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were repeated 30 times. The temperature of the paste was as
low as about 30° C. Kneading was carried out for 180 minutes
in total, At that time. the viscosity of'the obtained paste a1 25°
C. was measured using a rheometer (MCR-300, Anton Paar
GmbH) to be about 2200 ¢P (shear velocity at 1000 s at 23°
C.). about 10000 ¢P (shear velocity at 100 s7F a1 23° C.) and
about 52000 ¢P (shear velocity at 1057 at 237 C.). Then, the
hemoglobin vesicles were collected in a manner similar to
that of Example 1. and it was found that the encapsulation
efficiency was about 74% and the particle size was about 280
nm. It was concluded that this was a kneading condition
suitable for suppressing temperature rise of the paste and
reducing protein denaturation, although kneading time
became longer by slowing down the rates of revolution and
rotation.

Comparative Example 4

[0053] A complex lipid similar to that of Example 1 but
without DHSG was prepared. DPPC, cholesterol and DSPE-

PEGS3000 with o molar ratio of 5:4:0.03 and a total weight of

10 g were dissolved in t-butanol in a 0.5 L. eggplant shaped
flask. The complex lipid powder was obtained by freezing
with a dry ice/methanol mixed refrigerant and applying to a
freeze-drying machine (TOKYO RIKAKIKAI CO., LTD.,
FD-1000) for 24 hours. Ten grams of the powder was put in a
eylindrical container made of Teflon (registered mark), and
supplemented with highly purified human hemoglobin solu-
tion (HbCO form bound with carbon monoxide, 45 g/dL. 0.4
dL. pH 7.4). Kneading was carried out in a manner similar 1o
that of Example 3. The encapsulation efliciency was only
26% and the weight ratio of hemoglobin to lipid was a
remarkably low value of 0.94. Accordingly, DHSG was found
to be indispensable to increase recovery vield of hemoglobin
in the experiments to cncapsulate hemoglobin described in
the present application. Although the effect of DHSG on
recovery yield of hemoglobin is clarified as in the above
description. there is a possibility that the effect of DHSG on
the recovery yield might be affected by the species of the
functional substance to be encapsulated and kneading condi-
tions. The present invention. therefore, does not intend to
exclude the use of complex lipid powder which does not
comprise DHSG.

Example 4

[0054] Pyridoxal $-phosphate of 2.5-fold moles with

respect to carbonyl hemoglobin was added to a solution of

carbonyl hemoglobin. Ten grams of complex lipid obtained
by the CRUX method as described in Example 3 was added to
04 dl. (45 g/dL. pH7.4) of the hemoglobin solution. and
kneading with a kneading machine (rotation and revolution
mixer. THINKY CORPORATION, ARE-310. revolution at
1000 rpm and rotation at 400 rpm) for 6 minutes and cooling
for 3 minutes were repeated 30 times in a manner similar to
that of Example 3. Kneading was carried out for 180 minutes
in total. The encapsulation efficiency was about 65% and the
particle size was about 250 nm. Removal of carbon monoxide
and oxygen was performed as described in connection with
Example 1, and aliquots of .50 dI. were dispensed in 1 dlL
vials. Then, beta-propiolactone was added at a concentration
ol 0.53% or lower to complete sterilization.

Example 5

[0035]  Ina manner similar to that of Example 1. a complex
lipid powder was prepared by Nippon Fine Chemical Co..
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Lid. with DPPC, cholesterol. DHSG and DSPE-PEG 5000
dissolved in an organic solvent at molar ratio o' 5:4:0.9:0.03,
and the organic solvent being rapidly evaporated by the
CRUX method. In this example, the concentration of hemo-
globin bound 1o carbon monoxide was reduced to 40 ¢/dL.
Ten grams of the complex lipid powder was added to 0.4 dL
of" a hemoglobin solution. and kneading with a kneading
machine (rotation and revolution mixer, THINKY CORPO-
RATION. ARE-500. revolution at 800 rpm and rotation at 784
rpm) for 30 minutes was repeated 3 times. Kneading was
carried out for 90 minutes in total. Then. the paste was diluted
with saline in a manner similar to that of Example 1 and the
precipitates were removed by centrifugation (3000 rpm, 30
min.). The supernatant was separated by ultracentrifugation
to collect hemoglobin vesicles, which were dispersed again to
abtain a hemoglobin vesicle dispersion. The encapsulation
efficiency was about 80% and the particle size was about 280
nm.

