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Nanoparticles types/applications
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Nanoparticles ‘

= Nanoparticles are small pieces of substances Size
between 1 to 100 nanometers having various
applications Optical Properties
= Nanoparticles are classified based on their
properties Marphalagy
Surface charge
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How can you see Nanoparticles?

» We cannot see nanoparticles with regular
microscopes

0 Scanning Electron Microscopy (SEM)
0 Atomic Force Microscopy (AFM)

Q Transmission Electron Microscopy (TEM)

ptical Microscopy

Non-Biological Systems
o 2 Electron Microscopy
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f‘ Correlative o4 N
Super-Resolution d
Microscopy
Spectroscopy 2
and Spectrometry A Cryo-Electron
‘ Microscopy

Atomic Force
Microscopy

Behzadi et al, Chem Sco Rev 2017

silver nanoparticles
http://www.nanoscop

y.net/

Gold nanoparticles

Imperial college
London
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Nanogold particles

» Gold Particles (AuNPs) have great potentials for biomedical applications

o ,‘
' . ’ Drug Delivery

= AuNPs are tunable in term of :

Surface Aggregation

chemistry State Optical

Shape Size
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Gold Nanoparticles Properties:
Surface Plasmon Resonance

= Optical Properties of metallic nanoparticles: Gold and Silver
= (The wavelength of the light are larger than the size of particles) R <A

©)
@® D I Plasmon
@ Resonance

VVW\

» |LSPR: Localized Surface Plasmon Resonance

Electron Cloud

T

White light

ocillating electromagnetic field

Transmitted light

Incident light Reflected light



Gold Nanoparticles Properties

= Colloidal Gold (Suspension of submicron particles of golds in fluid)
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Influence of gold nanoparticles properties on LSPR
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http://www.cytodiagnostics.com

Senyuk et al, Nano Letter,(2012)
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Influence of gold nanoparticles properties on LSPR

20 .
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= Aggregation

_ Extinction efficiency (a.u)

0.3 0.4 0.5 0.6 0.7 0.8

Wavelength (pm)

Kumar et al, Pharmacy and Pharmaceutical Science, 2014
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Nanoparticles for drug-delivery
Nanoparticles can be absorbed, convolutely attached, or encapsulated into
particles
Limitation of conventional methods
@ Improving Cancer Treatment

Traditional Treatment Nanotechnology Treatment

Toxins Nanodevices
.

» Lack of selectivity toward cancerous cells
= Systemic toxicity

» Low therapeutic index

= Low circulation half-life

» Tendency to aggregate Dead

cancer
cells

Toxins

Noncancerous cells

Dead noncancerous cells Intact noncancerous cells

https://www.cancer.gov/sites/ocnr/cancer-nanotechnology/treatment 12
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Advantages of NPs for drug delivery

Nanoparticle-based Drug
Delivery System

\ 4

Decreasing toxic side effects

y

Increasing specific location

Controlled contribution

\ 4

Reducing dose

Increasing treatment
efficiency

\ 4

Improving patient compliance
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Targeting Approaches

1- Active Targeting (Pre conjugated
with antibodies, small molecules and
peptides)

2- Passive Targeting (EPR)

igand

L X 2~ 7
Nanocarrier OTug @

Q

umor
cell

&

Receptor

Passive targeting Y r . Active targeting
1 e

Ajnai et al, Journal of Experimental and Clinical Medicine (2014)
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Limitation of nanoparticle drug delivery system

Two determining factors should be taken into account before using
nanoparticles as Drug Delivery system

1- Biocompatibility

:'a s
= Not toxic (Exposure time, dose)

Methods: viability of cell Function changes Caricef Cell
» Accepted by body without rejection _ oY) Doxorubicin

Anticancer Drug

= |nert or stable 0 r . on DNA

2- Internalization ability (subcellular location)

Gold-DNA Nanoparticle
Drug Delivery Vehicle

15
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Cellular uptake of Nanoparticles

Cell-specific targeting:

Attaching drugs to specially designed carries -

(Drug can be absorbed, covalently attached or
encapsulated into nanoparticles)

Cytoskeletons

Entry Mechanisms:

