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Improved Dissolution Characteristics of Ibuprofen Employing Self-Microemulsifying
Drug Delivery System and Their Bioavailability in Rats
Hyung Soo Kim, Sang Kil Lee, Sung Up Choi, Hye Sook Park, Hyun Joo Jeon and Young Wook Choi'

College of Pharmacy, Chung-Ang Universily, Seoul 156-756, Korea
(Received January 11, 2002 - Accepted February 25, 2002)

ABSTRACT-A self-microemulsifying drug delivery system(SMEDDS) composed of Cremophor EL®, Labrasol®, and Lau-
roglycol FCC® was prepared for the enhancement of solubility, dissolution rate and bioavailability of ibuprofen(IBP), which
is water-insoluble but soluble in oils and surfactants. Phase diagram with various regions including microemulsion area was
depicted. The SMEDDS was encapsulated in soft gelatin capsules and their dissolution characteristics in various media were
observed in comparison to the generic products commercially available in the market. Soft capsules of SMEDDS for-
mulation showed better dissolution profiles, especially in acidic condition, than the others. For the period of 1 hr dissolution
in pH 1.2 medium, it reached over 70% dissolution from soft capsules, compared to less than 40% dissolution from com-
mercial reference tablets. On the other hand, in vivo pharmacokinetic parameters were obtained after oral administrations
of different IBP preparations to Sprague Dawley rats. SMEDDS formulation showed higher Cy,x and greater AUC sp,, than
the suspension of reference tablet or IBP powder. Therefore, it is possible to conclude that a newly developed soft capsules
employing SMEDDS provides an alternative preparation to impreve oral bioavailability of IBP.

Keywords—Tbuprofen, SMEDDS, Soft capsule, Dissolution, Bioavailability

AHOoR ey otEe PPN $ESE} -
¥ FrEErt BT 0] e okae) Wi U ARol8E
% B 7971 B W] Bey ok A9 8380

o AAE AAske Aol AAEES F/ME F A
T 8% gQlo] D Untyel 828 U] Wye &
€79 ZEAL Aol ot A B2 7MeA Bl ¥
4.0 ARBGA 5L o183 sl Y Fo) delA

on, vlo|agodde] AsEARl A MslEagA |~
9l (Self-MicroEmulsifying Drug Delivery System:SMEDDS)
S olg3l] GFEC] 8EE F AACIEES TN B
EE JdwEL JthS9 SMEDDSE oY} Hlol2A AW
AR HFe FE EFEEA QA T4 A
Lo gl =2 EHAS o AT e vl gt
il SiME HA ofw mlolAREAE AT = AU

|

N

FEFE A2Hom 43A k) SMEDDSS] 5442
FAYRH< 5 pm)e] AL FATIE EFES At

e K

[
~—"

12 =2l #g Feole o] ARAR
Tel : 02)820-5609, E-mail : ywchoi @cau.ac.kr

27

sleat i) TSR MEA GES HEATIE L9NE
/30l o] 2=, AHE vlo|aRERA A
) B4 eddel &40l 2 i) YEEEF F2
ke Aoz EEA Ak ArheE e
Gadol] 2J3}e] 18780l A& LA=|e] AzA St A5A A
el A7k olg=o] ghet], Bol AMSHe AlxAS} 245
AEo] Eoll et Bl=r} Wolr F5H FEUe= Az
g Blerg Bart ARlE EARC] Aoy /716
e} AHBHAE o838l A3t AFLE eS| &
| ExNFleER HaE 29 F A} o2ig 5o
&l SMEDDSE AREA] 2 odo 83i& = 3l
8 FES BTE FAR T
7v= S Qich

ol gH e Tx2HLIAG] H|XHRol=y A9ZTE
AZA cyclooxygenaseS A3} arachidonic acid®] THA}
H5-& Heshe ZHeol Ao s, A9, 2T B FepR=
A Y, AHAY ALE 5o T8 dFAERA Ee
ARREE ooREelu, B RAER st AR ¥
2 43 A T F2E-S dodle FeE dHA AU

—

£ o 18 J

2

oA

Ol F=O okR
. o 1

o
ot

3



28 AR5 - ol - AN

T} L2 o]0 B Ao o= Z3S SMEDDSE AJA|
slale] oFEe] =S TP EA o3 BeS =
A F e AFE A, o8 Ay JARAE Az
¢ § £&71P wEt ASEY I RAAER] &
548 v Brisle 74 A7RAE §H JELEEE
7 W e 5L F3le] SMEDDSE ©]&% IBP 374l
o] 544& Htatich