Comparative Example 5

[0056] The amounts of lipids and hemoglobin were
increased two-fold compared to those of Example 5. Twenty
grams of complex lipid powder and 0.8 dL of hemoglobin
solution (40 g/dL) were put in the container described in
connection with Example 1, and kneading was carried out for
90 minutes in total in the manner described in connection with
Example 5. Then, the paste was diluted with saline in a
manner similar to that of Example 1 and the precipitates were
removed by centrifugation (3000 rpm. 30 min.). The super-
natant was separated by ultracentrifugation to collect hemo-
globin vesicles, which were dispersed again to obtain a hemo-
globin vesicle dispersion. As the encapsulation efficiency was
reduced to about 50%, it was shown that the yield varied
depending on the amount of materials placed in the container.

Example 6

[0857]  Inthis example. a condition was examined that used
the same amount of lipids and hemoglobin as Comparative
Example 3. but in a larger container. 20 g of the complex lipid
powderand 0.8 d. of hemoglobin solution (40 g/dL.) were put
in a container larger than the one described in Example |

(outer diameter: 90 mm: height: about 108 mm), kneading
with a kneading machine (rotation and revolution mixer,
THINKY CORPORATION, ARE-500, revolution at 800 rpm
and rotation at 784 rpm) for 30 minutes was repeated 3 times
or 90 minutes in total Then, the paste was diluted with saline
in a manner similar to that of Example 1 and the precipitates
were removed by centrifugation (3000 rpm, 30 min.). The
supernatant was separated by treatment with ultrafiltration
membrane (molecular weight cut-off: 1000 kDa: membrane
area: 0.1 m*: Biomax V screen, EMD Millipore Corporation)
to remove hemoglobin which was not encapsulated and to
obtain a hemoglobin vesicle dispersion. The encapsulation
efficiency was about 75%. As the strongest shear stress was
generated on the contact area of the paste and the inner wall of
the rotating container. the large area of contact was consid-
ered to be effective in improving encapsulation efficiency.

Example 7

[0058] In this example, PMPC, which has a lower phase
transition temperature than DPPC, was used as a phosphati-
dylcholine-type phospholipid. PMPC. cholesterol. DHSG
and SDPE-PEG3000 with a molar ratio of 5:4:0.9:0.03 were
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dissolved in t-butanol. and freeze-dried to obtain 4 g of dried
lipid powder. The powder was supplemented with dense
hemoglobin solution (40 g/dL. 0.2 dL). and production of
hemoglobin vesicles was attempted in the same manner as in
Example 1. After kneading for 3 minutes with the kneading
machine (rotation and revolution mixer, THINKY CORPO-
RATION, ARE-310. revolution: 1500 rpm: rotation: 600
rpm} was repeated 30 times, the solution was diluted 4 fold
with saline and centrifuged (2000 rpm, 60 minutes). The
amount of precipitate in large particle size fraction which was
notcompletely dispersed was significantly reduced compared
with Example 1. The particle size was 200-300 nm. which
means that the particle size was controlled to be smaller.
Thus, it was judged that production is facilitated when a
phosphatidylcholine-type phospholipid with a lower phase
transition temperature is used.

