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(57) ABSTRACT

The present disclosure is generally directed to an embolic
material which, in some embodiments, may be in the form
of'a microsphere or a plurality of microspheres. The embolic
material generally comprises carboxymethyl chitosan

(CCN) crosslinked with carboxymethyl cellulose (CMC). In
some embodiments, the embolic material may further com-
prise a therapeutic agent, such as doxorubicin.
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BIORESORBABLE EMBOLIZATION
MICROSPHERES

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 16/206,199, entitled “BIORESORBABLE
EMBOLIZATION MICROSPHERES,” filed Nov. 30, 2018,
which is a is a continuation of U.S. application Ser. No.
14/098,443, entitled “BIORESORBABLE EMBOLIZA-
TION MICROSPHERES,” filed Dec. 5, 2013, which is a
continuation of U.S. application Ser. No. 12/899,238,
entitled “BIORESORBABLE EMBOLIZATION MICRO-
SPHERES,” filed Oct. 6, 2010, which claims the benefit of
U.S. Provisional Application No. 61/249,194, entitled,
“EMBOLIZATION MICROSPHERES,” filed on Oct. 6,
2009. The entire contents of each of U.S. application Ser.
Nos. 16/206,199, 14/098,443, and 12/899,238, and U.S.
Provisional Application No. 61/249,194 are incorporated
herein by reference.

TECHNICAL FIELD

[0002] The disclosure relates to embolic materials.
BACKGROUND
[0003] Transcatheter arterial embolization (TAE) has been

widely accepted for its efficacy in treating various diseases
including tumors, vascular lesions, and hemorrhages. For a
safe and effective treatment, the selection of an appropriate
embolic material is important.

SUMMARY

[0004] In general, the disclosure is directed to an embolic
material comprising carboxymethyl chitosan (CCN) cross-
linked with carboxymethyl cellulose (CMC). The embolic
material may be formed into microspheres with a diameter
between about 50 micrometers (um) and about 2200 pum.
CCN and CMC each are biodegradable and biocompatible.
In preparing the embolic material, CCN may be crosslinked
by partially oxidized CMC, without use of a small molecule
crosslinking agent. Because of this, the embolic material is
expected to be biodegradable and biocompatible. Addition-
ally, because the embolic material comprises a three-dimen-
sional network of CCN crosslinked by CMC, the mechanical
properties, such as, for example, the compressibility of the
embolic microspheres, may be sufficient to permit introduc-
tion of the microspheres into an artery of a patient through
a syringe, catheter, or the like.

[0005] In some embodiments, the embolic microspheres
may additionally comprise a therapeutic agent, such as an
anti-cancer agent. One example of a therapeutic agent which
may be loaded into the embolic microspheres is doxorubi-
cin.

[0006] In one aspect, the disclosure is directed to an
embolic material comprising a microsphere having a diam-
eter between about 50 pm and about 2200 um, where the
microsphere comprises carboxymethyl chitosan crosslinked
with carboxymethyl cellulose.

[0007] In another aspect, the disclosure is directed to an
embolization suspension comprising a solvent and a plural-
ity of microspheres suspended in the solvent. According to
this aspect of the disclosure, at least one of the plurality of
microspheres comprises a diameter between about 50 pm
and about 2200 pum, and at least one of the plurality of
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microspheres comprises carboxymethyl chitosan cross-
linked with carboxymethyl cellulose.

[0008] Ina further aspect, the disclosure is directed to a kit
comprising a plurality of microspheres, where at least one of
the plurality of microspheres comprises a diameter between
about 50 um and about 2200 um, and where at least one of
the plurality of microspheres comprises carboxymethyl chi-
tosan crosslinked with carboxymethyl cellulose. According
to this aspect of the disclosure, the kit further comprises a
syringe or vial in which the plurality of microspheres is
disposed.

[0009] In an additional aspect, the disclosure is directed to
a method of forming an embolic microsphere. The method
comprises at least partially oxidizing carboxymethyl cellu-
lose (CMC) to form partially oxidized CMC; forming an
emulsion of partially oxidized CMC, carboxymethyl chito-
san (CCN), water, and an oil; and crosslinking the CCN with
the CMC to form the embolic microsphere.

[0010] In a further aspect, the disclosure is directed to a
method comprising injecting an embolic microsphere com-
prising carboxymethyl chitosan crosslinked with carboxym-
ethyl cellulose in a blood vessel of a patient to occlude an
artery of the patient.

[0011] The details of one or more embodiments are set
forth in the accompanying drawings and the description
below. Other features, objects, and advantages of the dis-
closure will be apparent from the description and drawings,
and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 is a flow diagram of an example technique
for producing embolic microspheres comprising carboxym-
ethyl chitosan crosslinked with carboxymethyl cellulose.
[0013] FIGS. 2A and 2B are a photograph and a light
microscopy image, respectively, of microspheres in accor-
dance with one aspect of the disclosure.

[0014] FIG. 3 is an example of a scanning electron micros-
copy image of an exterior of a microsphere formed in
accordance with aspects of this disclosure.

[0015] FIGS. 4A and 4B are examples of SEM images of
the cross-section of a hydrogel prepared with CCN cross-
linked with CMC.

[0016] FIGS. 5A-5F are light microscopy images illustrat-
ing loading of a dye into microspheres comprising CCN
crosslinked with CMC.

[0017] FIGS. 6A-6C illustrate examples of microspheres
according to an aspect of the disclosure after being loaded
with various dyes.

[0018] FIGS. 7A-7D are light microscopy images illus-
trating an example of loading doxorubicin into microspheres
comprising CCN crosslinked with CMC.

[0019] FIG. 8 is an image illustrating an example of
microspheres comprising CCN crosslinked with CMC
loaded with doxorubicin suspended in a solvent mixture.
[0020] FIG. 9 is a scatter diagram illustrating examples of
dynamics of loading doxorubicin into microspheres com-
prising CCN crosslinked with CMC of various sizes.
[0021] FIG. 10 is a scatter diagram illustrating examples
of dynamics of loading doxorubicin into microspheres of
various sizes.

[0022] FIG. 11 is a scatter diagram that illustrates
examples of changes in diameter for microspheres of dif-
ferent initial diameters during loading of doxorubicin.
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[0023] FIG. 12 is an example fluorescence microscopy
image of a microsphere loaded with doxorubicin.

[0024] FIG. 13 is an example image illustrating fluores-
cence intensity as a function of distance for a single doxo-
rubicin-loaded microsphere.

[0025] FIG. 14 is a scatter diagram illustrating examples
of a percentage of doxorubicin released as a function to time
for each of a plurality of samples of microspheres having
different characteristics in accordance with the disclosure.

[0026] FIG. 15 is a scatter diagram illustrating examples
of an amount of doxorubicin released as a function to time
for each of a plurality of samples of microspheres having
different characteristics in accordance with the disclosure.

[0027] FIG. 16 is a scatter diagram illustrating examples
of an amount of doxorubicin released in a saline medium as
a function to time for each of a plurality of samples of
microspheres having different characteristics in accordance
with the disclosure.

[0028] FIG. 17 is a scatter diagram illustrating examples
of an amount of doxorubicin released in a saline medium as
a function to time for each of a plurality of samples of
microspheres having different characteristics in accordance
with the disclosure.

[0029] FIG. 18 is a scatter diagram illustrating examples
of an amount of doxorubicin released in a saline medium as
a function to time for each of a plurality of samples of
microspheres having different characteristics in accordance
with the disclosure.

[0030] FIG. 19 is a line diagram that illustrates an example
comparison of doxorubicin release rate between micro-
spheres of two different diameter ranges.

[0031] FIG. 20 is a line diagram that illustrates examples
of release of doxorubicin from microspheres in different
media.

[0032] FIG. 21 is a line diagram that illustrates an example
of the effect the degree of oxidation of the CMC may have
on the release rate of doxorubicin from microspheres that are
formed of CCN crosslinked with CMC.

[0033] FIG. 22 is a line diagram that illustrates an example
of the effect of the medium on the release of doxorubicin
from the microspheres.

[0034] FIG. 23 is a line diagram that illustrates an example
comparison between release rates of doxorubicin from
microspheres according to an aspect the current disclosure
and DC Beads™.

[0035] FIG. 24 is an example of a plot of compression
force versus distance for a single microsphere having a
diameter of about 715 pm.

[0036] FIGS. 25A-25C are light microscopy images illus-
trating an example of the compressibility of a microsphere
comprising CCN crosslinked with CMC (dyed with Evan’s
blue) as the microsphere passes through a polyethylene tube.
[0037] FIGS. 26A-26C are light microscopy images that
illustrate another example of the compressibility of a micro-
sphere comprising CCN crosslinked with CMC (dyed with
Evan’s blue) as the microsphere passes through a polyeth-
ylene tube.

[0038] FIGS. 27A and 27B illustrate an example of the
resiliency of a microsphere comprising CCN crosslinked
with CMC (dyed with Evan’s blue).

[0039] FIG. 28 is a light microscopy image of an example
of microspheres comprising CCN crosslinked with CMC
and having diameters between about 500 pm and about 700
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um after being injected through a catheter with an internal
diameter of about 667 um (2 French).

[0040] FIGS. 29A and 29B are light microscopy images of
an example of microspheres comprising CCN crosslinked
with CMC and having diameters between about 800 pm and
about 1000 um after being injected through a catheter with
an internal diameter of about 1 mm (3 French).

[0041] FIGS. 30A and 30B are light microscopy images of
an example of microspheres comprising CCN crosslinked
with CMC and loaded with doxorubicin while passing
through a catheter and after passing through the catheter.
[0042] FIGS. 31A and 31B are light microscopy images of
an example of microspheres comprising CCN crosslinked
with CMC and loaded with doxorubicin while passing
through a polyethylene tube.

[0043] FIGS. 32A and 32B are images illustrating micro-
spheres comprising CCN crosslinked with CMC suspended
in two 4:6 contrast/saline mixtures.

[0044] FIG. 33 is a light microscopy image of an example
of a plurality of microspheres comprising CCN crosslinked
with CMC after being stored for two months in water.
[0045] FIGS. 34A-34E are light microscopy images that
illustrate an example of a plurality of microspheres com-
prising CCN crosslinked with CMC degrading in the pres-
ence of lysozyme.

