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DRUG CARRIER WITH THERMAL
SENSITIVITY, MANUFACTURING METHOD
THEREOF, AND USE THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Taiwan Patent
Application No .100117136, filed on May 17, 2011, in Tai-
wan Intellectual Property Office, the contents of which are
hereby incorporated by reference in their entirety for all pur-
poses.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a drug carrier and a
manufacturing method and a use thereof, in particular to a
magnetically controlled drug carrier with thermal sensitivity,
a manufacturing method thereof, and a use of the same as a
NMR contrast agent.

[0004] 2. Description of the Related Art

[0005] 1In recent years, the cancer rate in every country
increases every year, so that how to design and control a drug
release system for a target treatment of cancer becomes sig-
nificantly important. However, most of the conventional drug
release control systems are composed of acids, alkalis and
thermosensitive materials. The conventional drug control
systems only have effects in certain parts of human body so as
to fail to fit different situations of controlling the drug release.
[0006] Since the magnetic field is associated with force at a
distance, the magnetic field can be applied externally to con-
trol the drug release system to release drug, so as to perform
alocal treatment at any position of a human body. In addition,
the magnetic-control drug release system includes magnetic
particles, and magnetic resonance imaging (MRI) can be used
for tracking or positioning to release the drug to a specific
position in order to improve the local treatment effect signifi-
cantly.

[0007] However, most of the drug release systems or drug
carriers have loosened and unstable structures. When the
conventional drug carriers as disclosed in patents such as
W02010134087, US20090324494, US20050130167, and
CN200310122436 are applied to human bodies, the struc-
tures thereof will be damaged very easily, and the drug may be
leaked easily during the drug delivery process. Thus, a spe-
cific drug cannot be released to a specific position. Particu-
larly, the thermosensitive polymers have the property of a
lower critical solution temperature (LCST). If a nano drug
carrier made of the thermosensitive polymers is produced
without using a chemical crosslinking agent, the thermosen-
sitive nano drug carrier will have an unstable structure and
meur a difficult manufacture. On the other hand, a use of
chemical crosslinking agents usually gives a poor biocompat-
ibility.

[0008] Therefore, it is a primary issue to prepare a stable
thermosensitive nano drug carrier effectively without using
any chemical crosslinking agent and achieve the effects of
reducing a natural drug leakage before the drug carrier moves
10 a target position, and controlling the drug release by apply-
ing an external magnetic field after the drug carrier has moved
to the target position.

SUMMARY OF THE INVENTION

[0009] In view of the shortcomings of the prior art, it is a
primary objective of the present invention to provide a drug
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carrier with high biocompatibility and thermosensitivity cir-
culated in human body for a long time and the effect of a
highly sensitive NMR contrast agent. Meanwhile, the manu-
facturing method thereof does not require any chemical
crosslinking agent and can prepare a stable drug carrier by a
simple and easy manufacturing process and reduce the natu-
ral drug leakage to a level approaching zero during a drug
delivery. Therefore, the problem of the conventional drug
release system failing to control the local release of drug via
external energy can be overcome.

[0010] To achieve the aforementioned objective, the
present invention provides a drug carrier, comprising a nano-
magnetic particle, a drug and a composite polymer. The nano-
magnetic particle and the drug are encapsulated in the com-
posite polymer. The composite polymer is made of a water-
soluble polymer (such as poly vinyl alcohol, PVA) and a
thermosensitive copolymer (such as poly(ethylene oxide)-
poly(propylene oxide)-poly(ethylene oxide) triblock copoly-
mer, which can be Pluronic F68 or Pluronic F127) through
self-assembly and hydrogen bonds. An external magnetic
field is applied, such that the temperature of the nano-mag-
netic particle rises up to a predetermined temperature range
(about 37-50° C.) to give rise to a volume change of the drug
carrier, a structural change or a destruction of the drug carrier,
so as to continuously and slowly or quickly release the drug
encapsulated in the composite polymer.

[0011] Preferably, for achieving an approaching-zero drug
leakage and changing the release mode of the drug, the drug
carrier of the present invention further comprises a shell for
covering the surface of the composite polymer. The shell is
made of an inorganic material selected from the group of
silicon dioxide, titanium dioxide, and hydroxyapatite.
[0012] To achieve the aforementioned objective, the
present invention further provides a use of the above-men-
tioned drug carrier with thermal sensitivity as an NMR con-
trast agent.