Example 8

[0059]  Stability was evaluated for the hemoglobin vesicles
prepared in Example 1 with the complex lipid comprising
DPPC as the major component and the hemoglobin vesicles
prepared in Example 7 with the complex lipid comprising
PMPC as the major component. Washed rat red blood cells
were used as a comparison. For each evaluated sample. the
hemoglobin concentration was adjusted to 3 o/dL. and the
percentage of hemolysis was measured atter following treat-
ments: (1) freezing with liquid nitrogen and subsequent thaw-
ing: (2) 5-fold dilution with distilled water: (3) hydrolysis of’
phosphelipid by phospholipase A2: and (4) fluid movement
under shear stress with a shear velocity of 1000 s™' for 2
hours. The hemoglobin vesicles or red bloed cells were pre-
cipitated by ultracentrifugation and the percentage of
hemolysis was calculated from hemoglobin concentration
and the volume of the supernatant. N=3, or triplicate samples
were prepared lor each treatment. and average
valuessstandard deviation were calculated. Afier treatment
(1), 75.9£9.2% of the red blood cells were hemolytic, while
33.7x4.7% of the DPPC-based hemoglobin vesicles and
33.3+4.2% of the PMPC-based hemoglobin vesicles were
hemolytic. After treatment (2). the red blood cells were highly
hemolytic at 89.0+06.6% while the DPPC-— and PMPC-based
hemoglobin vesicles were less hemolytic at 0.9£0.4% and
0.6+0.4%, respectively. After treatment (3), 6.9+1.3% of the
red blood cells were hemolytic. while 0.920.7% ot the DPPC-
based hemoglobin vesicles and 0.5£0.1% ot'the PMPC-based
hemoglobin vesicles were hemolytic. After treatment (4),
4.820.3% of the red blood cells were hemolytic, while less
than 1% of the DPPC- and PMPC-based hemoglobin vesicles
were hemelytic. Thus, it was shown that both of the DPPC-
and PMPC-based hemoglobin vesicles are structurally
extremely stable. Although DPPC and PMPC have different
phase transition temperatures. it was also shown that there are
no notable differences in the stabilities of DPPC- and PMPC-
based hemoglobin vesicles.

Example 9

[0060] Asamodel of low molecular weight functional sub-
stances, a fluorescent compound 5 (6)-carboxytluorescein
(CF) solution was prepared by dissolving CF at 10 mM in a
phosphate buffered solution (pH 7.4). A complex lipid pow-
der was prepared by Nippon Fine Chemical Co., Lid. with
DPPC, chalesterol, DHSG and DSPE-PEG 5000 dissolved in
an organic solvent at molar ratio of 5:4:0.9:0.03, and the
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organic solvent being rapidly evaporated by the CRUX
method. Ten grams of the complex lipid powder was added to
40 mL of the CF sclution, put in the cylindrical container
described in connection with Example | and kneading with a
kneading machine (rotation and revolution mixer, THINKY
CORPORATION. ARE-310, revolution at 1000 rpm and
rotation at 400 rpm) for 6 minutes and cooling for 3 minutes
were repeated 30 times. Alter the repeated kneading and
cooling, a paste like a hand cream was obtained. Viscosity of
the paste at 25° C. was measured using a rheometer (MCR-
300. Anton Paar GmbH) to be about 1020 ¢P (shear velocity
at 1000 s™" at 23° C.). 4600 ¢P (shear velocity at 100s™" at 23°
C.) and about 36800 cP (shear velocity at 10 s™! a1 23° C.).
About | gofthe resulting paste was supplemented with about
10 ml. of saline and mixed by shaking to obtain a vesicle
dispersion. The vesicles were precipitated by ultracentrifuga-
tion (100000xg. 1 hour). The resulting supernatant CF con-
centration and volume. as well as CF concentration and the
entire volume before the ultracentrifugation, were used to
calculate encapsulation efficiency of CF as 85%. The average
particle size of the vesicle was 800 nm. It was considered that
the reason why the particle size was not sufficiently small was
because the viscosity of the CF solution was lower than thatof’
the hemoglobin sohutions and the shear stress was not strong
enough. It was concluded to further extend kneading time in
arder to control the particle size to be smaller.

[0061]  Although the above Examples describe methods for
producing vesicles encapsulating hemoglobin and vesicles
encapsulating a fluorescent compound (FC), the substance to
be encapsulated is not limited to hemoglobin or CF. Vesicles
encapsulating various functional substances may be pro-
duced. For example, as disclosed in the Japanese translation
of PCT international application No.: 2008-542360. vesicles
may be produced which encapsulate pharmaceutical reagents
to be applied for treatment, prevention. diagnosis and the like
of disease conditions or therapeutics as a functional sub-
stance. The functional substance may be a pharmaceutical
reagent. such as one which is selected from a group of anti-
virus agenis, anti-microbe agents, anti-bacterium agents,
anti-fungus agents, anti-neoplasm agents, anti-inflammatory
agents, radiolabelling agents, radiopaque compounds. fluo-
rescent compounds. pigment compounds. polynucleotides.
anticancer agents, cell growth factors. hematopoietic factors
(erythropoietin, G-CSF), physiologically active substances.
and the like. The lipids which encapsulate these substances
may be those described above, orothers which are suitable for
any of these agents and therapeutics. In case of a tunctional
substance which has poor water-solubility or a low molecular
weight functional substance, a special treatment may be
emploved such as absorbing or fixing by chemical bonding to
a water-soluble polymer (such as albumin, gelatin, etc.). fol-
lowed by stably encapsulating the aquecus solution dissolv-
ing a complex of the water-soluble polymer-functional sub-
stanice in vesicles. As with the examples of functional
substances deseribed below, in case of a functional substance
which has a poor water-solubility or a low molecular weight
functional substance, it is possible to stably encapsulate the
functional substance in the vesicles, by using an auxiliary
substance such as a water-soluble polymer to disperse the
functional substance in the water. As for a lipophilic func-
tional substance which is hardly water soluble with the above-
mentioned means, it is in principle possible to first mix the
lipophilic functional substance with powder of lipid conipos-
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ing vesicles, to disperse the mixture in water, and to form
vesicles very efficiently by the kneading procedure.

