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Hello everyone I welcome all to the 13" lecture of this course nano technology in tissue

engineering, so in this lecture we are going to learn what is tissue engineering?
(Refer Slide Time: 00:30)

[ O
Contents

* Tissue Engineering
* Why tissue engineering?

* Tools of tissue engineering

* Applications of nanotechnology in tissue
engineering .

And why we need tissue engineering, and what are the tools required for tissue engineering and

also we are going to learn what are the applications of nanotechnology in tissue engineering.
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Tissue Engineering

Tissue engineering is an interdisciplinary field
that applies the principles of engineering and
the life sciences towards the development of
biological substitutes that restore, maintain, or

improve tissue function

Langerand J, Vacant Tissue Engineanng’. Science 260 53008 1893

So let us see the definition of tissue engineering, so tissue engineering is an interdisciplinary
field that applies the principles of engineering and life science towards the development of

biological substitutes that restore maintain or into the tissue function.
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Why tissue engineering?

+ To creale products that improve fissue function or heal tissue
defects.
* Replace diseased or damaged fissue
+ Because......
+ Donor tissues and organs are in short supply
+ We want to minimize immune system response by using our

own cells or novel ways to protect transplant.

So here why we need tissue engineering to replace the diseased or damage tissue okay, because

the donor tissues and organs are I short in supply we do not have sufficient donors for replacing

the damage tissues or organs and also if we take the organs from a different person and different

animal our immune system will reject it, so to minimize the immune system response we can use

our own cells and we can engineer the man made tissues okay.
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Introduction

+ Tissue engineering is an approach to treat patients who need a new organ or
tissue with man-made organs or tissues.

+ Tissues are engineered using a combination of a patient's own cells and
polymer scaffalds.

+ Tissue specific calls are isolated from the patient and expanded it vitro.
+ The polymer mimics the natural ECM, which bring cells together and contrel

the tissue structure, regulate the function of the calls, and allow the diffusion
of nutients, metabolites, and soluble factors

So here tissue engineering is an approach to treat patients who need a new organ or tissue with

the man made organ or tissues, so here the tissues are engineered using a combination of patients
own cell and polymer scaffolds so here we are going to take the patient’s own cell are we are
going to add the cells on the polymer scaffolds and we are going to grow that tissue in the lab
condition and we are going to implanted the patient. So here the polymer is scaffolds will mimics
the natural ECM, that is extra cellar matrix okay, so which brings cells together and control the

tissues structure.

And regulate the function of the cells okay, so here the scaffolds act like a support and it will
allow the cells to grow okay it will provide a support like a extra cellular matrix ECM and also it

allow the nutrients to permit through the pore structure of the extra cellular matrix.
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Tissue engineering-Overview
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So this is the overview of tissue engineering, so the first step is where going to take the cell from
the patient’s body and we are going to cells in the lot condition and once we go the cells
sufficient number of cells then we can see the cells on the three dimensional scaffold so then the
cells grow on the three dimensional scaffold and we can implant the same cells into the repair or

damage side okay, so we are re implanting this engineer tissue to the damaged site.
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Why 3D?

+ Because we can no longer fo view a cell as li : —

self contained unit existing in a passive M

structural network, Thus to properly study the

cell interactions it must be in a 3D

environment.

So this is the overview of tissue engineering and why they need three dimensional okay, so in
case of two dimensional that own mimics your body condition okay, so inside the body we have
all the organs are in three dimensional so we need a three dimensional scaffold so which mimic
like your immune condition and also it act like a support to grow the cells and which could be

useful for making a artificial tissues organ to replace the damage tissue or organ.
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3 Tools of Tissue Engineering

+ Cells
— Living part of tissue
- Produces protein and provides function of cells
- (Gives tissue reparative properties

+  Scaffold
— Provides structural support and shape to construct
- Provides place for cell attachment and growth
- Usually biodegradable and biocompatible

+ Cell Signaling
- Signals that tell the cell what to do
— Proteins or Mechanical Stimulation

@ LIEEL T

So the tools require for tissue engineering is cells, scaffold and cells signaling the first thing is
cells, so that is a living part of tissue okay so that produce the protein or and provides functions
of cells okay, and next one is scaffold so this provide just structural support and shape to
construct and it should be usefully biodegradable and biocompatible, biocompatible means it
should be compatible to the biological system and biodegradable means if we degrade inside the

system it should not induce any immune response are toxic effects.

