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Protein microspheres have a wide range of biomedical applica-
tions, including their use as echo contrast agents for sonogfaphy,
magnetic resonance-imaging contrast enhancefnéand oxygen
and drug delivery:® In the late 1960s, a modified polymerization
method for the preparation of proteinaceous microspheres was
developed by Rhodes, Scheffel, Wagner, Zolle, and co-workérs. 0 500 1000 1500 2000 2500 3000 3500 4000 450
The microsphere formation was accomplished by a modified Size (nm)
emulsion polymerization method, using either heat denaturation at Figure 1. Particle distribution of an aqueous suspension of TTCL-loaded
various temperatures, or by a cross linking agent such as g|uter_bovine serum albumin microspheres, determined with Coulter particle
aldehyde. However, this method yielded microspheres with a short a”al?’zer (N,4 plus). ) ) )
storage life, low stability, and high toxicity. achieved in a one-step process starting with the native BSA and

A sonochemical method has been developed by Suslick and co-11CL- The product was analyzed and characterized by SEM and
workers for the synthesis of nonaqueous liquid-filled microcapsules PLS measurements. The amount of TTCL loaded in the micro-
and air-filled microbubbles. Suslick has shown that micrometer- SPheres was also determined. _
sized gas- or liquid-filled proteinaceous microspheres can be pro- 1 1CL loaded in BSA microspheres was pgeparec_i using the
duced from various kinds of proteins such as bovine serum albumin Sonochemical metho#. Mesitylene (20 mL, 97% Aldrich) was
(BSA) %12 human serum albumin (HAS},and hemoglobin (HBY: layered over 30 mL of a 5% w/v aqueous BSA (albumin, bovine

The mechanism for the preparation of proteinaceous microspheredraction v, Sigma) solution. (The details are presented in the
using the sonochemical method has been discussed previusly. SUPPorting Information section.) A separation flask was used to
According to this mechanism, the microspheres are formed by separate_ the pro_du_ct from the_mother solution. The separathn was
chemically cross-linking cysteine residues of the protein with an accomplished within a few minutes, due to the lower density of
HO; radical formed around a micrometer-sized gas bubble or a the microspheres as compared to water. We waited 24 h to ensure
nonaqueous droplet. The chemical cross-linking is responsible for & COMplete phase separation. We have repeated the preparation of
the formation of the microspheres and is a direct result of the | 1CL-loaded microspheres by using a different concentration of
chemical effects of ultrasound radiation on an aqueous medium. te drug in the precursor solution. The amount of TTCL loaded in
Recently, we have demonstrated that this mechanism is not general1® microspheres was det,erml_ned by subtracting the amount of the
and cannot be applied to streptavidin, since the latter does notdrug in the microspheres’ residue phase (the lower phase in the
contain cysteine residues in its structifdroteinaceous micro- ~ Separation flask) from its total amount in the precursor solution.
spheres are excellent drug delivery vehicles, especially albumin 1h€ Sonochemistry did not destroy the TTCL as ewdencid by the
microspheres. Albumin is an attractive macromolecular carrier and VerYy Small changes in the TTCL concentration (less than 5%) which
widely used to prepare microspheres due to its availability in pure ©CCur during sonication in the absence of BSA. No residues of
form and its biodegradability, nontoxicity, and nonimmmunoge- ! 1CL were found in the excess mesitylene (the upper phase). The
nicity.17 A number of studies have shown that albumin accumulates @mount of TTCL loaded was assayed using a Cary 100 spectro-
in solid tumord®1® making it a potential macromolecular carrier photometer at 350 nm, and the actual values were calculated using
for the site-directed delivery of antitumor drugs. In the current work & calibration graph. The concentration of TTCL was computed in
BSA microspheres were used as an antibiotics carrier. The antibiotic Water as grams in 30 chof liquid solution. o )
used for the encapsulation was tetracycline (TTCL). TTCL antibiot- _ Si2€ determination was conducted by dynamic light scattering
ics have a broad spectrum of activity, are relatively safe, can be (PLS) measurements, employing a Coulter particle analyzer instru-
used by many routes of administration, and are widely used. TTCLs Ment (N4 plus). The size of the microspheres was measured at a
bind reversibly to the small subunits of bacterial (and eukaryotic) 90 scattering angle and at 2C. The computations were based
ribosomes where they interfere with binding of charged-tRNA to ©" taking viscosity anql refractive index values of 1.002 centipoises
the “Acceptor” site. Various methods of delivery systems for the and 1.33299, respectively. _ )
controlled release of TTCL have been investigated before. Poly The sensitivities of the tested bacterial strains to TTCL were
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(L-lactide) fibers® poly (L-lactide) barrier membrarfé, PLGA determined by the agar diffusion technique on nutrient_ agar pﬂé_ltes.

films,22 and Bioerodible Hydrogat were used for this purpose. Two reference strain§taphylococcus aureamdEscherichia coli,