Example 10

[0062]  Albumin physically absorbs various lipophilic func-
tional substances. and thus has a potential to be o carrier for
the various lipophilic functional substances. In this example,
therefore, vesicles encapsulating a dense albumin solution
were prepared. Ten grams of the lipid mixture of DPPC,
cholesterol, DHSG and PEG-DSPE described in connection
with Example | in a molar ratio of 5:4:0.9:0.03 was put in the
cylindrical container described in connection with Example
I. Then, 40 ml. of human serum albumin (Baxter Interna-
tional Inc.. 25 g/dL) was added and kneading with a kneading
machine (rotation and revolution mixer, THINKY CORPO-
RATION, ARE-310, revolution at 1000 rpm and rotation at
400 rpm) for 6 minutes and cooling for 3 minutes were
repeated 30 times. Cooled saline, 120 ml., was added to the
obtained paste and kneading was carried out for a minute to
reduce viscosity. Vesicles were precipitated by ultracentrifu-
gation {30,000xg. one hour) and albumin which was not
encapsulated was removed. The precipitated vesicles were
dispersed again to obtain vesicles encapsulating albumin.

Example 11

[0063] In this example, vesicles carrying curcumin as a
lipophilic functional substance were prepared. DMPC. cho-
lestero], DHSG,PEG-SDPE and curcumin ina molar ratio of
5:1:1:0.03:1 were dissolved in heated t-butyl alcohol and
freeze dried to obtain a powder mixed with curcumin and
lipids. 20 g of the mixed powder was put in the cylindrical
container described in connection with Example 1, supple-
mented with 0.8 dL. of phosphate buffered saline (pH 7.4) and
kneaded with a kneading machine (rotation and revolution
mixer. THINKY CORPORATION, ARE-500, revolution at
800 rpm and rotation at 784 rpmy) for 150 minutes in a nitro-
gen atmosphere to obtain a vesicle dispersion carrying cur-
cumin.

[0064] Specilic examples of anti-virus agents include osel-
tamivir phosphate and indinavir sulfate. Anti-microbe agents
include anti-bacterium  agents  such  as  ciprofloxacin,
cefotetan and azithromycin, anti-fungus agents such as
amphotericin B, nystatin and ketoconazole and anti-tubercu-
losis agents such as isoniazid, streptomycin and rifampin.
Agents for stimulating bone growth or that protect against
bone loss such as vitamin D. calcium. PTH antagonists or
bisphosphonates are also contemplated.

