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ABSTRACT: A significant amount of research toward commercial
development of cellulose based nanomaterals (CNM) is now in progress
with some potential applications. Using human A549 and THP-1 cells, we
evaluated the biological responses of various CNMs; made out of similar
material but with functional and morphological variations. While A549
cells displayed mimimal or no cytotoxic respoases following exposure to
CNMs, THP-1 cells were more susceptible to cytotonicity, cellular damage
and inflammatory responses. Further analysis of these biological responses
evaluated using hierarchical clustering approaches was effective in
discriminating (dis)-similarities of vatious CNMs studied and identified
potential inflammatory factors contmbuting to cytotoxicity. No correlation
between cytotoxiaty and surface properties of CNMs was found. This
study cleatly highlights that, in addition to the source and characteristics of
CNMs, cell type-specific differences in the recognition/uptake of CNMs

along with their mherent capability to respond to external stimuli are crncial for assessing the toxicity of CNMs.

B INTRODUCTION

In the field of nanotechnology, one of the most popular areas of
current research and development, polymer-based nano-
composites, is gaining prominence in various industries such
as transportation, construction, aerospace, and consumer
products. Nanocomposite materials are the result of the
combination of polymers and inorganic/organic fillers at the
nancmeter scale. The extraordinary versatility of these new
materials springs from the large selection of nanofillers—
nancparticles, fibers, gels, minerals, and metals—being used for
reinforcement and enhancing properties of base materials. In
the recent years, cellulose-based nanomaterials (CNM) have
received a great deal of attention because of their outstanding
characteristics such as nanoscale dimension, high surface area,
hydrophilicity, biodegradability and increased tensile sl:renqth,
stiffness, and strain compared to other nanoscale materials.' ™
CNMs can be produced from various sources includin

bacteria, wood, nonwoody plants and agricultural residues

and are extracted by two general methods: mechanical
fibrillation and chemical hydrolysis.®” The corresponding
products are referred to as cellulose nanofibrils (CNF) and
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cellulose nanocrystals (CNC), respectively. While CNFs are
fibrils and contain both amorphous and erystalline cellulosic
regions, CNCs are stiff rod-like particles consisting of cellulose
chain segments in a nearly perfect crystalline structure.® These
novel CNMs are highly researched for their compatibility to
serve as reinforcements in composites, replacing conventional
materials such as glass fibers or inorganic filllers, However, the
development of such high-performance nanocomposites
requires surface functionalization and/or chemical modification
of CNMs to overcome their intrinsic hydrophilic nature and
attain uniform dispersions/distributions in polymer matri-
ces.”’® The main challenge lies in preserving the original
morphology and maintaining the integrity of the CNCs and
CNFs. Several approaches including lignin-coating,'' ™"
addition of surface charges, and surfactant or polymer grafting
have been described to this end."*™" Relatively little is known
about the potential effects of these CNMs on the environment
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