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NANOTECHNOLOGY

Ao T h e Plamty of Roomat the Bottom An Invitation to Entera New Field of
Phy s i dRgeliardFeynmanat the annualAmericanPhysicaSocietymeeting
at CaltechonDecembeR9, 1959.

A dNanetechnology' mainly consists of the processing of separation, consolidati
deformation of materials by one atom or one mol@&ulorio Taniguchi
International Conference on Production Engineering, 1974, Tokyo.



N
NANOTECHNOLOGY

Nanotechnologys the understandin@nd controlof matterat the nanoscaleat dimensions
betweenapproximately 1 and 100 nanometerswhere uniqguephenomenanable novel
applications

Matter can exhibit unusuaphysical,chemicaland biological propertiesat the nanoscale,
differing in important ways from the properties of bulk materials, single atoms, and
molecules

Some nanostructuredmaterials are stronger or have different magnetic properties
comparedto other formsor sizesof the samematerial Othersare better at conducting
heat or electricity They may becomemore chemicallyreactive, reflect light better, or

changecolorastheirsizeor structuras altered.



NANOTECHNOLOGY APPLIED TO

MEDICINE

Temperature  pH Scale

A~NAL Functionalized Nanocarriers @ Drug Loaded Nanocarriers

Quantum dot Polymer

Carbon Nanotubes

o

Gold Nanoparticle Mesoporous Silica
Nanoparticles

2

AL W%
Silver Nanoparticle ~ Amphiphilic  Liposomes Dendrimers Micelles
Cyclodextrin
Nanoparticles / Nanocarriers

i 7ON %

Shah Aet al, J Drug Deliv Sci Technol. 2021;61; 102426.
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NANOCARRIERS

Top-down

— Bulk material

__ — Fragments

v

'
m n m—’ Nanoparticles
T A

# Lithography

# Mechanical milling
# Etching

# Laser ablation

# Sputtering

# Electro-explosion

# Super critical fluid synthesis
Q # Spinning
gaagﬁ & — Clusters # Sol-gel process
# Laser pyrolysis
# Chemical vapor deposition
# Molecular condensation
'5%., "'oa., # Chemical reduction
an n® .
e’. o: ::":’ Atoms # Green synthesis
etee e ee Molecules
Bottom-up

Theyare colloidalsystemsnthe nanometriccale
(1 - 100 nm),capable of transportingdrugs or
othersubstancesf different nature

ChitraDeviVenkatachalamgt al. Chapter5 - Greensynthesisf nanoparticled metalsand their oxides,Editor(s)R PraveenKumar,B BharathirajaNanomaterials,
Academid’ress2021, Pages79-96, ISBN9780128224014, doi.org/ 10.1016/B978-0-12-822401-4.00012-X.



NANOCARRIERS

Transdermal
uptake after topical
application

(D <1 nm)

Liver and spleen clearance
after vascular delivery

(large range of sizes
captured in liver)

Lung deposition
after inhalation

(D=1-3 pm
penetrate deep)

Extravasation
from blood

(D < 100 nm
effective in tumor
vasculature)

Size-dependent
processes related to
particle transport
in the body

Endocytosis (D < 1 um
size-dependent
internalization
mechanism)

Kidney filtration
after vascular
delivery (D < 5 nm)

Particle Size Relative to Clearance and Applications

Particle Size
(Based on Rigid
Sphere)

Nanomedicine Applications

Phagocytosis in

tissues

(500 nm < D < 10 pm)

Intracellular
trafficking
(size-dependent
destination)

<10 nm

10-20 nm

20100 nm

100-200 nm

200 nm—1 pm
=1 pum

Rapidly cleared through
extravasation or renal clearance

Detection, imaging, potential to
cross blood—brain barrier (BBB)

Drug/gene delivery, cancer therapy,
sites of inflammation (optimal
range to escape physiological
barriers; high circulation
potential, reduced filtration by
liver and spleen)

Drug/gene delivery (high potential
for prolonged circulation)

Generally cleared by the spleen

Usually opsonized and accumulate
in liver and spleen, cleared from
circulation almost immediately

Mitragotri S, Lahann J. Physical approaches to biomaterial design. Nat Mater 20@2,3:d5i:10.1038/nmat2344




ATB NANOCARRIERS

PROBLEMS IN BIOFILM ERADICATION USING ANTIMICROBIALS Wang DY, van der Mei

Tissue cell HC, RenY, BUSSCheHJ,

g::ln\;va: R . Bacterial o entry... ¢ Shi L LIpId-Based
’ cll sty : \% Antimicrobial Delivery

