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A nano-photoacoustic imaging agent is disclosed. The nano-
photoacoustic imaging agent includes a porous carrier and a
gold filling material embedded in the porous carrier. A
method for the preparation of the nano-photoacoustic imag-
ing agent is also provided.
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NANO-SEAURCHIN CONTRAST AGENTS
WITH PORE-FILLED GOLD NANORODS
AND THE PREPARATION METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION AND CLAIM OF PRIORITY

[0001] This application claims the benefit of Taiwan Patent
Application No. 101144067, filed on Nov. 23, 2012, at the
Taiwan Intellectual Property Office, the disclosures of which
are incorporated herein in their entirety by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a nano-photoacous-
tic imaging agent and the preparation method thereof, and
more particularly to a nano-photoacoustic imaging agent for
photoacoustic imaging and cancer treatment and the prepa-
ration method thereof.

BACKGROUND OF THE INVENTION

[0003] Inmany western countries, a photosensitizer is used
to kill cancer cells in the treatment of cancer with the goal of
causing minimum harm to the organs and tissues of body.
These methods can avoid injury and other negative effects
caused by a surgery, and they also reduce the recovery time of
the patents. The theory of the photothermal therapy is based
on a medium which can convert light into heat to kill the
adjacent cancer cells in the process of light-heat conversion.
The most familiar source of photosensitizer materials is
organic molecules. In a treatment period of 1-30 days, as a
result of exposure of the organic photosensitizer to illumina-
tion, too much heat generation would affect the body tissues
surrounding the cancer cells. Indeed, to reduce the risk that
normal organs would be damaged by the heat treatment,
developing nano-materials with high efficiency of light-heat
conversion would reduce the treatment time substantially.
There have recently been many studies focusing on photo-
thermal and photoacoustic imaging. The starting point is
based on various types of nanogold, such as a gold nanorod,
a gold nanoshell and a gold nanobox to develop a photother-
mal therapy, especially for photoacoustic imaging agent.
However, there are still some substantial problems with the
current applications.

[0004] At present, various developed photoacoustic imag-
ing agents do not have sufficient imaging effects or retain
optical characteristics for a long time. Conventional photoa-
coustic imaging systems only use nanogold, in which the
stability for light and heat is very low under laser, and the
nanogold can not actually achieve the purposes of perfect
imaging and stability in the bodies of the subjects. Under the
illumination of a pulsed laser, the nanogold will deform,
thereby losing some of the original optical characteristics by
the effect of local high temperature in a short time. Although
the nanogold has effects of light and heat, the synthesized
nanogold has defects of high toxicity and low biocompatibil-
ity, and thus the surface thereof has to be modified, which is
time-consuming and troublesome.

[0005] In order to overcome the drawbacks in the prior art,
a nano-contrast agent with seaurchin structure and the prepa-
ration method thereof are disclosed. The particular design in
the present invention not only solves the problems described
above, but is also easily implemented. Thus, the present
invention has utility for the industry.
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SUMMARY OF THE INVENTION

[0006] The present invention makes use of the combination
of a mesoporous sphere and a gold rod to design and prepare
a multifunctional nano-photoacoustic imaging agent, which
not only has high thermal stability and the function of thermal
treatment, but can also be used in photoacoustic imaging
systems to synchrounously monitor and diagnose. The gold
rod is grown into silica mesoporous to form seaurchin struc-
ture as a nano-photoacoustic imaging agent. Under the illu-
mination of a pulsed laser, the nano-photoacoustic imaging
agent still retains the original optical characteristics and high
thermal stability so as to substantially enhance the imaging
stability of the nano-photoacoustic imaging agent. When the
nano-photoacoustic imaging agent reach the location of the
tumor by magnetic guiding, the photoacoustic imaging sys-
tem is used to detect the location of the tumor cells, and the
ongoing use of the external laser stimulates the nano-photoa-
coustic imaging agent to provide local thermal therapy and
photoacoustic imaging to tumor simultaneously.

[0007] Inaccordance with one aspect of the present inven-
tion, a nano-photoacoustic imaging agent is disclosed. The
nano-photoacoustic contrast agent includes a mesoporous
carrier and a gold rod along with Fe, O, nanoparticles embed-
ded within the mesoporous catrier.

