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Fig. 3. Raman spectra in (a) RBM and (b) TM ranges using exciting laser with various photon energies for the soot synthesized at Ce concentration
of 1.7 at.%, He 500 Torr and arc-discharge current of 70 A and subsequently burned in the air at 533 K for 1 h.

and a shoulder around 1550 cm™' was observed. Ac-
cording to the relationship between diameter and the
allowed optical transitions (transfer integral 2.9 eV)
derived from band structure calculation based on the
tight binding approximation [13,26], a SWCNT with a
diameter of 1.5-1.6 nm will be exited by the incident
light with energies 1.96, 2.41 and 2.54 eV only when the
nanotube is a semiconductor. On the other hand, the
metallic nanotube will be exited by an incident light of
1.57 eV, In the TM range, the shape of Raman spectra
depends on the laser energy [27-29] and the splitting of
the spectra into narrow and symmetric lines is assigned
to the resonance from semiconducting SWCNTSs, while
the broad and asymmetric BFW lineshape type peak
[13,30] that centered around 1550 em™' was assigned to
the resonance from the metallic SWCNTSs. Therefore,
the broad lineshape around 1550 ¢m™! was due to the
presence of metallic SWCNTs.

UV-Vis-NIR spectroscopy is an established tech-
nique for characterizing the electronic band structure of
SWCNTSs [13,14,31-34]. Fig. 4 shows the UV-Vis-NIR
spectrum of the soot synthesized at a Ce concentration
of 1.7 at.%, He gas pressure of 500 Torr and arc-
discharge current of 70 A and subsequently burned in
air at 533 K for I h. The three peaks at 0.64, 1.14 and
1.60 eV were identified after the strong background due

to n electron plasmon of two-dimensional carbon was
subtracted from the raw data (inset in Fig. 4). By
comparing the peak positions with the values calculated
based on the zone folding method [26), these features
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Fig. 4. UV-Vis-NIR spectrum of the soot synthesized at Ce concen-
tration of 1.7 at.%, He 500 Torr and arc-discharge current of 70 A and
subsequently burned in the air at 533 K for 1 h. Inset shows the raw
UV-Vis-NIR spectrum. Asterisk () indicates absorption peak due to
the quartz substrate.
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were assigned to the allowed optical transitions (transfer
integral 2.9 eV) between Van Hove singularities of
the density of states in the SWCNT with a diameter of
1.5-1.6 nm. The peaks at 0.64 and 1.14 eV were attrib-
uted to the electronic transitions between pairs of sin-
gularities in semiconducting SWCNTs (V! - C! and
Vi C2, respectively), whereas the peak at about 1.60
eV was predominantly from the first pair of singularities
(VL — C!) in metallic SWCNTs. The appearance of the
absorbed energy of the M;; band appears at about
1.60 eV confirmed the presence of metallic SWCNTs.
This result was in good agreement with the electronic
band structure of SWCNTs measured from the Raman
scattering spectra. The reason for its appearance at a
higher-energy side compared to the calculated 8, is due
to the Coulomb interaction between SWCNTSs [35].

4. Conclusion

We have succeeded in improving the production ef-
ficiency of the radial SWCNTSs to a value as high as
about 20% (by volume from visual inspection of TEM
images) using 1.7 at.% of Ce in anode, He gas pressure
of 500 Torr and arc-discharge current of 70 A. From
the TEM measurement and radial breathing mode of
Raman spectra, the average length and diameter of the
SWCNTs were determined to be 60 and 1.55 nm, re-
spectively. Also, we have clarified the nature of the
electronic structure of the radial SWCNTSs. The pres-
ence of the metallic and semiconductor type SWCNTs
was confirmed from the UV-Vis—NIR spectrum and
the tangential mode of Raman spectra. In the carbon
materials, conducting amorphous carbon has played an
important role on the composites such as the electrode,
conducting paints and conducting rubber. The nano-
tube-filler used in these applications is required to be
conducting and easy to disperse in polymer and the
nanotubes could be used to form the conducting
channel within the polymer. The radial SWCNTs are
more easily dispersed in polymer than the semi-finite
long SWCNTs. We believe that the radial SWCNTs
are applied as the conducting filler.
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We report a new and simple method to synthesize water-soluble fullerenes. Here, the fullerene oxides

are simply boiled in alkali aqueous solution to obtain water-soluble species. The mass analysis of

water-soluble sample confirms the presence of Cg suggesting the dissolution of the same in water.

