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Abstract: Ticagrelor is a drug that prevents stroke and heart attack in patients with acute coronary syndrome and belongs
to the biopharmaceutical classification system IV with low solubility and permeability. Therefore, in order to increase the
bioavailability, the drug solubilization process is essential. To this end, a solid dispersion was produced through a wet
granulation process by a spray-drying method using hydrophilic and pH-independent polymers Eudragit RL PO and
Eudragit RS PO. Crystallinity and saturation were confirmed through X-ray diffractometer and differential scanning cal-
orimetry whether the drug was dispersed in a polymer matrix in an amorphous form, and a chemical change was con-
firmed through Fourier transform infrared spectroscopy. Finally, it was confirmed that the release control of the drug was
well performed through the dissolution test, and it was possible to develop a formulation that reduced the number of doses
and improved the patient's compliance with the dose.

Keywords: ticagrelor, solid dispersion, wet granulation, eudragit, sustained release.

N = HEZAA o2 H Aolct!

P2Y12E=  G-protein-coupled receptor(GPCR)®|

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

Zahe

J 3555 (acute coronary syndrome, ACS)> 3 ADPYl| th3t 3}8t - 8A 22X A4 XN F2 YeR}
FEH Yol §402 A7l ddo= 18] o] HH=A w PH-g30] Fagk 2HJAE LA Uk’
U dHolA HEE E3 7548 24 ERE Qldl A o]# gk P2Y12 XA (ADP receptor inhibitor)Z2 SFZ3] %=
HH7F dojupar o] 2 Qlalf 4ol EfF FHo] F=alA| L a3} g7tady 5o okl g EHS LY 15}

"To whom correspondence should be addressed.
gskhang@jbnu.ac.kr, ORCID'®0000-0002-6452-5653
©2022 The Polymer Society of Korea. All rights reserved.

752

X BA| 2 o] o7 u}4
E7ladeie} 22w F okzo] Alsistd @ Al
2 gael 2Hg7)Ad tgt A7l grladsys o wa


https://orcid.org/0000-0002-6452-5653
https://orcid.org/0000-0002-6452-5653
https://orcid.org/0000-0002-6452-5653
https://orcid.org/0000-0002-6452-5653

Eudragit RS/RLE ©]-&3F 1A 5 ) 2]3k el7fadle] Md A& A 753

A H Al :
w H2 Holade) BEAR ey B A5 v
3 A FaEPe o] T F WP oS NACE
(net adverse clinical events) benefit = NACBS 42 4 3
£ 27 2 ek S, Efdefe Bger R
A Al (Biopharmaceutics Classification System, BCS) IV
ol e ofEE OBl Selmsh gu Fahws)
EP. uEbA El7kady ofEe] 83 MY AlZwle] #et
A7} Bs) A Folr

B AT E §2ES AL A5H oE 152
Eo) GAe] Bg I Fol7] S8 RRAZIE AHES}

of g7ladeiel miE AR AL 28/ 3EAt Eudragit
RL PO(C,;H,NO,), Eudragit RS PO(C,H3,CINO, 0l =2
FHANA JARLLHAE A=At Eudragit RL¥ RSE ©F
Y3 elm it A HE FS3E TEAEA 2o Uit
FIE7} pHoll G WA 3 HEEA e 58S 7t
2t ol Hel =2t 2B AE RS olEd 5
A AU ALY oFE eSS B5HOE 3 AP Bol 2
o]aL Ut} BFE WS gufol] AR} oFES EFA
A oA FARTE WEOR o] W ofEo] AEat mjE
o) 2P| Hrt. o|FA THE e AFPo] ofd

274 ez £97] wiel 2ol e &8 =t S7Fst
™ Aol F7t Golsioh. ! gk A3 AAEAA ] 5

B85 MAdsk] Sl FAAE38E S8l AdEs 9488
ow AgA, BalAlet 2 HAAE Hlste] AgA S
1—*}5& 5l Axste] A9e Azl & A5 Bt
7] %13l high-performance liquid chromatography(HPLC)7}
AHE-EIl o™ 8F A3 United States Pharmacopeia(USP)
dissolution apparatus Il(paddle method)Z F13J3}3At}.
grtadele] el E /AN 7128 AFEelA Bol
o] FoAMAN Az HAHo| hdalal X&HH ofE WES T
3 HoF S8 EE Eo] Al s IE ST A EA
2 o] 7hsAStaAr AAS Xkt

