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ABSTRACT

Ticagrelor is a new generation Adenosine diphosphate receptor inhibitor drug which is
highly lipohilic having poor aqueous solubility used in the treatment of Acute Coronary
Syndrome and prevention of Thrombotic events like Stroke and Heart Attack. An approach
has been made to develop Chewable tablets of drug loaded on Self-microemulsifying
drug delivery systems (SMEDDS), screen suitable adsorbent for solidification of
formulated SMEDDS and to study the effect of superdisintegrants in chewable tablets.
Methods: On basis of Pseudoternary diagrams constructed for selected oil, surfactant
and cosurfactant, SMEDDS formulation was formulated using Capmul MCM EP oil with
surfactant (Cremophor RH 40) and co-surfactant (PEG 400) which was solidified using
selected adsorbent. Chewable tablets were compressed by direct compression method
using superdisintegrants. Results: IR Studies and DSC studies revealed compatibility
and stability of drug in formulation. Compression blend containing Solidified SMEDDS
possessed good flow and compressibility. Chewable tablets compressed using Soy
Polysaccharides as super disintegrant showed least wetting and disintegration time, drug
release of 97.68% within 30 min. Short term stability studies revealed no significant
change in physical and chemical properties. Conclusion: These results suggest that the
Ticagrelor loaded self microemulsifying chewable tablets can be a promising oral drug
delivery system to improve the solubility and dissolution profile of Ticagrelor.

Key words: Ticagrelor, SMEDDS, Adsorbents, Chewable tablets, Acute coronary
syndrome.
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INTRODUCTION

Cardiovascular diseases (CVD) are the
leading cause of death in the disease category
around the world. According to WHO, it is
estimated that 17.9 million people succumb
to CVD each year.! According to the Global
Burden of Disease study, India has an
age-standardized CVD fatality rate of 272
per 100,000 people, which is higher than the
wortld average of 235 per 100,000 people.”
Coronary artery disease and Acute coronary
syndrome (ACS) are examples of CVDs
that damage the heart and arteries. ACS has
a greater risk of morbidity and mortality
than other illnesses which is been treated
with medications that prevent ischemia
and angina by limiting the extent of the
infarct (the area of the myocardium that is

affected), as well that prevent clot formation
due to aggregation of cellular blood
components.**

Self-Micro  emulsifying drug  delivery
systems (SMEDDS) approach has gained
potential as a viable method to enhance
solubility, permeability and there by improve
bioavailability of pootly soluble drugs.’
SMEDDS are isotropic combinations of
natural or synthetic oils, surfactants, and
that have the distinctive
capacity to create fine oil-in-water (o/w)
with modest
followed by dilution in aqueous media.®’
The employment of two or more oil soluble
emulsifiers and water soluble surfactant is

cosurfactants

microemulsions agitation

commonly used to reduce interfacial tension,
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which is the main driving force for microemulsion
generation.® To address handling, storage and stability
issues there is a need for conversion of liquid SMEDDS
to solid SMEDDS which can be accomplished by
adsorption onto solid carriers.” The adsorbents can
adsorb up to 70% w/w of their weight when they are
loaded with liquid SEDDS /SMEDDS."

Ticagrelor is a new generation ADP (Adenosine
diphosphate) receptor inhibitor drug, used in the
treatment of ACS which acts by preventing clot
formation due to aggregation of platelets. It belongs
to Biopharmaceutical Class IV with very low aqueous
solubility of approximately 3.5mg/L and moderate
intrinsic permeability characteristics which poses a
challenge to formulate an optimal oral solid dosage
form with desired bioavailability.* Conventional dose
of Ticagrelor have a drawback of slow inhibition of
platelet aggregation due to its low solubility and oral
bioavailability leading to its slow onset of action.' In
order to address these issues Ticagrelor was formulated
using approaches like solid dispersion,'" sublingual
tablets,' and Film coated tablets."” The drug has been
administered orally at 90 mg dose twice a day for a year,
followed with 60 mg doses twice a day, due to which
patient experience dysphagia.'®

With the objective to enhance drug solubility and
thereby oral bioavailability an attempt has been made to
develop Chewable tablets of Ticagrelor using formulated
SMEDDS. For solidification of liquid SMEDDS
adsorbents were screened. Effect of super disintegrants
on drug release in chewable tablet formulation was also
investigated.

MATERIALS AND METHODS
Materials

Ticagrelor and Virgin coconut oil was purchased from
Sigma Aldrich, Mumbai. Capryol PGMC(propylene
glycol monocaprylate, type I), Mysine 35-1, Labrafil
M 2125 C (linoleoyl macrogol-6 glycerides), Labrasol
(caprylocaproyl macrogol-8 glycerides), Lauroglycol
FCC (propylene glycol monolaurate, type I), Transcutol P
(diethylene glycol monoethyl), Transcutol HP (Diethylene
glycol monoethyl ether) were gifted from Gattefosse India
Pvt. Ltd. Capmul MCME P (glycerylcaprylate/caprate),
Capmul MCM C8 (Glyceryl Monocaprylate), Capmul
PG-8 EP (Propylene Glycol Monocaprylate), Acconon
MC8-2 EP (Caprylocaproyl Macrogolglycerides EP),
Captex 170 EP (CocoylCaprylocaprate EP), Captex
200 P (Propylene Glycol Dicaprylocaprate EP) were
gifted by IMCD India private limited, Mumbai. Natural
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Vitamin E oil was gifted by Matrix Fine Science Pvt.Ltd.
Aurangabad. Kolliphor EL and Kollisolvn MCT-70
was gifted by BASF India Limited, Navi Mumbai
India. Castor oil, Oleic acid, and Propylene glycol
were procured from LobaChemiePvt. Ltd. Mumbai.
Cremophor RH 40 (PEG-40 Hydrogenated Castor Oil),
Tween 80 (Polyoxyethylene sorbitan monooleate) were
purchased from HiMedia Laboratories Pvt. Ltd. Nashik.
Tween 20, Tween 60, Isopropyl Alcohol, Methyl Alcohol
were procured from S D Fine-Chem Limited. Mumbai,
India. Spherolac 100 (sieved lactose monohydrate USP)
and Sorbolac 400 (milled lactose monohydrate USP) was
gifted by Signet excipients Pvt. Ltd. Mumbai. Vivasol
GF LM (Croscarmellose Sodium), Emcosoy STS IP
(soy polysacchatides), Vivapharm PVP K30 (Polyvinyl
pyrrolidone) and Prosolv ODT G2(orally disintegrating
tablet matrix) were gifted by Rettenmaier India PVT.
LTD. A member of the JRS group. Pharmatose 200M
(Lactose Monohydrate) was purchased from Lepid life
sciences (P) Limited, Alwar, Rajasthan. MICCEL-101
(Microcrystalline Cellulose 101) and MICCEL-112
(Microcrystalline Cellulose 112) were gifted by Ankit
pulps and boards PVT. LTD Mumbai, India. All the
chemicals used were Pharmaceutical and analytical
grades.

