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Microspheres have found diverse and important applications ranging from the microen
capsulation of dyes, flavors and fragrances, to drug delivery systems, to the study of mem
brane structure, function and reactivity [1-3]. A sonochemical technique has been developed to 
synthesize microspheres composed entirely of albumin protein. Aqueous suspensions of pro
teinaceous microspheres filled with water-insoluble liquids can be synthesized (i.e., microcap
sules) [4,5]. Scanning electron microscopy, optical microscopy, and particle counting charac
terization reveals spherical microcapsules with typical concentrations of 1.5 x 1Q9 microcap
sules/mL. The microcapsules synthesized have a narrow Gaussian size distribution (average 
diameter 2.5 µm ± 1.0 µm). Microcapsule formation is strongly inhibited by free radical traps, 
by superoxide dismutase (but not by catalase), by the absence of Qi, and by the lack of free 
cysteine residues in the protein. The microcapsules are held together by disulfide bonds be
tween protein cysteine residues, and superoxide (sonochemically produced by acoustic cavita
tion) is the oxidizing agent which cross-links the proteins. These proteinaceous microcapsules 
have been developed and used for a variety of chemical and medicinal applications. 

Present drug delivery methods primarily focus on water soluble drugs. Currently, in 
drug delivery research there are methods of introducing water soluble drugs into the interior of 
a microsphere and of attaching drugs to a solid microsphere [6-7]. We have discovered a new 
method that can be used to encapsulate water-insoluble or hydrophobic drugs in a microsphere 
which is composed entirely of albumin protein [8]. Aqueous solutions of spherical proteina
ceous microcapsules filled with a-methyl-4-(2-propyl)benzene-acetic acid (i.e., ibuprofen) can 
be synthesized These microcapsules have an average diameter of =2.5 µm with concentra
tions of =2.6 x lo& microcapsule/mL. Ibuprofen (trade names: Motrin IB™ & Advil'™) was 
released over a 6-hour period at 38°C. Ibuprofen was encapsulated at a concentration of 14 
mM. 

The development of a non-invasive technique for in vivo temperature measurement has 
many potential clinical applications [9]. Microcapsules containing a nitroxide and a solid fatty 
acid have been synthesized. The fatty acid that the nitroxide is dissolved in undergoes a re
versible phase change (solid to liquid) inside the microcapsule upon heating and cooling. The 
nitroxide free radical EPR signal is dramatically dependent on its environment, and conse
quently the temperature can be determined from a calibrated EPR linewidth. The current 
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microcapsules have a temperature range from 37 to 42°C with a temperature sensitivity of 
=0.5°C. These microcapsules are designed especially for optimizing the treaunent of cancer in 
vivo with hypothermia. 

Oxygen plays a critical role in physiological, pathophysiological and therapeutic pro
cesses. However, our present understanding of its role in living systems is limited due to the 
lack of techniques for the direct measurement of Ch concentration. Low concentrations of Di 
are associated with a variety of normal as well as pathological processes and are difficult to 
measure. Electron paramagnetic spectroscopy (EPR) has previously been used for determina
tion of Ch even at low concentrations (<CU µM) (10,11]. An electron paramagnetic resonance 
spectroscopy technique for non-invasive in vivo oxygen measurement that uses both nitroxide 
free radicals and proteinaceous microcapsules has been developed (12]. Encapsulation of a ni
troxide free radical dissolved in cyclohexane was accomplished. These microcapsules are 
easily penetrated by gases and the Di concentration can be quantitatively detennined by exper
imentally measuring the observed EPR linewidth. The microcapsules do not inhibit the flow of 
oxygen or nitrogen as monitored by the change in nitroxide linewidth. An EPR spectrum from 
the lower back of a mouse was obtained. The signal was still strong after 45 minutes and no 
reduction in signal intensity was observed. Injection of Ketamine, a local anaesthetic, that re
duces Di consumption in the mouse decreased the signal intensity. Thus, a reduction in phys
iological activity in the mouse was observed using this technique and this work is cUITently di
rected toward using these nitroxide-filled microcapsules as an in vivo Di determination. 

In addition to producing microspheres containing a liquid or solid, microspheres that 
are air-filled (i.e., microbubbles) have been synthesized. These proteinaceous microbubbles 
are currently in clinical use as echo contrast agents for echocardiography [13,14]. Two-di
mensional contrast echocardiography has become a valuable and routine procedure in diagnos
ing cardiac diseases. This diagnostic method is especially useful in monitoring myocardial 
perfusion and ventricular hemodynamics. To enhance image quality, a solution containing 
microbubbles may be injected intravenously to perfuse the cardiovascular system; these mi
crobubbles change the acoustic impedance of the blood flow, resulting in dramatically im
proved echo contrast with the surrounding tissues. To permit unimpeded motion of the mi
crobubbles through the circulatory system, the optimum diameter for such microbubbles is un
der ten microns. The sonochemically synthesized proteinaceous microbubbles arc non-toxic, 
stable, micron size and have been used as contrast agents for echosonography [15-17]. 