Third one is cell signaling so the cell signaling it may be like a growth factors or hormones okay,
so that is going to tell the cell it has to differentiate or not what kind of cell it has to differentiae

okay.
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Tissue engineering requirements

Tissue enginearing requires three things:

Cell Source
Embryonic stem cells
Adult stem cells
Progenitor cells

Signals < - E{Chlfl
Growth factors C Ir.m.:.
Drugs ETamics

Synthetic polymers
Natural polymers

Mechanical forces

So these are the three things require for your tissue engineering first you need the cells source it
can be embryonic stem cells or it can be your adult stem cells okay and next one is your extra
cellular matrix that is your support or scaffolds it can be your metal, ceramics, synthetic
polymers and natural polymers, so depends on the tissue it want to grow or depends on the organ
you want to grow you have to select your scaffold it can be metal for some of the bond
replacement and it can be synthetic polymer and natural polymer depends on the application

where to select the ECM extra cellular matrix.

And third one is signals are growth factors, so this growth factors it is going to decide what kind
of cells it is going to differentiate okay and also some of the tissues we have to apply mechanical

force this mechanical force also plays a major role in differentiating the cells.
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What is a stem cell?

+ A stem call is a cell that has the ability to divide (self replicate or self
renaw) for indefinite periods—often throughout the Iife of the arganism.

+ Lnder the right conditions, or given the right signals, stem cells can give
rise (differentiate) to the many different cell types that make up the

organism.
+ Totipotent -Embryonic stem cells

+ Flurpotent/multipotent - Mesenchymal stem cells

+ Unipotent
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So let us see one by one so what is a stem cell okay, so it is a cell which the ability to divide for

indefinite periods and it can be like often throughout the life of the organism okay so stem cell is
like your simple term it can assume like it is a seed so from the seed you will get the plat from
plan you will get the flower again you will get the fruit and seed okay similarly the stem cells it
can differentiate to any kind of cells okay, so under the right condition or given the right signals

the stem cells can given raise to many different types of cells okay.

So if you are inducing the stem cells with the suitable growth factors and it will it convert into
liver cells or it can be cover into kidney cells okay, so that is called as differentiation so the stem
cells again divided into three types Totipotent, pulripotent and unipotent so Totipotent is
embryonic stem cells from embryonic stem cell we can get any kind of cells and multipotent
cells example is mesenchymal stem cells from here we can get multiple types of cells and

unipotent is we can get only single type of cell.
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Eotency o, stem cells
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We can see here the Totipotent is a embryonic stem cell we can get any kind of cells and
pulripotent are multipotent we can get multiple types of cells and unipotent is your adult liver
cell example okay, so we can get the liver stem cells from the liver stem cells you will get the
liver cells like cells , so it is only one type of cells we can get it from the unipotent cells so we
can use the stem cells and depends on the growth factors okay all the hormones whatever you
add the cells will differentiate the stem cells will differentiate into liver cells or we cab

differentiated to kidney cells.
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Scaffolds

+ Cells ara often implanted or ‘seedad' into an artificial structure capable of
supporting three-dimensional issue formation. These structures, typically
called scaffolds

» Scaffolds usually serve at least one of the following purposes:
« Allow cell attachment and migration
» Deliver and retain cells and biochemical factors

~ Enable diffusion of vital cell nutrients and expressed products

 Exert certain mechanical and biological influences to modify the behaviour
of the cell phase

So next one is scaffold so the cells are often implanted or seeded on into a artificial structure and
capable of supporting three dimensional tissue formation okay, so these structures typically
called as scaffold so the scaffold should serve at least one of the following purposes okay, so you
should allow the cells to attach okay and it should deliver and retain the cells and biochemical
factors and it should enable the diffusion of vital cell nutrients and also it should exit certain

mechanical and biological influences to modify the behavior of the cell fix okay.
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I 2009000
Scaffolds

+ Various textures and

materials

+ Encourage cells to grow
+ Allow nutrients to permeate
+ Wen'tharm the patient

k
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So we can have scaffolds in various structures and materials depends on the tissue we want to
grow we have to select the suitable scaffold and the scaffold should encourage the cells to grow
okay and we should have sufficient pour as nature, so that it can allow the nutrients to permit and

it should be highly biocompatible and biodegradable it should not harm the patient.
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Steps in tissue engineering

+ Appropriate cell source must be identified, isclated and produced in
sufficient numbers