Furthermore, the structure of the water-soluble fullerenes was analyzed in detail by using the Fourier

transform infrared, ultraviolet- visible analysis and NMR. We expected to arrive at the structure of the

water-soluble fullerenes that has the composition of CgH,,(OH),, from these analyses.

1. Introduction

Water-soluble fullerene derivatives have a great
potential in thé field of biological and medical
applications. For example, Cg, derivatives have
been applied as anti-HIV and anti-cancer
reagents. Chiang et al. and Kitazawa et al. have
succeeded in producing water-soluble fullerene,
Cgo(OH), using two different methods developed
separately. Chiang et al syntlhesized the
water-soluble fullerene by the hydrolysis of ester
moicties of a polyorganocarboxylated fullerene
derivative “L.Y.Chiang et al (1992) found”. On
the other hand, Kitazawa et al. reported a more
efficient reaction between Cgy and NaOH aq, and
used tetrabutylammonium hydroxide as phase
transfer catalyst “K.Kitazawa et al (1993} found™.
However, the above methods required numerous
steps and several reagents and also had some ions
associated in the final products, which hampered
their use directly. Therefore, we suggest a simple
and efficient method to synthesize water-soluble
fullerenes utilizing the fullerene oxides and
nucleophilic addition.

2. Experiment

Cgp was overoxidized by bubbling with ozone
gas in Cgp toluene solution. This treatment was
continued until the precipitate was formed (about
20 minutes}. Then, the precipitate was filtered
and dried. Water-soluble fullerene derivatives
were synthesized by boiling the precipitate in
NaOH aqueous solution. Then, the suspension
was filtered to remove insoluble species. The
filtrate was treated with ion-exchange resin to

remove sodium ions present in the solution and
analyzed by MALDI-TOF-MS (Bruker, Reflex
M), FT-IR (Thermo Nicolet, AVATAR360),
ultraviolet-visible spectrophotometer (HITACHI,
U-3300), and "°C-, '"H-NMR (Bruker, Cryoprobe
AV500). Then, MM calculation was used to
predict the orientation of the functional group of
fullerene.

3. Results and Discussion

Figure 1 shows the result of the mass analysis of
the synthesized water-soluble fullerene. The
matrix used 2.5-dihydroxy benzoic acid. In the
mass spectrum, the peak of only Cg was
observed, Therefore, the determination of the
number of functional groups in a fullerene is not

possible. However, it is expected that
water-soluble  fullerene  derivative  retains
fullerene cage.

€. (720)
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Figl. Mass spectrum of water-soluble fullerene.

Figure 2 shows the results of IR and UV-vis
analysis of water-soluble fullerene. In the IR
spectrum, absorption bands corresponding to
C-0(1200~1000 cm™), C-H(about 2900cm™ and
1400cm™),  C=O(about  1700cm’™)  and
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Fig2. IR and UV-vis spectra of water-soluble
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hydroxyl(about 3400cm™” and 1600cm™) were
observed. However, the absorption bands of Cg,
were not observed at all. And also, in the UV-vig
spectrum of water-soluble fullerene, the specific
absorption band of C4 was not observed, The
spectrum was broad. It could be expected that
this is due to the hydroxyl absorption, which
would have drastically changed the natural
bonding states of Cg. _

Figure 3 shows the results of '*C-NMR and
'"H.NMR. The *C-NMR spectum in D,0O
exhibited two signals at about 173, 135 ppm for
sp” carbons and three signals at about 62, 51 and
33 ppm for sp> carbons. The number of peaks in
the PC-NMR spectum is small. Thus, it is
considered that the water-soluble fullerenes have
a good structural symmetry. The 'H-NMR
spectrum in D,0O exhibited three signals at 4.7,
324 and 2.11 ppm. The 4.7 ppm peak is
identified with water. The structures expected
from the peaks of 2.11 and 3.24 ppm are
H-C-C-OH and C-C-(H,OH). The structure of the
water-soluble fullerene was considered as
follows.

{1) The parts of 6-6 bonds of fullerene are
broken.

{2) The functional groups such as proton (-H)
and hydroxyl (-OH) ion are attached to the
carbon atom in fullerene.

(3) The

fullerene  derivatives have the

e 51
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Fig3. ¥*C- and "H-NMR spectra of water-soluble

fullerene.

composition of CgH,,(OH),,.

