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1. Modos Vibracionales
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1. Modos Vibracionales
p Número de modos depende de los grados de libertad

n Moléculas no Lineales
p Nº modos=3N-6
p Ejemplo: Benceno 

§ 30 modos

n Moléculas Lineales
p Nº modos=3N-5
p Ejemplo: CO2

§ 4 modos
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Modos Vibracionales del CO2
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I - Vibrações moleculares Tópicos 28
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Reglas de Selección
p IR: Absorción de fotón por dipolo (μ) del modo normal de 

vibración.
p Raman: Dispersión inelástica mediada por momento 

dipolar inducido (polarizabilidad α) generado por la OEM. 
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Reglas de Selección: IR vs Raman
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Reglas de Selección: IR vs Raman
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II – Espectroscopia vibracional Tópicos 37

Vibrações ativas e inativas Raman



El efecto Raman

Rayleigh scattering
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El efecto Ramanwww.witec.de

The Raman Effect
- non-resonant excitation (Stokes) or annihilation (Anti-Stokes)

of a vibrational quantum

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

- theoretical prediction 1923 by A. Smekal
- experimentally discovered 1928 by Sir Chandrasekhara Raman, Nobel Prize 1930
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Infrarrojo vs. Raman
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Esquema Típico de ExperimentoCombining High Resolution Optical and Scanning Probe Microscopy

Typical Raman experiment:

I ∼ 10  x I6

Copyright WITec GmbH

- typical integration times: seconds - several minutes

IRayleigh ∼ 10  x IRaman
6
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Espectroscopia Raman
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Identificación de Bandas
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Coordenadas Internas
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Coordenadas Internas
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Métodos Teóricos
p Cálculos ab initio o Primeros Principios
p DFT
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Poloxamer P184

19poly(ethylene oxide)/poly(propylene 
oxide)/poly(ethylene oxide)

Molecular Dynamics Simulation

Clasical MD → Structural Optimization ab initio Calculations
→ Phonons and polarizabilities determination



Microscopia Óptica Clásica
What is the resolution limit of a classical optical microscope?

Ernst Abbé (1840-1905): diffraction theory

∆∆∆∆x ≥ 0,61 x (λ / NA )

Combining High Resolution Optical and Scanning Probe Microscopy

classical optical microscopy

∆x

∆∆∆∆ 0,61 x (λ / NA )

NA=n SinΘ

resolution limit ≈ λ /2

Copyright WITec GmbH

air: NA ≤ 0,95     (340nm @ 532nm exc.)

water: NA ≤ 1,2       (270nm @ 532nm exc.)

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

Θ
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Microscopia Confocal Combining High Resolution Optical and Scanning Probe Microscopy

classical

confocal microscopy

Copyright WITec GmbH

confocal

- 3-D information

- slightly higher resolution possible

- much smaller background

spatial, but NO chemical informationOctubre de 2023 21



Confocal Raman imaging (2D)
p Example: Emulsion (hand cream with urea) Raman spectra

No chemical information Chemical 
information

Raman Image

aqueous phase

organic phase

organic phase
with urea

Microscopic Image

Confocal Raman Microscopy
Scan in x/y

Chemical 
information
& spatial 
resolution



2D Raman image 3D Raman image

Perspective view

Raman imaging – 3D



Microscopio Confocal + Espectroscopia Raman

www.witec.de

Confocal Microscopy – Confocal Raman Imaging

Confocal Microscopy + Raman Spectroscopy

=

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 Científico y Tecnológico de Pando (PCTP) / 
Instituto Polo Tecnológico de Pando (IPTP)
ANII- Proyecto EQC_X_2012_1_14
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3. Microscopio Confocal + Espectrómetro 
Raman

SNOMConfocal Microscope + Raman Spectrometer 

Copyright WITec GmbH

Imaging with chemical sensitivity
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Esquema
www.witec.de

Confocal Raman Imaging

Single Mode
Fiber

Optimized 
Raman Optics

High efficient 
Filter

Multi Mode Fiber
Confocal PinholeUHTS 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
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Características de la Técnica
p No Destructivo
p Identificación Química Directa
p Identificación de Propiedades de Materiales
p Fácil o nula preparación de muestra
p Sólidos cristalinos, sólidos amorfos y Líquidos
p Detección 3-dimensional
p Variación de Temperatura (Linkam)
p Combinación de detección química con AFM (EFM & 

MFM)
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Disposición
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Información Adicional:

a) Intensidad de pico: proporcional a 
concentración

b) Corrimiento de pico: Identificación de stress 
y strain.

c) Ancho de pico: Degree of crystallinity
d) Polarización: simetría cristalina y 

orientación

+



Aplicaciones
Microscopia Raman Confocal
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Imagen Raman:  dispersión agua-aceite
Combining High Resolution Optical and Scanning Probe Microscopy

5 µm

Raman Spectral Imaging:

CH2

H2O

Copyright WITec GmbH

Body lotion, imaging parameters:

2 mW excitation @ 532nm, 100x oil, NA=1,25

20 x 20 µm, 180 x 180 pixels (= 32400 spectra)

50ms/spectrum
Octubre de 2023 31



Reconstrucción Imagen Raman 3D

3-D Reconstruction
Sample: Oil/Water Emulsion

3D Raman Spectral Imaging

Evaluated Band: CH-Stretching 

Excitation: 532nm

Scan Range XY: 100x100 µm

Scan Range Z: 30 µm/32 layersScan Range Z: 30 µm/32 layers

Copyright WITec GmbH

www.witec.de

Confocal Raman Imaging

Oil and Water Emulsion 

3-D Reconstruction

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

Evaluated Band: CH-Stretching 

Excitation: 532nm

Scan Range XY: 100 µm2

Scan Range Z: 30 µm/32 layers
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Stents para Drug Delivery

www.witec.de

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.

Drug Coating of Stents
Confocal Raman Imaging on Medical Devices

Image Courtesy:
Dr. Klaus Wormuth, SurModics (www.surmodics.com)Octubre de 2023 33



Geociencias

application note

Lise-Meitner-Straße. 6, D-89081 Ulm, Germany
Tel. +49 (0) 731 140 700, Fax. +49 (0) 731 140 70200
www.witec.de, info@witec.de

Confocal Raman Imaging: Solutions in Geoscience
by e.g. electron microprobe (EMP), energy
dispersive X-ray analysis (EDX), or secondary
ion mass spectrometry (SIMS). In addition to
the quantitative and semi-quantitative
elemental and/or isotopic data acquired by
these techniques, confocal Raman imaging
contributes the visualization of the
distribution for molecular information over a
defined sample area. Furthermore, considering
that most geo-materials are transparent from
the NUV to VIS and NIR to some degree, this
information can be obtained three-
dimensionally due to the confocal set-up of
the microscopes. The following examples shall
serve to highlight some key analytical features
of this technique for geoscience applications.

I. Large Area Scan: overview and variation
A sample from the deep biosphere of Äspö,
Sweden, was studied using the large area scan
mode of an alpha500 R, aiming to characterize
secondary cleavage fillings in a 1.8 to 1.4 Billion

years old diorite (sample courtesy of C. Heim
and V. Thiel, EMP data courtesy of A. Kronz,
Geobiology Group, University of Göttingen,
Germany). A section (Fig. 1 I) was obtained
from a drill core from borehole KJ 0052 F01,
run by SKB (Swedish nuclear fuel and waste
management) and drilled from a tunnel at
~450 m below the surface, the sampling depth
in the core was 12m.

A large area scan of 8 x 2 mm was performed
on this polished section with 800 x 200 pixels
and an integration time of 36 ms per spectrum
using a 532 nm excitation wavelength.
Intensities integrated from 140 to 300 rel. 1/cm
are compared to EMP maps of Al, Si and Ca
(Fig. 1 II-IV), and indicate an similar  overall
chemical contrast (Fig. 1 V). The color-coded
Raman image (Fig.2 I) and corresponding
spectra  (Fig. 2 II) allow for the general
assignment of mineral phases and their gross

Raman spectroscopy has long been applied
in geoscience, for example for the
identification and characterization of
minerals, or in the observation of mineral
phase transitions in high and ultra-high
pressure/temperature experiments. In most
cases, measurements have been carried out
in a micro-Raman set up, i.e. information was
obtained from single or multiple points of
interest on a sample. This way, little detail
on the spatial distribution and association of
components or mineral phases, or chemical
variation could be observed, even though this
information may contribute significantly to
the understanding of a sample’s complexity.

By means of Confocal Raman Imaging (CRI),
such characteristics can be evaluated from
large scale scans in the centimeter range to
the finest detail with sub-micron resolution.
WITec confocal Raman microscopes of the
alpha300 or alpha500 series allow for such
measurements with very high sensitivity and
resolution. CRI is a tool that not only provides
complementary information to data obtained

Fig. 1:  I) Orange rectangle indicates scan position on polished
rock section.

Fig. 2: I) Combined false color image and the corresponding color-coded spectra.

Fig. 1:  II-IV) EMP maps showing elemental distribution;  V)
corresponding Raman image, integrated intensity 140-300
rel.1/cm.

Calcite

Organics

Fluorite

Quartz

Plagioclase

Titaniumoxide

Unidentified phase

Al

Si

CaIV)

V)

II)

III)

II)

Fig. 2: II) Corresponding Raman spectra.