Besides synthesizing biological materials using high intensity ultrasound, inorganic 
materials can also be fonned. Under the conditions that maximize the cavitational heating 
(e.g., Ar, low vapor pressures. low ambient temperatures), carbon monoxide dissociates from 
iron pentacarbonyl (Fe(CO)s) with the formation of iron powder. The powder synthesized 
during sonolysis was characterized with a variety of techniques including DSC, TEM, X-ray 
powder diffraction, BET, and SEM. The powder sonochemically synthesized is amorphous 
[18-20]. This amorphous iron powder is formed from the enormous heating and cooling rates 
(>5 x 106 K/sec) generated during acoustic cavitation. Recently we have observed the atomic 
emission lines during the ultrasonic irradiation of Fe(C0)5 [21]. 

The amorphous iron is a soft ferromagnet The coecivity at 5 K is ... 190 gauss and de
creases to =10 gauss by room temperature. The saturation magnetization of the amorphous 
iron is ... 160 emu/g and is slightly less than crystalline iron (217 emu/g) [22]. The amorphous 
iron powder is also an active catalyst for the Fischer-Tropsch hydrogenation of CO and for hy
drogenolysis and dehydrogenation of saturated hydrocarbons. The amorphous iron catalyst is 
.... 150 times more reactive than commercially available crystalline iron. This increase in catalytic 
activity is attributed to its larger surface area (=120 m2/g) compared to crystalline iron 
(0.8 m2/g) [23]. 

61 



References 

1. Risch, S. J.; Reineceius, G. A. Flavor Encapsulation, ACS Series: Washington, 1988. 

2. Langer, R. Science 1990, 249, 1527. 

3. Rosoff, M. Controlled Release of Drugs, VCH Publishers: New York, 1989. 

4. Suslick, K. S.; Grinstaff, M. W. J. Am. Chem. Soc. 1990, 112, 7807. 

5. Grinstaff, M. W.; Suslick, K. S. Polym. Prep. 1990, 32, 255. 

6. Chen, Y.; Willmott, N.; Anderson, J. A.; Florence, A. T. J. Pho.rm. Pha.rmacal. 
1987,39, 978. 

7. Yan, C.; Kitano, H.; Ise, N. Biotechnology and Applied Biochemistry 1988, 10, 13. 

8. Suslick, K. S.; Grinstaff, M. W.; Lucarelli, M., "Proteinaceous Microspheres as a 
Drug Delivery System," in preparation. 

9. Swartz, H. M.; Suslick, K. S.; Liu; K.; Eckburg, J. J.; Chato, J.C.; Grinstaff, M. 
W., "Protein Encapsulated ESR Spin Probes: in vivo Temperature Detennination," in 
preparation. 

10. Zweier, J. L.; Kuppusamy, P. Proc. Natl. Acad. Sci. 1988, 85, 5103. 

11. Swartz, H. M.; Boyer, S.; Gast, P.; Glockner, J. F.; Hu, H.; Liu, K. J.; Moussavi, 
M.; Norby, S. W.; Vahidi, N.; Walczak, T.; Wu, M.; Clarkson, R. B. Magn. Reson. 
Med. 1991, 20, 333. 

12. Swartz, H. M.; Suslick, K. S.; Liu, K .; Grinstaff, M. S., "Protein Encapsulated ESR 
Spin Probes: in vivo Oxygen Determination," in preparation. 

13. Kerber, R. E., Ed., Echocardiography in Coronary Artery Disease, Future: New York, 
1988. 

14. Shapiro, J. R.; Reisner, S. A. Lichtenberg, G. S.; Meltzer, RS. J. Am. Coll. Cardial. 
1990, 7, 1603. 

15. Feinstein, S. B. U.S. Patent 805975 1988. 

16. Keller, M. W.; Feinstein, S. G. in Echocardiography in Coronary Artery Disease, 
Kerber, R. E., Ed., Future: New York, 1988. 

17. Grinstaff, M. W.; Suslick, K. S. Proc. Natl. Acad. Sci. 1991, 88, 7708. 

18. Suslick, K. S., Choe, S. B.; Cichowlas, A. A.; Grinstaff, M. W. Nature 1991, 353, 
494. 

19. Suslick, K. S.; Choe, S. B.; Cichowlas, A. A.; Grinstaff, M. W. U.S. Patent 
Application, 25 Sept 1991. 

20. Grinstaff, M. W.; Cichowlas, A. A.; Choe, S. B.; Suslick, K. S., "Effect of 
Cavitation Conditions on Amorphous Metal Synthesis," Ultrasonics 1991, in press. 

62 



21. Suslick, K. S.; Flint, E. B.; Grinstaff, M. W.; Kemper, K. A., "Sonoluminescence 
from Metal Carbonyls," J. Am. Chem. Soc., submitted 

22. Salamon, M. B.; Suslick, K. S.; Cichowlas, A. A.; Grinstaff, M. W., "Magnetic 
Properties of Amorphous Iron," to be submitted. 

23. Suslick, K. S.; Chichowlas, A. A.; Grinstaff, M. W., "The Catalytic Activity of 
Amorphous Iron," to be submitted. 

63 


	1991-1992 63
	1991-1992 64
	1991-1992 65
	1991-1992 66