Al
=

o

Aof H ME. 2 AFNA AEE =l gHrlade e
Alembic Pharmaceuticals Ltd.(91 %), 22 #A}?] Eudragit RS
PO 9} Eudragit RL POE BASF($H=), 531420 sodium
starch glycolate(SSG)= SFIFE (=), @AIQ] magnesium
stearate(Mg_sty= Junsei Chem Co.(Q¥)S A3} A%t
A2l polyvinyl pyrrolidone K-30(PVP K-30)3 F3 =)<l
microcrystalline cellulose(MCC)<= Sigma-Aldrichol| 4] Z+2}
TFiste] ARESIATA R AREE BE &l B s}etef
F< HPLC TS A3t

Table 1. Formulation of Solid Dispersion of Ticagrelor Within

Polymer (unit : mg)
Batch SD 1 SD 2
API Ticagrelor 180
Polymer Eudragit RS PO 180 0
Eudragit RL PO 0 180
Total 360
Solvent Methanol
Table 2. Condition of Spray Drying
Parameter Setting
Inlet temperature 120 °C
Outlet temperature 75 °C
Atomizing 5 x 10 kPa
Flow rate 0.2 m*/min
Pump speed 1.0 mL/min
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Table 3. Formulation of Ticagrelor Granulation (unit: mg)
Batch G1 G2
Solid dispersion SD 1 360 0
SD 2 0 360
Filler MCC 120
Binder PVP K-30 22
Disintegrant SSG 5
Total 507

Binder (liquid) Distilled Water

Polym. Korea, Vol. 46, No. 6, 2022



754 =8 -

eIl &N SMEAM. Ej7l1d 29} Eudragit RL
3 RSE 77 E9ste] Alzgh IAEAA 7 &7 112 3
39 5o 34 oA 53 MalE LElEA Sls
Rzt IRAL A e IR RS FAH dE
A 2k15}7] 18t Fourier transform infrared spectroscopy
(FTIR, GX, Perkin Elmer, Waltham, Massachusetts, ©] )%
TS ARSI ATRHS ARSsIion 574 R9l= 4000-
400 cm'Ac}.

TRIEAR ] HENEE SMEM. Axsh AR} oF
2o) JAFE) S Baa] vlwa] Sls) AR A
(scanning electron microscope, SEM, S-3000N, Hitachi Co.,
Tokyo, 942y ARE-SIITE A 83 9]0 BHAE|o]ZE £o]
AAEE S F Zebg-9E397](SCT7640, Quorumech,
FE ARESte] of23L TR Slol|A| 20027 AE St &
ATk AlEE 20 kV At Z276lA B39

IHNELA e HEEE SMEN. B7t22 29} Eudragit
RL, RSE 77} EFA|A Al xg IA A o] 24 543
ARS8 18l AIRSARE A (differential scanning
calorimetry, DSC, Perkin Elmer, @)} XX 34 £497](X-
ray diffractometer, XRD, MAX 2500, Rigaku, 4 ¥)S A&
ato] EA3HTE DSCE 524 % 30 °C/min, 2% H$] 0-
200 °CollA] 52 =771y 49310t XRDE 71H4=7]
0.02°, &5 4°min, 5891 5-60°, A 7 30 mA, XS}
40 kve] 704 24 3k3rt.

Hrle| MA| o WENS. e/l A NP
USP dissolution apparatus II(paddle method)Z %13} 5} %3 T}
SE N2 AN (pH 6.8), 1521 (pH 1.2)22 USP(USP
Method A Acid stage, Buffer stage)ell W} Az 28|32 &
FTE ARl Jgsislon 82/ BE 57
7} 180 mg dFo] Eo171=S si3lth. 8&71= DST-
610(Labfine Sci Instr, 1) AME-3I12H, 31 4= 100
pm, 8&N] 2= 37+0.5°C, £54L 900 mLE A3}
Aok g7kadele] 79 FEAEAAR, Z2F Aol 7Hg-st
A2l polysorbate 802 1.0 viv % FL= H7lsle] F7H1d
S AT BEIAEY Al 1994 E 5, 10, 15, 30, 45,
60, 90, 120, 24021, Sl AR Al 293} SFolA = 5,
10, 15, 30, 45, 60, 90, 120, 240, 360, 720%-] Z}z} 1 mLe]
AEE FaIon, At o] S 9 HAIFE A F
215139tk A|FE 0.45 um PTFE ZEZ o213+ ¥ HPLC &
5e sk

El7brde] ARk o] W& 7] E-& HPLC 41 71(NS-
4000 HPLC System, Futecs, g+=), 2 EAlZ2(NS-6000
Autosempler, Futecs, 1), 23 QE(AT-4000, Futecs, $H=T)
S ZH ARgsle] B89 0 HH2 ProntoSIL Cig SH Z
2(250x4.6 mm, 5 pm, Bischoff Chromatography, 5 )2 A}
319tk HPLC 242 #% 1.0 mL/min, A3 20 uL,