I)
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Células epiteliales en Buffer

www.witec.de

Copyright WITec GmbH

Confocal Raman Imaging

Living Cells – Rat epithelium cells in physiological buffer
RR1022 virus transfected)

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

100 ms / spectrum => 17 min.

Peak position of  the CH 2 stretching band

(2885 - 2935 / cm)
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Imagen reconstruida

www.witec.de

Confocal Raman Imaging

Copyright WITec GmbH

nuclear membrane

nucleus

mitochondriae

cytoplasm

endoplasmatic
reticulum

nucleoli

Living Cells – Rat epithelium cells in physiological buffer
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Tabletas: API y Excipientes

www.witec.de

Confocal Raman Image overlaid 
on the topography

Corresponding Spectra
Red & Blue : API
Green : Excipient

True Surface Microscopy 
Tablet

Octubre de 2023 37



Polímeros
www.witec.de

Thin Film of PMMA - PET
Confocal Raman Imaging

Copyright WITec GmbH

20x20 µm2 scan area, 150x150 pixel
•0,05 s integration time
•total 22500 spectra

Raman image

20x20x0.2  µm3 scan area

AFM image
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Blend PMMA+SBR

application note

Lise-Meitner-Straße 6, D-89081 Ulm, Germany
Tel. +49 (0) 731 140 700, Fax. +49 (0) 731 140 70200
www.witec.de, info@witec.de

the lower features the SBR. It is not yet clear
if the SBR forms a uniform film on the glass
substrate and the higher islands of PMMA are
formed on top of the SBR film, or if both
phases reach the glass substrate. The answer
to this question can only be provided by a
spectroscopic method.
The relative wave numbers of the individual
Raman spectra of the PMMA and SBR indicate
that the positions of the characteristic peaks
and their intensities can be used to distinguish
the two polymers if blended.

© 2006 by Witec Wissenschaftliche Instrumente
und Technologie GmbH, www.WITec.de

Samples courtesy of Dr. Sabine Hild, University of Ulm

Figs. 8a+b show a high resolution AC Mode
AFM image of the polymer blend. The 2x2 µm
topographical image reveals the 20 nm high
round features. The simultaneously recorded
phase image shows the fine structure,
observed in the plain SBR film, in the lower
part of the topographical image, whereas the
higher features do not reveal any fine texture
in the phase image. Based on these high
resolution images, a correlation of the two
polymers in the blend is already possible, the
higher features representing the PMMA and

Fig. 8a+b: High resolution AFM images of the polymer
blend PMMA-SBR spin-coated on a glass cover slip.
Topography (left) and phase (right). Scan size: 2 µmx2 µm.

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

Operating the "alpha300 AR" in spectral
imaging mode, a complete Raman spectrum
is collected at every image pixel. The measured
spectra were fit to the Raman spectrum of
PMMA and SBR as shown in fig. 3 and fig. 4 to
distinguish the polymers as illustrated in figs.
9+10. Comparing the Raman data to the AFM
images, it is clear, that the higher round
features are PMMA down to the glass
substrate, whereas the 30 nm high
background represents the SBR phase.

8a 8b

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

Fig. 11: Corresponding spectra: SBR (blue) and PMMA (red).

application note

Lise-Meitner-Straße 6, D-89081 Ulm, Germany
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Characterization of the Polymer Blend PMMA-SBR
Combining Confocal Raman and Atomic Force Microscopy

The "alpha300 AR" combines two
nondestructive measuring methods: the high
spatial resolution of an AFM with the chemical
identification capabilities of the Confocal
Raman Microscope. To demonstrate the
advantage of this unique combination, thin
films of polymers have been studied.

Fig. 1 shows the topography image of a 100
nm thick PMMA film spin coated on a glass
cover slip and fig. 2 shows the high
resolution phase image of a SBR film, both
recorded with the AFM. Fig. 3 and fig. 4
show the corresponding Raman spectra.
In fig. 2 an overview AFM image of a PMMA-

SBR blend is presented. The topographic
image reveals round features, 20-30 nm in
height with a diameter varying from 150 nm
to 4 µm. To determine the height of the
PMMA-SBR film, the polymer was scratched
off with a fine needle and imaged with the
AFM again as shown in fig. 6. The cross-
section (fig. 7) marked with a black line in
the AFM image indicates that the low areas
of the polymer blend are 30 nm in height,
whereas the higher round features are up to
70 nm high.

Characterization of heterogeneous systems
on the nanometer scale continues to grow in
importance and to impact key applications
in the field of materials science (phase
segregated systems), nanotechnology
(molecular electronics), and catalysis (single
site catalysts). Detailed information on this
scale is necessary to test and evaluate
advanced materials. Certain properties,
however,  are difficult to study with
conventional characterization techniques due
to the inability of these methods to
chemically differentiate materials with
sufficient spatial resolution, without damage,
staining or preferential solvent washing.

Fig. 7: Graph of the cross-section at the black line in Fig. 6
through the film

2 µm

300 nm

Fig. 2: AFM phase image
of a SBR film.

Fig. 1: AFM topography
image of a PMMA film.

Fig. 3: Raman spectrum of PMMA

Fig. 4: Raman spectrum of SBR

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

1

2

3

4 5

Fig. 6: AFM Image of the scratched PMMA-SBR film, .

6 7

PMMA

SBR
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Alimentos

Fig. 2a: Raman Image of an emulsion used in food
production. Scan range: 30 µm x 30 µm, 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

application note

Lise-Meitner-Straße  6, D-89081 Ulm, Germany
Tel. +49 (0) 731 140 700, Fax. +49 (0) 731 140 70200
www.witec.de, info@witec.de

an interface between the water droplets (blue)
in the fatty matrix (green & red).

Chocolate
In the final experiment, white chocolate was
investigated. The scan range was 50 x 50 µm
with 150 x 150 pixels (=22,500 spectra) and
the measurement used an integration time
of 40 ms for each spectrum. One can clearly
see a distinct phase separation in the
chocolate material. Saccharose (blue) and
additive particles (red) are embedded in a
fatty matrix (green). The size of the saccharose
particles vary between 650 nm and 10 µm.

© 2006 by Witec Wissenschaftliche Instrumente
und Technologie GmbH, www.WITec.de

Emulsions for food production
In a second experiment, an emulsion used in
food production was imaged with a scan
range of 30 x 30 µm and 120 x 120 pixels
(14,400 spectra, 30 ms/spectrum). Such
emulsions are added to the food mixture in
order to introduce or adjust dedicated
properties in the final products. The emulsion
contains a fatty matrix, an aqueous phase
and the emulsifier polyglycerol polyricinoleate
(PGPR). After analyzing the spectral
characteristics of the components, figure 2
shows their distribution, clearly revealing that
the emulsifier PGPR (yellow) aggregates as

Fig. 3a: Raman image of white chocolate, (scan range: 50 x 50
µm, 150 x 150 pixels, 22500 spectra, 40 ms/spectrum, excitation:
532 nm Nd:Yag), . Saccharose (blue) and additives (red) particles
are embedded in a fatty matrix (green).

2 µm

fat I

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

Conclusion
Confocal Raman Microscopy is a powerful tool
for the analyis of the chemical composition
of heterogeneous  samples on the sub-µm
scale. In this application note it was
demonstrated that the distribution of various
chemical compounds in instant gravy
thickener, emulsions and chocolate products
could be successfully visualized, leading to a
more thorough understanding of the product
and the production process.

fat II

aqueous phase

emulsifier PGPR

Fig. 3b: Corresponding spectra

excipients

saccharose

fat

Chocolate blanco
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Chocolate Blanco (toblerone)
p Sacharose, Maltose and Fats
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Experiencias
WITec alpha300RA
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Example 1: Pharmaceutical Formulations

p Preparation of solid 
dispersions

p Formulation of 
Fenbendazole (FBZ) + 
Poloxamer (excipient)
n API: FBZ (Raw Material, 

RM)
n Excipient: Poloxamer

p Evaluation:
n Physical Mixture (PM)

p Grinding of Drug+Polymer

n Solid Dispersion (SD)
p API incorporated in melted 

polymer
p Rapid cooling and grinding

FBZ

Poloxamer

FBZ reference (RM)

Fenbendazole (FBZ)



Example 1: Pharm. Formulations

p XRPD: Internal standard for crystallinity determination
p The degree of crystallinity of FBZ remains equal.
p The degree of crystallinity of poloxamer become reduced for SD in comparison to

PM.4/10/23 44
(Online Resource 3) and all SDs showed excellent flow
properties [26], particularly compared with the PMs,
which could be attributed to the more homogeneous dis-
tribution of FBZ within the SDs (see the BConfocal
Raman Microscopy^ section).

Physicochemical and Structural Characterization

Thermal Analysis

DSC and TGA results showed that FBZ melts with de-
composition at 210 °C (Fig. 2). DSC results confirmed the
reduction in crystallinity observed in XPRD experiments
since poloxamer-normalized melting endotherm showed a

10% reduction in terms of enthalpy (∆Hmel) when incor-
porated in SD22 as regards to the PM22.