[0008] In accordance with another aspect of the present
invention, a method for preparing a nano-nano-photoacoustic
imaging agent is disclosed. The method includes steps of (a)
providing a mesoporous carrier; (b) loading Fe,O, nanopar-
ticles in the mesoporous carrier and (¢) then loading a grow-
ing seeds; and (d) causing the growing seeds to grow into a
gold rod.

[0009] In accordance with a further aspect of the present
invention, a nano-nano-photoacoustic imaging agent is dis-
closed. The nano-nano-photoacoustic imaging agent includes
a porous carrier and a gold-filled material embedded in the
porous carrier.

[0010] The above objects and advantages of the present
invention will become more readily apparent to those ordi-
narily skilled in the art after reviewing the following detailed
descriptions and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 shows the flow chart of preparing the nano-
photoacoustic imaging agent in which a goldrodis embedded
in the mesoporous sphere;

[0012] FIG. 2(a) shows a photograph of the mesoporous
sphere as taken by the scanning electron microscope;

[0013] FIG. 2(b) shows a photograph of the mesoporous
sphere as taken by the transmission electron microscope;
[0014] FIG. 2(c) shows the gold seeds embedded in the
mesoporous sphere;

[0015] FIG. 2(d) shows the gold rods embedded in the
mesoporous sphere;

[0016] FIG. 2(e) shows a high resolution photograph of the
gold rods embedded in the mesoporous sphere;

[0017] FIG. 2(f) shows a photograph from an electron
microscope where the mesoporous sphere is deformed and
partial melted;

[0018] FIG. 3 shows an elemental analysis spectrum of the
mesoporous sphere in which the gold rod is embedded,;
[0019] FIG. 4 shows how the aspect ratio of the gold rods
are modified by increasing the amount of silver nitrate;
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[0020] FIG. 5 shows changes in the spectrum absorbtion
range of the mesoporous sphere in which the gold rods are
embedded as the amount of silver nitrate is increased;

[0021] FIG. 6(a) shows the change of the absorption spec-
trum of the pure gold rod under the illumination of a pulsed
laser;

[0022] FIG. 6(b) shows the change of the absorption spec-
trum of the mesoporous sphere with pore-filled gold nanorods
under the illumination of a pulsed laser;

[0023] FIG. 7(a) shows the photoacoustic imaging signals
of the pure gold rod and the mesoporous sphere with pore-
filled gold nanorods in a laboratory mouse;

[0024] FIG. 7(b) shows the signal strength analysis of the
photoacoustic imaging of the pure gold rod versus the meso-
porous sphere with pore-filled gold nanorods in mice;

[0025] FIG. 8(a) shows the thermal effect generated in the
mouse injected with the mesoporous sphere with pore-filled
gold nanorods in a vein;

[0026] FIG. 8(b) shows that there is no thermal effect in the
mouse without the injection of the mesoporous sphere with
pore-filled gold nanorods;

[0027] FIG. 8(c) shows the thermal therapy process result-
ing from the illumination of the continued laser light;

[0028] FIG. 8(d) shows the size of the tumors with and
without the thermal therapy;

[0029] FIG.9 shows the flow chart of the preparation of the
magnetic nano-photoacoustic imaging agent in which the
gold rod is embedded in the magnetic mesoporous sphere;

[0030] FIG. 10(a) shows a photograph of iron oxide nano-
particles as taken by the transmission electron microscope;

[0031] FIG. 10(5) shows the nanobeads of iron oxide nano-
particles embedded in the mesoporous sphere, which form a
magnetic mesoporous sphere;

[0032] FIG. 10(c) shows the gold nanorods grown in the
magnetic mesoporous sphere;

[0033] FIG. 11(a) shows the photoacoustic imaging of the
magnetic nano-photoacoustic imaging agent before injec-
tion; and

[0034] FIG. 11(b) shows the photoacoustic imaging of the
magnetic nano-photoacoustic imaging agent after injection.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0035] The present invention will now be described more
specifically with reference to the following embodiments. Tt
1s to be noted that the following descriptions of the preferred
embodiments of this invention are presented herein for the
purposes of illustration and description only; they are not
intended to be exhaustive or to be limited to the precise form
disclosed.

