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@ Intravascularly-administrable, magnetically-localizable biodegradsble carrier and procass for its preparation.

@ The intravascularly-administrable, magnstically-
localizable biodegradable carrier comprises microspheres (A)
formed from an amino acid polymer matrix {C) with magnatic
particles (P) embedded therein. The microspherss can be
used for intra-arterial administration and capillary level local-
ization and/ or release of therapeutic and diagnostic agents,
thereby obtaining much more precisa targeting of the’agents
than has heretofore been possible.

Also a process is provided for incorparating water- A
soluble. therapeutic agents in albumin microspheres. This
process is particularly advantageous where the therapeutic
agent is heatsensitive. All steps of the process can be carried <
out at relatively low temperatures, such as ambient room
temperatura. The process may be applied to the preparation
of the above mentioned intravascularly-administrable,
magnetically-responsive microspheres. P

FIG. 1
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INTRAVASCULARLY-ADMINISTRABLE, MAGNETICALLY-LOCALIZABLE
BIODEGRADABLE CARRIER AND PROCESS FOR ITS PREPARATION

Specific delivery of chemotherapeutic agents to desired

target sites with a minimum of systemic side effects constitutes

one of the ongoing challenges of dhemotherapy. Chemical ap-
proaches to such "targeting" depend on bioéhemical differences
between cells, but such differences are more quantitative than

qualitative. Thus the drugs administered have activity in areas

-
- ———

of the body where ‘activity is not desired. An alternative -to
chemically mediated targeting is the entrapment of a chemothera-

peutic agent in a carrier which can mechanically effect distri-

bution of the drug.

t

In 1974, Kramer proposed albumin'migrospheres as
veﬁicles for achieving specificity in'druq»delivery. J. Pharm.
Sci., 63, 1646-1647 (Oct. 1974). Mercaptopurine was dissolved
in the agueous albumin prior to conversion_ﬁo microspheres, and
this water-soluble drug was shown to be entrapped in the micro-
spheres. Kraﬁer'proposed'that sonication could be used to
produce smaller and more unifoifi size particles. XKramer did
suggest thaﬁ intravenous admigistration of the microspheres
might result in preferentiél uptake in such tissues as liver or
bone marrow due to non-specific phagocytosis with a possible
reduction in required total doses and thereby less systemic
side effects. This would still be far short of the desired
objective since only diseases of the reticulo-endothelial
syétem would be affected. iocal compartmentalization of water
soluble chemotherapgutic agents at desired target sites, if it
could be achieved, would permit administration of much lower

doses by largely eliminating systemic dilution of the drug. In

addition, many of the adverse side effects that are often 2§§
' 4
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result of systemic distribution could be eliminated. Unfor-
tunately’, prior to the present invention, no system of admin—“
istration has been provided which can effectively deliver
therapeutic agents intra&ascularly-to a selected site. Such a
system also has value for administration df diagnostic agents.
Freeman et al proposed in 1950 that magnetic iron

particles might be used as a means for transporting radiation

—

or some healing chemical to a particular spot in the. body, the

particles being magnetically directed. J. App. ths:; Supp.

10 Vol. 31, 404S-4055 (May 1960). It was proposed that the iron
particles could be alloyéd with the proper choice of radiocactive
element, or that they could be coated with an abso;beérlafer of
a therapeutic agent. Later Meyers et al suggested the use of

carbonyl iron particles as vehicles for site specific delivery

of chemotheraéeutic agents. Amer. J. Rdentg., 94, 1068~1077
(Nov.71963).l Magnétic iron particles of 1 ;o 3 microns in
diameter were shown to be ;ocalized in the vessels or gastro-
intestinal tract of dogs with a magnetic field of approximately
5,000 gauss. It appeared that some of the particles had been
20 pulled through the artery into the tissues by the magnetié
field. However, the surface properties of magnetic particles,
such as carbonyl iron, lead to irreversible intravascular
clumping upon exposure to a magnetic field unless they are
caated with electronegative polymer such as albumin. Nakamura

et al; J. App. Phys., 42, 1320-1324 (1971). Alksne et al,

Surgery, 60, 212 (1966) employed carbonyl iron microspheres to
occlude intracranial aneurysms in both animals and humans,
thereby utilizing the "clumping" phenomenon for a therapeutic
purpose. In 1973, Mosso et al reported an improved method for

30 clumpiné particles by the use of ferromagnetic silicon which
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they used for selective vascular occlusion and subsequent

necrosis of tumors in humans Ann. Surg., 178:5, 663 (1973).

The prior art does not provide a solution to the problem of how
accurate magnetic direction of intravascularly administered
magnetic particles can be obtained, nor to the'edually difficult
problem of how sufficient loading of the chemotherapeutic agent
per particle can be obtained. | |
Micfocapsules containing magnetic particles Z;e .
disclosed in United States pé%ent 2,971,916. Microcapsules of
3 to 150 microns in diameter are formed by coaéervation, the
capsules having walls of hardened organic colloid material
enclosing an oily liquid cont;ining a dispersion of magnetic
powder. No medical appiication is suggestedf'the capsules
being indicated as useful for-imprinting of data on record
sheets. . . |
In 1970, Zolle et al reported the preparation of
metabolizable radiocactive hﬁman serum albumin microsphereé.

Int. J. Appl. Radiat., 21, 155-167 (1970). The micrdspheres

were prepared by dispersing dfoplets of a 25% solution of
albumin in heated cottonseed 0il with continuous stirring.
Solidified microspheres were obtained after heating for 75
minutes at temperatures from llé to L655C. The microspheres
were separated from thé 0il by centrifugation, washed free of
0il with diethyl ether and dried in air. A similar procedurg
is described in Zolle United States Patent 3,937,668 for inéor-
porating precipitated drugs and other substances in albumin
microspheres. .According to the Zolle patent, it is necessary

to heat the o0il in which the microspheres are formed to a

temperature above 100°C to evaporate water and to form the

9,
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spheric albumin:particles having the precipitate encapsulated
thefein. Scheffel et al prepared albumin microspheres for
study of the reticuloendotﬁelial system using a modification of
the Zolle procedure. Aqueocus albumin Qas homogenized at room
temperature with a small quantity of the oil, and the resulting
emulsion was dispersed in a body of oii heated to 175-185°C
with continuous stirring. bn cooling, diethyl ether was added,
the microcapsules récovered'by centrifugation, washed with

diethyl ether, and dried. Scheffel et al J. Nucl. Med., 13,

498-503 (1972).