[0046] FIGS. 35A-35C are light microscopy images that
illustrate an example of a plurality of microspheres loaded
with doxorubicin degrading in the presence of lysozyme.
[0047] FIGS. 36A and 36B are light microscopy images
illustrating an example of human dermal fibroblasts cultured
with microspheres comprising CCN crosslinked with CMC
according to an aspect of the disclosure.

[0048] FIGS. 37A and 37B are light microscopy images of
an example control including cultured human fibroblast and
an example of a sample including human fibroblast cultured
with microspheres comprising CCN crosslinked with CMC
according to an aspect of the disclosure.

[0049] FIG. 38A-38C are light microscopy images illus-
trating an example of human dermal fibroblasts stained with
crystal violet.

[0050] FIG. 39A-39C are light microscopy images illus-
trating an example of a sample including human dermal
fibroblast cultured with microspheres comprising CCN
crosslinked with CMC according to an aspect of the disclo-
sure.

[0051] FIG. 40 is a bar graph that illustrates an example of
absorbance at a wavelength of about 490 nm of medium
cultured with human dermal fibroblasts after being treated
with MTS

[0052] FIG. 41 is a bar graph that illustrates an example of
the arterial distribution of the microspheres after emboliza-
tion of three pairs of rabbit kidneys with microspheres
having diameters between about 100 pm and about 300 pm.
[0053] FIG. 42 is bar diagram that illustrates an example
comparison between Embospheres® and microspheres
formed of CCN crosslinked with CMC of the mean diameter
of the vessel occluded during an embolization procedure.
[0054] FIG. 43 is a bar diagram that illustrates an example
determination of the mean diameter of the microspheres
formed of CCN crosslinked with CMC that were used in the
embolization procedure that generated the results shown in
FIG. 43.
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[0055] FIGS. 44 and 45 are example histology sections of
kidney tissue showing arcuate artery in a kidney of a rabbit
occluded with an embolic microsphere according to aspects
of the disclosure.

DETAILED DESCRIPTION

[0056] The present disclosure is generally directed to an
embolic material which, in some embodiments, may be in
the form of a microsphere or a plurality of microspheres. The
embolic material generally comprises carboxymethyl chito-
san (CCN) crosslinked with carboxymethyl cellulose
(CMO).

[0057] Temporary embolization may be accomplished by
a material that is spherical, biocompatible, bioresorbable,
and compressible. However, these properties are not easily
achieved in a single embolic microsphere. For example,
crosslinking of polymers may be accomplished by using a
small molecule crosslinking agent, such as glutaraldehyde.
While use of the small molecule crosslinking agent facili-
tates the desired crosslinking reaction, if the crosslinked
polymer is biodegradable and degrades in a body of a
patient, some small-molecule crosslinking agents may be
toxic or have other adverse effects on cells or tissue in the
body of the patient.

[0058] In accordance with aspects of this disclosure, CCN
and CMC may be crosslinked without use of a small
molecule crosslinking agent to form embolic microspheres
that are substantially free of small molecule crosslinking
agent. In fact, in some embodiments, the crosslinking reac-
tion between CMC and CCN may be carried out without a
small molecule crosslinking agent and at relatively low
temperatures (e.g., about 50° C.) in a water and oil emulsion.
CCN is substantially non-toxic and biodegradable. Chitosan
breaks down in the body to glucosamine, which can be
substantially completely absorbed by a patient’s body. Simi-
larly, CMC is substantially non-toxic and biodegradable.
Thus a crosslinked polymer formed by CCN and CMC is
expected to the substantially non-toxic (i.e., biocompatible)
and biodegradable (or bioresorbable). Additionally, because
the crosslinked CCN and CMC microsphere is formed from
two polymers, the mechanical properties, such as compress-
ibility, of the crosslinked molecule are expected to be
sufficient for injection of the crosslinked molecule through
a syringe or catheter.

[0059] Because the crosslinking reaction between CCN
and CMC may be performed at a relatively low temperature,
the crosslinking reaction may be relatively slow in some
examples. For example, the crosslinking reaction may be
carried out over night (e.g., over at least about 12 hours).
Such a reaction may result in roughly spherical crosslinked
particles (microspheres). In some examples, an average
diameter of the microspheres may be between about 50 pm
and about 2200 pum, depending on reaction conditions (e.g.,
stirring speed, initial concentrations of reactants, time, tem-
perature, or the like).

[0060] In some embodiments, the microspheres compris-
ing CCN and CMC may be formed according to the tech-
nique illustrated in FIG. 1. Initially, CMC is at least partially
oxidized to form partially oxidized CMC (12). One reaction
that at least partially oxidizes CMC is illustrated in Reaction
1:
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Reaction 1

OCH,COO

O
HO ©
n
OH

NalO,

—_—

OCH,COO"

O 4/
(@]
O/ f n
0=

[0061] In Reaction 1, a single CMC monomer (repeating
unit), which is part of a chain comprising n repeating units,
is reacted with NalO, (sodium periodate) at about 25° C. to
oxidize the C—C bond between carbon atoms bonded to
hydroxyl groups to form carbonyl (more particularly alde-
hyde) groups. Reaction 1 shows only a single repeating unit
of the CMC polymer. In some embodiments, not all repeat-
ing units within the CMC polymer may be oxidized. For
example, some repeating units may not be oxidized at all,
and may still include two hydroxyl groups after Reaction 1
is performed. Other monomers may be oxidized, and may
include two carbonyl groups, as illustrated in Reaction 1.
The CMC may include a weight average molecular weight
of between about 50,000 daltons (Da; equivalent to grams
per mole (g/mol)) and about 800,000 Da. In some embodi-
ments, a weight average molecular weight of the CMC may
be about 700,000 g/mol.

[0062] The degree of oxidation of the CMC may be
affected by, for example, the molar ratio of NalO, to CMC
repeating units. In some embodiments, the molar ratio of
NalO, molecules to CMC repeating units may be between
about 0.1:1 and about 0.5:1 (NalO,:CMC). Particular
examples of molar ratios of NalO, molecules to CMC
repeating units include about 0.1:1, about 0.25:1, and about
0.5:1. An increased molar ratio of NalO, molecules to CMC
repeating units may result in greater oxidation of the CMC,
which in turn may lead to greater crosslinking density when
CMC is reacted with CCN to form the embolic micro-
spheres. Conversely, a decreased molar ratio of NalO,
molecules to CMC repeating units may result in lesser
oxidation of the CMC, which in turn may lead to lower
crosslinking density when CMC is reacted with CCN to
form the embolic microspheres. In some examples, the
crosslinking density may be approximately proportional to
the degree of oxidation of the CMC. In some embodiments,
a greater crosslinking density may lead to greater mechani-
cal strength (e.g., fracture strain).

[0063] CCN may then be prepared by reacting chitosan to
attach —CH,COO™ groups in place of one of the hydrogen
atoms in an amine group or a hydroxyl group, as illustrated
in Reaction 2 (14).
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In the product of Reaction 2, each R is independently either
H or —CH,COO". Similar to oxidation of CMC shown in
Reaction 1, the extent of the addition of the —CH,COO~
may affect the crosslink density when the CCN is reacted
with the partially oxidized CMC to form the embolic micro-
spheres. In some embodiments, the ratio of x:y may be about
3:1 (i.e., monomers of “x” form about 75% of the chitosan
and monomers of “y” form about 25% of the chitosan). In
some embodiments, the chitosan starting material may have
a molecular weight between about 190,000 g/mol and about
375,000 g/mol. In some examples, Reaction 2 may be
performed by stirring the reaction mixture at 500 rpm for
about 24 hours at about 25° C., followed by stirring the
reaction mixture at 500 rpm for about 4 hours at about 50°
C.

[0064] Once the partially oxidized CMC and the CCN
have been prepared, each is mixed in a respective amount of
a solvent, such as water (16), (18). For example, 0.1 milli-
gram (mg) of partially oxidized CMC may be mixed in 5
milliliter (mL)) of water to form a first 2% weight/volume
(w/v) solution. Similarly, 0.1 mg of CCN may be mixed in
5 mL of water to form a second 2% w/v solution. Of course,
solvents other than water may be used, and solutions having
other concentrations of partially oxidized CMC or CCN,
respectively, may be utilized. For example, saline or phos-
phate-buffered saline (PBS) may be utilized as alternative
solvents. The solvent used in the partially oxidized CMC
solution may be the same as or different than the solvent

used in the CCN solution. The solutions may have concen-
trations of partially oxidized CMC or CCN between about
0.5% w/v and about 3% w/v. The concentration of the
partially oxidized CMC solution may be the same as or
different from the concentration of the CCN solution.

[0065] The first and second solutions may then be added
to another solvent to form an emulsion (20). In an example
in which water is utilized as the solvent for the partially
oxidized CMC and CCN, the other solvent may be an oil,
such as, for example, mineral oil. In some embodiments, the
other solvent may include mixed therein a surfactant. One
example of a suitable surfactant includes sorbitan
monooleate, available under the tradename 56760 or Span®
80 from Sigma-Aldrich, St. Louis, Mo. In one embodiment,
0.5 mL of sorbitan monooleate may be mixed in 50 mL of
mineral oil, which is then mixed with the 5 mL 2% w/v
solution of partially oxidized CMC and the 5 mL 2% w/v
solution of CCN.

[0066] The emulsion is then left for at least about 12 hours
(e.g., at least overnight) to allow the partially oxidized CMC
and CCN to react (22) in a modified emulsion-crosslinking
reaction. In particular, an amino group on the CCN may
react with an aldehyde group on the partially oxidized CMC
to form a Schiff base (i.e., an N—C double bond) and
crosslink the CMC and the CCN. One such crosslinking
reaction is shown below in Reaction 3.

Reaction 3
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-continued

RO
NHCH,COO"

-00CH,CO

[0067] As discussed above, the crosslinking reaction of
the CMC and CCN may proceed without use of a small-
molecule crosslinking agent, such as glutaraldehyde. This
may be advantageous, because in some embodiments, a
small-molecule crosslinking agent may be toxic to a patient
in which the embolic microspheres are used. In this way, the
microspheres formed from CCN crosslinked with CMC may
be substantially free of any small-molecule crosslinking
agent.

