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Abstract:

Because of the poor solubility and permeability, ticagrelor (TGL), a P2Y12 receptor antagonist, has a
low oral bioavailability and is therefore classed as a Biopharmaceutics classification system (BCS) class
IV drug. The bioavailability of BCS class IV drugs can be increased with the help of liquid crystals,
which act as an effective delivery mechanism. Hence, ticagrelor liquid crystals are prepared to enhance the
oral bioavailability and antiplatelet activity of Ticagrelor. Central composite design is followed and the
optimized formulation showed a particle size of 316.5nm and encapsulation efficiency of 87.98% and zeta
potential of -23.1mV. Powder X-ray diffraction (PXRD) and Differential scanning calorimetry (DSC) were
performed to detect the characteristics of TGL-LC. The invitro dissolution and exvivo permeation studies are
performed between pure drug and ticagrelor liquid crystal formulation in which ticagrelor showed

significantly best results compared to pure drug.

Key Words: liquid crystalline drug delivery, Ticagrelor, controlled release delivery, PXRD.

L23Department of Pharmaceutical Technology, A.U College of Pharmaceutical Sciences, Andhra
University, Visakhapatnam, Andhra Pradesh, India, Pin code 530003

*Corresponding Author: Aswini Lavanya Pudi

*Aswini Lavanya Pudi, Department of Pharmaceutical Technology, A.U College of Pharmaceutical
Technology, Andhra University, Visakhapatnam, Andhra Pradesh, India — 530003

E-mail: aswini.pudi0039@gmail.com

DOI: - 10.48047/ecb/2022.12.10.564

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 7911 —7920 7911



Formulation And Evaluation Of Ticagrelor Liquid Crystal Drug Delivery Systems

To Enhance The Solubility

1 INTRODUCTION

The drug Ticagrelor is used in the treatment of
heart related diseases like heart attack, stroke and
acute coronary syndrome, i.e., problem related to
blood supply in coronary arteries. It can be used
as preventive treatment in patients who are at
the risk of Thromboembolism and myocardial
infarction. It is a acyclopentyl-triazolo-
pyrimidine, belongs to the class of non-
competitive antagonist. It shows its action by
inhibiting the P2Y1, P2Y12 receptors there by
inhibiting the platelet aggregation [1]. Unlike
the thienopyridines such as clopidogrel and
prasugrel; ticagrelor is not a pro drug, not
effected by CYP 450 genes and has lesser inter
individual variability. The PLATO (Platelet
Inhibition and patient outcomes) studies proved
a significant reduction in mortality rate in case
of Ticagrelor when compared to Clopidogrel
[2]. The drug, Ticagrelor belongs to BCS
(Biopharmaceutics classification system) class IV
which implies low solubility and poor
permeability. So, this trial is to improve its oral
bioavailability [3].

In the recent years, the nanotechnology is
growing in the fast pace as it has the
advantages of avoiding the immune responses,
minimization of irritant reactions and improved
penetration into multiple barriers owing to their
small size. Liquid crystals also comes under
nanotechnology, is a fast emerging class of
drug delivery systems. When they come in
contact with water they reorganize into three
dimensional structures called liquid crystals.
Liquid crystal technology has certain
advantages like ease of manufacturing, no use
of organic solvents and ease to scale-up. Liquid
crystal formulations contains lipids which
increases the drug loading. Till date, self-micro
emulsifying drug delivery systems (SEDDS),
solid dispersions, nanostructured lipid carriers
(NLCs) have been researched and developed to
increase the bioavailability of Ticagrelor but
Ticagrelor liquid crystals have not been
developed yet. So, to increase the
bioavailability of Ticagrelor, the development
of liquid crystal drug delivery is required.

2 MATERIALS AND METHODS:

Ticagrelor was obtained as a gift sample from Lee
pharma Pvt. limited. Glyceryl monostearate,
polysorbate 80(Tween 80), Polaxomer 407 were
obtained from Lee Pharma Pvt. Limited.
Polysorbate 20, Stearic acid, palmitic acid were
purchased from Loba Chemie Pvt. Ltd. Sodium
Hydroxide, Hydrochloric acid, methanol, ethanol,
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acetone were purchased from authorized vendor.
The powder purity and authenticity were
determined through pre-formulation studies that
included the evaluation of a number of
physiochemical characteristics including
organoleptic, melting point, partition coefficient,
etc. Organoleptic properties of the drug were
evaluated by analyzing its colour, smell and
visual appeal [4].

