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Unpurified MWCNTs generate more oxidation reactions than the purified CNTs, inducing 

significant mitochondrial dysfunction. Overall the immunological responses related to 

MWCNT exposure are considered as the result of the synergistic effect of systemic 

(mediated by cells of the routes of exposure) and local inflammation (blood cells).
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The evidence accumulated to date suggests that there are health risks associated with 

occupational exposure to carbon nanoparticles. Recent studies show that micro- and 

nano-sized substances may have significant pathological effects on humans. These toxic 

effects of multi-walled carbon nanotubes (MWCNTs) are often associated with 

intracellular oxidative processes related to generation of reactive oxygen species (ROS). 

The latter is enhanced by metallic impurities, that can be mobilized from the carbon 

nanotubes to the surrounding biological microenvironment.

Ιmpurities influence significantly the induction of key toxicity pathways such as 

inflammation mediated by chemokine and cytokine signaling. In particular, MWCNT induced 

the over-expression of chemokine (C-C motif) (Ccl2) and ligand 19 (Ccl19). Pathway 

analysis showed the modulation of genes related to the NFkB pathway, which is more 

evident for unpurified MWCNTs. 

Figure 1. Conceptual methodological approach Figure 3. Immunological parameters in the blood of healthy volunteers 

Figure 4. Inflammation mediated by chemokine and cytokine signaling pathway

The complexity of biological responses following exposure to engineered nanotubes 

underlines the need for the development of dedicated and comprehensive methodologies 

to approach the potential health effects of nanomaterials. The current study aimed at 

identifying the effects of exposure to purified and unpurified MWCNTs at different levels of 

biological organization, and at shedding light on the potential mechanism(s) of action. For 

this purpose, (a) immunological, (b) biochemical, (c) gene expression and (d) biological 

pathway analyses were carried out, combining human biosamples and in vitro testing. 
The damaging effect of unpurified MWCNTs was manifested in the significant increase in 

the percentage of lymphocytes and CD3+ cells with reduced mitochondrial membrane 

potential (MMPL and MMP СD3+ respectively). The increased levels of CD3+CD95+, 

CD3+CD25+ cells were not significantly different from the levels corresponding to exposure 

to the purified MWCNTs.
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RESULTS & DISCUSSION

Biochemical analyses were used to assess the levels of primary products of lipid 

peroxidation (LPO) – lipid hydroperoxides (LHP) and the intermediate products of LPO –

diene conjugates (DC), ketodienes (KD), conjugated trienes (CT), compounds containing 

isolated double bonds (CCIDB). Oxidative disorders were manifested in the form of increase 

in the content of the primary products of lipid peroxidation (LPO) and redistribution of the 

intermediate products (CCIDB, DC, KD+CT) in neutral lipids and phospholipids of blood cell 

membranes. The load test by the MWCNTs with higher content of metallic impurities 

caused a significant increase in LHP levels on the whole blood.

Figure 2. Lipidomics in the blood of healthy volunteers
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Figure 5. Up-regulation of anti-apoptotic pathway in the 

presence of purified and unpurified MWCNTs

IL6 stimulates cells via direct interaction with gp130. Binding to the membrane-bound IL-6 

receptor (mIL-6R, CD126) it causes the recruitment of two gp130 co-receptor molecules 

(CD130) and the activation of intracellular signaling cascades via gp130. Binding of IL6 to 

CD126 and their association with gp130 triggers the activation of JAK, which phosphorylate 

STAT3, thus modulating the expression of a broad spectrum of downstream target genes.
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