[0036] The present invention utilizes a mesoporous mate-
rial and gold rods to form a photoacoustic imaging agent
where the gold nanorods are grown into a mesoporous sphere.
The effect of photoacoustic imaging is achieved as the gold
nanorods absorb the laser light. Because of the protection of
the mesoporous material, the gold nanorods retain their origi-
nal superior optical characteristics during the illumination
under much higher laser pulses, and thus the purposes of
stable photoacoustic signal and highly efficient hyperthermia
effect can be achieved simultaneously.
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Embodiment 1

[0037] Pleaserefer to FIG. 1, which shows the flow chart of
the preparation of the nano-photoacoustic imaging agent in
which gold nanorods are grown into the mesoporous sphere.
First, a mesoporous material 10 is prepared as a carrier. The
mesoporous material 10 in the present invention can be sili-
con dioxide. The mesoporous material 10 has a diameter
ranging from 20 nm to 5000 nm, and has a plurality of pores,
each of which has a diameter ranging from 5 nm to 50 nm.
After the seed-carrying nanobeads (AuSNBs) 11 were
immersed into the gold growth solution, the growth of gold
seeds occurred as evidenced by the color change of the mix-
ture, forming the silica mesoporous material 10 with the Au
grew into a nanorod geometry 12 to fill up the nanocavity of
silica mesoporous matrix 10 to form AuR-filled nano-seau-
rchin structures. The details of the implementiation method
are as follows.

[0038] Cetyltrimethylammonium bromide (CATB) is dis-
solved in water and the solution is heated to 70° C. to dissolve
and disperse the CATB. Then, Tetraethylorthosilicate
(TEOS), styrene monomer, lysine and 2,2'-azobis (2-amidi-
nopropane) dihydrochloride (AIBA) are added to the solution
and stirred for 4 hours. The resulting white precipitate is
collected by centrifugation and is washed several times by a
mixture of methanol and water in a ratio 1:1. Afterward, the
collected precipitate is dissolved in methanol, and then
hydrochloric acid is added thereto and stirred in a reaction for
24 hours. Then, the precipitate is collected to obtain the
mesoporous nano-sphere of silicon dioxide. The precursor of
nano-gold, hydrogen tetrachloroaurate (III) trihydrate
(HAuCl,), is reacted with sodium borohydride (NaBH,,) to
form the seeds of the nano-gold, and then the above-men-
tioned synthesized mesoporous sphere is added thereto and
stirred for 1 hour. The product, the gold seeds 11, are thus
grown in the mesoporous spheres are collected by centrifu-
gation. Finally the formulated growing solution including
CTAB, hydrogen tetrachloroaurate (IIT) trihydrate, silver
nitrate and L-ascorbic acid is added to the mesoporous
spheres filled with gold seeds, and the mixture is stirred for 24
hours to obtain the nano-medium of the mesoporous spheres
filled with the gold rods.

[0039] The nano-photoacoustic imaging agent characteris-
tics of the mesoporous spheres filled with gold nanorods
disclosed in the present invention are shown in the analysis
from the scanning electron microscope and transmission
electron microscope in FIGS. 2(a)~(f). After the above prepa-
ration method, the gold nanorods are indeed embedded in the
mesoporous sphere. By employing the nano-carrier mesopo-
rous silica, a large number of gold nanorods fill in the pores to
achieve the requirement of protecting the gold nanorods to
allow them to retain stable light and heat characteristics of the
therapeutic agent. In addition, the process can be performed
between 10° C. and 70° C., 1.e. at room temperature, and thus
there is no risk of a high temperature environment and the
preparation is simple and fast. The nano-photoacoustic imag-
ing agent where the gold nanorods are embedded in the meso-
porous spheres is identified by energy-dispersive X-ray spec-
troscopy in the present invention. As shown in FIG. 3, in the
elemental analysis spectrum, the absorbtion peaks of silicon
(Si) and gold (Au) are observed clearly, which proves that the
goldrods are indeed embedded in the mesoporous spheres. To
make a further demonstration, the mesoporous spheres are
measured by a specific surface area analysis instrument,
Brunauer-Emmett-Teller (BET), to see whether there is any
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change in the specific surface area following the growth of the
goldrods. Asshown in Table 1, the surface area of the original
mesoporous spheres is up to 860 m*/g. After the growth of the
gold nanorods into mesoporous, both the surface of the meso-
porous and the size of pores decrease substantially, which
proves that the gold nanorods are indeed embedded in the
mesoporous spheres.

