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Incidence and etiology

Genesis and pharmacological targets
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Encapsulation of commercial Curcumin

Liposomal formulation DODAB:MO(1:2)
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Results regarding the characterization and development 
of formulations

Summary of conclusions obtained and brief 
description of work in progress
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1,3 M

9,9 M

* SCML, ‘Prémios Santa Casa Neurociências’, Doenças Neurodegenerativas. Available:
http://www.scml.pt/pt-PT/áreas_de_investigação/doenças_neurodegenerativas/informação_geral/.

Telma Soares et al., Progress in Neurobiology, 2018, in press
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Decrease of Aβ aggregation and ENF formation

Reduction of ROS and RNS

Decrease of pro-inflammatory cytokines
and glutamate-induced toxicity

Anti-cancer, anti-inflammatory and anti-oxidant properties.

Seasoning, flavoring and 
coloring agent

Zingiberaceae family
80 species
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Fluorescence, DLS and ELS

Blood protein binding

Derivative Spectroscopy

Lipophilicity and cellular 
permeability

ABSORPTION

DISTRIBUTION

BBB permeability

Derivative Spectroscopy

DISTRIBUTION/EXCRETION DSC, SAXS, WAXS and DLS

Changes in membrane biophysics

MEMBRANE TOXICITY
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Development of a formulation loaded with curcumin for 
prevention and treatment of neurodegenerative disorders.
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DODAB is a cationic 
lipid that tends to form 

lamellar phases.

MO is a neutral lipid 
that forms inverted 

non-lamellar phases.

 STABILITY: DODAB forms rigid membranes which
ensure the stability of the formulation.

 DRUG LOADING CAPACITY: MO forms inside the
liposomes a sponge-like structure with high lipid
content and water, being able to charge both
hydrophilic and lipophilic drugs.

A.C. N. Oliveira et al., RSC Adv., 2016, 6, 57730. 



10Methodologies used in the development and 
characterization of formulations

01

DODAB + MO 
in organic solvent

Thin
dried lipid film

Extrusion
5 x 400 nm
5 x 200 nm

10 x 100 nm 

DODAB:MO
(1:2) 

Incubation
(2 min at 

60°C)

Vortex 2 min.

10 mL
ultrapure

H2O Repeat for 30 min.
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development of formulations
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Analysis of 
concentration-toxicity 
curves of: (i) curcumin, 
(ii) empty nanocarrier 

and (iii) curcumin 
loaded nanocarrier

Human neuronal 
SH-SY5Y cells

Suspension of 5 × 105 

cells/well in complete 

culture medium

On the next day after 

seeding ,cells were exposed 

24h for the testing 

conditions

Cellular viability experiments:

- Neutral Red Uptake

- MTT Reduction

DODAB:MO (1:2) concentrations 
ranging from 1 µM to 500 µM

Curcumin concentration ranging from 
1 µM to 100 µM



13

INCUBATION HYDRATION INJECTION
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INCUBATION HYDRATION INJECTION
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INCUBATION HYDRATION INJECTION 
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Batch 5 99.30 0.83 - - 100 4.05 

Batch 6 96.15 0.80 - - 100 4.05 

1
6
3
 μ

M
 

Batch 7 100 3.36 - - - - 

Batch 8 100 3.37 - - - - 

Batch9 99.61 3.34 - - - - 

2
1
7
 μ

M
 

Batch 10 99.89 2.23 98.69 5.62 
 

- - 

Batch 11 100 2.15 
 

88.10 1.49 - - 

Batch 12 99.61 2.17 84.01 1.07 - - 

300 400 500 600 700

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

Filtered

Pellet

Wavelength (nm)

A
b

s
o

r
b

a
n

c
e

Batch 8

𝐸𝐸 % =
𝐶𝑢𝑟𝑐𝑢𝑚𝑖𝑛 𝑙𝑜𝑎𝑑𝑒𝑑

𝐶𝑢𝑟𝑐𝑢𝑚𝑖𝑛 𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑙𝑦 𝑎𝑑𝑑𝑒𝑑
x 100 DL % =

𝐶𝑢𝑟𝑐𝑢𝑚𝑖𝑛 𝑙𝑜𝑎𝑑𝑒𝑑

𝑁𝑎𝑛𝑜𝑐𝑎𝑟𝑟𝑖𝑒𝑟
x 100 

DATA N
OT P

UBLI
SHED

DATA N
OT P

UBLI
SHED

DATA N
OT P

UBLI
SHED



16

SIZE AND PDI
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𝑫 = 𝑫𝒂 +
𝑫𝒎−𝑫𝒂 𝑲𝑷 𝑳 𝑽∅
𝟏 + 𝑲𝒑 𝑳 𝑽∅
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y= 1288 x + 1,967
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=0,973
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)

(1/T)(K
-1
)

KJmol-1

ΔHAQ→MEM -10,71

ΔSAQ→MEM 0,0164

ΔGAQ→MEM -10,7101

Δ𝐺 = Δ𝐻 − 𝑇Δ𝑆𝐿𝑛 𝐾𝑝 = −
𝛥𝐻

𝑅𝑇
+
𝛥𝑆

𝑅

ΔHAQ→MEM

ΔH<0
Exothermic

partition process
Hydrogen bonds 

formation 

ΔGAQ→MEM

ΔG<0 Spontaneous partition process
Efficient 

encapsulation 
method
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03 04

System B Tm (°C) R2

DODAB:MO (1:2) 272.44 41.96 ± 0.070 0.987

DODAB:MO (1:2) + CU 227.34 38.00 ± 0.213 0.997
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01

03 04

‘Burst’ Phase – 33 %

Maximum fraction released (Fmax) –
94.47 %

Time required until Fmax released –
22.25 h
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03

HSA bindingCharacterization
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03

LIPID

MEDIUM

AQUEOUS 

MEDIUM

DPH-PA

ROO●
AAPH

CURCUMIN

AUCCU 2109

AUC AAPH 1380

[(AUC CU– AUCAAPH)/ AUCAAPH 0.53

DATA N
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23Concentration-toxicity curves in Human SH-SY5Y neurons

03

Using two cytotoxicity assays: dimethylthiazol diphenyltetrazolium (MTT) reduction and neutral red (NR) uptake.

Curcumin Vs DODAB:MO (1:2) loaded with 22% Curcumin
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24Concentration-toxicity in Human SH-SY5Y cells

03

Using two cytotoxicity assays: dimethylthiazol diphenyltetrazolium (MTT) reduction and neutral red (NR) uptake.

DODAB:MO (1:2)                              Vs           DODAB:MO(1:2) with 20% PEG
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Suitable characteristics for BBB penetration

Size, Charge and Stability 

Efficient PEGylation

Adequate liposomal size and charge 
Decreased HSA binding 

Neuroprotective Properties

Antioxidant activity

Efficient Encapsulation

Curcumin was efficiently encapsulated in 
liposomes of DODAB:MO (1:2). 

Controlled release

DODAB:MO (1:2) liposomes promote the curcumin
controlled release

Encapsulation is advantageous

Lower curcumin toxic-concentration
PEGylation promotes a decrease in NC toxicity
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