' Hardening of such microcapsules by techniqhes other
than denaturation of the protein are known,.and inclgde pér-
ticularly treatment of the microcapsules with aqueous formal--

dehyde as a hardening agent. See Madan et al, J. Pharm. Sci.,

65, 1476 (Oct. 1976), and United étates @atents 2,800,457 and

The infravascuiarly—administrable,.magnetically-
localizable bibdegradablevcarrier of the present invention
comprises micfdspheres fofmed from an amino acid polymer matrix,
with magnetic particles embedded therein. For example, albumin
can be used as.the matrix material and magnetite (Fe304) as

the magnetic particles. The microspheres have a number average size
of less than 1.5 microns and the magnetic particles have an '
avééage size of not over l,OdO Angstioms. The microspheres may
contain from 5 to 350 parts by weight of the magnetic particles

per 100 parts of the amino acid polymer. The therapeutic or

. diagnostic agent, which may be a water-soluble chemotherapeutic

agent, is dissolved or dispersed in the matrix material during

the formation of the microspheres.

X-5005
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For effective magnetic control, the microspheres will
be introduced into an artery upstream of the capillary bed
where they are to be localized, the selected capiilary bed
being associated with the targét site. It iértherefore of
critical importance that the microspheres have a degree of
magnetic responsiveness which permit them to'pass through the
arteries without signiﬁicant héldup under the applied magnetic
field while being immobilized and retaiﬁed in the ggpillarigs.
The ﬁresent invention achieves this objective by utilizing the
difference in flow rates of the blood in the larger arteries
and in the capilla:ies. In addition, the albumin surface
prevents clump formation,'thus alIcwing relativglyrnormal Blogd
perfusion at the area of retention. Prior ;6 the present
invention it had not been recognized or demonstrated that such
discrimination;iﬁ magnetic responsiveneés could be obtained.

With respect to.the circulatory system, mean flow
velocity may be,definéd as the volume of blood flow through an
artery, capillary, or vein divided by the cross-sectional area
of the vessel. 1In large arteries, the velocity is of the order

) of 30 cm/sec, while in smaller arteries it may rahge from about
10 to 20 cm/sec. In veins, the flow velocity is of the order
of 15 cm/sec. In contrast to the flow rates in veins and
arteries, the blood flow rate in capillaries is of the order of
0.05 cm/sec. By means of a standardized test apparatus (diif
cussed hereinéfter), it was demonst;ated that with an ofdinéry
permanent bipolar magnet producing a field of 8,000 gauss the
difference in arterial and capillary flow rates could be used -~
to achieve carrier retention at the desired flow of 0.05 cm/sec

while permitting passage at higher flow rates. This permits
30 ' | @
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 the.magnetic' field to be applied at the time of the intra-

arterial administration, assuring that the microspheres will be
caught in the target capillary bed without at the same time
immobilizing any sﬁbstantial.amount of thé administered micro-~-
spheres in the larger arteries. The'miérospheres carrying the
therapeutic or diagnostic agent will thétefore pass rapidly
through the artery into which . they are administére& tdrthe?F
target capillary bed where they will be caught and;rétained,
thereby effectively concentrating the agent at théﬁfarget site.
While being retained in the capillary bed, if desired, the
applied magnetic field can be increased in stréngth, causing
the microspheres of 0.5-1.5 microns to be drawn through-the
capillary walls into the tissue, and therebyhretained at the
target-site after the magnetic field ié.removed. Alternatively,
the applied magnetic field can hold the microcapsules a£ the
capillary site until proteolytic enzyme a;tion dissolves the
amino acid polymer sufficienﬁly to release the therapeutic or
diagnostic agent. Further, the release rate can readily be
controlled by hardening techniques to be described below.

With microspheres prepared in accordance with the
present'invention, at least 90% of the microspheres will be
immobilizea by a magnetic induction of 8,000 gaﬁss when an
agueous suspension of the microsphéres is pumped at a rate of
0.05 cm/sec. through a conduit of 0.168 cm internal diameter,
but not o&er 10% of the microspheres will be immobilized by the
same magnetic induction Qhen pumpéd through the conduit at a
flow rate of 10 cm/sec. or greater. The details with :;spect
to this standardized test procedure aie set qut subsegquently.

The microspheres may.contain the magnetic particles

uniformly distributed throughout the matrix material. However,

X-5005
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it has been discovered in connection with the present invention
that greater magnetic responsiveness is obtained when the
magnetic particles are concentrated in the peripheral portions
of the microsphefes. Such microspheres are therefore preferred
though microspheres with distributed iron are not excluded.

The same size microspheres can thereby contain less of the
magnetic particles and relatively more of the matrix material,
which is the carrier for the therapeutic or diagnostié,agent. -
In effect, therefore, the microspheres can be more highly
loaded with the active agent.

In the accoméanyinq drawings, FIG. 1 is an electron
photomicrograph of the preferred form of the carrier in which
the magnetic particles are concentrated in tﬂe peripheral
portions of the ﬁicrospheres;

FIG. 2,is an illustration of a test apparatus which
can be used to test the magnetic responsi%eness of the micro-
spheres; and

| FIG. 3 is a fragmentary enlarged view of a portion of
the apparatué of FIG. 2 wherein the microspheres are subject to
a standardized magnetic field. :

The matrix material for forming the microspheres is
an amino acid polymer. Such polymers are biodegradable by
proteolytic enzyme action. Usable amino acid polymers include
natural amino acids (proteins) and synthetic amino acid polymers.
The preferred polymer is aibumin, which may be animal or human
albumin, but is preferably human serum albumin (HSA). Other
watrer-soluble proteins such as hemogiobin can be substituted
for albumin, the preference being for human hemoglobin. The

albumin matrix material may be modified by using it in combi-

nation with a minor proportion of other biodegradable aminoégg
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acid polymers. For example, from 0 to 25 parts by weighf (dry
basis) of heﬁoglobin'(preferably human hemoglobin) or a synthetic
amino acid polymer can be combined with 75-100 parts of albumin.
Usable synthetic amino acid polymers include poly-L-lysine and
poly-L-glutamic acid. For example, a poly-L-lysine or éoly—L-
glutamic acid in the molegular weight range of 20,000-50,000
can be used alone or in combinatiog with another polymer such
as alﬁumin. Howeverfﬁéince human éerum albumin is a nearly
ideal material'for the purpose of the present invenEioﬁ, there
is no necessity to use other comparable amino acid polymers.

At the same time, howevef,rsuch amino acid polymers are within

% 3
the scope of this invention. . .

The magnetic particles include fer;i- and ferro-
magnetic compounds, such as magnetic iron oxides. The pre-
ferred magnetic particles are the black oxiae of iron, magnetite
(Fe304). Carbéﬁyl irpn of appropriate si;e can be used instead
of the Fe304. '

It is essential that the magnetic particles be in an
ultra-fine state of subdivision. The magnetic particles shoﬁld
have an average size of not over 1,000 Angstroms, and preferably
not over 300 Angstroms. The optimum size range for use in
microcapsules of less than 1.5 microns avefage diameter {(prefer-
ably lgss than 1.2 microns) is from about 50 to 250 Angstroms.