FTIR and XRPD

From the more relevant infrared signals corresponding to pure
FBZ (3336.12; 1630.31; 742.28; 685.11 cm−1) and P188 or
P407 (2881.43; 1281.52; 1117.75 cm−1), those that were exclu-
sive signals of each component remain clearly unaltered in the
SDs and PMs collected spectra suggesting the absence of chem-
ical interactions between the components in the different for-
mulations (Fig. 3). This observation was confirmed by XRPD
where the diffractograms of SDs and PMs showed the signals
assigned to each pure component unchanged (FBZ 2theta(°) =
6.68, 11.16, 13.36; P407: 2theta(°) = 19.18, 23.36) (Fig. 4).

In fact, XRPD studies using Y2O3 as an internal standard
(100% crystalline, main signals 2theta(°) = 29.45; 34.05;
48.57) were conducted to estimate crystalline fractions of car-
rier and drug in the different preparations. Previous experi-
ments suggested that the SD process of manufacturing did
not affect FBZ crystallinity, although a slight change was de-
tected in poloxamer crystalline fraction. It is important tomen-
tion that we selected diffraction peaks of FBZ, P188/P407,
and Y2O3, which do not appreciably overlap as observed from
the diffractograms of the three pure components (Fig. 4a). The
results confirmed that there were not any significant differ-
ences neither of the crystalline structure nor the crystalline
fraction of the drug FBZ when it was formulated as SD or
PM (Fig. 4b). Nevertheless, a crystallinity reduction of around
30% for P407 was observed in the SD22 in comparison to
PM22 (Table 4), suggesting that the SD procedure affected
the crystalline order of the carrier fraction with almost no
change in the FBZ phase fraction.

SEM

SEM images of FBZ showed an irregular flat-shaped crystal-
line solid with a distribution size of 5–20 μm and a smooth
surface (Fig. 5a), while the carrier micrographs showed a

Fig. 4 a XRDP diffractograms with Y2O3 as internal standard. From
bottom to top: FBZ, P407, PM22, SD22. b XRDP diffractograms with
Y2O3 as internal standard, amplification of the FBZ peaks zone. From
bottom to top: FBZ, P407, PM22, SD22

Table 4 Crystalline fraction comparison of SD components with
respect to the PM

FBZ P407

Peak position
(degree)

SD crystalline
fractiona

Peak position
(degree)

SD crystalline
fractiona

6.60 117.0 19.30 68.3

11.20 96.2 23.20 73.8

13.40 94.9

Mean ± SD 102.7 ± 11.2 Mean ± SD 71.0 ± 3.7

a Expressed as percentage (see the BX-ray powder diffraction^ section for
experimental details)
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and Y2O3, which do not appreciably overlap as observed from
the diffractograms of the three pure components (Fig. 4a). The
results confirmed that there were not any significant differ-
ences neither of the crystalline structure nor the crystalline
fraction of the drug FBZ when it was formulated as SD or
PM (Fig. 4b). Nevertheless, a crystallinity reduction of around
30% for P407 was observed in the SD22 in comparison to
PM22 (Table 4), suggesting that the SD procedure affected
the crystalline order of the carrier fraction with almost no
change in the FBZ phase fraction.

SEM

SEM images of FBZ showed an irregular flat-shaped crystal-
line solid with a distribution size of 5–20 μm and a smooth
surface (Fig. 5a), while the carrier micrographs showed a

Fig. 4 a XRDP diffractograms with Y2O3 as internal standard. From
bottom to top: FBZ, P407, PM22, SD22. b XRDP diffractograms with
Y2O3 as internal standard, amplification of the FBZ peaks zone. From
bottom to top: FBZ, P407, PM22, SD22

Table 4 Crystalline fraction comparison of SD components with
respect to the PM

FBZ P407

Peak position
(degree)

SD crystalline
fractiona

Peak position
(degree)

SD crystalline
fractiona

6.60 117.0 19.30 68.3

11.20 96.2 23.20 73.8

13.40 94.9

Mean ± SD 102.7 ± 11.2 Mean ± SD 71.0 ± 3.7

a Expressed as percentage (see the BX-ray powder diffraction^ section for
experimental details)
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Example 1: Poloxamer P184
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• Physical Mixture 
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Example 1: SD  colocalization of FBZ
• Solid Dispersion (SD)
• Reduced Particle size for FBZ in the SD
• Better dispersion of FBZ.

Problems with point-to-point 
variations (surface planarity).
• Data redunction using Intesity 

ratio plot & distribution:
• I1590/I866

SD22 and PM22 samples (FBZ 10 wt.%) at random locations
in areas of 15 × 15 μm2, with a grid of 85 × 85 points defining
the bitmap image. The mapping results were normalized in
terms of peak intensity ratios in order to avoid point-to-point
variations produced by height differences on the sample surface
[10]. The collected Raman spectra of crystalline FBZ and P407
are shown in Fig. 7. The selected signals were 1591 cm−1 for
FBZ and 866 cm−1 for P407, and the ratio was calculated as
I1591/I866. These peaks were exclusive signals of each compo-
nent and no interferences with other signals were detected at
their wavelength (Fig. 6). We proceeded with scripts prepared
in our group in order to obtain the histograms of the different
intensity ratio distributions, and presented as complementary
statistical information [30].

The SD mapping showed better content uniformity and
distribution of FBZ in comparison to the PM, although a
FBZ concentrated spot of 2–3 μm was detected (Fig. 7a).

The PM mapping showed four spots of concentrated FBZ,
with a mean size of 4 μm without any other signal indicating
FBZ distribution within the polymer matrix, demonstrating
poor homogeneity and blending between the active and the
matrix (Fig. 7b). Histograms showing the distribution of the
calculated ratios and their density in the image are also shown
in Fig. 7, on the right of their corresponding 2D mapping.
These charts correlate very well with the information giv-
en by the images. In fact, the histogram corresponding to
the SD shows a less discrete distribution than the distri-
bution of PM and a more homogeneous density. On the
other hand, the PM histogram shows just a few ratio bars,
and high-density values compared to the SD. This differ-
ence would indicate an SD image formed by pixels in-
cluding a wide range of combinations of FBZ/P407 ratios,
as opposed to a PM image formed by pixels where either
FBZ or P407 spectra domains presented signals.

Fig. 7 XY confocal Raman microscopy mapping of FBZ/P407 SD22 (a) and PM22 (b); their corresponding histograms are shown on the right. Scale
bars indicate the intensity ratio I1591/I866. All the images include the number of the grid points in X and Y axis, and the corresponding bar length
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Example 1: Conclusions
p PM: poor distribution of FBZ and Poloxamer.
p SD: better distribution of FBZ, with reduced particle size.
p FBZ keeps crystallinity.
p Poloxamer reduces its crystallinity when going from PM to SD
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The Impact of Solid Dispersion on Formulation, Using Confocal Micro
Raman Spectroscopy as Tool to Probe Distribution of Components

M. Elisa Melian1 & A. Beatriz Munguía1 & Ricardo Faccio2 & Santiago Palma3 & Laura Domínguez1

# Springer Science+Business Media, LLC, part of Springer Nature 2017

Abstract
Purpose Solid dispersions (SDs) of a poorly water-soluble drug were prepared, and their physicochemical properties were
compared to those of control physical mixtures (PMs). Among the multiple techniques used to characterize the solid state of
preparations, confocal micro Raman spectroscopy (CMRS) was used as a non-destructive tool to qualitatively probe content
uniformity and distribution of drug and carrier.
Methods SDs and PMs of drug (fenbendazole, FBZ) were prepared containing two different carriers (poloxamer P188 or P407)
with different drug polymer ratios. The preparations were characterized by powder X-ray diffractometry, Fourier transform
infrared spectroscopy, thermal analysis, scanning electron microscopy, and in vitro dissolution assay. In addition, CMRS tech-
nique and principal component analysis (PCA) were used in order to statistically define the content uniformity and distribution of
the drug within the polymeric matrix.
Results In vitro dissolution results exhibited a marked improvement when the drug was formulated as SD compared to control
PM and to pure drug. The solid state of these preparations characterized by X-ray powder diffraction and Fourier transform
infrared spectroscopy showed no changes in the crystalline state of the drug and no chemical interactions between the compo-
nents. Raman studies showed a better content uniformity of the drug within the polymeric matrix when subjected to SD process,
correlating with the improved dissolution profile.
Conclusion This study provides evidence of the potential of the confocal Raman imaging technique, providing a fast and
powerful method to characterize solid dispersions which could be incorporated towards the use of quality by design (QbD)
approaches in pharmaceutical development.

Keywords Confocalmicro Raman spectroscopy . Content uniformity . Solid dispersion . Dissolution rate

Introduction

The majority of failures in new drug development are
associated with poor water solubility that can lead to low
bioavailability, resulting in suboptimal drug delivery. This fact
is critical to oral administration, the most economic and
convenient route, in which the absorption of drugs in the
gastrointestinal tract depends mainly on their solubility and
permeability properties. From an estimated 40% of approved
drugs, around 90% are poorly soluble molecules, therefore,
advances in different insoluble drug delivery technologies
are attractive alternatives, including for reformulate marketed
drugs to improve efficacy (which may be of interest for the
pharmaceutical industry as it provides clinical and economic
benefits) [1]. Many techniques have been developed to
improve drug solubility and dissolution rate of drugs with
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KEY WORDS: fenbendazole; valerolactam-fenbendazole hybrid; self-dispersible nanocrystals; bead
milling; spray-drying.