TABLE 1
surface area pore volume pore diameter
(m’/g) (cc/g) (nm)
mesoporous sphere 826.25 1.908 6.5
gold nanorods 128.96 0.378 2.1

embedded in the
mesoporous sphere

[0040] To regulate the spectrum absorbtion range of the
nano-photoacoustic imaging agent, the length of the grown
gold nanorods can be adjusted by controlling the amount of
silver nitrate that is added in the step above. As shown in FIG.
4, as the amount of silver nitrate increases, the aspect ratio of
the gold nanorods becomes larger, indicating that the length
of the grown gold nanorods becomes longer. The aspect ratio
of gold nanorods affects the location of the absorbtion peak in
the spectrum. By increasing the amount of silver nitrate, the
absorbtion spectrum shifts in the direction of red light (or
longer wavelength) as shown in FIG. 5. By applying various
laser lights having different wavelengths, the absorbtion
spectrum range of the nano-photoacoustic imaging agent can
be controlled.

[0041] Regarding the testing of the stability of the mesopo-
rous spheres where gold rods are embedded for light and heat,
the mesoporous spheres with the gold nanorods are compared
with pure gold rods, as shown in FIGS. 6(a)~(b). After the
gold nanorods were illuminated by 100 flashes of the pulsed
laser, the absorbance spectrum intensity of the gold nanorods
decreases by about 30%. On the other hand, the absorbance
spectrum intensity of the gold nanorods embedded in the
mesoporous spheres only decreased about 10%. Along with
an increase of the flashes of the pulsed laser, the absorbance
spectrum of the pure gold nanorods clearly moves in the
direction of blue light, which indicates that the gold nanorods
are being deformed or melted by the light and heat ofthe laser,
as shown in the changes of the absorbance spectrum. By
comparison, along with the increase of the flashes of the
pulsed laser, the absorbance spectrum of the gold nanorods
embedded in the mesoporous spheres decreases, but no blue-
shift occurs in the absorbance spectrum, which indicates that
gold nanorod-containing mesoporous nanobeads with excep-
tionally efficient and stable photoacoustic imaging under the
conditions of light and heat.

[0042] Regarding the property of photoacoustic imaging of
the gold nanorods embedded in the mesoporous spheres,
colon cancer tumor cells from the mouse were transplanted to
the scalp of the mouse as shown in FIG. 7(a). The gold
nanorods embedded in the mesoporous spheres were injected
into the mouse via intravenous injections and the pure gold
nanorods used as a control. After circulation, the changes in
the photoacoustic signals were measured. Prior to the injec-
tions, both the gold nanorods embedded in the mesoporous
spheres and the pure gold nanorods do not have photoacoustic
signal. After 16 hours of circulation, the photoacoustic signal
of the gold nanorods embedded in the mesoporous spheres
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clearly increased, but the pure gold rods still did not emit a
signal. After data processing, the photoacoustic signal of the
gold nanorods embedded in the mesoporous spheres was
about 4.7 times that of the pure gold nanorods as shown in
FIG. 7(b). The gold nanorods embedded in the mesoporous
spheres not only raised the strength of the photoacoustic
signal, but also increased the concentration of the nano-pho-
toacoustic imaging agents near the tumor tissue, causing the
nano-photoacoustic imaging agents to enter the tumor tissue
to increase the photoacoustic signal.