} Techniques are known for producing such extremely
small size magnetic particles. These include fine grinding,
vacuum deposition, and chemical precipitation. Fine grinding
in a ball mill can be used to produce a colloidal suspension of
magnetic particles. (Commercially, fiﬁe powders or suspensions

of Fe304 are available from Ferrofluidics Corporation, Burlington,
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‘Méssachuset;s.) .The size range of the particles is from 100 to

200 Angstroms; Agqueous base suspensions of the Fej0, particies
with or without a surfactant can be ﬁsed, but it is preferred
to employ surfactanﬁ-free magnetic particles, such as Fe;0, in
a dispersed homogeneous suspension or in a dry powder form.

The carrier of this invention can be used for admin-
istering a wide variety of thérapéutic br'diagﬁostic agents.
The agent may be incorporatedjin thé'aﬁino acid polymer-as a
powder, or if Qater-soluble,'in the form of a water soIhtion.'
The carrier of this inventioﬁ is believed to be of particular
value for‘administering water-soluble chemotherapeutic agents,
such as.aﬁti-cancer agents whbse use is now limitéd because of
adversé side effects. Heat-labile therapeuticvégents'can bé
usedrsuch as natural producﬁs since tbe_ﬁicrocapsules Ean be
prepared at temperatures where #he thgrapeutic agent is stable.

In praéﬁicing the preseﬁijinvenﬁién, from 5 to 150
parts by weight of the magnétic particles can be employed per

100 parts of the amino acid poiymer. This will result in

'microépheres containing corresponding proportions of the -

matrix material and magnetic bgrticles. xhe preierred'amoﬁnt

of magnétiq material is from 10 to 150 parts by weight per

100 parts of ihe ﬁmino acid polymer. The amount of the thera-
peutic oi diagnostic agent can vary over a wide range, depending
on the purpose for which the microspheres are to be used.
However, in general, for water—solublé chemotherapeutic agé;ts,
from 1 to 20 parts by weight of the agent can be incorporated
per 100 parts by weight of the matrix material. Tt will be
understood, however, thét the relative proportions of the
therapeutic or diagnostic agent to the matrix material afq not

9

critical.
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In preparing the microspheres, an agueocus solution ot
dispersion of the matrix material ;s prepated, which can be
formed into microsphéres. The amount of matrin material to be
used will usually be within the ranga from 5 to 50 parts by
weight of the matrix material per 100 patts of water. With
albumin and similar matrix materials oreférréd proportions are
from 20 to 30 parts per 100 parts of water. Where a water-
soluble therapeuticragent is baing incorporated, it.ﬁay be
dissolved in thé water.of the matrix material solution, either
before or after preparing the matrix solution.

The aqueous solution-of the mattix materia} containing
tne therapeutic or dlagnostlc agent, elther dlssolved or in
particulate form, is emulsified with an oil, whlch is prefer—'
ably a vegetable o0il, such as cottonseed o0il, peanut oil, or |
the like. Other 01ksor sultable non—polar solvents for forming
water-in-oil emulszons can be used. The aoueous,phase at the
time of addition of the oil will also contain the magnetic
particles, which wére'previously added to the aqueous solution
of the matrix material and disperséd therein. The proportions
of the aqueousrphase to the oil phase can convaniently'range
from about 1 to 5 parts by Qeight of the agueous phase per 100
parts of the oil phase. This provides separation of the oil
droplets, and prevents coalescence of the droplets in forming
the microspheres. The water-in—oil'emulsion is then treated
toiraduce the size of the dispersed droplets such as to an
average size of below 3.0 microns.-'Proceduresvsuch‘as homo-
genization, or sonication, or both can be used. The resulting
emnlsion should be'as-homogeneous as poaaible. Where the

microspheres are being prepared for intravascular adminis-

tration, the completed emulsion should contain dispersed water

. X=5005
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" droplets of an average size of less than 1.5 microns and prefer-

ably of an average size of less than 1.2 microns, corresponding

" to the desired size of the microspheres. If desired, an emul-

sifying agent may be used, buf one is not needed and preferably
is not used. ‘ '

In one procedure, the emulsion is then added to a
larger body of oil, which is preférably the same oil used to
forﬁ-the emulsion5 In practice, cottonseed oil has been found
to give gpod results. To promote the separation of the wéte;’
droplets, the emulsion can be addéd ;h small.increments to the
oil bath, such as by‘dropwise addition. Preferably, aléo, the
addition is aécompanied by rapid stirring of the oil into which
the emulsion is being introduced. )

Altefnativgly, the aqueOQS»albumin may be emulsified
with the whole body,of o0il, such-as by gradgalror incremental
addition of the oil to the albumin solution, using the droplet
disperéion procedures referred to above.

Where the therapeuéic or diagnostic agent contained
in the emulsion is not heat senéitive, the o0il bath into which
the emulsion is introduced can b§ heated to a temperature at
which the matrix material, such as albumin, is partially de-
natured and hardened. For maximum hardeﬁing, températﬁres in
excess of 100T can be used, such as temperatures ranging from
about 125 to 175°C. A lesser degree of haraening and denatur-
ation can be obtained at ﬁemperatu:es within the range from Sal
to 100°C. Where heat-hardening is employed, no chemical treat-
ment is needed to harden the miciospheres. |

For incorporation of water-soluble heat-labile chemo-

" therapeutic agents in the microspheres, it has been found that

i0 the process can be carried out at essentially room temperatugﬁb

£-5005
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The body of:oilAinto which the emulsion is introduced can be

. maintained at a temperature at which there is no inactivation

"of the chemotherapeutic agent, such as a temperature in the

range of 1 to 45°C. ﬁsuélly, it will not be necessary to
either heat or cool the body of oil, uéing an essentially
ambient temperature, such as a temperature ranging from about
20 to 30°C. ' |

It has been found that although there is no heat-

denaturation of the matrix material, such as albumin, the

microspheres after introduction into the oil bath will maintain
morphology aﬁdfintegrity as separate microspheres in a non-
water miséible organic solvent,'suqh_as diethyl e;her, ligroin,
benzene, hexane, petroleum ether, and the like. The oil may be
removed byrwashing ﬁith the organic solyent, such as diethyi
ether, énd thé miérospheres suspended in the organic solvent

for further processing. The organic solvent can be removed by

centrifugation and/or evaporation, and the resulting micro-

‘capsules dried, preferably by lyophilization. The resulting

product hés a relatively rapid drug release rate in water or
serum, but the lyophilizé&ihicrospheres if not subjected to
proteolytic'enzyme action will continue to retain and release a
water soluble agent over periods up to 48 hours.