[0065] Anti-ncoplasm agents are also contemplated as
agents for delivery by the materials of the present invention.
A wide variety of chemotherapeutic agents may be used in
accordance with the present invention. The term “chemo-
therapy™ refers 1o the use of agents to treat cancer. A “che-
motherapeutic agent” is used to connote a compound or com-
position that is administered in the treatment of cancer. These
agents or drugs are classified by their mode of intracellular
activity. for example. whether and at what stage they affect
the cell eycle. Alternatively, an agent may be characterized
based on its ability to directly bind to DNA, to intercalate into
DNA, or to induce chromosomal and mitotic aberrations by
affecting nucleic acid synthesis. Most chemotherapeutic
agents fall into the following categories: alkylating agents,
metabolic antagonists, antitumor antibiotics, mitotic inhibi-
tors, and nitrosoureas.
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[6066] Examples of chemotherapeutic agents include alky-
lating agents such as thiotepa and cyclosphosphamide: alkyl
sulfonates such as busulfan, improsulfan and piposulfan:
aziridines such as benzodopa. carboquone. meturedopa, and
uredopa: ethylenimines and methylamelamines including
altretamine. triethylenemelamine. trietylenephosphoramide.
tricthiylenethiophosphoramide and trimethylolomelamine:
acctogenins (especially bullatacin and bullatacinone): a
camptothecin (including the synthetic analogue topotecan):
bryostatin: callystating CC-1065 (including its adozelesin,
carzelesin and bizelesin synthetic analogues): cryptophycins
(particularly cryptophycin 1 and cryptophycin 8): dolastatin;
duocarmycin (including the synthetic analogues. KW-2189
and CB1-TM1); eleutherobin: pancratistatin; a sarcodictyin;
spongistatin: nitrogen mustards such as chlorambucil. chlor-
naphazine. chlorophosphamide, estramustine. ifosfamide,
mechlorethamine, mechlorethamine oxide hydrochloride,
melphalan, novembichin. phenesterine, prednimustine, tro-
fosfamide. uracil mustard: nitrosoureas such as carmustine,
chlorozotocin, fotemustine, lomustine, nimustine, and rani-
mustine; antibiotics such as the enediyne antibiotics (e.g..
calicheamicin, especially calicheamicin gamma 1 and cali-
cheamicin omega 1: dynemicin. including dynemicin A: bis-
phosphonates. such as clodronate: esperamicin; as well as
neocarzinostatin chromophore and related chromoprotein
enediyne antiobiotic chromophores, aclacinomycins, actino-
mycin, anthrarnyein, azaserine, bleomycins, cactinomycin,
carabicin, caminomycin, carzinophilin, chromomycins. dac-
tinomyecin, daunorubicin, detorubicin. 6-diazo-3-0xo-L-nor-
leucine. doxorubicin (including morpholino-doxorubicin,
cyanomorpholino-doxorubicin. 2-pyrroline-doxorubicin and
deoxydoxorubicin), epirubicin, esorubicin. idarubicin, mar-
cellomyein, mitomycins such as mitomycin C, mycophenolic
acid, nogalamycin. olivomycins. peplomycin. potfiromycin,
puromycin. quelamyein. rodorubicin, streptonigrin. strepto-
zoein. whercidin, ubenimex. zinostatin, zorubicin: metabolic
antagonist such as methotrexate and 5-fluorouracil (5-FUY:
folic acid analogues such as denopterin. methotrexate,
pteropterin, trimetrexate: purine analogs such as fludarabine,
6-mercaptopurine. thiamiprine, thioguanine: pyrimidine ana-
logs such as ancitabine, azacitidine, 6-azauridine. carmofur,
cytarabine, dideoxyuridine, doxifluridine, enocitabine,
floxuridine: androgens such as calusterone. dromostanolone
propionate, epitiostanol, mepitiostane, testolactone: anti-
adrenals such as aminoglutethimide, mitotane. trilostane;
folic acid replenisher such as frolinic acid: aceglatone:
aldophosphamide glycoside; aminolevulinic acid; eniluracil;
amsacrine: bestrabucil; bisantrene; edatraxate; defolamine:
demecoleine: diaziquone; elformithine: elliptinium acetate;
an epothilone: etoglucid; gallium nitrate: hydroxyurea; len-
tinan: lonidainine: maytansinoids such as maytansine and
ansamitocins:  mitoguazone: mitoxantrone: mopidamol:
nitraerine: pentostatin: phenamet; pirarubicin: losoxantrone:
podophyllinic acid. 2-ethylhydrazide: procarbazine: PSK
(polysaccharide complex): razoxane; rhizoxin: sizofiran:
spirogermanium:  tenuazonic  acid: traziquone; 2,2.,2"-
trichlorotriethylamine; trichothecenes (especially T-2 toxin,
verracurin A. roridin A and anguidine): urethan: vindesine;
dacarbazine: mannomustine: mitobronitol; mitolactol; pipo-
broman; gacytosine: arabinoside (“Ara-C™): cyclophospha-
mide: thiotepa: taxoids, e.g.. paclitaxel and doxetaxel:
chlorambucil: gemeitabine: 6-thioguanine; mercaptopurine:
methotrexate: platinum coordination complexes such as cis-
platin, oxaliplatinand carboplatin: vinblastine: platinum; eto-
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poside (VP-16): ifosfamide: mitoxantrone; vincristine:
vinorelbine: novantrone: teniposide: edatrexate: daunomy-
cin: aminopterin: xeloda: ibandronate; irinotecan {e.g.. CP1-
11): topoisomerase inhibitor RFS 2000, diffuoromethylorni-
thine (DMIO): retinoids such as retinoic acid: capecitabine;
and pharmaceutically acceptable salts, acids or derivatives of
any of the above. In particular embodiments. the chemothera-
peutic agent is selected from a group consisting of doxorubi-
cin. topoisomerase I inhibitors such as topotecan and irinote-
can and mitotic inhibitors such as paclitaxel and etoposide,
and metabolic antagonists such as methotrexate and mono-
clonal antibodies such as rituximab.

