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Hello everyone I welcome all to this 11" lecture of this course.

(Refer Slide Time: 00:25)

A
Cancer & tumor

b Cells that continue to replicate, fal to differentiate into speciahized cells, and
become immortal.

b Malignant, A tumor that grows mdefinitely and spreads (metastasis)--also called
canger: kills host

¥ Benign: A tumor that 15 not capable of metastasis: does not kill host

So this 11™ lecture is on nanomaterials for cancer diagnosis. So let us see what is the difference

between cancer and tumor okay, the cells that continue to replicate and fail to differentiate into

specialized cells and become immortal, this is called as cancer cells or tumor cells. And the main

difference between the cancer and tumor is malignant cells okay. So a tumor that grows in

definitely and spreads that is called as metastasis okay. As and is also called as cancer cells and

which kills the host.



And the meaning is a tumor that is not capable of metastasis and does not kill the host. So the
main difference between the cancer and tumor is, the tumor cells are localized and it grow
undefinitely okay. And it grows more number of cells the particular location and it could be
removed by surgery, but in case of cancer the tumor cells spread from all location to other

location and it is going to kill the host that is called as cancer.

(Refer Slide Time: 01:26)

S —
Types of cancer

* Carcmomg: ansmg from egitheljzll tissue, such as glands, breast, skin, and
Iinings of the urogenital, digestive, and respiratory systems (89.3% of all
cancers)

+ Sarcoma. solid tumors of muscles, bone, and cartilage that arise from the
embryological mesoderm (1.9% of all cancers)

* Levkemia: disease of bone marrow causmy excessive production of
leukocytes (3.4% of all cancers)

*  Lymphoma, Myeloma: diseases of the Iymph nodes and spleen that cause
excessive production of lymphocytes (5.4% of cancers)

So these are the various types of cancer carcinoma, so it is arising from the epithelial tissue such
as glands, breast and skin okay. So this carcinoma constitutes mostly like 90% of all the cancers
and again sarcoma is solid tumors of muscles and bone, it is 2% of all the cancers and leukemia
is the bone marrow, this is a bone marrow okay. So this is constituting 3.4% of all cancers. And

lymphoma and myeloma this is constituting like approximately 5.4% of all the cancers.
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I
Etiology of cancer

* Genetic factors: mutations, translocation, amplifications
* Environmental factors: UV, chemicals, viral infections

* conversion of proto-oncogenes (potential for cell
transformation) to oncogenes (cell transformation)

+ alteration in tumor suppressor genes

So let us see what is the reason for the cancer, first is genetic factors, it may be due to mutations
or maybe due to translocation, and it may be also due to heritary okay. And next reason is
environmental factors like UV or chemicals or viral infections. So when a person working from
chemical industry he has high chance for getting the cancer. And what is happening in the cancer,

the conversion of proto-oncogens to oncogens.

So each cell will be having proto-oncogens all the cells will be having proto-oncogens if the
proto-oncogens is connected into oncogens the normal cell became a cancer cell. And also the
alteration in the tumor suppressor genes, so each cell we have tumor suppressor genes which
suppress a tumor growth okay, and if there is some alteration in the tumor suppressor genes there

is a high chance for getting the tumors of cancer.
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Y
Cell growth

= Control of cell
growth O

Growth-promoting Growth-restricting
Proto-oncogenes Tumor-suppressor genes

So this growth promoting proto-oncogens and growth restricting tumor suppressor genes this

should be properly balanced for a control of cell growth.

(Refer Slide Time: 02:56)



Molecular basis of cancer
Uncontrolled

PR
A

Conversion of proto-oncogenes

to oncogenes Altered tumor-suppressor genes

So if there is a imbalance the conversion of proto-oncogens to oncogens will happen and it leads
to altered tumor-suppressor genes. So due to this, what happen there will be an uncontrolled cell
growth, so that is called as tumor. So the uncontrolled cell growth is a tumor and if the tumor
spreads from one location to the other location that is called as cancer and this spreading is called

as metastasis.
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Did you know?

At least once a day your immune
system destroys a cell that would
become cancer if it lived.

