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Objective of the course

ourse, Introduction to Nanotechnology (IN), will focus on
tanding of the basic molecular structure principals of Nano-
als. It will address the molecular structures of various materials.
)ng term goal of this course is to teach molecular design of
als for a broad range of applications. A brief history of biological
als and its future perspective as well as its impact to the society will

) discussed.

Evaluation: Score: 100%:
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anomedicine is the medical application c
anotechnology and related research. It cc
reas such as nanoparticle drug delivery a

ossible future applications of molecular
anotechnology (MNT) and nanovaccinolo
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http://nano.cancer.gov/

Technology Platform
NANOMEDICINE

Nanomedicine exploits the improved and
often novel physical, chemical and
biological properties of materials at the
nanometer scale. Nanomedicine has the
potential to enable early detection and
prevention, and to essentially improve
diagnosis, treatment and follow-up of
diseases.

Source:http://www.etp-nanomedicine.eu/public



Technology Platform
NANOMEDICINE

Seamlessly connecting Diagnostics,
Targeted Delivery, and Regenerative Medicine

Diagnostics, targeted delivery and regenerative medicine
constitute the core disciplines of nanomedicine. The
European Technology Platform on NanoMedicine
acknowledges and wishes to actively support research
at the interface between its three science areas. It is
committed to supporting such activities as theranostics,
where nanotechnology will enable diagnostic devices
and therapeutics to be combined for a real benefit to

patients.
Source:http://www.etp-nanomedicine.eu/public



dvantages of Nanomedicine

emely bad conditions (as cancer) will be
ited easily by modifying the body’s geneti
erial.

ease elimination will become normal, so

onger will need to be worry about living
th conditions.

gnhose diseases before there are any
ptoms.




sadvantages for Nanomedici

hat If the modification has unintended
ynseguences for the person or society?

hat If we lose control of the nanoparticle:s

hat If society determines everyone neec
2rtain modification?

ow do we deal with overpopulation?
ow does socliety ensure the Government




notechnology Health a
nvironmental Concerns

the environment come under
nanomaterials at different

e product cycle

als have large surface to volume
vel physical as well as chemical
hich may cause them to pose
umans and the environment

he environmental impacts
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ytechnology in Health C
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d drug delivery
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A walking Avogadro being

Each adult human is made of ~ 100 trillion cells (10* cells) !

(Guyton, A.C. & Hall, J.E. (2000) Text Book of Medical Physiology 10" ed. W.B. Saunders.

CELLS alivel Interactive Animal and Plant Cells
Micro- and Intermediate
FILAMENTS

MICROTUBULES

@ cellsalive.com

Mitochondeion Smooth Endoplasmic Reticulum
Cytasol Peraxisome Vacunle Rough Enduplasmic Reticulum

Centrosome Secretory Vesicle Cell Wall Ribpsomes

Centriole Cell Membrane Chloroplast Cytoskeleton

Nucleus
Nucleolus



http://www.cellsalive.com/cells/cell_model.htm

(Simpified)
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Cell Size

cells are relatively small becau
Increases (10~100 um), volume
ases much more rapidly.

ger diffusion time

Cell radius (r)
Surface area (4mr2) 12.
Volume (§7r3)




Visualizing Cells

Paramecium

Human red Lar \?e virus
blood cell (HI

Amino
Elephant . acid

Hen egg & o~
m' ib ‘
Giant | [\ ' ng e
ro

Hydrogen
ein at?m

sequoia ‘Adult human Human egg Bacterium P

100m 10m 1m 10cm 1cm 1mm 100um 10umium100nm10nm 1nm 0.1nm
weeeet Looree Do ogeee Tooeee Toeee Bweeee Jweere Qwee Do Jwoer Dueeer bueeer K
ELECTRON MICROSCOPE
LIGHT MICROSCOPE




Cell Theory

yrganisms are composed of one o
e cells.

S are the smallest living units of a
g organisms.

s arise only by division of a previc




Cell Theory

Iving things are made up of cells.
S are the smallest working units o
g things.

ells come from preexisting cells
ugh cell division.




Definition of Cell

A cell i1s the smallest unit that IS
capable of performing life







Two Types of Cells

rokaryotic
ukaryotic




Prokaryotic

not have

ctures

ounded by
branes

Internal
ctures

Cll wall




Eukaryotic

tain organelles surrounded by membré
st living organisms

Animal
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“Typical” Animal Cell

plasma cell
membrane




“Typical” Plant Cell

cell wall
cell membrane

Golgi
ribosome * apparatus

Golgi vesicles

smooth ER R chloroplast
(no ribosomes) ' -

N | vacuole
nucleolus . R membrane
nucleus

rough ER
(endoplasmic = raphide
reticulum) _ o crystal
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Table 5.3 A Comparison of Prokaryotic, Animal, and Plant Cells

a2

Prokaryote 0

Animal

Plant

EXTERIOR STRUCTURES

Cell wall
Cell membrane
Flagella/cilia

Present (protein-polysaccharide)
Present
May be present (single strand)

INTERIOR STRUCTURES

ER
Ribosomes
Microtubules
Centrioles
Golgi apparatus
Nucleus
Mitochondria
Chloroplasts
Chromosomes
Lysosomes
Vacuoles