Figure 4 shows the optimum model of the
water-soluble fullerene, which was calculated by
MM. From the results of this calculation, the
stucture  with  hydroxyls attached to the
symmetrically opposite positions is found to be
the stablest.

OH QH

Figd. The structure expected from MM

calculation.

4. Conclusions

The water-soluble fullerene was synthesized by
using the fullerene oxides and utilizing the
nucleophilic addition reaction. The fullerene
derivative with the above unique structure is yet
to be reported. Thus we could conclude that we
have succeeded in the synthesis of novel
fullerene derivative.
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SUMMARY - The magnetic properties of materials deteriorate when the particle size reaches the
superparamagnetic limit and hence it is important to have an appropriate particle size depending on the end
use. In this paper we describe the synthesis of manganese zinc ferrite through aqueous process. Oxidation
method has been employed through acqueous process to achieve large particles with high magnetization at
low temperatures compared to other chemical methods. The synthesis conditions have been optimized to
maximize the magnetization by increasing the particle size above the superparamagnetic threshold, The
optimum concentration of the oxidant required for ferrite synthesis has been found to be 0.08 M of KNO; for
0.5 M NaOH. The results show that the largest particle size that could be achieved using the oxidation method

is 80 nm and the magnetization is 49 Am%kg.

1. INTRODUCTION

Ferrite nanoparticles find important applications
in high frequency devices, information storage,
heat transfer devices, drug delivery systems and
medical diagnostics. Nanosize particles of ferrites
can be prepared by using various synthesis
techniques namely ball-milling, citrate precursor
method, hydrothermal synthesis, coprecipitation
and oxidation methods. Mangenese zinc ferrites
are useful for ferrofluid and biomedical
applications due to low Curie temperature and
high magnetization-temperature gradient. The
magnetization value depends on the particle size
as smaller  particle size leads to
superparamagnetism and decreases the
magnetization.

In order to increase the magnetization the particle
size has to be increased. Synthesis of ferrites
through ball milling results in agglomerated
particles and other methods like hydrothermal
method involve high temperatures.
Coprecipitation method results in smaller particle
size and hence the magnetization value is low
since the particle sizes are of the order of 10-20
nanometer and their magnetic properties are also
influenced by parameters like cation distribution
“Jeyadevan et al (2000)”. Oxidation method can
be used to synthesise nanoparticles of bigger sizes
compared to the coprecipitation technique.
However, the largest particle size obtainable with
the oxidation method also varies according to the
synthesis conditions used. In this paper we
describe the synthesis of Mn-Zn ferrite through
oxidation method involving low temperature
synthesis in an aqueous medium and its magnetic
properties with respect to particle size.

2, MATERIALS AND METHODS

Mn-ZnFe,0, was synthesized using analytical
grade reagents of Fe,S50,7H,0, MnCl,.4H,0,
ZnSO,H,0 and adopting the oxidation method.
The ratio of Mn®* to Zn™" ions was fixed as 2 for
all the experiments. NaOH was used for
precipitation and KNQ; was used as the oxidant.
All the chemicals were of purity greater than 99%
(Wako). Oxidation method can be used to
synthesize larger particles by oxidising the
hydoroxide precipitate with an oxidant to convert
the ferrous ions to ferric and form the ferrite
phase at lower temperatures. Fe, Mn and Zn salts
were dissolved separately in water (0.5 L) and
allowed to react with NaOH dissolved in the same
amount of water. The resulting precipitate was
purged with N, before heating to prevent
atmospheric oxidation. The metal hydroxide
precipitate with a pH between 12-13 was oxidized
with various amounts of KNO, in a water bath at
90 °C with constant mechanical stirring. The
duration of the reaction was 2 h. The phases
produced were analyzed using X-ray diffraction
(XRD). The average grain size was determined
using the Scherrer formula. The morphology of
the particles was examined using Scanning
Electron Microscopy (SEM). The magnetic
properties were measured using a Vibrating
Sample Magnetometer (VSM).