Chitosan microspher&sand poly pL-lactide-co-glycolide) micro- were employed in these tests. _

sphere® have also been investigated. The distribution of the sizes is determined by the DLS measure-
In the current work, we have loaded TTCL molecules inside BSA ments and is presented in Figure 1. This figure shows that there is a

microspheres using the sonochemical metHot This was wide distribution of particle sizes ranging between 400 and 2800 nm,

falling more sharply between 3000 and 4000 nm. The average dia-
* Department of Chemistry. meter is 2.5:m. This size distribution is almost identical to that for
¥ Faculty of Life Sciences. microspheres which were prepared without the addition of TTCL.
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Figure 2. The amount of TTCL (in percent) that was encapsulated in BSA
microspheres
The TTCL loading studies showed that the maximum TTCL o ;
loading capacity was found to be 65%. The percentage of the loaded/7guré 3. Zones of inhibition ofS. aureus(A) and E. coli (B) on agar
drug in the BSA microspheres increased with the increase in the plates as a result of: (1) Tc freed from micospheres, (2) Tc trapped in

. . L . . microspheres, (3) fresh Tc, (4) Tc.
concentration of the TTCL in the original solution (Figure 2). How- and 20ul of each of the tested samples was but on the seeded
ever, this behavior changed when the concentration of TTCL # P pu

reached 3.6< 1073 M. At this concentration saturation is obtained plates. Microspheres loaded with TTCL have shown an inhibition

and the percentage of the drug in the microsphere does not groWzone around both bacteria of 30 mm. This inhibition zone was

with an increase of its concentration in the precursor solution, The almost equal to the inhibition zones obtained by the TTCL that

increase in the amount of TTCL that was loaded in the microsphereswas freed from the microspheres by increasing the temperature or

can be explained by understanding the sonochemical method. Thethe zone of freshly prepared TTCL at the same concentration (30

microspheres are formed by chemically cross-linking cysteine KQ). A TTC.:L d.ls.k tha.t conta!n also 30g of the an.tlbl.Ot.'(? and
residues of the protein with an HQadical formed around a was used in clinical diagnostic, showed the same inhibition zone.

micrometer-sized gas bubble or a nonaqueous droplet. The TTCLIt seems tha.lt thg TTCL trapped W'.th'n the microsphere and released
. ) . . to the medium is equally as active as the TTCL freed from the
was not very soluble in the mesitylene solution; however, it was . . )
. ; . . microspheres by heating. Both sonochemically treated TTCLs are
found that TTCL partially dissolves in mesitylene after the sono- active as antimicrobial agents to the same degree as TTCL, which
chemical reaction. These results were found when applying the 9 9 '

sonochemical reaction to a liquid solution which does not contain was not spnochem@ally, tr_eateq . . .
. - . . Supporting Information Available: Experimental details (PDF). This
BSA. In this experiment, TTCL was found in the excess mesitylene. e ) . )
. . S . material is available free of charge via the Internet at http://pubs.acs.org.
(The minimum ratio of TTCL concentration in the residue aqueous
phase to the concentration in the excess mesitylene phase was 22:13 otarences
The droplet of the solution trapped upon the collapse of the bubble (1) Keller, M. W.; Feinstein, S. B. liEchocardiography in Coronary Artery

encapsulates the mesitylene and the TTCL molecules. The higher Eiiﬁeise‘;(?rgﬁﬁgéflfi’,\Ed'\}vF.UtJui;?] gpu?'-csoﬁ:slii\g}(' K&SC% .Nngggk:,_,lg,\?s‘
the TTCL concentration in the solution, the higher is the amount of Wang, W.Biophys J. 1994 67, 896. P R

TTCL loaded in the microspheres, until it reaches a maximum, ~(3) Eckburg, J J&g{‘ggg i]iac'l;gLei,u' K. J; Grinstaff, M. W.; Swanz, H. M.
However, since the solubility of TTCL in mesitylene is limited, (4) Webb, A. G.; Wong, M.; Kolbeck, K. J.; Magin, R. L.: Wilmes, L. J.;

i i i ic limit i . i Suslick, K. S.J. Magn. Reson. Imaging996 6, 675.
saturation is obtal.ned when this limit is reached The saturation (5) Wong. M.. Susiick K. SSymp. Proa1995 372 89
reached at a certain percentage of entrapped TTCL is due to mole- (6) Desai, N. P.; Soon-Shiong, P.; Grinstaff, M. W.; Yao, Z.; Sandford, P.

cules of TTCL leaving the microspheres via the walls, and the equi- A.; Suslick, K. S.Proc. Soc. Biomater1994 20, 112.
libri that is attained betw: | . d entering th | | (7) Wagner, H. N.; Sabistan, D. C.; Maa’ffe, J. G.; Tow, D. E.; Stern, H. S.
1orium that Is attaine etween leaving and entering the molecules. N. Engl. Med.1964 271, 377.