[0068] In some examples, the crosslinking reaction
between CMC and CCN may proceed under relatively
benign conditions. For example, the crosslinking reaction
may be carried out at ambient pressures and ambient tem-
peratures (e.g., room temperature). In some embodiments,
the reaction may be carried out at a temperature above
ambient, such as, for example, 50° C. Exemplary ranges of
temperatures in which the crosslinking reaction may be
performed include between about 20° C. and about 70° C.,
and at about 50° C. In some embodiments, a lower reaction
temperature may necessitate a longer reaction time to result
in substantially similar diameter microspheres, or may result
in smaller microspheres after a similar amount of time.
[0069] One advantage of performing the reaction at a
temperature above room temperature may be the removal of
water from the reaction mixture during the course of the
reaction. For example, performing the crosslinking reaction
at a temperature of about 50° C. may result in evaporation
of water as the crosslinking reaction proceeds.

[0070] An extent of crosslinking between molecules of
CMC and CCN may affect mechanical properties of the
resulting microsphere. For example, a greater crosslinking
density generally may provide greater mechanical strength
(e.g., fracture strain), while a lower crosslinking density may
provide lower mechanical strength (e.g., fracture strain). In
some embodiments, the crosslinking density may be adjust-
able to provide a fracture strain of between about 70% and
about 90%, as described below with respect to FIG. 24. The
crosslinking density may also affect the degradation rate of
the microsphere. For example, a greater crosslinking density
may lead to a longer degradation time, while a lower
crosslinking density may lead to a shorter degradation time.
In some examples, the crosslink bonds may degrade through
hydrolyzing of the C—N double bond.

[0071] As described above, the crosslinking reaction
between CMC and CCN is a modified emulsion-crosslink-
ing reaction. In some examples, an emulsion-crosslinking
reaction may be rate-limited by transport of the CMC and
CCN molecules, and may play a role in the reaction product
(the crosslinked CMC and CCN) being microspheres.
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[0072] The size of the microspheres may be affected by
reaction conditions, such as, for example, a stirring speed, a
reaction temperature, a concentration of the CMC and CCN
molecules in the reaction emulsion, an amount of mixing of
the emulsion, or a concentration of the surfactant in the
emulsion. For example, increasing the concentration of each
of the CMC and CCN solutions from 1.5% w/v to 2% w/v
while keeping the oxidation degree of CMC at about 25%
(about 25 oxidized repeating units per 100 total repeating
units), the stirring speed at 600 revolutions per minute
(rpm), the temperature at about 50° C., the reaction time at
about 12 hours, and the amount of Span 80 at about 0.3
ml[./50 mL mineral oil, the average diameter of the micro-
spheres may increase from about 600 pm to about 1100 um.
As another example, increasing the oxidation degree of
CMC from about 10% to about 25% while keeping the
concentration of each of the CMC and CCN solutions at
about 1.5% w/v, the stirring speed at 600 rpm, the tempera-
ture at about 50° C., the reaction time at about 12 hours, and
the amount of Span 80 at about 0.3 m[./50 mL mineral oil,
the average diameter of the microspheres may increase from
about 510 um to about 600 um.

[0073] Insome embodiments, the reaction conditions may
be selected to result in microspheres with a mean or median
diameter between about 50 pm and about 2200 pm. In some
embodiments, the reaction conditions may be selected to
result in microspheres with a mean or median diameter of
less than about 2000 um, microspheres with a mean or
median diameter of between about 100 um and about 1200
pm, microspheres with a mean or median diameter of
between about 100 pm and about 300 um, microspheres with
a mean or median diameter of between about 300 um and
about 500 um, microspheres with a mean or median diam-
eter of between about 500 um and about 700 pm, micro-
spheres with a mean or median diameter of between about
700 pm and about 900 pm, microspheres with a mean or
median diameter of between about 900 um and about 1200
pum, or microspheres with a mean or median diameter of
between about 1600 um and about 2000 pm.

[0074] In some examples, microspheres with different
mean or median diameters may be used for different appli-
cations. For example, in some implementations, micro-
spheres with a mean or median diameter between about 100
pm and about 300 um may be loaded with a therapeutic
agent, such as a chemotherapeutic agent as described further
below, and used to deliver the therapeutic agent to a therapy
site, while also embolizing blood vessels with a diameter
similar to the mean or median diameter of the microspheres.
In some embodiments, microspheres with a mean or median
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diameter between about 300 um and about 500 um may be
used similarly, and loaded with a therapeutic agent. In some
embodiments, microspheres with a larger mean or median
diameter may be used as embolization materials, and may
not be loaded with a therapeutic agent.

[0075] Once the reaction has proceeded for a desired
amount of time to produce microspheres with a desired
mean or median diameter, the water in the emulsion may be
substantially fully removed, if the water has not already been
evaporated during the crosslinking reaction. The micro-
spheres may then be precipitated by a solvent, such as
isopropanol. The oil phase may then be removed, such as by
decanting or centrifugation, and the microspheres may be
washed (24). For example, the microspheres may be washed
with hexane and acetone. Finally, the microspheres may be
dried (26) in air or under a vacuum.

[0076] In some embodiments, the crosslinking reaction
may produce a plurality of microspheres with diameters
distributed about a mean or median. In some cases, it may
be advantageous to isolate microspheres with diameters
within a smaller range or microspheres with substantially a
single diameter. In some embodiments, the microspheres
may be separated according to diameter by wet sieving in
normal saline through a sieve or sieves with predetermined
mesh size(s).

[0077] The microspheres may be packaged for distribution
in various ways. For example, the microspheres may be
distributed as part of a kit. In some embodiments, the kit
may include the microspheres disposed in a syringe or a vial.
The kit may optionally include a catheter, a guide wire,
and/or a container of solution in which the microspheres are
to be suspended. The catheter may be used to inject the
microspheres into a blood vessel of a patient. The guide wire
may be used to position the catheter within the blood vessel.
[0078] In some embodiments, the kit may be an emer-
gency trauma kit for acute embolization in massive bleeding
trauma. Such a kit may include, for example, a syringe or
vial and a plurality of microspheres disposed in the syringe
or vial. In some embodiments, the microspheres may com-
prise an average diameter of between about 1600 um and
about 2000 um. In other embodiments, the microspheres
may comprise a different average diameter, such as an
average diameter within a range listed in other portions of
this application. In some embodiments, the kit may further
include a catheter, a guide wire for positioning the catheter
within a blood vessel, such as an artery, of the patient, and/or
a container of solution in which the microspheres are to be
suspended. Prior to injection of the microspheres, the solu-
tion may be aspirated into the syringe to form a suspension
of the microspheres in the solution.

[0079] The microspheres may be used to embolize arteries
to treat various conditions, including, for example, an arte-
riovenous malformation, a cerebral aneurysm, gastrointes-
tinal bleeding, an epistaxis, primary post-partum hemor-
rhage, or the like.

[0080] FIGS. 2A and 2B are a photograph and a light
microscopy image of microspheres in accordance with one
aspect of the disclosure. FIG. 2A illustrates that micro-
spheres in accordance with the disclosure may be substan-
tially spherical. FIG. 2B illustrates an example in which the
diameter of the microspheres ranges from about 900 pum to
about 1200 pm.

[0081] FIG. 3 is an example scanning electron microscopy
(SEM) image of an exterior of a microsphere formed in

Mar. 30, 2023

accordance with aspects of this disclosure. Prior to collec-
tion of the SEM image, the microsphere was lyophilized.
Before lyophilization (freeze drying), saline was removed
from the microsphere by rinsing the microsphere repeatedly
with deionized water. The resulting microsphere was frozen
in liquid nitrogen, and lyophilized to remove any residual
water from pores of the microsphere. The SEM image was
obtained utilizing a JEOL JSM-6700 SEM (available from
JEOL USA, Inc., Peabody, Mass.). FIG. 3 was collected at
55x% magnification at 2.0 kilovolts (kV). The microsphere in
FIG. 3 had a diameter of about 1100 um.

[0082] FIGS. 4A and 4B are examples of SEM images of
a hydrogel prepared with CCN crosslinked with CMC in
accordance with aspects of the disclosure. The hydrogel was
cut to expose an interior of the hydrogel and reveal the
porous structure of the hydrogel. The SEM images were
collected using a JEOL JSM-6700 SEM. FIG. 4A was
collected at 500x magnification, while FIG. 4B was col-
lected at 1000x magnification. Because the hydrogel was
prepared using CCN crosslinked with CMC, the internal
structure of microspheres formed in accordance with this
disclosure is expected to be similarly porous.

[0083] In some examples, in addition to being utilized as
an embolizing agent, the microspheres may be used to
deliver a therapeutic agent to a therapy site. The micro-
spheres comprising CCN crosslinked with CMC may carry
therapeutic agent due to functional groups on the CCN
crosslinked with CMC. For example, the microspheres may
be loaded with a therapeutic agent, such as a chemothera-
peutic agent, and used to deliver the chemotherapeutic agent
to a tumor and/or to embolize arteries that feed the tumor. In
other embodiments, the microspheres may be loaded with a
cell, a bioactive molecule, or another drug.

[0084] An example of a therapeutic agent that may be
loaded into the microspheres is doxorubicin (available under
the trade designation Adriamycin from Selleck Chemicals
LLC, Houston, Tex., U.S.A.). Doxorubicin includes a pro-
tonated amino group and a plurality of hydroxyl groups,
which may interact with functional groups, such as a car-
boxylic group, in the microsphere to bind to the microsphere
via ionic interactions. While doxorubicin is provided as one
example of a therapeutic agent which may be loaded into the
microspheres of the present disclosure, other therapeutic
agents may be used with the microspheres. For example,
hydrophilic therapeutic agents may be utilized with the
microspheres according to the disclosure. In particular,
therapeutic agents that include at least one functional group
that interacts with a carboxylic group, hydroxyl group or an
aldehyde group are expected to be compatible with micro-
spheres of the present disclosure. Examples of such thera-
peutic agents include irinotecan (available under the trade
designation Camptosar® from Pfizer, New York, N.Y., U.S.
A), ambroxol, and other therapeutic agents with at least one
positively charged functional group. In some embodiments,
in addition to ionic interactions between the therapeutic
agent and the CCN crosslinked with CMC, the therapeutic
agent may adsorb or adsorb in the microsphere.