INTRODUCTION

The intensive use of anthelmintic products has led to
global resistance to all commercially available drugs with
severe consequences for livestock producing countries (1–5).
This widespread resistance also includes Uruguay, where
recent reports show an alarming tendency towards the
expansion of anthelmintic resistance (6–8). As part of a
project to search for new anthelmintic drugs, we have
communicated a series of novel valerolactam-benzimidazole
hybrid compounds, with interesting in vitro activity, but
similarly to their benzimidazole precursors, they present
extremely low water solubility (9,10).

Poor water solubility remains an important challenge for
the development of new drugs, since it can lead to poor or
erratic oral absorption and consequently to suboptimal
therapeutic performance (11). Different processes have been
designed to increase solubility, dissolution rate, and bioavail-
ability of hydrophobic active pharmaceutical ingredients
(APIs), with focus on those classified as classes II and IV in
the biopharmaceutical classification system (BCS). Some
classical formulation strategies that have been explored
include liposomes (12), micelles (13), co-crystals (14), and
cyclodextrins (15), among others.

More recently, novel nanoformulations such as nanopar-
ticles (16), solid dispersions (17), nanoemulsions (18), and
nanogels (19) have been also reported. Among all available
strategies, nanocrystals (NCs) have made a major academic
and industrial impact, since first reported (20–22). NCs are
nanoparticles composed of 100% drug, usually surrounded by
a stabilizer layer which acts as soluble link among the drug
particles, enabling its redispersion after contact with an
aqueous solvent (i.e., gastrointestinal fluids) (23–26). NCs’
key features are based on their reduced particle size, which
produces a sharp increase in the specific surface area, giving
them mucoadhesive properties, while decreasing the diffusion
layer thickness leading to an increase in the extent and rate of
drug dissolution (24,27). Nanoparticles in solution are quite
unstable because of the extra Gibbs free energy contribution
related to reducing particle size and increasing surface energy
(28). They tend to agglomerate to minimize their total energy
when formulated as liquids, but this problem can be solved by
the addition of a correct type and amount of stabilizer (29).

Nanocrystal production technologies can be classified as
top-down or bottom-up. Bottom-up processes imply the
growth of drug clusters from an atomic level (i.e., drug
dissolution in a suitable medium, followed by precipitation or
drying). Top-down approaches refer to the reduction of the
particle size of the bulk drug in order to get nanosized
particles using a mechanical method (i.e., media milling or
high-pressure homogenization) (17). Moreover, the combina-
tion of bottom-up and top-down technologies has also been
developed (30). Among the top-down techniques, the wet
bead milling is one of the most frequently used for drug
nanocrystals production (31) and is currently reported as a
high efficiency and low cost technique (32–34). The drug,

stabilizer, milling media, and solvent are stirred under
controlled temperature, allowing to obtain drug suspensions
highly uniform in particle sizes and within the sub-micrometer
range. It is interesting to note that as a part of the process of
wet bead milling, the obtained nanosuspension, properly
stabilized, could be used as a liquid formulation in the form
of injectables, oral suspensions, etc. (35). Otherwise, the
obtained nanosuspension can be dried and converted into re-
dispersible powders, being the spray-drying technique one of
the most cost-effective processes commonly used to this
purpose (25,36,37).

Recently, we have reported the manufacturing and
characterization of solid dispersions of a poorly water-
soluble drug, fenbendazole (FBZ), in order to improve its
dissolution rate, with promising results (8). This drug belongs
to the broad-spectrum benzimidazole (BZ) anthelmintic class,
worldwide used for the treatment of parasitic diseases in
human and veterinary medicine, despite their low bioavail-
ability (38–40).

In this work, we report for the first time a strategy to
overcome the solubility problems of FBZ and valero-
fenbendazole (VAL-FBZ, one of the new compounds pat-
ented by the group, Fig. 1, (41)). FBZ and VAL-FBZ NCs
were prepared by wet bead milling followed by a spray-drying
step, and a comprehensive physicochemical characterization
was carried out, including confocal Raman microscopy,
thermal analysis, X-ray powder diffraction FTIR spectros-
copy, and dissolution assays.

MATERIALS AND METHODS

Materials

Fenbendazole (FBZ, pharmaceutical grade) and its
marketed suspension (MS) were kindly provided by
Laboratorio Uruguay S.A. (LUSA, Montevideo, Uruguay).
Poloxamer 188 (P188) and poloxamer 407 (P407) were
provided by BASF (Ludwigshafen, Germany). For the
milling process, Zirmil® Yttria-stabilized zirconia beads of
two different sizes (0.15–0.28 and 0.4–0.6 mm) (Saint-Gobain
ZirPro Kölh, Germany) were used. Mannitol, lactose,

Fig. 1. Fenbendazole and valero-fenbendazole structures
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Example 2: Self dispersive Nanocrystals

p Formulation of API + Poloxamer
n API: FBZ and Val-FBZ
n Excipient: Poloxamer
n Preparation of Nanocrystals

p Wet Milling
p Spray Drying

p Evaluation:
n Performance of
n Solid Dispersion (SD) vs Nanocrystals (NC)

→FBZ

→Val-FBZ



Example 2: Pharm. Formulations
p XRD:

n No major changes upon treatment.
n FBZ and Val-FBZ keeps its crystallinity
n Again, major changes occur in excipient Poloxamer 

(P188)
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shift of one of the FTIR spectroscopic signals. This fact could
be attributed to some polymorphic transformation or a
possible hydrate formation during the NC formulation
process. In order to assess the effect of the NC formation
process in the crystalline structure of the original VAL-FBZ,
we evaluated the potential incorporation of water molecules
to the structure or its possible changes performing mechanical

activation in the presence of water by wet bead milling. This
hypothesis is totally aligned with the shift observed in the
signals assigned to the N-H vibrations in the FTIR spectra.
This shift could be explained in terms of hydrogen bond
formation in the new crystal lattice. It is well documented that
the formation of hydrogen bonds results in changes of the
vibrational spectra of the molecules involved where the
absorption band of the stretching mode of the X −H donor
group (being X an electronegative atom, in this case N)
displays the most prominent modifications, a shift to lower
wavenumbers, and in most cases a substantial spectral
broadening and reshaping (50).

Saturation Solubility and Dissolution Performance

The saturation solubility of the SDNCs’ preparation was
significantly higher than both the pure drugs and the
respective PMs. This phenomena of saturation solubility
being a function of particle size was already reported and
explained by Keck and Müller (2006) for compounds with
particle size below 1 mm (23), based in the Ostwald-Freudlich
and Prandtl equation.

Weak bases as benzimidazole drugs, including FBZ,
largely depend on their dissolution in the acid environment
of the stomach to later assure their absorption in the first part
of the duodenum (51,52). In terms of dissolution perfor-
mance, the SDNCs formulations doubled the amount of drug
released and dissolved compared with the respective control
PM and a commercially available FBZ conventional suspen-
sion. In this sense, SDNCs count with many advantages that
contribute to their improved dissolution rate, besides the
known positive effect of the enlarged surface area of the drug
powder. It was verified the increased saturation solubility of
both drugs when formulated as NCs, which has been
previously related to an improved dissolution velocity,

Fig. 13. XRPD for pure VAL-FBZ and VAL-FBZ after its treatment
with water

Fig. 11. XRPD. Formulations containing FBZ:P188 in the ratio 1:1
and pure components

Fig. 12. XRPD. Formulations containing VAL-FBZ:P188 in the ratio
1:1 and pure components
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Example 2: Raman for PM vs NC
p API:

n Synthetic Drug
p Val-FBZ

p PM: 
n Well defined regions for 

API and Excipient.
p SDNC: 

n Very good distribution and 
homogeneity.  

n It is not possible to 
differentiate them (at the 
optical limit).
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Table 4. Dissolution Efficiency (DE) of the FBZ and VAL-FBZ Formulations at Different Dissolution Times

DE% 5 min SD DE% 30 min SD DE% 60 min SD

FBZ 0.0 0.0 0.0 0.0 0.6 0.4
FBZ-marketed suspension 3.7 2.1 35.7 3.7 53.9 5.8
SDNC10 (FBZ) 60.6 1.1 89.7 1.4 92.1 2.9
PM FBZ 13.5 0.3 37.2 1.1 46.7 1.2
VAL-FBZ 0.0 0.0 0.0 0.0 0.0 0.0
SDNC11 (VAL-FBZ) 50.7 1.5 79.4 2.2 85.4 3.9
PM VAL-FBZ 2.6 0.8 13.9 0.9 21.0 1.0

