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1. Modos Vibracionales
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1. Modos Vibracionales

O Numero de modos depende de los grados de libertad

m Moléculas no Lineales
1 N° modos=3N-6
o Ejemplo: Benceno

* 30 modos

m Moléculas Lineales
1 N° modos=3N-5
o Ejemplo: CO,

* 4 modos

Octubre de 2023




Modos Vibracionales del CO,
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Reglas de Seleccion

O IR: Absorcion de foton por dipolo () del modo normal de
vibracion.

O Raman: Dispersion inelastica mediada por momento

dipolar inducido (polarizabilidad «) generado por la OEM.
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Reglas de Seleccion: IR vs Raman
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Reglas de Seleccion: IR vs Raman
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El efecto Raman

The Raman Effect

Energy
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El efecto Raman

The Raman Effect hvs

- non-resonant excitation (Stokes) or annihilation (Anti-Stokes)
of a vibrational quantum

hivo 4v)

- energy shift between the exciting and scattered photon is characteristic
for the molecules involved in the scattering process

Anti-Stokes Rayleigh
E Virtual State intensity 4
hergy Rayleigh Stokes by 4 I~
Virtual State Virtual State
hv“ hV“
Anti-Stokes Stokes
Final Final Final
Yy Initial Initial Yy Initial
T T >
fig. 1.1: Energy level diagram for Raman scattering -1000 o 1000 (e}
wavenumber (1/cm,
A

-theoretical prediction 1923 by A. Smekal L
- experimentally discovered 1928 by Sir Chandrasekhara Raman, Nobel Prize 1930 |
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Infrarrojo vs. Raman
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Esquema Tipico de Experimento

Sample
Objective

Lens

Notch/Edge Filter

Spectrometer

6
’Rayleigh ~10°x IFfaman

Octubre de 2023 . . . . .
- typical integration times: seconds - several minutes
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Espectroscopia Raman

Octubre de 2023
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Identificacion de Bandas

Functional Group/ Vibration Region Raman InfraRed
Lattice vibrations in crystals, LA modes 10 - 200 cm™ strong strong
8(CC) aliphatic chains 250 - 400 cm” strong weak
v(Se-Se) 290 -330 cm™ strong weak
v(S-S) 430 -550 cm”’ strong weak
v(Si-0-Si) 450 -550 cm”’ strong weak
v(Xmetal-O) 150-450 cm™ strong med-weak
v(C-l) 480 - 660 cm” strong strong
v(C-Br) 500 - 700 cm™ strong strong
v(C-Cl) 550 - 800 cm’™ strong strong
v(C-8) aliphatic 630 - 790 cm™ strong medium
v(C-S) aromatic 1080 - 1100 cm” strong medium
v(0-0) 845 -900 cm” strong weak
v(C-0-C) 800 -970 cm medium weak
v(C-O-C) asym 1060 - 1150 cm”’ weak strong

Octubre de 2023
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v(CC) alicyclic, aliphatic chain vibrations 600 - 1300 cm™ medium Medium

v(C=S) 1000 - 1250 cm strong weak
v(CC) aromatic ring chain vibrations *1580, 1600 cm™” strong medium
*1450, 1500 cm™ medium medium
*1000 cm” strong/medium weak
8(CH3) 1380 cm” medium strong
5 C?lslc:;l)—f;ym 1400 - 1470 cm” medium medium
5 Csl-(lg;-lazs)ym 1400 - 1470 cm’” medium medium
v(C-(NO2)) 1340 - 1380 cm’” strong medium
v(C-(NO2)) asym 1530 - 1590 cm’” medium strong
v(N=N) aromatic 1410 - 1440 cm’” medium -
v(N=N) aliphatic 1550 - 1580 cm” medium -
8(H20) ~1640 cm™ weak broad strong
v(C=N) 1610 - 1680 cm”’ strong medium
v(C=C) 1500 - 1900 cm” strong weak
v(C=0) 1680 - 1820 cm” medium strong
v(C=C) 2100 - 2250 cm” strong weak
v(C=N) 2220 - 2255 cm” medium strong
v(-S-H) 2550 - 2600 cm” strong weak
v(C-H) 2800 - 3000 cm”’ strong strong
v(=(C-H)) 3000 - 3100 cm™ strong medium
v(=(C-H)) 3300 cm™ weak strong
Octubre de 2023 v(N-H) 3300 - 3500 cm” medium medium

v(O-H) 3100 - 3650 cm™ weak strong
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Coordenadas Internas

Symmetrical Antisymmetrical

stretching stretching Scissoring
£ e EAAN £ e
Rocking Wagging Twisting
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Métodos Teoricos

O Calculos ab initio o Primeros Principios

O DFT
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Microscopia Optica Clasica

What is the resolution limit of a classical optical microscope?

