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Summary

The cytotoxicity of four types of alkylcyanoacrylate particles was evaluated in 1.929 fibroblast cell cultures. The results revealed
the ethyl- and isobutyl-derivatives to be the most toxic, the methyl-derivative to be of intermediate toxicity and the isohexyl-
cyanoacrylate particles to have the lowest toxicity. The toxic effect was found to be correlated with the velocity of polymer
degradation and the rate of release of the degradation products. The mechanism proposed to account for the observed cytotoxicity
consists of the degradation of particles in the culture medium and/or of particles adhering to or in close proximity with the cell
membrane. A contribution due to the internalization of particles by cells appeared to be negligible, if any, in the cytotoxicity of
nanoparticles. Acute toxicity can be avoided by employing low doses of particles consisting of a slowly degrading cyanoacrylate
polymer. This aspect is of interest in the development of a colloidal carrier for the chronic delivery of drugs. The use of such
systems does not involve problems as a result of long-term toxicity during chronic treatments and the burden placed upon the body
by overloading with polymeric drug carriers that undergo degradation more slowly, such as poly(hydroxybutyric acid) and poly(lactic
acid).

Introduction acid) (PLA) and its co-polymers with glycolic acid
(PLA /GA) degrade relatively slowly in vivo. For

Polyalkylcyanoacrylate particles possess sev- implants, degradation times ranging from 1 to 3
eral properties making them of considerable in- weeks for PLA/GA (50:50) and to 1 year for
terest as possible drug carriers for controlled PLA (Tice and Cowsar, 1984) have been re-
drug delivery and drug targeting (Couvreur, 1988). ported. For other polyesters like poly(hydroxy-
Other polymers used for the production of partic- butyrate) (PHB), degradation in the body is un-
ulate drug delivery systems such as poly(lactic likely to occur or is at least very slow (Koosha et

al.,, 1989). The greater surface area of micro-
spheres as compared to implants might accelerate
Correspondence: R.H. Miiller, Dept of Pharmacy and Bio- this prOC'eSS to some extent. HOWCYCI‘, such slow
pharmaceutics, University of Kiel, D-2300 Kiel, Germany. degradation leads to the accumulation of non-de-
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graded polymer in the body during chronic treat-
ment with multiple dosing.

In contrast, alkylcyanoacrylate polymers de-
grade relatively rapidly, depending on the alkyl
chain length, within hours (methylcyanoacrylate)
up to approx. 3 days (e.g., 80% of isobutyl-
cyanoacrylate excreted within 3 days (Grislain et
al., 1983)). The degradation of PLA, PLA/GA
and PHB takes place by hydrolysis leading to the
formation of lactic, glycolic and hydroxybutyric
acids which are already present in the body. These
acids are metabolic components and therefore as
degradation products should be of low toxicity.
The degradation of cyanoacrylates leads to the
formation of alcohol together with
poly(cyanoacrylic acid) (Lenaerts et al., 1984),
compounds which could be more toxic than the
acids mentioned above. However, in order to
assess the relevance of the degradation products
regarding possible toxic effects in humans, their
rate of release during particle degradation and
the maximum local concentrations must be con-
sidered.

Furthermore, it is essential to differentiate be-
tween systemic toxicity and toxicity at the cellular
level. Implants of PLA and PLA/GA are well
tolerated and of low systemic toxicity. However,
at the cellular level, the death of macrophages
after phagocytosis of PLLA particles has been re-
ported (Smith and Hunneyball, 1986). An exces-
sively high cellular concentration of lactic acid
creates cellular toxicity (e.g., shift in pH and
metabolic disorders). Therefore, to assess the ad-
vantages and the drawbacks of cyanoacrylates as
compared to polyesters, the release rates and
cellular concentrations of the degradation prod-
ucts must be taken into account. Not only the
systemic toxicity, but also that at the cellular level
are relevant criteria.

