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Abstract

Rapid advances in our ability to probe, image and manipulate the properties of matter at the atomic scale...... together with
emerging insights into structure, function and self-assembly in biological system...... is bringing to fruition the tremendous
promise of nanotechnology first recognized by Richard Feynman over 40 years ago. In the next decade, current research into
the science and technology of nanostructures will have a major impact on fields ranging from consumer electronics to space

exploration and medicine.

In this review, new materials, methods, and concepts used for construction of nano-biomachine will

be discussed focused on quantum dots, nanoparticles, nanoshells, dendrimers, fullerene and carbon nanotube.

Keywords

Nano-Biomachine, Quantum Dot, Nanoparticles, Nanoshells, Dendrimers, Fullerene, Carbon nanotube.
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The State of the Art of Polymeric Drugs
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Abstract

As an ideal drug (oxygen) carrier system the red blood cells (RBC) are highly sophisticated in that they are equipped with all
fail-safe considerations such as safe-guard against oxygen radical species such as superoxide anion radical (O, ) and hydrogen
perpxide, H,0, Although not so perfect as RBC, polymeric macromolecular drugs have various unique advantages not seen in
conventional lowmolecularweight drugs. For example, increment of plasma half-life in vivo, usually 10-20 folds and highly
enhanced tumor targeting efficiency of 5-30 folds (to tumor over plasma level), compared with conventional lowmolecularweight
drugs, are among the hallmarks. The requirements of polymeric drugs are immunological inertness (or biocompatiblity),
eventual elimination from the body, molecular size above 45 KDa (above renal threshold), and neutral to weakly acidic in nature.

Examples discussed are pegylated interferon a , in which ten times prolonged plasma half-life enabled once weekly injection
adequate, instead of daily or every other day, and far superior clinical outcome can be attained. Another example is SMANCS,
poly (styrene-maleyl-n-bulylate) conjugated neocarzinostatin, that exhibits powerful anticancer effect against human liver cancer
but very little side effect. Lipophilic nature of SMANCS also made formulation in Lipiodol (lipid contrast agent) possible that
allows most sensitive X-ray imaging of tumor as small as 3 mm. Advantage of polymeric drugs, including liposomes and

O000d0d00d0o0dOo0dOo0oOo0OoO0OoOoOooseo-85560 0000111 Department of Microbiology, Graduate School of Medical Sciences,
Kumamoto University, Honjo 1-1-1, Kumamoto 860-8556, Japan
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micelles, is full utilization EPR (enhanced permeability and retention) effect of solid tumor for more selective tumor delivery of
these drugs. EPR effect facilitates vascular leakage (permeation) of macromolecular drugs only in the tumor tissue because of
unique properties of vascular pathophysiology of cancer tissues which are discussed more details in the text. Therefore,

designing of macromolecular anticancer drug is becoming a gold standard in cancer drug development.

Keywords

Polymer drugs, macromolecular drugs, EPRO enhanced permeability and retention(] effect, tumor targeting, plasma half-life,

compliance.
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Table 1. RBC is the Most Sophisticated Drug (Oxygen)
Delivery System

“Build-in” safeguard system and “fail-safe system” for
all probabilities

. Avoidance of direct contact of heme with nitric oxide and hydroperoxides;
- prevented by membrane enclosure —
prevent peripheral circulatory insufficiency (hypertension) and formation of
biologically hostile ROO" from ROOH

. Safe-guard against reactive oxygen radicals (H,0,, O,): - catalase and SOD.
. Long circulation time/durability/biocompatibility: t, , =120 days
. Specified and highly developed degradation system: spleen, liver and RES

. Scavengers of transition metals: ferritin/transferrin/ceruroplasmin/haptoglobulin
and HO induction etc.
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Table 2. Why Polymer Drugs?

(1)Enhancement of:
O Plasmat,, j
[ Tumor Targeting

[ Compliance /7 QOL

cost/benefit

cost/effectiveness Improvements

of 5 - 100 folds

daily injection - weekly

(1) Reduction in side effects

@ Drug
J’ Targeting molety

fa) Polymer-drog conjugats

i) Palymer-protein conjugate

Figure 1A. Water-soluble formulation of polymer drug conjugates. (a)
represents pendant type drug-polymer conjugate; (b)
polymeric micelle which contains the drug in the core of
micelle. Outer layer of the micelle consist of water soluble
polymer, and inside cluster contains hydrophobic polymer;
and (c) protein (enzyme)-polymer conjugate such as PEG-
interferon.
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Figure 1B. Chemical structures of various types of drug-polymer
conjugates.
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Table 3. Plasma clearance times of various proteins and their polymer conjugates or modified proteins (from Ref. 10,

12 with permission)

Protein Type of polymer Molecular mass tue tio Test animal
or modification (kDa)