Ernst Abbé (1840-1905): diffraction theory

Ax20,61x(A/NA) -

C

NA=n Sin®
air: NA<0,95 (340nm @ 532nm exc.)
water: NA<1,2 (270nm @ 532nm exc.)

oil: NA<1,4 (230nm @ 532nm exc.)

resolution limit = A /2

Octubre de 2023
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Microscopia Contocal

Octubre de 2023

confocal microscopy
detector
pinhole
beamsplitter
laser
"»objective
sample

focal plane

classical

confocal

- much smaller background
- 3-D information

- slightly higher resolution possible

spatial, but NO chemical information

21



Confocal Raman imaging (2D)

O Example: Emulsion (hand cream with urea) Raman spectra

organic phase

s pith urea

| Raman Microscopy Ewﬁus phaseJ)\/

Scan in x/y E T TR TR

3500

Microscopic Image

No chemical information Chemical Chemical
information . .
information

& spatial
resolution




Raman 1mmaging — 3D

Perspective view

2D Raman image 3D Raman image



Microscopio Confocal + Espectroscopia Raman

3-D Imaging with chemical sensitivity

- take a complete Raman spectrum at every image pixel
« extract the relevant information (peak intensity, width, position etc.)

« display this information as image

Parque Cientifico y Tecnoldgico de Pando (PCTP) /
Octubre de 2023 Instituto Polo Tecnoldgico de Pando (IPTP) "
ANII- Proyecto EQC_X_2012_1_14



3. Microscopio Contocal + Espectrometro

Raman

Octubre de 2023

Imaging with chemical sensitivity

25



Esquema

UHTS 300

Upto 70% Transmission
EMCCD - 0.7 ms Integration Time

Requirements:

» Highest Sensitivity

* True Confocal

» Fast Acquisition of Spectra

« Easy Change from Confocal to AFM

Octubre de 2023

Multi Mode Fiber

Confocal Pinhole

High efficient

Fiber

_ﬁ Filter
Single Mode

Optlmlzed

I-
—
I Raman Optics

26



Caracteristicas de la Técnica

Octubre de 2023

O No Destructivo

O Identificacion Quimica Directa

O Identificacién de Propiedades de Materiales

O Facil o nula preparacién de muestra

O Solidos cristalinos, sélidos amorfos y Liquidos

O Deteccion 3-dimensional

O Variacion de Temperatura (Linkam)

O Combinacién de deteccion quimica con AFM (EFM &

MFM)

27
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Informacion Adicional:

Ident.
Quimica b)

\

4

Intensidad de pico: proporcional a
concentracion

Corrimiento de pico: Identificacion de stress
y strain.

Ancho de pico: Degree of crystallinity

Polarizacion: simetria cristalina y
orientacion
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Aplicaciones

Microscopia Raman Confocal
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Imagen Raman: dispersion agua-aceite

300 T
CH2

H20

180

imensgy [a.u.]

100

nM\—»——-/JN

0 500 1000 1600 2000 2500 3000 3600 4000
raman-shit [1/em]

Body lotion, imaging parameters:
2 mW excitation @ 532nm, 100x oil, NA=1,25
20 x 20 um, 180 x 180 pixels (= 32400 spectra)

Octubre de 2023
50ms/spectrum



Reconstruccion Imagen Raman 3D

Sample: Oil/Water Emulsion

3-D Reconstruction

Evaluated Band: CH-Stretching
Excitation: 532nm

Scan Range XY: 100x100 um
Scan Range Z: 30 um/32 layers

Total number of Spectra: 517 500
Total Acquisition Time: 23 min

Octubre de 2023
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Stents para Drug Delivery

Raman cross-sectional image

of a coating of a drug plus

polymer on a stent.

Polymer (red),

amorphous drug (green),

crystalline drug (blue),

polymer + amorphous drug ( yellow).
100x 10 microns scan.

Image Courtesy:
Octubre de 2023 Dr. Klaus Wormuth, SurModics (www.surmodics.com)

Intensity {a.u.)