Z2H, Al46d A6%, 202213

olgd - uRlA - Sge - U
AY L% 35°C, UV A= 34 270 nm 24N AE o

= d
2% &t AT ©]54S acetonitrile: 50 mM
ammonium acetate=57:43(v/v %)2| H]E&ZE S35t &AS &
Al ES ARSSl pH 822 S & ARSI

a1 # EE

DHELMAC| TEEE SEMEM. F F7°] Eudragit®] 5
A3 A= 2940 em?, 2906 cm'(CH, stretching), 1710 ¢cm™
(C=0 stretching), 1130 cm(C-O-C stretching)ol|lA] LERSEAL
El7} 28 3= 1577 em’, 1470 cm(C=C stretching), 1308
cm(C-O stretching), 750 em(C-H bending)ol|l Al 27} 573
A HAES IAE F AU o] SHAQ] HAES I
AL S A B3 ZolE 4= QAT whebA] LA A
Az FZoA Hrtade o] WAool dojuA] EueS &
T o™ HEgk F F72] Eudragit 9] 350 BEES #X

eagron ofi= sleha Wie] Aol AL & 5 k.

|
rl

>

2

=

iR EEE FE

750

|

Eudragit RLPO ' |

Eudragit RSPO

Transmittance (%)

4000 3500 3000 2500 2000 1500 1000
Wavenumber(cm‘1)

Figure 1. FTIR spectra of ticagrelor, Eudragit RS PO, Eudragit RL
PO, SD 1, and SD 2.

Figure 2. SEM image of (a) pure ticagrelor particle; (b) SD 1; (c)
SD 2.
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Figure 3. DSC thermogram of ticagrelor, Eudragit RS PO, Eudragit
RL PO, and solid dispersion.
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Figure 4. XRD patterns of ticagrelor, Eudragit RS PO, Eudragit RL
PO, and solid dispersion.
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Figure 5. Dissolution behavior of ticagrelor and G1, G2 in (a) pH
1.2; (b) pH 6.8; (c) DW.

Polym. Korea, Vol. 46, No. 6, 2022



756 == -

olgel HEES Hol AdWEo] HES AT = 3
Atk 93714 Eudragit RL PO7} RS PO Rt} §&E°] =0}

SECH" B3 pH 129} pH 6.8, FA|GollA oFEo] 7€) 1]
Sl MEENES SR = ©l= Eudragit RS PO
¢} RL PO7} pHell B]9J=2]Q] adtto]7] wiiEelS AlAKeic,

2d
=

T

2 Aere el o] B2 Aol &EY s
AL, 1Y 23] 58-S 1Y 1315802 drslsio] i)
o] ok gx B H8HN o =S = F Ue Al
0o A AASKT Al 7HeskE S8l i Az W
HE At ARSSIAL, AR 7IAR T2 AREE L
2121 Eudragit RS POS} RL POE XHAIA ZA LIS
AzspRom 54 714LS 918 MCC, PVP K-30, SSG}
Egete] AgAS FARE H FAAHTEE AA HHES
THEATE o] F Mg stE E9ste] BRgo] §olsk=S st
w5 XRDSF DSC, SEM 59 A3S Sl IAREAA7 4
A4S Ao ofEo] FAY o R IEA ] & S
< 31E 4= UL FTIR 42 Sl 2k 9] A=
ollA Bzt o] s}ahA] -z WAdo] dojubA] 8k
399tk viAEte 2 HPLCE 53l Alge] 8 A%
stk 1 A3 AR e Bl e vl 124
XA WEHIL J5S IRIT F UsleH &=
7HI9eS & 4 AT e 52 HHS S
Fgo] 7he Ent oh} 7kl o] feleE A
71 AA vl oFEe] HEEEE Alost X 54

T 2=

T e Al

i toh
o o

o

RS

—_

o otlo tlo &

‘o]ﬂ_]

ol\

o A
N ol T

K

s

>,
X

f
=
m'ﬂ:
1%

e

#ZAe 2 B dye A REFAUT AQdoR g
AFAEe] A (NRF-2021K1A3A1A78097905)S o} =
e ARk gAg o] Ao S EHAT

Olai&E: A7k =Z )= olald=ol flie AT

= gl

gl
ror

1. Makki, N.; Brennan, T. M.; Girotra, S. Acute Coronary Syndrome.
J. Intensive Care Med. 2015, 30, 186-200.

2. O’Connor, S. A.; Amour, J.; Mercadier, A.; Martin, R.; Kernesis,
M.; Abtan, J.; Brugier, D.; Silvain, J.; Barthelemy, O.; Leprince,
P.; Montalescot, G.; Colley, J. P. Efficacy of Ex vivo Autologous

Z2H, Al46d A6%, 202213

10.