Methods

Formulation of Self Emulsifying Drug Delivery
systems(SMEED)

Screening of oil, surfactant and co-surfactant based on
solubility studies

The saturation solubility of drug was determined by
solubilising drug in various oils (Capryol PGMC, Virgin
Coconut oil, Natural Vitamin E Oil, Maisine 35 — 1,
Labrafil M-2125 CS, Castor Oil, Oleic acid, Labrafac
PG, Isopropyl Myristate, Kollisolv MCT-70, Capmul
MCM EP, Capmul PG 8,Captex 200p, Captex 170p,
Capmul MCM C8 and Acconon MCS8 — 2), surfactants
(Kolliphor EL, Cremophor RH 40, Labrasol, Brij 35
30% w/v, Tween 20, Tween 60, Tween 80) and
co-surfactants (PEG 400, Propylene glycol, Lauroglycol
FCC, PEG 600, PEG 200, Transcutol P and Transcutol
HP). An excess amount of drug was dissolved in 1ml
of oil, surfactant and co-surfactant respectively. The
mixture was stirred continuously for 24 hr at room
temperature on a magnetic stirrer. After equilibrium
was attained the mixture was centrifuged at 15000 rpm
for 15 to 20 min. The supernatant layer was filtered
through the PTFE syringe filter by using 0.45um filter
disk. The filtered solution was diluted with Isopropyl
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alcohol and absorbance was measured at 221 nm using
UV Spectrophotometer.'™

Construction of pseudoternary phase diagram

Based on solubility studies of Ticagrelor in oil, surfactant
and co-surfactant, the excipient mixture of oil, surfactant
and Co-surfactant were selected. The pseudoternary
phase diagram of oil (Capmul MCM Ep) surfactant
(Cremophor RH 40) and Co-surfactant (Polyethylene
glycol 400) were constructed using aqueous titration
method. Sutrfactant and co-surfactant wete mixed in
different volume of ratios (1:1, 1:2, 2:1, 1:3 and 3:1).
For each phase diagram, oil was mixed with selected S__
(oil: S_ ) in different volume ratios from 1:9, 2:8, 3.7,
4:6, 5:5, 6:4, 7:3, 8:2 and 9:1 respectively in glass vials.
The obtained mixture was then subjected to titration
wherein distilled water was added dropwise, vigorously
stirring the mixture on magnetic stirrer until the mixture
turned turbid. For each phase diagram visual obsetrvation
were reported. These values were used to determine the
microemulsion region correlated with the selected value
of oil and S__ ratio and Degree of Emulsification was
evaluated.'"®

Preparation of SMEDDS

With reference to the constructed pseudoternary phase
diagram, the mixture having higher microemulsion
region was selected for SMEDDS formulation. The
composition of microemulsion formulation was
Capmul MCM EP as an oil phase (5%), Cremophor RH
40 as surfactant (63.2%) and Polyethylene glycol 400 as
co-surfactant (31.6%) and 90mg of drug. An accurately
weighed amount of drug was dissolved in the measured
volume of oil with continuous stirring on magnetic
stirrer. Surfactant was mixed with co-surfactant in
another beaker to give S__ (2:1). The oil phase was
added into the S__with constant stirring until the drug
was completely dissolved. The mixture was stored at
room temperature for further use. The composition of
microemulsion formulation was Capmul MCM EP as an
oil phase (5%), Cremophor RH 40 as surfactant (63.2%)
and Polyethylene glycol 400 as co-surfactant (31.6%)
and 90mg of drug.

Characterization of SMEDDS
Determination of Droplet size and viscosity

Formulation mixture of about 0.5 ml of was diluted
with 20 ml of milli pore water and stirred gently at
100 rpm using magnetic stirrer. The Droplet size of
the solution and polydispersity index were analysed
using Nanotrack.”” Viscosity of the microemulsion
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formulation was determined using Brookfield
Programmable DV-II I + Rheometer.”*

Drug content

1 ml of microemulsion formulation was dissolved in 100
ml of Isopropyl alcohol. Aliquot of 1 ml was further
serially diluted to get absorbance within beer’s range of
drug. The drug content of microemulsion formulation
was determined using UV Spectrophotometer at 221 nm.*

Percent Transmittance

The microemulsion of about 0.1 ml was dissolved in
10 ml of Millipore water. The percent transmittance of
the resulting microemulsion was determined at 221 nm
using UV Spectrophotometer.”

Solidification of Liquid SMEDDS

Silica based and Non-silica based adsorbents were
screened. Selection of adsorbent was based on flow
properties, droplet size and % drug loading, Ticagrelor
loaded SMEDDS formulation (TCG-SM) was prepared
by adding drug (90 mg) to prepared SMEDDS (300 mg).
Adsorbent was then added, blended to obtain solidified
nongteasy product (Sol-TCG-SM), passed through #20
mesh and stored at room temperature in a closed vessel.