2

ey

Alof

Aol AMg-3 o]z 2 AFELS BASF(Germany)ell
A AR, Al HRA SAF BA (Lot No. : 4294)5} DA}
P (Lot No.: 12-021)2 AlFolA FUsle] tlzAAE ALg-
SRoH, 14F ol 2 Tk 200 mgoIAT}. capryl-
caproyl macrogolglycerides¢] Labrasol®, propylene glycol
laurate$] Lauroglycol FCC®+  Gattefossé(France)ol A,
polyoxyl 35 castor 0ilQ] Cremophor EL®2 BASF (Germany)
oA polyvinylpyrrolidone K-302 ACROS ORGANICS
(U.S.A)N1A, methylcelluloses= Shin-Etsu(Japan)ollx] s}t
$2H, ethyl alcohol(Duksan Chemical Co., Korea), chloro
acid(Fluka Chemical, Japan), acetonitrile(HPLC
Grade JT. Baker, US.A), ammonium hydroxide(Yakuri

pure Chemical Co., Japan) 52 A% EF&FS A3}

acetic

7271 * 21+

7171 @ 7]F2% HPLC A% (Pump: Waters 501,
US.A, Detector : Waters 484, U.S.A, Intergrator : Waters
740, US.A), UV/VIS spectrophotometer(Varian carry 3,
Varian Inc., Austrailia), Dissolution Tester(DST-600A, Fine
Chemical Co., Korea), Rotary die machine(Changsung
machine Co., Korea), Homo-mixer(Young Hana Tech.,
Korea), Water bath(M6, Zipperer GmbH, Germany), Electro
balance(EB-2200HU, Shimadzu, Japan), Centrifuge(5415C,
Eppendorf Co., Germany) 5-& A3}t

ol ==uo| 83l £H

ojR-Zzue] SEr HIFLINE S wel oL
3 zo] AN} |A Hge olf 2R S 7t §A0)
7V 35~40°CellA 24A17F Bt WEsted E3A T
olE YAEE7IE o831 2,000xgol A 1087 YAlRe)
AlZl = AL F3le] 045 um filter(Whatman, England)
2 o3l g FHsle o]Fdel F4g H HPLCE

J. Kor. Pharm. Sci., Vol. 32, No. 1(2002)

el - WEE - 29

Ch sz

o|ft==Hlo| HPLC A&

B AL reverse phase p-Bondapak Cyz column
(Waters, 3.9x300 mm, particle size 10 um)= ARE-3H 3L
o)FAL o EYER} pH 3.008 ZAF o £9(60
40 vivyE AMSSIGeH, A&t 223 nm, FYEHS
20 W, F&S 1 mimin2 Sth. o] A o F-Z 2]
RTE 6280|2028, =Y 0.5~50 pg/milA] F5gt 2
A2 (R?=0.9998)& JERARATE.

Agss =

AHBAPAZ+= Cremophor EL®, HEAHEYAZE
Labrasol®2] H]&& 1:12 IAZAIZ 242 AHE3
Lauroglycol FCC®9] 38 F7MA7IAA Tt v &9
SMEDDSE Az3 ¥ 7+ 28] $ES Frishas &
A=E AL FEEEY. £ AgXe AR ¢
A3 HEA AL U O 9 B & M
nE gro Hglel wE} EA AFIEE At 1t
olazdEHAEL FAsks PN AREIA, REAW
A, 299 ¥e-g FR) 3P, HHIEE AEE
oA 15Y Bt HAIE FH Uehe s st &
A3t

o|f==H iAZ{MIo| XM=

AT Ul gole AP 2 SMEDDS 995
3 e Adsilen, AL e vt 2o |
A Labrasol®] o]f-Z2H-S 8471 F 35~40°CE FA
X718 Cremophor EL®, Lauroglycol FCC®S 7}5td 1
w, 8-8A1713L of7]e] PVP K-30& A7 aM HF o)
Ry A7 Jede Az A adAde]
4188 Rotary die machine(Changsung Co., Korea)yS ©]-&
3lgom, digtekd A dlol Fate] AATAE A|=3)
At

H|WEEAE

olfz=dl AT AT BY ¥ Ko §&548 ¥
DH7YE7] Ask] Al pH 1203k A 7 18 5
SATEE Al 1 AAFAN), pH 4.0(FFFd 1998, pho-
sphate buffer), pH 6.8(H3eFd Al 7 718 SsiIAEH A
2 AlF Ay B B8 AN, AL diskekd A
7 MR EEANEY Al 2 HEIER)E e, Agde
25E 37105°C, ZoEEE S0mpmollA AAEIET. 2

