-NH,), 7.81 8 (HetAr-NH,), and
10.65 8 (Ar-NH) The comparative analysis of chemical shifts
of the GCV along with their excipients is shown in [Table 2].

Results of compatibility studies using DSC

The DSC thermogram of GCV exhibited two different
endothermic peaks at temperatures 238.82°C and 255°C,
[Table 3] which were found to be comparable with the
published literature. The DSC thermogram of pure GCV
and pure GCV and physical mixture with excipients (lactose,

MCC, magnesium stearate, talc, and dicalcium phosphate) is
shown in [Figure 2a-f and Table 3].

Results of compatibility studies using TLC

The Ryvalue is used to quantify the movement of the materials
along the plate. Rf is equal to the distance traveled by the
substance divided by the distance traveled by the solvent. Its
value is always between zero and one. The Ry value of GCV
and physical mixtures of GCV with different excipients
(lactose, magnesium stearate, MCC, talc, and dicalcium
phosphate) were found to be 0.35.

Results of influence of hydrophobic and hydrophilic
attribute of excipient over dissolution profile

The dissolution behavior of GCV for the physical mixtures
containing different types of excipients is shown in
[Figure 3]. The dissolution behavior of pure GCV and the
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Figure 2: (a) Differential scanning calorimetry (DSC) thermogram for ganciclovir (GCV). (b) DSC thermogram for physical mixtures of
GCV and LAC. (c) DSC thermogram for physical mixtures of GCV and MgS. (d) DSC thermogram for physical mixtures of GCV and
microcrystalline cellulose. () DSC thermogram for physical mixtures of GCV and TALC. (f) DSC thermogram for physical mixtures of
GCV and DP. GCV: LAC: Lactose, MgS: Magnesium stearate, DP: Dicalcium phosphate.

Table 1: A comparative study for the FTIR bands of pure GCV and physical mixture of different excipients.

Functional group GCV GCV+LAC GCV+Mg$S GCV+MCC GCV+TALC GCV+DP
N-H stretch 3418.54 3417.55 3422 3419.10 3419.02 3418.76
O-H stretch 3318.15 3329.00 3317.52 3318.37 3318.38 3317.89
Aromatic C-H 3148.33 3156.40 3147.90 3152.37 3148.94 3148.45
stretch

C=0 1685.18 1687.25 1687.34 1687.37 1685.80 1685.86
stretch

Aromatic 1658.10 1658.98 1658.56 1658.78 1658.63 1658.41
C=C stretch

Aromatic C=N 1571.87 1573.76 1574.38 1573.54 1572.91 1572.85
O-H bending 1364.89 1367.77 1366.68 1367.94 1366.07 1365.74

FTIR: Fourier-transform infrared spectroscopy, GCV: Ganciclovir, LAC: Lactose, MCC: Microcrystalline cellulose, MgS: Magnesium stearate,
DP: Dicalcium phosphate

Table 2: '"H NMR Chemical shifts of GCV and physical mixtures of drug and excipients.

Chemical shift (ppm) GCV GCV+LAC GCV+MgS GCV+MCC GCV+TALC GCV+DP
CH,-CH-CH, 4.61 4.60 4.60 4.59 4.59 4.59
N-CH,O 5.45 5.44 5.43 5.40 5.44 5.44
CH-NH, 6.49 6.48 6.47 6.48 6.47 6.48
HetAr-NH, 7.81 7.80 7.79 7.79 7.80 7.80
Ar-NH 10.65 10.62 10.61 10.62 10.61 10.62

GCV: Ganciclovir, LAC: Lactose, MCC: Microcrystalline cellulose, MgS: Magnesium stearate, DP: Dicalcium phosphate, ppm: Parts per million

physical mixtures containing different types of excipients  Results of molecular docking
were studied for 60 min. It was observed that GCV with ' . '
talc showed at least 44.48% drug release for 60 min whereas ~ 1he result of two docking studies, that is, GCV/MCC and

GCV with MCC displayed a maximum 96% drug release for =~ GCV/LAC is shown in [Table 4] and the 3D pose of docked
60 min. complexes GCV/MCC and GCV/LAC is shown in [Figure 4].
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Docking scores for complexes of GCV/LAC and GCV/MCC
were observed —2.7 and —2.4, respectively.

Results of molecular dynamics simulations

[Figure 5] signifies the analyses obtained from docking
studies for 10 ns. From [Figure 5], it was observed that GCV/
LAC complex showed less deviations with less root mean
square deviation (RMSD) value than GCV/MCC. Root mean
square fluctuation (RMSF) plots displayed the movement of

Table 3: Endothermic peak values of GCV and physical mixtures
of drug and excipients.