Bulk Characterization of Solidified SMEDDS

Flow properties of Ticagrelor loaded SMEDDS-
adsorbent mixture was evaluated by determining its bulk
density, tapped density, angle of repose, hausnet’s ratio
and carr’s index.*

Particle size of Ticagrelor loaded SMEDDS

0.5 gm of formulation mixture was diluted with 20 ml
of milli pore water and stirred gently at 100 rpm using
magnetic stirrer. The particle size of the solution and
polydispersity index was analysed using Nanotrack.”

Drug Content

Primary stock solution was prepared by dissolving 1 g of
solidified SMEDDS-adsorbent mixture containing 90 mg
of Ticagrelor in 100 ml of Isopropyl alcohol. Aliquot
of 1 ml sample was withdrawn from the above solution
and diluted to 10 ml with Isopropyl alcohol. Further,
1 ml sample of aliquot was diluted with 10ml of Isopropyl
alcohol. Then the drug content was determined using
UV Spectrophotometer at 221 nm using Isopropyl
alcohol as blank.”

Formulation of Chewable Tablets loaded with
SMEDDS

Compression blend for compression of Ticagrelor
loaded Self microemulsifying chewable tablets was
prepared by lubricating the solidified SMEDDS with
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Magnesium stearate and talc to improve the flow
property. Super disintegrant was added to blend and
tablets compressed by direct compression method using
15 mm punch, single punch tableting machine (Rimek
Mini Press-I Ahemdabad, India.)). Composition of
formulations is tabulated in Table 1.

Evaluation of Chewable tablets
Thickness and diameter test

Thickness and diameter of 10 tablets from each batch
was measured respectively using Vernier calliper.
Dimensions (mm) wete measured in triplicate.”*

Hardness test

Hardness of tablet was determined using Monsanto
hardness tester. Hardness was expressed in kg/cm?,
measuted in Triplicate.”*”

Weight variation test

Randomly 20 tablets from each batch were selected
and weighed individually. Averageweight and percent
deviation of each tablet was calculated. A limit for
percentage deviation is5 % for tablets weighing 250 mg
and +10 % for 300 mg tablets.

Friability test

Friability was determined using Roche Friabilator.
Randomly 5 tablets were selected and placed in drum
and rotated for 100 revolutions at 25 rpm, tablets were

Table 1: Formulation design of Ticagrelor loaded self

microemulsifying chewable tablets.

Ingredients (mg) Formulation code

F1 F2 | F3 | F4

Ticagrelor 90 90 90 90
Capmul MCM EP 15 15 15 15
Cremophor RH 40 190 190 190 190

PEG 400 95 95 95 95

Microcrystalline Cellulose 102 | 200 200 200 200

Microcrystalline Cellulose 112 | 100 100 100 100

Soy Polysaccharides

Crospovidone - 5 - -

Croscarmellose Sodium - - 5 -

Prosolv ODT G2 - - - 95

Mannitol 85 85 85 -

Magnesium stearate

Aspartame

5)
Talc 5
5
5

Vanillin

mg: milligrams

$228

removed and dusted. Percentage friability of tablets was
calculated by noting the difference in initial weight of
tablet (W1) and final weight of tablet (W2).

Drug Content

Five tablets were randomly selected, weighted, crushed
and powder equivalent to one was dissolved in 10 ml of
isopropyl alcohol which was diluted to100 ml using pH
buffer 1.2. 1 ml of stock solution was further diluted to
100 ml with 1.2 pH buffer. Absorbance was measured at
A 221 nm using UV- spectrophotometer.**

Wetting time

A plece of tissue paper (12 cm X 10.75 cm) folded
twice was placed in a small petri dish ID = 6.5 cm)
containing 6 ml of distilled water. A tablet was placed
on the paper, and the time for complete wetting of
tablet was measured using a stopwatch. Three trials for
each batch was recorded, the standard deviation was
determined.**

Disintegration studies

Disintegration apparatus (LabtronicsL.T-74) containing
a basket rack assembly with six open glass tubes with
a wire mesh #10 on lower side was used for the test.
In each tube one tablet is placed over which a plastic
stud is placed to avoid overflow of tablet during test.
The basket is raised and lowered in the medium of
900 ml of pH 6.8 phosphate buffer which is maintained
at 37£2°C. Time required for complete passage of
tablet fragments through the sieve #10 was considered
as the disintegration time of the tablet.”®*

In-vitro dissolution studies

In-vitro dissolution studies were performed using USP
Dissolution Test Apparatus Type —1I (paddle method)
in four different dissolution media pH buffer 1.2, 4.5,
6.8 and distilled water respectively. The tablet was placed
in 900 ml of respective buffers, at regular intervals of
time 5 ml of sample was withdrawn, replaced with fresh
sample maintained under sink condition. 1ml was above
aliquot was filtered, diluted to 10 ml with respective
buffer and absorbance measured at A__ 221 nm using
UV-spectrophotometer.”*

Short term stability studies

Stability studies were performed for optimised tablets
at room temperature and accelerated temperatures.
Tablets were placed in amber coloured tightly plugged
bottles and stored at 25+2°C and 60 % RH and 40£2°C
and 75£5 % RH for 30 days. At regular time interval
tablets were collected and analysed for its hardness,
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disintegration time, drug content and zz-vitro drug

release.”! Pty P dagan 33 .
RESULTS AND DISCUSSION ¥, Z
Formulation of Self Emulsifying Drug Delivery 'y 7 N AN SRR

systems (SMEED) i

Screening of oil, surfactant, and co-surfactant based on
solubility studies o .