+ Appropriate biocompatible material that can be used as a cell substrate or
cell encapsulation material isclated or synthesized, manufactured into

desired shape and dimensions

+ Cells seaded onto or into materihal, maintaining function, merphology

+ Engineered struciure placed into appropriate in vivo site

So let us see this steps in the tissue engineering so first thing is we have to select the suitable
cells or then we have to select the suitable scaffold then we have to add the cells on the scaffold

and grow it okay, so one the cell is ready.
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Cell-scaffold technology
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Then we have to transfer into the human body okay, so this is a biocompatible scaffold it can add
the human cells and the cells multiply on the scaffold and you can add the growth factors of
matrix proteins okay, so then cell secrete growth factors on human matrix proteins and it became

complete human tissue.
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Tissue engineering

More complex organs
= Not very far in development
+ Complex metabolic functions
+ Require multiple types of cells and intricate scaffolds
+ Liver "
* Heart
« Lung
+ Kidney

- © JIEELTY

Okay so using the well designs scaffolds and optimized cell growth so these are the tissues these
are already successfully engineered okay skin, bone, cartilage this is already successfully
engineered but saw the complex organs like liver, heart and lung this is a still under research
because it has a complex metabolic function as well as it require multiple types of cells okay. So
that is why it is very difficult to make artificial liver or artificial heart, but still lot of research is

going on to develop artificial liver or artificial heart and artificial lungs.

(Refer Slide Time: 08:33)



Skin tissue engineering

Skin wound - No scaffoid

Skin wound with scaffold

Skin
Hypothetical Stress Flelds
in Skin Wound
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So let us see the example of skin tissue engineering okay, so suppose if we have a own one your
skin you are losing some of the cells on the skin and when the skin contract it forms the scar but

when you replace the damaged cells with your scaffold with the skin cells it will reach in a scale

and there would not be any scar formation.
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Suppose we were having the damage or own on your skin okay, so you are losing this much
amount of cells, so what happen in this when the skin contract there will be formation of scar so

but when you replace this damaged cells with the scar fold their own any formation of scar.
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Skin repair

Skin: In vitro or in vivo synthesis?
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So let us see how to repair the skin so the two approaches one is in vitro and other one is in vivo

in the in vitro we will add the cells and other regulators okay to the tissue by layer and will

implanted to the holt okay and in, in vivo in synthesis we will put the scaffold into the host and

you will add the cells on the host and it will reignited in the host that is called as in vivo

synthesis.
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Skin repair
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So let us see the example you can see here so this is the wound grafted with the scaffold and if
you have the active scaffold so there is no contraction it is blocking the contraction and new
tissue formed in skin there is no scar formation but when you not putting the scaffold what

happen is there will be a formation of scar due to contraction of the skin.
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Schematic of wound model in adult mouse liver
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So let us see the another example, here we can see here schematic of wound model in adult
mouse liver, so here then making your wound on the adult liver, adult mouse liver and they are

replacing with the scaffold loaded with the liver cells and it is.
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Schematic of wound model in adult mouse liver
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Healing the wound okay, you can see here without scaffold there is no wound healing with this

scaffold it is closing the wound.
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Why we apply nanotech in TE?

So let us see why we need nano technology in tissue engineering.

(Refer Slide Time: 10:51)



Why we apply nanotech in TE?
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Cells on microfibrous scaffolds have a polarized relstonship, with one side of the cell
attached to the scaffold, the other exposed to physiclogical media. In comparisan, it is likely
that cells are more naturally constraingd By nanafibrous scaffolds.

So you can see here, so when you use the microfibrous scaffold the cells are not able to attach
properly and at the same case in the microfibrous scaffold also and but when you use then
nanofibrous scaffold the each cells it can easily attached to thousands of nano fibrous, so as you
know the cytosol cell is in the micro meter okay, when you use the micro pores scaffold or

microfibrous scaffold that is not matching with the scale, okay.

But when you use the nanofibrous scaffold a single cell can attached to thousands of nanofibrous
that will excitedly mimic like your extracellular matrix ECM, okay. So the cells on microfibrous
scaffold have a polarized relationship with one side of the cell attached to the scaffold and the
other exposed to physiological media, okay. So in comparison it is likely that the cells are more

naturally constrained by nanofibrous scaffolds.