Absent
Present
Absent
Absent
Absent
Absent
Absent
Absent
A single circle of DNA
Absent
Absent

Absent

Present
May be present

Usually present
Present
Present
Present
Present
Present
Present

Absent
Multiple; DNA-protein complex
Usually present
Absent or small

Present (cellulose)
Present

Absent except in sperm of a few species

Usually present

Present

Present

Absent

Present

Present

Present

Present

Multiple; DNA-protein complex
Present

Usually a large single vacuole




Structure

Table 5.2 Fuka

Description

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Function

Cell wall

Cytoskeleton

Flagella (cilia)

Plasma membrane

Endoplasmic
reticulum (ER)

Nucleus

Golgi apparatus
Lysosomes

Microbodies

Mitochondria

Chloroplasts

Chromosomes

Nucleolus

Ribosomes

Oouter layer of cellulose or chitin; or absent

Network of protein filaments

Cellular extensions with 9 + 2 arrangement
of pairs of microtubules

8 Lipid bilayer with embedded proteins

Network of internal membranes

Structure (usually spherical) that contains
chromosomes and is surrounded by
double membrane

Stacks of flattened vesicles

Vesicles derived from Golgi apparatus that
contain hydrolytic digestive enzymes
Vesicles that are formed from incorporation
of lipids and proteins and that contain
oxidative and other enzymes

Bacteria-like elements with double membrane

Bacteria-like elements with membranes
containing chlorophyll, a photosynthetic
pigment

Long threads of DNA that form a complex
with protein

Site of genes for rRNA synthesis

Small, complex assemblies of protein and
RNA, often bound to endoplasmic reticulum

Protection; support

Structural support; cell movement

Motility or moving fluids over surfaces

Regulates what passes into and out of cell; cell-
to-cell recognition

Forms compartments and vesicles; participates in
protein and lipid synthesis

Control center of cell; directs protein synthesis
and cell reproduction

Packages proteins for export from cell; forms
secretory vesicles

Digest worn-out organelles and cell debris; play
role in cell death

Isolate particular chemical activities from rest of
cell

“Power plants” of the cell; sites of oxidative
metabolism

Sites of photosynthesis

Contain hereditary information

Assembles ribosomes

Sites of protein synthesis




Cell Parts

Organelles




Surrounding the Cell




Cell Membrane

 Quter membrane
that controls mo
In and out of the

Double layer




IS means e hydrophobic regions
le the hydrophilic regions interact with water.

The resulting st
Lipid bilayer a lipid bilayer. A
_ membranes (e

L Hydrophiiie Water .. found in certai
" st bacteria, memb
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Cell membrane section
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Phospholipid Structure
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Animal Cells
al cells lack cell walls.

extracellular matrix
Jrovides support, strength, and resilience




Plant cell

Middle —
Iamella )

Secondary
wall

wall

Plant Cell




Cell Wall

e Most common
In plant cells &
bacteria

e Supports & prc
cells



Inside the Cell




Nucleus

cts cell activities

)arated from cytoplasm by nuclee
brane

tains genetic material - DNA




outer

nuclear
nuclear membrane
envelope | inner
nuclear ER membrane

membrane

nuclear

perinuclear lamina

Spacoe nuclear
pore

fibril

outer nuclear
. membrane

annular
subunit

luminal
subunit

nuclear
envelope

il b NUCLEUS (B)

subunit
nuclear
lamina inner nuclear
ring subunit membrane
nuclear “cage”

(A)



Nuclear Membrane

)unds nucleus
2 of two layers

Ings allow
rial to enter and
nucleus




| Cytoplasm Endoplasmic

Phagocytosis eyt

Food Golgi
vesicle apparatus

O —¢ |

i@ vesicle

y Old or damaged
Plasma Digestion of . organelle
membrane \. phagocytized

food particles £  Breakdown
or cells of old

Extrﬁ(l:](ieclllular organelle




Endosymbiosi
Protection (act as Intelligent

* Endosymbiotic theory sugg
prokaryotes provided hosts
advantages associated wit

metabolic activities.




es consist of a phospholipid bilayer combinec
n a fluid mosaic arrangement.

Hudrophilic
region of protein

Phosphalipid
bilayer

F I H IR F

Hydrophabic
region of protein

Hydrophilic molecules tend to interact with
water and with each other. Hydrophobic




cell compartments from thelr environments. Different

branes have different properties, but all share a common
itecture. Membranes are rich in phospholipids, which
ntaneously form bilayer structures in water. Membrane
eins and lipids can diffuse laterally within the membrane,
ng it the properties of a fluid mosaic. Membranes are
mmetric; interior and exterior faces carry different proteins &
e different properties.

phospholipid hydrophilic

Outside of cell head groups
polysaccharide chain i livid bi
; . ipid bilayer
on glycoprotein 4 hydrophobic interior