In the case of multiple dosing (chronic treat-
ment), the use of rapidly degrading cyanoacrylate
carriers could be more appropriate in order to
avoid overloading the cells with slowly degrading
polyesters. The acute cellular toxicity of
cyanoacrylate particles might be less damaging in
the long term than the chronic toxic effect due to
the excessive burden placed upon the cells by
carrier polymer. In particular, drug delivery to

macrophages using slowly degrading particles can
lead to the functioning of the RES being im-
paired. Cell culture studies were performed in
order to obtain information permitting the selec-
tion of the most suitable alkyl cyanoacrylates for
use as drug carriers and helping in the elucida-
tion of the mechanism of the eventual cytotoxic
effect. Particle-cell interactions are influenced by
the physico-chemical properties of the particles
such as the degree of hydrophobicity of the sur-
face (Absolom, 1986) or surface charge (Wilkins
and Myers, 1966). Consequently, the relevant pa-
rameters for cyanoacrylate nanoparticles were
evaluated in the preceding paper (part 1 (Miller
et al., 1992)) employing a range of methods for
characterization developed using surface-mod-
ified polystyrene model drug carriers (Miiller,
1991).

Materials and Methods

Materials

Methyl- and ethylcyanoacrylate were provided
by Loctite Ltd (Ireland), isobutylcyanoacrylate
was purchased from Sigma (U.S.A.) and isohexyl-
cyanoacrylate was obtained from Sopar (Belgium).
Poloxamine 908 and Poloxamer 407 were sup-
plied by BASF (Wyandotte, U.S.A.).

Cell culture medium (MEM) and related
chemicals were obtained from Flobio (Paris,
France), and fetal calf serum (FCS) from IBF
(Paris, France).

Methods

Polyalkylcyanoacrylate particles were polymer-
ized as described before (Couvreur et al., 1979),
and particle coating was performed by incubation
with Poloxamine 908 and Poloxamer 407 solu-
tions (Miuller et al., 1992). Particle sizes were
determined by photon correlation spectroscopy
(PCS) (Miller, 1991) using a Malvern Spectrome-
ter in connection with a 4-Bit Correlator (Malvern
Instruments, Malvern, U.K.). Charge measure-
ments were carried out by laser Doppler
anemometry using a Zetasizer II (Malvern Instru-
ments).

Toxicity was evaluated in 1.929 fibroblast cell
cultures. The cells were cultured in 75 cm® flasks



at 37°C under a 5% CO,/air atmosphere in a
humidified incubator. MEM culture medium was
supplemented with 5% FCS and antibiotics (200
IU /ml penicillin and 100 pwg/ml streptomycin).
Before incubation with particles, cells were re-
moved from the incubation flasks by trypsiniza-

tion, seeded into 35 mm petri dishes containing 2,\
ml medium (10° cells /dish) and cultured for 48

h. After renewal of the culture medium, cells
were incubated with the test substance (particles
or degradation products) for a period between 24
and 72 h. To determine the total number of cells
and the percentage of viable cells, cells were
trypsinized and counted in a Thoma chamber
after the addition of trypan blue. In those studies
where an increase in cell number occurred, the
percentage of living cells was distinctly above
90%. The proportion of dead cells was similar in
controls and in incubated populations, demon-
strating that it was not the result of a cytotoxic
effect. This indicates that growth inhibition took
place. In the cases where a reduction in the
number of living cells was observed, the total
number of cells (living and dead cells) remained
constant. This demonstrates that cell growth was
inhibited and that a certain percentage of inhib-
ited cells died during the incubation period.
Therefore, the number of living cells is plotted vs
time in the figures.

To evaluate the toxicity of the degradation
products, degradation of nanoparticles was per-
formed in NaOH. The solution of degraded
nanoparticles was then neutralized with phospho-
ric acid immediately before addition to cell cul-
tures. Untreated cells and those incubated with
non-degraded nanoparticles were used as con-
trols.

Results and Discussion

Cytotoxicity of alkylcyanoacrylate particles
Incubation of fibroblasts with increasing con-
centrations of rapidly degrading PECA particles
over a period of 72 h did not lead to inhibition of
cell growth at 1 pg/ml culture medium. A dis-
tinct reduction in cell multiplication was observed
at 10 pg/ml. Concentrations above 25 ug/ml

15

1200 9

CELL NUMBER x 1000/ DISH

HOURS

Fig. 1. Cytotoxicity of PECA nanoparticles on 1.929. Cell
number as a function of time after addition of PECA at 1 (),
10(2),25(a), 100 (¢) ug/ml; (O) control.

resulted in death of the majority of cells after 24
h (Fig. 1).

Incubation with the slowly degrading PIHCA
particles at concentrations up to 25 pg/ml did
not significantly influence the increase in cell
number; at a concentration of 100 wg/ml, they
proved to be less cytotoxic than the ethyl deriva-
tive (Fig. 2).

