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Proposing “ nano-based physical pharmacy ” principle for overcoming bottlenecks in development of

nanomedicine

CHEN Di, LI Wei*
International Joint Cancer Institute, Second Military Medical University, Shanghai 200433, China

[Abstract] Nanomedicine has shown huge potential in the treatment of cancer, which is not only due to the fact
that it can overcome the drawbacks of some small molecular drugs such as insolubility, rapid metabolism, and poor
targeting, but also realize the multi modality treatment by containing a variety of molecules. Tremendous novel nano
systems referring to above mentioned advantages have been reported so far. However, few newly developed
nanomedicine can be approved for clinical applications due to poor stability and rapid metabolism, resulting in the limited
efficacy and bottlenecking the development of nanomedicine, that is, “excellent performance in vitro-poor performance in
vivo”. We believe that the fundamental solution in nanomedicine depends on its basic physical and chemical properties,
that is the research and innovation of physical pharmacy theoretical methods of nanopreparation. Herein, focusing on the
characteristics of tumor microenvironment and targeting the practical clinical problems, we firstly established a series of
physical pharmacy related principles for nanomedicine by the physical and chemical methods combined with the
macromolecular Flory-Huggins interaction parameters and scaling theory. Furthermore, taking nanomicelles used to
deliver hydrophobic chemotherapeutic drugs as an example, we systemically elaborated the relationship of the
physicochemical properties including the carrier composition, self-assembly, drug loading and release, and stability with
in vitro and in vivo properties, and explored the related mechanism in vivo.
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Fig 1 Related models of nanocarriers and their corresponding scaling relationship

The picturel!8! application has been licensed for this review. Equation A: The Flory-Huggins interaction parameter (yps)+ where §, and s are

the solubility parameter of the polymer and solvent, respectively, V is the molar volume of solvent, K is Boltzmann constant, T is temperature

and the value of 0. 34 is entropic contribution; equation B: The HLLB, where HLBgqup is the constant of different groups along polymer chain;

equation C: The particle number calculation in emulsion (Npa)» where £ is a consistent in the range of 0. 37 to 0. 53, and R;, u, a, and S are

the rate of total radicals produced, the rate of the particle volume increase, the surface area of a surfactant and total number of the surfactant.

respectively; equation D: The electrostatic repulsion energy (E), wheres, as ks T z, e, ¢", k and h are the electronic constant of the solvent,

the dielectric constant of the solvent, the Boltzmann constant, temperature, the number of ions, the capacity of solvent, the double layer

potential of the diffusion layer, the thickness of the double layer and the distance between two particles, respectively. (: Positive charge; O:

Negative charge; HLLB: Hydrophilic to lipophilic balance
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Fig 2 Physical and chemical properties of nanocarriers and their correlations with biological application
The picturel'8] application has been licensed for this review. Ploymer A: Block coplymer; ploymer B: Graft coplymer; ploymer C:
Homopolymer. $,: Surface potential; pchain: Surface chain density; peharge : Surface charge density; Az: Second virial coefficient; CMC: Critical
micellization concentration; D: Diameter; EPR: Enhanced permeability and retention; HLB: Hydrophilic lipophilic balance; N,g: Number of

agglomeration; Nepan: Chain number; ¢1/2: Half-life in circulation; T: Temperature; Veoe: Volume of core
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Fig 3 Relationship between hydrophobic/hydrophilic block
length ratio ( Nuyarophobic / Niyarophitic ) and the surface
area per chain inside the core and corona surface-chain
density (pure/Parona) of micelles

The picturel8! application has been licensed for this review. Ocore =
Secore/ Nagg s peorona = Scorona/ Nagg.  Scorona

Seore: Surface area of core; N : Number of agglomeration; Npwa :

. Surface area of corona;

Length of butyl methacrylate (hydrophobic); Nam: Length of
acrylamide Chydrophilic)
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Fig 4 Effects of corona surface-chain density
( Peorona = Scorona/ Nagz ) 0N micellar intratumor
accumulation obtained by inverse fluorescent microscopy
The picturel8) application has been licensed for this review. A: The
tissue slice from solid tumor transferred by micelles with low Scorona/
Nage; B: The slice obtained from the solid tumor accumulated the
micelles with high Scorona/Nage. The blue color was from nuclei as
stained by 4”, 6-diamidino-2-phenylindole; the green color generated
from fluorescein isothiocyanate accumulated in the solid tumor.
©corona : Corona surface-chain density; Scorona: Surface area of coronas

Nege: Number of agglomeration. Original magnification: X 40
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