: Systems  for the

-
Bacteria hiding

.2 %- Treatmentof Bacterial
: .f' : .; peﬁi;:i:t?on Antimicrobial wash-out \ ‘ | nfe ctions Front C h e
T g : 2020
Presence in 0',:‘:.'\ ‘ $ ...' Macrophage
blood circulation ) 90
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Accumulation
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ATB NANOCARRIERS

AATB Protection/Shielding

ASite Specific Action

BE Disruption APlanktonic Cells
P Alnteraction/Denaturation EPS

Din, F. et al. (2017). Effective use of nanocarriers as drug delivery systems for the treatment of selectedetunabosial journal of nanomedidie
729167309.



ATB NANOCARRIERS

Strain MiC MiC References
against against liposomal
free antibiotics encapsulated
(mg/L) antibiotics
(mg/L)
Vancomycin = .
E. coli 512 6-25 Nicolosi et al., 2010 IEIdIng
512 10.5
Klebsiella 512 25-50
P, aeruginosa 512 50
512 83.7 "
Acinetobacter 512 6-125 IO n
baumanii
S. aureus 1 05 Bhise et al., 2018
(MRSA)
BF Disruption ... -
P aeruginosa 8 4 Mugabe et al., 2006 .
) IXITTIctCTuaACuauUrIy I.IL;IIUI.I.UIUI.tlon EPS

Din, F. et al. (2017). Effective use of nanocarriers as drug delivery systems for the treatment of selectedetunabosial journal of nanomedidie
729167309.




ATB NANOCARRIERS

Y. Liu, G. Yang, S. Jin, L. Xt &ZhaoChemPlusCh&®20, 85,
2143.
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SURFACE MODIFICATION

Contact lenses k

Heart valves
and pacemakers

Oral implants

Endotracheal tubes

Urinary catheters

s,

—— Wound dressings
Ag

Prosthetic joints

Ramasamy M, Lee J. Recent Nanotechnology Approaches for Prevention and TreatmenisisBaédted Infections on Medicalibes: Biomed Res Int.
2016.

13



SURFACE MODIFICATION

Planktonic cells / m

M * Bacterial cluster formed
Ve in the bulk fluid
ﬁ l |

' 3E
Remain on the surface I

& continue dividing

Land onto the surface or onto recently
formed clusters on the surface EPS Aggregated

3A Matrix bacterial cells

Cell growth ~——_ 3C
/1 & division Daughter Cells

\.\D
<o o

Strongly attached cell I Activation of QS systems & production of EPS matrix

Surface C Formation of
Colonization Aggregation Microcolonies

Cell proliferation

@

GuzmarSoto |. et al. Mimicking biofilm formation and development: Recent prognegsarand in vivo biofilm modelsScience2021




it?t Antifouling coatings (hardness, filler, hydrophobicity)

@ Anttadhesive modifications (polymers)

SURFACE

MODIEICATION + Addition of antimicrobials.

x Chemical modification.

- Addition of bioactive molecul€3%).

Ramasamy M, Lee J. Recent Nanotechnology Approaches for Prevention and TreatmentskBadited Infections on MedicaliPes. Biomed Res Int. 2016.



SURFACE MODIFICATIONS

Surface topography Chemical modifications Multifunctional surfaces
Ramdom, ordered and Polymers, dendrimers, cationic peptides, QS disruptors, smart nanoparticles, antibiotics,
dynamic topographies surfaces, hydrogels. peptides and other
combinations
e &
< > >
/ [ 38
AOLLY
Surface .

; i Releasing Contact killing  Stimuli responsive Photoactivable Nanoparticles +
Micro/Nano structures Anti-adhesive ;opcl)gti'aplz; +l photosensitizers
Antibacterial Smart surfaces "ZZ,;:Q g antibiotics, etc.

& Viable bacteria @& Damaged/Dead bacteria

GhiliniF, Pissini®E ,MinanA, SchilardiPL,Diaz C. How Functionalize&urfaceCan InhibitBacterialAdhesiorand
Viability. ACSBiomatelSciEng 2019 Oct 14;5(10):4920-4936. doi: 10.1021/acsbiomaterial9§b00849.