Therefore, to compare the effects of all four
types of particles, the concentration during incu-
bation was chosen to be below 25 pg/ml in order
to avoid 100% mortality of cells on incubation
with the more cytotoxic PECA particles. At 20
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Fig. 2. Cytotoxicity of PIHCA nanoparticles on L929. Cell
number as a function of time after addition of PIHCA at 1
(¢),10(0), 25 (), 100 (W) pg/ml; (@) control.
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Fig. 3. Cytotoxicity of four different types of polyalkyl-

cyanoacrylate particles on 1.929. Cell number over a period of

48 h incubation with each polymer at 20 ug/ml. (o) PMCA,

(D) PECA, (¢) PIBCA, (m) PTHCA; (@) control. Tween 20,

used during the preparation of PMCA, was also added to the

other at equivalent concentrations in order to compensate for
any possible effect on cell growth by the surfactant.

ug/ml and over a period of 48 h, the rapidly
degrading PMCA inhibited increase in cell num-
ber, but did not lead to a reduction in the num-
ber of viable cells as observed for PECA (Fig. 3).
To eliminate a possible effect of Tween 20 (Gipps
et al., 1987) used during the preparation of PMCA
particles, Tween 20 was added in equivalent con-
centrations to PECA, PIBCA and PIHCA parti-
cles. Both PECA and PIBCA reduced the num-
ber of living cells to a similar extent whereas the
most slowly degrading PIHCA had no effect on
multiplication of cells.

Incubation of cells with dextran 70-stabilized
PECA particles over a period of 72 h revealed an
initial decrease followed by a slight increase in
cell number (Fig. 4). This effect was observed
repeatedly. It is believed that the degradation
products of the rapidly degrading PECA were
metabolized, and that the cells recovered, starting
to divide again. The same effect has been de-
scribed elsewhere for human fetal lung fibro-
blasts (Gipps et al., 1987).

From these results, PECA and PIBCA were
found to be of similar cytotoxicity and PMCA to
be slightly less toxic, whilst PIHCA showed no
cytotoxic effects at the concentration investi-
gated. A cytotoxicity index was calculated by us-
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Fig. 4. Cytotoxicity of polyalkylcyanoacrylate particles on 1929,
Cell number over a period of 72 h incubation with 20 wg/ml
polymer; incubation performed with dextran 70-stabilized (o)
PECA, (O) PIBCA and (¢) PIHCA particles; (@) control.

ing the data from four independent experiments.
In each experiment, the four types of particles
were placed in order of decreasing cytotoxicity.
To indicate the degree of toxicity, a numerical
value was assigned to each particle type on a
scale ranging from 4 (most cytotoxic) to 1 (least
cytotoxic). Summation of the values led to an
index providing a measure of the relative cytotox-
icity between the four particle types (Fig. 5).
These results were found to be consistent with
the IDy, values (dose required for 50% inhibition
of growth of viable cells) determined for n-al-

20-1
X 15 o
a
=
>
=
o
> 104
o
=
Q
5 'J
Q
5
0

P MCA p ECA P IBCA P IHCA
POLYMER

Fig. 5. Comparison of cytotoxicity index of PMCA, PECA,
PIBCA and PIHCA nanoparticles as determined in four inde-
pendent experiments (calculation as given in the text).



kylcyanoacrylate polymers on testing with human
normal and malignant cell lines (Gipps et al,
1987). However, the latter studies were only per-
formed over periods of 1-24 h. The greatest
decrease in number of viable cells was observed
for PECA and polybutylcyanoacrylate nanoparti-
cles (PBCA). PMCA showed a smaller extent of
reduction and the lowest degree of reduction was
found for polyhexylcyanoacrylate particles
(PHCA). The extent of inhibition of viable cells
was correlated with the individual cell line, indi-
cating the different sensitivities of the cells. In
another cytotoxicity study with rat hepatocytes,
PBCA was reported to have an LDy, value of 400
wg/ml culture medium (after 1 h incubation) and
was found to be much more toxic than PHCA
(Kreuter et al., 1984). Kante et al. (1982) deter-
mined cell mortality of 80-100% for PBCA at
150 pg/ml culture medium (hepatocytes, 4 h
incubation). The measurement of acute toxicity
after 1-4 h required higher polymer concentra-
tions in order to elicit a cytotoxic effect in com-
parison with the present experiments for periods
of up to 72 h.