BERERERE S S cholesterol
lﬂﬂ!lm 1

integral protein

_—> peripheral membrane
protein



http://www.phschool.com/science/biology_place/biocoach/biomembrane1/glossary.html
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terol

widely distributed in all living things. Cholesterol and other &

d in most membranes; they do not form bilayers, but dissol

2r. Steroids can account for up to 50% of the lipids in s

es, and are thought to strengthen the membrane and ma
to

In containing short carbohydrate chains. In membranes,

usually face the exterior of the cell. The sugars me
3e, and several others are common in membrane glycop
fferent spatial combinations of these sugars are possible, re
different surface markers or antigens, which are used as sig




ane protein that has at least one segment anchored within t
any integral proteins contain sequences of about 20 hydrop
Ids that fold into a hydrophobic alpha-helix that is embedded
er. In this shape, the hydrophobic amino acid side chains fo
)bic bonds with the fatty acid portion of the phospholipids in t

ayer nonpolar region

pids spontaneously assemble into lipid bilayers, with a

stic thickness of 4-5 nm. In cell membranes, the two hydrop
ide chains that form the "tails" of the hairpin-shaped phosp

> are oriented to the interior of the membrane.




ane protein found on either the inner or outer face of the bila
|l proteins bind either to integral proteins or to the polar heac
membrane phospholipids.

ospholipid head groups

ophilic (water-attracting) phosphate groups of phospholipids
teract with water by forming many hydrogen bonds. Each

Ipid also has hydrophobic (water-repelling) fatty acid chains
of the hairpin-shaped molecule. Phospholipids spontaneou
 into lipid bilayers, with a characteristic thickness of 4-5 nm.




IS (movement of water across membranes) depends on th

2 concentration of solute molecules on either side of the
ane.

@
S The presence or absence ¢

cell walls influences how ¢
respond to osmotic fluctua

In their environment.

Red Blood Cell @
@ ]

imals Cells

s lack rigid cell walls. When they are exposed to hypotonic en
es into the cell, and the cell swells. Eventually, if water is not re




ale SUrrouriaed oy Jid Cell Wd . VVIIE Jlo C ale exXpPd

Ic environments, water rushes into the cell, and the cell swell
from breaking by the rigid wall layer. The pressure of the cell
gainst the wall is called turgor pressure, and is the desired sta
lant tissues. For instance, placing a wilted celery stalk or lettu

ypotonic environment of pure water, will often revive the leaf k&
rgor in the plant cells.

[T | —
Movement
of Water

o

nic comes from the Greek "hypo," meaning under, and "tonos




)ranes are selectively permeable. Some solutes cross t
2 freely, some cross with assistance, and others do not ¢

A few lipophilic substances
across the cell membrane

diffusion. Most small molec
require the assistance of sj
protein carriers to transpor
across the membrane. Lart
molecules do not cross int

membranes, except in cert
Bilayer membrang cases.

Extracelular fluid Inside of cell

Membtane protein

Membrane protein




membrane separates two agueous compartments, some
les can move freely across the membrane, others cannot. T
or can be seen with pure synthetic phospholipid membranes

S. In living organisms, the membrane proteins play a crucial
directing the movement of solutes across cell membranes.
fall into one of three groups:

« Small lipophilic (lipid
Extracelular fluid Inzide of cell molecules that Cross t
== = . membrane by diffusio

soluble
malecule

. = [Membrane protein

Large—{__ ) » Molecules that cross
nuoigcule —

membrane due to prot
Polor or —4gi tMernbrane protein mediated transport

charged :
molecule — =L+ Bilayer membrane




ith pure phospholipid membranes show that certain substance
ss the membrane by a process known as passive diffusion. Di
e dispersal of molecules by random motion. For example, if
opens a perfume vial (or a smelly cheese) in one corner of ar
Jjradually spreads because molecules of the odoriferous subste
ng throughout the air. In the absence of other processes (suc

activity), diffusion would eventually lead to an even distributio
5 throughout a closed volume.

pstances that diffuse across cell membranes include gases,

h as O, and CO,, and small relatively hydrophobic
lecules, such as fatty acids or alcohols. By contrast, it is
Icult for water to cross pure phospholipid membranes that
k the proteins found in cell membranes, and most polar or
arged molecules such as sugars amino acids, and ions fail
ross pure phosp inside of eell ],

= Merbrang protein

Membrang protein

; %—Eiil:a:_-.«'er memkrane




membranes are permeable not only to gases and small hydrac
5 (by passive diffusion processes), but also to many polar and
5, Including water. Biological membranes contain many differe
he majority of which function as specific transporters to allow
cross the membrane effectively. Transport proteins are of two
annel proteins and carrier proteins. Channel proteins form hyd
allow water and certain ions to cross the membrane, while ca
Ind to specific solutes and "carry" them across the membrane
roteins and some carrier proteins facilitate the movement of Sc
In terms of the concentration gradient, a process known as fa
Facilitated diffusion requires no energy input, in contrast to act
processes, which do require energy, as you'll learn in the next

Ihsicle of cell

Membrane protein

L [Mernbrane protein

; %—Eiila.'_-.«'er rEmbrane




ge molecules, such as proteins, polypeptides,
ysaccharides, or nucleic acids, do not diffuse across cell
mbranes at all. These molecules must be broken down intc
Ir component monomers, e.g., amino acids, sugars, or
leotides, if their components are to cross the cell membra

+— Bilayer memkbrane




bgically important solutes require protein carriers to cr
)ranes, by a process of either passive or active transpo

Active Transport Facilitated Diffusiaon

Extracelular ¢ Inside of cell I = ¢ Inside of cell
fluiicd

LA

ve transport uses energy to move a solute "uphill* against i
dient, whereas in facilitated diffusion, a solute moves down
oncentration gradient and no energy input is required.




