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Pegylated Liposomes
loaded with MLP

Phospholipids PEG MLP MMCCholesterol

Mesoporous Silica Nanoparticles
loaded with MLP

VS

M.Manzano, A.Gabizón, M.Vallet-Regí. Pharmaceutics. 14, 1483 (2022).
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1-filtrar
2-lavar (i:H2O, ii: EtOH)
3-secar

H2O miliQ 
480 ml

NaOH 2M 
3,5 ml

(CTAB) 
Ig Si(OCH2CH3)4

5ml (TEOS)

2h, 80ºC
2h, 80ºC

(CTAB) 
Ig

H2O miliQ 
480 ml

NaOH 2M 
3,5 ml

Extracción del surfactante

Disolución de NH4NO3 (10mg/ml) 
en EtOH/H2O (95%)

12h a Reflujo

OH

OH

HO

OH

HO

HO

OH
OH

OH

OH

OH

OH

OH

HO

OH

100nm

OH

OH

HO

OH

HO

HO

OH
OH

OH

OH

OH

OH

OH

HO

OH

1-Fabricación y caracterización



HA

Hydrothermal

treatment

HA NRs

HANR HANR@MSN Fe3O4

MSNs-Tf-AgNPs

MSNL
50nm MSNL

Ø2-3nm

MSNR

Ø8nm

50nm

Ø12nmØ5nm

MSNR

MSNR

50nmMSNR

AuNR 50nm

50nm 50nm 50nm

50nm

MSN-AuNR AuNR@MSN

50nm

MSN-Au

50nm 50nm

50nm 50nm
50nm 50nm

MSN-Fe3O4 Fe3O4@MSN

50nm

High load charge (S ≈ 1000 m2/g)
Homogeneous preparation
Particle diameter:70- 130 nm
1400 pores/particle
Pore diameter  2…..12 nm
Large scale preparation
Well established chemistry can be used to modify surface or to attach nanomachines
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16

Vectorisation ligans, to guide the nanosystems towards the diseased bone, increasing
bioavailability and reducing toxicity

Therapeutic agents (drugs and peptides), to perform a combined therapy and increase its
efficacy

Stimuli sensitive components, which allow us to adjust the pharmacokinetic profiles against
certain stimuli related to the pathological conditions. 





Control Naked MSN PEG-MSN PEG-MABG-MSN

Internalisation oriented to tumour cells:targeting

G. Villaverde, V. Nairi, A. Baeza, M. Vallet-Regi. Chem. Eur. J. 23,7174 –7179 
(2017).
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get ready!

Drug delivery

Adjuvant

Targeting

Biofilm 
disruption

Antifouling

Detection

M Martínez-Carmona, Y Gun’ko, M Vallet-Regí. Pharmaceutics 10 (4), 279, 2018



La resistencia a los antibioticos es un grave problema de salud pública que 
causa 670 000 infecciones y 33 000 muertes al año sólo en Europa. 



Mesoporous Silica
Nanoparticles:

New Weapon againts
Osteoporosis



Osteoporosis Disease and Treatment

Osteoporosis
Osteoblast

Osteoclast
Treatment

Osteoblast

Osteoclast

Gene 
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Problem 

DELIVERY

-short half-life 

-poor penetration capacity
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OSTEOPOROTIC

MICE 
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SOST

siRNA
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ARCHITECTURE
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Protein corona

Immune

recognition
Bloodstream

clearance

Opsonization

Stabilized protein corona
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pH-responsive nanoparticles

Self-immolative
polymer

↓pH

Self-immolative
fragmentation

pH-Responsive Mesoporous
Carbon Nanoparticle

Cargo release in acidic 
environments

Self-immolative polymers are programmed to disassemble 
spontaneously from head to tail, through a domino-like 
fragmentation, upon response to extremal stimuli.