And the interesting fact about the cancer is at least once a day your immune system destroys a
cell that would become a cancer cell if it lived. That means everyday at least some cells are

trying to become a cancer cell; if your immune system is strong it can destroy the cancer cells.
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S
T -cells Vs Cancer cells

th com'5eken caNanunFags

So let us see this animation so the, the long cell is the cancer cell, and this one is the T-cell that is
your immune cells. So it is coming and attacking your cancer cell and destroying it, that means if

your immune system is strong it will at least productive from developing cancer or tumor.
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Emerging Possibility o &y
Define the Natural History of Cancer—
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So what is the major problem in the cancer diagnosis? The main problem is you are not able to
diagnose a cancer in the early stage, so with the present tradition with us we are able to diagnose
the cancer only in the later stage and in the later stage we have to go for targeted treatment or we
have to go for radiation and chemotherapy. So by using nanotechnology we can go for early

detection of cancer and we can protect the patient from the cancer death.
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Biomarker research status

“ n Hmmm!! | see you have sbnormal

“hiomarkers” TODAY PSA levels. You mught have some
% G problems i your prostate,  We must

check for cancer

@ 1T BICHRTT

So this is the biomarker research status okay, so this PSA means Prostate-specific antigen.
Suppose if the person is having more amount of PSA that means he has high chance for getting
prostate cancer. So that is the today’s biomarker research status, so if some person is diagnosed

with the more level of PSA that means he has high chance for prostates cancer.
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Y
Biomarker Research Status

Oh!! You have abnormal PSA levels. Also,
your levels of BMIBM2ZBM3 are off,
angd BM4 levels are subnormal You are
starting to develop prostate cancer of the A
phenotype. But don't worry your BMS 15 .

fine, s0 metastasis hasnt occurred yet,

Let's start treatment
tHEFUTURE QD

0 1T BICHNIT

So let us see the biomarker research status in future. So in future we will be able to tell you the
prostate specific antigen is over expressed, but also we can also check it what are the other
markers involved in this expression okay. So based on that we can tell like if it is a BM1 or 2 or
3 and we can give drug occurring to that. So here in this example you can see here the marker 1,

2, 3 are in off condition, and marker 4 is subnormal.

And for example, the marker 5 is fine, so there is no metastasis okay, so we can go for treatment
accordingly. So each cancer have several kind of markers septons on the top okay. So we can
easily detect which type of marker is over expressed or which type of marker is down regulated.
So accordingly we can select the drug and we can target and start the treatment process, and
which will save lot of time as well as we are not giving more amount of drug consideration to

that particular person.

So this condense personalized medicine, instead of giving the generalized medicines, so if
suppose a person is having cancer instead of giving the medicine for all the 5 types of markers
we can given drug only to attach the particular marker. So instead of giving the generalized
medicine we can give the personalized medicine. For example, if the marker 1 is over expressed
we can give drug only to suppress the marker 1, instead of giving drugs for all the various

markers okay. So that will analyze a therapeutic efficiency.
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|
Nanodevices can make cancer tests faster and more efficient

Patient A Patient B

LLL O UL 1L
&% & sas L11]

Aosults:
ity
paiways

0 Gal denih
[
¥l musiy
sty

g i
[T
[

Results:
oGt
patfeys

L
paltmiaya

O Gl matily

0 Sarabry ks
g A

¥ Bgreiian

Ong

Al e e g
it R, g

RPIE CUHE

So let us see another example, so here the nano devices can make cancer tests faster and more
efficient. So we can see the example, this is patient A and patient B, and we can check all the
pathways and everything and also insensitive to drug and we can give the drug according to the
patients need. So in the patient A you can see here the growth pathways are okay, and cell

mobility is okay and he is sensitive for drug A.

And in case of patients B he is sensitive to drug B and since the pathways and everything is okay.
So the cancer even though both have the prostate-cancer so they will be having different kind of
need, like as I told you like they will having expressing the different kinds of biomarkers, so we
can give the drugs to the specific need that is called as personalized medicine. So in the cancer

diagnosis various nanomaterials play important role.
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What are Quantum Dots (QDot)?

