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Abstract: In this study, we developed and optimized hydrophilic polymer based solid dispersion formulations (SDs) for
enhancing the aqueous solubility of eprosartan, one of poorly soluble drugs, that has been broadly used for the treatment
of high blood pressure. Poly(ethylene glycol) (PEG) and poly(vinyl pyrrolidone) (PVP) based SDs were prepared by hot
melting and solvent evaporation methods and the drug/polymer composition varied in the range of 1:1~1:5 with or with-
out poloxamer 407 (P407) as a polymeric surfactant. The SDs prepared by solvent evaporation showed more reduced
crystallinity than ones by hot melting, and PVP based SDs showed more enhanced solubility and lower crystallinity than
PEG based SDs. Furthermore, it was observed from DSC and PXRD analysis that the SDs with P407 (drug:polymer:
P407 =1:5:1) demonstrated no crystallinity and the most enhanced solubility (more than 3~4 times).
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Figure 1. Chemical structures of eprosartan (a); poly(ethylene gly-
col) (b); poly(vinyl pyrrolidone) (c); poloxamer 407 (d).
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Scheme 1. Preparation methods of physical mixture (a); solid dispersio

Table 1. Preparation of Solid Dispersion Formulations of
Eprosartan with Poly(ethylene glycol)

Grinding in mortar

Passedthrough microsieve
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Grinding in mortar Passedthrough microsieve

Rotary Yaccum WL
evaporation drying )
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Grinding in mortar Passedthroughmicrosieve

ns using hot melting (b); solvent evaporation (c) for eprosartan.

Table 2. Formulation Compositions of Solid Dispersion
Formulations of Eprosartan with Hydrophilic Polymers

Sl e TDT DOINIS ot Sye g TG T T Do
SE 1 2.50 2.50 1:1 Solvent evaporation PEG SE  0.83 4.17 - - 1:5:-
SE 2 1.25 3.75 1:3 Solvent evaporation PEG PM 0.83 4.17 - - 1:5:-
SE 3 0.83 4.17 1:5 Solvent evaporation PEG 0.71 3.57 - 0.71 1:5:1
HM 1 250 250 1 Hot melting SE+P407
HM 2 125 3.75 1:3 Hot melting PVP SE 083 ) 417 ) P
HM 3 083 417 1.5 Hot melting PVPPM 083 - 417 - bese-
PM 1 2.50 2.50 1:1 Physical mixing SE]?F\I/;ZW 0.71 ) 3.57 071 Faseld
PM 2 1.25 3.75 1:3 Physical mixing
PM 3 0.83 4.17 1:5 Physical mixing
AXFAIPEREAM (DSC). Azxd IAlAAS] I3 54
< FIsl] $Isked DSC(DSC S-650, 215, SH=h)E o]-8-5}
5 8T 2 agehe o= A7 § 30 o) ATt AFTol A A2 Rl Wl 2~3 mge] AlEE ¥
wRkste] FALF BT Ty ARolM WKl F 244 FAoH Z7te] MEES da 71F leAi 20 °C/min®] &
7k ol F¥3Ax sk 11xd dAEHE HARpEE & HET 20~300°Ce] 2= 0lM 2 88 549 AE 3
ol-g-ste] E7h ¥ 200 um AE o]-&-ste] AeFIUt. A Zaliet.
BAAe] thrao s ke 2Ae EelZ E3E (physical O XM 3" EM(PXRD). o] 224k w4124k ¢

mixture, PM)S #| %35 7o &
Hl&e] e AEAE H] S uiz}
APEE Ee TR, 200 pm A2 AT E} Table 13}
Table 20l #A|Z¥ T}t A E-4H (solid dispersion; SD)9}

Beld EREe) 24 2 AREAL Fskinh

Zg, 364 A43, 20129

ARRS HHslr] sle] PXRD(D8 ADVANCE, Bruker
AXS, EA)E AHEEon AZEFOE TOPAS 4.2%
AREEIATE, XAE 40 mA, 40kVellx] CuKo radiation
(1.5406 Aye 2BAZTE Scan ranges 5~80 °& 3l3oH
0.4 °min®] &= =439tk B3t detectors= PSD-Lynxeye



7 AEARE o183 o zmide

detector(1-DYS AFE3I10™ AZEol= EVAS AME-5131
=3

¥ I Z=0lETHLE BM(HPLC). AXE IA|E ] &
=5 #Es] 8l A5 AEF FU71(NS-600A, Futecs)o}
3 ProntoSIL C18-ace-EPS column(250x4.6 mm, 5.0 pm,
Bischoff)o] 2FEl HPLC(NS-300i, Futecs)S ARE-3}T}.
O]/ Z = acetonitrile3} phosphoric acidE ]85t pH
302 HAH 0.1%v/v triethylamine buffersS 5:5% ARESIA
ok UV 35942 234 nm=Z A743192™ 1 mL/min®]
£o = 2ol A3

Sz . Alxd TARMA ge=E AEAs] Y5t
o 10mLe] SFFol FEe] F57t 2mg/mlyt H=S 3L
AFAE 78Il A2-9] 23004 100 rpmeZE 24471
EF wyke] Rtk AARE71E ARSER] 4000 rpmellA
027F BEA)7l €98 02 um PVDF ZHE o3A7] &
| HPLCE g8j=2 2431t}