SURFACE MODIFICATION

Implants Catheters
Metallic Surface Polymers




METALLIC SURFACE MODIFICATIONS

Table 2 Summary of Implant Coatings

Implant coating

Example

Studies

Outcome

Carbon coating'®'®

Bisphosphonates'*-#

Bone stimulating Factors™%
Bioactive glasses and ceramics®®
Fluoride coatings®'

Hydroxyapatite [HA)™-%

Titaniumdtitanium nitride®-41

Currently not on the market;
still being investigated

Currently not on the market;
still being investigated

Currently not on the market;
still being investigated

Currently not on the market;
still being investigated
CeseoSpecd

Restore Implant system

lonFusion

In vitro, in vivo studies, and
clinical studies

Mo long-term studies available

Pilot animal studies and
clinical studies

Chemical, in vivo, and
in vitro studies

In vitro studies

Iy v, i witro, and retrieval
studias

In vitrey, in wiva, and clinical
studies

Improved biologic properties and
histocompatibility but studies are
still under way

Mo long-term studies available

Studies are still under way

Studies are still under way

Selective osteoblast
differentiation results

Most commonly used type of
implant coating; other implant

coating studies mainly use
HA as a control

Titanium mechanical properties
are considerad in refation o the
degres of osseoinlegration

Xuereb M, et al. IntBrosthodon®?015 JanrFeb;28(1):519.




METALLIC SURFACE MODIFICATIONS

Xuereb M, et al. IntBrosthodon®?015 JanrFeb;28(1):519.



PLASMA SPRAYING

Starting material

A Gold Standard.

ACeramics (HA) and Metals. | —p

Air intake to

ANanometer Coating. +lasma room

AHigh stability and control. Coting

Substrate

AHigh deposition efficiency and low porosity.

LiuJiangiagq et al. Frontiers in Bioengineering and Biotechnology, (8), 1314, 2020.



ELECTROCHEMICAL ANODIZATION

A Anodic oxide films.

A Compact, nanoporous, or nanotubular morpholog

AMetal doping (Zn, Ag, Au, Cu, etc.).
A Structural modification.

ALow cost.

A
ATechnical scalability. A

Magnetic stir bar

Grzegorz D. Sulka, Chapter onntroduction to anodization of metals, In Micro and Nano Technologies, Nanostructured fah@kadie Elsevier,2020,Pages
1-34.



ELECTROCHEMICAL ANODIZATION

A Low cost
A Control of surface characteristics

- Nanotube diameter can be controlled by oxidation voltage.

- Nanotube length is controlled by a combination of oxidation time, oxidation
temperature, and electrolyigH.

LiuJiangiagq et al. Frontiers in Bioengineering and Biotechnology, (8), 1314, 2020.



ELECTROCHEMICAL ANODIZATION

Figured. FE-SEM Images repressnting the top view of ZnO- Figure 8. EDS andlysis of ZnO-TNTs. (a) The selected zrea, (b) the

TNTs. (8 Undoped TNTs | -gold), (b) 1 mM-L-' ZnO-TNT: . ) . . . .
) 2 Lo I THTS e 8 o 14 S0DTNTE, (0 4 A LS distribution of Ti, (c) the distribution of O, (d) e distribution of Zn

ZnO-TNTs, (f) 5 mM L' ZnO-TNTSs.

Chang F, et al. BlanoscNanotechnoR019 Apr 1;19(4):20702077.




ELECTROCHEMICAL ANODIZATION

Figure4. FE-SEM Imagss represeniing the tp view of ZnO- Figure 8. EDS andysis of ZnO-TNTs. (a) The salected area, (b) the

TNTs. (8 Undoped TNTs (spray-gold), (b) 1 mM-L-" ZnO-TNTs, N L. -
€) 2 mM-L-' ZnO-TNTs, (d) 3 mM L~ ZnO-TNTSs, (&) 4 mM-L-" distribution of Ti, (c) the distribution of O, (d) e distribution of Zn

ZnO-TNTs, (f) 5mM:L™' ZnO-TNTs.

Chang F, et al. BlanoscNanotechnoR019 Apr 1;19(4):20702077.



ELECTROCHEMICAL ANODIZATION
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Figure 3. SEM images of nanotube arrays anodized at the following times: {a) 3 h, (b) 6 hand (c) 12 h,
with inner diameters of approximately 44.5, 71.2 and 136.8 nm, respectively.

Chang F, et al. BlanoscNanotechnoR019 Apr 1;19(4):20702077.



FDA GUIDELINES

The FDA does  approve the individual use of materials or coatings, but
rather the finished medical device as a whole.