11.

12.

13.

14.

and In vivo Platelet Transfusion in the Reversal of P2Y12
Inhibition by Clopidogrel, Prasugrel, and Ticagrelor: The
APTITUDE Study. Circ. Cardiovasc. Interv. 2015, 8, €002786.

. Franchi, F.; Angiolillo, D. J. Novel Antiplatelet Agents in Acute

Coronary Syndrome. Nature Reviews Cardiology 2015, 12, 30-47.

. Abbate, R.; Cioni, G; Ricci, I.; Miranda, M.; Gori, A. M.

Thrombosis and Acute Coronary Syndrome. Thromb. Res. 2012,
129, 235-240.

. Hao, L., et al., Preparation and I vivo/In vitro Characterization of

Ticagrelor PLGA Sustained-release Microspheres for Injection.
Des. Monomers Polym. 2021, 24, 305-319.

. Kim, B. K.; Hong, S. J.; Cho, Y. H.; Yun, K. H.; Kim, Y. H.; Suh,

Y.; Cho, J. Y.; Her, A. Y.; Cho, S.; Jeon, D. W.; Yoo, S. Y.; Cho,
D. K.; Hong, B. K.; Kwon, H.; Ahn, C. M.; Shin, D. H.; Nam,
C. M,; Kim, J. S;; Ko, Y. G; Choi, D.; Hong, M. K.; Jang, Y.
Effect of Ticagrelor Monotherapy vs Ticagrelor with Aspirin on
Major Bleeding and Cardiovascular Events in Patients with Acute
Coronary Syndrome: The TICO Randomized Clinical Trial.
Jama 2020, 323, 2407-2416.

. Kim, S. J.; Lee, H. K.; Na, Y. G; Bang, K. H.; Lee, H. J.; Wang,

M.; Huh, H. W.; Cho, C. W. A Novel Composition of Ticagrelor
by Solid Dispersion Technique for Increasing Solubility and
Intestinal Permeability. Int. J. Pharm. 2019, 555, 11-18.

. Chen, K.; Xia, T.; Shao, D.; Zhou, G; Shen, J.; Yang, Z.

Solubility Measurement and Mathematical Correlation of
Ticagrelor in Different Pure Solvents. J. Chem. Eng. Data 2020,
65, 3560-3565.

. Na, Y. G; Byeon, J. J.; Wang, M.; Huh, H. W.; Son, G. H.; Jeon,

S. H.; Bang, K. H.; Kim, S. J.; Lee, H. J.; Lee, H. K.; Cho, C. W.
Strategic Approach to Developing a Self-microemulsifying Drug
Delivery System to Enhance Antiplatelet Activity and Bioavailability
of Ticagrelor. Int. J. Nanomedicine 2019, 14, 1193.

Y, J. Y.; Ku, J.; Lee, S. Y.; Kim, B. S.; Kim, M. S.; Lee, B;
Khang, G. S.; Lee, H. B. The Effect of Drug Release from
Osmotic Pellet Related to the Various Ratio of Eudragit(R) RL
and RS. Polym. Korea 2007, 31, 329-334.

Hancock, B. C.; Parks, M. What is the True Solubility Advantage
for Amorphous Pharmaceuticals? Pharm. Res. 2000, 17, 397-404.
Gumieniczek, A.; Berecka-Rycerz, A.; Mroczek, T.; Wojtanowski,
K. Determination of Chemical Stability of Two Oral Antidiabetics,
Metformin and Repaglinide in the Solid State and Solutions
Using LC-UV, LC-MS, and FTIR Methods. Molecules 2019, 24,
4430.

Inam, M.; Wu, J.; Shen, J.; Phan, C. U.; Tang, G; Hu, X.
Preparation and Characterization of Novel Pharmaceutical Co-
crystals: Ticagrelor with Nicotinamide. Crystals 2018, 8, 336.
Fan, Z. Q.; Yu, H.; Cai, Y. Q. Determination of Alkyl Ammonium
Ionic Liquid Cations by Hydrophilic Interaction Liquid
Chromatography and its Application in Analysis of Environmental
Water. Anal. Methods 2018, 10, 2812-2820.

BA TXIME: SRTEASNEE AAE B 2 )8 259
0 743} BAste] FEL AL,