[0085] In some embodiments, the therapeutic agent may
be loaded into the microspheres during formation of the
microspheres, i.e., during the crosslinking of the CCN with
the partially oxidized CMC. In such embodiments, the
therapeutic agent may be deposited into the emulsion along
with the CCN and oxidized CMC. As the microspheres
form, the therapeutic agent may load into the microspheres.
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[0086] In other embodiments, the therapeutic agent may
be loaded into the microspheres after formation of the
microspheres. For example, the microspheres may be
immersed in a solution of the therapeutic agent in a solvent,
such as saline or a saline and contrast medium mixture, to
load the therapeutic agent into the microsphere. In some
examples, the therapeutic agent solution may have a con-
centration of between about 1 mg therapeutic agent per mL
solvent (mg/mL) and about 2 mg/mlL..

[0087] In some examples, the therapeutic agent may be
loaded into the microspheres to a concentration of between
about 0.3 mg therapeutic agent per mg dry microsphere
(mg/mg) and about 0.75 mg/mg.

[0088] FIGS. 5A-5F are light microscopy images illustrat-
ing an example of loading a dye (Evan’s blue) into micro-
spheres comprising CCN crosslinked with CMC. FIG. 5A
illustrates a plurality of microspheres suspended in normal
saline prior to the dye being loaded into the microspheres.
Prior to introducing the Evan’s blue, saline was removed to
the extent practicable using a micropipette, leaving wet
microspheres. About 1 mL of a 1% w/v solution of Evan’s
blue in saline was added to about 50 mg wet microspheres.
FIG. 5B was collected about 50 seconds after introducing
the Evan’s blue solution, and illustrates that loading of the
dye into the microspheres has begun. FIG. 5C was taken
about 4 minutes after introduction of the Evan’s blue solu-
tion, and shows that additional dye has been loaded into the
microspheres. FIG. 5D was collected about 16 minutes after
introduction the Evan’s blue solution, and shows further dye
uptake by the microspheres. Finally, FIGS. 5E and 5F
illustrate microspheres loaded with the dye suspended in
normal saline after being removed from the Evan’s blue
solution.

[0089] FIGS. 6A-6C illustrate examples of microspheres
according to an aspect of the disclosure after being loaded
with various dyes. Specifically, FIG. 6A shows a plurality of
microspheres loaded with seafoam green food coloring, FI1G.
6B shows a plurality of microspheres loaded with FD&C
Red Dye #40, and FIG. 6C shows a plurality of microspheres
loaded with FD&C Yellow Dye #5. Prior to collecting the
images shown in FIGS. 6A-6C, the microspheres were
loaded with the dye in a similar manner to that described
above with respect to FIGS. 5A-5F: saline was removed
from a suspension of microspheres in saline using a micropi-
pette, and about 1 mL of a 1% w/v solution of the dye in
saline was added to about 50 mg wet microspheres. After
loading the dye into the microspheres, the remaining dye
solution was removed using a micropipette and the dye-
loaded microspheres were suspended in saline. FIGS. 5A-5F
and 6A-6C illustrate that the microspheres may be loaded
with dyes having different functional groups, suggesting that
the microspheres may also be loaded with therapeutic agent
that include different functional groups.

[0090] FIGS. 7A-7D are images taken with a light micro-
scope illustrating an example of loading doxorubicin into
microspheres that include CCN crosslinked with CMC. FIG.
7A illustrates a plurality of microspheres suspended in
normal saline prior to the doxorubicin being loaded into the
microspheres. Prior to introducing the doxorubicin, saline
was removed to the extent practicable using a micropipette,
leaving wet microspheres. The doxorubicin solution was
prepared by dissolving about 50 microliters (uL) of a
commercially available doxorubicin solution (2 mg doxo-
rubicin per mL solvent; available from Plantex USA, Wood-
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cliff Lake, N.J., U.S.A.) in about 200 pL saline. The resulting
250 pL solution was added to about 20 mg wet micro-
spheres. FIG. 7B was collected about 45 seconds after
introducing the doxorubicin solution, and illustrates that
loading of the doxorubicin into the microspheres has begun.
FIG. 7C was taken about 10 minutes after introduction of the
doxorubicin solution, and shows that additional doxorubicin
has been loaded into the microspheres and the concentration
of the doxorubicin in the medium has decreased. FIG. 7D
was collected about 30 minutes after introduction the doxo-
rubicin solution, and shows further doxorubicin uptake by
the microspheres and depletion of the doxorubicin from the
medium. Finally, FIG. 8 illustrates microspheres loaded with
the doxorubicin suspended in a new solvent mixture (4:6,
contrast:saline).

[0091] FIG. 9 is a scatter diagram illustrating examples of
dynamics of loading doxorubicin into microspheres of vari-
ous sizes. The loading of doxorubicin into the microspheres
was performed in a saline medium. In FIG. 9, the triangles
represent loading of doxorubicin into a plurality of micro-
spheres having diameters of between about 300 pm and
about 500 um, the squares represent loading of doxorubicin
into a plurality of microspheres having diameters between
about 500 pm and about 700 um, and the diamonds represent
loading of doxorubicin into a plurality of microspheres
having diameters between about 700 pm and about 850 um.
The ordinate represents the amount of doxorubicin in mil-
ligrams per milligram of dry microsphere. The abscissa
represents loading time in minutes.

[0092] FIG. 10 is a scatter diagram illustrating examples
of dynamics of loading doxorubicin into microspheres of
various sizes. The loading of doxorubicin into the micro-
spheres was performed in a saline medium. In FIG. 10, the
downward-pointing triangles represent loading of doxoru-
bicin into a plurality of microspheres having diameters of
between about 700 pm and about 850 pm, the upward-
pointing triangles represent loading of doxorubicin into a
plurality of microspheres having diameters between about
500 um and about 700 um, the circles represent loading of
doxorubicin into a plurality of microspheres having diam-
eters between about 300 um and about 500 pm, and the
squares represent loading of doxorubicin into a plurality of
microspheres having diameters between about 100 pm and
about 300 um. Similar to FIG. 9, the ordinate represents the
amount of doxorubicin in milligrams per milligram of dry
microsphere. The abscissa represents loading time in hours.
Both FIG. 9 and FIG. 10 show that in some embodiments a
higher concentration of doxorubicin may be loaded into
microspheres with smaller diameters. For example, doxoru-
bicin may be loaded to a higher concentration in micro-
spheres with diameters between about 100 um and about 300
um that in microspheres with diameters between about 700
um and about 850 pm.

[0093] FIG. 11 is a scatter diagram that illustrates
examples of changes in diameter during loading of doxoru-
bicin for microspheres of different initial diameters. As
illustrated in FIG. 11, the diameter of the microspheres
initially decreased during loading of doxorubicin and even-
tually reaches a substantially constant diameter. While not
wishing to be bound by theory, this may be because the
doxorubicin molecules include positively-charged func-
tional groups while the microspheres are formed of CCN
crosslinked with CMC, and CCN and CMC include nega-
tively-charged functional groups. Thus, it is believed that in
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the absence of the doxorubicin molecules, the negatively-
charged functional groups on the CCN crosslinked with
CMC may repulse each other. The presence of doxorubicin
in the interior of the microsphere may bring the net charge
in the interior of the microsphere closer to zero, and thus
may reduce electrostatic repulsion in the microsphere, which
may reduce the diameter of the microsphere.

[0094] In FIG. 11, the squares represent a microsphere
with an initial diameter of about 280 um, the circles repre-
sent a microsphere with an initial diameter of about 490 um,
the diamonds represent a microsphere with an initial diam-
eter of about 610 um, and the triangles represent a micro-
sphere with an initial diameter of about 720 pm.

[0095] FIG. 12 is an example fluorescence microscopy
image of a microsphere loaded with doxorubicin. FIG. 13 is
an example image illustrating fluorescence intensity as a
function of distance for a single doxorubicin-loaded micro-
sphere. Doxorubicin fluoresces under excitation. FIG. 13
illustrates substantially similar fluorescence across the sur-
face of the microsphere, which may suggest substantially
similar doxorubicin loading across the surface of the micro-
sphere. The microspheres illustrated in FIGS. 12 and 13
were formed of CCN crosslinked with partially oxidized
CMC.

[0096] FIG. 14 is a scatter diagram illustrating an example
of a percentage of doxorubicin released as a function of
time, measured in minutes, for each of a plurality of samples
of microspheres having different characteristics. Each of the
samples was disposed in about 2 mL saline for the duration
of the measurement. The saline was not changed during the
measurement. The different samples of microspheres
included different diameter ranges and different initial
weights (total initial weight of microspheres loaded with
doxorubicin). For example, four of the samples included
microspheres with diameters between about 300 um and
about 500 um. For a first of these samples, represented by
the smaller upward-pointing triangles, the plurality of
microspheres had an average initial weight of about 5.3 mg;
a second of these samples, represented by smaller squares,
included a plurality of microspheres having an average
initial weight of about 3.7 mg; a third of these samples,
represented by the smaller diamonds, included a plurality of
microspheres having an average initial weight of about 3.6
mg; and a fourth of these samples, represented by longer
horizontal lines, included a plurality of microspheres having
an average initial weight of about 3.3 mg.

[0097] Four additional samples included microspheres
with diameters between about 500 um and about 700 pum.
For a first of these samples, represented by shorter horizontal
lines, the plurality of microspheres had an average initial
weight of about 4.5 mg; a second of these samples, repre-
sented by crosses, included a plurality of microspheres
having an average initial weight of about 4 mg; a third of
these samples, represented by circles, included a plurality of
microspheres having an average initial weight of about 3.5
mg; and a fourth of these samples, represented by asterisks,
included a plurality of microspheres having an average
initial weight of about 3.2 mg.

[0098] An additional four samples included microspheres
with diameters between about 700 um and about 850 pum.
For a first of these samples, represented by x’s, the plurality
of microspheres had an average initial weight of about 5 mg;
a second of these samples, represented by the larger upward-
pointing triangles, included a plurality of microspheres
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having an average initial weight of about 4.9 mg; a third of
these samples, represented by the larger squares, included a
plurality of microspheres having an average initial weight of
about 3.2 mg; and a fourth of these samples, represented by
larger diamonds, included a plurality of microspheres hav-
ing an average initial weight of about 3 mg.

[0099] FIG. 15 is a scatter diagram illustrating examples
of an amount of doxorubicin in milligrams released as a
function of time, measured in days, for each of a plurality of
samples of microspheres having different characteristics.
Each of the samples was disposed in a cuvette filled with
about 2 mL saline. For some of the samples, the micro-
spheres were disposed in the same volume of saline for the
duration of the measurement. For other samples, the saline
in which the microspheres loaded with doxorubicin were
disposed was changed periodically. In particular, the saline
was changed after 1 day, 3 days, 6 days, 12 days, 19 days,
and 26 days. Additionally, in the samples in which the saline
was changed periodically, the cuvette in which the micro-
spheres and saline were disposed was changed after 12 days
and after 26 days.