[0043] In addition, the gold nanorods embedded in the
mesoporous spheres not only have the characteristic of
enhancing the strength of the photoacoustic signal, but also
have the thermal therapy effect due to light-heat conversion.
The gold nanorods embedded in the mesoporous spheres
were injected into the tumor mouse via intravenous injection.
After 4 hours of circulation, the tumor size was affected by
continual laser light. FIG. 8(a) shows an immediate thermal
effect in the tumor size of the mouse injected with the meso-
porous spheres with pore-filled gold nanorods. By contrast, in
FIG. 8(b), there is no thermal effect in the tumor size of the
untreated mouse. Please refer to FIG. 8(c), which is the ther-
mal therapy process via the illumination from the continual
laser light. It can be seen that the tumor size of the mouse
almost disappeared after 14 days. After calculation, FIG. 8(d)
shows that the gold nanorods embedded in the mesoporous
sphere indeed had excellent therapeutic effect. The applica-
tion of continual laser light can release heat continuously orin
stages, both of which achieve the purposes of the present
invention.

[0044] The nano-photoacoustic imaging agent of the
present invention has characteristics of high stability for light
and heat, high biocompatibility and low toxicity, and has very
good performance Regarding the therapy and imaging, which
is an important breakthrough for nano-biology and medicine
technologies.

Embodiment 2

[0045] Please refer to FIG. 9, which shows the flow chart
for the preparation of the magnetic nano-photoacoustic imag-
ing agent in which the gold nanorods are embedded in the
magnetic mesoporous spheres. First, the magnetic beads 14
are embedded in mesoporous spheres 13 to form magnetic
mesoporous spheres. Then the gold seeds 11 enter the pores of
the mesoporous spheres 13 and subsequently grow into the
gold nanorods 12. The magnetic beads 14 can be made ofiron
oxide, manganese ferrite (MnFe,0,), iron alloy such as FePt,
or other beads having magnetic properties. By introducing the
magnetic beads 14 into the nano-photoacoustic imaging
agent, the nano-photoacoustic imaging agent has magnetic
properties. Through the use of magnetic guidance, a substan-
tial amount of the magnetic nano-photoacoustic imaging
agent can be concentrated in a specific location. The magnetic
nano-photoacoustic imaging agent accumulates in a high
concentration, and thus the light and acoustic signal is ampli-
fied several times, which increases the therapeutic effect.

[0046] First, the synthesized mesoporous spheres in
Embodiment 1 are dissolved in water, and then 5 nm magnetic
ferric oxide beads are added thereto. The ferric oxide beads
become embedded in the mesoporous spheres via capillarity
and form the magnetic mesoporous spheres. The precursor of
nano-gold, hydrogen tetrachloroaurate (1) trihydrate is first
reacted with sodium borohydride to form the seeds of the
nano-gold, and then the above-mentioned synthesized mag-
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netic mesoporous spheres are added thereto and stirred for 1
hour. The product, the gold seeds 11 embedded in the mag-
netic mesoporous spheres are collected by centrifugation.
Finally, the formulated growth solution including CTAB,
hydrogen tetrachloroaurate (III) trihydrate, silver nitrate and
L-ascorbic acid is added to the magnetic mesoporous spheres
filled with gold seeds, and the mixture is stirred for 24 hours
to obtain the nano-photoacoustic imaging agent of the mag-
netic mesoporous spheres with the gold nanorods embedded
therein.

[0047] As the photograph from transmission electron
microscope shows (FIGS. 10(a)~(c)), the ferric oxide nano-
beads such as iron oxide nanoparticles are indeed embedded
in the mesoporous spheres, and the gold nanorods are indeed
grown in the magnetic mesoporous spheres.

[0048] Regarding the properties of photoacoustic imaging
of the magnetic nano-photoacoustic imaging agent, the colon
cancer tumor cells of the mouse were transplanted to the scalp
of the mouse. The gold nanorods embedded in the magnetic
mesoporous spheres were injected into the mouse via intra-
venous injection. After circulation, the changes in the pho-
toacoustic signals were measured. Please refer to FIG. 11(a),
which shows the photoacoustic imaging before the injection
of the magnetic nano-photoacoustic imaging agent. A pow-
erful magnet was placed on top of the mouse’s head (the circle
in the figure is the magnet). After 6 hours of circulation, the
photoacoustic signal from the gold nanorods embedded in the
magnetic mesoporous spheres increased significantly (FIG.
11(5)). The gold nanorods embedded in the magnetic meso-
porous spheres not only increased the strength of the photoa-
coustic signal, because of magnetic guidance, the concentra-
tion of the magnetic nano-photoacoustic imaging agent near
the tumor tissue also increased substantially, which caused
the magnetic nano-photoacoustic imaging agent enter the
tumor tissue, which increased the photoacoustic signal sub-
stantially.