Neocarzinostatin (NCS) None 12 1.8 min 15 min Mouse
SMANCS SMA-NCS® 16 19 min 5hr Mouse
Ribonuclease None 13.7 5 min 30 min Mouse
Ribonuclease dimer Cross-linked 27 18 min 5hr Mouse
Soybean trypsin inhibitor (SBTI®) None 20 <2 min 3 min Rabbit
Dextran-SBTI Dextran 127 20 min >80 min Rabbit
Ovomucoid DTPA/NH,/*Cr 29 5min 34 min Mouse
Cu?, Zn* superoxide dismutase (SOD) None 30 4 min 30 min Rat
SOD-SMA SMA conjugate? 40 > 300 min >10 hr Rat
Bilirubin oxidase None 50 <1min 1.8 min Rat
PEGbiliribin oxidase PEG 70 5 min 48 hr Rat
Serum albumin, mouse None 68 3-4 day® - Mouse
Serum albumin, mouse Evans blue dye - 2 hr 30 hr Mouse
Serum albumin, human Formaldehyde/**I - 25 min 4 hr Rat
L-Asparaginase None 65% (2-8) 1.5-3.4 hr - Rat
PEG-L-Asparaginase PEG - 56 hr 11 day Mouse
Immunoglobin G, mouse DTPA 150 60 hr - Rat
a -Macroglobulin' lodination/*>| 180x 4 140 hr 22 day Mouse
a ,-Macroglobulin-plasmin complex lodination/**| 180x 2 2.5min 20 min Mouse
Native interferon a (IFN) none 18 8hr Man
PEG-IFN PEG 52 80hr Man

binds to albumin

> SBTI, Kunitz type.

¢ DTPA, diethylenetriaminepentaacetic acid.
¢ PEG, polyethylene glycol.

¢ Human albumin in humans: 19 days.
"Human.

Table 4. Polymeric Drugs in the Market Table 5. Factors affecting the EPR effect of

macromolecular drugs in solid tumor

. Water soluble polymer] SMANCS, PEG-ADA, ®
Pegasus/Intron (IFN-a ),
PEG-L-asparaginase

(1) Active angiogenesis and high vascular density in tumor
(2) Extensive production of vascular mediators that facilitate

extravasation,

. Liposomes [0 Doxil (doxorubicin),

PEG-mADb-liposome/Dox
. Micelles O PEG-Poly-L-Asp/Adm
. Lipidic formulation 0 SMANCS/Lipiodol (ia/HCC):

good for 100 2 months.
- imaging and missile targeting in cancer.

(O0) bradykinin
(0O) nitric oxide
(0) VPF/VEGF
(O) prostaglandins
(0O0) collagenase (MMP)
(O) peroxynitrite
(3) Defective vascular architecture, for example, lack of smooth muscle
cells, lack of or reduced numbers of receptors for angiotensin I, large
gap in endothelial cell-cell junctions, anomalous vascular conformation
(e.g., branching or stretching)
(4) Impaired lymphatic clearance of macromolecules and lipids from
interstitial tissue (resulting in their retention)

. Insoluble depot O LHRH analogue / Poly] lactate/glycolate]
Slow release (3-6 months)

PEG, polyethyleneglycol; ADA, adenosine deaminase; IFN, interferon;
HCC, hepatocellular carcinoma = hepatoma; i.a., intraarterial injection;
dox, doxorubicin; Adm, adriamycin; a) see reference (12); b) see
reference (18)

Adapted from reference 5
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Figure 2. Schematic representation of the EPR effect of macromolecules in solid tumor.
Intratumor distributions of low-molecular-weight compounds (upper panel) and
high-molecular weight compounds (lower panel) are represented in a time
dependent manner. Low-molecular-weight compounds rapidly disappear from
blood stream, and no tumor accumulation would be observed. In contrast,
high-molecular-weight compounds gradually accumulate in solid tumor due to
the EPR effect after long time.
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Figure 3. Intratumor accumulation of various *‘Cr-tagged proteins in solid tumor-bearing
mice: (o ) neocarzinostatin (NCS) (12 kDa); (¢ ) SMANCS (16 kDa, but known to
bind to albumin); (a) ovomucoid (29 kDa); (O ) bovine serum albumin (69 kDa);
(m ) mouse serum albumin (68 kDa); () mouse immunoglobulin G (160 kDa).
Radiolabeled proteins were injected iv. at time zero. The tumor model used
was solid sarcoma S-180 in mice. (From (3) with permission.)
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Figure 4. Relationship between molecular size of polymer drugs and their plasma
concentration, AUC (area under the concentration curve), renal clearance, and
intratumor uptake as expressed by percentage of injected dose. Putative
polymer drugs are *I-Tyr-HPMA copolymers of various molecular sizes given
iv. at 1.8 x 10° cpm. The tumor model was sarcoma S-180 in mice. (From (5)
with permission.)
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Abstract
a -Acid glycoprotein (AGP) is an acute phase protein that is synthesized largely by the liver. AGP serum concentrations that

remain stable under physiological conditions (about 0.5 - 1.0 g/L) increase several-fold during inflammation or burn. However, its
exact biological function and mechanism of action remain obscure.