FDA evaluates:

A Metallurgical analysis.

A Microstructure of the modified surface (thickness, shape, size, diameter or area, pore diameter,
volume).

A Physical properties (hardness).

A Mechanical properties (strength/fatigue).
A Biocompatibility.

A Clinical information.

[online: https://www.fda.gov/regulatosnformation/searctida-guidancedocuments/guidanegocumentestingorthopedieimplantsmodified metalliesurfacesapposingbone
or-bone]. 26
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NANOTECHNOLOGY APPLIED TO

MEDICINE

Temperature  pH Scale

A~NAL Functionalized Nanocarriers @ Drug Loaded Nanocarriers

Quantum dot Polymer

Carbon Nanotubes

o

Gold Nanoparticle Mesoporous Silica
Nanoparticles

2

AL W%
Silver Nanoparticle ~ Amphiphilic  Liposomes Dendrimers Micelles
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Shah Aet al, J Drug Deliv Sci Technol. 2021;61; 102426.
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METALLIC NANOPARTICLES

Differentproperties

ALocalized surface plasmon resonance
(LSPR)

AQuantum confinement

AOptoelectrics

AAntimicrobials

AAnticancer

Saleh, Tawfik. (2022 hapter 8:Properties ohanoadsorbentand adsorption mechanisms. 10.1016/B9¥&2-849876-7.00010-5.




LOCALIZED SURFACE PLASMON
RESONANCE (LSPR)

—

Electric field

o
®

o
>

Magnetic
field

Normalized absorbance
o
(o)}

O
N

Electron cloud

Metal sphere

o

350 400 450 500 550 600 650 700
Wavelength (nm)

Peiris, Sunari & McMurtrie, John & Zhu, H.. (2015). Metal nanoparticle photocatalysts: Emerging processes for gree
organic synthesi€atal Sci. Technol.. 6. 10.1039/C5CY02048D.



QUANTUM CONFINEI\/IENT

Confmement width

‘ Confinamientespacialde
pareselectrorhueco Coridiition B

‘ (excitdén enunao mas

' '
| ——
e —
—_—

dimensionedentrode un s

il

material. e
3 Bandgap E;
E S —

Nivelesde energiason =
discretof a<de Broglie

de e).

il
i |

Valence band

O
Semiconductorélsd VI ->
| Band Gap.

RabouwFreddy &Donega Celso. (2016). Excitéstate Dynamics in Colloidal Semiconductor Nanocrystals. Topics in Current Chemistry.
374.10.1007/s41061-016-0060-0.




QUANTUM CONFINEMENT

Confinamientespacialde ®) L oD
“ pareselectrérhueco Y YN layer
(excitén enunao mas " -~ (6)
dimensionedentrode un © [
material. - A _igm = 5)
@) ﬂ . ﬁ i @[
Nivelesde energiason [001] E {1 E¥ 5 [ 6
discretog &< de Broglie ' " 4 -5
de e). 1 2= ﬁ? R - 4
2 . -@1 @3
Co g " ! -2
' ) b\ 0920; i (1) - 1
S 01zn 0 Znf——p- -——=°=- & =
i L P -|.|-|.|-|.|.|A
[ | | Semiconductordisd VI -> ) — Plol=== §1 355456
Band Gap. L

H. LMeyerheimC. Tusche, A. Ernst, et al. WuHkyige CoO Nanocrystals in UltrathimCoOFilms. Phys. Rev. L&d2, 156102 d
Published 13 April 2009




QUANTUM CONFINEMENT
‘?’ nggfﬁ%rgiggﬁﬁgg ) Conduction band

dimensionedentrode un Trap
material. state
2 v(0)
2.2eV
Nivelesde energiason 3.18ev) 3.0eV 2.4eV
discretof a<de Broglie 2.7eV 2.5eV

de e). V |
0
|

O
Semiconductorélsd VI ->
| Band Gap.

Mrabet, Chokri& KamounQlfa & Boukhachem. & AmloukMosbah& Tahar,Manoubi (2015). Somephysicalinvestigationsn hexagonal
shapednanorodof lanthanurdoped ZnQ Journabf Alloysand Compound$48. 826-837. 10.1016/j .jallcom2015.07.009.