The basic reaction mechanism of ferrite formation
in the simple case of FeO.Fe,0, (magnetite) is as
follows:

(a) Fe(II) hydrolysis:

Fe®* +H,0 - FeOH'+H"



(b) Fe(Il) oxidation:
2FeOH" + 12 0, + H,0 > 2 Fe(OH),"
(c) Precipitaton of partially oxidized intermediate:

2-xFe(OH); +(1+0)Fe(OH) +x50,% +3-2x)0H
> (Fe™)5,(Fe*); 4 ,(80,2),(OH g s,

(d) Additional Fe(II) oxidation at constant pH:

2[(Fe™ )1 (Fe™) 4 X(SOS)(OH)ga] + w2 Opt
SXHL0 = 2 [(Fe*),,(Fe™ Y(OH )] + 2xH,S0,

(e) De-hydration and magnetite formation:
[(Fe™), .(Fe**)}(OH)s] > FeO.Fe,0; +4H,0

From these reactions, it is seen that the ferrite
phase formation occurs by hydrolysis and
subsequent dehydration. A similar reaction
mechanism takes place in the synthesis of Mn-Zn
ferrite also. The ferrite phase formation also
depends on the temperature and duration of the
reaction. In the case of Mn-Zn ferrites, the
temperature of 90 °C and the duration of 2 h were
sufficient for the reaction to complete.

Metal salts of 0.17 M are allowed to react with
0.5 M of NaOH. The resulting metal hydroxide
precipitate was heated with various moles of
KNO;. The KNO, mole values used were 0.05 M,
0.07M,0.08 M, 0.09 M, 0.15M and 0.20 M.

3. RESULTS AND DISCUSSION

Fig.1 shows the XRD of the Mn-ZnFe,0, sample
with (a) 0.08 M (b) 0.09 M and (¢) 0.20 M. The
XRD showed the formation of pure spinel phase
with increasing moles of KNO;. The average
grain size was found to be in the range of 23-27
nm upto 0.09 M KNO; and thereafter decreased to
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Fig.1. The XRD of the Mn-ZnFe,0,
sample with KNO; of (a) 0.08 M, (b)
0.09 M and (¢) 0.20 M.

12 nm for the 0.20 M KNO, sample. For the
lowest concentration of KNO; a small amount of
hydroxide impurity peak is observed. Fig.2 shows
the SEM photographs of the 0.09 M KNO, added
sample. It is seen from the SEM results that the
average particle size is 80 nm for the samples
synthesized with less than 0.09 M of KNO; and

ok S __tum_|
Fig.2. The SEM photograph of the

Mn-ZnFe,0, synthesized with 009 M

KNO,.
the average particle size decreased to less than 20
nm when the KNO; was 0.20 M. Fig.3 shows
the saturation magnetization as a function of
KNO; concentration. It is seen that the saturation
magnetization is maximum with 49 Am’/kg for
the 0.08 M sample whereas it decreases to 39
Am*/kg for the 0.20 M of KNO, due to reduction
of particle size. The Mn-Zn ferrite particles
synthesized uwsing coprecipitation method have

Magnetization (Am?/kg)
8 8 8 £ § & 8
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¥
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KNO, molar concentration

Fig.3., The saturation magnetization of
the Mn-ZnFe,0, as a function of KNO,
concentration.

given a magnetization value of 37 Am%kg for
9 nm particles as reported by “Jeyadevan er al
(2003)" whereas with the oxidation method we
are able to synthesise 80 nm nanoparticles with a
magnetization of 49 Am*/kg.



4. CONCLUSIONS

Mn-Zn ferrite has been prepared by the oxidation
method, The spinel phase formation depends upon
the concentration of the oxidant used and the
optimum amount of KNO, required for the
maximum particle size is found to be 0.08 M for a
fixed molar concentration of metal salts. The
largest magnetization obtained is 49 Am%/kg for a
particle size of 80 nm.
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Abstract

The malti-walled (':arbon nanotube (MWNT) was coated with phenol resin and consolidated at 1000-1600°C
at 120 MPa in a vacuum by the spark plasma system (SPS). The bulk density was between 1.67 g/cm® and
1.74 glem® for the MWNTSs consolidated at 1000-1400°C. Young’s modulus was 11.1 GPa for the MWNT
consolidated at 1200°C and 3.05 GPa for the MWNT consolidated at 1000°C. The consolidated MWNT was
put in the suspension made of 6CaHPO,2H;O and 4Ca(0H),. The coated compounds were heated at 1000°C
at 120 MPa in a vacuum by 8PS and resulted in the hydroxyapatite film on the consolidated MWNT.
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Abstract. The cytotoxicity of micro/mano particles in Ti, TiO, and carbon nanotube was
investigated by in vitro biochemical analyses using human neutrophils. The particles smaller and
larger than the neutrophils were used to determine the relationship between cell and particle size
with respect to cytotoxicity. As the particle size decreased, the cell survival rate decreased and,
with the good corresponding relation to this, the value of lactate dehydrogenase (LDH), which is
the indication of cell disruption, was increased. The release of superoxide anion showed the
increasing tendency. Proinflammatory cytokines were detected distinctly for 3um or smaller
particles and very little in more than 10pum, which is closely related to the phagocytosis by
neutrophils. ICP elemental analysis showed that the dissolution from Ti particles was below
detection limit. Micro and nano particles stimulated the cell reactions according to the results of
the human neutrophil functional tests. As the particle size was smaller, the inflammation was
pronounced. The fine particles less than 3um caused distinctly the inflammation in the surrounding
tissue.  All these results indicated that the cytotoxicity was induced due to the physical size effect
of particles, which is different from the ionic dissolution effect. The clinical phenomenon
confirmed the result obtained in vitro cell tests. The neutrophils stimulated by fine particles may