In this review, we report pharmacokinetics and pharmacodynamics of AGP in elucidating of action of AGP. An increase in the
AGP content of serum found under pathological conditions may improve blood rheology based upon its own activity. These
findings will be useful in terms of understanding the role of acute phase proteins that are produced of an accelerated rate
during acute phase response.

Keywords
a -acid glycoprotein, blood rheology, pharmacokinetics, biological function, blood cell
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Abstract

Liposomes consisting of lipid bilayer can encapsulate various kinds of compounds such as anticancer drugs and antifungal
antibiotics. Encapsulation of hemoglobin into liposomes as an artificial oxygen carrier has been studied to prevent adverse
reactions due to cell-free hemoglobin substitutes. However, liposomes administered are recognized by host defense system,
resulting in the trigger of a variety of biological reactions. Complement system is activated by liposomes via classical and/or
alternative pathway depending on a lipid composition of liposomes and animal species used. Recently, adverse reactions caused
by liposome administration have been reported in experimental animal models and human clinical settings. This review will

outline the mechanisms of complement activation by liposomes and their characteristics.

Keywords
liposome, complement, artificial oxygen carrier, anaphylaxis
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Table 1. Electric charge of liposomes and the activation of complement system

. . . Classical Alternative
Charge Lipid composition Subject pathway pathway Reference
DMPC:CHOL:GC:SA Human serum ] 0 13
Positive PC:CHOL:SA Human serum o o 14
Guinea pig serum O 0
PC:CHOL:SA Rat serum O O 15
DMPC:CHOL:GC:DCP Human serum 0 0 13
PC:CHOL:(PG/PA/CL/PI/PS) Human serum . - 14
Guinea pig serum ] 0
Negative PC:CHOL:(PG/PA/CL/PI/PS) Rat serum O O 15
HEPC:CHOL:DCP Rat plasma 0 0 16
PC:CL/PG Human purified O ND 32
PC:PA complement 0 ND
PC:CHOL:CL/PG/PI Human lg-depleted o ND 33
serum
Human serum
PC:E?—BT:IODII;PE Guinea pig serum O 0 14,15
Neutral Rat serum
PC:CHOL Human serum ND - 17
PC:CHOL:DPPE ND O

+, Activated; -, Not activated; ND, Not determined.

DMPC, dimyristoyl phosphatidylcholine; CHOL, cholesterol; GC, galactosyl ceramide; SA, stearylamine; PC, phosphatidylcholine; PG, phosphatidylglycerol;
PA, phosphatidic acid; CL, cardiolipin; PI, phosphatidylinositol; PS, phosphatidylserine; HEPC, hydrogenated egg PC; DCP, dicetylphosphate; DPPE,

dipalmitoyl phosphatidylethanolamine.

Table 2. Cholesterol contents and the activation of complement system

Lipid composition CHOL(Mol %) Subject Classical Alternative Reference
pathway pathway

DMPC:CHOL:GC:SA 20 Human serum o . 13
43, 60 O 0

PC:CHOL:PG 0-10 Rat serum O 0 15
(lipid 10 mM) 25 - 40 0 0

Human serum
PC:CHOL 45 Guinea pig serum O O 14, 15
Rat serum

22,33 O 0

HEPC:CHOL:DCP 24 Rat serum 0 0 18

+, Activated; -, Not activated

O00000D0O0O0O0OoOoOgoils 16000 Odipalmitoyl
phosphatidylethanolaminO DPPEO OO OO0 DO OODO
PC.CHODPPEO 3545200 0 0 0 00O O D OOOO 15, 16017
ooOoOoOoPCCHOLO66:3300000D0ODOOOOOOO
DPPE 000 U0O0OOOODPPEDIOOOUDODOOODODO
goooooobobobobbbobooooooooooogd
goodoboooboopPCOdO0DUOO0ODOUOODOODODODOOO
o0oo0oismooooooooopPCcOCOOnOoOOO
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Jo0o0o00ogoooocCHOLDOO43 moleO O OO OOOoOnO
o0ooo0oooooooooooooooM4mooon
O00O0O00oO0O0OCHOLODOO44 mol%O 0O OOOOOODO
goooogoocHOLODOO22 or 33 molkd OO OO OO0
ooooooooooobboooooooooooooood
00o00ooooogMOOooooooooooooo 19
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