Sooo0

[=Yu]u]u]

000

2000

Amorphous

Crystalline
1 1

j=juln} 1Taoo

1500 2000 2500 jSiulu)n]

YWavenumber (cm"')
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(Geociencias

1000 pm

Fig.1: ) Orange rectangle indicates scan position on polished Fig. 2: ) Combined false color image and the corresponding color-coded spectra.

rock section.
Calcite

e
Organicjf\jkd
Fluorite
Quartz
Plagioclase
Titaniumoxide
m !
Fig.1: IIHV) EMP maps showing elemental distribution; V) Unidentified phase
corresponding Raman image, integrated intensity 140-300 ’/\h"___ﬁ____\
e e 1 T 1 i ‘-
Octubre de 2023 rel/am. 400 800 1200 1600 2000 2400 2800

rel. 1/ecm



Células epiteliales en Buffer

Intensity in the CH 2 stretching band
(2800 - 3000/ cm)

100 x 100 pixel = 10000 spectra
objective: 60x, NA = 1.0 water

) 532 nm excitation, 5 mW

J 100 ms / spectrum => 17 min.

Octubre de 2023




Imagen reconstruida

Octubre de 2023

nucleus endoplasmatic
reticulum

nucleoli

\“

cytoplasm
" \

nuclear membrane I mltochondnae

10 um
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Tabletas: API y Excipientes

Confocal Raman Image overlaid
on the topography

Octubre de 2023

Corresponding Spectra
Red & Blue : API
Green : Excipient

37



Polimeros

Thin Film of PMMA - PET

AFM image .

A
20x20x0.2 ym?3scan area

Octubre de 2023

P

.ff.JMJA pET_,

Raman image

ot IPMMA R

Class

20x20 ym?2 scan area, 150x150 pixel
0,05 s integration time
ototal 22500 spectra
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Blend PMMA+SBR

Octubre de 2023

Fig. 5: Overview AFM image of a PMMA-GBR blend.

Fig. 9: Color coded Raman image of SBR resulting from the
integral intensity of each spectrum.

PMMA

[
ww CHy— (];W
PZ2aS
0 ocHs

D 7600 w0 20 220 00 ze00 280 3200
el 1iem

SBR --{(cnz cu)—fcnz CH=CH- cu2

i
ARt mn WMM«MW .

Fig.10: Color coded Raman image of PMMA resulting from the
integral intensity of each spectrum.

N

M

200 Ta00 7600 ED 00 =0 20 o0 0 g 3 9
el Uem

Fig. 11: Corresponding spectra: SBR (blue) and PMMA (red).
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Fig. 2a: Raman Image of an emulsion used in food
production. Scan range: 30 ym x 30 um, 120x120 pixels
(=14400 spectra, 532 Nd:Yag Laser for excitation, 100 x oil
objective (NA=1.25). Red + green: fatty matrix, blue:
aqueous phase, yellow: emulsifier PGPR

fat|

aqueous p

sialt¥ f\ 4 [ . fat Il

i

emulsifie

500 1000 1500 2000 2500 3000
rel. 1/em

Fig. 2b: Corresponding spectra of the compounds contained within the emulsion.

Chocolate blanco
saccharose
2
og +
Loa o VM\'\_ excipients
= --_,»,,J/\NJ\N/\M_‘N“%J\’J\Jgun__.__*-mmwwk g,y fat

400 800 1200 1600 2000 2400 2800 3200
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Chocolate Blanco (toblerone)

o Sacharose, Maltose and Fats

@ ® Scan_OV(V)O_VSpéc.Data 1_F (Extracted)

1200

900
| I—

600

-
-
— . 5 & — -
- ] 3
-697 (-758,65) CCD cts N, 96,75 (35,1013 CCD cts o T
Pixel (97/1) | Rt 25.573 um Pixel (120137} | R: 5.5478 28
1 \ )
g . ‘ ﬂ"’\v\_
- [ ST

MMM%M) ke ss
400

800 1200 1600
re

oy,

?no'oo 2400 2800

i T

3200 3600

I 1fcl
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Experiencias

WITec alpha300RA
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Example 1: Pharmaceutical Formulations y

O
Fenbendazole (FBZ) @\ /@: \>—NH

FBZ

O Preparation of solid
dispersions
O Formulation of
Fenbendazole (FBZ) +
Poloxamer (excipient)
m API: FBZ (Raw Material,