> Clathrin-
O : mediated
5 Receptor-mediated
s Caveolae-
< dependent
| g Abbreviations: ERC, endocvtic recycling compartment; ER, endoplastic reticulum;: MTOC, mi bul ing ces il ular bodies;
= Phagocytosis ' . .
= L. Chou et al, Chemical Society Reviews (2012)
o
w o .
3 Macropinocytosis
o Important factors
O
= { }
'n(E) NP’s related factors Biological Experimental
75 parameters Factor
= ,
j3 =
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2- Comparative Study on
cellular entry of Synthesized
and Ayuverdic gold particles

» Scientific Report, Nature (2017)
» Plasmonic, Springer (2017)
» Nanoscience and Nanotechnology, ASP, (2017)
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Synthesized gold nanoparticles and Ayuverdic particles

d Incinerated Gold nanoparticles (IAuF 14 re of

Traditional Indian approach: ,
Mineral or Metals and |:>
Plant or animal derived
products
Coarse Powder Is Hammered Is Mixed with Is incinerated at
of Gold into ribbon herbal extracts high temperature
Swarna Bhasma Powder

U U U (http://www.planetayurveda.com)

O Citrate-capped spherical nanoparticles (AUNPs)

By the reduction of chlorauric acid with sodium citrate FE=%

Optical-Bio Microsystems Laboratory

HAuCl4 Heating Sodium Citrate Stirring Au Particles
. Addin - Changin
Heating sodium ci?rate Stiring col?)r ° ' 18
Colloidal Gold B
(https://dir.indiamart.com) Y Concordia




Characterization of particles
Scanning Electron Microscopy (SEM)

12 16

~ 447881
- L0 ? 1.2
Z 08 5
£ 06 508
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Diameter (nm) Wavelength (am)

...........

TMG 15.0kV 10.1mm x35.0k BSE3D 50Pa

IAuPs AuNPs

Average Size: 4500 nm (Dynamic Light Scattering) Average Size: 32 nm
Crystal size: 60 nm uniform
Non-uniform
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Elemental composition of AUNPs and IAuPs

AuNPs IAuPs
Au 56.88 % 89.6 ppm
Mg 1.8 % 0.273 ppm
Na 20.9 ppm

EDS-SEM for IAuUPS

Optical-Bio Microsystems Laboratory

EDS-SEM for IAuPS
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Characterization of gold nanoparticles to cells

To test the toxicity and subcellular location 2o - <%

Imaging Techniques:

Q Light Microscopy

0 SEM

O Hyperspectral Imaging

Two experiment test were performed
1- under different exposure time
2- under different doses

Two types of cell lines were chosen :
1-Hela (Cancerous Ce”S) http://smashinglife.co.uk/cancer-cells-look/
2- HFF1- (Healthy cells) NanspaHicks
Test:

Localization, entry and impacts
on human cells

After
24-48 hours

HelLa and HFF-1 cell lines

21
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Nanoparticle in cells (Light Microscopy)

A

Control

[AuPs

Brnghtfield/ DAPI

Citrate-capped AuNPs

HFF-1 Cells

Citrate-capped AuNPs Control

IAuPs

Brightfield/DAPI

Leica DMI 6000 B inverted
epifluorescence microscope

HeLa Cells
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HFE-1 Cells

HFF-1 Cells
IAuPs (20 pg)

HFF-1 Cells

Optical-Bio Microsystems Laboratory

1AuPs (5 pg)

1AuPs (60 ug)

Me

rge DIC/Tubulin/DAPI

Engineered AuNP

1 Dose

2 Doses

Concentration and incubation time effects

Brightfield/DAPI

ey

Engineerad AUNP

Brightfield/DAP!
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AuNPs and IAuPs in Cells (SEM)

Low con. AuNPs in Hela High con. AuNPs in HelLa Control w/o AuNPs

‘k LTI P ' oy

‘.n"%?‘r Vo PN ..‘ ‘ ?f

TMG 15.0kV 5.5mm x5.00k SE TMG 15.0kV 5.5mm x5.50k SE : 30.0um

Optical-Bio Microsystems Laboratory
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Brightfield

Nanoparticle in cells (Live Imaging)

Citrate-capped AuNPs

Brightfield

S o S

R s PN ot {2
" 'nl" o "f‘:o‘ ‘*T—

e atr|
¢ i

4 =1 -
ey, .df.’ r '.‘. G
}.g‘g#‘;‘ -: i...i.J
s o N

-

25

%Concord ia



Optical-Bio Microsystems Laboratory

Hyperspectral Microscopy
CytoViva

Technology for characterization of
nanomaterial in cells

Combination of:
* Hyperspectral imaging system
= Optical Microscope

I

1860w H Light Source

YHIR Specirophotometer —e

imaging Camera '
o !

