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DDS (Drug Delivery System)
is a technology to control in vivo disposition of drugs

precisely for achieving their optimal therapeutic efficacy
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Drug Delivery for Chemo-/gene Therapy
Intracellular Delivery of Functional Materials for Cell Engineering
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Pharmacokinetic analysis of lymphotropicity of emulsion formulations

Mean Transit 
Time (min)

Hashida et al., J. Pharmakokin. Biopharm. 5: 241 (1977)



Polymeric Carrier
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Theoretical Backgroud: Structure / Disposition Relationship of 
Macromolecular Carriers

physicochemical/
biological propertieschemical structure in vivo disposition

pharmacokinetic analysis

rationalization

molecular design
(precise control of biodistribution)

physicochemical properties
molecular size --- molecular weight, configuration
electric charge --- species, density

biological recognition mechanism
(receptor-mediated endocytosis)

ligand --- structure, number, density

Characterization of 
Nucleic Acid Drugs

M.W.： 8000～3000000
Polyanion
water soluble
Protein binding
（Structure dependent）

Unstability
（Structure dependent）



Organ clearances of macromolecules in the body
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Hepatic and renal clearances of SOD derivatives in mice
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(I) Distribution
Steady-state distribution volume:

Tissue distribution ratio:

Corrected mean transit time:
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(II) Elimination
Recovery ratio:

Extraction ratio:

Mean elimination time:
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First-order elimination rate constant:
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(III) Dispersion
Dispersion ratio:

Intrinsic clearance:

Organ clearance:

(IV) Clearance
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Pharm. Res., 8, 437 (1991)

Moment  analysis for local drug dispositionSolid tumor perfusion
Cancer Res., 50, 1640 (1990)
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J. Pharmacokin
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13, 609 (1985)
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Pharm. Res., 8, 683 (1991)

Pharm. Res., 9, 161 (1992)



Cell-specific
Targeting Device
（Recoginition Miety）
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Plasmid DNA encoding target protein / Man-liposome / Antigen presenting cell / DNA vaccine 
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Hattori et al. J. Control. Release 108(2-3):484-495(2005)
Hattori et al. J. Pharmacol. Exp. Ther. 318(2):828-834(2006)
Hattori et al. J. Gene Med. 8(7):824-834(2006)
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Y. Higuchi et al. Biomaterials, 28: 532-539 (2007) A. Sato et al Biomaterials, 28: 1434-1442(2007)



Liposome / Monoclonal antibody        Conventional formulation / therapy

New Concept of Drug Delivery System

Spatial Control Temporal Control
Targeting
Active targeting

Passive targeting

Integration 

Spatiotemporal
Control

Controlled Release
Sustained release
On-off switching release
Self-control release

Project for R&D on Next-generation DDS Therapy Systems for Deep Therapy （ＮＥＤＯ）
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K. Un et al Biomaterials, 31: 7813-7826 (2010)



Meso-control of cellular functions by fusion of cell-material sciences
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Design of peptides 
Chemical synthesis
Bio-production
Purification
Dispersion of CNT
Characterization of CNT/peptides
Biomedical application

Dispersion and Biomedical Application of Carbon Nano-tube with Peptide

Computer Modeling

pH5.0 pH7.5 pH11

AFM analysis Charge control

CNT/Anionic peptide
Precipitates in acidic pH

CNT/Cationic peptide
Precipitates in alkaline pH

Gene expression 
(GFP)

Photoluminescence
analysis Cellular uptake
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