Sample Drug-excipient ratio Endothermic peaks
GCV 100 238.82°C and 255°C
GCV-Lactose 50:50 203.62°C

GCV-MCC 50:50 235.67°C and 250.60°C
GCV-MgS 50:50 231°C and 252°C
GCV-Talc 50:50 238.25°C and 253.15°C
GCV-DP 50:50 237.60°C and 264.62°C

GCV: Ganciclovir, MCC: Microcrystalline cellulose, MgS: Magnesium
stearate, DP: Dicalcium phosphate

Table 4: Docking score of the most preferred poses.

S.No. Complex name Docking score
1. GCV/LAC -2.7
2. GCV/MCC -2.4

GCV: Ganciclovir, LAC: Lactose, MCC: Microcrystalline cellulose
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Figure 3: In vitro dissolution studies of ganciclovir (GCV) and
physical mixtures of GCV and different excipients.

5 iz

/

individual atoms of the drug in the mixture of the drug with
the excipients.

[Figure 6] displayed the number of hydrogen bonds formed
between the drug and excipient throughout the stimulation.
The drug formed more hydrogen bonds with LAC in
comparison to MCC.

[Figure 6] designates the number of hydrogen bonds formed
between the drug and excipient during the stimulation.

Solvent assessable surface area for both GCV/LAC and
GCV/MCC are shown in [Figure 7] and their ranges were
found to be 4.2-5 nm?.
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Figure 5: Root mean square deviation (RMSD) and root mean
square fluctuation (RMSF) plots for ganciclovir (GCV)/lactose
(LAC) and GCV/microcrystalline cellulose.
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Figure 6: Hydrogen bonds for ganciclovir (GCV)/lactose (LAC)
and GCV/microcrystalline cellulose (MCC) in each ps.
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Figure 4: (a) 3D docked pose of ganciclovir (GCV)/lactose (LAC),
and (b) GCV/microcrystalline cellulose.

Figure 7: Solvent assessable surface area plots for ganciclovir
(GCV)/lactose (LAC) and GCV/microcrystalline cellulose (MCC).
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The radius of gyration for the complex of the drug which was
complexed with LAC and MCC was fluctuating in the range
of 0.32-0.36 nm in both cases, as shown in [Figure 8]. The L],
coulomb, and total interaction energies for both two systems were
calculated and plotted on the graph [Figure 9]. The total energy of
GCV/MCC and GCV/LAC is —41.1K]J and —33.3 K], respectively.

DISCUSSION
Compatibility studies using FTIR spectroscopy

The FTIR spectrum displayed characteristic absorption
bands of the drug and physical mixtures of the drug with
excipients, as shown in [Figure la-f and Table 1]. The FTIR
spectrum of drug GCV was characterized by absorption
peaks at 3418.54 cm™ (N-H stretch), 3318.15 cm™ (O-H
stretch), 3148.33 cm™ (C-H stretch), 1685.18 cm™ (C=0
stretch), 1658.10 cm™ (C=C stretch), 1571.87 cm™ (C=N
stretch), and 1364.89 cm™ (O-H bending). The characteristic
absorption bands of pure drug and physical mixture are
shown in [Table 1 and Figure 1la-f]. The characteristic bands
of functional groups at 3418.54 cm™ (N-H stretch), 3318.15
cm™ (O-H stretch), 3148.33 cm™ (C-H stretch), 1685.18 cm™!
(C=0 stretch), 1658.10 cm™ (C=C stretch), 1571.87 cm™
(C=N stretch), and 1364.89 cm™ (O-H bending) in FTIR

Radius of gyration (GCV/LAC)
038 ————T T

Radius of gyration (GCV/MCC)

SN NN SN DO Y I [
2000 4000 6000 8000 10000
Time (ps)

0 2000 4000 6000 8000 10000
Time (ps)

Figure 8: Radius of gyration plots for ganciclovir (GCV)/lactose
(LAC) and GCV/microcrystalline cellulose.
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Figure 9: Energy plots (Lennard jones, coulombic, and total)
for ganciclovir (GCV)/lactose (LAC) and GCV/microcrystalline
cellulose (MCC).

spectra of drug GCV were retained in FTIR spectra of the
physical mixture of lactose, magnesium stearate, MCC, talc,
and dicalcium phosphate [Table 1 and Figure la-f] and this
signified that there were no incompatibilities between drug
and physical mixtures of drug with excipients. The obtained
results from FTIR showed that the GCV was compatible
with all used excipients such as lactose, magnesium stearate,
MCQG, talc, and dicalcium phosphate.