METALLICNPS MECHANISMS

= @®

Alter membrane

Damage to proton Permeability
efflux pump

= Cell membrane/cell wall
disruption
=

Release of . -~
heavy metal ions @ ® S
‘ Protein damage ©Xidized cellulare—
DNA damage components
Cellular
Gompenant Bacterial cell 2
leakage
ROS generation
Prevents
biofilm ® Inhibition of electron
formation‘ transport chain

Shaikh S, Nazam N, Rizvi SMD, Ahmad K, Baig MH, Lee EJ, Choi I. Mechanistic Insights into the Antimicrobial ActivensopfaMietal and Their Implications for
Multidrug Resistandaternational Journal of Molecular Scie@049; 20(10):2468. https://doi.org/10.3390/ijms20102468




POLYMERIC NANOPARTICLES

A B C D

&
-: -n»mo-r-H-u-mu

o
™

Monomers

[ G reek ] onémeros Polimero

(Homopolimero)

A poly: many
A merospart or unit

Polimero
(Heteropolimero)

Mondémeros

Saleh, Tawfik. (2022 hapter 8:Properties ohanoadsorbentand adsorption mechanisms. 10.1016/B9¢&2-849876-7.00010-5.



POLYMERIC NANOPARTICLES

FIGURE 4 | Micographs of particle shapes made by using a mechanical stretching technique. (a) Spheres, (b) rectangular disks, () rods, (d) worms,
(e) oblate ellipses, (f) elliptical disks, (g) unidentified flying objects (UFOs), and (h) circular disks (scale bars: 2 um). (Reprinted with permission from Ref
45. Copyright 2007 National Academy of Sciences, U.S.A.)

Champion JAKatare YK, Mitragotri S. Making poiyericmicre and nanoparticles of complex shapes. Proc Natl
Acad Sci USA 2007, 104:119G311904. doi:10.1073/pnas.0705326104.




POLYMERIC NANOPARTICLES

Plain nanoparticle: (a) Stealth: (b) Charge: (c) Targeting: (d) Stimuli-responsiveness:
High aggregation Steric stability e.g., Cationic: High cellular uptake High selectivity

Low drug protection High drug protection High cellular uptake High specificity Stability?

Rapid opsonization Slow opsonization High toxicity Clearance?

Rapid clearance Biocompatibility Low specificity Immunogenicity?

Toxicity?

(e) Size: (f) Morphology: (g) Aspect ratio ‘core (h) Assembly versus (i) Stability:
< 10 nm: Rapid clearance e.g., Expanded shapes: versus shell'and length  unimolecular: High: Hinder drug release
10-200 nm: EPR, optimal Low cellular uptake versus diameter’: e.g., unimolecular: Low: Premature release
< 200 nm: Opsonization Low clearance Cellular uptake? No disassembly Cross-linking: Impart
and toxicity High drug loading Clearance? Rapid clearance stability

Drug loading and Low drug-loading capacity

release?

Toxicity?

ElsabahyM, Wooley KL. Design of polymeric nanoparticles for biomedical delivery applications. Chem Soc Rev
2012, 41:254552561. doi:10.1039/c2cs15327k




POLYMERIC NANOPARTICLES

Cavalam ‘-._.-/?.Ib‘.
Enking modos

S

Hl'-.w
,.J'w"

Hencowalent (r-f

linkirg rodes

Dispersion

FengL,ZhuC, YuanH, LiuL, LvF,Wang S Conjugatedpolymernanoparticlespreparation,properties,functionalization
and biologicalapplicationsChenmSocRev2013 Aug21;42(16).:6620-33. doi: 10.1039/c 3c$£0036.

J PrasadRao,KurtE Geckeler PolymemanoparticlesPreparationtechniquesnd sizecontrolparameters,Progressn
PolymerScienceyolume36, Issue/,2011,Pagesd87-913. https//doi .org/ 10.1016/] .progpolymsc2011.01.001.




POLYMERIC NANOPARTICLES

Classification of polymer
v v v v

Based on origin of Based on structurs Based on molecular| | Based on mode of

source forces polymerization

1. Natural 1. Addition
—|  polymers —>| 1. Linear polymers | *| 1. Elastomers —> polymers

2. Semi-synthetic 2. Branched chain . 2. Condensation
— polymer —> polymers —»| 2. Fibers polymers
i 3. Synthetic - 3. Cross-linked || 3. Thermoplastics

L polymers polymers
|, | 4. Thermosetting
polymers

J PrasadRao,KurtE Geckeler PolymemanoparticlesPreparationtechniquesnd sizecontrolparametersProgressn
PolymelScienceyolume36, Issuer,2011,Pages887-913. https//doi .org/ 10.1016/] .progpolymsc2011.01.001.