Fig. 16. a Dissolution profile of VAL-FBZ SDNC and PM. VAL-FBZ was not quantifiable
during the assay of the pure drug. b Dissolution profile of FBZ and SDNC, the
corresponding PM, the FBZ-marketed suspension, and pure FBZ
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p Dissolution Profile (in-vitro)
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corresponding PM, the FBZ-marketed suspension, and pure FBZ
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900 mL of HCl 0.1 N
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Example 2: Nanocrystals
p Conclusions

n We obtained Nanocrystals (NC)
n API’s keep their crystallinity
n Poloxamer reduces its crystallinity.
n Better dispersions API/EXC in NC
n Improvement in Dissolution Rate Profile.
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Nanocrystals of Novel Valerolactam-Fenbendazole Hybrid with Improved
in vitro Dissolution Performance
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Abstract. Valero-fenbendazole (VAL-FBZ) is a novel hybrid compound with in vitro
anthelmintic activity, designed and synthesized to address the global problem of resistance
to anthelmintic compounds. This new molecule derives from fenbendazole (FBZ), a well-
known commercially available benzimidazole used in veterinary medicine despite its poor
water solubility. In this work, we report for the first time a strategy to solve the solubility
problems of FBZ and VAL-FBZ by means of self-dispersible nanocrystals (SDNC).
Nanocrystals were prepared by media milling followed by a spray-drying step, and a
comprehensive and exhaustive structural and physicochemical characterization was carried
out, in order to understand the systems and their behavior. The formulation poloxamer 188
(P188):FBZ 1:1 turned out with the best process yield (53%) and re-dispersability properties,
particle size average of 258 nm, and polydispersity index of 0.2 after redispersion in water.
The dissolution profile showed a markedly increased dissolution rate compared with the
simple mixture of the components (80% FBZ dissolved in 15 min from the SDNC vs 14%
from the control formulation). FTIR spectroscopy, thermal analysis, and X-Ray Powder
Diffraction (XRPD) studies showed no chemical interactions between components and an
extensive confocal Raman microscopy analysis of the formulations showed very homoge-
neous spatial distribution of components in the SDNC samples. This manufacturing process
was then successfully transferred for preparing and characterizing VAL-FBZ:P188 (1:1)
SDNC with similar results, suggesting the promising interest of a novel anthelmintic with
improved biopharmaceutical behavior. In conclusion, new FBZ and VAL-FBZ SDNC with
improved dissolution rate were successfully prepared and characterized.
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Example 3: Biogenic Synthesis of Ag NP
p Biogenic Synthesis Provides a green 

route for Ag NP 
n It uses extracellular matrix for chemical 

reduction of Ag+ ions.
n Additionally, provides a capping to the Ag-

NP that can present.
n The capping present difference in the 

performance of the Ag NP in the biofilm 
erradication.

p CRM and Ag NP:
n SERS relevant for the capping 

characterization
n SERS relevant for the analysis of the 

effect of Ag NP on the lysis of bacterias.
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Ag-NPs+ Microorganism: Pch Escherichia coli.

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

Raman Shift (cm-

1) assignment
Changes between

control and treated
cells

624 Nuclei acids ↓
810 Amino acids ↓
982 polysaccharides =
1186 polysaccharides ↓

1243 polysaccharides ↓

1308
amino acids or
nucleic acids

↓

1344
amino acids or

fatty acids =

1593 Fatty acids ↓

Ag-NPs + Escherichia coli.
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CRM

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

Raman Shift (cm-

1) 
Assignment

Changes
between

control and 
treated cells

663 Nuclei acids ↓

790 amino acids ↓

879 amino acids ↓

929 polysaccharides ↓

1116 polysaccharides ↓

1325
amino acids or
nucleic acids

↓

1538 Fatty acids ↓
57

Ag-NPs + Staphylococcus aureus



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

Raman Shift 
(cm-1) Assignment

Changes
between

control and 
treated cells

670 nucleic acids ↓

788 Amino acids ↓

885 Amino acids ↓

999 polysaccharides ↓

1100 polysaccharides ↓

1319
amino acids or
nucleic acids

↓

1596 fatty acids ↓

Example 3: Ag-NPs + Candida albicans.
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Example 3: Microbial cells + AgNPs

5. Conclusions

Extracellular cell-free filtrates ofPenicillium expansumwere used for the biosynthesis ofmonodisperse 15-nm
diameter silver nanoparticles (PeNPs). Herewe reported the optimumbiosynthesis conditions to obtain the
highest production of PeNPs in the shortest time for their potential use in biotechnological applications
requiring large quantities of silver nanoparticles. The size, surface charge and stabilizing agent of the PeNPswere
characterized, showing that the biogenic PeNPswere stable over a wide range of pH and ionic strength. The
in vitro antimicrobial activity assays showed promising results for the application of biogenic nanoparticles as
antimicrobial agents withMICs in the nM range. The interaction between the PeNPs and Escherichia coliwas
characterized using TEMandESEM, showing the attachment of silver nanoparticles to the surface of the
bacteria, whichwas accompanied by a coresponding decrease in the integrity of the cell wall. Importantly, a new
approach to study the antimicrobialmechanism of biogenic silver nanoparticles, usingConfocal Raman
Microscopy allowed us to suggest that the damage to bacterial and fungal cells produced by the PeNPs induces
changes to polysaccharides, lipids, proteins and nucleic acids.
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Table 2.Raman band assignment ofmicrobial cells, control and treated cells
with PeNPs. The band assignment wasmade based on previous work [15].

Microorganism

Raman
Shift
(cm−1) BandAssignment

Effect on
treated cells

E. coli
624 Nucleic acids Disappear
810 Amino acids Diminishes
982 Polysaccharides Increases
1186 Polysaccharides Disappear
1308 Amino acids or

nucleic acids
Increases

S. aureus
993 Polysaccharides Diminishes
1092 Polysaccharides Diminishes
1327 Amino acids or

nucleic acids
Diminishes

1587 Fatty acids Diminishes
C. albicans

698 Nucleic acids Diminishes
750 Amino acids Diminishes
991 Polysaccharides No changes
1318 Amino acids or

nucleic acids
No changes

1597 Fatty acids Diminishes

Table 1.Minimum Inhibitory Concentration (MIC) of the PeNPs and the
AgNO3 solution against differentmicroorganisms.

Escherichia coli
Staphylococcus

aureus
Candida
albicans

PeNPs 0.6 nM 30 pM 0.1 nM
AgNO3 7.8 μM 0.6 nM 7.8 μM
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AgNPs

Yeasts

DNA
DNA

proteins Proteins

polysaccharides

polysaccharides
Lipids Lipids

Bacteria
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Abstract
The antimicrobial properties of silver nanoparticles (AgNPs) havemade themubiquitous in a number
of real-world industrial applications; however, the antimicrobialmode of action of biogenic AgNPs is
not entirely understood. The use of Raman spectroscopy can providemolecular fingerprint
information on various chemical and biochemical components in complex systems likemicrobial
cultures, without the need for any complex sample pre-treatment. Consequently, the antimicrobial
mechanismof AgNPs can be inferred throughmorphological and compositional changes ofmicrobial
cells that aremonitored via changes in Raman band profiles. Here we show the synthesis of biogenic
AgNPs using the extracellular cell-free filtrates ofPenicillium expansum.The antimicrobial activity of
thePenicillium expansum synthesized silver nanoparticles (hereafter PeNPs)was evaluated and the
interactions between the nanoparticles andEscherichia coliwere studied using Transmission Electron
Microscopy (TEM) and Environmental Scanning ElectronMicroscopy (ESEM), showing the
attachment of PeNPs to the surface of the bacteria and rupture of the bacterial cellmembrane.
Importantly, we showhowConfocal RamanMicroscopy can be used as an innovative approach to
study the antimicrobialmechanisms, the results of which confirm that the PeNPs induce damage to
bacterial and fungal cells, resulting in critical changes to polysaccharides, lipids, proteins and nucleic
acids.

1. Introduction

In recent years, the biological synthesis of nanoparticles, including the intracellular or extracellular production
of nanoparticles bymicroorganisms [1, 2] has gained interest over other chemical and physicalmethods [3].
Extracellular biosynthesis using fungi could alsomake downstreamprocessingmuch easier than the
intracellular biosynthesis [4]. In particular, silver nanoparticles (AgNPs) have attracted considerable attention
due to their applications as antimicrobial agents [5, 6]. The antimicrobial actionmechanisms of AgNPs are
known to be complex [7] and depend onmany factors such as the physicochemical properties of the type of
nanoparticle (for example, their size, shape and surface charge) or type ofmicroorganism [8].

The use of Raman spectroscopy is an important vibrational spectroscopic tool that can providemolecular
fingerprint information on various chemical and biochemical components in complex systems likemicrobial
cultures, without any complex sample pre-treatment. Changes in cellular composition, such as proteins, lipids
and nucleic acids, can bemonitored using changes in Raman band profiles, which can be associatedwith the
morphological changes ofmicrobial cells, providing an image of the antimicrobial effect [9]. In recent times,
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• 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 
p Chagas’ disease (American Trypanosomiasis) is an ancient and endemic illness 

in Latin America caused by the protozoan parasite Trypanosoma cruzi 
p Organometallic compounds (Re-based) for the treatment of Chagas disease 
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Re-based compounds
IC50 : concentration of drug needed to inhibit a given biological 
process to half of the maximum. Provides a measure of the 
effectiveness of a compound



Example 4: Parasite Trypanosoma cruzi 

Control   10xIC50 t=4 hs     10xIC50 t=24 hs

AFM morphology characterization, topography and amplitud constrast imaging

Incubation of parasite with the drug in different concentrations and times
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gotes, which is the relevant infective form of the parasite.
Nevertheless, the new compounds showed higher cytotoxicity
on VERO cells than the free NN ligands which led to lower
selectivity index values. The antiparasitic activiy of [Re
(CO)3(tmp)(KTZ)]PF6 could not be properly determined due to
its low solubility. Further modification of its structure is
planned to achieve a solubility improvement.