[0100] The different samples of microspheres included
different diameter ranges and different initial weights (of the
microspheres loaded with doxorubicin). For example, four
of the samples included microspheres with diameters
between about 300 um and about 500 pum. A first of these
samples, represented by smaller upward-pointing triangles,
included a plurality of microspheres having an average
initial weight of about 4.8 mg (the saline in which the first
sample was disposed was changed as described above). A
second of these samples, represented by larger squares,
included a plurality of microspheres having an average
initial weight of about 4.3 mg (the saline in which the second
sample was disposed was not changed). A third of these
samples, represented by smaller diamonds, included a plu-
rality of microspheres having an average initial weight of
about 3.3 mg (the saline in which the third sample was
disposed was changed as described above). A fourth of these
samples, represented by longer horizontal lines, included a
plurality of microspheres having an average initial weight of
about 3.1 mg (the saline in which the fourth sample was
disposed was not changed).

[0101] Four more samples illustrated in FIG. 15 included
microspheres with diameters between about 500 um and
about 700 um. A first of these samples, represented by
shorter horizontal lines, included a plurality of microspheres
having an average initial weight of about 4.8 mg (the saline
in which the first sample was disposed was changed as
described above). A second of these samples, represented by
crosses, included a plurality of microspheres having an
average initial weight of about 4.5 mg (the saline in which
the second sample was disposed was not changed). A third
of these samples, represented by circles included a plurality
of microspheres having an average initial weight of about
3.7 mg (the saline in which the third sample was disposed
was changed as described above). A fourth of these samples,
represented by asterisks, included a plurality of micro-
spheres having an average initial weight of about 3.4 mg (the
saline in which the fourth sample was disposed was not
changed).

[0102] An additional four samples shown in FIG. 15
included microspheres with diameters between about 700
um and about 850 um. A first of these samples, represented
by x’s, included a plurality of microspheres having an
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average initial weight of about 4.5 mg (the saline in which
the first sample was disposed was changed as described
above). A second of these samples, represented by larger,
upward-pointing triangles, included a plurality of micro-
spheres having an average initial weight of about 4.2 mg (the
saline in which the second sample was disposed was not
changed). A third of these samples, represented by smaller
squares, included a plurality of microspheres having an
average initial weight of about 4.0 mg (the saline in which
the third sample was disposed was changed as described
above). A fourth of these samples, represented by larger
diamonds, included a plurality of microspheres having an
average initial weight of about 3.2 mg (the saline in which
the fourth sample was disposed was not changed).

[0103] FIG. 16 is a scatter diagram illustrating examples
of an amount of doxorubicin released in a saline medium as
a function to time, measured in days, for each of a plurality
of samples of microspheres having different characteristics.
Each of the samples was disposed in a cuvette filled with 2
ml saline. For the first sample, the plurality of microspheres
had diameters between about 300 um and about 500 pm and
the microspheres had an initial average initial weight of
about 4.3 mg (the weight of the microspheres loaded with
doxorubicin). The first sample, represented by squares, was
disposed in the same saline for the duration of the measure-
ment. For the second sample, represented by triangles, the
saline in which the microspheres loaded with doxorubicin
were disposed was changed periodically. In particular, the
saline was changed after 1 day, 3 days, 6 days, 12 days, 19
days, and 26 days. Additionally, the cuvette in which the
second sample was disposed was changed after 12 days and
after 26 days. The second sample included microspheres
with a diameter of between about 300 um and about 500 pm
and the microspheres had an average initial weight of about
4.8 mg.

[0104] FIG. 17 is a scatter diagram illustrating examples
of an amount of doxorubicin released in a saline medium as
a function to time, measured in days, for each of a plurality
of samples of microspheres having different characteristics.
Each of the samples was disposed in a cuvette filled with 2
ml saline. For the first sample, represented by squares, the
plurality of microspheres had a diameter between about 500
pm and about 700 um and was loaded with doxorubicin to
an average initial weight of about 4.5 mg. The first sample
was disposed in the same saline for the duration of the
measurement. For the second sample, the saline in which the
microspheres loaded with doxorubicin were disposed was
changed periodically. In particular, the saline was changed
after 1 day, 3 days, 6 days, 12 days, 19 days, and 26 days.
Additionally, the cuvette in which the second sample was
disposed was changed after 12 days and after 26 days. The
second sample included microspheres with a diameter of
between about 500 pm and about 700 um and the micro-
spheres were loaded with doxorubicin to an average initial
weight of about 4.8 mg.

[0105] FIG. 18 is a scatter diagram illustrating examples
of an amount of doxorubicin released in a saline medium as
a function to time, measured in days, for each of a plurality
of samples of microspheres having different characteristics.
Each of the samples was disposed in a cuvette filled with 2
ml saline. For the first sample, represented by upward-
pointing triangles, the plurality of microspheres had a diam-
eter between about 700 um and about 850 um and was
loaded with doxorubicin to a total average initial weight of
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about 4.2 mg. The first sample was disposed in the same
saline for the duration of the measurement. For the second
sample, the saline in which the microspheres loaded with
doxorubicin were disposed was changed periodically. In
particular, the saline was changed after 1 day, 3 days, 6 days,
12 days, 19 days, and 26 days. Additionally, the cuvette in
which the second sample was disposed was changed after 12
days and after 26 days. The second sample, represented by
x’s, included microspheres with a diameter of between about
700 pm and about 850 um and the microspheres were loaded
to a total average initial weight of about 4.5 mg.

[0106] FIG. 19 is a line diagram that illustrates an example
comparison of doxorubicin release rate between micro-
spheres of two different diameter ranges. Each of the
samples was placed in a cuvette filled with about 2 mlL
normal saline and the concentration of the doxorubicin in the
saline was measured periodically. The saline in which the
microspheres loaded with doxorubicin were disposed was
changed after 1 day, 3 days, 6 days, 12 days, 19 days, and
26 days. Additionally, the cuvettes in which the samples
were disposed were changed after 12 days and after 26 days.
The first sample, represented by squares in FIG. 19, included
microspheres with diameters between about 100 um and
about 300 um. The initial weight of the 100 um to 300 um
microspheres was about 4.4 mg. The second sample, repre-
sented by open circles in FIG. 19, included microspheres
with diameters between about 300 um and about 500 pum.
The initial weight of the 300 pm to 500 um microspheres
was about 4.8 mg. FIG. 19 shows that in this example, the
larger microspheres initially release the doxorubicin some-
what slower than the smaller microspheres, but the larger
microspheres provided a somewhat more sustained release
of the doxorubicin (e.g., after about 20 days).

[0107] FIG. 20 is a line diagram that illustrates examples
of release of doxorubicin from microspheres in different
media. The data points illustrated as squares in FIG. 20
represent release of doxorubicin from microspheres placed
in normal saline, which had a pH of between about 5.5 and
6.0. The data points illustrated as circles in FIG. 20 represent
release of doxorubicin from microspheres placed in acetate
buffered saline, which had a pH of about 5.2. The data points
illustrated as triangles in FIG. 20 represent release of doxo-
rubicin from microspheres placed in PBS, which had a pH
of about 7.4. The medium was not changed for any of the
samples during the duration of the testing.

[0108] In each of the samples, the diameters of the micro-
spheres were between about 300 um and about 500 pm. Each
of the microspheres was initially loaded with about 0.22 mg
doxorubicin. In FIG. 20, the concentration of doxorubicin in
the medium, measured in mg doxorubicin per mL. medium,
is plotted as a function of time, measured in days.

[0109] FIG. 20 shows that in this example, a greater
amount of doxorubicin was generally released from the
microspheres when the surrounding medium had a lower
pH. For example, the microspheres in the PBS medium,
which had the highest pH, released doxorubicin to a con-
centration in the medium of less than about 0.025 mg/mL.. In
the acetate buffered saline and the normal saline, doxorubi-
cin was released from the microspheres to a concentration in
the medium of about 0.045 mg/mlL..

[0110] As described above, the degree of oxidation of the
CMC may be controlled in the initial oxidizing reaction
when preparing partially oxidized CMC. The degree of
oxidation may be defines as the number of repeating units
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oxidized per 100 repeating units. As described above, CMC
with a higher degree of oxidation may result in more
crosslinks when reacted with CCN. FIG. 21 is a line diagram
that illustrates an example of the effect the degree of
oxidation of the CMC may have on the release rate of
doxorubicin from microspheres that are formed of CCN
crosslinked with CMC. In FIG. 21, the concentration of
doxorubicin in the medium, measured in mg doxorubicin per
ml medium, is plotted as a function of time, measured in
days. The microspheres in each sample had diameters
between about 300 um and about 500 um, and each sample
of the microspheres was initially loaded with an average of
about 0.50 mg doxorubicin.

[0111] The data points illustrated in FIG. 21 by squares
represent the doxorubicin released from microspheres
formed of CCN crosslinked with CMC with a degree of
oxidation of about 10% (i.e., about 1 in 10 repeating units of
the CMC was oxidized). The data points illustrated in FIG.
21 by circles represent the doxorubicin release from micro-
spheres formed of CCN crosslinked with CMC with a
degree of oxidation of about 25%. The data points illustrated
in FIG. 21 by triangles represent the doxorubicin release
from microspheres formed of CCN crosslinked with CMC
with a degree of oxidation of about 50%. Thus, FIG. 21
illustrates that in this example, a greater amount of doxo-
rubicin was released from the microspheres formed of CCN
crosslinked with CMC with a lower degree of oxidation
(correlating with a lower crosslinking density).

[0112] FIG. 22 is a line diagram that illustrates an example
of the effect of the medium on the release of doxorubicin
from microspheres formed of CCN crosslinked with CMC.
In FIG. 22, the concentration of doxorubicin in the medium,
measured in mg doxorubicin per ml. medium, is plotted as
a function of time, measured in days. The microspheres were
formed of CCN crosslinked with CMC, and had diameters
between about 300 um and about 500 pm. The average initial
weight of the microspheres was about 3.1 mg (including
doxorubicin), and about 0.18 mg of the weight was doxo-
rubicin. As shown in FIG. 22, the microspheres were ini-
tially placed in a water medium, and little doxorubicin was
released from the microspheres formed of CCN crosslinked
with CMC. However, after about two and one half days, the
microspheres were placed in a saline medium, and doxoru-
bicin began being released from the microspheres in greater
amounts. This may suggest that ion exchange plays a role in
the release of doxorubicin from the microspheres formed of
CCN crosslinked with CMC.