[0049] The gold rods embedded in the magnetic mesopo-
rous spheres have the function of photoacoustic imaging and
good ferromagnetism. Through the use of magnetic guidance,
a plurality of photoacoustic imaging signals were obtained
from the animal, which represents an important breakthrough
for nano-biology and medical technologies.

Embodiments

[0050] 1. A nano-photoacoustic imaging agent includes a
mesoporous carrier and gold nanorods embedded within the
Mesoporous cartier.

[0051] 2. The nano-photoacoustic imaging agent of
Embodiment 1 further includes a magnetic nanobeads
embedded in the mesoporous carrier.

[0052] 3. In the nano-photoacoustic imaging agent of
Embodiments 1-2, the magnetic nanobeads are one selected
from a group consisting of ferric oxide (Fe;0,), manganese
ferrite (MnFe,O,), FePt and a combination thereof.

[0053] 4. In the nano-photoacoustic imaging agent of
Embodiments 1-3, the mesoporous carrier has a spherical
shape.

[0054] 5. In the nano-photoacoustic imaging agent of
Embodiments 1-4, the mesoporous carrier has a diameter
ranging from 20 nm to 5000 nm.

[0055] 6. In the nano-photoacoustic imaging agent of
Embodiments 1-5, the mesoporous carrier has a plurality of
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pores, each of which has a diameter ranging from 5 nm to 50
nm, and at least one of the plurality of pores is filled with a
gold nanorod.

[0056] 7. In the nano-photoacoustic imaging agent of
Embodiments 1-6, the gold nanorods has a length ranging
from 5 nm to 200 nm.

[0057] 8. In the nano-photoacoustic imaging agent of
Embodiments 1-7, the gold nanorods has a width ranging
from 1 nm to 50 nm.

[0058] 9. In the nano-photoacoustic imaging agent of
Embodiments 1-8, the nano-photoacoustic imaging agent is
applied to one selected from a group consisting of photoa-
coustic imaging, tumor therapy and a combination thereof.
[0059] 10. A method for the preparation of a nano-photoa-
coustic imaging agent includes steps of (a) providing a meso-
porous carrier; (b) loading growing seeds into the mesopo-
rous carrier; and (c) causing the growing seeds to grow into
gold nanorods.

[0060] 11. The method of Embodiment 10 further includes
a step of embedding magnetic nanobeads in the mesoporous
carrier.

[0061] 12.In the method of Embodiments 10-11, the mag-
netic nanobeads are one selected from a group consisting of
ferric oxide (Fe;0,), manganese ferrite (MnFe,O,), FePtand
a combination thereof.

[0062] 13. In the method of Embodiments 10-12, the
method is performed in a temperature ranging from 10° C. to
70° C.

[0063] 14.]Inthe method of Embodiments 10-13, the meso-
porous carrier has a spherical shape.

[0064] 15.Inthe method of Embodiments 10-14, the meso-
porous carrier has a diameter ranging from 20 nm to 5000 nm.
[0065] 16.Inthe method of Embodiments 10-15, the meso-
porous carrier has a plurality of pores, each of which has a
diameter ranging from 5 nm to 50 nm, and at least one of the
plurality of pores is filled with a gold nanorod.

[0066] 17. In the method of Embodiments 10-16, the gold
nanorod has a length ranging from 5 nm to 200 nm.

[0067] 18. In the method of Embodiments 10-17, the gold
nanorod has a width ranging from 1 nm to 50 nm.

[0068] 19. A nano-photoacoustic imaging agent includes a
porous carrier and a gold material embedded in the porous
carrier.