[0013] To achieve the aforementioned objective, the
present invention further provides a manufacturing method of
a drug carrier with thermal sensitivity, and the manufacturing
method comprises the following steps. In an organic solvent,
a nano-magnetic particle and a drug are mixed uniformly. A
water-soluble polymer and a thermosensitive copolymer are
dissolved into a water solution to self-assembly into a com-
posite polymer. And then, the water solution containing the
composite polymer and the organic solvent containing the
drug and the nano-magnetic particle are mixed together and
shaken to form an emulsion. Through self-assembly and
hydrogen bonds and evaporating the organic solvent, the
nano-magnetic particle and the drug are encapsulate into the
composite polymer, so as to produce a stable drug carrier with
an outer polymer layer.

[0014] Preferably, the manufacturing method of the drug
carrier according to the present invention further comprises
the following steps. The drug carrier manufactured according
to the foregoing procedure is added into a mixed solution
containing alcohol and another water solution, and then a
silica-based precursor such as tetracthoxysilane (TEOS) is
added into a mixed solution. By the hydrolysis and conden-
sation of the silica-based precursor, the surface of the drug
carrier is covered with an inorganic shell containing silicon
(which is the aforementioned shell).

[0015] The drug carrier with thermal sensitivity, the manu-
facturing method thereof, and the use thereof have one or
more of the following advantages.



US 2012/0294806 A1l

[0016] (1) The shell made of an inorganic material is cov-
ered onto the surface of the drug carrier of the present inven-
tion, so that the effect of reducing drug leakage can be
achieved before the drug encapsulated into the drug carrier
arrives at a target position.

[0017] (2) The composite polymer of the present invention
is made of a water-soluble polymer (such as poly vinyl alco-
hol) and a thermosensitive copolymer (such as Pluronic F68
or F127) in a specific proportion by a self-assembly without
using any chemical crosslinking agent, so thatthe drug carrier
of the present invention features a low toxicity.

[0018] (3) Because the composite polymer of the present
invention is mixed from the water-soluble polymer and the
thermosensitive copolymer in a specific proportion, the vol-
ume contraction/expansion ratio thereof exceeds 800.
[0019] (4) When the external magnetic field is applied, the
temperature of the drug carrier of the present invention
increases to 40-47° C. This will cause the drug carrier of the
present invertion to contract quickly, and the size thereof is
reduced up to approximately 10 fold to give rise to a volume
change of approximate 1000 fold.

[0020] (5) With the nano-magnetic particle (such as iron
oxide) in the drug carrier of the present invention and the
external magnetic field, the drug carrier of the present inven-
tion can be used as an NMR contrast agent for living organ-
isms.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the neces-
sary fee.

[0022] FIG. 1is a schematic view of the structure of a drug
carrier with thermal sensitivity in accordance with an
embodiment of the present invention;

[0023] FIG. 2 is a flow chart of a manufacturing method of
a drug carrier with thermal sensitivity in accordance with a
first embodiment of the present invention;

[0024] FIGS. 3A-3C are transmission electron microscope
(TEM), scanning electron microscope (SEM) and high-reso-
lution transmission electron microscope (HR-TEM) dia-
grams of a drug carrier manufactured in accordance with a
second embodiment of the present invention respectively;
[0025] FIGS. 4A-4C shows the drug release behavior of
different drug carriers while an external magnetic field is
applied;

[0026] FIG. 5 is a graph showing the drug release behavior
of a drug carrier-a to a drug carrier-d without a silica shell of
the present invention at room temperature;

[0027] FIG. 6 is a graph showing the drug release behavior
of a drug carrier-1 to a drug carrier-4 with a silica shell of the
present invention at room temperature;

[0028] FIG. 7 is a histogram showing a change of particle
diameter of the drug carrier-1 to the drug carrier-4 of the
present invention at the temperature 40° C. and 47° C.;
[0029] FIG. 8 is a graph showing the drug release behavior
of the drug carriers-1 to the drug carrier-4 of the present
invention after being applied with an external magnetic field,
[0030] FIG.9isa TEM diagram of the drug carrier-1 of the
present invention after being applied with an external mag-
netic field;

Nov. 22, 2012

[0031] FIG. 10 is a confocal microscopic diagram ofa drug
carrier co-cultured with retinal pigment epithelium cells in
accordance with the present invention;

[0032] FIG.11is ahistogram showing the cell toxicity of a
drug carrier of the present invention provided that no mag-
netic field is applied and a magnetic field is introduced for one
minute;

[0033] FIG. 12A is a graph showing the particle diameter of
a drug carrier-5 to a drug carrier-8 varied with temperature in
accordance with the present invention;

[0034] FIG.12Bis a graph showing the drug release behav-
ior of the drug carrier-6 after being applied with a magnetic
field for 0, 15 and 30 seconds in accordance with the present
invention;

[0035] FIG.12C1is a graph showing the drug release behav-
iorofadrug carrier-7 after being applied with a magnetic field
for 30 and 90 seconds in accordance with the present inven-
tion;