Highly fluorescent, nanometer-size, single crvstals of semiconductor materials

Size of the nanocrystal determines the color
Size is tunable from ~5-15 nm (£3%)
Size distribution determines the spectral width

0 1T RICRATD

The main important nanomaterial is quantum dots okay. So the quantum dots are highly
fluorescent, nanometer-size, single crystals of semiconductor materials okay. And with respect to
size it will give a different color. And the size is tunable between 5 to 15 nanometer, so based on

the size it will give different fluorescents that are our role of these quantum dots.
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Quantum dots --Medical imaging

Optical properties of nanoparticles depend greatly on its structure. Particularly.
the color (wavelength) emitted by a quantum dot (a semiconductor
nanoparticle) depends on 1ts diameter,

The quantum dots (QD) can be injected o a

subject, and then be detected by exciting them to
emit light Nuwr Litters 2008, Vi, 8, ppdd8 %3882
. . .

Sofuitdiony of Cele QT of diffivend ciameter

Somree: |epaitment of ivmusolopy, Vnavenity of loraito MPIJQH!R of Q15 taraered o celiular strictines
It LR Targ k ;
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And here the optical properties of nanoparticles depend greatly on its structure particularly the
color okay emitted by the quantum dot and depends on the diameter. So as I told you it depends
on the size, it is going to give different kind of colors. So here the quantum dots can be injected

to a subject and then be detected by exciting them to emit light okay.
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A
Qdot Conjugates are Engineered

. Core Nanocrystal (CdSe)

- Determines color

Inorganic Shell (Zn§)

= Improves brightness amd stability

Organic Coating
- Provides water solubility and
fumctional groups for conjugation,

.
ﬁf& Biomolecules
-Covalently attached to polymer shell
- Immunglobuling (Ahs)

= Receptor ligands
‘*— 15- 18 nm —‘{ - Oigonucleatides

But the quantum dots are toxic it is not biocompatible, so how to make the quantum dots
biocompatible and also soluble. So we have to engineered these quantum dots, you can see here
this is your core nano crystal which determines the color and we have to give a inorganic shell
this will improve the weightiness and stability and followed by we have to give the organic

coating, so that will provides the water solubility, and functional groups for conjugation.

So we can add any antibody or peptides okay, and we can specifically target these quantum dots

for cancer diagnosis.
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Quantum Dots
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So you can see here this example, so the quantum dots are not fluorescents when you apply the

UV light it will emit light.
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Quantum dots can find cancer signatures

00 .'"\ Quantum dot beads
Cancer cells
Healthy cells
Cancercells & +  Quantum dot beads
(.'.'5 : d'ﬂf) Healthy cells -':’f,::\: L \\‘\fll

So here you can see that the quantum dots are attached with some antibodies which is
specifically go and bind into the cancer cell. So when the quantum dots bind into the cancer cells
and when you apply the light, so only the cancer cells will emit fluorescents and healthy cells

there is no fluorescents.
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Excellent brightness and photo-stability

Quantum dot Organic dye

+ High level Her 2/neu expression in SK-
BR-3 cells

* Quantum dots is up to 50x brighter.

Exp. Tine 1009 seconds 122 seconds

* Low level of Her 2/neu expression in
MDA-MB-231 cells

* Organic dye is undetectable.

Exp. Time 044 seeands 817 secands

0 1T BICHRTT

So we can easily diagnose the cancer cell. And quantum dots have excellent brightness and
photo-stability. So in this example you can see the difference between the quantum dot and
organic dye. So here you can see here the exposure time required for quantum dot is 0.019
second and organic dye it need 1.22 seconds. So in this picture the first two pictures is the cancer

cell which have high level of expressing o the particular cancer marker.

That means ,it is like the cancer cell which is expressing more number of the markers okay, and
you can see here ,when comparing to the organic die the quantum dots is showing 50 times
brighter ,okay. and the another thing is it is the cancer cell which is expressing low level of
markers and we use the quantum dots and the organic die and in the organic die there is more

flows and the signal ,it will give a first negative result.

It means the person is having the cancer bit we use the quantum dot and it use for the diagnosis
and there is now flows and the signals, so we need to get the result like the person is negative for

cancer but the person is having the cancer when we us rte quantum dots.

(Refer Slide Time: 9:55)



Excellent brightness and photo-stability

Quantum dot Organic dye

+ High level Her 2/neu expression in SK-
BR-3 cells

+ Quantum dots is up to S0x brighter.

Exp, Time: 0019 seconds 1.22 secends

* Low level of Her 2/neu expression in
MDA-MB-231 cells

* Organic dye is undetectable.