[0113] FIG. 23 is a line diagram that illustrates an example
comparison between release rates of doxorubicin from
microspheres according to an aspect the disclosure and DC
Beads™, a polyvinyl alcohol-based embolization bead
available from Biocompatibles, Farnham, Surrey, United
Kingdom. The microspheres formed of CCN crosslinked
with CMC had diameters between about 300 um and about
500 pum, and initial doxorubicin loading was about 0.50 mg.
The DC Beads™ also had diameters between about 300 um
and about 500 pm, and were loaded with an average of about
0.50 mg doxorubicin. Each of the samples was placed in
PBS for the duration of the testing. In FIG. 23, the concen-
tration of doxorubicin in the PBS, measured in mg doxoru-
bicin per mL PBS, is plotted as a function of time, measured
in hours. In this example, the release of doxorubicin from the
CCN crosslinked with CMC microspheres may be more
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gradual and sustained than the release of doxorubicin from
the DC Beads™ microspheres.

[0114] In some embodiments, regardless of whether the
microspheres are loaded with drug, the microspheres com-
prising CCN crosslinked with CMC may have advantageous
mechanical properties. For example, the microspheres may
be compressible, and may substantially return to their origi-
nal shape after being compressed. FIG. 24 is a plot of
compression force versus distance for a single microsphere
having a diameter of about 715 um and a crosslinking
density of about 10%. The compression test was performed
using a TA. XTPlus Texture Analyzer (Texture Technologies
Corp., Scarsdale, N.Y.). The microsphere was compressed at
a rate of about 0.08 mm/s. As illustrated in FIG. 24, the
microsphere compresses about 622 um (0.622 mm) before
irreversibly deforming, resulting in a fracture strain of about
87%. Additionally, the compression force at fracture was
about 65.5 g. As described above, the fracture strain may be
adjusted between about 70% and about 90% by controlling
a crosslinking density between the CCN and CMC.

[0115] FIGS. 25A-25C are light microscopy images illus-
trating an example of the compressibility of a microsphere
comprising CCN crosslinked with CMC as the microsphere
passes through a polyethylene tube. The microsphere has a
diameter of about 925 um and the catheter has an internal
diameter of about 580 um (PE-50). As FIGS. 25B and 25C
illustrate, the microsphere can deform and pass through the
internal cavity of the catheter.

[0116] FIGS. 26A-26C are light microscopy images that
illustrate another example of the compressibility of a micro-
sphere comprising CCN crosslinked with CMC and having
a diameter of about 860 um as the microsphere passes
through a polyethylene tube. In FIGS. 26 A-26C, the catheter
again has an internal diameter of about 580 um (PE-50). As
FIGS. 26B and 26C illustrate, the microsphere can revers-
ibly deform, pass through the internal cavity of the catheter,
and return to a shape and size substantially similar to the
shape and size of the microsphere before passing through the
catheter.

[0117] FIGS. 27A and 27B illustrate an example of the
resiliency of a microsphere comprising CCN crosslinked
with CMC. The microsphere pictured in FIGS. 27A and 27B
has a diameter of about 675 pm and was disposed in a
polyethylene tube with an internal diameter of about 580 pm
(PE-50) for about 24 hours prior to being released. The
image shown in FIG. 27A was collected about 3 seconds
after the microsphere was released from the PE tube, and the
image shown in FIG. 27B was collected about 5 seconds
after the microsphere was released. FIGS. 27A and 27B
illustrate that the microsphere may recover its spherical
shape and original size relatively quickly after being
released from the PE tube.

[0118] FIG. 28 is a light microscopy image of an example
of microspheres having diameters between about 500 um
and about 700 um taken after the microspheres were injected
through a catheter with an internal diameter of about 480 pm
(2 French catheter, available from Boston Scientific Corp.,
Natick, Mass.). As illustrated in FIG. 28, the microspheres
substantially retained their original, spherical shape.
[0119] FIGS. 29A and 29B are light microscopy images of
an example of microspheres having diameters between
about 800 um and about 1000 um taken after the micro-
spheres were injected through a catheter with an internal
diameter of about 0.53 mm (3 French catheter, Terumo
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Medical Corp., Somerset, N.J.). As illustrated in FIGS. 29A
and 29B, the microspheres substantially retained their origi-
nal, spherical shape.

[0120] FIGS. 30A and 30B are light microscopy images of
an example of microspheres loaded with doxorubicin while
passing through a catheter and after passing through the
catheter. The microspheres illustrated in FIGS. 30A and 30B
have a diameter between about 500 pm and about 700 pum.
The catheter shown in FIG. 30A had an internal diameter of
about 0.53 mm (3 French catheter, Terumo Medical Corp.,
Somerset, N.J.). As shown in FIG. 30B, the microspheres
substantially retained their original, spherical shape.
[0121] FIGS. 31A and 31B are light microscopy images of
an example of microspheres loaded with doxorubicin while
passing through a polyethylene tube. The microspheres
illustrated in FIGS. 31A and 31B have a diameter between
about 500 um and about 700 um. The catheter shown in
FIGS. 31A and 31B had an internal diameter of about 580
pm (PE-50).

[0122] Microspheres according to the present invention
may be suspended in a variety of solvents. For example,
FIGS. 32A and 32B are images illustrating microspheres
comprising CCN crosslinked with CMC suspended in two
different mixtures. In FIG. 32A, the microspheres are sus-
pended in a mixture of 40% contrast medium and 60%
saline. As FIG. 32A illustrates, the microspheres are sus-
pended in the mixture, and are translucent. FIG. 32B illus-
trates microspheres dyed with Evan’s blue suspended in a
50% contrast medium and 50% saline mixture.

[0123] Microspheres comprising CNN crosslinked with
CMC may be somewhat stable when stored in water, but
eventually may begin to degrade. FIG. 33 is a light micros-
copy image of an example of a plurality of microspheres
after being stored for two months in water. The microspheres
shown in FIG. 33 had a crosslinking density of about 10%.
The microspheres shown in FIG. 33 have been dyed with
Evan’s blue to increase contrast with the background
medium (water). As FIG. 33 illustrates, the microspheres
have begun to degrade and show decreased mechanical
integrity.

[0124] In some examples, microspheres comprising CCN
crosslinked with CMC may degrade more rapidly in the
presence of an enzyme such as lysozyme. FIGS. 34A-34E
are light microscopy images that illustrate an example of a
plurality of microspheres degrading in the presence of
lysozyme. The microspheres had a crosslinking density of
about 10%. The medium surrounding the microspheres
contained 4 mg/ml. lysozyme and the microspheres and
surrounding medium were kept at a temperature of about 37°
C. for the duration of the test. FIG. 34A illustrates the
appearance of the microspheres on day 0, soon after the
microspheres were placed in the medium. FIG. 34B shows
the appearance of the microspheres on day 3. FIG. 34C
illustrates the appearance of a microsphere after 7 days.
Visual evidence of the beginning of degradation is apparent.
FIG. 34D shows the appearance of a microsphere on day 9.
Degradation of the microsphere is progressing, mechanical
integrity is decreasing, and the microsphere is no longer
spherical. Finally, FIG. 34E illustrates the appearance of a
microsphere on day 14, at which time pieces of microsphere
can be found in the medium, but the microsphere is no
longer spherical.

[0125] As described above, the degradation time of the
microspheres may be adjusted by increasing or decreasing
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the crosslink density in the microspheres. For example, a
higher crosslink density, which may correspond to a higher
oxidation degree of the partially oxidized CMC, may lead to
an increased degradation time, while a lower crosslink
density (a lower oxidation degree of the CMC) may lead to
a decreased degradation time.

[0126] FIGS. 35A-35C are light microscopy images that
illustrate another example of a plurality of microspheres
loaded with doxorubicin degrading in the presence of
lysozyme. The microspheres were prepared from OCMC-II
(preparation described in Example 1 below) and CCN-III
(preparation described in Example 6 below) and had diam-
eters ranging from about 500 um to about 700 um. The
microspheres were placed in a 2 mg/mL solution of doxo-
rubicin in saline for about 24 hours to load the microspheres
with doxorubicin. The medium surrounding the micro-
spheres contained 4 mg/ml., lysozyme in PBS and the
microspheres and PBS were kept at a temperature of about
37¢ C. for the duration of the test. FIG. 35A illustrates the
appearance of the microspheres on day 0, soon after the
microspheres were placed in the PBS. FIG. 35B shows the
appearance of the microspheres after about 1.5 months. FIG.
35C illustrates the appearance of a microsphere after about
3 months. Visual evidence of the beginning of degradation
is apparent in FIG. 35C.

[0127] FIGS. 36A and 36B are light microscopy images
illustrating an example of microspheres comprising CCN
crosslinked with CMC 32 cultured with human dermal
fibroblasts 34. The human dermal fibroblasts 34 show no
apparent adverse effects due to the presence of micro spheres
32.

[0128] FIGS. 37A and 37B are light microscopy images of
an example control including cultured human fibroblast and
an example of a sample including human dermal fibroblast
cultured with microspheres comprising CCN crosslinked
with CMC, respectively. The control and sample have been
stained with crystal violet. Again, the human dermal fibro-
blast shows no apparent adverse effects due to the presence
of microspheres.

[0129] FIG. 38A-38C are light microscopy images illus-
trating an example of a control that included human dermal
fibroblasts stained with crystal violet. FIG. 38A is an image
collected about 3 days after beginning of the fibroblast
culture. FIG. 38B is an image collected about 7 days after
beginning of the fibroblast culture. FIG. 38C is an image
collected about 15 days after beginning of the fibroblast
culture.