[0036] FIG. 13 shows graphs of different iron ion concen-
trations of a drug carrier of the present invention measured at
Ti weighted and T2 weighted measurements respectively;
[0037] FIG.14 shows NMR diagrams of arat’s brain before
and after injecting a drug carrier of the present invention
respectively; and

[0038] FIG. 15 shows NMR diagrams of a rat’s liver and
kidney before and after injecting a drug carrier of the present
invention respectively.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0039] With reference to F1G. 1 for a schematic view of the
structure of a drug carrier with thermal sensitivity in accor-
dance with an embodiment of the present invention, FIG. 1(a)
shows a drug carrier 1 of the present invention comprising a
nano-magnetic particle 11, a drug 12 and a composite poly-
mer 13. The nano-magnetic particle 11 and the drug 12 are
encapsulated into the composite polymer 13. The composite
polymer 13 is self-assembled by two kinds of polymers in a
specific ratio, and these two polymers are a water-soluble
polymer and a thermosensitive copolymer respectively. Pref-
erably, the weight ratio of the water-soluble polymer to the
thermosensitive copolymer is 1:10-10:1.

[0040] Ina preferred embodiment, the drug carrier 1 of the
present invention further comprises a shell 14 made of an
inorganic material (such as silicon dioxide, titanium dioxide
or hydroxyapatite), and the shell 14 is covered onto a surface
of the composite polymer 13 as shown in FIG. 1(). Thus, the
drug carrier 1 of the present invention can achieve the effect of
releasing the drug slowly.

[0041] Additionally, the drug carrier 1 is preferably in a
spherical shape, but it also can be in any other shape. The drug
carrier without the shell has a diameter between 10 nm to 500
nm; the nano-magnetic particle has a diameter between 3 nm
to 30nm; and the shell has a thickness between 1 nm to 50 nm.
[0042] When an external magnetic field is applied at a
target position, the drug carrier 1 of the present invention can
be moved to a target position due to the nano-magnetic par-
ticle 11 encapsulated into the drug carrier 1. The nano-mag-
netic particles 11 are applied with the external magnetic field,
such that the nano-magnetic particles 11 produce heat, and
the temperature of the nano-magnetic particles 11 rise to a
predetermined temperature range (about 37-50° C.), causing
a significant volume change, a structural change or a destruc-
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tion of the drug carrier 1, so as to release the drug 12 in the
composite polymer 13 quickly to a target position.

[0043] The aforementioned nano-magnetic particle 11 can
be a nano-particle of ferrous oxide (Fe,O,), iron oxide
(Fe;0,), cobalt iron oxide (CoFe,Q,), manganese iron oxide
(MnFe,Q,) or manganese oxide. On the other hand, a precur-
sor such as ferrous chloride (FeCl,), ferric chloride (FeCl,),
cobalt chloride (CoCl,), ferric nitrate (Fe(NO,),), ferric
acetate (Fe(CH,CQOQ),), cobalt acetate (Co(CH;COO),), or
manganese acetate (Mn(CH,COO),) is used for producing
the nano-magnetic particle 11. The water-soluble polymer
includes poly vinyl alcohol (PVA), and the thermosensitive
copolymer includes poly(ethylene oxide)-poly(propylene
oxide)-poly(ethylene oxide) triblock copolymer (PEO-PPO-
PEQO polymer), poly(N-isopropyl acrylamide), gelatin or
chitin. The poly(ethylene oxide)-poly(propylene oxide)-poly
(ethylene oxide) triblock copolymer has the following struc-
tural formula.

CH;
+ © O\/‘}\
H [0 2 OH
¥

[0044] Where, if x=76, y=29, z=76, the poly(ethylene
oxide)-poly(propylene oxide)-poly(ethylene oxide) triblock
copolymer is Pluronic F68. If x=100, z=100, the poly(ethyl-
ene oxide)-poly(propylene oxide)-poly(ethylene oxide) tri-
block copolymer is Pluronic F127.

[0045] With reference to FIG. 2 for a flow chart of a manu-
facturing method of a drug carrier with thermal sensitivity in
accordance with a first embodiment of the present invention,
the manufacturing method comprises the following steps. As
shown, in step S21, a nano-magnetic particle and a drug are
mixed uniformly in an organic solvent. In step S22, a water-
soluble polymer and a thermosensitive copolymer are dis-
solved in a water solution and self-assembled to produce a
composite polymer. In step S23, the water solution containing
the composite polymer and the organic solvent containing the
nano-magnetic particle and the drug are mixed uniformly and
shaken to form an emulsion. In step S24, the organic solvent
is evaporated to encapsulate the nano-magnetic particle and
the drug into the composite polymer to form a drug carrier.