[0067] Stimulators of red blood cell production are also
contemplated for delivery. and include iron, epoetin alfa, and
filgrastim. Agents for protecting bone marrow from radiation
and chemotherapy induced damage are also contemplated,
and include amifostin, natural antioxidants such as vitamin I
and phenol containing natural products such as curcumin as
well as methotrexate rescue agents such as leucovorin.
[0068] The pharmaceutical reagent may be an agent used to
remove heavy metals from bone marrow. such as pentetate
caleium trisodium. Anti-inflammatory agents such as pred-
nisone, hydrocortisone. aspirin, indomethacin. celecoxib,
and ibuprofen are also contemplated for delivery, as are radio-
labeled agents such as ¥ Te, ' Hn, '**Re. and '**Re. Radio-
opaque compounds such as ijodine-containing CT contrast
agents are also contemplated for delivery, as are MRI diag-
nostic agents such as gadopentetate dimeglumine.

[0069] The following reagents may be used as a functional
substance: an ossification promoting agent: a bone disease
preventing or treating agent: a {racture preventing or treating
agent: a chondrogenesis promoting agent: a cartilage disease
preventing or treating agent, or a preventing or treating agent
for cartilage diseases such as osteoarthritis, or chronic joint
rheumatism: a treating or diagnostic agent for cartilage inju-
ries such as fracture, dislocation and bone breakage, inflam-
matory diseases such as periostitis, tuberculous arthritis,
syphilitic bone inflammation. bone deformation due to
Hansen disease, actinomycosis, blastomycosis and brucello-
sis, tumors such as benign osteoma, osteochondroma. osteoid
asteoma, multiple osteocartifaginous exostosts. solitary bone
cyst, giant cell tumor of bone, fibrous bone dysplasia, histio-
cytosis X of bone. parosteal osteosarcoma, osteasarcoma,
chondrosarcoma, fibrosarcoma of bone. Ewing sarcoma,
multiple myeloma and bone metastasis of cancer, metabolic
and endocrine diseases such as rickets, osteomalacia, scurvy,
hyperthyroidism, Paget disease, abnormal pituitary function,
iron deficiency anemia. fibrochondritis. renal osteodystro-
phy. osteoporosis, bone defect and rigidity myelitis, or
acquired skeletal dysplasia or malformation syndromes such
as achondroplasia. acraniocleidoplasia, deforming osteodys-
plasty. dysosteogenesis. osteopetrosis, craniosynostosis,
dens hypoplasia. Klippel-Feil syndrome. rachischisis,
hemivertebra, bone abnormality-spondylosis deformans,
scaliosis. and Perthes disease.