Compatibility studies using '"H NMR spectroscopy

Several studies have been reported using '"H NMR to identify
any interactions in drugs with excipients. The comparative
analysis for chemical shifts of the drug GCV and physical
mixtures is shown in [Table 2]. Most of the important signals
of GCV such as CH,-CH-CH, (4.61); N-CH,O (5.45), CH-
NH, (6.49), Het Ar-NH, (7.81), and Ar-NH (10.65) were
present nearly at the same position in the spectra of the physical
mixture of GCV and excipients such as lactose, magnesium
stearate, MCC, talc, and dicalcium phosphate [Table 2]. No
significant shifting of chemical shift was observed which
displayed that there were no observed interactions between
the drug and excipient. Thus, it was predicted that GCV was
compatible with all used excipients such as lactose, magnesium
stearate, MCGC, talc, and dicalcium phosphate.

Compatibility studies using DSC

The DSC thermogram of pure GCV reflected two sharp
endothermic peaks at 238.82°C and 255°C [Figure 2a and
Table 3]. The DSC thermogram of the physical mixture of
GCV with lactose is shown in [Figure 2b]. In the thermogram
of the physical mixture of GCV and lactose, the endothermic
peak corresponding to GCV was observed at 203.62°C. It was
observed that the peaks corresponding to pure GCV were not
retained when it was masked through tlc, and it was concluded
that the spot of GCV and physical mixture of lactose with
GCV was found to be in the same position. We predicted
that there were no chemical incompatibilities between GCV
and lactose. The DSC thermogram of the physical mixture of
GCV with magnesium stearate was studied [Figure 2c]. In the
thermogram of the physical mixture of GCV with magnesium
stearate, the endothermic peaks corresponding to GCV were
observed at 231°C and 252°C. The peaks corresponding to
pure GCV were retained with slight modifications and it
demonstrated that there was no chemical interaction between
GCV and magnesium stearate. In the DSC thermogram of the
physical mixture of GCV with MCC, the endothermic peak
corresponding to GCV was observed at 235.67°C and 250.60°C
[Figure 2d]. It was found that the peaks corresponding to pure
GCV were retained with slight modifications. Further, it was
concluded that there was no chemical interaction between
GCV and MCC. The DSC thermogram of the physical mixture
of GCV with talc reflected two sharp endothermic peaks at
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238.82°Cand 255°C. In the thermogram of the physical mixture
of GCV with talc, the endothermic peak corresponding to
GCV was observed at 238.25°C and 253.15°C [Figure 2e]. It
was observed that the peak corresponding to pure GCV was
observed at the same position with slight modifications. We
concluded that there was no chemical interaction between
GCV and talc. In the DSC thermograms of the physical
mixture of GCV and dicalcium phosphate, the endothermic
peak corresponding to GCV was observed at 237.60°C and
264.62°C [Figure 2f]. It showed that the peaks corresponding
to pure GCV were retained with slight modifications and it
was concluded that there was no chemical interaction between
GCV and dicalcium phosphate.

Compatibility studies using TLC

The R, value is used to enumerate the movement of the
materials along the plate. Rf is equivalent to the distance
traveled by the substance divided by the distance traveled by
the solvent. Its value is always between zero and one. The Ry
value of GCV and physical mixtures with different excipients
(lactose, magnesium stearate, MCC, talc, and dicalcium
phosphate) was found to be 0.35. The spot of GCV and GCV
with different excipients was visible at the same position. From
this, it was decided that no interaction was observed among
the GCV and all physical mixtures of different excipients.

Influence of hydrophobic and hydrophilic attribute of
excipient over dissolution profile

The dissolution behavior of GCV for the physical mixtures
containing different types of excipients is shown in [Figure 3].
The GCV drug release is different for different excipients.
The amount of drug release at 10 min was found to be quite
similar for two types of excipients (lactose and dicalcium
phosphate) which were found to be 28.68% and 28.2%,
respectively. The amount of drug released in the mixture of
GCV and magnesium stearate was found to be 40.52%. At
30 min., the amount of drug released in the mixture of GCV
and lactose was observed to be quite similar to that of pure
drug, that is, 42.92% and 42.76%, respectively. The physical
mixture of GCV and MCC showed a maximum amount
of drug release in a shorter period. On the other hand, the
physical mixture of GCV and talc showed the minimum
amount of drug release compared to other excipients. This
may be attributed to the hydrophobic nature of talc. It was
observed that the drug release from the physical mixtures
containing different excipients was influenced by the
hydrophobicity and hydrophilicity of the excipients used.

