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A Hot Melt w/o/w Emulsion Technique Suitable for Improved Loading of
Hydrophilic Drugs into Solid Lipid Nanoparticles
Byoung Moo Lee, Sung-Up Choi, Jachwi Lee and Young Wook Choi'

College of Pharmacy, Chung-Ang University, Seoul 156-756, Korea
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ABSTRACTRecently increasing attention has been focused on solid lipid nanoparticies (SLN) as a parenteral drug carrier
due to its numerous advantages that can come from both polymeric particle and fat emulsions, together with the possibility
of controlled release and increasing drug stability. Lipophilic drugs such as paclitaxel, cyclosporin A, and all-trans retinoic
acid have been successfully entrapped in SLN but the incorporation of hydrophilic drugs in SLN is very limited because
of their very low affinity to the lipid. Therefore, as a new approach to improve the loading of hydrophilic drugs a w/o/w
emulsion technique has been developed. The primary objective of the current study was to improve the loading efficiency
of a model hydrophilic drug, glycine (Log P =—3.44) into SLN. The proposed preparation process is as follows: A heated
aqueous phase consisting of 0.1 ml of glycine solution in water (100 mg/ml), and poloxamer 188 (5 mg) were then added
to a molten oil phase containing precirol (100 mg) and lecithin (5§ mg). This mixture was dispersed by sonicator, leading to
a w/o emulsion. A double emulsion (w/o/w) was formed after the addition of 2% poloxamer solution to the above dispersed
system. After cooling the double emulsion, solid lipid nanosuspensions were successfully formed. The lipid nanoparticles
had the mean particle size of 441.25 nm, and the average zeta potential of —20.98 mV. The drug loading efficiency was mea-
sured to be 8.54% and the drug loading amount was measured to be 0.92%. The w/o/w emulsion method showed an
increased loading efficiency compared to conventional o/w emulsion method.

Key words-Solid lipid nanoparticles, hydrophilic drugs, w/o/w emulsion, o/w emulsion, Glycine
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Table I-The Average Particle Size and Zetapotential Value of Solid Lipid Nanodispersions of Glycine Prepared from Hot Melted

w/o/w Emulsion Technique (Mean+SD, n=5)

Preparation methods Particle size (nm) Polydispersity index Zetapotential (mV)
W/o/w emulsion, hot melted 441.25+37.45 0.39 —20.98+5.43
O/w emulsion, hot melted 516.22+42.31 0.37 -28.79+3.25
W/o/w emulsion, solvent melted 362.74+39.68 0.41 -31.8913.56

Table II-Glycine Loading Amount and Glycine Loading Efficiency of Solid Lipid Nanodispersions of Glycine (Mean+SD, n=5)

Preparation methods Drug loading amount (%) Drug loading efficiency (%)
W/o/w emulsion, hot melted 0.92+0.13 8.54+0.79
O/w emulsion, hot melted 0.15+0.07 1.85+£0.94
W/o/w emulsion, solvent melted 1.78+£0.21 10.8910.86
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Table II-Influence of Water Amount of Far Outer Aqueous
Phase of w/o/w Emuision on Glycine Loading Amount and
Glycine Loading Efficiency (Mean+SD, n=5).

Water amount Drug loading Drug loading
(ml) amount (%) efficiency (%)

2 0.92+0.13 8.54+0.79

4 0.48+0.05 4.88+0.37

6 0.35+0.02 3.01x£0.29
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Table IV-influence of Initial Glycine Amount on Glycine
Loading Amount and Glycine Loading Efficiency (Mean+SD,
=5).

Initial glycine amount Drug loading Drug loading
(wiw % to lipid) amount (%) efficiency (%)

5 0.49+0.04 492%0.51

10 0.92+0.13 8.54+0.79

15 0.82+0.05 7291043
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Table V-influence of Poloxamer 188 Concenirations
Contained in the Far Outer Aqueous Phase of w/o/w Emulsion
on Glycine Loading Amount and Glycine Loading Efficiency
(Mean£SD, n=5).

Poloxamer 188 Drug loading Drug loading
concentration (%) amount (%) efficiency (%)
1 0.81%0.11 8.14£0.93

2 0.92+0.13 8.54£0.79

3 1.01£0.08 10.23£0.65

100 +

% Release

100 120

0 20 40 60 80
Time (min)

Figure 1-In vitro release profile of glycine from glycine bulk pow-
der (@) and solid lipid nanosuspensions (O) prepared from hot melt-
ed w/o/w emulsion technique (MeantSD, n=5).
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