Poloxamer
I{IVI) -fAAJkﬁuN\_ud}\N&}jtﬁAVJ/lv»-

® Excipient: Poloxamer
O Evaluation: 1
| FBZ reference (RM)

m Physical Mixture (PM)
0 Grinding of Drug+Polymer

3600

2700

CCD cts

1800

900

500 1000 1500 2000 2500 3000 3500
rel. 1/cm



Example 1: Pharm. Formulations

SD22 +1S
El @ — PM22 : IS
o IS

l Ay 1 FBZ +IS

fl
et ]
Witk ouunt” |

- S

N, P i

A
R T

Ao N I \ \
o =S T weeee W
,,
\\\
___J.A_J\_,JL o Raa S .
MNAARA P AAA e A AN VT

__,‘__AL./\»JL_/LA__A__A__,JL_A_,_}L‘;
— J".‘"“*J*‘JL A, —L. N VU
10 20 30 0 5 60 s & & 10 12 1a
2theta(degree) 2theta(degree)

O XRPD: Internal standard for crystallinity determination
O The degree of crystallinity of FBZ remains equal.

O The degree of crystallinity of poloxamer become reduced for SD in comparison to

4/10/23
10/ PM.
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Example 1: PM colocalization of FBZ

- Physical Mixture
(PM)

« Very well defined
regions of drug and
excipient in the
Physical Mixture
(PM).

« Very poor
dispersion.

Octubre de 2023

Poloxamer

<
O &
1=
3}
ts}
s
g
3 \MJ\WLX
200 400 600 800 1000 1200 1400 1600 1800 " 2000 2200 2400 2600 2800 3000 3200 3400 3600

FBZ

47



Example 1: SD colocalization of FBZ

- - - P188
- Solid Dispersion (SD) FBZ
- Reduced Particle size for FBZ in the SD
« Better dispersion of FBZ.
_fﬁ‘_: SD
v - Problems with point-to-point
! | variations (surface planarity).
- - Data redunction using Intesity
e ratio plot & distribution:
~* Iiso0/Igss
PM
L S—

Fig.7 XY confocal Raman mici pym pping of / 407 SD22 (a) and PM22 (b); thei i corspon ndin gh ms are shown on the right. Scale
bars indicate the intensity raliol\5) All the images include the number of the grid points in X and Y and the esponding bar length



Example 1: Conclusions

O PM: poor distribution of FBZ and Poloxamer.

O SD: better distribution of FBZ, with reduced particle size.

O FBZ keeps crystallinity.

O Poloxamer reduces its crystallinity when going from PM to SD

Journal of Pharmaceutical Innovation
https://doi.org/10.1007/512247-017-9306-9

ORIGINAL ARTICLE

@ CrossMark

The Impact of Solid Dispersion on Formulation, Using Confocal Micro
Raman Spectroscopy as Tool to Probe Distribution of Components

&
—

M. Elisa Melian" - A. Beatriz Munguia’ - Ricardo Faccio? - Santiago Palma? - Laura Dominguez’




Example 2: Self dispersive Nanocrystals

O Formulation of API 4+ Poloxamer
m API: FBZ and Val-FBZ

m Excipient: Poloxamer

m Preparation of Nanocrystals 4N Y
il O N~ ]@\ /@ —-FBZ
0 Wet Milling YN S
0

H

O Spray Drylng fenbendazole
FBZ NC
L AT ) -val-rez
BocHN N -\Val-
ISR
O Evaluatl()ﬂ: valero-fenbendazole

® Performance of

® Solid Dispersion (SD) vs Nanocrystals (NC)



Example 2: Pharm. Formulations

O XRD:

® No major changes upon treatment.

4/10/23

m FBZ and Val-FBZ keeps its crystallinity

a

U, ST

C€XC
VAL-FBZ J A_A e

P188 SDNC FBZ

D

MF VAL-FBZ J| \ “ A M PM FBZ

SDNC VAL-FBZ
P188
51

5 10 15 20 25 30 35 40
26(°)

IIIIIII
...............

45 50 55 60 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
26(°)




Example 2: Raman for PM vs NC

O API:

= Synthetic Drug
o Val-FBZ =

200

-th“wh WI\-AJ\A_AJ/LAPOIOxamer f/\\\.

Val-FBZ

O PM:

= Well defined regions for
API and Excipient.

ccD g.s

-200

300 600 900 1200 1500 1 80(’)_e| 1/cm21 00 2400 2700 3000 3300 3600
O SDN( . i e T . o 6 @bl
L]

Scan_000_Spec.Data 1_F (Sub BG) - Filters

® Very good distribution and
homogeneity.

= [t is not possible to
differentiate them (at the
optical limit).