Matarized aun:' ~

Cytoviva Nanoscale
Microscops Sysism

CytoViva Enhanced Darkfield Microscopy
240nm Polystyrene peads
.

Standard Darkfield Microscopy
240nm Polystyrene beads

https://cytoviva.com

~C‘Concordia



Using Hyperspectral Microscopy for AUNPs in cells

= Presence of AuNPs
= | ocation of AuNPs

Hyperspectral Image Scanning Process

Sample
- :
g
- spectral Image Flle

Spectrophotometer St

Armplitude

Wervalangth (nm) https://cytoviva.com
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Enhanced dark field imaging

28
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Hyperspectral imaging of AUNPs and IAuPs in cells
- Y 2 - ,

Cell AuNPs |AuPs
600~700 nm 600~625 nm
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Intracellular Localized Surface Plasmonic Sensing for
Subcellular Diagnosis

A)

Spectral Library Plots
7- r/}/‘/ \

7//2/05—
s = N
= 5
Outside of cells,
a4k
D2+
y 1 L N
800 B0 700 BOG
Wavelength
Inside cells

= Outside of cells

| \
800 700
Wavelength

A) High concentration B) Low concentration

Yalue

0.4

0.2

High consentration outside

Low consentration outside
Low concentration inside

300

0
Wovelength

30

E"Coﬁcprdia



e
®)
-—
.
0]
o]
O
—
(%2
E
o
-—
w
>~
(%}
O
—
w
>
2
&5
=
i
-
[oR
O

Breaking IAuPs to smaller particles

wHNNUI

BRANSON 200




Optical-Bio Microsystems Laboratory

Broken and unbroken particles in cells

oy il
10.0um
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Hyperspectral imaging of broken and unbroken IAuPs in
cells

A)Unbroken IAuPs

Value

1 L L Il
500 600 700 800

Wavelength (nm)

L 1 1
600 700 800

Wavelength (nm)

Optical-Bio Microsystems Laboratory

33

E"Concord ia



Optical-Bio Microsystems Laboratory

Entry mechanism of IAuPs

Mechanicsms Befo_re
blocking

Macropinocytosis 9.2 %

Clarotin-mediated 1.1 %

Both

Macropincocytosis o

and Clarotin- 92%

mediated

Calveolin-mediated ~12 %

After blocking

(changes)
4.7% (-4.5% )
4.9% (-5.2%)

4% (-5.2 %)

~12%

% Cells with [AuPs

p=0.0028

p=0.0045

p=0.0049

p=02028

10

Control

Genistein

Chlorpr- C ylochalasm Cytochalasin

omazine D + Chlorpr-
omazine
_Q_/"Co ncordia



Nanoparticles in Nucleus

A

Anaphase/
Interphase Prophase = Metaphase  Early Telophase Late Telophase Daughter Cells

(o) @ @ @0 dw (e)e

I
Nuclear Envelope Breakdown Nuclear Envelope Reassembly

Citrate-capped
AuNPs

Optical-Bio Microsystems Laboratory
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3- Impacts of nanoparticles

Robyn et al, (2014)

36
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Biophysical properties of cells

U Biophysical properties of cells?
BIOMECHANICAL, bioelectrical, biochemical

O Important biophysical biomechanical properties

Size,

Viscoelastic properties

Mass Biophysical of
Friction cells

Density R - Mechanics

37
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Components and Mechanics of Cells (Eukaryotic cell)

Decreasing Contribution

Mechanics of

Eukaryotic Cells

: ntermediate .
Actin filament . - Microtubules
Filament
L ]
' L

Cytoskeleton and Cellular Structure

Microtubules

Intermediate
Filament

Filament

Rodriguez et la, Applied Mechanics Review (2013)

J

Y
Less contribution to mechanics of cells

Endoplasmic
reticulum

Cytosol

Intermediate
Cell membrane filaments

Nucleus

Actin filaments Golgi apparatus

Microtubule
Focal adhesion complex

Mitochondrion

Suresh, Acta Biomaterialia (2007) 38
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Why studying Bio-Mechanical Properties of cells is
important?