Exp. Time: 0.4 seconds 8.2 seconds

We can see here it is giving her the flows and the signals, even it is the low level and the
expression of the marker is the quantum dot is to able to bind and it able to see the flows and the

signals, so this is the advantage and this quantum dots.
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Sharp and distinguishable peaks enable
multi-color detection

400 500 00 00 800 900
Wavelength (nm) -

Minimal (<5%) cross-talk using 20nm bandpass filters

And the another advantage is as I told with the respective size and it will give the different kinds
of the fluorescents and when we use the traditional and the organic dies, so there is chance for
the over lapping of the fluorescents, and this case there is no over lapping and the fluorescents

and there is no cross talk.
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Diagnosis

It must be multiplexed, Le. ¢
\ Lol i

multiple biomarkers must be L
detected simultaneously -
W
o N M '
A specific phenotype of cancer
cells has a particular g

combination of biomarkers on
Its membrane.

/.
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And this is the diagnosis should be multiplex that means as I told you the earlier the cancer is
that have the multiple bio markers, so that should be detected simultaneously okay, so this
example you can see here this cancer cell is expressing different types of the markers and the
cell surface, for the example this is the blue color or t purple color or the red color okay, so this
is the different types of the marker are expressing on the surface of the cancer cell so the

diagnosis should also multiplied.
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Diagnosis

Different phenotypes show different agaressiveness on their metastatic behavior

Blood

vessels

fumor

metastasis

SOUTGE WIVW CANCETEws coni

And the fellow types will show the different aggressive nests and their metastatic behavior so
depends on their marker, so we will come to whether the person is in the early stage of the cancer

or he is in the advantage stage of the cancer.

(Refer Slide Time: 11:08)



Multiplex diagnosis

Four quantum dots of different diameter (i different color) are respectively
functionalized with four different antigens. Allowing for the distinction of two distinct
phenotypes i
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So let us see the multiplied diagnosis, here the four quantum dots are in the different diameter
and in the different color or respectively functioned with the four different antigens, that means if
I cancel the expressing four different kind of marker are recited as this quantum dots are go and
band to the four types of the marker and the receptors and the all the four is giving in the floor

cells and that means the person is in the advantage stage of the cancer.

For the example out of the four only two only one is given n the floors and the signals in the
person is in the early stages, cancer if we you can see her this is he early stage of the cancer and
this is the advance of the cancer and it is the two receptors you can say that the different between

the early stages you think in the receptors.
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Quantum Dots

+ Arescarch tcam from Quantum Dot Corporation and Genenteeh .
proved the potential of (Ds to identify live breast cancer cells that O — g
are likelv to respond to an anti-cancer drug FTN ¥ S

¢+ 0D technology helps cancer researchers to observe fundamental
molccular events occurring in the tumor cells by racking the QDs
of different sizes and thus different colors, tagged to muliiple *.4
different biomoleules, i vive by flnorescent microscopy. '

+ 0D techuology holds a grear potential for applications
nanobiotechiology and medical diagnosties where QDs could be
used as labels. e
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Ni the sixteen from the quantum dot from the so the medium quantum dot to the identify in the
best cancer okay this technology you are available for and the mouse model. And we can also use
it for the various and the cellar application, but the use of the sane quantum dot and it is the
recovery and this is the different types administrating quantum dot in the earlier and the quantum

dot is made earlier.

And it is earlier quantum and it is made up of quantum materials in the use of the quantum dots
and in the human dots and we need a lot of lots of the clinical in the repairs human application

also.
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Quantum dots are af d to antiboc them to prostate tumor sites n living mice,

where they clumped together and we g a simple mercury lamp.

They use the quantum dots attach to the anti bodies okay that will go and specifically in to the
pro state and in the humor size and it minimize where they clump to it will visible under the ray
mercury lamp so they injected this quantum dots it is specifically and do and bind in the pro state
cancer. When I apply this light it will give the flows and the signal and it will easy for the

diagnosing the cancer in the mouse model.
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Carbon dots (C-dots)

* Carbon dots (C-dots) are the fluorescent nanomaterials that have
emerged recently providing an alernative (o conventional toxic
metal based quantum dots in terms of their biocompatibility and eco
friendly behavior.

 C-dots are small (2-15 nm), fluorescent nanomaterials mamly
composed of element carbon.

+ C-dots exhibit unique optical properties such as efficient
fluorescence performance, high photostability, broad excitation
spectra and size-dependent emission wavelength.