(Refer Slide Time: 11:44)



So the cell is in the micro meter size okay, I when I use the micropores scaffold what happens is
some cells are partially binding to the support and some are exposed to the medium. When you
use the microfibrous scaffold again so when you have the microfiber the cells are growing and
the axis of the fiber okay, so again it is not exactly not matching with your ECM, so but when

you use the nano fiber.

So here the fiber size is in the range of nano meter and your cell is in the range of micro meter.
So each cell can bind and attached to thousands of nano fibers so it exactly mimic like your ECM
extracellular matrix. So that is why we need nanofibrous scaffold for tissue engineering

application.
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The Extracellular Matrix (ECM)

So we can see here this is your extra cellular matrix so each tissues are organ we have this kind
of extra cellular matrix on the top of the matrix all over cells are attached and grow and orms the

tissue or organ.

(Refer Slide Time: 13:08)
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Nanofibers - Introduction

+ ECM flbars ~ 50-500 nim [ dizmeter
+ Cell ~ several-10 um

+ Fibers 1-2 orders of magritude = call

+ Seale diference necessary

+ single call contacts thousands of

fibers

+ transmission of finefsutdle sonals

So when you use that nanofibers where this scaffold it exactly mimic like your extra cellular
matrix okay, and here you can see here the extra cellular fiber matrix it is in the range of 50 to
500 mm in diameter so the cell size is between 10 to 100 micrometer. So the single cell here you
can see it this is the scanning outer microscope picture so the single cell can bind to thousands of
nano fibers, so the single cell contact thousands of fibers so the transmission of fine subtle can be

easily achieved.
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Techniques to achieve nanofibers for TE

Fhase

Seff-assembly saparalion

So what are the techniques available to achieve nano fibers for tissue engineering, first one is self
assemblies second one is phase separation third one is electro spinning, so we will see one by

one.
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Self-assembly
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So self assembly which I already explained in the one of the lecture that is protein nano

technology, so we can use the peptides with hydrophilic head and hydrophobic tail okay, so it can

self assemble and form the three dimensional scaffold.
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Self-assembly

* Peptideof 16 A4
+ Alternating polarinonpolar

+ Form stable B-sfrands and p-shests
+ Form nanafibers by hydraghebicity
+  Mairices with high H.O corlent

So when you use the peptide of 16 dimensional mode and with alternating polar and non polar
okay, it forms the stable (3 strands and [3 sheets and forms nano fibers with good hydrophobicity
and hydrophilicity okay, so using the self assembly we can make the three dimensional nano

fibrous scaffold.
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Phase separation

+ This process involves dissolving of @ polymer in a solvant at a high

temperature followad by a hqud-higued or salid-higuid phase separation
Induced by lowenng the soluticn temparature.

+ Capatle of wide range of geometry, dimensions and Ireguiar pore

structures

+ Simpled than self-assembly

And next one is phase separation, so this is a process involves dissolving a polymer in a solvent
at high temperature followed by a liquid, liquid or solid liquid phase separation induced by
lowering the solution temperature, okay. So here we can have a wide range of geometry

dimensions and irregular pore structures and it is simpler than the self assembly process.
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Phase Separation

+ Thermally induced phase separation (TIPS) is a fechnique that is parbicularly
usaful for generating scaffolds with a spacific pore size,

= In this method, the temperature of the polymer solution is adjusted to a point
atwhich a "polymer-rich” and a "polymer-poor” phase is generatad.

« The solvert s removed, and the polymerrich phase solidifies, forming 3
poraus solid structure, which is then freeze drisd.

+  Manofitrous scaffolds with varying fiber diametars and pore sizes can be
generated by adjusting the polymer concentration, the type of solvent, and the
phisse separaton temperature,

+ Specifically, fibars ranging from 50 to 530 nm in diamatar—similar to the size
of native collagen—can be'praduced

So let us see phase separation in detail okay, so it is a thermally induced phase separation is a
technique okay, it is mainly useful for generating scaffold with specific pore size. In this method
the temperature of the polymer solution is adjusted to a point at which a polymer rich and
polymer pores phase is generated. Then the solvent is removed and the polymer rich phase

solidifies forming a porous solid structure which is then freeze dried, okay.

