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Drug delivery systems (DDS) have customarily been developed as part of the technology and methodology used to
enhance the in vivo efficacy of therapeutic drugs. However, the DDS concept can also be used for prophylactic and diag-
nostic drugs to enhance their respective medical efficacy. When applied to biological signaling factors, such as growth
factors and genes, which can regulate the proliferation and differentiation of cells, DDS are expected to realize cell-based
tissue regeneration therapy. Basic research on biology and medicine which scientifically supports the advanced medical
therapies currently available will be advanced by making use of DDS techniques. This paper overviews functional drug
carriers indispensable for DDS which are part of the fundamental technology and methodology to achieve such ad-

vances.
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Table 1. Biodegradable Biomaterials Applicable for Cell Scaffold
Abbreviation Crystinity Typical shape

Synthetic poly- Poly (glycolide) PGA Crystal Fiberics
mer Poly (L-lactide-co-glycolide) (10 : 90) P (L-LA/GA) (10 : 90) Crystal Fiberics

Poly (D,L-lactide-co-glycolide) (50 : 50) P (D,L-LA/GA) (50 : 50) Amorphous Sponge, film

Poly (D,L-lactide-co-glycolide) (85 : 15) P (D,L-LA/GA) (85 :15) Amorphous Fiberics, sponge

Poly (glycolide-co-e-caprolactone) (75 : 25) P (GA/CL) (75 : 25) Amorphous  Fiberics

Poly (L-lactide) P-L-LA Crystal Fiberics

Poly (D,L-lactide) P-D, L-LA Amorphous  Sponge

Poly (L-lactide-co-g-caprolactone) (75 : 25) P (L-LA/CL) (75 : 25) Crystal Fiberics

Poly (L-lactide-co-g-caprolactone) (50 : 50) P (L-LA/CL) (50 : 50) Amorphous  Sponge

Poly (e-caprolactone) PCL Crystal Fiberics

Poly (p-dioxanone) PDS Crystal Fiberics
Natural polymer Collagen Crystal Gel, sponge

Gelatin Amorphous  Gel, sponge

Fibrin Crystal Gel, sponge

Polysaccharide Crystal Gel, sponge
Inorganic materi- Tricalcium phosphate TCP Crystal Porous substrate
al Calcium carbonate CaCO; Crystal Porous substrate
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Fig. 1. Chemical Structure of Biodegradable Polymer
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Fig. 2. Role of Biomaterials in Tissue Engineering
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O: in the hydrogel-incorporated form @: hydrogel degradation ~ A: in the solution form
(1)transforming growth factor B1 (TGF-B1), (2)basic fibroblast growth factor (bFGF), (3)hepatocyte growth factor
(HGF) (4)platelet-derived growth factor BB (PDGF-BB) (5)bone morphogenetic protein 2 (BMP-2) (6) epidermal

growth factor (EGF) (7) plasmid DNA

Fig. 3. (A) Mechanism on the Controlled Release of Growth Factor with Biodegradable Hydrogel and (B) In vivo Release Profiles of
Growth Factors and Plasmid DNA from Biodegradable Hydrogel of Various Gelatins
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1 ROZ IV Do R E & HIT BFGF 2Rk L Twn
52 EERLTVWS,. ZONAT ROFIVT AT AT
1%, bFGF ORIN-T ROZ )L F+ U 7 D4 fiR2
BICORMKET D2 EMSE, BRIF+ U 7 DORIRIC
HEINKBD, ZOME, AR Lk, 7EkRE
TOHFMTEIARAMETH >R TFRFY U TNE5D
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bFGF O L M Al & 72> /2.9 AT, ¥ F
> EDOHEAMEMIC K S bFGF OB ZE NI T 5
KM ET D2 E00Mmo TS, 19 ZDAK
WA Ras7 )L & Wwd Z & T, bFGF LS ®
MIEEFEIN T 5 WX T Z A 2 R DNA 2\ RO
TFINFr T ORREEDITRIULT 2 &N TE
B ENGMOTETWS (Fig. 3(B)). AT
Z DWW AT L%&FIH L 7= small inference RNA
(siRNA) AWshRzEHEmRIE, TORBEDREZ S
W5 EBHARRICE> TS, 2

5. DDS Efiix AW -BEFEREDER

AR U 72 BRI E N RO )L+ + U Y 2N
T, APENE 2R D MR A R T & T A D 35 TR
R (R X822 &2k D, fx o4RH

(B)

Percent radioactivity remaining
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75

of bFGF (%)

Y 10

Period after implantation (day)

20 30 40

(A) The Time Course of the Radioactivity Remaining of '2’I-labeled Gelatin Hydrogels with Water Contents of 98.8 (open

maker) and 96.9% (closed marker) after Implantation into the Back Subcutis of Mice, (B) The Time Course of the Radioactivity
Remaining of ?’I-labeled bFGF-incorporating Gelatin Hydrogels with Water Contents of 98.8 (open maker) and 96.9% (closed
marker) after Implantation into the Back Subcutis of Mice, and (C) Relationship of the Radioactivity Remaining between the Gela-
tin Hydrogel Incorporating '?’I-labeled bFGF and !*I-labeled Hydrogel

O, @: in hydrogels, A, A: around hydrogels, (1, B: in the blood. Percent remaining of gelatin hydrogel or bFGF is (O) 80, (@) 50, (A) 20%.
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Mo TS . ® AT, 77AIRKRDNAODJ
FF AL HE, MlREERTFZ I —F 0 2T Lk
M ETHlRZ S, BERTEAZTY (UN—=Xb
TUAT T arik) Tk, MEEEoKN,
MOFBH L NV DEWERFEANAEEIZR > T
6.29)