Where a slower release rate is de51red, and partlcu-
Iarly where greater resistance to proteolytic enzyme degradation
is needed, the microsphéres after being fcrméd and before
drying can be treated with a cross-linking agent to indrease
their stability and decrease the drug release rate ffog the

microspheres. Hardening of amino acid materials such as albumin

“can be accomplished, as is known in the art, by treatment with

X-5005
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a glyoxal or aldehyde. Specific reagents include dimethyl
glyoxal, leoﬁal;‘diphenyl glyoxal, formaldehyde, 2,3-butane-
dione, and similar aldehydes. The glyoxal or aldehyde is
preferably soluble in the organic solvent used to wash the
microcapsules free of oil. For example,.the organic solvent
can contain a concentration of 0.2% to 20% by weight of the
cross-linking agent, and may be contacted with the microspheres
after or during_ the removal of the oil for from 5 to 120 min-
utes, depending on the degree of cross-~linking desired:. In
general, ihe greater the amount of cross-linking,.thé slower

will be the release rate for the waterasoluble~chémotherapeutic

ageﬁt{ +
After'completion of the cross~linking step, the
microspheres can be washed free of eﬁcess cross-linking agent
with a suitable organic solvent, as descfibed above, such as
diethyl ether,'therresidual solvent evapéfated, and the micro-
spheres’dried, such. as by lyophilization.

Formaldehyde is a particularly desirable cross-
linking agent, but is generally available commercially only as
a water solution, such solut;ons contain fromn4 to 37% by
welght formaldehyde togetﬁéf.ﬁith a sméil amount of methanol as
a stabilizer. Although formaldehyde is preferentially water
soluble, it can be transferred to an organic solvent, such as
the solvents described above, by adding a salt to the water
solution. Ammonium sulfate can be used for this purposéﬂat a
concentration in the agqueous formaldehyde of about 60 to 80% by
weight. The organic solvent containing the transferred formal-

dehyde can then be used for treating the microspheres to crgss-

g

link the matrix material. ' -

X-5005
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The process of the present invention can be used for

encapsulating any water-soluble therapeutic agent. As indi-

cated, however, one process is preferably applied to thera-

peutic agents which are heat—sensitivé,'and which would be

damaged by prolonged heating, particularly heating at temper-

atures above 100°C. With many of sﬁch'the#apeutic agents,

however, partial inactivation may occur at temperatures in the

range of 50 to 100°C, and at those temperatures, at least

partial denaturation of the albumin could be expected. There-

10 fore, the process of the preéent invention is preferably carried

out at a temperature in the range of 1 to 45°C, such as 20 to

30°C, or essentially ambient room temperature. The kinds of

therapeutic agents which may be encapsuléted include enzymes,

chemotherapeutic agents, immunological adjuvants, and wvarious

natural products. Such water-solub

agents include the following:

20

30
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Enzvmes

trypsinogen
chymotrypsinogen
plasminogen
streptokinase -
adenyl cyclase

Pl

le, heat-labile therapeutic

insulin
glucagon
coumarin
heparin
histamine

Chemotherapeutic Agents

tetracycline

aminoglycosides

penicillin group of
drugs, + cephalosporins

sulfonamide drugs

chloramphenicol sodium
succinate :

erythromycin

vancomycin

lincomycin

clindamycin

nystatin

amphotericin B

amantidine

idoxuridine

p-amino salycilic acid

isoniazid

rifampin

water-soluble alkylating
agents in Ca therapy

water-soluble antimetabolites

antinomycin D

mithramycin

- daunomycin, adriamycin

bleomycin

vinblastine
vincristine
L-asparaginase
procarbazine
imidazole carboxamide
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Immunological Adjuvants

concanavalin A
BCG
levamisocle

Natural'Products

prostaglandins, PGEl, PGE
cyclic nucleotides

TAF antagonists
water-soluble hormones.
lymphocyte inhibitors
lymphocyte stimulatory products.

2

As will be discussed in further detail and iiiué-
trated by the follawing examples, tﬁe.carfier microspheres
prepared in accordance with this'invéntibn are capable of being
immobilized at the rate of blood flow in capillaries while not
being retained in the arterie§ to which they. are introduced
under the éame magnetic field, the difference in magnetic
responsiveness or ;e£ention being due to the difference in
blood flow rates between arterial and capillary flow. For the
purposes of the present invénﬁion, at least 90% of the micro-
spheres should be immobilized by a magnetic induction of 8,000
gaués when an aqueous suspensioﬁ of the microspheres is pumped
at a rate of 0.05 cm/sec. thrduéh a conduit‘of 0.168 cm inter-
nal diameter. Howevé:, not ovefilO% of the-microspheres should
be immobilizea by the same magnetic induction when pumped
through the same conduit at a flow rate of 10 cm/sec. or greater.
Preferably, at least 90% of the microspheres are immobilized .by
the described procedure at a flow rate of 0.05 cm/sec. but not
over 5% of the microspherés are immobilized at the flow rate of
10 cm/sec. As will be describe&_and'further illustrated in the
examples; for test purposes the ﬁagnetic induction is applied
by a bipolar magnet with its poles equidistant from the center-

1ine of the tube through which the suspension is being pumped,

{=5005
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and the 8,000 gauss field is referenced to a plane interseqtiﬁ;
the tube at right angles to the direction of flow and exfending
for at least 10 cm in the direction of flow. |

For further détails, fgferéhce should be made to the
following non-limitive " examples.

Example I ‘
125 mg human serum albumin (Esa), 10 mg bulk purified

adriamycin HCl, and 36 mg Fe304 powder (200 -2 a§érage,particle
size) was placéd in a 50 ml beaker and dissolved an&»suspended
respecfively in 0.5 ml distilled water. - For experimental

purposes, the albumin may be trace labeled with 0.1 mg 1251-

boviﬁe-serum-albumin. The suspension was stirred wéll ﬁo
evenly.diéperse the Fe304 iﬁ the albumin—adriamycin solution;
bqt noVSﬁrfactant was employed to aid the dispersion. Next 30
ml.of cottonséed 0il was added to the su§pension forming a |
water-in-oil emulsion, which was then stirred well to disperse
the agueous phase into the oil.

The resultant emulsion was homogenized by sonication
(Branson Sonifier Model 185) at 100 watts for éne minute at
4°C. Next, the homogenate was added dropwise into 100 ml of
cottonseed oil a£ 25°¢C beiﬁg constantly stirred at 1800 RPM for
10 minutes to fuily disperse the emulsion.