L Am. Chem, Soc., 2006, 128, 77367757,

Let us another nanomaterials this carbon dots so this are the florescent ant the nanomaterials so
that have emerged in the recently providing an alternative conventional toxic material quantum
dots okay, so this carbon dots are made up of the carbon and the highly biocompatibility okay.
And this carbon dots are small in the size to the 2 to 15 nanometer and it is mainly composed of
element carbon and the carbon dots are exhibit in the high photo-stability in the respecter similar

to the quantum dots
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Carbon dots vs Quantum dots

Quantum dots Vs Carbon dots

v Heavy metal core (CdSe, CdTe) v Most carbon sources are non-

associated with toxicity. toxic. Inherently biocompatible.
v Intricate synthesis. v Simple synthesis.
v Difficult surface v Readily surface functionalization
functionalization. (-COOH, -NH,, -OH).
v Poor aqueous mlul?i]it}'. v Highly water soluble.

So you can see the different between the quantum dot and the carbon dots so the quantum dots
are made up of the heavy metals and so it have to oxides and the carbon dots are the mostly
carbon sources. So it is highly bio comfortable and the synthesis difficult and there is the
synthesis is very difficult and the difficult for the surface conclusion, here it is readily surface
function and it is complication and as I told it is pure accurately solubility and here it is water

soluble.
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Synthesis of carbon dots (C-dots)
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And T highly explain the synthesis of the carbon dots method okay and we use the synthesis of
the carbon dots and this could be water plus sulphuric acid and you can apply the micro red and
it and the de hydrotation process and you will get the surface passive items and in the multicolor

carbon dots .
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Synthesis of carbon dots (C-dots)

Synthesis of CDs by microwave pyrolysis method:

1. Add 0.2 g of chitosan was added to solution containing 25 mL of water and 4 mL of
concentrated H,S0,,

2 Then add 0.2 g of PEG-4000 to the above solution and stir at 500 rpm for 15
minutes

3. Subject the solution to microwave irradiation using a domestic microwave oven
(IFB) operating at 100 % power level (700 W) for different cyclic times (20 s on,10
soff).

4. Allow the solution to cool naturally to room temperature

5. Centrifuge the obtained dark brown solution at 14000 r%!m for 15 minutes to separate
the less fluorogenic, msoluble black dzposit from fluorogenic, yellowish brown
supernatant.

6. The vellowish brown supernatant 15 an indicate of formation of (Ds

So this protocol has been developed the lab so let me explain in the protocol in the microwaves
and in they use in the solution and in the water and the 4 ml of the acid ,then add the v0.2 gram
of the above solution to the 500 rpm in the 15 minute and then subject the solution to the
microwave in the integration and the domestic wave oven so in this case we have micro oven in

the 700 watt and the different cyclic times.

That means the 20 seconds on the 10 seconds off and ten to get color dots and the solution okay
then allow the solution to cool in the naturally to the rooms temperature and in the region and the
centrifugal in the obtained in the solution and in the 15 minutes and then separate the less
insoluble in the black deposited from the and it will open it and yellowish brown will open and
indicate on the formation of the carbon deposited and the by using the deposited and then proto
cal and in the florescent in the carbon dots in the lab and in the domestic microwave in the deny

carbons .
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Comparison of in vivo imaging

J Muter: Chem. 5, 2013, 1, 2116-2127

Intensity/10*

A comparison of i vive imaging
results (subcutaneous injection on
the back of mice) between the
catbon dots (top) and commercial
CdSe-ZnS  QDs  (Invitrogen,
aqueous (dot® 525
ITK™  ammo  (PEG) QDs,
bottom), with the same number of
dots under the same imaging
conditions (434 nm band-pass for
excitation and 474 nm cut-off
filter for emission)

And this is the compilation and in the imaginary and in the carbon dots and in the carbon dots
and with they use in the mouse model and in the in and this is the carbon dots and the bottom in
the quantum dots so this quantum dots is in the commercial dots this is the carbon dots so it is the

giving equally efficiency in the carbon dots are in the. Equally efficiency in the and it is another

advantage in the major in the future.
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Chemical nose (Multiplex detection)

Determining if a an apple is rotten or not. doing a thorough chemical analysis can be a
very frustrating job. Due fo the qomplex chemistry of the membrane, so can it be
determuning 1f a cell 18 sick or healthy.