Solubility studies of drug in various oils, surfactant o SRR T
and cosolvent showed maximum solubility in Capmul

MCM oil (116.82 rng/rnl), Cremophor RH 40 sutfactant Figure 2: Pseudoternary diagram of SMEDDS mixture.
(119.652 mg/ml) and Polyethylene glycol 400 solvent

(117.92 mg/ml).Selection of components in formulation

Table 2: Emulsification grade of SMEDDS mixture:

of SMEDDS is Acritical. Oils s9lubih?§_hydrophobic SMix 2:1 ratio.
drugs and can Improve the hpophlhclty of d‘rug, Capmul Cremophor | PEG 400 | Water added | Grade
surfactants lower the surface energy and allow oil to MCMEP | RH40 (ml) | (ml) (ml)
disperse into small droplet size in the aqueous phase (ml)
and cosutfactants aid in increasing drug solubility by 0.05 0.6332 0.3166 3.8 A
forming micelles in the aqueous phase preventing 0.1 0.600 0.300 3.1 A
precipitation of drug. The solubility of Ticagrelor in 0.15 0.566 0.2833 3.0 A
above solvents was shown in Figure 1. 0.2 0.533 0.266 2.0 B
Construction of Pseudoternary phase diagram 025 05 025 16 c
. _ 0.3 0.466 0.233 1.2 c
"f[’he cfoncenfr@ons off o;li\/;uréalc)tgnt, and coisurfzctaélt 0.35 0433 0.2166 p C
or formulation o E was selected by A A ~ G e
construction of pseudg—ternary phase diagram using oV e T ™ G
water titration method in the absence of drug. A large
. . . .. 0.50 0.33 0.166 0.2 D
microemulsion region was formed by combining Capmul 055 0300 015 02 =
MCM oil with Cremophor RH 40, and PEG 400 in a - - . .
. . . 0.60 0.266 0.133 0.1 D
2:1 ratio compared to other S Mix ratios. Pseudoternary
diagrams for each mixture was constructed using 0.6 0.233 0.116 0.1 E
Grapher software, shown in the Figure 2. Mixture of 0.70 0.2 0.1 0.1 E
Oil and S_ were emulsification-graded from Clear to v ChlEo QLS il E
slight bluish solution to gel formation upon mixing with L AU e e E
the water, shown in Table 2. 0.85 0.1 0.05 0.1 E
0.90 0.033 0.033 0.1 E

Grade A - Clear to slight bluish solution

Grade B - Slight clear to bluish solution

Grade C — Almost white precipitation

Grade D —White precipitation to complete turbid solution
Grade E —Gel

Preparation of Ticagrelor loaded SMEDDS

The ideal mixture ratio for the formulation based on
the Pseudoternary diagram and Emulsification grade
evaluation was of 5 % Capmul MCM EP, 63.2 %
Cremophor RH 40, and 31.6% of PEG 400. Drug is

readily soluble in the above mixture which of found to

Figure 1: Solubility of Ticagrelor in various oils, surfactants

and co-surfactants. be 128.6 £2.00273.
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Characterization of SMEDDS
Droplet size and Viscosity of SMEDDS

The droplet size of microemulsion was found to be
54.0333 +3.852 nm exhibiting viable range limit of
Self microemulsifying drug delivery system, shown
in Table 3. Small droplet size provides a large surface
area for rapid dissolution, absorption of the drug and
increases the drug’s permeability through the intestinal
membrane. The viscosity of formulation was found to
decrease upon dilution with distilled water indicating
increased absorption of Ticagrelor loaded SMEDDS,
shown in Table 4. For increased absorption of drug
in stomach the SMEDDS formulation should exhibit
lower viscosity when diluted with gastric contents
compared to undiluted SMEDDS.

Percent Transmittance of SMEDDS

The percentage transmittance of Ticagrelor loaded
SMEDDS formulation was found to be 98.7167 +0.235
indicating the formulation is clear, transparent, free from
precipitation and hence stable, shown in the Table 4.

Preparation of solidified Ticagrelor-loaded self-
microemulsifying drug delivery formulation

From the vatious Silica and Non-silica-based adsorbents
screened it was found that Microcrystalline cellulose
102 and Microcrystalline cellulose 112 (2:1 ratio)
readily solidified Ticagrelor loaded liquid SMEDDS.
Solidified SMEDDS was evaluated for micromeritic
properties; Bulk density was found to be in the range
of 0.345%0.018 to 0.764£0.021 g/ml.,, The tapped
density of the mixtures was found to be in the range of
0.415£0.011 to 0.97710.028 g/ml, The Hausnet’s ratio

Table 3: Droplet size, PDI and % Transmittance of

SMEDDS Mixture SMix 2:1 Ratio.

Trials Mean size in nm PDI %Transmittance
1 52.9 0.789 98.25
2 48 0.522 99.14
& 61.2 0.819 98.9
Avg 54.0333 +£3.852 0.71 £0.0944 | 98.7167 +0.235

PDI: Poly Dispersibility Index
Data are expressed as Mean £S.D. (n=3)

Table 4: Viscosity of SMEDDS mixture: SMix 2:1 ratio

upon dilution with distilled water.

Sample Viscosity in cP
Drug + SMEDDS Mixture 503.1
Drug + SMEDDS Mixture Diluted up to 10 5
times in Distilled water
Drug + SMEDDS Mixture Diluted up to 100 3.2
times in Distilled water

cP = Centipoise

$230

of mixtures was found to be in range of 1.14520.039
to 1.38£0.008 respectively. Angle of repose was found
to be in range of 23.18° * 1.12 and 42.09° * 0.11
respectively, Results tabulated in Table 5,6. The values
indicated that the solidified SMEED possessed good
flow and compressibility.
Evaluation of Ticagrelor loaded SMEDDS -
Adsorbent Mixture

Determination of droplet size of Ticagrelor loaded SMEDDS

The droplet size of solidified SMEDDS was observed
to be in the range of 74.12 £ 1.4-133.8 + 3.2 nm. with
no aggregation. As a result, the solidified SMEDDS
would be sufficiently desorbed from the adsorbent and
hence into the media. Results shown in Table 6.

Determination of Ticagrelor content in solidified
Ticagrelor loaded SMEDDS

Drug content in solidified Ticagrelor loaded SMEDDS-
Adsorbent mixture was found to be 84.6 to 99.7 percent,
indicating that TCG-SM was efficiently adsorbed to the
adsorbent, shown in Table 6.