2.1. Determination of Melting point:

Typically, the drug is identified by its melting
point. It can indicate if the drug is pure or
counter felt. If the melting point of the sample
drug is same as that of the standard drug, then
the sample drug is an authentic and pure form
of the drug. Melting-point equipment is used to
ascertain the melting point. The pure drug is
withdrawn into a capillary tube with a wall
thickness of just 1 mm and a length of 10-15
mm. The opposite end of the tube is then sealed
to prevent the drug from leaking. When
measuring the melting point, the capillary tube
containing the drug was heated until it melted
in the melting point apparatus. That specific
temperature at which the sample is melted was
noted as the melting point of the drug. This
temperature is compared with the temperature
of the standard drug melting point and analyzed

[5].

2.2. Screening of solid lipids

The solid lipids Palmitic acid, Stearic acid, and
GMS were used for the study. In a test tube
containing 10 mg of drug, 0.2 gm of solid lipid
was introduced gradually while being stirred.
Water was heated to 80 degrees Celsius, or 5
degrees Celsius above the melting point of the
lipid being tested. Solid lipid was added in small
increments until a transparent solution was
obtained. Small amounts of solid lipid was added
gradually till a clear solution was obtained. The
quantity of lipid required to form clear solution
was assessed [6].

2.3. Screening of surfactant:

The surfactants used in the experiment were
Tween 20, Tween 80, and Poloxamer407. A
saturated solution was achieved by adding an
excess amount of the drug to a known volume
of surfactant (2 ml) and then mixing the two
together. The drug was dissolved using a
mechanical shaker for 24 hours. After that, the
mixture was centrifuged at 10,000 rpm for 15-20
minutes to remove any remaining particles. Using
a UV spectrophotometer, the supernatant of
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saturated surfactant systems were diluted with
methanol for analysis [7].

3 Preparation of Ticagrelor liquid crystal
formulations

Ticagrelor LC formulations were prepared by
dissolving Ticagrelor in GMS (as the lipid
phase), then adding an aqueous solution of
stabilizer (tween 80) to the lipid phase. The final
mixture was heated to 50°C using a bath
sonicator and then sonicated. The concentration
of the lipid (1, 15, 2 w/w %) and the
concentration of the stabilizer (0.5, 5, and 10 w/w
%) were the independent variables in this
investigation. The drug concentration in all
formulations was kept constant at 1 w/w%.
Table 1 depicts the composition of different
formulations [8].

3.1. Drug Identification UV/Visible Spectro-
photometer £ max of drug: -

A UV/Visible spectrophotometer is used to
find out a drug's £ max. An 8 g/ml solution of
Ticagrelor was placed in the UV/Visible region
of the spectrophotometer. It absorbs the
particular wavelength of light that was passing
through it and the sample was scanned between
200 and 400 nm range. Between absorbance
and wavelength, an automatic curve is made
that indicates the UV spectrum. The £ max of
Ticagrelor was found to be 298 nm [9].

3.2. FTIR of pure drug and drug- excipients
compatibility

The Fourier Transform Infrared spectrum
(FTIR) provides information on the basic
moiety present in that chemical. FTIR
spectroscopy was used to study the structure of
the drug and excipients in 1:1 ratio, FTIR was
employed to test drug-excipient compatibility.
The drug and other excipients were well mixed.
FTIR was used to scan samples in the 4000-400
cm™ range to determine the spectra of pure
drugs and drug excipients. The spectra of a
pure drug and an excipient-containing drug
were compared [10].

3.3. Central composite factorial design

Optimization is a product development strategy
that sets the goal for prior knowledge of trials
from the design level through product stability
and risk assessment while performing the
experiment. The ultimate goal is to create liquid
crystals with smaller particle sizes that optimize
Entrapment Efficiency (EE) and drug loading
(DL). Particle size reduction improves
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permeability and dissolution. Maximum EE and
DL improves therapeutic efficiency by
increasing  drug  bioavailability. = These
characteristics influence product quality as well
as drug delivery effectiveness by increasing
therapeutic efficiency. The liquid crystal
optimization was carried out using Design
Expert Software (Version 12, State ease. Inc,
Minneapolis, USA). The Central Composite
design was employed for liquid crystal
optimization, and the polynomial equation was
derived. On the basis of statistical data, the
best-fitting model is choosen [11].