As well as our noses response (o (he overall chemistey of the apple. we can device an
expeniment that responses to the overall chemistry of the cell using the elements below

1
s NU Hb R }O
NAAAAAS =
N \/\nf‘vl ;
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NP1 R ..O NP2 R= -"\O MR R= i
UQ PPELO;

, e A ’ o
Three sets (NPLNP2NP3 ) of fimctionalized gold nanoparticles
A llvorescence reporter pohymer

FNS 2000, Yo, 10, pp 4031 2- 10910

And this is the chemical in the suppose in the energy n the and the bunch up of the bunch of the
so you and tell in the throttle in the in the chemical nose in the can be injected to the person in

the finding cancel cell in the florescent reporter chemical.
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Chemical nose (Multiplex detection)
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So you can see here the person is having the cancer you will having the various markers on the
cell surface and the you can see this is the nanoparticles and covered with the polymer and the
florescent this if off, when this nanoparticle bind to the cancer cell and this will remove the

polymer, so when the polymer and the removed in the given the in the floors and the signal in the

floors and the signals and they will be one.

And this is the yellow and the and the red flows and the green flows and that means the flows in
the one the person is in the advance stage of the cancer suppose out of these only one particular
is gives the fluorescents signal that means they can see he is the early stage of the cancer due to
the exportation and in the particular marker so accordingly we give drug to the person for the

cancer therapy. And we can and the diagnosis using another moment and the so the cancer cells

The polvmer fluorescence is tumed
o while  conjugated 1o the
nangparticle.  Duc o the intcraction
with the cell, the polymeric traces
detach [rom the nanoparticle an cmil a
fluorescence signal

The responscs [rom a NP1, NP2 and
NP3 are different due to the different
[unctional  oroup. Thus, ~ the
combination of the three signals is
charactenisti of cach cell

appear the more elevated in the normal in the local temperature.
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Diagnosis using nanothermometers

» Cancer cells appears to have a more elevated temperature than normal cells. Therefore, a local
(cmperature mapping can be used Lo determine (he spread of a tumor

» A vold nanoparticle is functionahized with a PEG coating, which itself 15 assembled to a laver of
smaller QD's. The emission propertics of the nanoparticle change with (emperature duc (o (he
stretching/contraction of the PEG

Sanee: U J','Il.l\'r]l);'(hl (e q?"{T.wuur,-fr:;\‘|', Krakme Poland

IEEELELEL]
Tima )

Thermal imnge of a healthy and Comelation between emission and
e, Chem, I, Ed 2005, Tol 44, 7430 7442 cancerous breast lemperalure

And the mapping can be used in the determine in the spread of tumor, so when compare to the
normal person the cancer cells will be having more metabolism and there will be more
generation of the heat at the particular location and we can make a gold nano particle funiculate
with PEG, that is polyethylene glycol coating okay and on the top of that we can add the

quantum darts.

And the emission properties of nano particle change with respect to temperature due to the
strutting and contraction of the polyethylene glycol, you can see here inside is goal nano particle
and the top layer is polyethylene glycol is polymer and the topes layer is your quantum dots. So
if there is a change in the temperature the polymer will stretch or it will stink, so according to

that it will give the different kind of florescence.

So here we can see here this is the healthy person and this is the sick person so there is a
temperature difference. So based on that we can easily diagnose the beast cancer and based on
the temperature and the emission we can easily identify whether the persons in the early stage of

cancer or advance stage cancer.
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I
Computed tomography

Computed tomography, CT, or sometimes CAT, 15 a fast and relatively nexpensive wav to
diagmase disease.

¢ The approach imvalves the passage of s-ravs through the paticnt, whirein the sy source and
detector are moved relative to A target area i the body.

« 7 the sodinated compound lTocalizcs n the Nud surounding discascd vssuc, he contrast
between diseased and normal tissue will be enhanced, thereby allowing the physician to arrive
at firmer conchisions cancerning the state and progreasion of the disense

* To increase the ssattering between discased and normal ussus, patients are oflen given

indinated organic compounds,
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Let us see what is the role of nano materials in the traditional methods like CT scan and or MRI
scan how we can improve those techniques by using this nano materials, so computed
tomography that is CT or CAT scan okay it is s fast and relatively inexpensive way to diagnose
disease. And this approach involves the passage of x rays through the patient and the x ray source

and the detector are moved related to a target area in the body.