[0046] To cover ashell onto a surface of the drug carrier, the
following steps are carried out after the step S24. A mixed
solution containing alcohol and another water solution is
added into the drug carrier, and then a silica-based precursor,
such as tetraethoxysilane (TEOS), is added to the foregoing
mixed solution. The inorganic shell containing silicon (which
is the shell as shown in FIG. 1) is covered onto the surface of
the drug carrier by the hydrolysis and condensation of the
silica-based precursor.

[0047] For making persons ordinarily skilled in the art
understand the structure and effects of the drug carrier with
thermal sensitivity according to the present invention, the
following manufacturing procedure and function test of the
drug carrier of the present invention are provided. It is note-
worthy to point out that the following materials and param-
eters including concentration, content and response time are
provided for illustrating the invention only. The invention is
not limited to these arrangements only, but any equivalents
can be adopted.
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[0048] In a manufacturing method of a drug carrier with
thermal sensitivity in accordance with a second embodiment
of the present invention, the nano-magnetic particles are iron
oxide (Fe,O,) nanoparticles, but the invention is not limited
to such arrangement. Firstly, the iron oxide nano-particles
(0.5 wt %) and the drug (0.1%) are dissolved into approxi-
mately 2 mL of chloroform. Pluronic F68 as a thermosensi-
tive copolymer and poly vinyl alcohol (PVA) as a water-
soluble polymer are heated at about 70° C. and dissolved in
deionized water for approximately one hour until the deion-
ized water presents clear. Then, the deionized water is cooled
to room temperature. The deionized water and the chloroform
containing the iron oxide nanoparticles and the drug are
mixed, wherein the volume ratio of deionzied water to chlo-
roformisabout 5:2. After mixed, a strong ultrasonic vibration
is performed for about 3 minutes to produce an emulsified
solution. The emulsified solution is stirred at room tempera-
ture for 24 hours to evaporate all of the organic solvent. The
iron oxide nanoparticles and drug without encapsulating into
the composite polymer and remaining polymers are removed
by centrifuge, and then rinsed by deionzied water for about
three times to obtain a drug carrier of the present invention.
[0049] Inaddition, the shell is prepared by adding the drug
carrier into a mixed solution containing alcohol and water,
and then adding 1% of tetracthoxysilane (TEOS) into the
mixed solution to perform hydrolysis and condensation. After
about 30 minutes, ammonia water is added to accelerate the
reaction. After the reaction for one day, a drug carrier with a
silica shell can be collected. The collected drug carrier is
rinsed by deionzied water for several times to remove any
non-reacted substarnce.

[0050] The drug carrier with a highly temperature sensitiv-
ity in accordance with the present invention is prepared by
mixing two kinds of polymers in a specific ratio, such that a
novel polymer with high stability and super temperature sen-
sitivity can be produced. The magnetic field can be used to
drive the drug to release quickly, and a nano-material manu-
facturing process can be used for controlling the structure of
the drug carrier can be controlled up to its best feature by the
manufacturing process of the nano-materials.

[0051] Pluronic F68 has the thermosensitive property, but
its structure is too loose and unable. The structure of Pluronic
F68 may be damaged easily when the nano drug carrier is
delivered into human body, thus resulting in a natural release
of the drug. This situation is not good for the drug delivery
system in the human body, so that the second kind of water-
soluble polymer (poly vinyl alcohol) is doped to enhance the
internal bonding of the nano carrier to produce a nano drug
carrier with a high stability. In addition, a shell made of
inorganic material covered onto the surface of the drug carrier
can reduce the natural release effect of the drug significantly
when no external magnetic field is applied.

[0052] With reference to FIGS. 3A to 3C, FIGS. 3A to 3C
illustrate transmission electron microscope (TEM), scanning
electron microscope (SEM) and high-resolution transmission
electron microscope (HR-TEM) diagrams of a drug carrier
manufactured in accordance with the second embodiment of
the present invention respectively. FIG. 3A shows the thick-
ness of the silica shell 31 covered with the composite polymer
13 uniformly. The drug can be encapsulated into the compos-
ite polymer 13 easily by using a dense structure of silicon
dioxide. In addition, the manufacturing process of this pre-
ferred embodiment can be conducted at room temperature for
synthesizing a drug carrier without damaging the drug activ-
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ity. In FIG. 3B, no crevice and crack can be observed form the
surface of the drug carrier 1 of the present invention, and the
shell 14 and the composite polymer 13 are integrated into a
continuous structure without any gap between the two. The
drugcarrier 1 has an average diameter of 76 nm, and the silica
shell 31 has a thickness of approximately 7 nm. In FIG. 3C, a
crystal structure with iron oxide nanoparticles 111 can be
observed clearly.