cause the inflammatory cascade and harm the surrounding tissue.

Introduction

Titanium (Ti) and its alloys are the commonly used material in plastic surgery because it is one
of the most biocompatible metals [1,2]. Ti is highly corrosion-resistant at ambient temperature due
to its thin and stable protective oxide layer formed on‘its surface. In this sense Ti is the ideal

metallic material for implant [3,4]. However, it is clinically reported that the abraded fine titanium



particles produced in sliding parts of artificial joints often caused inflammation in the surrounding
tissue [1,2]. However, little is known about the effect of micro/nanoparticles on cellular function
and the relevance between in vivo and in vitro findings. The purpose of this study is to analyze the

vital reactions of human neutrophils to the Ti, TiO; particles and carbon nanotubes and their size

effect.

Materials and probe cells

The dependence of cytotoxicity on particles size in Ti, TiO, and carbon nanotubes (CNTs) was

investigated by biochemical functional analysis and by microscopic observation of cellular

morphology.

Particles. The Ti, TiO, and CNTs colloid solutions were prepared. ICP ¢lemental analysis
showed that the dissolution from Ti particles were below detection limit. The CNTs is 99% purity.
The solubilization distributed processing was carried. The average diameter and size distribution of
the TiO, particles and CNTs were determined by electron microscopy (SEM) and by laser
scattering particle distribution analyzer (SALD-7000, Shimadzu). The various sizes of Ti, TiO; and
CNTs particles were mixed with HBSS (Hanks’ balanced salt solution). The colloid solutions were
adjusted to pH 6.8 by 1N NaOH solution, sterilized by autoclave and dispersed by sonicator [5,7].

Cells. Human peripheral blood was obtained from healthy volunteers in our group. Neutrophils
were separated from the blood using the 6% isotonic sodium chloride containing the hydroxyethyl
starch and lymphocyte isolation solution (Ficoll-Hypaque)[6,7). The cells were maintained in
HBSS. After particles were kept dispersed, neutrophils were added, and incubated in a humidified
atmosphere of 5% carbon dioxide at 37 °C for 60 minutes. The experiments were performed using

cells within 3 hours after collection of blood and the cell density was adjusted to 10° cells / ml [7].

Methods

Cell survival rate, leakage of lactate dehydrogenase (LDH), product of superoxide anion, and
release of cytokines of tumor necrosis factor-alpha (TNF-alpha), interleukine-1 beta (IL-1beta))
were measured to analyze biochemical reaction.

(1) Cell survival rate: The cell stained with trypan blue population was counted under an optical

microscope using Thomas’ hemacytometer. The number of vital cell in the control specimen

was considered as 100%.



(2) LDH activity: The LDH values of samples were measured using the lactate dehydrogenase C
test kit (Wako Pure Chemical Industries) and by spectrophotometry.

(3) Superoxide anion production: Superoxide anion (O;") was assayed by measuring the superoxide
dismutase-inhibiting reduction of equine ferricytochrome C (550 nm). The reaction was
promoted by adding 1.39mM PMA (phorbol 12-myristate 13-acetate) [7].

(4) Cytokine release: TNF-alpha and IL-1 beta in the supernatant were measured using ELISA kits
{Endogen) [7].

The values are expressed as means +/- standard deviation (n=9). Data were analyzed by Student’s-t

test with the level of significance set at 5%.

The pathological and morphological changes were observed by optical microscopy and SEM.

Results

Ti particles diameter were 3, 10, 50, and 150 pm and TiO; particles were 0.05, 0.5, and 3 pm in
average size, as confirmed by SEM and the particle distribution analyzer. The SEM image shows
CNTs with diameter of 20 nm and length of 100 nm.