4. Characterization of liquid crystals

4.1.1. Particle size, polydispersity index (PDI)
and zeta potential

Using a Horiba Particle Size Analyzer and Zeta
Sizer, the prepared formulations' particle size,
PDI, and zeta potential were assessed. The
liquid crystal formulation was appropriately
diluted (i.e., 10 times) with double-distilled
water prior to formulation analysis. At a
temperature of 25 °C and a fixed scattering angle
of 173 °C, the diluted sample was assessed.
The experiments were all carried out in
triplicate [12].

4.1.2. Entrapment efficiency (EE):
Centrifugation was used to calculate the
percentage of EE in the SLN formulation. In an
eppendrof tube, 2 ml of the liquid crystal
formulations were taken, and the sample was
centrifuged at 10,000 RPM for 45 min in a
refrigerated centrifuge. The supernatant layer
was collected and methanol was used to dilute
it appropriately. Utilizihng a UV Vis
Spectrophotometer at 298 nm, the drug content
that was not encapsulated was examined. The
experiments were all carried out in triplicate.
The following equations were used to analyze
EE.

%Entrapment ef ficiency =Amount of drug added in
formulation

Amount of unencapsulated
drug

4.1.3. DSC analysis

Differential scanning calorimetric analysis (DSC)
was used to characterize the thermal behavior of
the drug samples. DSC study was carried out over
a temperature range of 30-350°C with a heating
rate of 10°C per minute in an inert environment
of nitrogen gas at the rate of 20 ml per minute.
Samples were sealed in aluminium pans (BO14-
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3020 25 pl, 0.15 mm pans). The peak
transition onset temperature of drug sample was
recorded [13].

4.1.4. XRD

An analytical method known as X-ray powder
diffraction (XRD) is quick and is generally
used to determine the phase of crystal structures.
It can also reveal information on unit cell
dimensions. The material under analysis is finely
powdered, homogenized and the bulk
composition is determined on average. In order to
perform this test procedure, an x-ray beam is
pointed at the sample, and the scattered intensity
is then measured as a function of the outgoing
direction. After the beam has been separated,
the scatter also known as a diffraction pattern
shows the crystalline structure of the material.

4.1.5. Invitro drug release:

Ticagrelor liquid crystal formulation equivalent
to 10 mg of drug is used. Dissolution studies
are performed in a dissolution apparatus using
modified dialysis method. Liquid crystals
equivalent to 10mg of drug which is suspended
in 6.8 pH buffer and is filled in a dialysis bag,
which is then sealed at both the ends. The
dialysis bag is kept into the receptor
compartment that has the dissolution medium,
250 ml of 0.2% wi/v polysorbate 80 phosphate
buffer of pH 1.2, and stirred continuously at
200 rpm at 37°C for initial 2h and then 1.2pH
buffer is replaced with 6.8pH buffer up to 48h. At
predetermined time intervals, 3ml samples are
withdrawn from the dissolution media using
syringes and replaced with the same amount of
buffer. The above mentioned was followed for
both the pure drug and Ticagrelor liquid crystal
suspension and the results are compared [14].

4.1.6. Ex vivo permeation studies:

Ex vivo permeation of Ticagrelor from its
suspension and the optimized liquid crystal
formulation containing the same amount of
drug (10mg) was tested using a non-everted
gut sac method. The small intestine of a male
Wistar rat was taken out of the animal's body
after it was Kkilled. Seven centimetres of the
jejunum was cut off and washed with Krebs-
Ringer phosphate buffer. A 2 ml syringe was used
to fill the sac with the appropriate amount of
Ticagrelor suspension or the selected Ticagrelor
liquid crystal suspension, which was equal to 5
mg of Ticagrelor. Both ends were tied with cotton
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thread, then put in 250 ml of 0.2% polysorbate 80
phosphate buffer with a pH of 6.8 and stirred at
200rpm and 37°C. At certain time intervals the
samples are withdrawn from the release medium
and replaced with the same amount of buffer.
To the withdrawn sample, a few ml of
methanol was added and the amount of drug
was determined by using UV spectroscopy
method at 298nm. The above mentioned was
followed for both the pure drug and Ticagrelor
liquid crystal suspension and the results are
compared. The permeation flux and apparent
permeability and percent of drug permeated into
the receptor compartment was calculated [15].