) The oil was then removed by ﬁashing 4 times in 60 ml
diethyl ether anhydrous and centrifuged at 2000 x g for 30
minutes. After the foufth wash the oil fiee miprospheres were
then hardened by a fo:mal@ehyde.l% w/v solution in 100 ml ether
(8 mg ﬁicrospheres/ml ether-formaldehyde solution). T@e ether-
formaldehyde solution was prepared by Eransferring agqueous

formaldehyde to the ether phase by shaking a 1:5 (37% agueous

formaldehyde: ether) solution in the presence of saturating
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ammonium® sulfate. The amount of formaldehyde transferred at
this ratio was detgrmined in a separate study using tritium
labeled formaldehyde (1.5 mCi/l.5 mg) as a trace label in the
37% aqueous solution. The‘hardeningrwa5~accomplished by dis-
persing the washed microspheres in'éhe forﬁaldehyde/ether and
stirring at 100 RPM for the desired time (5 min to 2 hrs),
depending on the extent of hardening desired. After hardening
was terminated, the formaldehyde éross?linking reagent was
removed by centrifugation in ether,'four times. Any remaining
ether was allowed to evaporate and £he resultant materiéi Qas
further processed by lyophilization, and then stored at 4°c.

.The microcapsule prodﬁct contéiﬁedraéproximately by
weight 21% Fej0,, 73% albumin, énd,s%rédriaﬁ§cin. Examination
by immersion fixation-transmission elec;rbn_microscppy con-
firmed that the micrécapsu;eé were gehéraily spherical in shape
and of an average size of ébout 1 ﬁicrbn: The appearance of
the microcapsules is shownvin.Fig. 1 (frahsmission E.M. Mag. =
X28,000). |

—The iig;tion and é:ocessihé proéedures used for the
electron microscopy were as folléws:

| The microsphereé wefe placed in>parafofﬁaldehyde-

glutaraldehyde for 0-2 hrs. Théy Qere thén washed in caco-
dylate buffer, dehydrated ih a gradéd series of alcohols and
embedded in Epon 812.- Thih seqtions were stained with uranyl
acetate followed by lead citrate. Thick'sections were stained
with toluidine blue.

Refereing to Fig. 1; it will be noted that there are

a few aberrant microspheres (A) which are non-spherical.

- However, the general uniformity of the microspheres with -’

respect to both shape and size distribution is evident. Sigﬁ

-
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of the microspheres appear to contain relativély large vaéuoles

(V), but most appear to have substantially solid albumin ma-

_trices (C).

The magnetic iﬁon particles't?) of Fe,0, are conceﬁ-
trated in the peripheral portions of thé ﬁidrospheres. No |
particle-dispersing surfactant was usednin preparing these
microcapsules. When the_Fe'304 is incorporated in the micro-
capsuies in the form of an agqueous suséension cqézéining the
surfactant, the mégnetic particles tend to disperse’ihrouéhouﬁ

the microcapsules relatively uniformly.

Example II

- ‘ ”
The procedure for preparing the microspheres was

identical to that of Example I except thaﬁ i35 mg Fe304 was
used instead of the 36 mg of Example'I. The microcapsule
product contained approximately by dry weight 50% Fe304, 4%

adriamycin, and 46% albumin,

| Example III

Microcapsules were prepared by the identical pro-
cedure of Eﬁample I, using approximately ﬁhe same émount of
Fe,0,. as in ﬁxample II. >TheFe3O4 was in the form of an
aqueous suspensicn‘containing a surfactant, agueous base
Ferroflu;dics Fe304 Catalog No; A-01, 400 gauss saturation
(Fefrofluidics Corporation, Burlington, Massachusetts). 0.3
mf‘of the A-01 product was édded, containing approximately
130fl40 mg Fe304. The average Fe3o4 particle size was in the
range of 150-200 Angstroms. The microcapsular product con-
tained approximateiy by dry weight 51% Fe3o4, 4% adriamycin,

and 45% albumin.
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Example IV

The procedure of Exampie I was followed except that
the homogenate was added to 100 ml of preheated oil (1l35°C) for'
10 minutes. Washing is as descrlbed prev1ously, but the alde-
hyde hardening_ls omitted. The rest of the procedure is the
same. . |

_ ﬁxamgle V-

A. Same procedure as Example I except microspheres
are not hardened by a cross-linking agent or by heat. The-oil
bath is at a temperature of 20-25°C. After the oil has been
washed away with,diethyl'ether anhydrous 4 timeé, the spheres
are air dried, then lyophlllzed and stored at 4°C.

Stablllty of the resultant mlcrospheres was tested as

1251 bov1ne serum albumin

follows: First, 5 microliters of
(New England Nuclear, 1.51 mCi/mé) was added in the initial
homogenate to trace label the microspheres. An ‘aliguot of the
resultant microspheres was then suspehded and sonnicated fer 2
minutes in 0.154 M NaCléo.I%-TWeen 80 and incubated at 37°C for
24 and 48 hours. After thie period.of time,ithe suspension was
centrifuged at 2000 x g for.;bminutes and the supernatant and

pellet were counted in.a gamma counter. The number of counts

obtained in the supernatant (after subtracting free label)

~divided by the total number of counts was regarded as the

percentage breakdown of the carrier (non-pelleting). Only 16%
of the microspheres had deteriorated after 24 hrs. and 37%
after 48 hrs. With formaldehyde or heat—hardening less than or
equal'to 3% deterioration occurs in 48 Hrs.

| B; Same procedure as ﬁxaﬁple I except 3,400 units of

urokinase was added to the 125 mg of HSA omitting the Fe304 an§

e
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Two- mg of the resultant microspheres were placed ingo
16 12x75 mm tubes for duplicate time course of'O, 15, 30, 60
minutes; 2, 4 and 6 hours. At the appropriate timé, micro-
spheres were suspended'in sodium barbital buffef (0.05M) and
left at room temperature. Finélly at zefb time all tubes were
centrifuged ét 3,500 RPM (1900 X g) for 15 minutes at 4°C and
25 microliters of the sﬁpernatants were pipétted into appro-
priate wells on fibrin-agar plates. - Plates were then,reéd 4
and 6 hours later for fibrinolysis (i.e. diametersf; B

It wasrfqund that 60% of maximum lysis was seen after
10 minutes on fibrin-agaf plate.

Example VI

*

Microspheres can be prepared by thé procedure of
Example I omitting the magnetic iron (F§304), and incorporating
other wate;QéoLuble therapeutic agents, such as any of those
referred to abﬁve, instead of the adriamécin."

Other Examples

As a variation of the proceduré of Example I, 2,3~
butanedione (5% v/v in anhydrous ether) or butyraldehyde (10%
v/v-in anhydrous ether).ié employed as a cross-linking agent,
the contact time ranging froﬁ 5 minutes to 2 hours. The pro-
duct is recovered and dried as described in Example I.

As a further variatioﬁ'of thé procedure of Exampie I,
20 mg of pély-L-lysine or polyglutamic acié is combined, with
the 125 mg of human serum albumin. The rest of the procedure
is identical. 1In another modification, hemoglobin is substi-
tuted on an equal weight basis for the albumin.