[0070] The vesicles of the present invention can also be
preferably used lor highly efficient delivery of treating or
diagnostic agents for bone marrow diseases such as osteomy-
elitis, myeloid leukemia, multiple myeloma, dyshematopoie-
sis, fon deficiency anemia, pernicious anemia, megaloblasto-
sis, hemolytic anemia, herediary spherocytosis, drepanocytic
anemia and aplastic anemia: or delivering erythropoietin pro-
duced by genetic recombination as a drug for remedying renal
disease-associated anemia: therapeutic agent for granulocy-
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topenia used in carcinostatic therapies. and colony-stimulat-
ing factor (CSF) applied to hone marrow transportation and
acquired immunodeficiency syndrome (AIDS). Examples of
therapeutic agents for myelogenetic tumors include cytara-
bine, daunorubicin. idarubicin. aclarubicin, mitoxantrone,
enocitabine, 6-mercaptopurine. thioguanine, azacytidine,
amsacrine, steroid, arsenious acid, hydroxycarbamide.
hydrea, cytosine arabinoside. anthracycline medicines, ret-
inoic acid, vinca alkaloid medicines. predonine. L-asparagi-
nase, interferon. melphalan. vincristine, adriamyecin,
endoxan, methotrexate, thalidomide, etoposide, cyclophos-
phamide. carmustine, dexamethasone, cytokine, interferon
formulations, busulfan, hydroxyurea. mesyl acid imatinib,
prednisolone and bortezomib.

[0071] The functional substance may be used as a diagnos-
tic agent for bone or bone marrow diseases in the case that it
carries a gamma emitting or positron emitting radioisotope.
The functional substance may also carry therapeutic radionu-
clides (Auger electron, beta emitting or alpha particle emit-
ting} for radionuclide therapy of bone or bone marrow dis-
eases. Further. the functional substance may be used as a
diagnostic agent for X-ray and X-ray computed tomography,
in the case that it carries a radio-opaque agent. The functional
substance may be used as a diagnostic agent lor magnetic
resonance imaging, in the case that it carries a superparamag-
netic or paramagnetic agent. In addition, since the functional
substance can carry a gene and introduce it into the bone
marrow with high efficiency. the functional substance can
transport, e.g., a drug tolerant gene to the bone marrow 1o
protect the bone marrow in an auxiliary therapy for therapy
using an anticancer agent.

[0072] The embodiments above are some of the many pos-
sible embodiments which ilustrate the application of the
principle of the present invention. Other numerous and vari-
ous modifications are readily composed without departing
from the spirit of the present invention.

1. A method for producing vesicles encapsulating a func-
tional substance, comprising the steps of:

(a) putting the functional substance, lipid and water in a

eylindrical container: and

(b) producing lipid vesicles which comprise the lipid as a

main component and which encapsulate the functional
substance therein, by kneading the contents of the con-
tainer with simultaneous rotational movement of the
container around its center axis together with revolution-
ary movement of the container about a predetermined
axis of revolution.

2. The method according to claim 1, wherein the contents
contained in the eylindrical container in step (a) are prepared
by adding the lipid in an aqueous solution comprising the
functional substance.

3. The method according to claim 1. wherein the contents
contained in the cylindrical container in step (a) are prepared
by dispersing a lipid powder in the water, the lipid powder
being obtained by drying the lipid comprising the functional
substance.

4. The method according to claim 1. wherein the functional
substance is hemoglobin and the aqueous solution of step (a)
is prepared by adding 15 g or more of a complex lipid powder
as the lipid per I dL. of'an aqueous solution ol hemoglobin in
which 30-30 g/dl. of hemoglobin is dissolved.

5. The method according to claim 1. 2. 3 or 4. wherein in
step (b), the aqueous solution is kneaded by revelving and
rotating the cylindrical container at a rate of revolution for the
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cylindrical container of 200-300 rpm and at a rate of rotation
for the eylindrical container of 100-3000 rpm.

6. The method according to claim 1. further comprising the
steps of:

(), alter step (b), adding water or saline to a liquid or paste

in the eyvlindrical container; and

(d). alter step (c). reducing the viscosity of the liquid or
paste in the cylindrical container by further rotating the
container around the center axis while revolving the
container about the predetermined axis of revolution.

7. The method according to claim 6, further comprising a
step

(e}, after step (d). removing the functional substance which
is not encapsulated in the lipid by applying an ultrafil-
tration membrane technique or ultracentrifugation tech-
nique to the fluid or paste in the cylindrical container.

8. The method according to claim 1. wherein, in step (b},
the step ol kneading the aqueous solution by rotating the
cylindrical container around the center axis while the cylin-
drical container revolves about the predetermined revolution
axis is implemented multiple times. and during the interval
between two consecutive kneading steps. a cooling treatment
is performed to cool down the fluid or paste by stopping at
least one of rotation and revolution of the cylindrical con-
tainer or by reducing the rate of at least one of rotation and
revolution of the cylindrical container.