Formulation and evaluation of Ticagrelor loaded
self microemulsifying chewable tablets

Chewable tablets of solidified Ticagrelor loaded
SMEDDS was formulated using super disintegrants and
tablet excipients. Compression blend possessed good flow
properties and compressibility. Results shown in Table 7.
Compressed chewable tablets were evaluated post
compression; tablets were found to be of uniform
weight, size, and thickness with good mechanical
strength. Results tabulated in Table 8. Drug content
was found to be in range of 97.0910.9 to 98.5 & 0.2 %,
formulations showed quick wetting, due to ability to
swell and capacity of absorb water. Tablets formulated
using Soy polysaccharides and mannitol as diluent
disintegrated rapidly within 2 min. Hence, batches of
formulated chewable tablets satisfied the criteria of
chewable tablets as specified by FDA. Results are shown
in Table 9.

The /n-vitro dissolution studies of formulated chewable
tablets and marketed conventional tablet was performed
in pH buffer 1.2, 4.5, 6.8 and distilled water respectively.
The cumulative drug release of all formulations in
above dissolution media varies from 85.12 * 0.33 %
to 97.68%+0.71 %. Formulation F1 showed maximum
cumulative drug release of about 97.68+0.71 % and
conventional tablet showed cumulative drug release of
about 67.3 + 0.33 %. It can thus be concluded that, drug
release increases with addition of super disintegrants and
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Table 5: Evaluation of physical parameters and flow properties of Ticagrelor loaded

SMEDDS - adsorbent mixture.

Sample Bulk Density Tapped Density | Angle of Repose | Hausner Ratio Carr’s Index
(glem?) (g/cm?) )
Non-Silica Based Adsorbents
Pharmatose 200M 0.764+0.021 0.977+0.028 42.1+2.8 1.278+1.2 23.84+0.32
MICCEL-102 0.382+0.018 0.512+0.026 41.241.1 1.340+0.098 25.39+1.8
MICCEL 112 0.393+0.023 0.540+0.021 42.9+1.43 1.37440.061 27.22+1.2
MICCEL 102-112 (2:1) 0.378+0.012 0.523+0.028 40.1£2.1 1.38+0.008 27.72+2.1
Sorbolac — 400 (M.L) 0.362+0.032 0.621+0.019 38.1+1.8 1.71540.0052 41.7£1.0
Spherolac — 100 (S.L) 0.721+0.048 0.890+0.032 41.64+2.3 1.234+0.042 18.9+2.4
Silica Based Adsorbents

Aerosil 200 0.412+0.068 0.472+0.016 23.1+1.12 1.145+0.039 12.71111.6
Calcium Silicate 0.345+0.018 0.415+0.011 31.8+1.82 1.20£0.052 16.86+1.2

Data are expressed as Mean £S.D. (n=3)

Table 6: Droplet size and drug content of Ticagrelor
loaded SMEDDS adsorbent mixture.

Table 7: Evaluation of pre compression parameters

of Ticagrelor loaded self microemulsifying chewable

Sample Droplet Size (nm) | Drug content (%) tablets.
Non-Silica Based 5 2 ) — - Y
Adsorbents = 2 :g 8= = g Y 8 o S
=T [ Q &' 9 0 ] =
Pharmatose 200M 133.8£3.2 934413 ES| S3 | 8¢ 5| @ g 58 »
= - [ < T e
MICCEL-102 125.24+2.1 95.1+0.98 e a =} o 3]
MICCEL 112 129.32+1.7 94.2+1.8 1 063z | 073z | 352z | 1182 13.79
MICCEL 102-112 (2:1) 124.4541.2 97.9:0.8 0.018 0.025 0.55 0.062
Sorbolac — 400 (M.L) 89.43+1.9 90.1x0.6 F2 063+ | 072+ | 353+ | 1.14% 12.32
Spherolac — 100 (S.L) 130.6£2.4 92.8+2.3 0037 | 0.024 0.76 0.037
Silica Based F3 061+ | 069+ | 341+ | 1.19% 12.84
Adsorbents 0.010 0.023 1.04 0.070
Aerosil 200 74.121.4 9441.2 F4 | 0642 | 072 | 304% | 111+ | 1069
0.020 | +0.025 0.22 0.004
Calcium Silicate 133.48+2.8 84.6+1.6

Data are expressed as Mean £S.D. (n=3)
Data are expressed as Mean +S.D. (n=3)

Table 8: Evaluation of post compression parameters of Ticagrelor loaded self microemulsifying chewable tablets.

Formulation code Hardness(kg/cm?) Thickness (mm) Friability (%) Weight variation (mg) | Drug content (%)
F1 3.4+0.05 3.9+0.05 0.5+0.04 801.3+1.23 98.17 £ 0.60
F2 3.3+0.23 3.8+0.05 0.5+ 0.05 800.5 + 1.56 97.77 £ 0.35
F3 3.8+0.25 3.8+0.05 0.5+ 0.01 801.2 + 0.46 98.78 + 0.60
F4 2.8+0.05 3.8+0.05 0.6 + 0.01 806.0 £ 0.76 98.18 + 0.00
Data are expressed as Mean £S.D. (n=3)

Table 9: Post compression evaluation of Ticagrelor
loaded self microemulsifying chewable tablets.

Formulation Wetting Time in Disintegration Time
Code sec in sec
F1 44 67 +2
F2 47 794
F3 54 702
F4 39 69 £ 1

sec: seconds

Average data is expressed are of triplicate (n=3)

formulated chewable tablets exhibit higher cumulative

drug release compared to conventional tablet. An 7u-vitro

drug release result has been depicted in Figure 3.

Stability studies

The optimized chewable tablet formulation F1 subjected

to short term stability studies was found to be stable

since no significant change in physical and 7z vitro drug

performance characteristics as shown in Table 10.
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Figure 3: In vitro dissolution studies using A: pH — 6.8 buffer,
B: pH - 1.2 buffer, C: pH - 4.5 buffer and D: distilled water
respectively.

