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Bioapplications of boron nitride nanotubes

“...we are fully confident that boron nitride nanotubes will become,
within the next few years, a first-choice nanomaterial in a wide range
of nanomedicine applications.”
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Intreduction: boron nitride
nanoctubes & nanomedicine
Tlu:nn:t'a:al[}r ]1m|,'|1'ch.1,{ in 1994 and pro-
duced 1 year later for the first time, boron
nitride nanotubes (BNMNTs) have ateracted an
'ann::lﬁllg interest in the scientific cnmmunir}r
for their comparable or even superior physico-
chemical properties to the berrer known struc-
turally analogue carbon nanotubes (CNTs).
BNNTs are indeed characterized by a high
chemical swability, an elevare Young’s modu-
lus and rensile strengeh, resistance to excreme
temperaturesfoxidizing
a definite electronic behavior, imlcpq;ndt:n[
of diameter and chiralicy. They have a large
cross-section which makes them ideal rargers
for newtron irradiation; moreover, they can
produce little currents when exposed ro suir-
able mechanical stresses (direct piezoelectric
effect) or underge mechanical deformation
when eleceric current is applied (indirect
piezoelectric effect) (1.

Since our first bio-related investiga-
tions 2], all of these properties have increas-

L'I'I‘\-'i.l.'{ll'l.ll“.‘l'l!E EIH']

ingly heen shcrwing ]_1mm'|sr,' in the nano-
medicine research field, where instead CNT
applications have often failed, highlighting
inud.u:r.]u:lrt,' II:"&'E.:IS f!f.ﬁﬂ&:[}r. TI'“:' niln {?l'- TR~
medical research is indeed identifying, char-
acterizing and exploiting novel marerials for
multifuncrional crearment of pathological
conditions while assuring consiscent benefic/
risk balance. Fundamental steps that must
be undertaken when proposing innovative
nanomaterials for medical applications con-
sist in verifying first their stability in biologi-
cal environment in wiere, second the lack of
H.d VETSE f:l'-&:(.'t!i oan I'_".']IIJE;II.' "f'ial'ii.lit}r -3.]'“'.! !II.JI“."-

tions in both short and long term, and chird
the ability 1o promote recovery of anatomi-
cal and functional int::g ricy of rismu;s.fnrguns
in wive. To dace, BNNTs have fully satished
the first owo instances for their application to
bhuman healtheare, and have fl‘_“."."lltl}" started
to show their grear potential even in vive, as
it will be discussed in che following,

Biocompatibility of BNNTs

BNMNTs are characrerized by high chemical
inereness and hydrophobicity, and are prone
to iJI'C'L'i:[Ji!JriU]'I. ill a.qu::nus I'I'H:d.i-ﬂ.. II'I [JITJL'F
to use BMNTs in agueous environments like
the biological compartments, proper coat-
ingsfsurface functionalization procedures are
needed. Firse proofs of efficient, stable nana-
be dispersions were achieved upon coating
with surfactants, and with polymers of both
natural/synthetic origin {i.e., glvcol chirosan
{GC) and B3 peptides). Good dispersions
were also attained with phospholipids and
with dendrimers, the latrer being proven o
JTIEI'.“E“.' i.rrtrr:u:ti.un nf BNNT‘ “'ith S[Jl'.'l.'iﬁ{.'
cell surface receptors [3),

Improvements in BNNT compatibilicy
with biological environments were also pro-
vided by covalent modifications of the nano-
tube surface. In this regard, alterations of the
B-N lattice were exploited, such as pending
amine moieties residues from  fabrication
procedures (4], or functional groups have
been purposely introduced on their surface,
tor instance hydroxyl groups upon a strong
axidation reaction [5). These modifications
were preliminary done to further reactions
aiming at binding biologically relevant com-
Pﬂ‘Ll]'lI'.!f.. SLH_'I'I A5 H.'Ffi.ril'l ar Hl.l[]l'ﬁbl'l:l”-t]'al’.'['{-
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