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Skin and drug administration

Skin and its structure

Introduction

Epidermis

Dermis

Hypodermis

Virus

Bacteria

Allergens

Ultraviolet 
rays

The body's largest organ and first 
contact with the outside world

Barrier, not only against 
pathogens, but also against 
hydrophilic molecules and 
drugs.

Break – Mortar wall
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AdvantagesChallenges

• Permeability to lipophilic compounds
• Impermeability to hydrophilic compounds
• Some drugs may be less permeable through 

the skin due to their size and penetrability.

Difficult to penetrate the selective barrier 
structures of the skin Concentrating 

the active 
agents

Avoids
hepatic

metabolism

Reducing 
systemic side 

effects

Comfortable for
the patient

Provides sustained administration over 
long periods of time

Skin and drug administration
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Approach: Bio and nano-material for drug delivery

Functionalized magnetite
nanoparticles

Higher number of active 
molecules per unit mass
• Biocompatible
• Biodegradable
• Biologically inert 
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Approach: Bio and nano-material for drug delivery

Functionalized magnetite
nanoparticles

Higher number of active 
molecules per unit mass
• Biocompatible
• Biodegradable
• Biologically inert 

Magnetoliposomes

• Facilitate the penetration 
of physiological barriers

• Increase the solubility of 
drugs

• Low toxicity
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Approach: Bio and nano-material for drug delivery

Functionalized magnetite
nanoparticles

Higher number of active 
molecules per unit mass
• Biocompatible
• Biodegradable
• Biologically inert 

Magnetoliposomes

• Facilitate the penetration 
of physiological barriers

• Increase the solubility of 
drugs

• Low toxicity

Methacrylated
chitosan hydrogel

Good permeability, 
biocompatibility, 
flexibility and 
viscoelasticity

Topical treatment
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Synthesis of MNPs

Nanoparticle Synthesis and functionalization

𝐹𝑒2+ + 2𝐹𝑒3++ 8𝑂𝐻−

→ 𝐹𝑒3𝑂4 + 4𝐻2𝑂
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Funcionalization of MNPs2

PEG immobilization3

DOX immobilization4
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FTIR

Presence of functional groups and bonds 
showing correct surface functionalization

Nanoparticle Characterization

1.391
Si-O

899
Fe-O

1.040 
Si-O

1.565
Si-O
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Size

Average particle size of 100 nm

TGA

2.8 % 
Water

5.2% loss of 
saline organic 
ligands

MNPs: Single 10% mass loss zone 
corresponding to water loss
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Liposomes synthesis

Bilayer formation

1h-45°C 
vacuum pressure

Bilayer hydration

100 mg soy lecitin
+

10 ml chloroform

1h-55°C 

Store

20 mL PBS (1X)
+

1 ml NPs
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Size

Liposomes characterization

Encapsulation efficiency (%EE)

The %EE obtained 
was 67.5% for a 

concentration of 0.1 
mg/mL NPs.

%𝐸𝐸 =
𝐼𝑓 − 𝐼𝐼

𝐼𝑓

The %EE was obtained 
by applying the 
following equation
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Average size of 208.9 nm and IDP: 0.203 were 
obtained. They have monodisperse liposomes.

Results



ChiMa hydrogels syntesis

Methacrylic acid

EDC
Unstable 

intermediate

NHS
Unstable 

intermediate

Chitosan
Chitosan methacrylate 

(ChiMa)

Chitosan (3 %v/v) 
(0.17M)acetic acid

MA(1:1)
EDC (1:2)
NHS (1:4)

600 RPM
60°c   24 H 1000 rpm 1 min 

Dialysis 48 H

Riboflavin 
(1% w/v)

ChiMa (3% v/v)
Acetic  acid (0.17 M) 

Lyophilize 

Chitosan methacrylation Photocrosslinking
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Chitosan methacrylate (ChiMa)

Chitosan (3 %v/v) 
(0.17M)acetic acid

MA(1:1)
EDC (1:2)
NHS (1:4)

600 RPM
60°c   24 H 1000 rpm 1 min 

Dialysis 48 H

Riboflavin 
(1% w/v)

ChiMa (3% v/v)
Acetic  acid (0.17 M) 

Lyophilize 

Chitosan methacrylation Photocrosslinking

Reactive 
Methacrylate

group

Photoinitiator

UV Irradiation

ChiMa strand

Covalent bond

Degraded 
photoinitiator ChiMa strand
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ChiMa hydrogels synthesis
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ChiMa hydrogels characterization
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FTIR

Two mass loss zones
• Zone1: 22%  water evaporation.
• Zone2: 41% polymer degradation

TGA

1.720

815

Viscosity

Hydrogels 
viscosity = 
156 cP

The correct addition of methacryloyl
groups to chitosan is validated.

Doubling of the carbonyl 
group of the matacryloyl. 
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Future work

Biological characterization
• Cytotoxicity
• Hemocompatiblity
• Platelet aggregation 

Validation of liposome 
dispersion by microscopy

Diffusion test with 
franz cell

Clonclusions

MNPs-Si of 100 nm were obtained. Their correct 
functionalization was validated by the presence of 
FTIR bands at 1040 cm-1, 1391 cm-1, 1653cm-

1, corresponding to stretching vibrations of Si-O 
groups.

Magnetoliposomes with a hydrodynamic diameter of 
208 nm and PDI of 0.23% were obtained.

The correct methacrylation of chitosan was 
performed as evidenced by stretching bands of the 
carbonyl groups of the metacryloyl at 1720 cm-1 and 
815 cm-1.

11



Thank you!

Department of Biomedical Engineering

Universidad de los Andes

Bogotá, Colombia

Grupo de Investigación en 

Nanobiomateriales, Ingeniería 

Celular y Bioimpresión

Mónica Gantiva

Master student

Carolina Muñoz

Professor

Juan Carlos Cruz

Professor

mr.gantiva@uniandes.edu.co