Table 10: Short time stability studies of F1 formula-

tion.
- = (1)
5 8 = | 28 | &
E | o| §<x | 85 | 52 | s
] s oX c 9 D= o X
(=X o ~ T O - O
g 2 B¢ | EE | o
e & T a- | o
25°C 15 98.78 + 3.81% 68.26 + 97.97 +
0.35 0.05 1.41 0.35
30 98.58 385+ 7203+ | 97.376 =
0.34 0.01 0.73 0.21
40°C 15 97.97 3.88 = 74.30 97.31
175% RH 0.35 0.01 0.81 0.19
30 97.77 4.06 + 77.30 + 97.16 +
0.34 0.11 0.95 0.14
Data are expressed as Mean +S.D. (n=3)
CONCLUSION
A successful attempt has been made to develop
Ticagrelor loaded self-microemulsifying chewable

tablets for the treatment of acute coronary syndrome.
Ticagrelor loaded SMEDDS was formulated based on
solubility studies in SMEDDS mixture and constructed
pseudoternary phase diagram. Ticagrelor loaded
SMEDDS consisting of 5 % of Capmul MCM EP,
63.2 % of Cremophor RH 40, and 31.6% of PEG 400
was solidified using adsorbent Microcrystalline cellulose
which was further compressed with addition of Soy
Polysaccharides as super disintegrant. Formulated
chewable tablets of SMEDDS showed high drug release
in comparison to conventional marketed tablet. Short
time stability studies indicated formulation to be stable
on storage. These results suggest that the Ticagrelor
loaded self microemulsifying chewable tablets can be
promising as oral drug delivery system, to improve the
solubility and dissolution profile of Ticagrelor.

$232

ACKNOWLEDGEMENT

Authors are thankful to their regards to Dr. Prabhakar
Kore Basic Science Research Centre, KLE Academy of
Higher Education and Research Belagavi, for providing
Isopropyl alcohol to carry out this work. Authors are
also thankful to Sigma Aldrich, Mumbai for providing
Ticagrelor API

CONFLICT OF INTEREST

The authors declare that they have no any conflict of
interests.

ABBREVIATIONS

BCS: Biopharmaceutical ~ Classification  System;

SMEDDS: Self Micro Emulsifying Drug Delivery
System; PDI: Polydispersity Index; ACS: Acute
Coronary Syndrome.

REFERENCES

1. World Health Organization. Cardiovascular diseases. Available from: https:/
www.who.int/health-topics/cardiovascular-diseases#tab=tab_1 [cited 4/3/2022].

2. Prabhakaran D, Jeemon P, Roy A. Cardiovascular diseases in India: Current
epidemiology and future directions. Circulation. 2016 Apr 19;133(16):1605-20.
doi: 10.1161/CIRCULATIONAHA.114.008729, PMID 27142605.

3. Théroux P, Willerson JT, Armstrong PW. Progress in the treatment of acute
coronary syndromes: A 50-year perspective (1950-2000). Circulation. 2000
Nov 14;102(20);Supp! 4(suppl_4):lv-2:IV2-IV13. doi: 10.1161/01.cir.102.
suppl_4.iv-2, PMID 11080126.

4. Kowalczyk M, Banach M, Mikhailidis DP, Hannam S, Rysz J. Ticagrelor--a
new platelet aggregation inhibitor in patients with acute coronary syndromes.
An improvement of other inhibitors? Med Sci Monit. 2009 Dec 1;15(12):MS24-30.

5. Maurya SD, Arya RK, Rajpal G, Dhakar RC. Self-micro emulsifying
drug delivery systems (SMEDDS): A review on physico-chemical and
biopharmaceutical aspects. J Drug Delivery Ther. 2017 May 14;7(3):55-65.
doi: 10.22270/jddt.v7i3.1453.

6.  Kyatanwar AU, Jadhav KR, Kadam VJ. Self-micro-emulsifying drug delivery
system (SMEDDS). J Pharm Res. 2010 Jan;3(2):75-83.

7. Reddy S, Katyayani T, Navatha A, Ramya G. Review on self-micro emulsifying
drug delivery systems. Int J Res Pharm Sci. 2011;2(3):382-92.

8. Patel MJ, Patel SS, Patel NM, Patel MM. A self-microemulsifying drug
delivery system (SMEDDS). Int J Pharm Sci Rev Res. 2010 Sep;4(3):29-35.

9.  Dokania S, Joshi AK. Self-microemulsifying drug delivery system (SMEDDS)-
challenges and road ahead. Drug Deliv. 2015 Aug 18;22(6):675-90. doi:
10.3109/10717544.2014.896058, PMID 24670091.

10. CuiSX, Nie SF, LiL, Wang CG, Pan WS, Sun JP. Preparation and evaluation of
self-microemulsifying drug delivery system containing vinpocetine. Drug Dev
Ind Pharm. 2009 May 1;35(5):603-11. doi: 10.1080/03639040802488089,
PMID 19040178.

11.  Teng R, Oliver S, Hayes MA, Butler K. Absorption, distribution, metabolism,
and excretion of ticagrelor in healthy subjects. Drug Metab Dispos. 2010
Sep 1;38(9):1514-21. doi: 10.1124/dmd.110.032250, PMID 20551239.

12.  Choi HJ, Kim KS. Development of a novel ticagrelor solid dispersion-loaded
tablet with enhanced solubility. Yakhak Hoeji. 2020 Feb 29;64(1):21-7.
doi: 10.17480/psk.2020.64.1.21.

13. Kim SJ, Lee HK, Na YG, Bang KH, Lee HJ, Wang M, et al. Anovel composition
of ticagrelor by solid dispersion technique for increasing solubility and
intestinal permeability. Int J Pharm. 2019 Jan 30;555:11-8. doi: 10.1016/j.
ijpharm.2018.11.038, PMID 30448313.

Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 2 (Suppl) | Apr-Jun, 2022



20.

21.

22.

23.

24.

25.

26.

27.

Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 2 (Suppl) | Apr-Jun, 2022

Veerendra, et al.: Ticagrelor Loaded Self Microemulsifying Chewable Tablets

Muniyasamy CA. Formulation and Evaluation of Ticagrelor Sublingual Tablets
(Doctoral dissertation, College of Pharmacy, Madurai Medical College, Madurai).
Niazi M, Wissmar J, Berggren AR, Karlsson C, Johanson P. Development
strategy and relative bioavailability of a pediatric tablet formulation of
ticagrelor. Clin Drug Investig. 2019 Aug;39(8):765-73. doi: 10.1007/s40261-
019-00800-w, PMID 31140114.

Van Giezen JJ, Nilsson L, Berntsson P, Wissing BM, Giordanetto F,
Tomlinson W, et al. Ticagrelor binds to human P2Y(12) independently

28.

29.

30.

Bolko K, Zvonar A, Gasperlin M. Mixed lipid phase SMEDDS as an innovative
approach to enhance resveratrol solubility. Drug Dev Ind Pharm. 2014 Jan
1;40(1):102-9. doi: 10.3109/03639045.2012.749888, PMID 23301796.
Bachhav YG, Patravale VB. SMEDDS of glyburide: Formulation, in vitro
evaluation, and stability studies. AAPS PharmSciTech. 2009 Jun;10(2):482-7.
doi: 10.1208/s12249-009-9234-1, PMID 19381824.

Kathiresan K, Vijin P, Moorthi C, Manavalan R. Formulation and evaluation of
loratadine chewable tablets. InRes J Pharm Biol Chemsci. 2010.

from ADP but antagonizes ADP-induced receptor signaling and platelet 31, Bansode ST, Kshirsagar SJ, Madgulkar AR, Bhalekar MR, Bandivadekar MM.
aggregation. J Thromb Haemost. 2009 Sep;7(9):1556-65. doi: 10.1111/j.1538- Design and development of SMEDDS for colon-specific drug delivery. Drug Dev
7836.2009.03527.x, PMID 19552634. Ind Pharm. 2016 Apr 2;42(4):611-23. doi: 10.3109/03639045.2015.1062510,
Zhu JX, Tang D, Feng L, Zheng ZG, Wang RS, Wu AG, et al. Development PMID 26146768.
of self-microemulsifying drug delivery system for oral bioavailability 37  Bolko Seljak K, Ili¢ IG, Gasperlin M, Zvonar Pobirk A. Self-microemulsifying
enhancement of berberine hydrochloride. Drug Dev Ind Pharm. 2013 tablets prepared by direct compression for improved resveratrol delivery. Int J
Kelemen H, Hancu G, Papp LA. Analytical methodologies for the Pharm. 2018 Sep 5;548(1):263-75. doi: 10.1016/j.jjpharm.2018.06.065, PMID
determination of ticagrelor. Biomed Chromatogr. 2019 Jul;33(7):e4528. doi: 29969713
10.1002/bme. 4528, PMID 30836429. . 33 Zaid AN, Al-Ramahi RJ, Ghoush AA, Qaddumi A, Zaaror YA. Weight and
Pandya D, Patlel M Ghediya R, Shah A, Kh.unt R. UV-vis SlpeCtFOPhOtome't”C content uniformity of lorazepam half-tablets: A study of correlation of a low
assay determination of oral antiplatelet ticagrelor drug in pharmaceutical drug content product. Saudi Pharm J. 2013 Jan 1;21(1):71-5. doi: 10.1016.
formulatlo.n. Appllcatlon t? conte.nt uniformity. . ‘ . jps.2011.12.009, PMID 23960821.
;ales OIA'V?;_ra_S.’ Za S.”V; ABltenc'ourthA, G.oTettll C" Sebelnstlan Lc;ure|ro 34. Aslani A, Jahangiri H. Formulation, characterization and physicochemical
U\e;ndez t’ :g:ma térm& (H dssa_i/r:ng tnce antiplatelet _tlca:griz :)r Zyp\ll_acld(a:ted evaluation of ranitidine effervescent tablets. Adv Pharm Bull. 2013
o Spe; r°|p 2‘(’)10;"; ”Cﬂz 6° 53"‘; 42"6 ormance equivalent to - our Dec;3(2):315-22. doi: 10.5681/apb.2013.051, PMID 24312854
arm Anal. ov 1; :538-42. ) - )
v © 35. Elkhodairy KA, Hassan MA, Afifi SA. Formulation and optimization of
Kang BK, Lee JS, Chon SK, Jeong SY, Yuk SH, Khang G, et al. Development . . . .
i . . orodispersible tablets of flutamide. Saudi Pharm J. 2014 Jan 1;22(1):53-61.
of self-microemulsifying drug delivery systems (SMEDDS) for oral ] .
) I . D doi: 10.1016/j.jsps.2013.01.009, PMID 24493974.
bioavailability enhancement of simvastatin in beagle dogs. Int J Pharm. 2004 36. Abdelb G E i ¢ Prind P Joachim J. Reynier JP &f al
Apr 15;274(1-2):65-73. doi: 10.1016/j.ijpharm.2003.12.028, PMID 15072783, . te "f"yl_ : fot:a"', . r: _e;re ) oac f!,m . egl"'e(;_ o e t_a‘
Shen H, Zhong M. Preparation and evaluation of self-microemulsifying drug stermination ot fne in vitro disintegration profile of rapidly disintegrating
. - . tablets and correlation with oral disintegration. Int J Pharm. 2005 Mar
delivery systems (SMEDDS) containing atorvastatin. J Pharm Pharmacol. ;
2006 Sep;58(3):1183-91. doi: 10.1211/jpp.58.9.0004, PMID 16945176. 23;292(1-2):29-41. dot: 10.1016/}.jpharm.2004.08.019, PMID 15725551.
Kim HJ, Yoon KA, Hahn M, Park ES, Chi SC. Preparation and in vitro 37. Kuno Y, Kojima M, Ando S, Nakagami H. Evaluation of rapidly disintegrating
. . o . - tablets manufactured by phase transition of sugar alcohols. J Control
evaluation of self-microemulsifying drug delivery systems containing ) .
idebenone. Drug Dev Ind Pharm. 2000 Jan 1;26(5):523-9. doi: 10.1081/ddc- Release. 2005 Jun 20;105(1-2):16-22. doi: 10.1016/j.jconrel.2005.01.018,
100101263, PMID 10789064 PMID 15955365.
Woo JS, Kim TS, Park JH, Chi SC. Formulation and biopharmaceutical 38. Brniak W, Jachowicz R, Pelka P. The practical approach to the evaluation
evaluation of silymarin using SMEDDS. Arch Pharm Res. 2007 Jan;30(1):82-9. of methods used to determine the disintegration time of orally disintegrating
doi: 10.1007/BF02977782. PMID 17328246. tablets (ODTs). Saudi Pharm J. 2015 Sep 1;23(4):437-43. doi: 10.1016/j.
Timur SS, Yéyen-Ermis D, Esendagli G, Yonat S, Horzum U, Esendagli G, jsps.2015.01.015, PMID 27134547.
Giirsoy RN. Efficacy of a novel LyP-1-containing self-microemulsifying drug 39. FDA. Quality Attribute Considerations for chewable tablets guidance
delivery system (SMEDDS) for active targeting to breast cancer. European for industry https://www.fda.gov/files/drugs/published/Quality-Attribute-
Journal of Pharmaceutics and Biopharmaceutics. 2019 Mar 1;136:138-46. Considerations-for-Chewable-Tablets-Guidance-for-Industry.pdf.
Li S, Madan P, Lin S. Effect of ionization of drug-on-drug solubilization in 40. Kumar SG, Mishra DN. Preparation, characterization and in vitro dissolution
SMEDDS prepared using Capmul MCM and caprylic acid. Asian J Pharm Sci. studies of solid dispersion of meloxicam with PEG 60001. Yakugaku Zasshi.
2017 Jan 1;12(1):73-82. doi: 10.1016/j.ajps.2016.10.001, PMID 32104316. 2006 Aug 1;126(8):657-64.
Lee DW, Marasini N, Poudel BK, Kim JH, Cho HJ, Moon BK, et al. 41. Do Nascimento TG, De Jesus Oliveira E, Basilio Junior ID,
Application of Box—Behnken design in the preparation and optimization of De Araujo-Junior JX, Macédo RO. Short-term stability studies of ampicillin
fenofibrate-loaded self-microemulsifying drug delivery system (SMEDDS). J and cephalexin in aqueous solution and human plasma: Application of least
Microencapsul. 2014 Feb 1;31(1):31-40. doi: 10.3109/02652048.2013.805837, squares method in Arrhenius equation. J Pharm Biomed Anal. 2013 Jan 25;
PMID 23834315. 73:59-64. doi: 10.1016/j.jpba.2012.04.010, PMID 22559990.
PICTORIAL ABSTRACT