Papp value = 4@ x 1
dt ACo

Where;
dQ/dt indicates the drug permeation rate,dt
ACO
Co is the initial drug concentration in the
mucosal compartment at t = 0
A is the total cross-sectional area of tissue.

5 RESULTS:

Ticagrelor in its purest form has a melting
point of about 140.2 degrees Celsius. In this
case, the results confirm that the drug contains
pure Ticagrelor with no added impurities. To
determine which materials would be used in
formulation development, the drug's solubility in
different solvents was examined. An ultraviolet
(UV) spectrophotometer was used to examine
the drug at a wavelength of 298 nm.
Ticagrelor was shown to be highly soluble in
both ethanol and methanol, in accordance with
the results. In an investigation, the solubility of
ticagrelor in water was determined to be 10ug/ml.
It was found that the ticagrelor n-octanol: water
partition coefficient was 1.9801+ 0.001. This
indicates slightly greater lipophilic nature of the
medication. Ultraviolet (UV) spectra of ticagrelor
were scanned at 298 nm and the results are
depicted in Figures 1 and 2. The test result
proves that the drug is authentic. Good
linearity is shown by the ticagrelor calibration
curve, with a regression equation of Y=

0.1368x + 0.093 and an RZ value of 0.9909 in
a 6.8ph buffer, and Y=0.041 x +0.0256 and an

RZ2 value of 0.9985 in a 1.2pH buffer. The
FTIR spectra of Ticagrelor is shown in the Fig. 3
and 4
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Figure 1: calibration curve of 1.2pH
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The principle absorption peaks of ticagrelor of
all stretches are observed in the FTIR spectra of
the pure drug which indicates that the drug used
is pure and authentic. The drug compatibility
with excipients is also proven by the essence
that the major peaks don't change. This means
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that the drug is perfectly compatible with
excipients as shown in Fig 3

Optimization was done by central composite
design by using Design Expert Software. The
optimized formulations are shown in table 1

Table 1:
Run (Surfactant% |Lipid % [Particle size(nm)|Zeta potential (mV) [PDI Entrapment
efficiency %
1 8.41 1.25 448.2 -32.7 0.398 [88.46
2 6 0.5 213.1 -27.8 0.25 [85.36
3 7 1.25 490.2 -28.5 0.385 [89.45
4 7 1.25 413.8 -29.1 0.37 88.92
5 8 0.5 205.4 -26.8 0.381 [84.89
6 6 2 502.3 -27.2 0.404 94.52
7 7 0.18 195.6 -28.1 0.231 [80.98
8 7 1.25 395.6 -27.9 0.454 190.23
Y 5.59 1.25 380.7 -25.3 0.461 [89.45
10 |7 2.31 550.4 -28.5 0.413 [95.61
11 8 2 510.2 -29.4 0.517 [93.45

Using the data obtained by the results of particle
size, zeta potential, PDI (poly dispersity index),
Entrapment efficiency of runs given by central
composite design, the final optimized formula is
obtained using central composite design in design

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 7911 —7920

expert software. The 3D Surface plots of particle
size, entrapment efficiency, PDI and zeta
potential of the runs given by central composite
design are shown in figure
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Figure 5: 3D counter plots

5.1. Characterization of Ticagrelor Liquid
crystals:

Ticagrelor liquid crystals optimized formulation
showed a particle size of 316.5nm which is nearer
when compared to the optimized, given in
central composite design which is 334.058nm.
zeta potential observed as -23.1mV when
compared to optimized value -26.73. The
polydispersity index was observed as

0.404 aganist the observed optimized value 0.345.
The instrument used to detect the particle size,
zeta potential and PDI is Horiba scientific SZ
100 for windows Z type ver. 2. 40.

To evaluate the crystallinity of TGL in
Ticagrelor liquid crystals, a DSC was
performed. The figure depicted the DSC
thermograms of raw  TGL, glycerol
monostearate, and TGL liquid crystal. At 140
degrees Celsius, an endothermic peak was
noticed, which corresponds to the melting

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 7911 —7920

temperature of TGL and represents its
crystalline nature. Moreover, the thermal peak

of glycerol mono stearate was shown at 610C ,
respectively. In the Ticagrelor liquid crystal
formulation, an endothermic peak at 126.3 is
observed which relates to the melting point of
Ticagrelor indicating the crystallinity of the
formulation. However, a slight depression in
the melting point of Ticagrelor is observed in
the formulation.