[0053] Furthermore, if the carrier does not have the ther-
mosensitive copolymer (such as Pluronic F68), the structure
of the carrier is still complete during applying the external
magnetic field. When the proportion of the thermosensitive
copolymer in the drug carrier is increased, the contraction
level of the composite polymer comprised in the drug carrier
is increased. Thus, the drug carrier with high proportion of the
thermosensitive copolymer is collapsed and cracked quickly
to achieve the rapid drug release. The results are shown in
FIGS. 4A, 4B and 4C. FIG. 4A shows the drug carrier with
PVA and the silica shell and without the Pluronic F68; FIG.
4B shows the drug carrier with Pluronic F68, PVA and the
silica shell and the mixing ratio of the Pluronic F68 and PVA
is 1/3; FIG. 4C shows the drug carrier with Pluronic F68, PVA
and the silica shell, and the mixing ratio of the Pluronic F68
and PVA is 3/1. As shown in FIG. 4A, because there are not
any thermosenitive copolymers (Pluronic F68) in the drug
carrier, the drug carrier is not collapsed and cracked during
applying the external magpnetic field. However, when the ther-
mosenitive copolymers (Pluronic F68) is added into the drug
carrier and then the external magnetic field is applied, the
drug carrier is collapsed and cracked so as to release the
drugs. Additionally, the drug release of the drug carrier in
FIG. 4C is faster than that of the drug carrier in FIG. 4B.
Therefore, the collapse speed of the drug carrier depends on
the proportion of the hermosensitive copolymer comprised in
the drug carrier.

[0054] The manufacturing method of the second embodi-
ment further adjusts the weight ratio of the water-soluble
polymer to the thermosensitive copolymer, and the content,
contraction level and drug release rate of the iron oxide nano-
particles are measured. The weight ratio of the water-soluble
polymer to the thermosensitive copolymer and the content of
the iron oxide nanoparticles of different drug carriers accord-
ing to the present invention are listed in Table 1.
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carrier-d without a silica shell of the present invention at room
temperature, and a graph showing the drug release behavior
of a drug carrier-1 to a drug carrier-4 with a silica shell of the
present invention at room temperature, respectively. As
shown, the composite polymer for making the carriers is
formed by polymerizing poly vinyl alcohol (PVA) and Plu-
ronic F68, and the mixing ratios are 5/1, 5/2.5, 5/5 and 5/10
(as listed in Table 1).

[0057] InFIG. 5, the drug carrier-a to the drug carrier-d of
the present invention are respectively the drug carrier-1 to the
drug carrier-4 without the shell formed by TEOS. When the
drug carrier of the present invention is not covered by the shell
yet, the drug release speed is very fast. For example, over 60%
of the drugs will be released in approximately 45 minutes.

[0058] In FIG. 6, after the drug carrier-a to the drug car-
rier-d are encapsulated by the silica shell (which are the drug
carrier-1 to the drug carrier-4 as shown in FIG. 1), only 5% of
the drugs will be released naturally after 45 minutes. This is
because poly vinyl alcohol is added into the drug carriers,
such that the instability of the original drug carrier simply
adopting Pluronic F68 can be improved. Most of the drugs are
maintained in the composite polymer of the drug carriers 1-4
by covering the silica shell while transmitting, and the drug
will not be released from the composite polymer until the
drug carriers reach the target tissue. In the figure, although
poly vinyl alcohol has no thermosensitivity, the poly vinyl
alcohol can provide a large number of hydrogen bonds for
stabilizing the structure. If the content of the poly vinyl alco-
hol is too low, the internal interaction of the drug carrier will
not be strong enough to result that stable nano spherical
structures cannot be formed easily. When the proportion of
the poly vinyl alcohol is increased, a large number of hydro-
gen bonds can stabilize the nano structure of the drug carrier
and help forming the silica shell to reduce the drug leakage.
Therefore, the natural release rate of the drug carrier-1 is the
lowest. That s, the drug encapsulation efficiency is the high-
est. With reference to FIG. 7, it is a histogram showing a
change of particle diameter of the drug carrier-1 to the drug
carrier-4 of the present invention at the temperature 40° C.
and 47° C. The temperature sensitivity of the drug carrier of
the present invention is very obvious under the interaction of
poly vinyl alcohol and Pluronic F68, and the volume change

TABLE 1
Organic/ Saturated Encapsulation
Drug Weight Ratio Inorganic Magnetization  Fe;0, Efficiency
Carrier  Fe;0, PVA/F68  TEOS (TGA) (emu/g) (%) (%)
1 1 5/1 2.5 66/34 7. 12 735
2 1 5/2.5 2.5 72/28 6.7 10 704
3 1 5/5 2.5 79/21 4.9 8 65«4
4 1 5/10 25 85/15 31 5 58«5

[0055] Wherein, the encapsulation efficiency can be calcu-
lated by an equation of “(Total LBU Content—-Remaining IBU
Content in a Drug Carrier)/Total IBU Contentx100”. The
drug encapsulated in the drug carrier of the present invention
is preferably a hydrophobic drug, and an analgesic anti-in-
flammatory ibuprofen (IBU) drug is used as a simulating drug
in the present embodiment of the present invention.