Transport of solutes across cell membranes by protein carriers can occur in one
of two ways:

» The solute can move "downhill," from regions of higher to lower concentration,
relying on the specificity of the protein carrier to pass through the membrane.
This process is called passive transport or facilitated diffusion, and does not
require energy.

» The solute can move "uphill," from regions of lower to higher concentration.
This process is called active trananort, andanuims snme form of chemical

Active Transport

Inside of cell

acilitated Diffusiaon

Iular = ¢ Inside of cell
I i
T 3=
L]
o=

-
" Liy—-._ .~ |I '
— O (it —

L]

. Energy




ansport can occur as a direct result of ATP hydrolysis (
by coupling the movement of one substance with that
symport or antiport).

el o - .|
P Y e
= N e
o=
=

ATP pu r'r'll

Active transport may move solutes into the
cell or out of the cell, but energy is always
used to move the solute against its




g cells maintain internal environments that are different from th
lar environment, as well as concentration differences between
d internal compartments. In human tissues, for example, all ce
gher concentration of Na* outside the cell than inside, and a hic
ation of K* inside the cell than outside. These concentration gra
d K* represent a form of energy storage, similar to a battery. A
of a concentration difference between the cytosol and an intern
ent Is found in the lysosome, where the concentration of hydro
can be 100 to 1000 times greater than the concentration outsio
ol.

ATPF pum - Symport ] antiport ]

ke pushing an object uphill, moving a molecule against a



ed pumps (ATPases) couple the splitting, or hydrolysis, of AT
ovement of ions across a membrane against a concentration
TP is hydrolyzed directly to ADP and inorganic phosphate, anc
2ased is used to move one or more ions across the cell

. As much as 25% of a cell's ATP reserves may be spentin s
ort. Examples include:

K* ATPase pumps Na* out of the cell while it pumps K* in.

e pump moves three Na* to the outside for every two K* that
he inside, it creates an overall charge separation known as

. This electrical potential is required for nervous system activ
es energy needed for other types of transport such as sympor

ases are responsible for keeping intracellular Ca** at low leve
precondition for muscle contraction.




Step 1. Three Na+ ions bind to cytoplasmic
high-affinity binding sites.

Step 2. ATP is hydrolyzed, transferring a
phosphate group to the pump.

Step 3. The pump confarmation changes, movi ng

Ma+ ions to the extracellular side of the
mermbrane.

-
L]
[ )
0@ o 4 .
| Extracellular fluid =

I nside of IZEH

Step 4. Ma+ ions dissociate, and two K+ ions
bind to high-affinity extracellular sites

Step 5. The bond Tinking phosphate to the pump Step &. The pump confarmation changes
protein is hydrolyzed, releasing inorganic i
phosphate.

k@ ©

moving K+ ions to low -affinity cytoplasmic
Fites.
MWatem O

Step 7. K+ ions dizsociate, and the pump is
ready for another cucle.

Extracellular fluid



sport some substances against a concentration gradient, cel

ergy already stored in ion gradients, such as proton (H*) or
(Na*) gradients, to power membrane proteins called

orters. When the transported molecule and the co-transporte

ve Iin the same direction, the process is known as symport.

Arnino Acid—21
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E::Et racellular 'f"l uid b
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I nside af Cell




centration gradient to power the transport of a second substa
' against its gradient. In this process, the two substances mo
> the membrane in opposite directions.

I nside af Cell

An example of an antiport process is the t
of Ca?* ions out of cardiac muscle cells.
cells are triggered to contract by a rise Iin

intracellular Ca?* concentration, so it is im
that Ca?* be removed from the cytoplasm
the muscle can relax before contracting ac
This antiport system is so effective that it ¢
maintain the cellular concentration of Ca?
levels 10,000 times lower than the externe
concentration. To view animations summe
operation of an antiporter, click on the but







Drug Delivery

ENGINEERING PRINCIPLES FOR DRUG THERAPY

W. Mark Saltzman




Drug delivery

science of drug delivery may be described as
ation of chemical and biological principles ta
ol the in vivo

g molecules for clinical benefit

tists researching drug delivery seek to addre
2 |Ssues in order to (1) maximize drug activity
Inimize side effects

oenefits of controlled drug delivery are: (1) mc
Ive therapies




Plasma Drug

FIGURE 19.1
Changes in plasma

o™ Dose___——— drug concentration over me.

Time

stration of drug leads to a certain conce
g level. This concentration is decimatec




Controlled relea:

Zero Order

Therapeutic
window
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FIGURE 19.2
Changes in plasma drug concentration over time for a

zero-order release system.