Confocal Raman microscopy

In previous studies by microwave plasma atomic emission
spectrometry (MP-AES), [Re(CO)3(tmp)(CTZ)]PF6 showed a pre-
ferential association to the parasite soluble proteins fraction
and a low association to DNA and RNA fractions, which
suggested to discard these biomolecules as main targets.43

In order to deepen in the localization of the uptaken com-
pound in the whole parasite, confocal Raman microscopy was
performed. According to literature, signals in the range of
∼1650 cm−1 correspond to Amide I CvO stretching mode
(proteins and DNA, Fig. 6 red region), signals in the range of
1425/1475 cm−1 correspond to CH2/CH3 anti-symmetric
methyl/methylene deformations (lipids, Fig. 6 blue region) and
signals in the range of 1570/1580 cm−1 correspond to CvC
stretching modes in purine bases (DNA/RNA, Fig. 7 red
region).93–95 Additionally, the signal at 1594 cm−1 observed in
Fig. 6 (green region) could be attributed to DNA in higher con-
centration. On this basis, the red and green label correspond
to mitochondrial and nuclear DNA and the blue label to lipids
from the membrane.

Fig. 6 (a) Overlay between optical and confocal Raman images as obtained from selected principal components analysis for samples: control, 1×
4 h, 1× 24 h, 10× 4 h and 10× 24 h. (b) Average Raman spectra for each component, as corresponding with confocal Raman images presented in (a).
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Example 4: Parasite Trypanosoma cruzi 
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Red: 
mitochondrial 
DNA 
Green: nuclear 
DNA 
Blue: Lipids 

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

1x and 10x refers to the 
corresponding 
concentration factors 
based on IC50

Drug-DNA mechanism

ThemainbandsoftheRe(I)tricarbonylcompoundshowa
strongoverlapwithsignalscomingfromlipids,proteinsand
DNAand,duetoitslowconcentrationintheparasite,
signalsassociatedtoν(CO)stretchingmodesarenotsopro-
nouncedinRamanspectroscopyforbeingdetectedinour
experiments.Therefore,wefocusedonthemainchanges
occurringintreatedparasitesrelativetountreatedcontrol
parasites.

ItisworthnotingthatpreviousdeterminationsbyMP-AES
ofrheniumassociationtoparasiteDNAfractionwereper-
formedafterbiomoleculeextractionandpurificationpro-

cesses.43Consequently,theamountofmetaldeterminedby
thistechniquecorrespondsonlytothatstronglyboundtothe
biomolecule.

Notwithstanding,theoverlapfoundbyconfocalRaman
gaveusacluetotheactuallocationinsidetheparasite.
ComparingconfocalRamanimagesobtainedfor1×IC50

treatedparasitesfor4h,and24hwithuntreatedcontrolpara-
sites(Fig.6)itcanbeobservedthatthesignalsassociatedto
DNAsufferimportantchangesintheirlocalizationalongthe
parasite,indicatingapossibleweakinteractionwiththecom-
poundasshowninthefollowingsection.

Fig.7Modeloffac-[Re(CO)3(phen)(CTZ)]
+(a)andfac-[Re(CO)3(aminophen)(CTZ)]+(b)dockedintothemajorgrooveofCT-DNA.Inbothcases,the

solvent-accessiblesurfaceisdepictedforthereceptor,withtheinterpolatedatomicchargesmappedonit.In(c)and(d),theintermolecularinter-
actionsbetweenthesubstrateandtheCT-DNAareshownfor(a)and(b),respectively.Pi-sigma=C–H-πinteraction;conventional=conventional
H-bond;Carbon=C–HH-bond.Atomcolorcode:C(grey),N(blue),O(red),Cl(green),H(white).
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Example 5: Tumor Cells
p System: Glioblastoma (GBM) is the most central nervous system (CNS) intractable 

disease.
p Drug: Boron-rich selective epidermal growth factor receptor (EGFR)-inhibitor hybrid 1, 

as a potential drug for GBM treatment

4/10/23 65

Human glioblastoma cell line 
U87 MG (ATCC HTB-14) 

an injury or stress in the central nervous system (CNS).22 This
e!ect on primary astrocytes is very interesting and encouraging
due to activated astrocytes playing an important role in the
tumor microenvironment, modulating GBM proliferation as
well as radio- and chemoresistance. Voskuhl et al. described that
the activated astrocytes form a scar betweenCNS lesions and the
surrounding tissue.23 This confinement of the injury site may
play a considerable role in speeding up clinical stabilization and
thereby improving patients’ survival.24 Besides, reactive
astrocytes have also been shown to be involved in facilitating
BBB repair. These findings, together with our previous studies,
point out that the hybrid 1 behaves as an entity specifically
directed against tumor cells and, thus, render this molecule as a
clear drug candidate.
To understand the type of cell death triggered by exposure to

hybrid 1 or Erl of U87 MG cells cocultured with a mix of glial
cells, flow cytometry analysis study was performed.25,26 For that,
cells were incubated with hybrid 1 or Erl for 48 h at the
corresponding IC50,U87 MG dose (70 and 63 μM, respectively).
Based on simultaneous flow cytometry analysis of Annexin V-
FITC and DAPI staining, the results showed that after treating
cells with hybrid 1 about 90% of the population su!ered a late
apoptosis cell death process in both cell types (Figure 3). In
contrast, Erl, the parent compound, showed higher significant
percentages of early apoptosis than the untreated cells (DMSO)
onmixed glial cells and a higher percentage of early apoptosis on
glioblastoma cells (Figure 3). On the other hand, recently, we
described27 that hybrid 1 promotes death in the noncocultured
U87 MG cells mainly by necrosis while Erl promotes mainly
early apoptosis. The di!erence observed in the death behavior of
hybrid 1 and Erl in coculture with respect to that observed in
U87 MG cells alone demonstrates the relevance of using an in
vitro model that resembles the in vivo system as closely as
possible in order to evaluate the actual operative death
mechanisms. These di!erential biological behaviors led us to
study the toxicity of hybrid 1 or Erl on mouse neonatal
astrocytes. The findings were significantly di!erent between

Figure 2. E!ect of hybrid 1 on coculture cell model of astrocytes with
U87 MG tumor cells. Confocal images showing the coculture of U87
MG cells (PKH26) and mouse neonatal astrocytes (GFAP, M2). The
nuclei were stained with DAPI. Cocultured cells were treated at
IC50,U87 MG doses of hybrid 1 or DMSO 1% as control for 24 and 48 h.
Scale bar = 20 μm.

Figure 3. Phosphatidylserine exposure results for cocultured mixed glial cells and U87 MG, panels A and B, respectively. Compound 1 and Erl were
evaluated at their IC50,U87 MG doses (70 and 63 μM, respectively) after incubation for 48 h. Panel C, quantitative analysis of flow cytometry results
(three independent experiments). (*) p < 0.05; (**) p < 0.01; (***) p < 0.001 when compared to the negative control by Student’s t-test.

Molecular Pharmaceutics pubs.acs.org/molecularpharmaceutics Article
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hand, the hybrid 1 uptake on the U87 MG cell line was very
similar to that of astrocytes after 2 and 4 h of incubation (Figure
6A). Furthermore, at 2 h of exposure in both F98 and U87 MG
glioma cells, boron-cellular uptake of hybrid 1 is 3-times higher
than the accumulation due to 10B-BPA-f at the same dose of 10B
(10 ppm) (Figure 6B,C), maybe as result of the described e!ux
that su"ers 10B-BPA-f.36
In Vitro BNCT Experiments on Glioma Cells. Finally, the

use of hybrid 1 as a potential BNCT agent was in vitro studied in
glioblastoma F98 and U87 MG cell lines (Figure 7).34,35 For
this, hybrid 1 or 10B-BPA-f was incubated at an equivalent mass
of 10 ppm of 10B for 1 h. After this period, the plates were
irradiated with a neutron flux of (1.0 ± 0.1) × 10 10 neutrons
cm−2 s−1, receiving a dose of 2 Gy with a fluence of 3.88 × 10 12

neutrons cm−2 (Figure 7A). The cytotoxicity due to the capture

reaction of hybrid 1 and 10B-BPA-f upon neutron irradiation was
evaluated via a MTT assay (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide assay).37,38 As observed in Figure
7B, 10B-BPA-f (at a dose equivalent to 10 ppm of 10B) did not
significantly decrease the viability of F98 and U87 MG cell lines
with respect to the control, while after neutron irradiation,
hybrid 1 (at the identical dose of 10B) provoked a significant
decrease of the surviving fraction, 1.4- and 1.5-times on F98 and
U87, respectively, compared to the neutron beam alone.
Notably, at a physical dose of 2 Gy, the in vitro BNCT e"ect
of hybrid 1 was significantly higher than that of 10B-BPA-f (1.2-
and 1.5-times in F98 and U87 MG, respectively). At 48 h
postneutron irradiation with 2 Gy and at 1 ppm dose of 10B, the
e"ect of both hybrid 1 and 10B-BPA-f on F98-cell death levels
was analyzed by fluorescence microscopy (Figure 7C). There

Figure 5. Panels A−E:White-light optical imagemerges with Raman image (on the left) and Raman image experimental results (on the right). Imaging
of U87MG tumor cells treated with 70 μM(panels A and B) or 140 μM(panels C and D) of hybrid 1 for 12 h of treatment (panels A and C) or 24 h of
treatment (panels B and D). The scanning area corresponds to 30 × 30 μm2 with 45 × 45 pixels; the laser excitation wavelength is 532 nm, and the
power on the samples was adjusted to 10 mW. Scale bar: 10 μm in white-light optical image and 4−6 μm in Raman image. Phase contrast images are
shown superimposed to mark the B-bond Raman chemical features at 2550/2630 cm−1 (blue). The B-bond Raman images show hybrid 1
accumulation inside the cell. For the Raman spectra (panel E) of control cells (red), no B-bond Raman chemical features were observed. Panel F shows
the most representative Raman spectra, according the “True Component” Analysis for treated cells (red), hybrid 1 within the cell (blue), and hybrid 1
as control (green).