[0056] With reference to FIGS. 5 and 6, those are a graph
showing the drug release behavior ofa drug carrier-a to a drug

at a specific temperature (which is 47° C. in this preferred
embodiment) can even exceed 800 fold. In addition, the
change of particle diameter of the drug carrier at different
temperatures shows that the particle diameter of the drug
carrier decreases instantaneously at the transition tempera-
ture of 47° C. If the ratio of Pluronic F68 to poly vinyl alcohol
is controlled appropriately, the change of the particle diam-
eter of the drug carrier can even reach up to 10 fold, and the
volume change approaches 1000 fold. The drastic change of
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the particle diameter causes the silica shell to collapse and
crack, so as to achieve the drug releasing effect.

[0059] With reference to FIGS. 8 and 9, those are a graph
showing the drug release behavior of the drug carrier-1 to the
drug carrier-4 of the present invention after being applied
with an external magnetic field and a TEM diagram of the
drug carrier-1 of the present invention after being applied
with an external magnetic field respectively. As shown, only
a very small amount of the drugs is released before the exter-
nal magnetic field is applied, and it shows that the drugs can
be stored in the composite polymer. Until the external mag-
netic field is applied (approximately for 4.5 minutes, and
indicated by “on” in the figure), and then is turn off (after
applying the external magnetic field for approximately 30
seconds, and indicated by “off” in the figure), the IBU drugs
are released from the composite polymer to the outside
quickly as shown in FIG. 8. The result shows that the ther-
mosensitive drug carrier of the present invention has excellent
magnetic fleld sensitivity. After being applied with the mag-
netic field, the silica shell has significant cracked as shown in
FIG. 9. The foregoing test illustrates that the thermosensitive
drug carrier of the present invention can achieve the effect of
releasing drugs through the external magnetic field.

[0060] For testing the cell compatibility of the drug carrier
of the present invention, the drug carrier of the present inven-
tion is marked with green fluorescence (FITC), co-cultured
with retinal pigment epithelium cells (ARPE-19), and
observed by a confocal microscope in the present embodi-
ment. The results are shown in FIG. 10. After the drug carrier
of the present invention and the cells are co-cultured for 4
hours, no significant uptake of the drug carrier by the cells is
found (showing a very small quantity of green spots) as
shown in FIG. (a). However, if the culturing time is increased
1o 24 hours, a large quantity of green spots can be found in the
cells as shown in FIGS. (b) and (c), indicating that the drug
carriers are entered into the cytoplasm of the cells and the
cells still maintain the size and shape. The data above show
that the drug carriers of the present invention have good cell
compatibility. In the cytotoxicity assay, the cell survival rate
is over 90% under the condition of applying the magnetic
field and culturing for a long time as shown in FIG. 11.
[0061] Inanother preferred embodiment, the thermosensi-
tive copolymer Pluronic F127 is used to substitute the Plu-
ronic F68 of the previous preferred embodiment, and the
weight ratio of iron oxide nanoparticle to poly vinyl alcohol/
Pluronic F127 and the critical transition temperature are
listed in Table 2 as follows.

TABLE 2

Drug carrier of

the present Weight Ratio Critical Transition Temperature
invention Fe,0, PVA/F127 rc)
5 1 1/4 327
6 1 2/3 380
7 1 32 42.6
8 1 4/1 454

[0062] From Table 2, the PVA/F127 in accordance with this
preferred embodiment of the present invention is a composite
polymer with a ratio of 1/4, 2/3, 3/2 and 4/1.

[0063] Withreferenceto FIG. 12A, itis a graph showing the
particle diameter of a drug carrier-5 to a drug carrier-8 varied
with temperature in accordance with the present invention.
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The drug carrier-5 to the drug carrier-8 have the largest vol-
ume change rate at a temperature range of 37-50° C., and the
drug carrier of the present invention becomes smaller quickly
as the temperature changes. Since human body temperature is
about 37-39° C., the drug carrier of the present embodiment
can maintain a stable structure without releasing much drugs
naturally when the drug is transmitted to a specific position of
a human body by applying the magnetic field. However, if
Pluronic F127 is only used for manufacturing the drug carrier
of the present invention, the critical transition temperature is
lower than others (about 25.8° C. which is not listed in the
table). If only poly vinyl alcohol is used as the drug carrier of
the present invention, there is no critical transition tempera-
ture at all.