[0069] 20. In the nano-photoacoustic imaging agent of
Embodiment 19, the porous carrier has a diameter ranging
from 20 nm to 5000 nm and a plurality of pores, each of which
has a diameter ranging from 5 nm to 50 nm, and the gold
material is embedded within at least one of the plurality of
pores.

[0070] Based on the above, the present invention effec-
tively solves the problems and drawbacks in the prior art, and
thus it fits the demands of the medical industry and is indus-
trially valuable.

[0071] While the invention has been described in terms of
what is presently considered to be the most practical and
preferred embodiments, it is to be understood that the inven-
tion needs not be limited to the disclosed embodiments. On
the contrary, it is intended to cover various modifications and
similar arrangements included within the spirit and scope of
the appended claims which are to be accorded with the broad-
est interpretation so as to encompass all such modifications
and similar structures.



US 2014/0147388 Al

What is claimed is:

1. A nano-photoacoustic imaging agent, comprising:

a mesoporous cartier; and

a gold nanorod embedded within the mesoporous carrier.

2. The nano-photoacoustic imaging agent as claimed in
claim 1, further comprising:

a magnetic nanobeads embedded in the mesoporous car-

rier.

3. The nano-photoacoustic imaging agent as claimed in
claim 2, wherein the magnetic nanobeads are one being
selected from a group consisting of ferric oxide (Fe,0,),
manganese ferrite (MnFe,0,), FePt and a combination
thereof.

4. The nano-photoacoustic imaging agent as claimed in
claim 1, wherein the mesoporous carrier has a spherical
shape.

5. The nano-photoacoustic imaging agent as claimed in
claim 1, wherein the mesoporous carrier has a diameter rang-
ing from 20 nm to 5000 nm.

6. The nano-photoacoustic imaging agent as claimed in
claim 5, wherein the mesoporous carrier has a plurality of
pores, each of which has a diameter ranging from 5 nm to 50
nm, and at least one of the plurality of pores is filled with the
gold nanorod.

7. The nano-photoacoustic imaging agent as claimed in
claim 1, wherein the gold nanorod has a length ranging from
5 nm to 200 nm.

8. The nano-photoacoustic imaging agent as claimed in
claim 1, wherein the gold nanorod has a width ranging from
1 nm to 50 nm.

9. The nano-photoacoustic imaging agent as claimed in
claim 1, wherein the nano-developer is applied to one being
selected from a group consisting of photoacoustic imaging,
tumor therapy and a combination thereof.

10. A method for the preparation of a nano-photoacoustic
imaging agent, comprising steps of:
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(a) providing a mesoporous carrier;

(b) loading a growing seeds in the mesoporous carrier; and

(c) causing the growing seed to grow into a gold rod.

11. A method as claimed in claim 10, further comprising a
step of:

embedding a magnetic nanobeads in the mesoporous car-

rier.

12. The method as claimed in claim 11, wherein the mag-
netic nanobeads are one being selected from a group consist-
ing of ferric ferrous oxide (Fe,O,), manganese ferrite
(MnFe,QO,), FePt and a combination thereof.

13. The method as claimed in claim 10, wherein the method
is performed in a temperature ranging from 10° C. to 70° C.

14. The method as claimed in claim 10, wherein the meso-
porous carrier has a spherical shape.

15. The method as claimed in claim 10, wherein the meso-
porous carrier has a diameter ranging from 20 nm to 5000 nm.

16. The method as claimed in claim 10, wherein the meso-
porous carrier has a plurality of pores, each of which has a
diameter ranging from 5 nm to 50 nm, and at least one of the
plurality of pores is filled with the gold nanorod.

17. A method as claimed in claim 10, wherein the gold
nanorod has a length ranging from 5 nm to 200 nm.

18. A method as claimed in claim 10, wherein the gold
nanorod has a width ranging from 1 nm to 50 nm.

19. A nano-photoacoustic imaging agent, comprising:

a porous carrier; and

a gold filling material embedded in the porous carrier.

20. The nano-photoacoustic imaging agent as claimed in
claim 19, wherein the porous carrier has a diameter ranging
from 20 nm to 5000 nm and a plurality of pores, each of which
has a diameter ranging from 5 nm to 50 nm, and the gold
filling material is embedded within at least one of the plurality
of pores.