Cytotoxicity of degradation products

At 25 pg/ml, the degradation products of
PIBCA nanoparticies had no effect on cell growth
whereas an equal concentration of the non-de-
graded PIBCA particles showed a distinct cyto-
toxic effect, reducing the number of living cells
(Fig. 6). This might be explained by differences in
cellular distribution of soluble degradation prod-
ucts and nanoparticles in suspension. The soluble
degradation products become evenly distributed
throughout the cell culture medium. In contrast,
nanoparticles adhere partially to cell membranes.
In addition, internalization may take place to
some extent. Degradation of nanoparticles adher-
ing to cells would lead to high local concentra-
tions of degradation products on the cell mem-
brane, which could damage the membrane, lead-
ing to inhibition of cell growth or death. Using
the same procedure, incubation with formalde-
hyde and isobutanol, which are possibly formed
via degradation of alkylcyanoacrylate particles
(Lenaerts et al., 1984), led to no acute cytotoxic
effect. This could lead one to suppose that the
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Fig. 6. Cytotoxicity of degradation products of PIBCA on
1.929. Cell number over a period of 48 h after incubation with
each of the following at 25 u.g/ml: (W) non-degraded PIBCA
particles, (O) degraded PIBCA nanoparticles, (¢) isobutanol
and () formaldehyde; (@) control.

cells are capable of dealing with these com-
pounds by metabolization (Fig. 6). Formaldehyde
was found to be of similarly low cytotoxicity in
hepatocyte cultures and it was concluded that the
cytotoxicity of cyanoacrylate is not solely at-
tributable to the formation of formaldehyde
(Kreuter et al., 1984). However, high local con-
centrations of formaldehyde due to degradation
of membrane-adherent nanoparticles could ex-
plain the higher cytotoxicity of particle suspen-
sions as compared to formaldehyde solutions at
equivalent concentration.

Incubation of the fibroblasts with a relatively
high concentration of degraded nanoparticles (50
png/ml) resulted in an identical toxic effect to
that observed for non-degraded particles (Fig. 7).
This suggested that the local concentration of
degradation products leading to cell damage was
around 50 pg/ml.

Mechanism of cytotoxicity

Damage to the cells could be due to external
particles undergoing degradation in the culture
medium and/or adhering externally to the cell
membranes as well as to cell-internalized parti-
cles. To determine whether the external or inter-
nal mechanism contributes most to the observed
cytotoxic effects, nanoparticles were coated with
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Fig. 7. Cytotoxicity of degradation products of PIBCA on

L929. Cell number over a period of 48 h after incubation with

(@) non-degraded PIBCA particles and (00) degraded PIBCA

nanoparticles (both at 50 wg/ml). As control, untreated cells

and (a) cells that had been treated with degradation medium

were used. The increase in cell number for both controls was
identical (only one growth curve shown).

Poloxamine 908 and Poloxamer 407 to avoid par-
ticle internalisation by the cells (Muller, 1991).
Incubation of fibroblasts with uncoated and
coated PIBCA nanoparticles resulted in identical
cytotoxic effects (Fig. 8). This supports the pro-
posal that the mechanism of cytotoxicity most
probably involves the degradation of particles
outside the cells rather than the internalization of
nanoparticles. This is consistent with findings re-
porting that internalization of particles by non-
phagocytotic cells does not occur to a significant
extent (e.g., hepatocytes (Kante et al., 1982; John-
son et al., 1986)).

Bioadhesion of nanoparticles on cell mem-
branes could lead - for relatively slowly
biodegradable nanoparticles (e.g., PIBCA) — to a
high local concentration of cytotoxic compounds.
Very rapidly degrading alkylcyanoacrylate parti-
cles (e.g., PMCA) possess a half-life of less than
0.5 min in culture medium (Miiller et al., 1992).
For such particles, the observed cytotoxicity
should mainly be due to the concentration of
degradation products in the culture medium, with
only a minor contribution being made by particles
adhering to membranes. These particles probably
undergo degradation before substantial adher-