200 400 600 800 1000 1200 1400 1600 1800 12,000 2200 2400 2600 2800 3000 3200 3400 3600
rel. 1/cm
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“xample 2: Raman for PM vs NC

O Dissolution Profile (in-vitro)

100+

—4- FBZ SDNC -
¢ . FBZPM i 100 —4 - VAL-FBZSDNC
. . FBZ r -m- VAL-FBZ PM

@ FBZ MS 2
° S
2 3
S 2
[ (-]
S 4
S 3
°

EQUIPMENT

0 15 30 45 60 Tiivie:{inli} Disolutor USP type 2

Time (min) SOLVENT

- - . L of HCI 0.1 N

O Markedly increased dissolution rate 200 mlL o CTEMP

compared with the simple mixture of the 37° C

components. VELOCITY

50 RPM

SAMPLE:

5 mg OF FBZ (SINK)



Example 2: Nanocrystals

O Conclusions
m We obtained Nanocrystals (NC)
m APD’s keep their crystallinity

m Poloxamer reduces its crystallinity.
m Better dispersions API/EXC in NC

® Improvement in Dissolution Rate Profile.

AAPS PharmSciTech (2020) 21:237
DOI: 10.1208/512249-020-01777-y Check for

updates

Research Article

Nanocrystals of Novel Valerolactam-Fenbendazole Hybrid with Improved
in vitro Dissolution Performance

Maria Elisa Melian,! Alejandro Paredes,” Beatriz Munguia,1 Maximiliano Colobbio,” Juan Carlos Ramos,’
Ramiro Teixeira,' Eduardo Manta,>* Santiago Palma,” Ricardo Faccio,” and Laura Dominguez"*




Example 3: Biogenic Synthesis of Ag NP

o Biogenic Synthesis Provides a green | Core

route for Ag NP ( L copping

m It uses extracellular matrix for chemical < .“‘"
reduction of Ag* ions. .

= Additionally, provides a capping to the Ag-
NP that can present.

= The capping present difference in the
performance of the Ag NP in the biofilm

erradication.

o CRM and Ag NP:

= SERS relevant for the capping
characterization

Capping

m SERS relevant for the analysis of the
effect of Ag NP on the lysis of bacterias.

4/10/23
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Ao-NPs + Escherichia col.

Ag-NPs+ Microorganism: Pch Escherichia coli.

Raman Shift (cm-

assignment

Changes between
control and treated

1
) cells
624 Nuclei acids Jf
< o l
- 810 Amino acids
°
g 982 polysaccharides =
2 . l
..GC_.’ 1186 polysaccharides
1243 polysaccharides ‘l’
1308 arnino’acid.s or l
nucleic acids
amino acids or
1344 ) =
fatty acids
1593 Fatty acids 3

Raman assignment from: De Gelder et al., J Raman Spectroscopy, 2007, 38(9), 1133-1147




Ag-NPs + Staphylococcus aureus

CRM

Changes
Raman Shift (cm’ . between
. Assignment
) control and
treated cells
663 Nuclei acids !
790 amino acids 1
879 amino acids d
929 polysaccharides d
1116 polysaccharides d
1325 ammo.aad.s or 1
nucleic acids
1538 Fatty acids !
b/

Raman assignment from: De Gelder et al., J Raman Spectroscopy, 2007, 38(9), 1133-1147



Example 3: Ag-NPs + Candida albicans.

Changes
Raman Shift . between
1 Assignment
(cm™) control and
treated cells
670 nucleic acids i
788 Amino acids
885 Amino acids i
999 polysaccharides d
1100 polysaccharides d
amino acids or !
1319 .
nucleic acids
1596 fatty acids d

Raman assignment from: De Gelder et al., J Raman Spectroscopy, 2007, 38(9), 1133-1147
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Example

Microbial cells + AgNPs

able 2. Raman band assignment of microbial cells, control and treated cells

O AgNPs

Bacteria

Mater. Res. Express 6 (2019) 1250f5 https://doi.org/10.1088,/2053-1591 /ab6636

Materials Research Express

PAPER

Biogenic silver nanoparticles: understanding the antimicrobial
mechanism using Confocal Raman Microscopy

Maria Belén Estevez', Scott G Mitchell™’, Ricardo Faccio”’ © and Silvana Alborés"’

with PeNPs. The band assignment was made based on previous work [ 15].