If the iodinated compound localizes in the fluid surrounding diseased issue the contrast between
the diseased and normal issue will be enhanced, so thereby allowing the physician to arrive
conclusion like whether what is the state of the disease and what is the progression of the
diseases okay, and to increase the scattering between the disease and normal issue patients are

offend given iodinated organic compounds.

That means in the traditional methods like a CT scan so the patient will be given iodine
compound okay and will be applying the x rays to diagnose the different between the disease
issue and the normal issue. And here we can use the gold nano particle okay so we can use the

gold nano particle quarter with the polyethylene glycol.

(Refer Slide Time: 20:10)



——— |
Computed tomography

Using standard procedures, Jon and Jeong and their coworkers synthesized
yold nanopartzeles (GNPs) and attached tnol-polyettylene glyeol, PEG-SLL. 1o
their surface.

By coating the gold nanoparticle with PEG, binding to blood protems was
minimized, which allowed the GNPs to escape rapid removal by the
reticuloendothelial system, RES, which is responsible for removing toreign
matter from the blood.

The absorphion of X-rays by the GNPs 15 1.9 umes greater than the wdme
contamng organie molecule Ultravist which 15 currently used as a contrast
agent for €T
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And it will allow the gold nano particle to escape from rapid removing by the reticuloendothelial
system which is response for removing the foreign matter from the blood, so when you coat the
gold nano particle from the polyethylene glycol it will give the bio-comfort ability and also it
will allow the nano particle to escape from the immunity system. So here when we use the gold
nano particle for CT scan so the absorption of x rays by gold nano particle is 1.9 times greater

than the iodine containing organic molecule okay.

So when we use the gold nano particle for CT scan it is improving the efficiency two times more
than the normal iodine compound okay, so this will reduce the expressed of patient to the x rays

and it will be having high sensitivity okay.
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Magnetic resonance imaging

+ Ciadoliniym 111 is an ideal ion for enhancing the contrst in magnetic Tesonance imaging

« Wilson and coworkers recently desceibed the synthesis and propertics of super-paramagnclic

padonanotubes as hugh-performance MELCAs.

+ The tbes were made by reating single-walled carbon nanotubes. SWNTs, which arc

nomally quite long, =100(nm. with florine, followed by pyrolysis ata 1000 C.

I
+ This reatment cut the SWNTs mio smaller, ulira-short, nanotubes (20-10800 mm-lang) and

caused them o be pitted: that is, missing carbon atoms on their surface.

So let us see how this nano particle can improve the MRI Magnetic resonance imaging, so
Gadolinium is an ideal ion for enhancing the contrast in magnetic resonance imagine. Here we
can use this single walled carbon nano tubes okay which are usually 1000nano meter long and by
pyrolysis that means your treating this carbon nano tubes at 1000° C this carbon nano tubes can
be broken in to 20 to 100 diameter long and due to pyrolysis there will be a pit formation so that

is a missing carbon atoms on the surface.

(Refer Slide Time: 21:29)
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Magnetic resonance imaging

* The pyrolized nanotubes. which the imvestigators called “US-tubes’. were sonicated in an
agueous solution contaming GACT, which resulied in the binding of Gd=1 iong 1o the pilied
sections of the tubes.

+ Inorder W use the Gd whes in refaxation studics. the investigators added vanous surfactants
to the medium, which produced water suspensions of the material, Gd 3+n @ US-mbes.

Advantapes;

+ Low concentrations of Gd3+@US-ubes could be used 10 bring about the same level of MRI
enhancement as produced by other agents, which, since lower concentration of the CA would

need (o be administered. would be beneficial w the patent.

And we can add the Gadolinium ions to this Gd nanotubes and you can do the sonication, so
when you do the sonication this Gadolinium ions will go and bind to the pit regions so the
advantage of this carbon nanotubes is low concentration of this Gd nano tubes could be used to
bring about the same level of MRI enhancement as produced by the other agents okay. So here

we are using the low concentration of contrast agents so that will be beneficial to the patient.