[0064] Thus, just the poly vinyl alcohol or only Pluronic
F127 is not suitable for the manufacture of a thermosensitive
drug carrier.

[0065] WithreferencetoFIG. 12B, itis a graph showing the
drug release behavior of the drug carrier-6 after being applied
with a magnetic field for 0, 15 and 30 seconds in accordance
with the present invention. As shown, the external magnetic
field is applied to the drug carrier-5 of this preferred embodi-
ment at the fifth minute, and lots of drugs are released by
applying the magnetic field not only for 15 seconds but also
30 seconds. The quantity of released drugs is related to the
time duration of applying the magnetic field. In other words,
thelonger the applied magnetic field, the larger the quantity of
the released drugs. If the drug carrier-7 having high contents
of poly vinyl alcohol (PVA/Pluronic F127=3/2) can be used to
perform the drug release test, a lower and slower drug release
is found as shown in FIG. 12C. The results indicate that the
drug releasing behavior of the drug carrier of the present
invention can be controlled by modifying the contents of the
composition.

[0066] Inaddition, the drug carrier of the present invention
can be used as an NMR contrast agent, and the following
animal experiment is performed. As the medical applications
and development of the NMR technology advance, NMR
becomes a representative image processing method for test-
ing brains, spines, muscles and bones. The NMR imaging
technology is mainly based on signals measured from hydro-
gen atoms in water of each tissue, and such signals can be
divided into two vectors in different directions based on coor-
dinates. These two vectors include a longitudinal relaxation
(T1) and a transverse relaxation (T2), and the mechanisms of
these two signals are different and will not affect one another.
[0067] A general NMR contrast agent adopting the TI
mechanism comprises ions with the high paramagnetic prop-
erty. Most commonly, a small organic chelating agent is
reacted with gadolinium ions to obtain a stable organic metal
complex. The nano-magnetic particle has a diameter falling
within a range of 3 to 10 nano, such that the nano-magnetic
particle can be developed and applied to the NMR contrast
agent. In most cases, these magnetic particles adopt the T2
mechanism to affect the result of the image. With reference to
FIG. 13 for graphs of different iron ion concentrations of a
drug carrier of the present invention measured at T'1 weighted
and T2 weighted measurements respectively, the drug carrier
has the properties of the T2 contrast agent. In addition, the
spin-spin relaxation rate (r,) of the drug carrier of the present
invention falls within the range of 10s™ M~ <r,<500s*M™.
[0068] Furthermore, after the drug carrier of the present
invention is injected into a rat, the rat’s brain vascular contrast
increases significantly as shown in FIG. 14. In FIG. 14, FIG.
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(a) shows that the drug carrier of the present invention has not
been injected, and FIG. (b) shows that the drug carrier of the
present invention has been injected. With reference to F1G. 14
for NMR diagrams after the drug carrier of the present inven-
tion s injected into a rat’s body such as its liver and kidney. In
FIG. 15, FIG. (a) shows an NMR image of the rat’s liver and
kidney before the drug carrier of the present invention is
injected into the rat, and FI1G. (b) shows an NMR image of the
rat’s liver and kidney after the drug carrier of the present
invention is injected into the rat. From the above results, the
contrast is increased significantly after injecting the drug
carrier of the present invention.

[0069] In the results as shown in FIGS. 13 to 15, the drug
carrier and the location of a pathological tissue can be moni-
tored through NMR imaging related technologies. When the
drug carrier of the present invention enters into a human or
animal body, the aforementioned method applying an exter-
nal magnetic field at a target position (such as a liver, kidney,
brain or spleen) can induce the drug carrier of the present
invention to release the drug encapsulated in the composite
polymer because of the magnetic force being the force at a
distance, so as to achieve an effective treatment. The above
data can show that the drug carrier of the present invention
can release drug at a specific target effectively.

[0070] 1In addition, the surface of the shell can be modified
with at least one biological molecule, and such biological
molecule includes ribonucleic acid (RNA), deoxyribonucleic
acid (DNA), protein, hapten, avidin, streptavidin, neutravi-
din, lectin or selectin. After the drug carrier of the present
invention is coupled with biological molecules, the drug car-
rier can be used for targeting a tumor.