Determipation of Magnetié Responsiveness

The magnétic responsiveness of the microspheres under

varying liquid flow rates was studied under standardized con-

o snAR
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ditions, using the apﬁaratus of Fig. 2. The apparatus includes
& container 10 providing a reservior containing an'aéueous
fluid. Normal saline was'used. A pick-pp tube 12 connects the
reservoir through a three-way valve 13vwith a syringe 14, the
plunger ‘15 of which is driven by the pueheriblock 16 of a
variable speed syringe pump 17. (The 3yrin§e pump was Model
314, manufactured by Sage Instrugents Division, Orion Research
Incorporated, Cambridge, Massachusetts.) The on-off switch is
indicated at 18 and the variable-epeed seleetor at lS.rsince
the constfuction androperatioﬁ of'such syfinge pumps are well
known ln the art,’ lt w111 not be necessary to. descrlbe the - pump
mechanism hereln... 7' -

Ueing the 50 ec'syringe empleyed é&f the teste, the
syringe pump had a low and hlgh settlng range whlch permitted
the flow rate through the measurement tube of the apparatus to
be varied over the range from 0 to 10 cm}sec. with a measure-
ment tube internal diameter'ef 0.16876m. During the discharge
of the liquid from syfiﬁge 14, plunger ls'meves in the direction
of the arrows as.shown in'Fié. 2, the liquid'flowing through
outlet;nipple‘zo,rcbnnecting:tube section 21, and valve 13 to
suéply eonduit 22, which conneeﬁs through on-off valve 23 to
sempleninjector 24. As shown, injector 24 includes en in-
jectlon chamber 25 of downwardly-converglng cross-section, the
lower end of whlch communlcates with the liquid-flow passage
26. The upper end of chamber 25 is closed by a rubber dla-l
phragm stopper 27 through which the needle of a hypodermlc
injection syringe 28 can be lnserted

A guide tube 29 is attached to a nipple extension at

the lower end of injector'passage 26. Inserted within guide

tube 29 is a removable and replaceable measurement tube 30. A
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series of such tubes are used. The measurement tube fits

snugly w1th1n the guide tube so that the flow of llqu1d ls

- .=,
e S

through the measurement tube. Preferably, the gulde tube is
formed of relatively rlgld materlal, such as plastic or giees,
and the measurement tubes are formed of flex1ble plastic tublng
such as polyethylene. For_the purposes of tbe standardized
neasurements, which definerthe magnetic reeponsiveness of tbe
micrccapsules under different liquid flow'conditions in. accord-
ance with the present lnventlon, the internal dlameter-of the
guide tube should be 0.168 cm. (cross-sectlon 0.0222 cm )
Intermediately between the upper and lower ends of
guide tube 29 and measurement tube 30, there is located a
bipolar magnet designated generally by the number 31. As
indicated, the poles of magnet 31 shou;d be equidistant from
the centerline of the tubes 29, 30. An adjustable gap.per-
manent ﬁ-magnet can be used capable of generating a magnetic
induction in the range of 7500-8500 gauss with a poie spacing
permitting straddling of the guide tube. (In the tests de-
scribed herein, the magnet was Model No. 70,810 Adjustable Gap
Permanent Magnet, Edmund Scientific Co.,'barrington, N. J.) In
Fig. 2 tbelcomplete magnet is not'illustrated, but.only the

adjustable pole shoes 3la and 3lb. By varying the spacing

~ between the inner ends of the pole shoes the magnetic induction

ean be selectively varied. The pole shoes were adjusted to a
separation of approximately 3/16 inches and until a magnetic
induction of 8,000 gauss was obtained. The measured 8,000
gauss magnetic field for standardization purposes is-refereneed
to a plane intersecting the measurement tube 30 at rigbt anéies
to the direction of f£low through the tube. Measurement.bf the

magnetic induction was made with Bell Model 600 Gauss meter
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(4) Turn valve 13 to connect syringe 14 with tube

22, and open valve 23.

(5) sStart pump 17 to £ill tube 22, injectér.24
(except for a small air space below diaphragm 27), the upper
end of guide tube 29, and measurement tube 30.

(6) Stop pump 17 and close valve 23;

(7) Inject boius of mic:osphefes to be tested with
hypodermic syringe into injection chamber 28 of injector 24. a
0.1 ml. bolus was used, but this can be varied. -

(8) Open valve 23 and start pump 17, the rate of
travel of pusher 16 having been selected inrrelation to the 50
cc size of syringe 14 to give a selected uniform flcw‘réte
through the 0.168 cm I.D. sample tube (e.g.h0.0S cm/sec, etc.).

(9) The flow of the water carrier (normal saline)
aspirates the microspheres from the injection chamber Zsﬂinto
the liquid stfeam passing between the poies of the magnet 31l.

(10). The flow is continued until all of the magnetic
material has been‘removed from the,injgctioh chamber and has
either collected within the section of the measurement tube
subject to the magnétic field, or has passed with the'flowing
liquidvinﬁo the first collection vessel 33. The retained or
immobilized microspheres are indicated in Fig. 3.

(11) For each sample, the test can be repeated at

‘different flow rates such as 0.05 cm/sec and 10 cm/sec to

determine the difference in magnetic retention. The non-
retained fraction collected first in container 33 includes~the

micfospheres that are not immobilized by the magnetic}field at

‘the particular flow rate.

(12) The syringe pump is turned off, valve 23 crosed,

| and the lower end of sample tube 30 is clamped or otherwise

closed.
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using a transverse probe (F. W. Bell, Inc., Columbus, Ohio).

.Thégé measurements indicated that the 8,000 gauss field was

substantially uniform betweeg the opposed parallel ends of the

magnet shoes 3la, 3lb, as represented by the distance x. The

extent of the magnetic field along the directién of flow is not

critical, providing”the flow-direction of the field is suf-
ficient to pefmit the Eignetic force to act on the microcap-
sules. For purpose of standardization,~it is specified that
the reference 8,000 gauss field should extend for at leaéi 10
cm in the direction of flow (the distance "x"). To avoid any
inaccuracy_dﬁe to acceleration effects;*the.uppér eﬁd of the
measurement tube 30 should-extend abovézihé area of the ﬁagnét-
ic field, such as by'the aistan§e "j". Thi;ldistahce is not
criti;;l,_but inrpractice it Qas found ;ha£ d 20 cm extension

of the tubé was satisfactory. However, greater or lesser

extensions can be used.

Conveniently,.a ciamp'may be used foi closing the
projecﬁing lower end of me;surément tube 30 after the com-
pletion of a measurement ruh}nsuch as hemostat clamp 32. It
will be'underétood that g'serieé of thg measurement tﬁbeé‘BO

will be used, as well as a series of éample collecdtion con-

" tainers 33, 34.