POLYMERIC NANOPARTICLES

. . OH OH
OH 0= OH +o 0
Biodegradable and biocompatible | .- -Om O sy P HO -
e 1§ HO 0=, NH,
0~ “OH]_

> ’n

Alginate Chitosan

0
O },H
HO I o],
O

Polylactiacco-glycolicacid

Del AmoL, CanoA, EttchetdM, SoutoEB EspinaVvl, CamindA, Garcia ML,Sanchez.0pezE SurfaceFunctionalizatioof
PLGANanoparticledo Increaselransporiacrossthe BBBfor A1 z h e DiseaseApiedScience021; 11(9):4305.
https//doi .org/ 10.3390/app 11094305



POLYMERIC NANOPARTICLES:
CONTROLLEMIRELEASBYSTEMS

DRUG MOLECULES
m POLYMER CHAINS

- = - - . -
- ..
«ttc. Ces s Y otees Difusion .. « " . ¢ :.:..',. Erosion « * -.:... =
a ., - X 3
: .. Desorcion - :-':.:.:l:-:l —_— . . P . :.:.. :.-...:. ® .- ..:. :.. - .
i T - - —p .
... ... .' 4 - - .-...-... .. - - 4 .. - -..‘-...‘.. . - ..'. -
R — 1 . » .
L - - . - ° a -

Sobot D.,, Mura, S, CouvreurP (2014). NanoparticlesBlood Componentiteractionsin KobayashiS, Mullen K (eds)
Encyclopediaof PolymericNanomaterials Springer, Berlin, Heidelberg https//doi .org/ 10.1007/ 978-3-642-36199-

9 227-1




POLYMERIC NANOPARTICLES

Manoprecipitation

Salting-out Microemulsion

Super critical fluid ConirolledAiving
technology radical

Rao JP, Geckeler KE Polymernanoparticles preparation techniquesand sizecontrol parameters Prog Polym Sci 2011, 36:88738913.
doi:10.1016/j .progpolymsc2011.01.001.




POLYMERIC NANOPARTICLES
SYNTHESIS

1
| Hydrophobic

AAdvantages: Simple, rapid, and
reproducible method

ADisadvantage: Limited watemiscible
solvents

A Advantages: scalable,
Solvent controllable size and morphology RNETRlefe]g=tel[o]ir=1i[e]

SAETIENI0]) A pisadvantage: slow process

PulingamT et all. ExploringVariousTechniquefr the Chemicalnd BiologicalSynthesi®f PolymeridNanoparticlesNanomaterial2022;
12(3):576. https//doi .org/ 10.3390/nan012030576



POLYMERIC NANOPARTICLES
SYNTHES"®

Free-radical
initiators

Surfactant

AAdvantages Producespolymerswith high molar mass Useswater as a dispersion
mediumExcellenheatdissipation

Emulsion ADisadvantageRequiresurfactantemoval
A(micro 108100 nm,mini 100 nnd1 >m, macro >1 >m).

PulingamT et all. ExploringVariousTechniquefr the Chemicalnd BiologicalSynthesi®f PolymeridNanoparticlesNanomaterial2022;
12(3):576. https//doi .org/ 10.3390/nan012030576
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ANTIBACTERIAL ACTIVITIES OF
POLYMERS

Passives

Polymers

Actives




ANTIBACTERIAL ACTIVITIES OF
POLYMERS

Passive Polymers

Non cytotoxic

Minimal protein adsorption

b Electrostatic repulsions between the polymer and the bacterial cell

polymer

prevent adhesion

NaveeraNaeem,et al Chapter7 - AntimicrobialGreen Composite€:ditor(s)Dr. InamuddinTarig Altalhi
Green Sustainabld’roces$or Chemicabhnd Environmentd&ngineerin@nd ScienceElsevier2023, Pages
187-206, ISBN9780323951692doi.org/ 10.1016/B978-0-323-95169-2.00012-2.



ANTIBACTERIAL ACTIVITIES OF
POLYMERS

Passive Polymers

5 b
e "é? o
£ [ ,--'-“"“ _
RO -
"\_j :L ’ —
D=Ce'i ﬂ °=C§:-q D:C?-;
; RepresentativBuorescencenicroscopymagesof S aureus
L Sy “&HHHE’;P?“E'HW“E’D- adheringto (e) bare titaniumsurface,and (f) PLLg-PEG
- coated titaniumsurface,incubatedstationaryat 370C for
| | 1h. Fluorescemedox dye, CTC

Harris, Llinoset al. (2004). Staphylococcuaureusadhesionto titaniumoxide surfacescoated with norfunctionalizedand peptide-
functionalizegboly(L-lysine)graft-poly(ethylenalycol)copolymersBiomaterials?5. 4135-48. 10.1016/] .biomaterial2003.11.033.