Raman
Shift Effecton
Microorganism (cm™") Band Assignment treated cells
___DN A E. coli
624 Nucleic acids Disappear
\ % ) 810 Amino acids Diminishes
982 Polysaccharides Increases
Llpld 1186 Polysaccharides Disappear
1308 Amino acids or Increases
P r 0 t e 1 ns nucleic acids
pol cchandes S. aureus . o
993 Polysaccharides Diminishes
1092 Polysaccharides Diminishes
1327 Amino acids or Diminishes
nucleic acids
1587 Fatty acids Diminishes
& C. albicans
698 Nucleic acids Diminishes
750 Amino acids Diminishes
991 Polysaccharides No changes
Ye as t S 1318 Amino' acid's or No changes
nucleic acids
1597 Fatty acids Diminishes

Damage to bacterial and fungal cells changes in: polysaccharides, lipids,
proteins and nucleic acids.

Attachment of Ag=NP to the surface of the bacteria accompanied by a
coresponding decrease in the integrity of the cell wall .



_Example 4: Protozoan parasite Trypanosoma cruzi

O Chagas’ disease (American Trypanosomiasis) is an ancient and endemic illness
in Latin America caused by the protozoan parasite Trypanosoma cruzi

O Organometallic compounds (Re-based) for the treatment of Chagas disease

JMETATRYPO
' W TRYPO
= 4

12-24h !
"{ 3) .
1Y,

Re-based compounds

ICsq : concentration of drug needed to inhibit a given biological
4/10/23 process to half of the maximum. Provides a measure of the 60
effectiveness of a compound



Example 4: Parasite Trypanosoma crui

Incubation of parasite with the drug in different concentrations and times

Control 10XICs, t=4 hs 10XICs, t=24 hs

AFM morphology characterization, topography and amplitud constrast imaging
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Example 4: Parasite Trypanosoma crui

1x and 10x refers to the Red: .
correspondlng mitochondrial
) DNA
concentration factors
based On IC.;O Control
Q,AQ st TN Blue: Lipids
¢ »? /,\ 1x24hs PN

o 160 200 240 280 300 %0

sl 3 g Ix2dhs

CQas
3% 100 o 1
018

e
500 400 30

Drug-DNA mechanism

10x4hs 10x24hs

Signals associated to DNA suffer important changes in their localization
along the parasite, indicating a possible weak interaction with the Re-

based compound

y . Multifunctional organometallic compounds for
' Issue 6,2023 the treatment of Chagas disease: Re(l) tricarbonyl
JE R "R I - compounds with two different bioactive ligands+t ?
From the journal: Mariano Soba, ?ﬁ'kab Gonzalo Scalese, 2 Federico Casuriaga,” Nicolas Pérez, 0" e —
Dalton Transactions Nicolas Veiga, © Gustavo A. Echeverria, < Oscar E. Piro, & Ricardo Faccio, ©¢ —
- Leticia Pérez-Diaz, @ © Gilles Gasser, © f Ignacio Machado © *¢ and
I

Dinorah Gambino & *2



Example 5: Tumor Cells

O System: Glioblastoma (GBM) is the most central nervous system (CNS) intractable
disease.

O Drug: Boron-rich selective epidermal growth factor receptor (EGFR)-inhibitor hybrid 1,
as a potential drug for GBM treatment

Human glioblastoma cell line

U87 MG (ATCC HTB-14) ACTIVITY of HYBRID 1 in GLIOBLASTOMA CANCER
T Inhibits GBM in an in vivo Encouraging in vitro BNCT
xenograft mouse model proof-of-concept trial
~o~-0 \,
,ﬁf;%l%?c?t; o Induces late-apoptosis
and high oral ‘\*\;% in U87 MG cell line
D HYBRID 1w a
=C
4/10/2 EGFR,,, ICsp= 2.3 nM Selectively kills GBM tumor cell in 55

EGFR e, ICs0= 1.1 uM a tumor microenvironment model

Y




1xICso 12 hs 1xXICso 24 hs

Red: Treated Cell

Blue: v(B—H) bonds of the
carboranyl clusters appear
~2550-2630 cm-1

Conclusions

« Uniform boron distribution in the
cell periphery at shorter times and
within the cell at longer times

 boron accumulating in the
proximity of the cell nucleus is
much more efficient in cell killing
than the same amount of boron

LR 2023

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa Article

Intensity (ccd ct:

A Potential Boron Neutron Capture Therapy Agent Selectively
Suppresses High-Grade Glioma: In Vitro and in Vivo Exploration

Catalina Alamén,” Belén Davila,” Maria Fernanda Garcfa, Susana Nievas, Marfa Alejandra Dagrosa,
Silvia Thorp, Maridngeles Kovacs, Emiliano Trias, Ricardo Faccio, Martin Gabay, Nidal Zeineh,

