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Chapter 1

Artificial Cells: The Beginning
of Nanomedicine

Thomas Ming Swi Chang

A. Introduction

1. Nanomedicine

Nanomedicine is the use of nanotechnology and nanobiotechnology
in medicine. There are different ways to define these features, but the
most common ones include:

i. Nano diameter

ii. Nanodimension thickness membrane
iii. Nanobiotechnological complexes
iv. Others

Artificial cells have all the features for nanotechnology and nanobio-

technology. What are artificial cells and how do they initiate a number
of areas in nanomedicine?

Director, Artificial Cells and Organs Research Centre, Departments of Physiology,
Medicine and Biomedical Engineering, Faculty of Medicine, McGill University,
Montreal, Quebec, Canada H3G1Y6, www.artcell.mcgill.ca artcell. med@mcgill.ca



2 Selected Topics in Nanomedicine

2. The “What,” “When,” “How,” and “Why”
of Artificial Cells

What and when: The first artificial cells were prepared in 1957 while
the author was an undergraduate at McGill University (Chang, 1957)
(Fig. 1). His further research shows the potential of artificial cells in
basic research and applications (Chang, 1964, 1965, 1966, 1971a,
1971b, 1972; Chang et al., 1966; Chang and Poznansky, 1968) (Fig.
1). This initial research forms the basic principle that has been greatly
extended into different areas, including nanomedicine.

Basic principle of early Artificial Cells
(Chang 1957,1964)

Like biological cells:

(1) content retained inside

‘ (2) act on permeant molecules
Intracellular == (3) release products

" \ (4) intracellular environment

(5) extracellular environment

> ultrathin
xtracellidar m artificial membrane

Types of early Artificial Cells
(Chang 1957 to 1966)

‘hemoglobirn ‘
netic materials
[+] : dsorbents —_— 0

ultrathin

m artificial membrane
extracellular

Fig. 1. Upper: Basic principles of carly artificial cells. Lower: Different types of early
artificial cells based on these basic principles. (With copyright permission from Chang
2007 Monograph on Artificial Cells.)
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How does it develop: Thus, major progress in other areas has led to
stepwise progress in artificial cells. First, there is the coming of age of
polymer chemistry and biomaterials. Then there is the increasing
interest in biotechnology, molecular biology, genomics and nanobio-
technology. Examples of the ongoing development and extension of
the basic features of artificial cells include microcapsules, bioencapsu-
lation, nanocapsules, nanoparticles, polymersomes, nanosensors, mac-
roenapsulation, red blood cell mimics, polyhemoglobin, conjugated
hemoglobin, nanotubules, lipid vesicles, liposomes, polymer-tethered
lipids, synthetic cells and others (Chang, 2005, 2007, 2013) (Fig. 2).

Uses for artificial cells: The principle of artificial cells is already in
routine patient use as a miniature device for the treatment of severe
acute poisoning; approved for routine use in patients for blood trans-
fusion in South Africa to avoid HIV-contaminated blood and in
Russia to boost blood supply; in a number of drug delivery systems.
It is also being extensively developed around the world for many other

Present Status of Artificial Cells
(Chang 2005, 2007, 2013)

Contents Dimensions

Micron
Membrane

polymeric
biodegradable
lipid

xlinked protein
conjugated
carriers o
etc

Nano

Nanobiotechnological
Soluble complex

Fig. 2. DPresent status of artificial cells with wide variations in contents, membrane
material and dimensions. (With copyright permission from Chang 2007 Monograph on
Avrtificial Cells.)
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ARTIFICIAL CELL: APPLICATIONS
Microdevice and nanodevice

Drug delivery

Blood Substitutes

Enzyme and gene therapy

Cell & Stem Cell Therapy
Biotechnology & Nanobiotechnology
Nanomedicine

Regenerative medicine

Agriculture, Industry, Aquatic culture
Nanocomputers and nanorobatics
Nanosensors etc

Fig. 3. Some areas of use for artificial cells.

areas of application. These include treatment for diabetes, liver failure,
kidney failure, genetic diseases, endocrine diseases, cancer, biosensors, etc.
Non-medical uses include agriculture, industry, food science, aquatic
culture, nanocomputers, nanorobatics and others (Fig. 3).

One area that has been extensively developed is the use of some
of the basic features of artificial cells in nanomedicine. This chapter
contains a brief summary. Detailed papers on selected areas of nano-
medicine will follow in this book.

B. Basic Features of Artificial Cells for Use
in Nanomedicine

These include nanodimension diameter, extensive variations in con-
tents, large number of possible soluble nanobiotechnological com-
plexes, nanodimension thickness membrane and others.

1. Nanodimension Diameter

The original method of emulsion followed by evaporation (Fig. 4)
(Chang, 1957, 1964) has been extended to the use of emulsion fol-
lowed by interfacial polymerization (Chang, 1964; Chang et al., 1966).
This basic principle has been extended even further to many variations



Avtificial Cells: The Beginning of Nanomedicine 5

EMULSION METHOD FOR MICROSCOPIC ARTIFICIAL RBC (Chang 1957)