In using the apparatus of Fig. 2, the following steps

are followed:

(1) Insert measurement tube 30 in guide tube 29, as

-

shbﬁn in Fig. 2.

(2) With valve 23 in the off position, turm valve 13

to connéct‘tuﬁe 12 to the syringe 14 using a 50 cc syringe. .
(3) Fill the syringe with the fluid from the reser-
voir, plunger 15 and pusher 16.moving to their outermost posi-

tions.
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Ao (13) The sample tube is withdrawn, and the liquid is
drained intona sécond'sample collection vessel 34. To elimi-
nate possible error due to mic:osphergs remaining within the
tubing 30 after draining, iE is cut up and added to the liquid,
as indicated in Fig. 2.
(14) The microsphere content of the two samples is

measured cohvgpiently by Efihg trace labeled microspheres (e.g.
lzsl-albumin) and a éamma counter. (See Example I.)

In the test results reportéd below, a bolus of 0.1 ml
of the mggnetic microspheres (1 mg/m;) trace labeled with

125y albumin (4 x 10% CPM/mg microspheres) was employed, the

- carrier liquid being 0.9% saline contéining 0.1l% Tween 80. The

injection was 20 cm upstreamrof the zone ofhthe magnetic f£ield.
The c&unting of the non-retained and rgﬁained fractions was
m:de with a Packgrd Model 578 Qell—type gamma counter. The
amoﬁnt retainéd was then calculated as ;'percent of the total
(retained fraction plus non-retained fraction). Reproduceabil-
ity waS'féund to be +2% with at least two determinations of
each measured value. In the operation of the test apparatus,
it will be understood that the liguid flow should be laminar
and uniform.

| ‘ The comparison of trace-labeled samples of micro-
spheres, prepared as described in Examples I and II, is sum-
marized below in Table A. The data demonstrates that maggftic
rgtention varies reproducibly with flow rate, and shows thét
over thé range.from 0.05 to 10 cm/sec that the retention can be
varied from substantially comﬁlete to substantially nb re-

tention. For the microspheres containing 21% Fe3o4 and flowing

at 0.05 cm/sec, 99% were retained, but only 0.2% at 9.8 cm/sec.
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The microspheres cont;ining 50% Fe304 (dry weight basis) were
99% retained at 0.05-cm/se¢ but only 8-10.7% retained at flow
rates of 6.60-9.80 cm/sec.

Table B as set-out below represents a comparison of
magnetic responsiveness of the microsphéres.prepared in.ﬁxample
I with those of Example III. The microspheres are of the same
size (average 1l micron diameter) and contéiﬁ approximately the
same amount of magnetic iron (50-51%) but- the magnetzé‘par-
ticles are differently distributed. With peripheral typé

10 distribution greater magnetic responsiveness is obtaihe&. This
makes it possible to use a lesser proportion of the magnetic
particles in relation to the matrix material, permitting larger
amounts of a therapeutic agent to be incorpérated with the
matrix material in the same size microspheres.

' TABLE A

Retention of Microspheres
at. 8,000 Gauss

Velocity $ Retention

(cm/sec) . 21% Fe3o4 50% Fe304
0.05 ~..97.0 99.0
20 0.20 ..85.3 98.0
0.50 -66.5 94.6
0.70 56.2 91.9
1.00 40.1 i 78.3
1.60 24.2 66.0
2.30 . ) 19.2 - : 51.0
3.30 9.6 40.1
- 5.00 6.1 16.3
6.60 5.3 8.9
9.80 0.2 10.7
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. - .. . TABLE B
. - Comparison Magnetic Responsiveness

of Microspheres with Peripheral
and Dispersed Magnetic Material

Velocity : % Retention
(cm/sec) Dispersed . Peripheral
0.05 99.0 : 99.3
0.20 . 98.0 - 89.5
0.50 94.6 - 95.4
0.70 : 91.9 89.9
1.00 78.3 88.1
1.60 66.0 83.1

2.30 - 51.0 71.0 _

3.30 - 40.1 58.0

5.00 - 16.3 . 35.6
10 6.60 . , 8.0 ' 29.1

9.80 . . 10.7 ' 10.4
| In Vivo Tesfs : | .
',Microspheres-containiﬁg gpproximately 21% Fe3o4 were
prepared as deécribed,in Exampie I using trace labeled albumin.
The mi&féspheres Qeré tested 'in vivo. The mqael
chosen, based on ease of manipulation énd access, was the
ventral caudal artery in_the'taiinof the rat. The animals used
were 400 gram female retired breeder rats. .The artery was
partially exposed at ﬁhe base of the tail and a polyethylene
catheter prescaked in a O;G%Iheparin 1000 ;n salkine solution
20 was.inéerted ca;dally 4 cm. A permanent bipolar magnet with a
field strength of 8000 Oe was placed 7 cm caudally from the
point of insertion of the catheter. Varying ambunts of micro-~
spheres, sﬁspended in>0.l% Tween 80 in 0.9% NaCl, were ingpsed
by a constant flow syringe pump (Sage, Model 341) at 0.06
ml/min.which corresponds to the blood f;ow rate.of this artery
previously'determined. After infusion the catheter was removed
and thé maénet was retained in position for thirty minutes. A
transcuténeous Doppler apparatus (Parks Electronics Lab, Model
881-A) was used to verify resumption of blood flow following

=L
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removal of the catheter from the artery. After the thirty
minute period, the rat was sacrificed via intracardiac in- -
jection of saturated RCl and the organs were removed and

1251 activity in a Packard (Model 578) gamma

counted for
counter. The tail was cut into four equal:sections, and each
section was counted individually. Resﬁlts of this study are
shown in Table C. Multiple animals for eaehrfield strength

12SI-magnetic-mici:osphere

body distribution. i

'In a modification of the foregoing procedure, the
animals were sacrificed 24 hours after removing the tail from
the magnetic field. Once'again, 50% of the injected counts
were found at the target site. This phenomendn, as well as the
carrier dlstrlbutlon in the skln, suggests the pOSSlblllty that
the carrier is lodglng in the vascular endothelium or poss1bly
travers;ng the vascular basement membrane into inter-stitial
tissue due to the magnetic force applied: This phenomenon
would be'extreﬁely desirable as the micfospheres would act as
extra vaseular depots releasing therdrug aﬁ a fixed rate af a
desired target site. - .

An additional animal model was chosen to illustrate

carrier localization. In this study the carrier was localized

_to the lungs of BDFl female mice. A modification of the above

procedure for 1ntroductlon of the carrier con51sted of tail
vein 1njectlon rather than catheterization, and the use of a
unlpolar magnet lnstead of a bipolar to generate the fleld.
Thirty minutes following injection, the mouse was sacrificed

125

and the organs counted for I activity as described above.