(Refer Slide Time: 22:00)



Gadonanotubes for MR

{a) Depiction ofa :ing;}r carbon nanofube, UStube', foaded with ﬁw{unﬁﬁn"? o Tl Black
circles), ib) High-resofution transmission efectron microscopy image of the Gd ™ J8US-fubes showing the G ™',
dlusters fwvows). ic) Transilion eleclion nu'!.'mg\'mb af Gd™ ,,eumln. Freum B. Sitharaman o al, Super-
paramagnelic Gadanadohbes are Higﬁ-ﬁ'vﬁmnwr MRI Contrast Agents, Chem, Commun, 2005, 3915-3917
Reproduced by permission of the Royal Sociely of Chemtstry

You can see here this is the carbon nano tubes and due to pyrolysis there is a pit formation when
you add the Gadolinium and do the sonication this Gadolinium can come and attach to the

surfaces so this is called as Gadonanotubes and which will enhance the MRI imaging.
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Magnetic nanoparticles for MRI contrast enhancement

Surface Modification Techniques for Magnetie Nanoparticles

a) Surface coating of magneric NPs for direct attachment to cells
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And we can also use the magnetic nano particles for MRI contrast enhancement, so we can make
the Iron Oxide nano particle that is iron oxide nano particle is usually negatively charge, so we
can add a positively charge poly electro light. So when you add this you cell member is
negatively charge so it can easily bind to the cells by its positive charge through a electrostatic

interaction, and it will enhance the MRI contrast.

(Refer Slide Time: 22:45)



Magnetic nanoparticles for MRI contrast enhancement

Surface Modification Techniques for Magnetic Nanoparticles

b) Attachment of molecules for compugation of antibodies
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Antibodies are conjugated through the R- functional group

I
{  ReNH,SH.CHO

And next example is to this iron oxide nano particles we can also add anti bodies which can

specifically go on bind to the cancer cell and it can also improve the MRI contrast.
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Magnetic nanoparticles for MRI contrast enhancement

Surface Modification Techniques for Magnetic Nanoparticles

¢) Gold coating to form core-shell morphology
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So another example is we can do the gold coating to form core shall morphology of iron oxide

nano particles so here iron oxide will be the middle and falling you will be having gold coating

okay, so the gold surface can be readily conjugated various bio molecules and it will be having

like a multiple function like we can use the iron oxide for MRI enhancement also the gold is also

will enhance the MRI contrast enhancement.
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A paper diagnostic for cancer
Low-cost uring lest developed by MIT engineers amplifies signals from
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So let us see how to make a paper based diagnostic for cancer so recently professor Sangeeta
Bhatia, so from MIT they developed a paper based diagnostic kit that can redact the cancer by

identifying bio molecules in the patient’s urine. So let me explain to understand a simple way.
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So what we have done is they have taken a nano particles and conjugated with the some peptides
okay and usually the cancer cell express some amount of protears so this protears will
specifically break the peptides start to this nano particles okay. So this peptides will be broken on
to small, small pieces so that will be scatted to the urination process okay, so when you add the
drop of urine to the paper based kit, so this paper based kit will have anti body specific for you’re

the peptides okay.

When the peptides come and bind to this it will give a color line so if the person is getting this
kind of color line that means it is positive for the cancer. So it is simple paper based kit, so they
made a nano particle and attached the peptide okay and cancer cells produce some kind of
protears and this protears will specifically cleat this peptides and break the peptides in small,
small pieces and this will be excerpt in the urine and this paper based kit will be having antibody

specific for the peptides and this anti body is a some kind of color beats.

So if the peptide is come and bind to this it will form a kind of color line that means the person is

positive for the particular cancer.
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Pregnancy test for man???

a re%mncy test and

1pos:t| e result, T means he most
y has testicular cancer.

And another example is like a we thought that pregnancy test kit is only for the female so we can
see here so the person is pregnant there will be two lines and the person is not pregnant there will
be one line so this is the simple pregnancy test kit, we thought this pregnancy test kit is only for
female so recently they found this if a man takes a pregnancy test kit and if it get positive result it

means he is most likely to have testicular cancer.

So if the person the man is getting a positive for pregnancy test kit that means he has higher
chance for testicular cancer, so there are several methods available for cancer diagnosis okay and
everyday some new discoveries that coming in this field for advance thing that early diagnose of
cancer. So as a summary this lecture we have learnt what is cancer and what are the various nano
materials available for cancer diagnosis and we have also leant what is condom dots and carbon

dots and how we cann improve the CT scan as well as MRI using this nano materials okay.

Si I will end the lecture here I thank you all for listening, I will see you in another interesting

lecture.
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