[0130] FIGS. 39A-39C are light microscopy images illus-
trating an example of a sample including human dermal
fibroblast cultured with microspheres comprising CCN
crosslinked with CMC. The microspheres were prepared
from OCMC-I (preparation described in Example 1 below)
and CCN-II (preparation described in Example 5 below).
The cells were stained with crystal violet. FIG. 39A is an
image collected about 3 days after beginning of the culture.
FIG. 39B is an image collected about 7 days after beginning
of'the culture. FIG. 39C is an image collected about 15 days
after beginning of the culture. Compared with the control
shown in FIGS. 38A-38C, the human dermal fibroblast in
FIGS. 39A-39C shows no apparent adverse effects due to the
presence of microspheres.

[0131] FIG. 40 is a bar graph that illustrates an example of
absorbance at a wavelength of about 490 nm of medium
cultured with human dermal fibroblasts after being treated
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with MTS (3-(4,5-dimethylthiazol-2-y1)-5-(3-car-
boxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium,
inner salt). MTS is a cell titer for live cells, and thus the
absorbance is proportional to the number of live cells in the
culture. The control included only human dermal fibroblast,
while batch 1 and batch 2 included human dermal fibroblast
cultured with microspheres formed of CCN crosslinked with
CMC. Microspheres in batch 1 were prepared from OCMC-I
(preparation described in Example 1 below) and CCN-I
(preparation described in Example 4 below). Microspheres
in batch 2 were prepared from OCMC-II and CCN-I (prepa-
ration described in Example 5 below). FIG. 40 shows that in
this example, there was no significant difference in cell
growth over the course of six days between the control,
batch 1, and batch 2.

[0132] FIG. 41 is a bar graph that illustrates an example of
the arterial distribution of the microspheres after emboliza-
tion of three pairs of rabbit kidneys with microspheres
having diameters between about 100 um and about 300 pm.
For comparative purposes, microspheres available under the
trade designation Embosphere® (available from BioSphere
Medical, Inc., Rockland, Mass., U.S.A.) having diameters
between about 100 pm and about 300 um were used. In each
example, microspheres were injected into the renal artery of
live rabbits. The rabbits were then euthanized and the
kidneys removed to assess the results of the embolization.
The numbers of microspheres for each of the Embosphere®
microspheres and the microspheres formed of CCN cross-
linked with CMC were counted at a first location in the
interlobar artery (proximal to the injection site), the arcuate
artery (median), and at a second location in the interlobar
artery (distal to the injection site). The results are shown in
FIG. 41 as a percentage of the microspheres counted at each
location.

[0133] FIG. 42 is bar diagram that illustrates an example
comparison between Embospheres® and microspheres
formed of CCN crosslinked with CMC of the mean diameter
of the vessel occluded during an embolization procedure. In
some examples, it may be desirable that the microspheres
occlude arteries with a certain, predetermined diameter.
Accordingly, it may be desirable to understand the relation-
ship between a size range of the microspheres and the
average diameter occluded by the microspheres. As in FIG.
41, the nominal diameter of the Embospheres® used in the
example shown in FIG. 42 was between 100 um and 300 pm.
Similarly, the nominal diameter of the microspheres formed
of CCN crosslinked with CMC was between 100 um and
300 pm. The mean diameter occluded by the Embospheres®
was about 150 um, while the mean diameter occluded by the
microspheres formed of CCN crosslinked with CMC was
about 200 um.

[0134] FIG. 43 is a bar diagram that illustrates an example
determination of the mean diameter of the microspheres
formed of CCN crosslinked with CMC that were used in the
embolization procedure that generated the results shown in
FIG. 42. The bar labeled “CMC/CN microspheres” shows
the mean diameter of the microspheres formed of CCN
crosslinked with CMC as determined by optical microgra-
phy. The bar labeled “Sieve aperture” shows the calibrated
mean diameter of the microspheres formed of CCN cross-
linked with CMC, determined by passing sieves with dif-
ferent apertures and averaging the aperture sizes of the two
adjacent sieves aperture, one of which the microspheres did
not pass through and one of which the microspheres did pass
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through. In this way, the sieve aperture mean diameter may
be considered the mean diameter of compressed micro-
spheres formed of CCN crosslinked with CMC. As shown in
FIGS. 42 and 43, the sieve aperture mean diameter is
substantially the same as the mean diameter of the vessel
occluded by the microspheres formed of CCN crosslinked
with CMC. This suggests that determining a sieve aperture
mean diameter for microspheres formed of CCN crosslinked
with CMC may predict a mean diameter of a vessel that may
be occluded by the microspheres.

[0135] FIGS. 44 and 45 are example histology sections of
kidney tissue showing arcuate artery in a kidney of a rabbit
occluded with an embolic microsphere 36 according to
aspects of the disclosure. As shown in FIGS. 44 and 45, the
embolic microsphere 36 occludes substantially all of the
artery. The small interval between the embolic microsphere
36 and the wall of the vessel is believed to be caused by
sample processing as the microsphere 36 shrinks upon
fixation.

[0136] Microspheres formed according to the present dis-
closure may be utilized for a number of applications. For
example, one application for an embolic microsphere com-
prising CCN crosslinked by CMC is transareterial chemo-
embolization (TACE) of liver tumors. TACE for unresect-
able hepatocellular carcinoma (HCC) is an approved
treatment modality that increases patient survival compared
to intravenous chemotherapy. TACE includes intraarterial
(via the hepatic artery) injection of chemotherapeutic agents
followed by embolization of tumoral feeding arteries. The
trend in TACE is to use drug eluting beads loaded with
chemotherapeutic agents that are progressively released into
the tumor. Drug eluting TACE is associated with less sys-
temic toxicity and a better patient tolerance. Because the
microsphere comprising CCN crosslinked by CMC is biore-
sorbable and is thus absorbed by the body of the patient over
time after injection, the release profile of the chemothera-
peutic agents may be controlled. Additionally, the micro-
sphere comprising CCN crosslinked by CMC may act as
combination chemotherapeutic agent carriers and emboliza-
tion agents. Furthermore, because the microsphere compris-
ing CCN crosslinked by CMC are bioresorbable, artery
integrity may be restored upon resorption, which may be
advantageous in some examples.

[0137] Another application for microspheres comprising
CCN crosslinked by CMC is Uterine Fibroids Embolization
(UFE). Uterine Fibroids are benign muscular tumors that
grow in the wall of the uterus. Uterine fibroids can grow as
a single tumor or as many tumors. Uterine fibroids can be
either as small as an apple seed or as big as a grapefruit. In
unusual cases uterine fibroids can become very large. An
increasingly accepted therapy technique for uterine fibroids
is UFE. The main purpose of UFE is to reduce the size of the
fibroid and to treat excessive uterine bleeding. In essence,
UFE involves the placement of a catheter into the uterine
arteries and injection of embolization microspheres into the
uterine arteries to achieve fibroid devascularization and
progressive shrinkage. Use of bioresorbable microspheres
comprising CCN crosslinked by CMC may facilitate resto-
ration of uterine artery integrity after embolization.

EXAMPLES

Example 1: Preparation of Partially Oxidized CMC

[0138] About 1 g of sodium carboxymethyl cellulose
(Sigma-Aldrich, St. Louis, Mo., M,, about 700,000 g/mol)
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and 80 mL distilled water were added to a 250 mL flask.
After the carboxymethyl cellulose dissolved substantially
completely, 25% molar equivalent of sodium periodate in 20
mL distilled water was added to the flask. The reaction was
allowed to proceed for 24 hours at about 25° C. After 24
hours, about 0.21 g ethylene glycol was added to the flask to
stop the reaction. After an additional 30 minutes, the mixture
was poured into a dialysis tube (MWCO 3500) to dialyze
against distilled water for 3 days. Dry product was obtained
by lyophilizing the dialyzed solution. The resulting partially
oxidized CMC was labeled OCMC-II.

Example 2: Preparation of Partially Oxidized CMC

[0139] About 1 g of sodium carboxymethyl cellulose
(Sigma-Aldrich, St. Louis, Mo., M,, about 700,000 g/mol)
and 80 mL distilled water were added to a 250 mL flask.
After the carboxymethyl cellulose dissolved substantially
completely, 10% molar equivalent of sodium periodate in 20
mL distilled water was added to the flask. The reaction was
allowed to proceed for 24 hours at about 25° C. After 24
hours, about 0.08 g ethylene glycol was added to the flask to
stop the reaction. After an additional 30 minutes, the mixture
was poured into a dialysis tube (MWCO 3500) to dialyze
against distilled water for 3 days. Dry product was obtained
by lyophilizing the dialyzed solution. The resulting partially
oxidized CMC was labeled OCMC-I.

Example 3: Preparation of Partially Oxidized CMC

[0140] About 1 g of sodium carboxymethyl cellulose
(Sigma-Aldrich, St. Louis, Mo., M,, about 700,000 g/mol)
and 80 mL distilled water were added to a 250 mL flask.
After the carboxymethyl cellulose dissolved substantially
completely, 50% molar equivalent of sodium periodate in 20
mL distilled water was added to the flask. The reaction was
allowed to proceed for 24 hours at about 25° C. After 24
hours, about 0.42 g ethylene glycol was added to the flask to
stop the reaction. After an additional 30 minutes, the mixture
was poured into a dialysis tube (MWCO 3500) to dialyze
against distilled water for 3 days. Dry product was obtained
by lyophilizing the dialyzed solution. The resulting partially
oxidized CMC was labeled OCMC-III.

Example 4: Preparation of CCN

[0141] In a 3-neck flask, about 2 g chitosan (Sigma-
Aldrich, St. Louis, Mo., greater than 75% deacetylated) was
added to a mixture of about 16 g sodium hydroxide, about
20 mL distilled water, and about 20 ml. isopropanol. The
mixture was stirred at about 25° C. for about 24 hours.
Before carboxymethylation, the flask was maintained in a
water bath at about 50° C. for about 1 hour. About 16 g
monochloroacetic acid (Sigma-Aldrich, St. Louis, Mo.) in
10 mL isopropanol then was added dropwise into the reac-
tion mixture. The reaction mixture was stirred at about 50°
C. for an additional 4 hrs, and the reaction was stopped by
adding about 80 mlL of 70% ethanol. The precipitate was
filtered and rinsed thoroughly with 70-90% ethanol and
vacuum dried at room temperature.

[0142] The dried product was dissolved in about 100 mL
water and homogenized for 2 hours. Any insoluble residue
present in the mixture was removed by centrifuging. The
supernatant was dialyzed in an MWCO 3500 dialysis tube
against distilled water and then lyophilized. The resulting
CCN was labeled CCN-I.