Molecular Pharmaceutics pubs.acs.org/molecularpharmaceutics Article

https://doi.org/10.1021/acs.molpharmaceut.3c00152
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1xIC50 12 hs   1xIC50 24 hs

2xIC50 12 hs   2xIC50 24 hs

Control

Red: Treated Cell

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

Green: pure drug (as 
reference)
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 
uniformly distributed in the 
cytoplasm. 2023
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Haemonchosis: infection caused by the nematode Haemonchus contortus

• One of the most important 
parasitic diseases of 
productive species

• Affects several millions of 
small ruminants

• Thus generating substantial 
economic losses.

Example 6: Haemonchus contortus



Example 6: Haemonchus contortus
The warm H. Contortus is too large (several mm long)
• Sample preparation: “optimal cutting temperature” 

(OCT) cryosectioning.

On going work! Dra. Beatriz Munguía & Dra. Elisa Melián
Drug located close to Instestine

Advance in the action mechanism

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

Treated H. contortus



Example 7:  Microplastics Chacterization
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Yet, lot of work to do!



Resumen: Micro Raman Confocal
p No Destructivo
p Identificación Química Directa
p Identificación de Propiedades de Materiales
p Preparación sencilla de muestra
p Sólidos y Líquidos
p Detección 3-dimensional
p Combinación de detección química con AFM
p Variación de Temperatura (Linkam)
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Microscopía de Fuerza Atómica
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Introducción
p Historia
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MICROSCOPÍA DE SONDA DE BARRIDO (SPM)MICROSCOPÍA DE SONDA DE BARRIDO (SPM)

• Microscopio de efecto túnel (STM)Microscopio de efecto túnel (STM)
• Microscopio de fuerza atómica (AFM)

Premio Nobel Física 1986

H. RohrerG. Binnig

Ciclo Conoce el ICTP
23 Julio 2013

AFM IN CONTACT MODE

AFM Contact Configuration

This document describes the principles of AFM Contact Measurements followed by
the WITec Control software configuration for AFM Contact Measurements . The
beam path and the step by step alignment procedure can be found in Sections 3
and 4.

1 Principles of Atomic Force Microscopy (AFM)

Since the invention of atomic force microscopy (AFM) in 1986 by Binning, Quate
and Gerber [G.Binning, C.F.Quate and Ch.Gerber; Phys.Rev.Lett. 56, 930 (1986)], AFM
has rapidly developed into a powerful and invaluable surface analysis technique
on micro- and nanoscales and even on atomic and molecular scales. Using AFM,
it is possible to image surfaces in real-space with a resolution down to the level of
molecular structures. In addition to the imaging of small topographic features on
surfaces, AFM is also used to image additional surface properties such as adhesion,
stiffness, magnetic properties, conductivity and many more.
The operating principle of an AFM is rather simple. A probe is scanned over a sample
and various interactions between tip and sample are used as feedback mechanisms
to trace the surface topography (Fig. 1).

Fig. 1: Principle of AFM operation.

Page 1



Introducción: Raman & AFM Dual

Octubre de 2023 73



6. Introducción 
p Partes relevantes:

n Sustrato
n Cantilever
n Probe
n Fotodiodo
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PUNTAS AFMPUNTAS AFM

SNL tip RTESP tip
Tip radius 2 nm Tip radius 8 nm

Imágenes cortesía de Bruker,  
http://www.brukerafmprobes.com/

Ciclo Conoce el ICTP
23 Julio 2013

Ciclo Conoce el ICTP
23 Julio 2013

PUNTAS AFMPUNTAS AFM

SNL tip RTESP tip
Tip radius 2 nm Tip radius 8 nm

Imágenes cortesía de Bruker,  
http://www.brukerafmprobes.com/

Ciclo Conoce el ICTP
23 Julio 2013

Ciclo Conoce el ICTP
23 Julio 2013

AFM IN CONTACT MODE

Fig. 7: The Quadrant Window in AFM
Contact Mode

Page 11



Modos de Medida
p Contacto Contínuo entre Punta y Muestra

n Modo Contacto (contact mode)
n Medida de Fuerzas (Curva de Fuerza)

p Contacto intermitente entre punta y muestra
n Contacto Intermitente (Tapping Mode)
n Contraste de Fase (Phase Contrast mode)

p Otros Modos:
n Fuerza Magnética (MFM)
n Fuerza Eléctrica (EFM)
n Potencial de Superficie (SPM)
n Fuerzas Químicas (CPM)
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AFM enAFM en MODO CONTACTOMODO CONTACTO

Fuerza constante

• TopografíaTopografía
• Afectada por la respuesta mecánica del material

Curvas de fuerzaCurvas de fuerza

Permite distinguir zonas con 
diferente comportamiento 
mecánico

Ciclo Conoce el ICTP
23 Julio 2013

Modo Contacto 
p Topografía
p Afectada por la respuesta mecánica del material
p Permite distinguir zonas con diferente comportamiento mecánico
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Modo No Contacto e Intermitente
p Contacto Intermitente (Force 

Modulation):
n El cantilever oscila, 

interaccionando con la muestra
p No Contacto

n El cantilever oscila, sin Interacción 
con la Muestra
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CONTACTO INTERMITENTECONTACTO INTERMITENTE –– Contraste de faseContraste de fase

Topografía

Fase

Modo No ContactoModo No Contacto

Ciclo Conoce el ICTP
23 Julio 2013

CONTACTO INTERMITENTECONTACTO INTERMITENTE –– Contraste de faseContraste de fase

Topografía

Fase

Modo No ContactoModo No Contacto

Ciclo Conoce el ICTP
23 Julio 2013

CONTACTO INTERMITENTECONTACTO INTERMITENTE –– Contraste de faseContraste de fase

Topografía

Fase

Modo No ContactoModo No Contacto

Ciclo Conoce el ICTP
23 Julio 2013

AFM IN AC MODE

Channel Image Distance Channel Unit Display
Scan Curve Caption

Lock-in R X X Amplitude [V ] Status Window
Lock-in Phi X X Phase [�] Status Window
Sum Quadrant Window
X-Sensor [µm] Status Window
Y-Sensor [µm] Status Window
Z-Sensor X X Topography [nm] Status Window

Quadrant Window
Feedback X Feedback [nm

⇤]
Microscope Z [µm] Status Window

Table 1: Output channels and their sequencers in the AFM AC configuration.

2.4 Quadrant Window

The Quadrant Window is used for the alignment and display of the beam deflection
system. A detailed description of this window is given in the WITec Control manual
Chapter 7.

In AFM AC Mode , the Quadrant Window shows the amplitude of the oscillation
measured as the length of the red arrow on the display. The orientation of the arrow
indicates the relative phase shift (see Fig. 4).

Fig. 4: The Quadrant Window
in AFM AC Mode

3 Beam Path

In this section, the beam path is illustrated schematically. The parts common to
all instruments are displayed in dark grey. Parts not common to all instruments,
but necessary for the described measurement mode are indicated in blue. Optional
parts which may be present with the instrument, but are neither common to all
instruments nor are necessary for the described measurement mode are displayed
in light grey. The parts indicated are listed below the figure where an alpha300

Page 9



Modo No Contacto e Intermitente
p Elección del Cantilever:

n Tapping Mode (Force Modulation):
p Resonancia: 65-85 kHz 
p Constante k=2.8 Nm-1

p Algo de Interacción con la muestra
n Modo No Contacto

p Resonancia: 230-300 kHz 
p Constante k=42 Nm-1

p Muestras muy “blandas” 
p (ej.: Polímeros, geles, 

microorganismos, etc). El Objetivo 
es la Phase Constrast image.

n Imágenes de Fase:
p Propiedades Viscoelásticas.
p Potencial de Adhesión.
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AFM IN AC MODE

the tip touches the surface due to the air compression between the lever and the
surface as shown in Fig. 1.

Fig. 1: Phase (green) and Amplitude (blue) as a function of tip$sample distance. The effect
of the setpoint selection is also indicated.