Figure 3 depicted the powder XRD spectra of
Ticagrelor liquid crystal. A number of peaks
indicating  crystallinity were found in
Ticagrelor liquid crystal formulation. In TGL
liquid crystal, the peak intensity of glycerol
monostearate and poloxamer 188 exhibiting
crystallinity were found. This indicates that
ticagrelor is incorporated into the lipid matrix
in a crystallized state.
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5.2. In vitro dissolution studies:

The table depicts the drug release pattern of the
pure drug and the formulation where only 56.523
+ 0.321% of pure drug is released in 48h whereas
98.56 *+ 0.521% of Ticagrelor liquid crystal was
released in 48h. This indicates that Ticagrelor
liquid crystal formulation shows high drug
release which indicates increased solubility. It is
also observed that drug release does not depend

on the concentration of drug which indicates the
drug release following zero order Kkinetics.
Other kinetic studies, such as first order,
Higuchi, and Korsmeyar-peppas, were also
investigated in relation to the release pattern and
R2 value that they exhibited. The value of R2 in
the zero order model is 0.947, while the value

of RZ in the Higuchi model is 0.9809. This
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Figure 8: PXRD graph of lyophilized formulation
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indicates that the drug is released in both the
kinetic model and the Higuchi model in a more
linear manner when compared to the first order
model and the Korsmeyer-Peppas model; more
specifically, the release is not dependent on the
concentration of the drug, and the Higuchi model

% cumulative drug release

150

% cumulative drug
release

time
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illustrates that the drug is released through
diffusion mode[4]. Cumulative drug release of

pure drug and formulation are shown in figure.

% cumulative drug release
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>
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% cumulative drug
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N
o o

Time

Figure 9: In vitro drug release of pure drug and formulation

Table 2:

Formulation

0

5.272+0.047

7.81+0.431

8.99+0.048

12.638+0.221

16.727+0.213

19.24+0.414

21.203+0.076

27.356+0.054

29.592+0.115

32.156+0.117

34.505+0.265

36.65+0.274

39.163+0.119

41.337+0.323

60.667+0.424

Time Pure drug

0 0

0.25 1.87+0.117
0.5 2.264+0.223
1 2.814+0.114
2 2.93+0.332

3 5.610+0.125
4 8.55+0.112

5 11.87+0.138
6 15.299+0.335
7 19.057+0.115
8 23.043+0.338
9 27.46x0.327
10 32.086+0.342
11 37.08+0.115
12 42.184+0.174
24 47.53+0.114
48 56.523+0.321

98.564+0.521

5.3 Ex vivo permeation studies:

The permeation profile of Ticagrelor from
optimized Ticagrelor liquid crystals and drug
suspension were studied by using non everted
gut sac model. It clearly indicated that liquid
crystals increased the permeation of Ticagrelor
compared with the drug suspension. After 4 h,
a cumulative amount of Ticagrelor was

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 7911 —7920

permeated to receiver compartment increased.
The graph plotted indicates that at the end of the 4
hours, 0.50674 mg/cm? of pure drug and
1.695247 mg/cm? liquid crystal formulation was
permeated per unit area of intestine. The steady
state flux was found to be 0.0037 for pure drug
and 0.0096 for liquid crystal formulation.
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Figure 10 : Ex vivo permeation studies

6. Conclusion:

The research work demonstrates that the
preformulation parameters, such as solubility, £
max, FTIR investigations, and compatibility
studies were found to be a standard
parameters. The preparation technique and the
formulations increased quality, novel ingredients
are ideal for liquid crystallization. The
observation that the maximum absorbance of
Ticagrelor was measured at 298 nm, which is
extremely near to its official value, confirms the
drug's credibility. Studies on particle size, zeta
potential, differential scanning calorimetry, and
powder X-ray diffraction all confirmed the
formulations crystallinity. The release study of
drug has also shown the best result for the
optimized formulation of concentration 1%w/w
drug, 1% Glyceryl mono stearate, 6% of
polysorbate 80 exhibited the best release with

98.564+0.521 in 48h. The R2 values of zero order
and Higuchi model were found to be 0.947 and
0.9809 respectively, which indicates the
Eur. Chem. Bull. 2023, 12(Regular Issue 10), 7911 —7920

formulation follows zero order and follows
diffusion mechanism.
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