Abraham Weizman, Francesc Teixidor, Clara Vifias, Moshe Gavish,* Hugo Cerecetto,*
I I
%—vg — %% and Marcos Couto*
I I _ Cite This: Mol. Pharmaceutics 2023, 20, 2702-2713 I:I Read Online



Example 6: Haemonchus contortus

Haemonchosis: infection caused by the nematode Haemonchus contortus

Immature

C—O%

PARASITIC STAGES

FREE-LIVING STAGES « One of the most important

/ parasitic diseases of
M productive species
« Affects several millions of

small ruminants
- Thus generating substantial
economic losses.

\




Example 6: Haemonchus contortus

The warm H. Contortus is too large (several mm long)
« Sample preparation: “optimal cutting temperatu
(OCT) cryosectioning.

Treated H. contortus
Control:

In the image we can see several organs:
intestine, cuticule and ovaries

0.0008

CCD cts
0.0002 0.0004
+ t

?

500 1000 1500 2000 2500 3000 3500
rel. 1/em

Drug located close to Instestine




Example 7: Microplastics Chacterization

Polarized light identification Confirmation
i
| s
| Opticallyinactive
Sample containg MP C
-1
e Particle identification Raman shift(cm™*)
3
Fig. 1 General workflow of analysis for polarized light dentification and further chemical confirmation AR HeK4010P2
= [PV 8 MR
Particle
- —
Raman shift(cm"1)
i |
/Cellulose
! Particle
» /
i NS N
Raman shlft(cm'l)
—_ Fig. 4 Selected examples of non-optically active particles (OAPs) con- polarized light, and its confirmation as PMMA by Raman spectra (c)
> ‘ firmed as microplastics. (a) particle without and with polarized light, and particle without and with polarized light, and its confirmation as non
,u' PE its confirmation as PVC by Raman spectra (b) particle without and with target inorganic particle and (d) cellulose (paper) by Raman spectra
- A _JL
2 Environmental Sdence and Pollution Research
2 | https://doi.org/10.1007/511356-019-07011-y
K] .., Particle
= RESEARCH ARTICLE
I
Raman shift (cm™)
Check for
updates

Identification of microplastics in wastewater samples by means
ding (¢) SEM photography. Fil bag before of polarized light optical microscopy

Mechanical stress

Fig.2 Birefringence of MP of PE film (a) without and (b) with polarized-light under PLOM and p
(d) and after (e) stretching showing the effect of mechanical stress to the exhibited birefringenc

Ignacio Sierra’ - Mauricio Rodriguez Chialanza? - Ricardo Faccio® - Daniel Carrizo® - Laura Fornaro’
Andrés Pérez-Parada’

Ocivic ve moe

Yet, lot of work to do!



Resumen: Micro Raman Conftocal

O No Destructivo

O Identificacion Quimica Directa

O Identificacion de Propiedades de Materiales
O Preparacion sencilla de muestra

0O Solidos y Liquidos

O Deteccion 3-dimensional

O Combinacién de deteccion quimica con AFM

O Variacion de Temperatura (Linkam)

Octubre de 2023




Microscopia de Fuerza Atomica

Octubre de 2023




Introduccion

D H iStO ria Segmented

Photodiode

BEAM PATH

Video camera system
Beam deflection unit

LED white light illumination
L as er ] AFM objective with cantilever
Scan-stage

Active vibration-isolation table
Z-stage for focusing

Microscopio de efecto tunel (STM)
Microscopio de fuerza atdémica (AFM)

Premio Nobel Fisica 1986 g,a

. . o m deflection laser spot
G. Binnig H. Rohrer ‘
-

¥

}Z{ SIMULTANEOUS CANTILEVER AND SAMPLE VIEW

—

Octubre de 2023




Introduccion: Raman & AFM Dual

Octubre de 2023
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6. Introduccion

O Partes relevantes:

= Sustrato
= Cantilever
= Probe

= Fotodiodo

Octubre de 2023

Substrate

74



Modos de Medida

o Contacto Continuo entre Punta y Muestra
= Modo Contacto (contact mode)
= Medida de Fuerzas (Curva de Fuerza)
O Contacto intermitente entre punta y muestra
= Contacto Intermitente (Tapping Mode)
= Contraste de Fase (Phase Contrast mode)
0 Otros Modos:
= Fuerza Magnética (MFM)
= Fuerza Eléctrica (EFM)
= Potencial de Superficie (SPM)
= Fuerzas Quimicas (CPM)