TABLE 19.4

Classification of Rate-Controlled Mechanisms

Diffusion Controlled Water Penetration
System Controlled System

Polymer Degradation
Controlled System

Diffusion through polymer Osmotic pump
Diffusion through membrane Swelling controlled

Surface erosion
Bulk degradation,
Polymer sidechain cleavage




Surface Erosion

©
© ©_ 0
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Bulk Erosion

T
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©
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Sidechain Hydrolysis

Polymer S
8588 =>6b66 =, °

FIGURE 19.8
Schematic illustrating surface erosion, bulk erosion, and side chain hydrolysis.




Water penetration cont
systems

The rate of delivery is controlled
by the penetration of water into PRI ]
the device MEWBRANE \

Osmotically controlled devices

An osmotic agent is contained N
within a rigid housing and is % o
separated from the agent by a

movable partition HOVABLE

0 . PARTITION
Semipermeable membrane, in

an aqueous enviroment, water V, VOLUMEOFGSHOTIC AGEATCOMPARTAENT
: : g Y, VOLUHE OF DRUG COVPARTHENT

from F. Theeuwes and . . Yom,

IG. 5, Schematc epresentatonofan osmotc pump. (Reprned
Am, Biomed, Eng. 4 38353, 1976.)
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Nanoparticles

Vesicular systems, which are f
drug-containing liquid core (ag
lipophilic) surrounded by a sing
polymeric membrane

1 nm 10 nm

-
|

HO o
%‘Qy\\,ﬂﬂ
oH

Glucose  Phospho-
molecule  lipid

FIGURE 8.2 Sizes of nanoparticles compared with other biological entities.




Nanosphere Nanocapsule

Polymeric shell +
oily or aqueous core

Polymeric matrix

Legend :
Polymeric chains
Drug molecules o

FIGURE 8.3 Morphology of nanospheres and nanocapsules.







Characteristic Atomic Bonds

Bonding Energy

Me

eV/Atom, lon,
Temp

pe Substance kJ/mol Molecule

NaCl 640 3.3
MgO 1000 5.2
Si 450 4.7

C (dia) 713 7.4
Hg 68 0.7

etallic

Adapted from: Fundamentals of Materials Science and Engineering / An Introduction,” William D. Callister, Jr., John Wiley & Sons, NY,
NY, 2001 or http://www.scribd.com/doc/8680373/Fundamentals-of-Materials-Science-and-Engineering-Callister
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se of cells to biomaterials is critical in medical devices.

y inert biomaterials were used to minimise the reaction in ce
the material. However, it has been realised that specific ce

may be beneficial in such areas as encouraging adhesion,

Iplication. Cellular response to biomaterials discusses the

f cells to a wide range of biomaterials targeted at specific m




he cells at the tissue-implant interface. Several factors have

at modulate the response of cells to an implant, and one are
nterest, is the topography of the material. In vitro and in vivo
the potential benefits of altering the surface topography of
ensure optimal integration of the implant into the surrounding
5 entry is on the effects of surface topography on the reactio

2|l types in vitro and in vivo.




rom innate immune recognition :

erials (e.g. polymers, metals, or ceramics), cell and cell ¢
ancreatic islets) transplantation are beginning to offer no

2Nt modalities for some otherwise intractable diseases. T

e system is involved in incompatibility reactions that occ

erials or cells are introduced into the blood circulation. In
plement, coagulation and contact systems are involved
ition of biomaterials and cells, eliciting activation of platel

tes. Such treatments are associated with anaphylactoid




Foreign body reaction to biomaterials

he foreign body reaction composed of macrophages
and foreign body giant cells is the end-stage response
of the inflammatory and wound healing responses
ollowing implantation of a medical device, prosthesis,
or biomaterial.

ctors that modulate the interaction of macrophages and
ody giant cells on synthetic surfaces where the chemical,
ysical, and morphological characteristics of the syntheti
rface are considered to play a role in modulating cellula
ents. These events in the foreign body reaction include
dsorption, monocyte/macrophage adhesion, macrophage
) form foreign body giant cells, consequences of the forei
0dy response on biomaterials, and cross-talk between




Immune System and Medical Devices

Even before the concept of immunity (from immunis, Latin for “exempt”) was
developed, numerous early physicians characterized organs that would later
prove to be part of the immune system. The key primary lymphoid organs of the
immune system are thymus (T lymphocyte maturation) and bone marrow
(Hematopoietic Stem Cells (HSCs)), while the secondary lymphatic tissues are
the spleen (Reserve of monocytes; Active immune response), tonsils (produce
antibodies), lymph vessels (transports antigen presenting cells and immune
cells), lymph nodes (location lymphocytes meet the antigens), and skin (part of
adaptive immune system). Nevertheless, the majority of the immune response to
Biomaterials is derived from HSCs that give rise to all the blood cell types
including myeloid (monocytes and macrophages, neutrophils, basophils,
eosinophils, erythrocytes, megakaryocytes/platelets, dendritic cells), and
lymphoid lineages (T-cells, B-cells, NK-cells). For the most part, a Biomaterials
interaction with the immune system arises from exposure of the
Biomaterial/Medical Device to the host defense mechanisms, which function to
protect organisms from deleterious external threats. The nature of the reaction is
largely dependent on the chemical and physical properties of the Biomaterial.
How does mans immune system play a role in the function of medical devices?