ANTIBACTERIAL ACTIVITIES OF
POLYMERS

Passive Polymers

-3

b

L)

g

..
e
(=)
=

Density (10 Cells-cm™)
8 & B

Zwitterionic PolyMAMPS Chains

SAM 8nm 16nam 25nm 34

Fig. 6. Representative confocal microscopy of E. coli attachment on (a) initiator-coated surface and polyMAMPS brushes with different thicknesses of (b) -8 nm, (¢) ~16 nm,
(d) -25 nm, and (c) -34 nm after 12 h incubation. (f) Statistical analysis of adhered E. coli density on different surfaces (n - 3)L

ZhangD, RenB, Zhangy, LiuY, ChenH, Xiao S, Changy, YangJ, ZhengJ. Micre and macroscopicallgtructuredwitterionigpolymerswith
ultralowfoulingproperty. J ColloidInterfaceSci 2020 Oct 15;578:242-253. doi: 10.1016/j .jcis2020.05.122. .
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ANTIBACTERIAL ACTIVITIES OF
POLYMERS

Active Polymer
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NaveeraNaeem,et al Chapter7 - AntimicrobialGreen Composite€:ditor(s)Dr. InamuddinTariq Altalhi
Green Sustainabld’roces$or Chemicabhnd Environmentdngineerin@nd ScienceElsevier2023, Pages

187-206, ISBN9780323951692d0i.0ri/ 10.1016/B978-0-323-95169-2.00012-2.



ANTIBACTERIAL ACTIVITIES OF
POLYMERS
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e
Living E.coli | \ j Dead E.coli

_' + R SEMobservatiorof E coli (A) untreatedcontrol
(no polymer vesiclesor monomers),B) mixed
with polymernanocapsules

Cantact Killing

Zeng M, Xu J, Luo Q, Hou C, Qiao S, Fu S, Fan X, Liu J. Constructing antibacteriabpolyapsulelsased on pyridine
guaternary ammonium salt. Mater Sci Eng C Mater Biol Appl. 2020 Mar;108:1183830.1016/j.msec.2019.11038



ANTIBACTERIAL ACTIVITIES OF
POLYMERS
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Fig 8 (A) Chemicalstructureof main chain sulfonium
containinghomopolymeir(B) CLSMimagesof C. albicansE
coli and S aureusconstructediofilms treated with the
control solutionand PS+C6. Treatmentwith the PS+C6
polymer for 24 h, thick biofilms produced mostly red
fluorescentsignals that signified the existenceof dead
microorganismshowever,mostof the cellsin the control
groupswere stillalive
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X. Wang, G. Wang, J. Zhao, Z. Zhu and J. Rao, ACS Macro Lett., 2021, 1616893



ANTIBACTERIAL ACTIVITIES OF
POLYMERS
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Chitosan (CS) nanoparticles encapsulated wit
poly(2-methacryloyloxyethyl phosphorylcholine

(PMPC)) and loaded with antimicrobial
(triclosan)

ACS Macro Lett. 2019, 8, 65657. 10.1021/acsmacrolett.9b00142




ANTIBACTERIAL ACTIVITIES OF
POLYMERS

Figure 2. Penetrationand accumulatiorof different
Cyb-labeled nanocapsules(red) into a S aureus
ATCQ2600 GFPbiofilm (green) (a) Threedimensional
confocal laser scanning micrographs, showing
penetrationand accumulationf nanocapsulemtoa S
aureushiofilm (scalebar, 50>m (b) Fluorescenaenages
of the attachment of different Cy5-labeled
nanocapsuleged)to S aureusATCA2600GFP(green)
cellsurfacesn PBSat pH 5.0 (scalebar, 2 >m).

PMPC-CS

S. aureus Nanocapsules

PMPC-CS

ACS Macro Lett. 2019, 8, 65657. 10.1021/acsmacrolett.9b00142




CATHETERS SURFACE MODIFICATIOTI

AUse of polymers with bactericid;
properties.

ALow cost.