And nanofibrous scaffold with varying fiber diameters and pore size can be generated by
adjusting the polymer concentration the type of solvent and the phase separation temperature. By
simply adjusting the polymer concentration type of solvent and phase separation temperature we
can have a various size, porous size, nanofibrous scaffold. And here the fibers ranging from 50 to
500 nano meter can be easily achieved and which will exactly mimic like your extra cellular

matrix.
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Phase separation

— b i

. .-'f
Sawem % ;
v i
-~ s it}
Saulan ,
]
i
4]

Fakar

Sohdior Pragaration Prans Swparshon Gkl Remgual

a) powder, b} scaffolds with confinuows network, ¢ foam with closed pores

So this is the phase separation, so the solvent and polymer is mixed and form the solution and
with respect to temperature we can separate the phase okay, and you can get the different porous

and fibrous scaffold.
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Phase separation

Drawbacks:
o |imted fo sevaral
palymers

+ small production

scala

SEM of nanofiorous scaffold with
interconnected spherical macroporas

So here the drawbacks are it is limited to only several polymers and it is only small production
scale so you can see here this is the scanning ultra microscope picture of nanofibrous scaffold

with spherical macropores.
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Electrospinning basics

» Process by which high static voltages are used to

produce fibers from a polymer solution .

+ Micron to submicron diameter

+ Fibers have huge Surface area: Volume ratio

So the next approach is electro spinning technique okay, so this is a process by which high static
voltages are used to produce fibers from a polymer solution. Here we can get micron to nano
meter size diameter fibers and fibers have huge surface area to volume ratio. So how to make

nanofibers using electro spinning let us see a simple example.
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Making nanofibers

v “Melt” Fibers: some nanofibers can be
made by meltihg polymers  and
spinning or shaating them thraugh very
small holes. As the fiber sping out it
stratches smaller and smaller..

+ (Cotton candy is made by heating syrup
to & high temparature and than tha
liguid is spun out through tiny hales.
Az the fiber spins it is pulled thinner
and thinner. It cools, hardens and,
prestal Cotton Candyl!

It is similar to your cotton candy, so in cotton candy what is your polymer solution we will be
using the sugar solution okay, so here when you use the sugar solution and spun out through tiny
holes as the fiber spins it is pulled thinner and thinner okay, so you will get this kind of fibrous

structure so the simple example is cotton candy.
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Electrospinning

+  Eletirospinning: & versatile method to produce fibers with diameters in the nano range.

Elactrospinning Procedurs:
~An elecirostatic potentlal is applied between a
spinneret and a collector.

~ A polymer fluid is slowly pumped through the
spinnired.

#The droplet is held by its cwn surface
tension at the Spinneret tip, until il gets
glectrostatically charged,

wAMer threshold accurmulation of charges

pobymer fluid 5sumes 8 conical shape and

Elsstrospinning sat up
1hin stream of fiber elutes from ihe droplst, Souree Hurgar Chushen o & F00

The same principle is for your electro spinning set up also, okay so it is a versatile method to
produce fibers with diameter in the range of nano and here will be having a syringe okayj, it is
connected to high voltage power supply so when you apply the high voltage between the spinner
at and collector a polymer fluid okay slowly pumped out through the spinner at and the drop let

is held by a own surface tension okay, until it gets electro statically charged.

So after a threshold accumulation of charges this polymer assumes a conical shape this is called

as Taylor cone and the thin stream of fiber elude the droplet then it forms the nano fiber.

(Refer Slide Time: 17:36)



Electrospinning to make nanofibers

» An eleckic field pulls on a droplet of mwl’_&wm
. . |
polymer salution at e tp of the syringe {
and pulls cut a small liquid fiter. [tis pulled C i,
thinner and thinner as it approaches the z_":..= —
collection plate. i

So here the electrical field pulls on a droplet of a polymer solution at the tip of the syringe and
pulls out small liquid fiber and it is pulled thinner and thinner as it approaches the collection
plate, so here we can easily control the dimension of your nano fiber okay, by simply adjusting

the polymer solution viscosity and also the distance between the spinner at and collector.
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Suppose if I having a mode distance between your spinner at needle and collector so you will get
nano fiber, so the distance between this spinner and collector is very important and if you reduce
the distance you will get micro size fiber if the collector is moved closer okay, you will get micro
size fiber and when you move the collector more far away what happens is you will get the fiber

you would not get the continuous fiber you will be having a fiber with break.
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Electrospinning
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seaffold architesture

And again this electro spinning available in vertical as well as horizontal and the collector can be

static collector and it can be rotating collector.
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Aligned & Random fibers