http://www.westernscienceconsultants.com/blog/?p=26

acrophages are the dominant infiltrating cells that respo
) biomaterial implantation in soft and hard tissues. These
eir fused morphologic variants, multinucleated giant cells
reign body giant cells, usually remain at biomaterial-tiss
terfaces for the lifetime of the device in vivo. As a compo
e Immune system, macrophage activities are closely rela
mune responses, inflammation and foreign body respon

owever, macrophages also mediate biodegradation of

loresorbable materials via phagocytosis and extracellular
egradation. In addition, macrophages are essential for eff
ssue regeneration as they regulate the recruitment, prolife
nd differentiation of target cells, such as fibroblasts, ostec
ndothelial cells and keratinocytes during healing processe




An immune system is a system of biological structures and
processes within an organism that protects against disease by
identifying and killing pathogens and tumour cells. It detects a
wide variety of agents, from viruses to parasitic worms, and
needs to distinguish them from the organism's own healthy
cells and tissues in order to function properly. Detection is
complicated as pathogens can evolve rapidly, producing
adaptations that avoid the immune system and allow the
pathogens to successfully infect their hosts.

A scanning electron microscope image of a single
neutrophil (yellow), engulfing anthrax bacteria (orange).
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To survive this challenge, multiple mechanisms evolved that
recognize and neutralize pathogens. Even simple unicellular
organisms such as bacteria possess enzyme systems that
protect against viral infections. Other basic immune mechanisms
evolved in ancient eukaryotes and remain in their modern
descendants, such as plants, fish, reptiles, and insects. These
mechanisms include antimicrobial peptides called defensins,
phagocytosis, and the complement system. Vertebrates such as
humans have even more sophisticated defense mechanisms.!!
The immune systems of vertebrates consist of many types of
proteins, cells, organs, and tissues, which interact in an elaborate
and dynamic network. As part of this more complex immune
response, the human immune system adapts over time to
recognize specific pathogens more efficiently. This adaptation
process is referred to as "adaptive immunity" or "acquired
Immunity" and creates immunological memory. Immunological
memory created from a primary response to a specific pathogen,
provides an enhanced response to secondary encounters with
that same, specific pathogen. This process of acquired immunity
IS the basis of vaccination.
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Hemocompatibility

Artificial surfaces can induce thrombosis, embolization, consumption of
platelets and plasma coagulation factors, as well as systemic effects
from platelet activation and activated coagulation and complement
factors. Upon contacting blood, Biomaterials rapidly adsorb a film of
plasma proteins, which ultimately determine its Hemocompatibility. The
first step Is to utilize ELISA and/or protein radiolabeling to determine
the adherent proteins and immune factors activated by the biomaterial.
Evaluation of this data provides an initial view of the blood
compatibility and whether surface modification is necessary. For
example, certain hydroxyl environments activate the Alternate Pathway
of Complement and fluorinated (hexafluoropropene, C3F6) surfaces
will activate platelets. Also to be considered is how the new surface
characteristics would affect the overall function of the device. Once this
Initial phase is completed, other in vitro testing, such as exposure of
the functioning device to whole blood or serum, will bring in other
factors like mechanical shear and fluid dynamics that also effect blood
compatibility.



Tissue Compatibility

Most Biomaterials in contact with tissue elicit a foreign body reaction (FBR), or
nonspecific inflammation. The most prominent cells are macrophages, which attempt
to phagocytose the material and are variably successful. The macrophages now
activated by this process may elaborate cytokines that stimulate inflammation or
fibrosis. Multinucleated giant cells in the vicinity of a Biomaterial are generally
considered evidence of a more severe FBR. The more tissue-compatible the implant
the more quiescent the response (less inflammation). Tissue interaction with an inert
Blomaterial usually results in encapsulation by a relatively thin fibrous capsule.

Final testing involves preclinical testing in animals and clinical testing in humans for
Class |ll devices. Selection of the in vivo model is particularly important. For example;
most animal models endothelialize synthetic vascular grafts, while humans display a
reduced endothelialization and healing response. As mentioned earlier, interactions
with blood or tissue can be modified by changing the surface chemistry of the
Blomaterial to cause a favorable protein to bind, stimulate adhesion or bone formation
In orthopedics, modifying the roughness or porosity for tissue ingrowth, incorporating
agents to attract certain cell types and even utilizing a resorbable polymer to allow
slow replacement by native tissue. Consequently, if a polymer is performing
adequately, but is activating the immune system, a surface modification could be
used with out changing its mechanical performance.



Jical devices are traditionally thought of as fairly simpl

lants such as stents and hip replacements - pieces of
etal that are placed in the body to handle a very spec
tion. But biomedical devices now on the drawing boa

siderably more sophisticated and represent an

recedented melding of man and machine.




e components, are expected to be the next bi

An example of a combination product is a tissue-engineered

)ines living cells with a polymer scaffold. When implanted in

e device can replace or restore damaged tissue or organ f
response of the body to each component is well known, co

own about how their new union may affect the body's reacti

on device.




The body can have a different and potentially detrimental
reaction when there's more than one component involved.