Add collodion Centrifuge to remove Centrifuge to remove
& emusify collodion & disperse butyl benzoate & disperse
| artificial tbc in butyl benzoate artificial rbe in saline
|
|
v e —
. o8 e oo o
i oo ®e e ® e
e 000 . @ id o '®
’ ° o o0 oo
Al e ° o © °
I ° L ] L) o
et 00® 1 e ° 0eo® e °
, ] e e | + e
ether £ I I
l.. . I e o I L
- 4 %o saline ‘ ®e
. ° ) L]
* L L] "f' | |-
butyl benzoate \

hemogl
ogean  (bb) .Amfcxalrbc

with collodion membrane

Extension for 80 nm diameter
nano artificial cells

xtensuon for micro diameter artificial rbc
. hypertonic
hypon:mlc

Fig. 4. (Upper): Original (1957) emulsion phase separation method of preparing
artificial cells. This principle has since been extended to methods for the preparation of
microscopic or nanodimension artificial cells that are also called microcapsules, nano-
capsules, lipid membrane vesicles, microparticles, nanoparticles, polymersomes, etc.
(Lower left): Micro dimension artificial rbe with ultrathin nylon-protein membrane.
(Lower right): E/M of nanodimension (80 nanometer) artificial red blood cells con-

taining hemoglobin and enzymes. (With copyright permission from Chang 2007
Monograph on Artificial Cells.)

to prepare nanodimension diameters material for use in nanomedicine.
For example, decreasing the emulsion diameter to nanodimension range
by different means would result in nanodimension systems (Fig. 4).

2. Variations in Contents

Artificial cells can contain the same biological material as biological
cells, including hemoglobin and all red blood cell enzymes,
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microsomes, cytosol, polymerases, ribosomes and transcription/
translation system. What is even more useful in nanomedicine is that
the content could be from almost anything. Some examples include
adsorbents, magnetic materials, drugs, enzymes, multienzyme systems,
multi-compartment systems, hemoglobin, vaccines, genes, hormones,
peptides, magnetic material and many other materials, which can be
included separately or in combination (Fig. 2).

3. Soluble Nanobiotechnological Complexes

The first nanobiotechnology approach reported is the crosslinking of
hemoglobin into ultrathin polyhemoglobin (PolyHb) membrane with
nanodimension thickness (Chang, 1964, 1972a) (Fig. 3). This is used
to form the membrane of artificial red blood cells (Chang, 1964,
1972a). If the emulsion is made very small, then the whole submicron
artificial cells can be crosslinked into PolyHb of nanodimension.
Glutaraldehyde can crosslink hemoglobin into soluble PolyHb each
consisting of an assembly of 4-5 hemoglobin molecules (Chang,
1971b) (Fig. 5). Sebacyl chloride crosslinks hemoglobin and diamine to
form polyamide conjugated hemoglobin (Chang, 1964, 1972a) (Fig. 5).
An extension of this is the crosslinking of single protein molecule to
soluble polymers (Wong et al., 1968; Park et al., 1981) (Fig. 5).

4. Nanodimension Thickness Membrane with
Possible Variations in Properties

The artificial cell membranes, especially ultrathin nylon membrane
(Chang, 1964), can be ultrathin and yet strong (Fig. 6).

The membrane of an artificial cell separates its contents from the
outside, but at the same time the membrane can be prepared to selec-
tively allow different types of molecules to cross. For example, the
membrane material includes polymer, biodegradable polymer, lipid,
crosslinked protein, lipid-polymer complex, lipid-protein complex
and membrane with transport carriers. This way, one can prepare
artificial cell membranes that selectively allow the movement of mol-
ecules according to molecular size, lipid solubility, affinity to carrier
mechanisms, etc. (Fig. 7).
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NANOBIOTECHNOLIGCIAL COMPLEX

POLYHEMOGLOBIN(PolyHb)
= 1964 Chang dacid (Science)
1971b Chang glutaraldehyde (BBA)

Figure from Chang 1965

\

:-

\
!

-.;
-
€=/

"---:-'“s
CONJUGATED HEMOGLOBIN

1964 Chang polyamide (Sclence)
1965 Chang polyamide (PhD thesis)
1968 Wong et al dextran

1970 Davis et al polysthylene glycol

Figure from Chang 1965

Fig. 5. (Upper left): Basic method of using bifunctional agents to assemble and
crosslink hemoglobin (Hb) into PolyHb. (Upper right): Soluble complex of poly-
hemoglobin. (Lower left): Basic method of conjugating hemoglobin to polymer.
(Lower right): Conjugation of hemoglobin to soluble dextran or polyethylene glycol.
(With copyright permission from Chang 2007 Monograph on Artificial Cells.)

If punctured, content leaks out leaving
ultrathin membrane (e.g. nylon-protein)

Fig. 6. Artificial red blood cells with ultrathin nanothickness nylon-protein mem-
brane. Although strong, the membrane can be punctured using a fine needle to
release the content, leaving behind the flexible ultrathin membrane. (With copyright
permission from Chang 2007 Monograph on Artificial Cells.)
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Types of artificial cell membranes first reported
Polymer (Chang 1957, 1964)

B by 5y S ¢ S el 5y 0 4 |

Crosslinked protein (Chang 1964)

mEm o m me oo s wm e Ao

Single bilayer lipid membrane artificial cells
(Mueller and Rudin,1968 based on modlfcanon of Chang 1964, Bangham 1965)

Lipid-polymer or lipid-protein complexed membrane
(Chang 1969d, 1972a)

Protein on polymer (Alb: albumin,Chang,1969a;
AG: antigens & AB antibodies, Terman,1977)

T T e

Selective macrocyclic channel
Rb Na (valinomycin) in Lipid-polymer membrane
(Chang, 1969d. Rosenthal & Chang 1980)

Na-K-ATPase in lipid-polymer membrane
(Rosenthal & Chang,1980)

S e 2ol 00 5 & Gip 2854 55 .5 ¢

Fig. 7. Schematic representation of examples of ultrathin artificial cell membranes:
polymer membrane, crosslinked protein membrane, lipid membrane, lipid-polymer
membrane, membrane with albumin or other proteins, lipid-polymer membrane with

cyclic channel carrier, lipid-polymer membrane with Na-K-ATPase transport carriers.
(With copyright permission from Chang 2007 Monograph on Artificial Cells.)