9 =

=2 AEE DHEMAS] M=, o Z2 A2 Figure 1(a)
of]f] Hojz| o] tre] W = olfojzl AAA +
AFZE AUH, 747 Fof A] W2 g3l 71918 B9k
3 FrE e Aol gES Hole RS A o=
2 gEA Aot ol g e /A flal B ArellA
T 84 ZEAR] PEGS PVPE A} 7IA= A o
ZEAEE IAEHAE AZESITE PEGE t3EA 19
IR} F shteln ARARMIe] rslal EAkke] 2o
Al o] vl &5 B BRERY 2 AREE 2
A aEAZ dEA g aAEsRe] Azels ool
1500~20000 H$UHe] PEGE AMgsk=dl, olFol = &}
& 4000~60002] PEGE “g-2oll4 ZAo|3L v|wE vk &
AL 7] Wl AARRAA L] Azl 7HE Bol o] &
2 Jrp7 w2 AFoAd= PEG 60002 ARSI
FAREANE AZEAT. B Aol AMgE T tE 84
AGAIQl PVPE PEGSF HE0] JAIRAHA] 7IA|Z A==
ti3EA Q] X9 aLERtolnh, AARARA] Azl ARE-E= AL
xje] Exjgo] 45 AxE IARHZ S8E o H
7t A 7kl okEo] gallEle IAEARA EHe] g
AHARY] ks mE g T B AFoxe AR
7IAZ diE oz o] e Het BARF 500009] PVP
K30& ARSSISITE 2194 18R} 9o oFEe] AAEN &
716} 7Hgsl a3 S flEl Mol At AHEdA)
%l PEG-PPG-PEG H5EE F5HA P407S A&kt
2 Ao e oF=e] Sl S fAg HA ] 2H B
A ZHPHS 7Esh7] 918 Table 13} Table 20419} o] 2k
=3 IEA}F 71A1Y] ZAUE 11904 152 2EsI, &

M
o

AR AlE B 54 2 503

PEG 7|t DR|EANe] SMEM 5
B A|Z2E JAELA L] €4 EAJS dolrr] $8] DSC &
Z

A E24 B8 YEiE DSC 74 Aot &
27 E3hHol o8l AzE A HoR|Ro], ke
f 88¥3E F 250°C F-2olM, PEGS] £-§33+= <F
60 °C F-2ollA] #&3 = Ut AARAA M= E2)F
EE A9} o] oFEs} aAle] Af S-8g9AE BHT
T UAARE, e 24 slollx] IARRAA ] ok AR 9A
7 Ao R TRk AR Hol ARA o] gl
48 U2 Heslies & 5 Ak 53] E889
Hjsl] §ulSHES o] 83l Alxs A EAA ] g A%
A7t A AL, A A 2t SRS
Axdo] stk 1:59] 2491 SE 3 MEe] A o=
o] AAF A} T AR ASE Hol, giFe] oL
o] FHYPo R A} Ao & FakEo] = ALE AR
1=

Figure 32 PEG 7|9k JARRAA o] A4S vlweh] 9
& 2243t PXRD 44t} of| Z2aket oHEo] f A
A=A 5 7P FEig 7 H2oMe] IHuas vEes
AzE JTAEAA] AT IES H|WIRE w =] 2
Au|A7} aEApe] 2439 FTtet A AAEiieS S
T AR, 1:59] 7% DSC #AA7 oM e} niRr A= <F

K

SE 3

"

V PM 3

“ws
HM 2

" PM2
ﬁ/_o—l—'_'

\ SE 1

w
|

. p ————— ‘_/"_
V " PM 1
— —
o 1 N T L T N T * 1 o 1
-] $0 100 150 200 250 300

Temperature (°C)

Figure 2. DSC thermograms of PEG-based solid dispersions pre-
pared by solvent evaporation (SE), hot melting (HM), and physical
mixing (PM).
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Figure 3. Powder X-ray diffraction patterns of PEG based solid dis-
persions (SE method).
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Figure 4. DSC thermograms of PEG-based solid dispersions (a);
PVP based solid dispersions (b).
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Figure 5. Powder X-ray diffraction patterns of PEG based solid dis-
persions.
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Figure 6. Powder X-ray diffraction patterns of PVP-based solid dis-
persions.

7hete] AzSE AAELH ] G4 EAS Bl Ado|t)
PEG 7IRF JARELHAIS] 739 Figure 4(aelr] HofR]xo|
PM, SE, SE+P407¢] =02 ¢Feo] 8-§3]a7}F 7H4st Ao
2 Hol gulsel] ogk AR ] o Agslert
PMETH Bo] 2018313, PA07E HoIE A% o] f
§3o] A9 AR Zle rol AXslwrt vl T ol
E AL gl S 9J9th. PVPE o] &3 1A EA o] I
A A3 Figure 4(byellr] Hofx|5zo] 22 o= Az
PVP 7|4t TAEAA 9] Aol AASE 7a AR H)
S8lAAL, PEGO) HIsiM = o9 AN F=7) HolA| &
S A== AAslert o 3A 724AaS A oE YERT ol
gt A3= PXRD #AoM % #E=]lc). Figure 59} Figure
6> PEG 7|9t AEAA 9L PVP 7|8k A EAA 0] A%
TZE vwsl] S8 =43 PXRD B4 ZAdjo|t}. F A4



212~
Zad A

N
1

(pg/ml,n=3, mean * standard error)

PEG SE PVP SE
+P407 PVP PM PVP SE +P407

Eprosartan PEGPM PEG SE

Solubility 30+0 46.7+58 63.3+58 100£10 46.7+58 63.3+11.6 140%10

160
140
120 '
100
80
60
40
0 o RY < AN < a
5 ) o & ?  ®
& & QQ/ x QA N x
S < <
© o’ Q
& Q&

Figure 7. Solubility of eprosartan from solid dispersions with or
without P407 in DI water.
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