)ymedical implant is introduced into a patient's body,

5 a threat to the acceptance of the implant and coulc

re. The body responds to biomaterials with an infla
d to foreign biological components with an immune
ctions may affect one another when triggered simul

be in a combination device if the combination prod




lifferently to that combination than it would to either compc

> Immune response towards a foreign biological componen

ay be affected by the inflammatory response to the biomat

.There is a need to better understand more complex comk
roducts so that as they move into wider use, they can be d
integrate as smoothly as possible into the patient.




an best integrate into the body by controlling host

esponses. In some combination products, biomaterials

In the form of polymer sponges) are used in the medical
device to provide sites for transplanted cells to grow on
0 help it be better incorporated, strengthening its

onnection to the body.

tial in-vivo research findings indicate that the inflammato
Sponse to a biomaterial can affect the immune response
eign protein that is delivered at the same time. The prese
e biomaterial (a polymer) enhanced the body's immune re
a foreign protein. The polymer boosts the immune respo




erent materials seem to have varying effects on the de
Is. This may indicate which biomaterials will be good ft
plication. For example, biomaterials that support dend
turation may be best suited as polymeric carriers for v
ivery and those that do not support dendritic cell matu
y be used as sponges in tissue engineering.




etter understand the body's reaction to
edical devices that incorporate both
aterials and biological components, wo
human blood cells, treating them with a
ety of biomaterials to see what response
ced from the dendritic cells.

2se cells control which way the iImmune
)onse will go, so if we can control their
otype, the idea is that we can control |

(11




g from the body's immune system, and

equently not rejected. All the same, wit

h of Implanting them, the body Isolates

ANts by wrapping them in a collagenous,
cular sac. Materials are considered to b
ompatible’ if this sac is not too thick.

That's not very clever !



systems, he believes that we should be creating them fro
Is that are specifically designed to engage with biological
es. This could take the form of materials made with spec
Jres that encourage small blood vessels to actively grow
the implant, or implants coated with DNA that specificall

S formation of the collagenous capsule.

these let the implant and the body actively work together

an simply try to prevent them fighting against each othe
These Sorts of ideas will lead to a new biomaterials

science that will permit us to make materials for
medical devices that function better, last longer,




Active Nanobiomaterials for Regenerative Medicine

Description:

Research on active biomaterials for implantation in the human
body could lead to in-situ repair and regeneration of damaged
tissue as an alternative to surgery and a cure for some
diseases.

The first generation of manufactured biomaterials emerged in the 1960s;
they were prosthetic parts made of inert substances that were intended to
pe placed inside the body with minimal likelihood of immune system
rejection. A second generation employed bioactive materials that could
elicit a desired action and reaction from the body. Employing research at
the molecular level, a new generation of biomaterials is in development;
these novel materials are being designed to stimulate specific cellular
responses, thereby activating genes to stimulate the regeneration of live
tissue. While research on active biomaterials is new, the development of
biomaterials has been under way for 40+ years.



Jenerative medicine based on active biomaterials can k
loped, it is conceivable that the body will be able to he
ally, as it does with a cut or scrape today. Tissue rege
S the greatest promise with the use of stem cells, so n
lopments in stem cell research are an important part o
. Nanomaterials may provide solutions to the significa

enge of developing mechanisms that will support blooc
eered materials.

Implications:
* Vast enhancement of the human body's ability to rep

itself

* Potential for reversal of organ damage resulting from
disease

* Decreased use of surgery




mployment of biomaterials for skin regeneration in acute
unds such as burns and as scaffolds for guided nerve
jeneration at the Institute for Regenerative Medicine at Wak
rest University

uccessful application of research by Stephan Heller
arvard/Stanford) on using adult and embryonic stem cells to
Jenerate hearing tissues, leading to improvement of hearing
S due to aging

at to Watch:

eakthroughs in stem cell research, nanomaterials and
rotextiles lead to procedures that can be tested in

ical trials.




rs/drivers:

understanding of the basic mechanisms involved in cell g
erentiation into different types of tissue
ution of the ethical dilemma associated with the use of em

1 aging of the population in Western societies, outpacing m

0 perform invasive surgeries and the human and financial

Ing nanomaterial research
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Stealth Technolog

ne Response:
e Nanoparticles

challenges in developing effective nanoparticles in Health
IS designing them so they can perform two critical functio
normal immune response and reaching their intended targ

xactly the right combination of these properties, beca
 the right concentration of targeting molecules, they

S we want, and if they don’t have the right stealth prog
taken up by macrophages.
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Anti-Radar Stealth Jet-F-119 Anti-lmmune Response:
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Cellular barriers for Targeted delivery (Based on Cationic Polymer)

Endosome/

Nanoparticle

Entry into the cell
Escape from the endosome

(dissociation of the complex)
Nuclear transport
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A.Endosomal delivery | B. Cytosolic delivery
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4. Endosomal effect — leading to cytosolic delivery

2. Early endosome

FIGURE 8.6 Cell internalization of nanoparticles can lead to (a) endosomal or (b) cytosolic drug delivery.