ence or even phagocytosis can take place. Adhe-
sion and phagocytosis are time-dependent pro-
cesses, €.g., phagocytosis attains maximum effect
in cell cultures after approx. 1 h (Roberts and
Quastel, 1963; Muller and Schuber, 1986). Fi-
nally, slowly biodegradable PIHCA was found to
be the least toxic since the release of degradation
products was slower, thereby preventing high lo-
cal concentrations even in close proximity to the
cell membrane. Therefore, the observed cytotoxi-
city could be considered as a superposition of the
toxic effects exerted by degradation products in
the culture medium and by particles adhering to
cell membranes. Morphological examination of
dead cells under SEM revealed completely perfo-
rated membranes (Kante et al., 1982). The pres-
ence of holes in the membranes supports the
contention that particle attachment is an addi-
tional mechanism of cytotoxicity. The contribu-
tion of each effect depends on the degradation
velocity of the nanoparticles leading to the ob-
served relative cytotoxicities of the four alkyl-
cyanoacrylates (Fig. 5). Quantification of the con-
tribution of each effect was difficult to perform,
however, a model illustrating the possible contri-
butions is given in Fig. 9.
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Fig. 8. Cell number over a period of 48 h after incubation with
PIBCA particles (25 pg/ml) coated with Poloxamine 908 (1J)
and particles coated with Poloxamer 407 (W). The coating
prevents internalization of the particles by the macrophages
and the measured toxic effect is caused by particles degrading
outside the cells. Controls: cells incubated with culture
medium containing Poloxamine 908 (&) and Poloxamer 407
(m); Control (o).



Influence of particle size on cytotoxicity

To study the effect of nanoparticle size,
PIHCA of 50 and 200 nm particle sizes was
prepared by variation of the surfactant concentra-
tion (2.0 and 0.1% Poloxamer 188, respectively
(Miiller et al., 1992)).

In repeated experiments (n =3) the smaller
particles proved to be more toxic than the larger
type (Fig. 10). These findings provide support for
the consideration that the toxic effect was caused
by particles degrading outside the cells. Indeed,
cyanoacrylate particle degradation takes place via
a surface degradation process (Lherm, 1990). Due
to their larger surface area the smaller particles
degraded much faster, leading to higher concen-
trations of degradation products in the cell cul-
ture medium. In the case of particle internaliza-
tion, larger particles should have been more toxic
because the total polymer mass taken up gener-
ally increases with increasing particle size (John-
son et al., 1986).

Toxicity of cyanoacrylates compared to polyesters
Incubation of the fibroblasts with polyhydroxy-
butyrate (PHB) particles did not influence ceil
growth (Lherm et al., 1989). Degradation of PHB
particles was so slow that the amounts of degra-
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Fig. 9. Possible contributions (model) to the observed cytotox-
icity: cytotoxic effect caused by nanoparticle degradation
products in the cell culture (hatched bars), cytotoxic effect
caused by degrading nanoparticles adhering to cell mem-
branes (open bars). The fastest degrading PMCA exerts littie
toxicity due to particle adherence; particle adherence is the
dominant factor for the slowest degrading nanoparticles
(PITHCA). The toxic effect due to particle adherence (open
bars) diminishes with increasing degradation half-life of the

particles from PECA and PIBCA to PTHCA.
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Fig. 10. Cell number over a period of 48 h after incubation

with 50 nm (@) and 200 nm (<) PIBCA particles (20 pg/ml).

Untreated cells (O) and cells treated with the polymerisation
medium (&) were used as controls.

dation products released, if any, were too small to
cause any growth inhibition. In contrast, incuba-
tion of the cells with more rapidly degrading
PLA /GA at a concentration of 250 ug/ml led to
inhibition of cell growth (Lherm et al., 1989).
This was probably due to the release of degrada-
tion products, since no toxic effect was observed
with non-degraded PHB particles. The toxic ef-
fect of polyesters is even more distinct when the
particles are internalized by macrophages. Smith
and Hunneyball (1986) observed 100% mortality
in cultures of peritoneal macrophages at a PLA
microsphere concentration of 75 pwg/ml culture
medium. The lower cytotoxicity of polyester com-
pared to cyanoacrylate particles is therefore par-
tially due to the slow release of degradation prod-
ucts. This should be considered when comparing
the polymers.

Conclusions

Among the different alkylcyanoacrylate parti-
cles, the ethyl and isobutyl derivatives comprised
the highest relative cytotoxicity, the methyl type
being less toxic and the isohexyl form the least
toxic.