2 WITec Control AFM AC configuration description

This description is intended to be used in combination with the WITec Control man-
ual. The WITec Control manual contains the description of the full functionality
of WITec Control , whereas this section indicates only which functionalities are in-
cluded in this configuration. Please refer to the WITec Control manual for further
details. The configuration-specific speed buttons, as well as the layout of the Con-
trol Window, will also be illustrated below.
The AFM AC configuration is used to perform AFM AC mode measurements. Dur-
ing an AFM AC mode measurement, data can be acquired using the following se-
quencers:

• Image Scan: acquisition of AFM AC mode images,

• Line Scan: acquisition of amplitude- & phase-distance curves along a line,

• Distance Curve: acquisition of amplitude- & phase-distance curves at the cur-
rent position.

Page 3

Modo No Contacto e Intermitente
p Selección del Modo de 

Medida
p Ajuste del Set-Point:

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

p Tapping Mode 
(Intermitente)
n Set Point ↓

p Modo No Contacto
n Set Point ↑
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Micro Raman AFM Dual
p Alpha 300R è Alpha 300RA

n FSE_1_2014_1_102008 - ANII
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Ejemplos: Modo No Contacto
p Reduced Graphene Oxide
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Ejemplos: Modo No Contacto
p GOQD sobre sustrato de silicio
p 60 nm de diámetro y 13 nm de alto
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Abstract: Aptamers are oligonucleotides that have the characteristic of recognizing a target with
high affinity and specificity. Based on our previous studies, the aptamer probe Sgc8-c-Alexa647 is a
promising tool for molecular imaging of PTK7, which is an interesting biomarker in cancer. In order to
improve the delivery of this probe as well as create a novel drug delivery nanosystem targeted to the
PTK7 receptor, we evaluate the co-association between the probe and preformed nanostructures. In
this work, preformed pegylated liposomes (PPL) and linear and branched pristine polymeric micelles
(PMs), based on PEO–PPO–PEO triblock copolymers were used: poloxamer F127® and poloxamines
T1307® and T908®. For it, Sgc8-c-Alexa647 and its co-association with the different nanostructures
was exhaustively analyzed. DLS analysis showed nanometric sizes, and TEM and AFM showed
notable differences between free- and co-associated probe. Likewise, all nanosystems were evaluated
on A20 lymphoma cell line overexpressing PTK7, and the confocal microscopy images showed
distinctness in cellular uptake. Finally, the biodistribution in BALB/c mice bearing lymphoma-tumor
and pharmacokinetic study revealed an encouraging profile for T908-probe. All data obtained from
this work suggested that PMs and, more specifically T908 ones, are good candidates to improve the
pharmacokinetics and the tumor uptake of aptamer-based probes.

Keywords: Sgc8-c aptamer; probe; polymeric micelles; liposomes; active targeting

1. Introduction

Aptamers are small, single-strain oligonucleotides that can bind a wide range of
ligands with high affinity and specificity [1]. Typically, the dissociation constant (Kd)
for aptamer–target complexes is in the high pico-molar to low nano-molar range [2,3].
Aptamers can be selected against proteins, peptides, dyes, metal ions, viruses, bacteria,
toxins, and whole cells, even against non-immunogenic molecules. Functionally, aptamers
are similar to antibodies; however, aptamers have an ease of synthesis and easy chemical
modification that allows conjugation with a variety of molecules and stability at a higher

Pharmaceuticals 2022, 15, 15. https://doi.org/10.3390/ph15010015 https://www.mdpi.com/journal/pharmaceuticals

!"#!$%&'(!
!"#$%&'

Citation: Castelli, R.; Ibarra, M.; Faccio,

R.; Miraballes, I.; Fernández, M.;

Moglioni, A.; Cabral, P.; Cerecetto, H.;

Glisoni, R.J.; Calzada, V. 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.

Pharmaceuticals 2022, 15, 15. https://

doi.org/10.3390/ph15010015

Academic Editors:

Cristina Romero-López and

Alfredo Berzal-Herranz

Received: 8 November 2021

Accepted: 20 December 2021

Published: 23 December 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

pharmaceuticals

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
1
, Manuel Ibarra

2
, Ricardo Faccio

3
, Iris Miraballes

4
, Marcelo Fernández

5
,

Albertina Moglioni
6

, Pablo Cabral
1

, Hugo Cerecetto
1,

*, Romina J. Glisoni
7,

* and Victoria Calzada
1,

*

1 Área de Radiofarmacia, Centro de Investigaciones Nucleares, Facultad de Ciencias, Universidad de la
República, Montevideo 11400, Uruguay; romi.castelli@gmail.com (R.C.); pabloc7@gmail.com (P.C.)

2 Department of Pharmaceutical Sciences, Faculty of Chemistry, Universidad de la República,
Montevideo 11800, Uruguay; mi.cebiobe@gmail.com

3 Área Física, DETEMA, Facultad de Química, Universidad de la República, Montevideo 11800, Uruguay;
rfaccio@fq.edu.uy

4 Inmunología Clínica, (BIOCLIN) y Biotecnología, Polo Tecnológico de Pando-Facultad de Química,
Universidad de la República, Montevideo 11800, Uruguay; iris.miraballes@gmail.com

5 Laboratorio de Experimentación Animal, Centro de Investigaciones Nucleares, Facultad de Ciencias,
Universidad de la República, Montevideo 11400, Uruguay; xxmferna@gmail.com

6 Instituto IQUIMEFA UBA-CONICET, Departamento de Farmacología, Facultad de Farmacia y Bioquímica,
Universidad de Buenos Aires, CABA, Buenos Aires C1113AAD, Argentina; bmoglio2015@gmail.com

7 Instituto NANOBIOTEC UBA-CONICET, Departamento de Tecnología Farmacéutica, Facultad de Farmacia y
Bioquímica, Universidad de Buenos Aires, CABA, Buenos Aires C1113AAD, Argentina

* Correspondence: hcerecetto@gmail.com (H.C.); rglisoni@ffyb.uba.ar (R.J.G.); victoriacz@gmail.com (V.C.);
Tel.: +598-25250800 (H.C. & V.C.); +54-(11)-52874652 (R.J.G.)

Abstract: Aptamers are oligonucleotides that have the characteristic of recognizing a target with
high affinity and specificity. Based on our previous studies, the aptamer probe Sgc8-c-Alexa647 is a
promising tool for molecular imaging of PTK7, which is an interesting biomarker in cancer. In order to
improve the delivery of this probe as well as create a novel drug delivery nanosystem targeted to the
PTK7 receptor, we evaluate the co-association between the probe and preformed nanostructures. In
this work, preformed pegylated liposomes (PPL) and linear and branched pristine polymeric micelles
(PMs), based on PEO–PPO–PEO triblock copolymers were used: poloxamer F127® and poloxamines
T1307® and T908®. For it, Sgc8-c-Alexa647 and its co-association with the different nanostructures
was exhaustively analyzed. DLS analysis showed nanometric sizes, and TEM and AFM showed
notable differences between free- and co-associated probe. Likewise, all nanosystems were evaluated
on A20 lymphoma cell line overexpressing PTK7, and the confocal microscopy images showed
distinctness in cellular uptake. Finally, the biodistribution in BALB/c mice bearing lymphoma-tumor
and pharmacokinetic study revealed an encouraging profile for T908-probe. All data obtained from
this work suggested that PMs and, more specifically T908 ones, are good candidates to improve the
pharmacokinetics and the tumor uptake of aptamer-based probes.
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1. Introduction

Aptamers are small, single-strain oligonucleotides that can bind a wide range of
ligands with high affinity and specificity [1]. Typically, the dissociation constant (Kd)
for aptamer–target complexes is in the high pico-molar to low nano-molar range [2,3].
Aptamers can be selected against proteins, peptides, dyes, metal ions, viruses, bacteria,
toxins, and whole cells, even against non-immunogenic molecules. Functionally, aptamers
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high affinity and specificity. Based on our previous studies, the aptamer probe Sgc8-c-Alexa647 is a
promising tool for molecular imaging of PTK7, which is an interesting biomarker in cancer. In order to
improve the delivery of this probe as well as create a novel drug delivery nanosystem targeted to the
PTK7 receptor, we evaluate the co-association between the probe and preformed nanostructures. In
this work, preformed pegylated liposomes (PPL) and linear and branched pristine polymeric micelles
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T1307® and T908®. For it, Sgc8-c-Alexa647 and its co-association with the different nanostructures
was exhaustively analyzed. DLS analysis showed nanometric sizes, and TEM and AFM showed
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on A20 lymphoma cell line overexpressing PTK7, and the confocal microscopy images showed
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Aptamers are small, single-strain oligonucleotides that can bind a wide range of
ligands with high affinity and specificity [1]. Typically, the dissociation constant (Kd)
for aptamer–target complexes is in the high pico-molar to low nano-molar range [2,3].
Aptamers can be selected against proteins, peptides, dyes, metal ions, viruses, bacteria,
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Resumen: AFM/EFM/MFM
p Diferentes Modos de Medida:

n Contacto
n No Contacto e Intermitente (Tapping)
n Liftmode

p AFM/EFM/MFM
p Topología y Propiedades Físicas:

n Dureza
n Viscosidad
n Adhesión

p Posibilidad de medir en Líquidos
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