[0071] Insummation of the description above, the compos-
ite polymer is formed by self assembling the water-soluble
polymer (such as poly vinyl alcohol) and the thermosensitive
copolymer (such as Pluronic F68 or F127) according to a
specific ratio, and a simple and easy manufacturing process is
adopted without using any chemical crosslinking agent.
Therefore, the composite polymer is highly stable and ther-
mosensitivity, and has a high volume change rate, a high
biocompatibility and a low toxicity. In addition, the drug
carrier of the present invention can improve the drug encap-
sulation efficiency, controllability and quick release, and even
can be used as a NMR contrast agent to achieve the effects of
tracking and positioning the position of the drug carrier in
human or animal bodies and releasing the drug to a specific
target.

[0072] The present invention has been described with some
preferred embodiments thereof and itis understood that many
changes and modifications in the described embodiments can
be carried out without departing from the scope and the spirit
of the invention that is intended to be limited only by the
appended claims.

What is claimed is:

1. A drug carrier with thermal sensitivity, comprising:

a nano-magnetic particle;

a drug; and

a composite polymer, formed by self-assembling a water-
soluble polymer and a thermosensitive copolymer, and
provided for encapsulating the nano-magnetic particle
and the drug therein;

wherein, an external magnetic field is applied to rise the
temperature of the nano-magnetic particle to a predeter-
mined temperature range to cause a volume change of
the drug carrier and a structural change or destruction of
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the drug carrier so as to release the drug encapsulated in
the composite polymer quickly.

2. The drug carrier of claim 1, further comprising a shell
covered onto a surface of the composite polymer.

3. The drug carrier of claim 2, wherein the shell is made of
an inorganic material selected from the group ofsilicon diox-
ide, titanium dioxide and hydroxyapatite.

4. The drug carrier of claim 1, wherein the water-soluble
polymer and the thermosensitive copolymer have a weight
ratio of 1:10-10:1.

5. The drug carrier of claim 1, wherein the water-soluble
polymer comprises poly vinyl alcohol (PVA).

6. The drug carrier of claim 5, wherein the thermosensitive
copolymer is one selected from the group of poly(ethylene
oxide)-polypropylene oxide)-poly(ethylene oxide) triblock
copolymer, poly(N-isopropyl acrylamide), gelatin and chitin.

7. The drug carrier of claim 6, wherein the external mag-
netic field causes a volume contraction of the drug carrier to
destruct the structure of the drug carrier.

8. The drug carrier of claim 1, wherein the nano-magnetic
particle is a nano-particle selected from the group of ferrous
oxide, iron oxide, cobalt iron oxide, manganese iron oxide
and manganese oxide.

9. The drug carrier of claim 1, wherein the predetermined
temperature range falls within 37-55° C.

10. A use of the drug carrier with thermal sensitivity
according to claim 1 as a nuclear magnetic resonance (NMR)
contrast agent.

11. A manufacturing method of a drug carrier with thermal
sensitivity, comprising the steps of:

mixing a nano-magnetic particle and a drug uniformly into

an organic solvent;

dissolving a water-soluble polymer and a thermosensitive

copolymer into a water solution to form a composite
polymer by self-assembly;

mixing the water solution containing the composite poly-

mer and the organic solvent containing the nano-mag-
netic particle and the drug to form an emulsion by shak-
ing; and

evaporating the organic solvent to encapsulate the nano-

magpetic particle and the drug in the composite polymer
to form a drug carrier.

12. The manufacturing method of a drug carrier with ther-
mal sensitivity according to claim 11, further comprising the
steps of:

adding the drug carrier into a mixed solution containing

alcohol and another water solution;

adding a silica-based precursor into the mixed solution;

and

performing a hydrolysis and a condensation of the silica-

based precursor, to cover an inorganic shell containing
silicon onto a surface of the drug carrier.

13. The manufacturing method of a drug carrier with ther-
mal sensitivity according to claim 12, wherein the silica-
based precursor includes tetraethoxysilane (TEOS).

14. The manufacturing method of a drug carrier with ther-
mal sensitivity according to claim 11, wherein the water-
soluble polymer and the thermosensitive copolymer have a
weight ratio of 1:10-10:1.

15. The manufacturing method of a drug carrier with ther-
mal sensitivity according to claim 11, wherein the water-
soluble polymer comprises poly vinyl alcohol (PVA).
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16. The manufacturing method of a drug carrier with ther-
mal sensitivity according to claim 15, wherein the thermosen-
sitive copolymer is one selected from the group of poly(eth-
ylene oxide)-poly(propylene oxide)-poly(ethylene oxide)

triblock copolymer, poly(N-isopropyl acrylamide), gelatin
and chitin.
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17. The manufacturing method of a drug carrier with ther-
mal sensitivity according to claim 11, wherein the nano-
magnetic particle is a nanoparticle selected from the group of
ferrous oxide, iron oxide, cobalt iron oxide, manganese iron
oxide and manganese oxide.
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