9. The method according to claim 1, wherein the cylindri-
cal container has multiple concave-curved surfaces on the
inner periphery of its sidewall and the centers of curvature of
adjacent concave-curved surfaces are at different positions,
whereby a convex-shaped crest that protrude towards the
interior of the cylindrical container is formed between the
adjacent concave-curved surfaces.

10. A method for producing vesicles encapsulating a func-
tional substance. comprising the steps of:

(a) adding lipid to an aqueous solution of the functional
substance in which the functional substance is dissolved
in water, wherein the viscosity of the aqueous solution of
the functional substance is 4¢P or higher as measured at
23° C, under a condition of shear velocity at 1000 s™";
and

{(b)encapsulating the functional substance with the lipid by
kneading a mixture prepared in step (a), wherein the
viscosity of the kneaded mixture is 1000P or higher as
measured at 23° C. under a condition of shear velocity at
1000 s

11. The method according to claim 4. wherein the hemo-
globin is carbonyl hemoglobin with its heme at a divalent iron
state or deoxyhemoglobin with its heme in a ferrous state.

12. The method according to claim 4. further comprising a
step of

removing contaminating unstable proteins by degeneration
with a treatment that heats the aqueous solution of
hemoglobin to 50° C. or higher for five hours or longer
before adding the lipid to the aqueous solution of hemo-
globin. and removing the contaminating unstable pro-
teins with an ultrafiltration membrane or centrifugation,
wherein

tad
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the removing step is implemented in order to reduce the
accurrence of insoluble matter of the degenerated pro-
tein in the course ol the kneading treatment in step (b).

13. The method according to claim 1, wherein the lipid is
comprised of a phosphatidylcholine-type phospholipid. cho-
lesterol, @ negatively-charged lipid. and a lipid bound with
polyethylene glycol.

14. The method according to claim 1, wherein the lipid is
comprised of a phosphatidylcholine-type phospholipid of
1.2-dipalmitoyl-sn-glycero-3-phosphatidylcholine.  choles-
terol, a negatively-charged lipid of 1.5-O-dihexadecyl-N-
succinyl-glutamate, and a lipid bound with polyethylene gly-
col of 1.2-distearoyl-sn-glycero-3-
phosphatidylethanolamine-N-Poly(oxyethylene)5000
{molecular weight of the polyethylene glycol chain: 5.000).

15. The method according to claim 13, wherein the gel-
liquid phase transition temperature of the phosphatidylcho-
line-type phospholipid is 30° C. or lower.

16. The method according to claim 1, comprising a step of

producing dried lipid powder from a lipid lamellar gel as

the lipid. wherein the step of producing the dried lipid
powder comprises steps of:

producing an aqueous solution of the lipid by adding 15

g/dL or more of the lipid powder in pure water which is
comprised of substantially no solute:

kneading the aqueous solution of lipid within a cylindrical

container. rotating the container around its center axis
together with revolving the container about a predeter-
mined axis of revolution: and

obtaining the dried lipid powder from the lipid lamellar gel

by freeze-drying the kneaded aqueous solution of lipid.

17. The method according to claim 10, further comprising
astep of

removing contaminating unstable proteins by degeneration

with a treatment that heats the aqueous solution of
hemoglobin to 50° C. or higher for five hours or longer
before adding the lipid to the aqueous solution of hemo-
globin, and removing the contaminating unstable pro-
teins with an ultrafiltration membrane or centrifugation,
wherein

the removing step is implemented in order to reduce the

occurrence of insoluble matter of the degenerated pro-
tein in the course of the kneading treatment in step (b).

18. The method according to claim 7. comprising a step of

after (e), adding beta-propiolactone to the fluid or paste that

is obtained after removing the functional substance
which is not encapsulated in the lipid.

19. The method according to claim 10, comprising a step of

after (). adding beta-propiolactone to the Huid or paste that

is obtained after removing the functional substance
which is not encapsulated in the lipid.

20. A vesicle comprising of a phosphatidylcholine-type
phospholipid, cholesterol, and a lipid bound with polyethyl-
ene glycol, wherein the gel-liquid phase transition tempera-
ture of the phosphatidylcholine-type phospholipid is below
that of 1,2-dipalmitoyi-sn-glycero-3-phosphatidyicholine.
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