Molecular docking

Molecular docking is an established in silico methodology
that enables identification of drug interactions at the

molecular level. Docking studies were performed to find
out the possible interactions of the excipients with the GCV.
The docking study also gives insights into the lowest energy
conformations. Two docking studies, that is, GCV/MCC
and GCV/LAC, were carried out and the lowest energy
conformer of each of the two experiments was taken as
the most suitable conformer. The docking score of each
complex is shown in [Table 4] and the 3D pose of the
docked complexes GCV/MCC and GCV/LAC is shown in
[Figure 4]. Docking scores for complexes of GCV/LAC and
GCV/MCC was observed —2.7 and -2.4, respectively, and
this docking study showed that the number of interactions
were more with GCV and LAC (four nos.) in comparison to
GCV and MCC (two nos.). This interaction supported the
drug release of GCV with MCC which was higher than GCV
with LAC.

Molecular dynamics simulations

The GCV drug was complexed with LAC and MCC, and
the best pose obtained from docking was used to run
the 10 ns stimulations. [Figure 5] represents the analyses
obtained from docking studies. [Figure 5] indicated that the
GCV/LAC complex was showing less deviations with less
RMSD value than GCV/MCC. Both the complexes were
stable throughout the stimulations. RMSF plots showed
the movement of individual atoms of the drug which was
complex with the excipients. The RMSF plot designated
considerable movement of individual atoms. [Figure 6]
showed the number of hydrogen bonds formed between
the drug and excipient throughout the stimulation. It was
evident that the drug was forming more hydrogen bonds
with LAC and was more stable compared to the number and
stability of hydrogen bonds between GCV and MCC. Solvent
assessable surface area for both GCV/LAC and GCV/MCC
is shown in [Figure 7] and was found to be fluctuating in
the range of 4.2-5 nm? The drug was thought to have the
same assess to the solvent when combined with both LAC
and MCC.

The radius of gyration of the drug which was complexed
with LAC and MCC was plotted on the graph and the values
fluctuated between the ranges of 0.32-0.36 nm in both cases,
as shown in [Figure 8]. The high fluctuation suggested that
the drug was not very compact in the system.

The L], coulomb, and total interaction energies of the two
systems were calculated and plotted on the graph [Figure 9].
Here, both systems show similar L] interactions, while the
coulombic interactions were varying. The low total energy
of GCV/MCC (-41.1 KJ) to GCV/LAC (-33.3 KJ) suggested
that MCC was having stronger interaction with the drug
compared to LAC. The radius of gyration plots for both
GCV/LAC and GCV/MCC is shown in [Figure 8].
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CONCLUSION

The compatibility studies of GCV were studied by FTIR,
DSC, and 'H NMR and it was observed that there was no
significant deviation in the characteristic peaks in infrared
spectroscopy and 'H NMR signals. Based on the above
discussion, it was concluded that GCV should be compatible
with all types of excipients used in this study. Further to
see the compatibility studies, DSC was performed using
individual drugs and in combination with excipients in the
form of physical mixtures. GCV was found to be compatible
with all types of excipients but it was masked through TLC
that all the spots in the individual drug sample and the
physical mixtures containing drugs and excipients were
observed to be at the same position which showed that there
were no interactions. Further, it was concluded that GCV
should be compatible with all types of excipients. The drug
dissolution behavior of the GCV and the physical mixture
of MCC with the drug showed a maximum amount of
drug release in a short period of time. The release of drug
from the physical mixtures containing different excipients
was influenced by the dual effects of hydrophobicity and
hydrophilicity of the different excipients.

The % drug release at 10 min was found to be quite similar for
lactose (28.68%) and dicalcium phosphate (28.2%). A physical
mixture of GCV with MCC displayed a maximum amount
(96%) of the drug for 60 min. On the other hand, the physical
mixture of GCV with talc showed a minimum amount
(44.48%) of drug release compared to other excipients’ drug
release for 60 min. Docking studies were done to find out the
possible interactions of excipients with the drug molecule. In
GCYV, the lactose complex is showing less deviation with less
RMSD value as compared with MCC complex. The lactose
complex having more hydrogen bonding and was more stable
as compared with the MCC complex. GCV indicates that the
total energy of MCC complex is less than that of the lactose
complex. This indicates that GCV is more soluble when
combined with the microcrystalline complex.
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