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Fig. 1 Chemical structure of a pH sensitive amiphiphilic graft
copolymer (PEG-PLL-CA) ") ( Reprinted from Biomacro-
molecules; Copyright (2008) , with permission from ACS)

Poly-L-lysine (PLL) and cholic acid were used as hydrophilic
backbone and hydrophobic pendant respectively, while poly-
(ethylene glycol ) was grafted to PLL wia the benzoic-imine
linker to gain a “stealthy” charge feature of the micelle formed

by the polymer.
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Fig. 2 Zeta potential of PEG-PLL-CA micelles at pH 7. 4

(square) and pH 5.4 (circle) as a function of CA grafting
level "’ ( Reprinted from Biomacromolecules;
(2008) , with permission from ACS)

The PEG grafting level is ca. 15 mol% for the PEG-PLL-CA;
The zeta potential of cholate grafted PLL ( PLL-CA) micelles

Copyright

(triangle) was also plotted for a comparison at pH 7.4.
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Fig. 3 Zeta potential of PEG-PLL-CA micelle changes

reversibly at two representative pHs''®! ( Reprinted from
Biomacromolecules; Copyright (2008 ), with permission

from ACS)
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Fig. 4 Zeta potential of PEG-b-C18 micelles ( open circle)
and its NaBH, reduced product (PEG-C18) (open circle) , and
I,/1, of pyrene fluorescence emission of PEG-b6-C18 ( solid
square) and PEG-C18 (open square) solutions as a function of
solution pH!?*' ( Reprinted from Bioconjugate Chemistry;
Copyright (2009) , with permission from ACS)

The polymer concentration is fixed at 0. 5 mg/mL; pH range:

A, extracellular pH of solid tumor; B, endosomal pH
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Fig. 5 Schematic representation of the delivery route of PEG-b-
C18 micelle for tumor-targeting and intracellular delivery
originated from the pH-dependent progressive hydrolysis of

[

benzoic-imine linker in the polymer(?! ( Reprinted from

Bioconjugate Chemistry; Copyright (2009 ), with permission
from ACS)

The particle has a PEG corona to obtain prolonged circulation in
the blood. A suitable particle size would accumulate the carrier

in tumor tissue by the “ enhanced permeation and retention

effect” (EPR). Under the weak acidic condition in a tumor,
the particle surface becomes positively charged due to partial
hydrolysis of the imine linker, facilitating cellular uptake
through adsorptive endocytosis. Subsequently, in the more
acidic environment of the endosome, the complete hydrolysis of
the imine bond causes the particle to dissociate and destabilize
the endosomal membrane to release the therapeutics rapidly into

the cytoplasm.
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Fig. 6 Synthesis of pH and temperature responsive injectable hydrogel *2! ( Reprinted

from Biomacromolecules; Copyright (2010) ,
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SYNTHESIS OF pH RESPONSIBLE DRUG DELIVERY SYSTEMS BY THE
INCLUSION OF A DYNAMIC COVALENT BOND,BENZOIC-IMINE

QU Xiaozhong, YANG Zhenzhong
( State Key Laboratory of Polymer Physics and Chemistry, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)

Abstract The article highlights the recent approaches on the design and synthesis of drug delivery systems
with a dynamic covalent bond,i. e. benzoic-imine, that renders the responsiveness of the vehicles to the pH
changes under physiological conditions. Although the characteristics of Schiff base in chemical compounds and
polymers have been well documented , recent reports demonstrate the advantages of the derivative benzoic-imine
bond on the construction of pH sensitive polymeric micelles, nanoparticles and injectable hydrogels for
pharmaceutical applications. In those systems,the benzoic-imine linkage is stable at physiological pH (7.4),
and hydrolyzes following a pH drop to mild acidic, which covers the extracellular pH of solid tumor (6.5),
endosome and lysosome environments (5 ~6.5). Therefore the benzoic-imine containing delivery systems are
promising in tumor-targeting and intracellular delivery.

Keywords Dynamic covalent bond, Benzoic-imine, pH responsible, Drug delivery