Micelles

olubility in water appears to be an intrinsic property of
and anticancer agents

es represent colloidal dispersions with particle sizes bg
250 to 100 nm

g colloidal dispersions, micelles belong to a group of

lation or amphiphilic colloids, which under certain conc
entration and temperature), are spontaneously formed
philic or surface-active agents (surfactants), which are
ules that consist of two clearly distinct regions with opj




TABLE 9.1
Some Examples of the Block Copolymers Used to Prepare Drug-Loaded Micelles

Block Copolymers

Pluronics®

Polycaprolactone-b-PEG
Polycaprolactone-b-methoxy-FEG
Polyi N-isopropylacrylamide )-b-FEG
Poly{aspartic acid)-b-PEG
Poly{y-benzyl-L-glutamate )-b-PEG
Poly({D,L-lactide }-b-methoxy-PEG
Poly(3-benzyl-L-aspartate }-b- polyi a-hydroxy-
ethylene oxide)
Poly{8-benzyl-L-aspartate)-b-PEG
PolyiL-lysine}-b-PEG
Dligo(methyl methacrylate -b-poly{acrylic acid)
FEG-PE

Drugs Incorporated

Doxorubicin, cisplatin—doxorubicin,
epirubicin—doxorubicin, haloperidol, ATP

FK306, L-685,818

Indomethacin

Miscellaneous

Doxorubicin, cisplatin, lysozyme

Clonazepam

Paclitaxel, testosterone

Doxorubicin

Doxorubicin, Indomethacin, KEN, amphotericin B

DNA

Doxorubicin

Dequalinium, soya bean trypsin inhibitor, paclitaxel,
camptothecin, tamoxifen, porphyrine, vitamin K,




A Stwictures of micelledomuing copolymmers

Block copolymers
di-block  AAAAAAARREREE

tri- block  AAAABBBRBAAAL
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B
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B. Examples of Bock copolyrrers . Mivelle forvation from di-bock
and fri-Bock co-polymers

Di-block copadymers

- HOACH;CHOM-CHCH - H

NE

Polyiattolene codde)-b-poly (styrene) bladk copalymer

Hiﬂ_tmﬂ'[iﬂln_tf:]{!mm_}[
CH,

Polyiethorlene codde)-b-poly [, L-lactide) block copolymer

Tri-block copelymers

M
—
HO—CH,CH0),~CH,CH,-H “\\—

Polyiethylens oxide)-b-polyipropylens cxide)-b-
pedyiethd ene axide)tri-Hock copalymer

FIGLIRE 9.1 Micelle-forming copolymers (A and B and micells assembly (C).




Polymeric Vesicles

osed bilayer systems arise when amphig
)lecules self assemble

aqueous media in an effort to reduce the
ergy interaction between the hydrophob
rtion of the amphiphile and the aqueous
perse phase and to maximize the low-e
eraction between the hydrophilic head ¢




Self assembling (c) Self assembling
polymerisable monomers amphiphilic polymers
Polymerisation (b) Polymer ' R e ok
coated v :
liposomes

(a) Polymerised
vesicles

=" Polymer backbone (d) Polymeric vesicles prepared from
e Amphiphile's hydrophilic head group self assembling cetyl

o . . Polyethylenimine amphiphiles, arrow
WA, ‘s hvdrophobic

Amphiphile’s hydrophobic tail shows polymer coat
FIGURE 10.1 Polymeric vesicles may arise from (a) the self-assembly of polymerizable monomers that are
subsequently polymerized, (b} the cooperative self-assembly of lipids and polymers, or the self-assembly of
amphiphilic polymers. both block (c) and random copolymers (d).




Block co-polymers
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Random copolymers
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Water soluble polymer with hydrophobic pendant groups

Polymer backbone attached to hydrophobic pendant groups viaa
hydrophilic spacer

® Hydrophobic monomers

§ Hydrophobic pendant groups

‘ Hydrophilic spacer

I Hydrophobic pendant
group

Hydrophilic monomers

FIGURE 10.2 Schematic representation of self-assembling vesicle-fornung polvmers.




I
fOHCy
I
3™ ganeration
CH )

feCHCp O
R 0O (CHLHO)CH,

Legend :
B | rolviakyicyancacrylate)

& Pulyfethylene alycal
& Tarpeting ligand

CH CH
":%':":Hz_ét I:H:_J:}I
LOOR  £00 (CHLCH,0) CH;CHNH-O0C jgand
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Gene Therapy
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Steps In Gene Therapy

EXxpression
mRNA

‘NA

nucleus

Administration . \




Methods for Gene Therapy

Non-viral-mediated

Viral-mediated
methods

methods

Physical-stimulated
methods

_ _ _ | Lipofectin, Cationic polymers
Retroviruses, Adenoviruses  Hydrodynamic Pressure, (DEAE-dextran, poly(L-lysine),
Adeno-associated virus Gene gun, Electroporation, poly(ethyleneimine (PEI)
Sonoporation
N\

Advantages
*No infection

*Low toxicity

*No limited on the si
*Cheap, easy to pref
*Stable

*Applicable to all tiss

Isadvantages e
sk of viral infection — N & b
munogenicity, toxicity :
ited size of gene, one cof =—=i&
Xpensive, long procedure
ability and regulatory issue
ited to certain tissues and cells

Intermediate methods

to be used to enhance gene transfection
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Conclusion

ytechnology allows for better recognition,
ration of bionic implants with host tissue

s for precise, targeted delivery of therepeu
ts

Ith technology for health monitoring