[ Rota
High valtag pawer wapply | uulhm
I Ailigned fibers
1k
1 AF gl

| S 4. - ¥ =
© orstaberary
el g

Syrings pump © Bandom fiber m

S L MG M) ki Dvigg Dokt Reviews 1 (20080 11084 1006

So using the rotating collector and stationery collector you can have the align and random fibers,
so when you use the rotating collector what happens is it is similar to your thread bundle okay, so
all the fibers are rolled into the rotating collector and you will get the align fibers. But when you
use the stationery collector what happens is you will get this kind of random fibers, so when you
see under this scanning ultra microscope you will get this kind of beautiful align fibers when you
use the rotating collector an you get this kind of random fibers when you use the stationery

collector.
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NANOFIBERS: ELECTROSPINNING

= simple equipment

« multiple polymers can be combined at
1) manamer lavel
2] fiber level
3] acaffold leval ;
« confrol over fiber diameter

v alter concantriatoniscosity

+ fiber length unlimited

And the main advantage of this nano fiber by electro spinning is it is simple equipment okay, and
multiple polymers can be combined at monomer level or fiber level and scaffold level and here

we can control the fiber diameter by altering the concentration or viscosity of your polymer and

also the fiber length can be unlimited.

(Refer Slide Time: 20:04)



Overview nano scaffold

No consensus of gold standard for creating native ECM
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So let us see the overview of nano scaffold and what are the advantages and the disadvantage of
each method, so self assembly is very difficult to make but it produces nano scaffold which close
in cure matrix, but the draw backs are lack of control and limitation of polymers okay, and also
only short fiber can be created and low yield, but when you use the phase separation it is easier
when compared to the self assembly and here we can make the tailor able mechanical properties

with specific pore size okay.

And here we can make it batch to batch consistency but it is limited to lab scale production and
also we use only several type of polymers okay only limitation to particular type of polymers. An
electro spinning is very easy, and it is cost effective and we can make a long and continuous fiber
and production of aligned fibers is possible, and we can also tailor able the mechanic property

size and shape okay.

And the limitations are in some cases we have to use organics solvency and we do not have
control over the pre dimensional post structure. So these are the advantages and disadvantages of

each method for making nano particles fibers.
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And whenever you make nano fibers or any nano scaffold the first important thing is
hydrophilicity of your material, when your material is hydrophilicity so if you allow the cells to
attach and grow nicely okay, so how to measure and how to check the hydrophilicity of your
material by using contact angle measurements. So here we have to rest a small drop of water on a

solid surface okay.

And a tangential outline of the droplet on the solid forms a contact angle, so here you will be
adding a drop of water on the nano fiber scaffold, so when you add a drop of water and when you

the contact angle measurement set up, you can measure the contact angle.
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So if the water drop let is giving this kind of contact angle like less than 90 ° that is your material
is hydro phallic okay, if you are getting a contact angle more than 90 that means hydro phobic, if
your contact angle more than 150 it is materials super hydrophobic okay. So using this simple

experiment we can understand whether your nano material or nano scaffold is hydrophilic or not.
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Application of nanotechnology in

tissue engineering

So let us see the applications of nano technology in tissue engineering.
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So using nano technology we can make several nano structures nano gratings, nano fibers, nano
pits okay. So the living cells are highly sensitive to local nano scale topographic patterns within
ECM, and this cell nano topography interaction will decide the cell morphology and also it can
induce the differentiation of cells. If you are adding the cell on this kind of structures and nano
gratings and it can allow the differentiation. So this nanogratings and nanofibers it can also

induce the cell differentiation and also cell signaling.
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So let us see the example of cardiomyocytes, so this is our organ and this is our natural tissue
structure cardiomyocytes okay, so this is the engineered scaffold. Here grooved arrays can
promote cardiomyocytes elongation and alignment. So we can have this kind of nanostructure, so
when you have this kind of nanostructures the ECM forces cardiomyocytes to couple
mechanically and this nanogrooved surface can force cell alignment in same way which mimics

the natural tissue structure.
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So the next example is epithelial cells okay, so here epithelial cells are polarized and adhere to
other cells and when you make the surface nanofibers modified to surface molecule, so that can

promote this kind of natural tissue effect okay.
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Next example is bone okay, so the osteoblasts influenced by bone matrix and we can make the
hydrophilic nanostructure and the pores structure similar to a bone okay, so these nanostructure it