LU W



AHEEL RN AEE o83 offZEsle] 82/ Bl EFelMe] MAel8-E Bt 29

APNME FEFFANEAAR 2 oiA2A 9 AEX
IARE] Bl ZBEAIE 712 W pH 1.2 wAS A9
3 85% ool SEEHT AT HIZEEAFE A
Rt AAL 30E7A = W sEvlch AFHsI A, olF 45
&, 602, 907, 12089 1.0mk¥ AFT 7 sAst] Uv/
VIS SpectrophotometerE: ©|-8-5}3 223 nmol|A] A 731512
o, el A3 ¥ g guls B ok

BIF0IML] HLH SEf

S=9 HA|AYF 65732 Sprague DawleyAl 3 317
£ =3 ARE FEI 3 ol A4 A AR
T AF 200~250 g W A AT AHE Ao
AP ARESIGT. APEES AL A8 F Aeyd)
polyethylene cannular(i.d. 0.58 mm, o.d. 0.97 mm, Becton
Dickinson Co., US.AYE A3kt

IR0 & HEEr FHo\REa AL 3+
< Arlsked glel SMEDDSE 29 dEksls BIL §
W Bsl] Bo deeiglon, YRETe WAAS
2 05% T8 A & 7} ojf=ZaHoaH
40 mg/kgdll AT Y AL EHE 0|43l FA3
Rk FE Fo§ & 10, 20, 30, 45, 60, 120, 180, 300
ot} d|gdo® Mg FAPIE AMEsle] E 025 ml
< B3] H3Hem, ©]E microcentrifuge®] A 11,000xg
E 1087 dARYstd 84 As | 4 17K -20°C
M WE BASIAT #44] 53 F 045um filter2
o35t HPLCZ A #sisit).

oF LX) DPMEf HAI1EF 5 (Coet FLEZF
T ERANH TS B FETUZ2RE [y T3l
H, 5% FH3NHH (AUC sh)> AT 320 ule}
ALkslATE. Alg@AA21 SMEDDS ¥ thzAAle) Az A
A|o]-8&-E (Relative Bioavailability : RBAYS Y8EZ2| w2
AEEL Felo] AUCY Uiz 7k Al#le] AUCY Hl&=
Tl vlagsiglen, HFAHoRE A FEEx ¥A4E
HE=E student's ttestS |83 FIX(p<0.05% AA
skt

e

5

Y
o|f==Ho| Bl=
Tt 2 9 ARSAAANAY o) RZzHe] SHleE
73 ZAI(Table I) Cremophor EL®, Labrasol® =
Lauroglycol RCC®ol|A 9] &3] =71 Bof v < Wul o4
TS & Aem, ol 35:30:359 HIEE £

Table I-Solubility of Ibuprofen in Water, Oil and Surfactants at
30°C
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*Data are expressed as mean + S.D.(n=3).
°From Ref. 14
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Figure 1-Phase diagram of ternary systems composed of oil(Lau-
roglycol FCC®), surfactant(Cremophor EL®), cosurfactant(Labra-
sol®), and water. M : Microemulsion area, E : Emulsion area, Tr :
Transparent isotropic solution, Tu : Turbid solution, 2¢ : separated
by 2 phase, 3¢ : separated by 3 phase. Point (A) represents the se-
lected formular for soft capsule preparation.
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Figure 2-Dissolution profile of ibuprofen preparations in different dissolution media. Data are expressed as mean+S.E. (n=3). A, ref-

erence B; @, ibuprofen soft capsule; M, reference I
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Table II-Pharmacokinetic Parameters of Ibuprofen following Oral Administration of SMEDDS, the Suspension of Ibuprofen
Powder and Reference Tablet.?

Parameters Ibuprofen SMEDDS Ibuprofen powder suspension Suspension of reference B
Conax (g/mi) 1254 + 8.4% 69.8+15.8 96.0+ 6.9
Tinax (mMin) 18.0 + 2.6* 28.0x11.1 16.7+£6.7
AUC s, (Mg - min/mi) 7866.2 + 435.7* 6661.7 + 140.7 7329.2 +361.3
RBAP (%) 118.1 - 110.0

Each value represents the meantS E.(n=5). “All preparations were administered after dispersion into the aqueous vehicle. Details are
explained in the text. PRBA(relative bioavailability) was calculated by AUC s, ratio with the standard of ibuprofen powder
suspension. *Significantly different from ibuprofen powder suspension(P < 0.05).
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Figure 4-Plasma concentration of ibuprofen following oral ad-
ministrations of 1buprofen SMEDDS, reference B suspension and
ibuprofen powder suspension at a dose of 40 mg/kg to rats. Each bar
represents the Mean & S.E.(n=5). @, ibuprofen SMEDDS; [, ref-
erence B; A\, ibuprofen powder suspension.
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