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Recently, we often find the terms “ultrafine particles” everywhere. Ultrafine particles have
been studied for the past several ten yvears and its particular characteritsics has been elucidated
mainly on the basis of physical and/or chemical understandings.

Five years ago, ERATO’s ultrafine particles research project by four laboratories was started.
In a research group, for biophysical applicateion of ultrafine particles, I studied the interactions
between ultrafine particles and living cells and the developemnt of a new method for preparing
organic ultrafine particles ranged from 10 nm to sevaral 100 nm in diameter. In this paper, I will
introduce the biophysical application of UFP mainly using my results during my tenure of that

project.
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Fig. I Typical relaxation data measured of
lung from a hamster which was given FesQ:
particles. Sce text for determination of the
relaxation parameter.
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Fig, 2 Experimental apparatus for magnetiziﬁg
and measuring the monocellular laver of eul-
tured eell.
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Fig. 3 Experimental raw data of relaxation curves. Because of the baseline fluctua-
tions, the field from the cells had to be compared with the baseline field every 3-5

seconds,
the probe (modulations seen in fig. a or

Therefore during measurement, the bottle was moved back and forth over

b). When a few drops of formaldehyde

solution added to the bottle, the relaxation was immediately stopped (b).
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Fig. 4 Relaxation curves obtained in the ma-
gnetic field measurement of hamster {~---- ) and
the harvested alveolar maecrophage (——) at
various temperature.
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Fig. 5 Relaxation characteristics as influenced
by temperature. Each symbol represenst a
different animal. In the data shown in the
upper half, the initial relaxation rate A, are
plotted. In the lower half, a similar plot is
shown for A
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Fig. 6 Relaxation curves measure at different time after addition of ma-

gnetic particles.
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Fig. 7 Phase contrast photo-micrograph of cul-
tured cell (J774) and Ag ultrafine particles.
Ag-UFP is shown as white spot and the cell
is shown as bigger dark spot in the range of
microvision. The particles around the cells
were absence because they were uptaken
inside the cells.
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Table 1 Comparisons between phagocytic ac-
tivity of the cell (J774} and the zeta pontential
of ultrafine particles measured in 2md KCI,
2mM imidazole-HCI buffer pH 7.2 solution.
In remarks, the particles prepared by gas
evaporating method were presented as UFP,

and chem. means chemically synthesized

particles. Symbol+ means well phagocytized
partices.
Particles %?n}?‘lslelz? ggigntial ?Oz?sgocy- Remarks
Viem) (mV)
Cu +3.12 +44,9 - UFrp
N: +4-2. 94 +42,3 — UFP
Fe +2.36 +34.0 — UFP
7-AlOs 4-1.87 4-26. 9 - UFP
Feala +0.81 +11.6 + chem.
yFesOs | —0.34 —4.9 + UFP
ZnS —0.46 —6.6 + UFP
y-Fe2Oa -0, 90 —-12.9 - chem.
TiQ: —2.23 —32. 1 + UFP
Ag —2.95 —42.5 + UFP
3i0e —3.69 —b3.1 E + UFP
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Fig. 8 Apparatus to produce the organic ultra-
fine particles by gas evaporating methed,
1: Bell jar, 2: Leak valve, 3: Inert gas, 4:
Crucible, 5: Vacuum pump, 6: Coocled plate
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Fig, @ Fluorescent photo micrographs of py-
rene ultrafine particles. Particles were pro-
duced in the atmosphere of He gas (2 0.1
Torr and b 5.0 Torr) and the temperature of
crucible was kept at 150°C,
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Table 2 Some examples of organic compound
confirmed to produce UFP by gas evapora-
ting method.

Low molecular weight | pyrene, anthracene, mero-

organic compounds cyanine, ferrocene, métal

phthalocyanine, ..

polyv-
inylaleohol, polyethylene,

High molecular weight | polyvinylchleoride,
organic compounds
polystylene, polyvinylear-

bazole...

Medicines phenobarbital, f-carotene,

phenytoin, lidocain...
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Fig. 10 Distribution of electrophoretic mobili-
ty of polystyrene ultrafine particles. Mobili-
ty was measured by Marvern Zeta-sizer II
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Fig. 11 Distribution of molecular weight of
polystyrene ultrafine particles measured by
GPC method. Dotted line shows the data
obtained from the starting material polys-
tyrene and real line show the distribution of
UFP. UFP was produced under the condi-
tion of 0.5 Torr He and at 300°C,

(EHRNZEE 230+54 nm),
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Fig. 12 pH dependence of fluorescent emission
spectrum of anthracene ultrafine particles.
Anthracene UFP were dispersed in water
and excited at 380 nm monochromatic light
in a various pH conditions.
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