can enhance the osteogenesis that is formation of bones.
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Next example is, we can have this kind of scaffold with a magnetic nano particles and which is
caring the growth factor. When you apply the extra magnetic field it will release the growth
factor according to the external magnetic field. So when you apply the external magnetic field
according to the growth factor, the cells will have different kind of forces mechanical forces. So
when you expose to these mechanical forces will induce the expression of various proteins. So

that is called as mechanic transaction.
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And we can also tissue in the neural cell, so in the nanofibers we can incorporate the supporting
cells and we can also incorporate the growth factor and it will be useful for neural cell tissue

engineering.
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Cartilage cells tissue engineering through nanotechnology
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So let us see how does this cartilage cells tissue engineering through nanotechnology, so this
articular tissue that lines the end of articulating bones okay, and it provide frictionless motion in

diarthrodial joints and it is also producing the joints of bone.

(Refer Slide Time: 25:15)



Cartilage cells tissue engineering through nanotechnology

) \ (amages Arigylar
Corilaga Tiawa

— i [
- R

! B

| f’:\ |

A Gartlage r\“;&;’%
% \ !

iy i e EO TRIE- TR 2Tt

So we can have these cells and seeded the cells on the scaffold and when you add the bio active
growth, then the nanocomposite will form the cartilage cells in the artificial scaffold and that
could be inject able or that could be implanted into the patient who has the damage articular

tissue.
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Bone cells tissue engineering through nanotechnology
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So the next one is also we can injected the bone cells. So here the bone is a specialized form of
connective tissue that forms the skeleton of the body okay. So mimicking bone structure and it
properties present an important frontier in the fields of nano technology and nano science. So

using the help of the nano technology we can engineer the bone.
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So here we can have the synthetic bio materials which mimic like your bones, and you can add

the bone marrow and it can regenerate your bone, damage bone.
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So let us see vascular tissue through nano technology, so here we can harvest the cell from the
patient and grow the cells in the lab condition okay, and also you can do the decelerating process
to remove all the cells and on the top of the cells recellarising with the patient cells and when it is
matured and it will grow and form as functional vascular graft. So here we are using the arteries

and then speak and then the cells on human and we are making the vascular graft.
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The next example is hepatic cell tissue engineering through nano technology, with the help of
micro and nano technology which mimic like your liver and when you add the hepatic cell and it

will grow like a liver.

(Refer Slide Time: 27:18)



Dental tissue engineering through nanotechnology

Seafleld el gy

m 1 bsovictin

X

Hpadaiire: sl
Fritiiul
Faitn, fiked
e ared el

+ The three key elements for dental
tissue engineering are signals for
morphogenesis | progenttorstem
cells, and scaffolds of extracellular

matrix components

i
Reganuralion

M e
i | el

Seren

AT

Sevviad i

trarel

ity M astire camrbiioumalied MGy tabedEed_Fd mi

So the next one is we can also use for the dental tissue, so here you can take the dental pulp
lentils and scaffold will be, once the cells will grow on the we can implant into the alular bone

okay and dental, pulp so it will re grow the dental tissue.
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So the next thing is nanodevices in tissue engineering, so here three dimensional free standing
electrical probes for recording, so this probe is composed of nanowire and if flexible substrate
material, this devices is used to penetrate the membrane of living cells and measure the
intracellular signals. You can see here these small nanodevices can penetrate the cells and it can

measure the cells.

So the tissue engineering is not only useful for artificial tissues to damaged organ, it can be

useful to pupil tissues, that is.
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Test tube based burgers, so here you can see that tissue is taken from animals muscle and the
stem cells are extracted from the tissue, and the muscle cells are grown under tension, to bulk
them up and the new muscles fibers are minced and turned into burgers okay, so this will avoid

the floater of house, killing of a lot of animals, so we can have the test tube burgers.
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So let us see the example from pig to plate so this artificial in nature, so here the researches are
adapting tissue engineering tissue to grow okay, so take a small cell from pig and grow the cells
and add animal free grow cerium to multiply the cells okay, then you can grind it up and you can

add the vitamin as flavor okay, so that will add flavor to your meat.

And finally you can cook and eat, that means this example you learns like a tissue engineering
applications okay. So as a summary of this lecture okay, so in this lecture we have learnt what is
tissue engineering? And why we need tissue engineering and also we have learnt what are the
tools required of tissue engineering and also we have learnt nano technology tissue engineering. I
will end my lecture here, I thank you all for listening to my lecture and I will see you in another

interesting lecture.
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