Bulletin of Food Technology
Vol.24, No.3, pp. 308-324

Ueola g Hest AEe] £ 3 SIBAEIH g

| 5

State-of-the-Art of Nanotechnology-based Food Products:
Toxicity and Risk Assessment(II)
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Fig. 1. Proposed approach for hazard identification of nanoparticle. (SCENIHR, 2007)
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Schematic transverse sections of a Peyer's patch lymphoid follicle and overlying follicle—associated epithelium
(FAE), depicting M cell transport of particulate delivery vehicles. The general structure of intestinal organised
mucosa—associated lymphoid tissues(O—MALT) is represented by the schematic transverse section of a
Peyer's patch lymphoid follicle and associated structures in (A). The FAE is characterised by the presence of
specialized antigen sampling M cells (B). Particle transport across epithelial cells, Particles can be transcytosed
by normal enterocytes (1) as well as by M cells (4). They can reach the basal pole by passive diffusion (2) or
by paracellular transport (3) (des Rieux A ef al, J Control Release, 116, 1-27, 2006).
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Table 6. Factors affecting uptake and translocation of nanoparticles after oral administration

Parameter

General observation

Diameter

Decrease in diameter leads to increased uptake below 1 pm, Particles above

3 um are taken up by Peyer's patches but remain there; lymph nodes also

act as a filter,
Surface charge

Surface ligands

Charged particles are taken up, but less than non—ionic hydrophobic particles.

Ligands selective to epithelial cell receptors allow greater affinity, generally

greater uptake, but not necessarily greater translocation,

Shape and elasticity

Shape effects not clear; elasticity potentially important to allow nanosystems

to traverse capillaries with diameters smaller than their own diameter,

Physical and
chemical stability

Colloidal instability, leading to flocculation and aggregation a key issue
given the importance of particle size; chemical stability of the nanoparticle

matrix and any surface ligands is vital for both biodegradability and
release of encapsulated drug and for ensuring receptor binding of carrier.

(Florence AT, Drug Discovery Today, 2(1), 75-81, 2005)
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Table 7. Absorption/uptake of nanoparticles from the gastrointestinal tract following oral administration

Particle type Particle size Translocation/Distribution Reference
Polystyrene 50 nm 34% of 50 nm particles and 26" of 100 nm Jani et al,, 1990
100 nm particles were absorbed. Of the absorbed
300 nm particles 7% of the 50 nm and 4% of the
1000 nm 100 nm were found in liver, spleen, blood,
3000 nm bone marrow, Particles greater than
300 nm did not enter the bolldstream
Titanium 25 and uptake into the blood and movement to the liver Bockmann et al., 2000,
dioxide 80 nm Jani et al., 1994
C60 fullerenes Not 73—80% of oral dose found in liver Yamago et al,, 1995
available
Cationic Not three animals died after single oral Roberts et al,, 1996
PAMAM available administration, Liver toxicity was observed
dendrimers after multiple dosing (once a week for 10 weeks)
Gold 4, 10, 28, 4 nm particles were widely distributed to Hillyer and Albrecht,
and 58 nm lung, heart, kidney, spleen and liver, with 2001
given in lower levels being found in blood and brain,
drinking Levels of 10 nm particles in these organs
water were generally 2—4 times lower than for
the 4 nm particles, while levels for the
28 nm particles were approximately 10
times lower, There was little evidence
of uptake of the 58 nm particles
7n 58 nm and Severe renal damage could occur in the nano—zinc Wang et al., 2006
1,08 um (58 nm) treated mice gastrointestinally
administered at a dose of 5 g/kg bw
Zinc oxide 20 nm and 120 nm particles caused dose—effect damage in Wang et al., 2008
120 nm mice liver, heart and spleen. 20 nm particles
damaged liver, spleen and pancreas
Nano Copper 23.5 nm severe toxicological effects in liver, kidney, Chen et al,, 2006,

and blood

Chen et al., 2007
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