3
~

>
z/
-

Nano can be Big(ger):

| bringing added value to milk fat

< | .- . " | . | . | . | | . | . ' ‘///:-. 1

Joao Albuguerquel, Filipa Soares!, Andreia Granjal, Claudia
Nunes!, Ana R. J. Cabrita?, Antonio J. M. Fonseca?, Salette Reis!

1 LAQV, REQUIMTE, Departamento de Ciéncias Quimicas, Faculdade de Farmacia, Universidade do Porto
2 LAQV, REQUIMTE, Instituto de Ciéncias Biomédicas Abel Salazar, Universidade do Porto

LACON @
reanmte N7 75th EAAP - September 2024 - Florence, Italy



Introduction

Improved
materials

- Optical

engineering

Medicine ’
Nanotechnology
inZOLgtjry nergy cells

W\

Cosmetics Robotics

ALY

i t 2
oooooooooooooooooooo
PARA A QUIMICA VERDE



Introduction

100 million times 100 million times
smaller smaller

A2

[ 3
LABORATORIO ASSOCIADO
PARA A QUIMICA VERDE



Introduction

- Lipid-based nanoparticles

- Generally regarded as safe components

« Among the most easily scalable production methods
Nano delivery systems

- Address bioavailability issues

- Vitamin D

- Address negative side effects
9 - Essential for bone health and systemic regulation

- Address stability issues . - . . :
« Increasingly deficient with required supplementation

Highly lipophilic

WA OV
reqmmte Silva, M. C., & Furlanetto, T. W. (2018). Intestinal absorption of vitamin D: a systematic review. Nutr Rev, 76(1), 60-76. 4
T https://doi. org/10 1093/nutrit/nux034



Introduction

- Uptake into the bloodstream
)

Lymph
vessel

Drug loaded NLC /SLN
- Particles of ~500 nm can be absorbed by
enterocytes and their cargo delivered to the a

Lipolysis
bloodstream

- Uptake into the lymph system A OA
. _ O ,040 c@
- Particles of ~200 nm are preferentially
O
collected by M cells and then delivered to _ '

the lymphatic vessels

- Lipophilic molecules can be transported via

the chylomicrons produced in enterocytes

Talegaonkar, S. and A. Bhattacharyya, Potential of Lipid Nanoparticles (SLNs and NLCs) in Enhancing Oral Bioavailability of Drugs
L/‘@/ with Poor Intestinal Permeability. AAPS PharmSciTech, 2019. 20(3)
requimte Managuli, R.S., et al., Targeting the intestinal lymphatic system: a versatile path for enhanced oral bioavailability of drugs. Expert 5
RASHEESE Opinion on Drug Delivery, 2018. 15(8)



Objective

Nutraceutical

Lipid nanoparticles (LNP)
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Milk cream separation - Protocol

Centrifuged at 14000 xg for
30 min at 4 °C

Milk Cream
859% fat

6% protein

99% lactose

Nanoparticle

production material




Nanoparticle production - Protocol

Y o
N :
S £ Add 4.5 mL of water
S bath at 55 °C
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=
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- Water bath at 55 °C a—
- = until lipid melting Ultrasonicated for 5
‘g min at 80% amplitude
=
n
e .
o Nanoparticle
\_/ = formulations
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Nanoparticle characterization

LNP

Polydispersity Index

Zeta potential (mV)

Vitamin D loading (

%)

The diameters of LNP are
optimal for intestinal
absorption of lipid NP

Vitamin D was selected as a
model molecule and was
added at 1000x the DDR

Mean + SD

0.28 = 0.01
-35.8 + 3.3
10.2 £ 0.3




Nanoparticle characterization - shelf-life

—e—Population 1 (~90%)
400 ——Population 2 (~10%)

200 O e e e Qe e e e -

Diameter (nm
(@)
o
o

1 8 14 21 28 44 60 90 120 150 180 240 300
days of storage

LNP are stable for PdI and zeta potential values also remained

at least 300 days! very similar over 300 days
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Nanoparticle characterization — gastric resistance
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Gastric mimetic
media with pepsin

digestion!

Incubate for 2 h
at 37 oC
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Nanoparticle characterization — intestinal resistance
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LNP_tO LNP_tf

LNP resist intestinal

digestion!

12



Nanoparticle characterization - in vitro toxicity

120
Results of MTT in vitro
viability assay performed

100 in Fibroblasts (L929)

Fibroblast Viability (%)

80

60 The NP do not

appear to be

4P cytotoxic!

20 At the highest
concentration, the NP
provide more vitamin

0 0.5 0.75 1 2 2.25 2.5

b, e | D than the DDR!
Milk fat layer (mg/mL)

[ NP mssm LNP_D Control === 70% viability (ISO standard)
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Conclusions

Milk

(fat layer)

v" Using organic-solvent free scalable methods

v" With optimal properties for oral applications

Bring added
value

NEZlglelelzlgal=iasl|  Great storage and gastrointestinal stability

v Excellent biocompatibility

v" Enormous potential for vitamin D delivery
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- Short term

- Assess in vitro permeability

- Long term
- Assess in vivo efficacy

« Assess the Incorporation into food products

l;m{e 15
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