Self-Immolative Polymers: An Emerging Class of Degradable Materials with Distinct 
Disassembly Profiles. J. Am. Chem. Soc. 2021, 143, 50, 21177–21188



Redox-responsive nanoparticles for 
synergistic effect in cancer cells

Glutathione

Synergistic activation
of apoptosis pathways

Apoptotic drug
loaded MSN

Pro-apoptotic protein

Protein and drug release
Apoptosis-mediated

cell death
• Elevated intracellular levels of 

glutathione are a characteristic feature of 
the tumor microenvironment.

• We designed a system triggered by 
Glutathione to release pro-apoptotic 
drug and protein.



Recent work: Dual-action hydrogel for wound dressing

Objective: To develop a hydrogel that targets not only the pathogen, but also the associated inflammation

1 cm

Synthesis: Gelatin methacryloyl matrix copolimerized with an anion-exchanged polymerizable ionic liquid

Mechanical properties 

improvement

Antimicrobial 
activity

Anti-inflammatory 
activity

Gelatin methacryloyl

Results confirmed antibacterial and anti-inflammatory effects, and reparative macrophage differentiation

IL-6

TNF-α

Macrophage 

polarization

Reparative 

phenotype



Current work: Polymeric Ionic Liquids Nanoparticles

Objective: Synthesis and biological evaluation of Polymeric Ionic Liquids Nanoparticles (PILs NPs)

Currently optimising the synthesis and characterization of the PILs NPs.

≈ 100 nm in both cases

Conventional TEM = Bad imaging

A BA B

A
B Self-assembly

Cryo-TEM

ACS Nano (2016), 10, 8, 7731–7737



Macroporous scaffolds for tissue regeneration

skin

Bone

TendonLigament

Cartilage

Therapeutic agent

miRNA

Peptides

Drugs
3D printed

Natural tissue

Porous

Scaffolds

Stem cells

mature cells

Cells

macrophages

100 µm



Per se effects:
Bioactivity
Osteogenic differentation

Mesoporous bioactive
glass nanoparticles

Mesenchymal
stem cell

Osteoblast

BONE REGENERATION

Alizarin red 
stained hMSCs
mineralization 

Bone mass loss

Relative mRNA expression

RUNX2 ALP OC

Mesoporous bioactive glass nanoparticles (nMBG)

Si100 Si90Ca10 Si80Ca20

Si70Ca30 Si60Ca40

Control Si100 Si90Ca10

Si80Ca20 Si70Ca30 Si60Ca40



Pleiotrophin-Loaded Mesoporous Silica Nanoparticles as a 

Potential Treatment for Senescence-related Osteoporosis

Nanomedicine: MSNsOsteoporosis - Senescence

Bone density Risk of fracture Reactive Oxygen Species
Oxidative stress

Senescence

ALTERNATIVES

Pleitrophin (PTN)

Mitogenic, angiogenic and 
chemogenetic activity 

To deliver PTN to specific bone 

tissues to obtain optimal 

concentrations

Mesoporous silica nanparticles for drug delivery. M Vallet‐Regí - Advanced functional materials, 2020

Background

Objective
To develop a nanocarrier based on MSNs that exert a 

protective action of the deleterious effect of senescence-

related osteoporosis

Synthesis and Physico-chemical characterization

Polimeric coating whith
Polyethylenimine

(PEI)

PTN LOADED by 
ADSORPTION (24h)

Limitations and problems
with conventional

treatments



Pleiotrophin-Loaded Mesoporous Silica Nanoparticles as a 

Potential Treatment for Senescence-related Osteoporosis

Cell Viability: no toxicity

Improved cell Internalization

Senescence model induced by H2O2

MSN@PEI-PTN protect against the deleterious effect of 
senescence in viability and mineralization

MSN@PEI-PTN protect against the deleterious effect of 
senescence in cell differentiation (gene expression)
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P*0.05 vs control MC3T3-E1; #p0.05 vs H2O2; p0.05 vs MSNs@PEI; +p0.05 vs PTNp*0.05 vs MC3T3-E1; #0.05 vs MSNs
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