In the experimental animals, 45-50% of the total counts in-

X-5005
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jected were found in the lung as compared to 6-12% of the

>

©Z:counts found in control animals lungs.

S
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CLAIMS

1. An'intravascularly—administrable, magnetically-
localizable biodegradable carrier, comprising microspheres
formed from.an_amino acid polymer matrix with magnetic parti-
cles embedded therein, said microsphe£es having*an average
size of less than 1.5 micrdns and said magnetic particles
having:aqagverage size of not ovér.l,OOO Angstroms, said micro-
spheres containing from 3 to 350 péits by weight of said mag-
ne;ic particles per 100 parts of said amino acid polym;r, af.
leést 90% of said microspheres being .immobilizable by a ma.g-—
netic,inducﬁgon-of 8,000 gauss when an agueous suspension of
said microspheres is pumped at a rate of 0.05'centime£érs per
second through a conduit of 0.168 centimeterhinternal diameter
but not over 10% of said microspheres being immobilizable by said
magneﬁic inducﬁién when pumped througﬁ said conduit at a flow
rate of 10 genﬁimeters,pef secohd, said mégnetic induction
being applied by a bi?olar magnet with its-polés equidistaﬁt
from the centerline of said tube,,saiq 8,000 gauss being

.

referenced to a plane intersectiﬁg said tube at right angles

" to the direction of flow andléktending for at least 10 cen~ -

timeters in the direction of flow.
2. The carrier of claim 1 in which said magnetic

particles are concentrated in the peripheral portions of said

microspheres.

3. The carrier of claim 1 in which said microsphé%es
contain from 10 to 150 parts by weight of sa;d magnetic material
per 100 parts of said amino acid polymer.'

4. The carrier of claim 3 in which said magnetic

material is Fej0, and said amino acid polymer is albumin.

X-5005
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5. The carrier of claim 1 in which said microspheres
have an average size of less than 1.2 microns, said magnetic
particles have an averaée size of net over -300 Angstfoms,
said microspheres centaining from 10 to 150 parts by weight
of said magnetic particles_éer 100 parts of said aminb acid
polymer, and at least 95% dfrseid microspheres are immobilized
by the magnetic induction of 8,000 gauss as further indiceted
by claim 1. =

§. The carrier of claim 5 in which said magnetic
particles are concentfated in-the peripheral portions of said
microspheres.- ' |

7. fhe carrier of claiﬁ 5 in which said ma%nétic
material is E’e3o4 and said amino acid poiyme; is albumin..

| 8. The process of 1ncorporatlng a water-soluble
therapeut*c agent in albumln mlcrospheres, comprising the
process in whlch all steps thereof are carrled out at a temp-
erature w1th1n the range from 1 to 45°C, including the steps
of preparlng an aqueous albumln solution of the ‘said thera-
peutic agent, sald solutlon‘contalnlng from 5 to 50 parts by
weight of albuﬁin peﬁ 100 parﬁs of water and from 1 to 20
parts by weight of said therapeutic agent per 100 parts of
albumin, emuls;fying said solution with a wvegetable oil to
form a water-in-oil emulsion containing dis?ersed droplets
of the albumin solution, removing the oil by washing the
dispersed droplets with an oil-soluble water-immiscible
organic solvent, and recovering the resulting microspheres
in a portion of said organlc solvent. |

9. The process of claim 8 in which said solutkon

contains from 20 to 30 parts by weight of albumin per 100 -

parts of water.

= X=5005
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wfﬁqac:”.lof The process of claim 8 in which saidrmicrospheres
'ih?saﬁufdfganié solvent are further treated by adding a harg=
ening'agént selected from aldehydes and glyoxals to said
solvent which is soluble therein. L

1X. The process of claim 10 in which said hardening
agent is formaldeﬁyde, which is added'to.said organic solvent
by transference from an aqueous ;olution thereof.

12, The proéeés of incorporatiZQ a water-soluble
heat-sehsitive therapeutic égent in intravascularly-adﬁiﬁ:
istrable magnetically responsive microspheres, comprising the
process in which all stéés'are carried out at a temperéture
in the range of 1 to 45°C, including the steps of preparing
an aqueous.a;bumin solution of said therape&tic agent, said
solutionrcontaining from 5 to 50 pafts_by weiéht of albumin
per 100 parts of watér and from 1 to 20 parfs by weight of
said therapéutié égent per 100 parts of ;lbumin) said soluticn
also containing from 5 fo 350 parts by weiéht of magnetic
particles per 100 pa;ts of said albumih, said magnetic particles
haviﬁé an average size of not over 1,000 Angstroms, emulsifying
said solution with a vegetable oil to form a waggr-in;oil
emulsion containing dispersed droplets of the albumin solution,
réducing the size of the dispersed droplets to an éverage size
of less than 1.5 microns, removing the oil by washing dis-
persed droplets with an oil-soluble water-immiscible organic
solvent, and recovering the resulting microspheres in a'péi—
tion of said organic solvent.

13. The process of claim 12 in which said solution
cotitains *from 20 to 30 parts by weight of albumin per 100

parts of water.
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14. The process of claim 12 in which said micro-

)

£y

spheres in said organic solvent are further treatedfggvédaing a

hﬁrdening agent selected from aldehydes and glyoxals to said
solvent which is soluble therein. ' '

15. The process of claim 14 in which said hardening
agent is formaldehyde, which is added td,said organic solvent
by transfefence from an aquecus solution thereof.

16. The process of iﬁcofporatiﬁg a water-soluble
heat-sensitive therapeutic agent in albumin microspheres,
comprising the process in which all steps thereof are carried
out at a temperature of from about 20 to 30°C, including the
steps of preparing an aqueous solution of human serum‘albumin
containing from 5 to 50 parts by weight of élbumin per 100
parts of water, said solution also containing from 1 to 20
parts by ﬁeight of said thefapeutic agent per 100 parts of
albumin, emuléifying'said solution with ; vegetable oil to
form a water-in-oil emulsion containing ﬁispersed droplets
of the albumin solution, reducing the size of the dispersed
droplets of said solution to an average size of less than
3 microns, introducing said emulsion into a body of vegetable
0il to further disperse said droplets,.removing the o0il by

washing-the dispersed droplets with an oil-soluble water-

immiscible organic solvent, and recovering the resulting

microspheres in a portion of said organic solvent.
17. The process of.claim 16 in which said solution
contains from 20 to 30 parts by weight of said human serum

albumin per 100 parts of water.

18. The process of claim 16, in which said:micro-

spheres in said organic solvent are further treated by adding a

X-5005
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hardgping agent selected ffom aldehydes and glyoxals to said
nso;véét which is soluble therein.

19. The process of claim 13 in which said hardening

agent is formaldehyde, which is added to said organic solvent

by transference from an agqueous solution thereof.
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