Mar. 30, 2023

Example 5: Preparation of CCN

[0143] In a 3-neck flask, about 2 g chitosan (Sigma-
Aldrich, St. Louis, Mo., greater than 75% deacetylated) was
added to a mixture of about 8 g sodium hydroxide, about 10
ml, distilled water, and about 10 ml isopropanol. The
mixture was stirred at room temperature for about 24 hours.
Before carboxymethylation, the flask was maintained in a
water bath at about 50° C. for about 1 hour. About 8 g
monochloroacetic acid (Sigma-Aldrich, St. Louis, Mo.) in 5
ml isopropanol then was added dropwise into the reaction
mixture. The reaction mixture was stirred at about 50° C. for
an additional 4 hrs, and the reaction was stopped by adding
about 80 mL of 70% ethanol. The precipitate was filtered
and rinsed thoroughly with 70-90% ethanol and vacuum
dried at room temperature.

[0144] The dried product was dissolved in about 100 mL
water and homogenized for 2 hours. Any insoluble residue
present in the mixture was removed by centrifuging. The
supernatant was dialyzed in an MWCO 3500 dialysis tube
against distilled water and then lyophilized. The resulting
CCN was labeled CCN-II.

Example 6: Preparation of CCN

[0145] In a 3-neck flask, about 2 g chitosan (Sigma-
Aldrich, St. Louis, Mo., greater than 75% deacetylated) was
added to a mixture of about 8 g sodium hydroxide, about 8
ml, distilled water, and about 32 ml isopropanol. The
mixture was stirred for about 24 hours at about 25° C.
Before carboxymethylation, the flask was maintained in a
water bath at about 50° C. for about 1 hour. About 16 g
monochloroacetic acid (Sigma-Aldrich, St. Louis, Mo.) in
10 mL isopropanol then was added dropwise into the reac-
tion mixture. The reaction mixture was stirred at about 50°
C. for an additional 4 hrs, and the reaction was stopped by
adding about 80 mL of 70% ethanol. The precipitate was
filtered and rinsed thoroughly with 70-90% ethanol and
vacuum dried at room temperature.

[0146] The dried product was dissolved in about 100 mL
water and homogenized for 2 hours. Any insoluble residue
present in the mixture was removed by centrifuging. The
supernatant was dialyzed in an MWCO 3500 dialysis tube
against distilled water and then lyophilized. The resulting
CCN was labeled CCN-III.

Example 7: Preparation of CCN and CMC
Microspheres

[0147] About 0.075 g of CCN-I was mixed in about 5 mL
of water to form a 1.5% w/v CCN-I solution. Similarly,
about 0.075 g OCMC-I was mixed in about 5 ml water to
form a 1.5% w/v OCMC-I solution. The CCN-I and
OCMC-I solutions were then mixed. The mixture was added
to about 50 mL mineral oil containing between 0.2 mL and
0.5 mL sorbitane monooleate to form an emulsion. The
emulsion was homogenized for about 45 minutes. The
aqueous phase of the emulsion was allowed to evaporate
over night at about 45° C. with constant stirring. The
crosslinked CCN and CMC was isolated by precipitation in
isopropanol followed by centrifugation to remove the oil
phase. The resulting microspheres were washed thoroughly
in acetone before being dried under vacuum. The mean
diameter of the microspheres, measured in normal saline by
a light microscope, was about 515£3 pm.
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Example 8: Preparation of CCN and CMC
Microspheres

[0148] About 0.075 g of CCN-I was mixed in about 5 mL
of water to form a 1.5% w/v CCN-I solution. Similarly,
about 0.075 g OCMC-II was mixed in about 5 ml water to
form a 1.5% w/v OCMC-I solution. The CCN-I and OCMC-
II solutions were then mixed. The mixture was added to
about 50 mL. mineral oil containing between 0.2 ml. and 0.5
mL sorbitane monooleate to form an emulsion. The emul-
sion was homogenized for about 45 minutes. The aqueous
phase of the emulsion was allowed to evaporate over night
at about 45° C. with constant stirring. The crosslinked CCN
and CMC was isolated by precipitation in isopropanol
followed by centrifugation to remove the oil phase. The
resulting microspheres were washed thoroughly in acetone
before being dried under vacuum. The mean diameter of the
microspheres, measured in normal saline by a light micro-
scope, was about 594+3 pum.

Example 9: Preparation of CCN and CMC
Microspheres

[0149] About 0.075 g of CCN-I was mixed in about 5 mL
of water to form a 1.5% w/v CCN-I solution. Similarly,
about 0.075 g OCMC-III was mixed in about 5 ml water to
form a 1.5% w/v OCMC-I solution. The CCN-I and OCMC-
IIT solutions were then mixed. The mixture was added to
about 50 mL. mineral oil containing between 0.2 ml. and 0.5
mL sorbitane monooleate to form an emulsion. The emul-
sion was homogenized for about 45 minutes. The aqueous
phase of the emulsion was allowed to evaporate over night
at about 45° C. with constant stirring. The crosslinked CCN
and CMC was isolated by precipitation in isopropanol
followed by centrifugation to remove the oil phase. The
resulting microspheres were washed thoroughly in acetone
before being dried under vacuum. The mean diameter of the
microspheres, measured in normal saline by a light micro-
scope was about 702+3 um.

Example 10: Preparation of CCN and CMC
Microspheres

[0150] About 0.1 g of CCN-II was mixed in about 5 mL
of water to form a 2% w/v CCN-I solution. Similarly, about
0.1 g OCMC-II or 0.1 OCMC-III was mixed in about 5 ml
water to form a 2% w/v OCMC-II solution or a 2% w/v
OCMC-III solution. The CCN-I and OCMC-I solutions
were then mixed. The mixture was added to about 50 mL
mineral oil containing between 0.2 mL and 0.5 mL sorbitane
monooleate to form an emulsion. The emulsion was homog-
enized for about 45 minutes. The aqueous phase of the
emulsion was allowed to evaporate over night at about 45°
C. with constant stirring. The crosslinked CCN and CMC
was isolated by precipitation in isopropanol followed by
centrifugation to remove the oil phase. The resulting micro-
spheres were washed thoroughly in acetone before being
dried under vacuum. The mean diameter of the micro-
spheres, measured in normal saline by a light microscope
was about 2000 um.

Example 11: Preparation of Doxorubicin-Loaded
Microspheres

[0151] Microspheres disposed in saline and having wet
weight of about 150 mg were added into a 22 mL glass vial.
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(The microspheres had a dry weight of about 17 mg and
were formed from OCMC-II and CCN-III.) Excess saline
was removed with a pipette. About 20 mL. doxorubicin
solution (about 2 mg doxorubicin/mL solution) was formed
by dissolving doxorubicin in a saline/hydrochloric acid
solution having a pH between about 2.5 and about 4.5 and
was added into the vial. An amount of doxorubicin remain-
ing in the loading solution after loading of the microspheres
was determined by measuring the absorbance at 482 nm
using a Beckman UV-Visible spectrophotometer and com-
parison to a standard curve constructed from solutions of
known concentrations of drug. The maximum loading is
between about 0.3 and about 0.7 mg doxorubicin per mg dry
microspheres, depending on the size of the microspheres.

Example 12: Release of Doxorubicin in Saline

[0152] About 3 mg of loaded microspheres and about 2
ml, normal saline were added into a disposable plastic
cuvette. The concentration of doxorubicin released in the
medium was monitored with a Beckman UV-Visible spec-
trophotometer. The release of the doxorubicin was accom-
plished both with replacing normal saline at periodic inter-
vals (on day 1, day 3, day 6, day 12, day 19, and day 26) and
without replacing the normal saline. The saline was satu-
rated with doxorubicin in about 2 weeks when the normal
saline was not replaced. The release of doxorubicin when
replacing the normal saline can last 1 month without satu-
rating the normal saline.

[0153] Various embodiments of the disclosure have been
described. These and other embodiments are within the
scope of the following claims.

What is claimed is:

1. A microsphere comprising carboxymethyl chitosan
crosslinked with carboxymethyl cellulose and a therapeutic
agent.

2. The microsphere of claim 1, wherein the therapeutic
agent comprises a chemotherapeutic agent.

3. The microsphere of claim 1, wherein the therapeutic
agent comprises at least one positively charged functional
group.

4. The microsphere of claim 1, wherein the therapeutic
agent comprises at least one of irinotecan, ambroxol, or
doxorubicin.

5. The microsphere of claim 1, wherein a concentration of
the therapeutic agent is between about 0.3 milligram of
therapeutic agent per milligram of dry microsphere and
about 0.75 milligram of therapeutic agent per milligram of
dry microsphere.

6. The microsphere of claim 1, wherein the microsphere
is substantially free of a small molecule crosslinking agent.

7. The microsphere of claim 1, wherein the microsphere
is compressible.

8. The microsphere of claim 1, further comprising a
crosslinking density between the carboxymethyl chitosan
and the carboxymethyl cellulose that results in a fracture
strain of the at least one microsphere between about 70%
and about 90%, and further defining a diameter between
about 50 micrometers and about 1200 micrometers.

9. The microsphere of claim 1, further comprising a
crosslinking density between the carboxymethyl chitosan
and the carboxymethyl cellulose that results in a fracture
strain of the at least one microsphere between about 70%
and about 90%, and further defining a diameter between
about 1600 micrometers and about 2200 micrometers.
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10. A microsphere comprising carboxymethyl chitosan
crosslinked with carboxymethyl cellulose, wherein the
microsphere has a compressibility sufficient to permit the
microsphere to be introduced through a catheter or syringe.

11. The microsphere of claim 10, wherein the microsphere
comprises a diameter between about 50 micrometers and
about 1200 micrometers.

12. The microsphere of claim 10, wherein the micro-
sphere comprises a diameter of between about 1600
micrometers and about 2200 micrometers.

13. The microsphere of claim 10, wherein the micro-
sphere further comprises a chemotherapeutic agent.

14. The microsphere of claim 10, wherein the micro-
sphere further comprises at least one of irinotecan,
ambroxol, or doxorubicin.

15. The microsphere of claim 13, wherein a concentration
of the chemotherapeutic agent is between about 0.3 milli-
gram of therapeutic agent per milligram of dry microsphere
and about 0.75 milligram of therapeutic agent per milligram
of dry microsphere.

16. The microsphere of claim 10, wherein the micro-
sphere is substantially free of a small molecule crosslinking
agent.



