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The nose knows: optimizing 
nanoparticle properties is the shortest 

route from the bench to the brain







Getting it 

right:

The right drug

The right dose 

The right target

The goal of drug

delivery



BIOLOGICAL BARRIES FOR BRAIN DRUG DELIVERY

(Zhang et al, Brain Res Bull,190:69-83, 2022)

Blood-brain barrier 
(BBB)

Blood-cerebrospinal 
fluid barrier (BCSFB) 

Cerebrospinal fluid-
brain barrier (CBB)



From the bench To the brain



NOSE-TO-BRAIN DELIVERY

(Jeon et al., J Pharm Investig, 2023;53(1)
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(Pharm Res (2019) 36: 131 DOI:10.1007/s11095-019-2662-z)

N2B delivery of melatonin-loaded PCL NPs

Brain distribution

Selectivity 

towards 

glioma cells 



https://doi.org/10.1016/j.addr.2017.08.010

ALMEIDA, A. P. B. JOURNAL OF BIOMATERIALS APPLICATIONS, p. 088532821986329, 2019.

JAPIASSU, K.B. et al. JOURNAL OF CONTROLLED RELEASE, v. 352, p. 15-24, 2022.

NP Mobility in pulmonary mucus

https://doi.org/10.1016/j.addr.2017.08.010


Mucus diffusivity by NTA 

Cellular uptake by RMPI 2650 epithelial nasal cells

IR-780 NPS

(Drug Deliv Transl Res. 2020, doi: 10.1007/s13346-020-00816-2)



(Drug Deliv Transl Res. 2020, doi: 10.1007/s13346-020-00816-2)

Quantification of BEX in brain tissue



(Adv Drug Deliv Rev. 2009 Feb 27; 61(2): 158–171.)
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Nose-to-Brain Delivery



Optimized Mucus Adhesion and Penetration of Lipid-Polymer improve

N2B Delivery of Perillyl Alcohol for Glioblastoma Therapy

ITC experiments for PNP-POH and LPNP-POH nanoparticles titration in 

a (2% w/v) mucin:water solution

de Oliveira Junior, ERO., … Lima, E.M. Drug Deliv. and Transl. Res. (2025)



Nanoparticles diffusivity in ANM

Cellular uptake by RPMI 2650

nasal cells
Ex vivo nasal permeation

In vivo biodistribution and brain delivery

de Oliveira Junior, ERO., … Lima, E.M. Drug Deliv. and Transl. Res. (2025)



Cytotoxicity against glioma cells and 

antitumoral activity in CAM model

de Oliveira Junior, ERO., … Lima, E.M. Drug Deliv. and Transl. Res. (2025)



Biomimetic nanoparticles

Cell membrane-based → mimic
cells’ properties

- Polymeric NP coated with
fragments of cell membranes

- Hybrid liposomes

- Liposomes containing proteins
from cell membrane

- Cell membrane vesicles

(Zinger, A. Journal of Controlled Release 358 (2023) 591-600)
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DLS measurements of hydrodynamic diameter
(nm) *p<0.05
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Nanoparticles (cNP and hLP)

Transmission electron microscopy of
A) Polymeric core, B) cNP and C) hLP.



https://doi.org/10.1021/acsami.4c16837 ACS Appl.Mater. Interfaces 2025,17,484−499

https://doi.org/10.1021/acsami.4c16837




In vitro In vivo

https://doi.org/10.1021/acsami.4c16837 ACS Appl.Mater. Interfaces 2025,17,484−499

https://doi.org/10.1021/acsami.4c16837


PEG 

Mucopenetration

Reduces NP interaction with mucin
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TAT Peptide

Celular internalization

Membrane translocating aa sequence

CPPs



TAT - Liposomes

Nasal epithelium internalization

Unpublished data
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[ ] in the brain (LC-MS-MS)

Unpublished data



Neurodegenerative patterns / recovery

28

Mobility Anxiety Memory
Unpublished data



When the 

brain is the 

target:

• Nanoparticles are efficient in 

delivering drugs to via N2B

• Nanoparticles surface 

properties are a key factor to 

overcome biological barriers

• Sometimes, biological tools 

are the key to solve 

biological challenges
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