AUse of FDAapproved materials. : i
ACombined with active molecules —— ——~— —~v— v

Antiadhesive NPs Polymer grafted Bioactive NPs ROS or NO Stimuli-responsive NPs

(N Ps / AT B) _ biocide NPs releasing NPs

Ramasamy M, Lee J. Recent Nanotechnology Approaches for Prevention and TreatmeniAssBméted Infections on MedicaliPey. Biomed Res Int.
2016.



CHALLENGES

Biocompatiblility
Longterm cytotoxicity

Tissue accumulation
Metabolization/Excretion




NANOPARTICLE POWDER

SIZE, DISTRIBUTION and MORPHOLOGY SIZE, DISTRIBUTION and MORPHOLOGY

Are NPs
sensitive to

NANOPARTICLE SUSPENSION

highly
polidisperse

ELECTRON MICROSCOPY

+ Single-particle resolution

+ (Sub-)nm size and morphology

+Can be coupled with elemental
analysis

= Limited throughput

whitstand
low dose?

N Sample fractionation

AFM [ ]
Lyl + No sample damage
+ High vertical resolution \ 2
- Limited throughput TEM [ ]
+ Up to atomic resolution
XRD &5 +Information on internal

structure of the NPs (such
as crystallinity, core/shell)
- High-beam energies

| + Crystallite size
- Only size of crystal domains

AUC & LIGHT SCATTERING P S
-+ High sensitivity + Rapid
- Expensive +DLS+SLS provide information | |
on particle morphology
FFFISEC - Bias towards large particles in

solution

- Absolute size quantification
might be challenging

DLS

+ Hydrodynamic radius
Saimple fractionation (diffusion behavior of
articles)
NTA [} £
+ Single-particle detection SLS

- Requires highly-scattering or
fluorescent NPs

+ Mass-weighted size
+ Estimation of molecu-

lar weight

SAXS = High-cost equipment tlgyldl AFMrf | i ) s =
; ingle-particle resolution
: Eaardglgz)lmng;s::;orl:%e |+ Particle morphology |+ Particle morphology [+
- Complex data interpretation SEM [ = NPs on hard surfaces - Complex data interpretation
+ Lower beam energies - Limited throughput

MS Y Ly + Easier to operate Specialized techni

+ Elemental composition = Limited to surface character- TRPS ° FCS, FCCS
Ly| + Very high mass sensitivity ization + Large dynamic range UV/VIS absorption <

- No information on particle - Lower resolution than TEM +S|nglg—pamcle resolution Liquid-cell TEM

morphology = Needs conductive samples - Requires conductive solutions Cryo-EM

;_Ensemble-based techniquesI <}
in solution are usually faster
| and requires less specialized
| equipment 4

For
application
in liquid?

Characterize other properties

: Characterize NPs in solution
in dry state

POROSITY

GAS SORPTION oo
+Information on surface area, pore size and
accessible pore volume
- No differentiation between internal and
external surface

v

If particles can be dried, size, morphology and specific
surface area should also be characterized in dry state

SURFACE CHARGE

ELECTROPHORETIC LIGHT %% TRPS [ J
SCATTERING +Single-particle resolution
+ Rapid +Simultaneous size and surface

+ Typically combined with DLS/SLS
- Indirect estimation of -potential

charge characterization
- Requires careful calibration

POROSITY

Specialized techniques
NMR Cryoporometry

DSC Thermoporosimetry
Single Molecule Fluorescence
Nanomechanical MCS
Super-Resolution Microscopy

RECOMMENDATIONS LEGEND
m Consider the intended application environment and use of the nanoparticle under o Single-particle technique
examination

oo Ensemble-based technique
m Develop standard operating procedure (including data analysis) for nanoparticle
characterization to be followed for every batch

m Calibration or reference particles should be used to characterize the accuracy of the
measurement and compare different batches

B For single-particle techniques, a representative number of particles (~1000) should be
measured to ensure statistical significance

B Multiple a{)proaqhes.should be used to characterize each nanoparticle property and
increase the reliability of the results. Ideally, at least one single-particle and one
ensemble-based method should be chosen

m Report all experimental parameters, including method-specific settings and data
treatment procedures

Modena MM, Riuhle B, Burg TP, Wuttke S Nanoparticle
Characterization What to Measure? Adv Mater. 2019
Aug31(32):€1901556. doi: 10.1002/adma.201901556.



MayorgaRamos A, CarrerRacheco SE, BadstriaC, GuamanLP. Bacteriophagmediated approaches for
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