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INTRODUCTION

Fluorocarbons are highly fluorinated, inert organic compounds that can dissolve high capacity of oxygen, and have high fluidity, low surface tension, and exceptional biological inertness1-2. Among fluorocarbons, perfluorooctylbromide(perflubron, C8F17Br) has been  widely used because of its high gas dissolving capacity, fast excretion rate and excellent imaging property compared with other fluorocarbons. For these diverse uses PFOB is used as a dispersed phase and lipid as an emulsifier. To estimate an emulsion’s stability zeta potential and mean droplet size distribution are studied3-4. The zeta potential is the potential of a charged particle at the plane of shear5. Stearylamine6, cholesterol, oleic acid7 and phosphatidic acid were each used to change the electric charge of emulsion droplet. Our aim in this study is to control the electrical charge by using various additives. Dodecyl amine (DA) is a positively charged emulsifier. Amine oxides are described as nonionic surfactants, but act as a cationic surfactant at the lower pH and have nonionic properties at the higher pH8. 

EXPERIMENTAL

Perfluorooctylbromide(PFOB, perflubron) was purchased from Acros Co. Soybean phospholipid(Epikuron 200) was supplied by Lucas Meyer GmbH(Germany). Epikuron 200 is composed of more than 95% of phosphatidylcholine(PC) and 5% of other lipids. As additives lauryl dimethyl amine oxide(LDAO) and dodecyl dimethyl amine oxide(DDAO) were purchased from Fluca Co., and dodecyl amine(DA) was from Sigma Co.. Buffer solutions were prepared from a two-solution buffer system(solution A, 0.2 M anhydrous boric acid and 0.05 M citric acid monohydrate; solution B, 0.1 M trisodium phosphate dodecahydrate), as indicated elsewhere.9 

A PFOB/lecithin emulsion(0.25mg/25ml) was achieved as follows: PFOB and lecithin alone or lecithin with additive(LDAO, DDAO and DA), prepared at the molar ratio 10:0, 9:1, 8:2, 7:3 were dispersed  into an aqueous solution.. The PFOB/lecithin mixture was pre-emulsified using an Ultra-Turrax mixer model T-25 basic(IKA Labortechnik Stanfen). And then, a coarse emulsion was ultrasonicated using Sonicater XL(Heat Systems Inc.). The final emulsion was sonicated until clear in the bath using Branson 5200(Branson Ultrasonics Co.).

Emulsion droplet size and zeta-potential were obtained using an ELS-8000(Ostuka electronics, Japan), equipped with a 10mV He-Ne laser. To measure emulsion droplet size and the size distribution a dynamic light scattering technique was used . The zeta potential of the emulsion droplets was calculated from its electrophoretic mobility

RESULTS AND DISCUSSION

The average diameter of lipid containing fluorocarbon emulsion was about 200±50 nm. There was no measurable change in the average droplet size during the experiment. 
Zeta potential values were obtained from microelectrophoretic measurement by means of the Smoluchowski equation. To determine the influence of additives in the fluorocarbon emulsion on the electrokinetic behavior, three different additives containing the emulsion were examined at different pH. To eliminate the effect of electrolyte buffer solution were used. DDAO, LDAO and DA were used as an additive in this experiment.

Figures 1-4 show the result obtained at pH 2, 4, 8, 10, respectively. Fluorocarbon emulsions without additives had much lower value of zeta potential compared to others. Figure 1 and 2 shows the plot of the zeta potential obtained in positively charged emulsion droplet with additive(ratio of additive to phospholipid, 10:0, 9:1, 8:2, 7:3) at pH 2 and 4. The value of zeta potential of emulsion containing additives increased linearly in response to increasing the concentration of the additives. Emulsions containing DA were predicted to be positively charged and emulsions containing amine oxide were also found to be positively charged. However, depending on the number of carbon the value of the zeta potential was different. DDAO(C14H31NO) containing emulsion had the highest and next LDAO(C12H27NO), the lowest value examined was DA(C12H17N) at pH 2. At pH 4 emulsions containing DA had the highest value of zeta potential because of weak acidic effect of amine oxides. Figures 3 and 4 show the results obtained at pH 8 and 10, respectively. Emulsion containing DA showed a linear increase with increasing of additive at higher pH. Emulsion containing amine oxide showed low zeta potential value without regard to amount of additives. Emulsions containing DDAO and LDAO had zeta potential around –10 mV at higher pH.

CONCLUSION

The value of the zeta potential of the fluorocarbon emulsions was significantly affected by the presence of additives. At lower pH DDAO, LDAO and DA containing emulsions showed relatively high values of zeta potential. But at higher pH DA showed a good absolute value of zeta potential compared with amine oxides.

.

REFERENCE

1. Riess, J. G., Vox. Sang., 1991, 61, p221

2. Long, D. M; Long, D. C; Mattrey, R. F; Long, R. A; Burgan, A. R; Herrick, W. C; Shellhamer, D. F, Biomat. Art. Cells. Art. Org., 1988, 16, p416

3. E. Tsuchida, in Blood Substitutes, Elsevier Science, 1998, p94, p330

4. Burgess, D. J.; Yoon, J. K.; Colloids Surf B, 1995, 4, p129

5. Hunter, R. J., in Zeta potential in colloid science, Academic Press Inc. London,1981, p4

6.Casals,E.; Soler, M.; Gallardo, M; Estelrich, J., Langmuir, 1998,14, p7522

7. Yamaguchi,T.; Nishizaki, K.; Itai,S.; Hayasi, H.; Ohshima, H., Pharm. Res., 1995, 12, p1247

8. Alagova, R. J.; Vakaresky, I. V.; Paunov, V. N.; Stoyanov, S. D.; Kralchevsky, P. A.; Meherteab, A.; Broze, G. Langmuir. 1998, 14, p1996

9. Sltugar, G. J.; Ballinger, J.T., in Chemical technicians’ ready reference handbook, McGraw-Hill Inc., New York, 1990, p657

[image: image1.wmf]Ratio of additive to phospholipid

0.0

0.1

0.2

0.3

0.4

0.5

Zeta potential(mV)

-10

-5

0

5

10

15

20

DA 

LDAO 

DDAO 

Figure 2. Variation of the zeta potential at pH 4
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Figure 4. zeta potential at pH 10
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Figure 3. Variation of the zeta potential at pH 8
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Figure 1. Variation of the zeta potential at pH 2
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Figure 2. Variation of the zeta potential at pH 4
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Figure 1. Variation of the zeta potential at pH 2
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Figure 3. Variation of the zeta potential at pH 8
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