Bio-mechanical properties of cells during disease undergo
changes

Structural
Biochemical changes

Chageg”es i Altered cell Altered cell Cancer cell

factors indg;:lelzéj in deformability function motility metastasis

Suresh, Acta Biomaterialia (2007)

Primary Tumor

- g Attachment
-9 /Nuclearmambrana g @3‘.—'—' ARUTIEN.
o Importance of Mechanical Properties | [ e ' Y

_8 P g i “4—— Local Breakdown
o - =

T'é, A powerful and label-free approach for diagnosis cas AP

@ cancer at early stage eioaraseod | | So 4%

§ Evaluate the efficiency and effectiveness of ::i;f‘;-'-.‘/

f3 medicine or nanoparticle-based drug delivery X

&y systems

'..L:) Adapted from National Cancer
OQ— Institute
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Different Methods for Deformability Characterization of Single Cells

(a)

Methods:

Q Classical Methods, m“— oo — 0o

0 MEMS-based methods,
U Microfluidic-based methods

Classical methods:

Main Advantage:

High —precision

Main Limitation:

Low-throughput

Lengthscale (m)

cm mm um nm

Organ Cellular aggregate Subcellular structures:
L Tiesus Nucleus, Organelles, ‘

Macromolecules ‘
‘ " il i F Q A Cytoskeleton 'b’

Moeendarbary et al, WIREs Systems Biology and Medicine,

(2014)
(@) ®)
c
-f_,—) \ AFM magnetic bead
m—<
_ E
© O
Q Y=
)
So -
— (o) (@)
c micropipette
g asplratlon
®©
£ —
NS,
)
a
9 —
)
£
= Bao et al, Journal of Royal Society Interface (2014)

Choice Criteria for
cell mechanics:

v' Size,

v’ Elasticity

v" Precision

v' Speed

>

optical

Main Classical Methods

40 _ N
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Deformability characterization:
MEMS-based systems
A)

Limitations:

Expensive

External devices
Non-Transparent \\

Resonance frequency

Suspended Microchannel

Resonator (SMR) Measure Passage Time

and Buoyant Mass

100pm

Passage time :

(peajpel) v

Frequency (Hz)

AFo<Buoyant Mass

Time (s)

41
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Microfluidic-based systems

A) Constriction-induced
deformation

B) Multiple Constriction
channel

C) Micro- aspiration

D) Hydrodynamic-induced
deformation

0 Advantages

High-throughput
Easy fabrication
O Limitation

Low precision

A |
function

Ag/AgCI
electrode

generator

Ag/AgCI
electrode

single RBC

basal amplitude, A

threshold
! transit time, AT
AA

amplitude (volt)
>
-~

4.2

0.004 0006 0008 001 0012
time (s)

B |

cell 2 cell 1

Y flow direction —»
ee. .
R — e i
[
E e
=
= @
e -
9004
— I untreated
800+ P — I taxol treated
700] ™ =35

E 20 i

Constriction #

Top view

Streamlines »

Pressure
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Nanoparticle uptake effects on biomechanical of cells

= NPs can provide desirable effects on cells
But! The intercellular effects of NPs in cells is unknown.

cell Particles Et?f?rizsn
mesenchymal stem cells | Silica Increased
Escherichia coli Hematite NPs Increased
iron oxide NPs endothelial Increased
Selenium NPs MCF-7 Decreased

Optical-Bio Microsystems Laboratory
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Summary

0 Advantages of nanoparticles have made them a good candidate for medical application
0 Gold nanoparticles can be used for cancer diagnosis as well as cancer therapy

U Nanoparticle-based drug delivery system can provide advantages comparing to

conventional methods

O Cellular entry and toxicity are two determining factors in choosing particles for drug-

delivery systems
O Nanoparticles can enter cells through different mechanisms
O Nanoparticles absorption can alter biophysical properties of cells

0 Resolution and throughput are two important factor for bio-mechanical characterization

of cells
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