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Improvement of Dissolution Rate of Poorly Water Soluble Drug Using
Self-microemulsifying Drug Delivery System

Kye-Hyun Kim, Yun-Seock Rhee, Joon-Ho Bae, Sang-Cheol Chi and Eun-Seok Park’

College of Pharmacy, Sungkyunkwan University, Suwon 440-746, Korea
(Received February 8, 1999)

ABSTRACT-A self-microemulsifying drug delivery system (SMEDDS) was developed to enhance the solubility and dis-
solution rate of poorly water soluble drug, biphenyl dimethyl dicarboxylate, DDB. The system was optimized by evaluating
the solubility of DDB and the microemulsion existence range after the preparation of microemulsions with varying com-
positions of triacetin and surfactant-cosurfactant mixtures (Labrasol as surfactant (S) and the combination of Transcutol,
Cremophor RH 40 and Plurol oleique as cosurfactant (CoS)). SMEDDS in this study markedly improved the solubility of
DDB in water up to 10 mg/m/ and the size of the o/w microemulsion droplets measured by dynamic light scattering showed
a narrow monodisperse size distribution with an average diameter less than 50 nm. The microemulsion existing range is
increased proportional to the ratio of S/CoS, however, it decreased remarkably as the oil content was more than 20%. In
vitro dissolution study of SMEDDS showed a significantly increased dissolution rate of DDB in water (>12 fold over DDB
powder), and SMEDDS also had significantly greater permeability of DDB in Caco-2 cell compared to powders.

Keywords—Self-microemulsifying drug delivery system, Microemulsions, Dissolution, Solubility, Caco-2 cell, Mem-

brane permeability
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Table I- Compositions of SMEDDS with Varying Amounts of
Oil (triacetin) and Four Different Surfactant-cosurfactant
Mixtures (S5/CoS). Each SMEDDS (Total weight 3 g) contains
1% (w/w) of DDB

No. Triacetin (g) S/ICoS S/Cos mixture (g)
1 0.15 ( 5%) 2.82 (94%)
2 0.30 (10%) 2.67 (89%)
3 0.60 (20%) 1 2.37 (79%)
4 0.90 (30%) 2.07 (69%)
5 1.20 (40%) 1.77 (59%)
6 2.10 (70%) 0.87 (29%)
7 0.15 ( 5%) 2.82 (94%)
8 0.30 (10%) 2.67 (89%)
9 0.60 (20%) 13 2.37 (19%)
10 0.90 (30%) 2.07 (69%)
11 1.20 (40%) 1.77 (59%)
12 2.10 (70%) 0.87 (29%)
13 0.15 ( 5%) 2.82 (94%)
14 0.30 (10%) 2.67 (89%)
15 0.60 (20%) m 2.37 (79%)
16 0.90 (30%) 2.07 (69%)
17 1.20 (40%) 1.77 (59%)
18 2.10 (70%) 0.87 (29%)
19 0.15 ( 5%) 2.82 (94%)
20 0.30 (10%) 2.67 (89%)
21 0.60 (20%) U5 2.37 (79%)
22 0.90 (30%) 2.07 (69%)
23 1.20 (40%) 1.77 (59%)
24 2.10 (70%) 0.87 (29%)

S = Labrasol, CoS = Transcutol with 5%(w/w) Cremophor RH 40 and
5.67%(w/w) Plurol oleique
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Table - Sojubility of DDB in Various Oils and Surfactants at
Room Temperature

Solvents Solubility* (mg/mi)
Triacetin 1496 + 0.71
Transcutol 10.87 = 0.22
Labrasol 847 + 0.09
Labrafac hydro 1.92 + 0.06
Labrafac lipophile 0.83 + 0.01
Labrafil M 1944 0.79 £ 0.01
Labrafil M 2125 0.72 £ 0.01
Lauroglycol 045 £ 0.01

*Each value represents the mean + SD (n=3)
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Figure 1-Pseudo-ternary phase diagram composed of oil (triacetin),
water and surfactant-cosurfactant mixture (S/CoS=1/2). SMEDDS
contains 1% (w/w) of DDB. Key : w/o ; water-in-oil microemulsion,
PI ; phase inversion, o/w ; oil-in-water microemulsion.
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Figure 2-Size distribution of oil phase in DDB microemulsion
measured by dynamic light scattering method.

Figure 3-Transmission electron micrograph (TEM) of DDB
microemulsion (magnification 30k) (scale bar =200 nm).
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Figure 4-Dissolution profiles of DDB from SMEDDS of different
oil percentage and S/CoS (Mean=SD, n=3). Key : @ ; oil 10%,
SICoS=1/5, M ; oil 30%, S/CoS=1/2, A ; oil 10%, S/CoS=1/2.
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Figure 5-Dissolution profiles of DDB from SMEDDS in the sim-
ulated gastric fluid (SGF), simulated intestinal fluid (SIF) and water
(Mean+SD, n=3). Key: ll; SGF, @ ; SIF, A ; water.
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Figure 6-Dissolution profiles of DDB from various dosage forms in
distilled water (Mean +SD, n=3). Key : @ ; SMEDDS, W ;
capsule, ¥ ; powder(micronized), A ; tablet.
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Figure 7-Permeation profiles of DDB from powder and SMEDDS
through Caco-2 cell monolayer membrane (Mean £ SD, n=6). Key
: @ ; Powder (2 pg/mi), B ; SMEDDS (2 pg/ml), ¥ ; SMEDDS
(10 pg/mi).
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Table III- Permeation Parameters of DDB in SMEDDS and
Micronized Powder Solutions through Caco-2 Cell Monolayers

Formulation
Parameter Powder SMEDDS SMEDDS
Qugm)  Qugm) (10 pgm)
Flux ( X 107)
(ug/cmzlmin) 1.03 £ 020 1.34 + 0.0193 437 + 0.149
Pap ( X 10)
(em/min) 515 £1.02 672 +0.0967 560+ 1.19

Data represent mean + SD (n=6)
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