The following steps were carried out to find whether the meas-  (8) '\SﬂcféeflfglizUi:gRrgges, B. A; Natarajan, T. K.; Wagner, H.JNNucl.
. . ed. , .
ured amount of tetracycline is due to molecules adsorbed on the () Rhodes, B. A.; Croft, B. YBasics of Radiopharmag. V. Mosby: St.
outer surface of the sphere or due to the TTCL molecules encap- 10 LSouuls_,klvlclz, é&ﬂg._ {aff, M. WO, Am. Chem. Sod99 112 7807
P . ; . . . uslick, K. S.; Grinstaff, M. . Am. em. So .

sulated inside the mlcrosphe_res_. The first e_xperlment ivolved heating (11) Grinstaff, M. W.. Suslick, K. SPolym. Prepr.1991 32, 255.
(50°C) the as-prepared solutioninaseparation flaskfor5h. TTCLthat (12) Grinstlaff, M. W.; Kolbeck, K. A.; Magin, R. Ld; S(ijslick, K.S.; Wﬁbb,
: : ; : A.; Wilmes, L. J.; Wong, M.; Desai, N. P.; Sandford, P. A.; Soon-Shiong,
is adsorbed on the surface of the mlc_:rospheres is know to dl_ssolve P Proc. Soc. Biomateri994 20, 113.
in hot water. After a complete separation the amount of TTCL inthe  (13) Suslick, K. S.; Grinstaff, M. WProc. Natl. Acad. Sci. U.S.A991, 88, 7708.

; i_(14) Wong, M.; Suslick, K. SMater. Res. Soc. Symp. Prd995 372 89.
residue phase (water) was measured. The average of a few e_xperl (15) Suslick, K. S.. Grinstaff, K. J.: Kobeck. K. 3 Wang, Mitrason.
ments yielded 4% of TTCL adsorbed on the surface of the micro- Sonochem1994 1, S56.

i i i (16) Avivi (Levi), S.; Gedanken, ABiochem. J2002 366, 705.
spheres. The second experiment Was. carried out by measuring the(17) Kratz, F.; Fichtner, I.; Beyer, U.; Schumacher, P.; Roth, T.; Fiebig, H.
absorbance of a sample of TTCL microspheres before and after H.; Unger, C.Eur. J. Cancerl997, 33, S175.
washing with ethyl acetate/diethyl ether (628 he results yielded (18) Matsumura, Y.; Maeda, HCancer Res1986 46, 6387-6392.

N . 19) Takakura, Y.;Fuijita, T.;Hashida, M.; SezakiRtarm. Res199Q 7, 339-346.
avalue of 1-3% of TTCL adsorbed on the microsphere surface. The dif- 220)) Lee, J. Y.: paer, Y.3: Shin. S. Y.: LeeF’IhC. P.C. SB-[%mater_ Res.

ferences between the results of these two experiments can be ex- 1998 2, 153-157.
. . . . . (21) Park, Y. J.; Lee, Y. M,; Park, S. N.; Lee, J. Y,; Ku, Y.; Chung, C. P,;
plained by assuming that even during a gentle heating (the first ex- Lee, S. JJ. Biomed. Mater. Re2000 51, 391—397.

periment) some microspheres can be destroyed. Nevertheless, thesé22) Webber, W. L.; Lago, F.; Thanos, C.; Mathiowitz. E.Biomed. Mater.

- . Res 1998 41, 18-29.
result_s indicate that most of the TTCL molecules are found inside (23) Chong-Su, C.; Jeong-Hun, H.; Sung-Ho Kim: Su-Yeon Han; Joong-Kuen
the microspheres and only a very small amount on the surface. The 24) réwgn;qorlcﬂg-Kuel SUR?.J. /Js\plglh Polygg)bgczuégagg?eoéjel.
. . . . adi, H.; Mansoor, Alnt. J. arm. —94.

high c_apacr[y of the mlcrOSphere_S' which were prOd"_JC_ed_ by the sono- (25) Bittner, B.; Maler, K.; Kroll, C.; Borchert, H.-H.; Kissel, T1. Controlled
chemical method, can be used in the future for antibiotic treatment. Releasel999 59, 23-32.

The antimicrobial activity of the TTCL loaded in BSA micro- (26 ggﬁgﬁﬁéﬁigé;l(i”gsstgﬁ’ M. W.; Kolbeck, K. J.; Wang, Miltrason.
spheres was tested on two bacterial strains that are sensitive to (27) Bauer, A. M.; Kirby, W. M. M.; Sherris, J. C.; Turck, Msm. J. Clin.

; ; i} Pathol. 1966 45, 493.
TTC_:I_‘ (See Flgure 3)' One stralli.' aureusrepresents the Gram (28) Bartzatt, R.; Koziol, K.; Benish, T.; StoddardBiotechnol. Appl. Biochem.
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