F7z, EERRNOREIBICARICEAEDOSZIED
HAEZFETD HRWHEE 07 7o—F 3R
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pAZALYO7OoryY —€ (MMP) 75 X3 R
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Fig. 5. Angiogenic and Cell Transplantation Therapies by the Controlled Release Technology of bFGF from Gelatin Hydrogels

(A) (a) Angiograms of ischemic area of rats hind-limb 4 weeks after ligation of the femoral artery and its branches of streptozotocin-induced diabetic rats. No
treatment (1) or free basic fibroblast growth factor (bFGF) (2) and gelatin microspheres incorporating bFGF (3) were injected into the ischemic muscle 1 week af-
ter ligation. The density of blood vessels newly formed (b) and the percentage of laser doppler perfusion imaging (LDPI) index (blood flow) (¢) of normal and di-
abetic rats before and after treatment with gelatin microspheres incorporating bFGF. The bFGF dose is 100 ug/muscle. The hydrogel incorporating bFGF sig-
nificantly enhanced efficacy in angiogenic therapy. (B) A therapeutic trial of chronic myocardial infarction by the combination of cardiomyocytes transplantation
with in advance angiogenesis by the controlled release technology of bFGF from gelatin hydrogels. (a) Schematic diagrams of myocardial infarction therapy in ad-
vance angiogenesis by gelatin microspheres containing bFGF, followed by cardiomyocytes transplantation. (b) Cross-sections of ischemic dog hearts 4 weeks after
application: (1) no treatment (2) cardiomyocytes transplantation, and (3) combination of cardiomyocytes transplantation with in advance bFGF-induced angio-
genesis. The bFGF dose is 100 ug/heart. The hydrogel incorporating bFGF significantly enhanced efficacy in cell therapy. (Hematoxylin and eosin staining, original

magnification 1X.).
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Fig. 6. Bone Regenerative Therapy by the Controlled Release Technology of Growth Factors from Gelatin Hydrogels with or without

a Barrier Membrane to Make a Space for Tissue Regeneration

(A) (a) Sternum regeneration 4 weeks after application of gelatin hydrogels incorporating 100 ug of bFGF (1) and bFGF-free PBS (2) to the sternum defect
of diabetic rats. (b) Recovery of blood flow at the soft connective tissue around the sternum 4 weeks after application of gelatin hydrogels incorporating 100 ug of
bFGF (1) and bFGF-free PBS (2). The hydrogel incorporating bFGF significantly induced the bone regeneration at the resection area of sternum and angiogenesis
at the soft connective tissue around the sternum, resulting in accelerated tissue regeneration and repairing. (B) Histological sections of rabbit skull defects 6 weeks
after application with PBS (a, b), free TGF-81 (c, d), and gelatin microspheres incorporating 0.1 ug of TGF-B1 (e, ). Each defect was coverd with (b, d, f) or
without (a, ¢, €) a barrier membrane. Bone regeneration was significantly induced by the combination of the hydrogels incorporating TGF-41 and the barrier mem-

brane.

MO ED LIZIR DN > TS ZEEED X
THRV, BEFD 1 D ThIEHEFEEBE (=&
%) BREICTHS. HEFFEREOHNL, HLW
BFRIEOWNLTH D, FE - HMEDRHTIZ/AR W,
EWFEE L TCOIRE - SHMEDRADEETDH 575,
4 H OBIRE ORFISHER ORI Z £ > Tirbh b0
T, BDLAZDOEIBHNTHLITNTHD. &K
FazHiA TWelZWizi & DERRITIE, <AL D

MR ZERWTIE, ToEABEICHEZ T T3k
DDS % Hly & U 7z B R R T2 0N M B AR /] R T &
HZENMOTCHETFEEEFL TS, #HEHEBO
B SBOERMBE T FOREEZELATHE 0D
THBETIIRL, HEFHEBBENOEENT 7
O—F & DDS DH LWHERICDONWTES—EEXT
HEZW,



836

v

o

1. 127 (2007)

Fig. 7.
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(A)

(B)

BRSNS DHEE

Induction of Tissue Regeneration by the Combination of Cells, the Scaffold, and the Controlled Release Technology of bFGF
from Gelatin Hydrogels
(A) Macroscopic appearance after subcutaneous implantation of a collagen sponge (a) and a collagen sponge reinforced with polyglycolic acid fibers (b)
which was seeded with hair follicle cells. Significant cells-induced hair regeneration was observed by the fiber reinforcement of collagen sponge. (B) De novo forma-
tion of adipose tissue in the mouse subcutis 6 weeks after implantation of a collagen sponge including human preadipocytes and gelatin microspheres incorporating
bFGF: (a) a collagen sponge including the mixture of preadipocytes and gelatin microspheres incorporating bFGF, (b) a collagen sponge including the mixture of
preadipocytes and bFGF in the solution form, (c) a collagen sponge including preadipocytes, (d) a mixture of preadipocytes and gelatin microspheres incorporating
bFGF, and (e) a collagen sponge including gelatin microspheres incorporating bFGF. (Hematoxylin and eosin staining) The bFGF dose was 1 ug/site and the
hydrogel water content was 95.0 wt%. (Bar=300 um)
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