Fig.1 shows hypodermal tissue after 5 days withlOum titanium particles, and 3um particles.
Acute inflammation diseases are observed in the both organizations. The strong inﬂammafory cells
infiltrate in the circumference of the particles is recognized in the edema tissue. The left
photograph show the titanium particle is scattered in the organization and the inflammatory cells
phagocytize them. The size of cells is 10 z m, the same of titanium particle. Fig.2 shows
hypodermal tissue after 2 days with CNTs. The phagocytosis image is not observed. It was not
possible to observe the 50nm CNTs in the optical microscope, but it was possible to observe the
organization reaction clearly. The peripheral capillaries were congested. Large number of cells
permeated in edematous tissue. The significant difference of the survival rate from control was
showed in all nanoparticles (Fig.3). The Ti micro particles showed clearly the size dependency.
The cell survival rate decreased, when the particle size became smaller. The nanoparticle of TiO,
also showed the similar tendency. The lowest mean value of the survival rate was 84.6% in the size
50 nm for TiO, particles, which were the smallest particles in this study.

LDH showed the tendency to increase as the particle size became smaller (Fig.4). The LDH
level of 147.2 Wroblewski unit was significantly higher in the 50 nm than the other larger sizes.
The neutrophils stimulated by the 3 pm or less particles showed the large productions of

superoxide anion. The other larger size particles were slightly higher than control solutions (Fig.5).



Ti sheet

Ti 150pm
Ti 50wm
Ti {0um
Ti Jpm
Ti 0.5pm
Ti(), 2um R
Ti(), 500nm §
TiO, 30nm
CNT 30nm
Contrel B — = £l <005

a

0 85 90 95 100 student s=t
(%)

Ti sheet
Ti 1530um
Ti 30um
Ti 10um
Ti Jum
Ti 0.5wm
TiQ, 2um
Ti0), 300nm
Ti0), 50nm
CNT 50nm
Control

p<0.05

d student s-1

50 75 100 125 150
( Wroblewski units)

Fig.4 LDH activity




Ti sheel
Ti 150um
Ti 50um
Ti 10um
Ti 3um
Ti 0.5um
Ti), 2pm
Ti0, 500nm
TiO, 50nm
UNT 30nm
Control

3

p<0.05
all student s-t

200

50 .
(nmol/mm&
Fig.5 Superoxide anion

Tt sheet
Ti 150pm
Ti 50um
Ti t0um
Ti 3um
Ti 03pm
T, 2um
TiC), 500nm
Ti0), 50am
CNT 50nm
Control

: - pe0.03
T TR g e gt StUdER St
00 300 400 500 600

( pg/ml)
Fig.6 TNF-a

T

Ti sheet

Ti 150pm

Ti 50um

Ti 10um

Ti 3um

Ti 5um
TiQ, 2um
Ti(3, 500nm
TiQ, 50nm
ONT 50nm

Controt

p=0.05
student s-1

0 100 20
( pg/ml)

Fig.7 IL-18




There is a clear difference in the emission of inflammatory cytokines for 3 pum and 10 pm (Fig.6).
The distinct release of TNF- alpha was observed in 3 pm or less particles. There was no statistical
difference of cytokines under 3 pm. The IL-Ibeta showed the similar (Fig.7).

SEM observation revealed the degenerative changes in the morphology of neutrophils (Fig.8).
The activated neutrophils extended some pseudopods and phagocytized particles into the
cytoplasm. 50nm TiO, particles and CNTs induced the morphological change of neutrophils.
After 6 hours, the atrophied and destroyed neutrophils were observed.

. . e . Fig.8
SEM images (Bar=10 pm)

a: Neutrophil with HBSS

b: Activated by TiO, particles

c: Activated by CNTs

d: Extenston of pseudopod and

phagocytized particles

e: Atrophied neutrophil

f: Destroyed membrane

Discussions

The study clearly showed the cytotoxicity due to the particle size effect in Ti, TiO; and CNTs.
Micro-nano particles may cause cytotoxicity, although the macroscopic size is quite biocompatible.
The increased superoxide content in ‘w'vo may affect the cell circumference. The chemical
mediators, TNF- alpha and IL-1beta, may induce the inflammatory cascade to affect tissue and
organ. The effect is further pronounced by phagocytosis when particles are smaller than cells [71.
The clinical inflammatory reaction around the abrasion powders can be well understand by the

results obtained in cell functional in vitro tests.
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