. d
e
TICAGRELOR
Screculug of drag solubility ln

varkas oils, sarfaciants, &
o surfactants

Formulation of Tecngredor boaded
SMEDDS mixture

Sebection of ieal oll, surfactant & oo
surfactamt based on solbity study

solubdlity siudies

Adsorbest

Adsorbed
SMEDDS

Screening and selection of adsorbents
o solidify Ticagrelor loaded SMEDDS

Farmulation of Ticagrelor Inaded Self
mbcroemulsifyingchewable tablets
using superdisintegrants toimprove
dissolution profile of Ticagrelor

Comtruction of Pusdetornary

pliase dizgram baved on

$233



Veerendra, et al.: Ticagrelor Loaded Self Microemulsifying Chewable Tablets

SUMMARY

* Ticagrelor loaded self microemulsifying chewable tablets were successfully produced by using direct
compression method

*  Preformulation study to determine drug-excipient compatibility was carried out by FTIR and DSC, which
revealed that, the drug sample was pure and the excipients used were compatible with Ticagrelor.

*  Solubility studies of Ticagrelor in various oils, surfactants and co surfactants was carried out and it was
found to be Ticagrelor was highly soluble in Capmul MCM oil (116.82 mg/ml), Cremophor RH 40
surfactant (119.652 mg/ml) and Polyethylene glycol 400 co surfactant (117.92 mg/ml).

* Based on the Pseudoternary diagram and Emulsification grade evaluation the SMEDDS Mixture consisting
of 5% of Capmul MCM EP, 63.2 % of Cremophor RH 40, and 31.6% of PEG 400 is considered as ideal
mixture ratio for the formulation.

* Ticagrelor loaded SMEDDS formulation is evaluated for droplet size, %transmittance, and viscosity.
Obtained results were within the limit required for SMEDDS system

*  Ticagrelor loaded SMEDDS was solidified using silica and non-silica based adsorbents, the mixture of
TCG-SMEDDS with Microcrystalline cellulose 102 and Microcrystalline cellulose 112 (2:1) ratio exhibited
better drug release compared to other adsorbent mixture.

* Ticagrelor loaded self microemulsifying chewable tablets were prepared by direct compression method.
Four formulations were prepared, each containing different super disintegrants and formulation F4
contained PROSOLV ODT G2 a functional excipient matrix was also prepared.

* Before chewable tablets prepared the granules were subjected for pre compression evaluation and they
possessed good flow properties

* Ticagrelor loaded self microemulsitying chewable tablets were then subjected for post compression
evaluation for hardness, friability, weight variation, drug content and results were in within the limit.

* The percentage cumulative drug release from the F1 formulation containing Soy Polysaccharides as super
disintegrant was found to be 97.68 %, which was highest among all the formulations. Thus, this formulation
was considered as optimized formulation which resulted in better Disintegration time (67 sec), wetting time
(44 sec), and had better stability.

* Tl formulation was subjected for short time stability study for 30 days as per ICH guidelines in normal
and accelerated conditions. The results showed no significant changes in characteristics of formulated
Chewable tablets. It may be concluded that, formulation was found to be safe and retains its original
characteristics on storage.
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