Octubre de 2023
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Modo Contacto

o Topografia

o Afectada por la respuesta mecanica del material
o Permite distinguir zonas con diferente comportamiento mecanico

Octubre de 2023

Force

Tip is in hard contact
with the surface; é p -
repulsive regime

Tip is far from the
surface; no deflection

FEEDBACK
CONTROL

&

Tip is pulled toward the
surface - attractive regime \

Probe Distance from Sample (z distance) E

http://virtual.itg.uiuc.edu/training/AFM_tutorial/
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Modo No Contacto e Intermitente

Octubre de 2023

O Contacto Intermitente (Force

Modulation):
= El cantilever oscila,

interaccionando con la muestra

o No Contacto

= El cantilever oscila, sin Interaccion
con la Muestra

Tapping Mode
S ——————————

/

LASER PATTERN

True Non-Contact Mode
-

77



Modo No Contacto e Intermitente

O Eleccidon del Cantilever:

m Tapping Mode (Force Modulation):
Resonancia: 65-85 kHz
Constante k=2.8 Nm-1
Algo de Interaccion con la muestra

= Modo No Contacto
Resonancia: 230-300 kHz
Constante k=42 Nm-1
Muestras muy “blandas”

(ej.: Polimeros, geles,
microorganismos, etc). El Objetivo
es la Phase Constrast image.

= Imagenes de Fase:
Propiedades Viscoelasticas.

Potencial de Adhesion.
Octubre de 2023




Modo No Contacto e Intermitente

o Seleccidon del Modo de
Medida

o Ajuste del Set-Point:

= Amplitud amortiguada del
tip, debe ser inferior a la
de la amplitud libre.

o Tapping Mode
(Intermitente)
m Set Point |

o Modo No Contacto
m Set Point 1

Octubre de 2023

| free cantilever oscillation amplitude

air damping

tip touches the sample

24

TSmaII Tip-Sample Force

phase shift during approach:
at contact with the sample the
phase shifts significantly

18

Setpoint selection range

12

lLarge Tip-Sample Force

Amplitude [V] \ Phase [arb. Units]

06

0

0.6 0.9 12 15 e
Tip-Sample Distance [um]

Fig.1: Phase (green) and Amplitude (blue) as a function of tip«<»sample distance. The effect
of the setpoint selection is also indicated.
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Micro Raman AFM Dual

O Alpha 300R =» Alpha 300RA
= FSE_1_2014_1 102008 - ANII

Octubre de 2023

Raman Effect

AFM Principle

Raman Image

alpha3oo RA

80



Fjemplos: Modo No Contacto

o Reduced Graphene Oxide

~
——

E

x

1000 nm

v
j*- ™

Octubre de 2023
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Fjemplos: Modo No Contacto

0 GOQD sobre sustrato de silicio
0 60 nm de diametro y 13 nm de alto

Octubre de 2023
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Nanoparticulas lipidicas tuncionalizadas

e . N — s ==
3000 nmis s } {13000 nm
7 ERA e

el (7/18) | R: 180.59 nm.

Ppharmaceuticals

Article

T908 Polymeric Micelles Improved the Uptake of Sgc8-c
Aptamer Probe in Tumor-Bearing Mice: A Co-Association Study
between the Probe and Preformed Nanostructures

Romina Castelli !, Manuel Ibarra 2, Ricardo Faccio 3, Iris Miraballes (¥, Marcelo Fernandez 5, . .
Albertina Moglioni 60, Pablo Cabral '@, Hugo Cerecetto '*, Romina J. Glisoni 7*{ and Victoria Calzada * Pharmaceuticals 2022, 15, 15. https:/ /doi.org/10.3390/ph15010015
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Liposomas funcionalizados

1000 nmg

Pharmaceuticals 2022, 15, 15. https:/ /doi.org/10.3390/ph15010015

84



Octubre de 202

9.873 nm

0 nm

18.27 nm

1000

2000

3000

4000

5000 6000
nm

7000

8000

9000

10000 11000

18.27 nm
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Resumen: AFM/EFM/MFM

O Diferentes Modos de Medida:
u Contacto
® No Contacto e Intermitente (‘Tapping)
® Liftmode

0 AFM/EFM/MFM

O Topologia y Propiedades Fisicas:
" Dureza
® Viscosidad

w Adhesion
O Posibilidad de medir en Liquidos

Octubre de 2023
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