The toxicity of the methyl and ethyl derivatives
can be explained by their rapid degradation lead-
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ing to the burst release of toxic degradation prod-
ucts. The hydrolytic degradation of alkyl-
cyanoacrylate polymers (Leonard et al., 1966) and
nanoparticles (Miiller et al., 1992) increases in
extent with decreasing alkyl-chain length. There
is some indication that the cells recover after
metabolization of the degradation products. This
capacity for metabolization and recovery are of
interest for the chronic administration of
cyanoacrylate particles and could explain the dis-
crepancy between in vitro cytotoxicity and in vivo
toxicity assays (Brasseur et al., 1983).

Isobutylcyanoacrylate was found to be compa-
rable to the ethyl derivative in toxic effect, de-
spite the markedly slower degradation velocity
(Miiller et al., 1992). A possible explanation is
that the particles could adhere to the fibroblasts
and become degraded close to the cell mem-
brane. The degradation velocity was still fast
enough to create high local concentrations of
degradation products leading to cell membrane
damage. The contribution of internalized parti-
cles appears to be minor as could be concluded
from the results obtained with particles protected
against phagocytosis.

Isohexylcyanoacrylate possessed the lowest
toxicity due to slow degradation which allowed
time for the cells to metabolize the products.

Physico-chemical characterization of the parti-
cles revealed similar properties with regard to
charge, interaction with charged serum compo-
nents and surface hydrophobicity whereby the
isohexyl derivative seemed to be slightly more
hydrophobic (Miller et al., 1992). From the re-
sults it was concluded that the influence of these
parameters on toxicity was not large. However,
size influenced cytotoxicity, since it is one of the
factors determining the release of degradation
products. During the degradation of cyanoacry-
late particles a process of surface erosion takes
place as shown by previous PCS measurements
(Miiller et al., 1992). The specific surface areca
increases with decreasing particle size, resulting
in the faster release of degradation products and
greater cytotoxicity for smaller particles.

The kinetics of release of the degradation
products were clearly found to be the determin-
ing factor for cytotoxicity. The low toxicity of

polyesters such as PHB and PLA is most proba-
bly due to their slow degradation. In cell culture
studies PHB can be regarded as an inert material
such as non-biodegradable polystyrene. In the
case of more rapid degradation (e.g., PLA /GA),
cytotoxic effects were also observed. Cytotoxic
effects in macrophage cultures have also been
described previously for PLA (Smith and Hun-
neyball, 1986).

Drug delivery devices made from polyesters
such as poly(lactic acid) (PLA) are registered by
the regulatory authorities (Zoladex®, ICI, in the
UK. and Germany). However, the degradation
times of these implant devices are relatively long.
Nanoparticles made from polyester polymers pos-
sess a larger surface area than implants which
should result in increased degradation velocity on
hydrolysis. However, in vivo degradation data are
sparsely available to date. This would support
considerations of preferring rapidly degrading
cyanoacrylate particles with higher acute cytotoxi-
city for chronic treatment to slowly degrading
polyesters which could lead to accumulation of
polymer in the body (e.g., blockade of the
macrophage system). They might solve the likely
problems of long-term toxicity caused by over-
loading of the body with slowly degrading poly-
meric particles.

These investigations suggest that introduction
of cyanoacrylate particles into therapy (at least
for cancer treatment) might be possible by opti-
mization of the polymer dose and release kinetics
of the degradation products in order to avoid
acute toxicity. Alkylcyanoacrylate particles should
degrade slowly enough:

(1) to prevent high local concentrations of degra-
dation products occurring; and

(2) to release degradation products at a rate at
which they can be metabolized without causing
acute toxic effects. For PIHCA nanoparticles, no
cytotoxic effects were observed at a concentration
of 25 pwg/ml cell culture medium. Assuming 10"
nanoparticles per ml (Kante et al., 1982), this
corresponds to 50000 nanoparticles /cell in the
dish. Injecting a nanoparticle dose of 20 mg/kg
in vivo (PIBCA and hexylcyanoacrylate, Wistar
rats), no toxic effects could be attributed to the
particles after histopathological examination



(Brasseur et al., 1983). Assuming 10® hepato-
cytes, 42 % 10° endothelial cells and 12 X 10°
Kupffer cells per rat liver (3-month-old rats, 140—
170 g) (Knook and Sleyster, 1980) and 60% accu-
mulation of the particles in this organ (Grislain et
al., 1983), this dose is equivalent to approx. 1600
nanoparticles per liver cell (assuming even distri-
bution throughout the liver) or 20000 nanoparti-
cles per Kupffer cell (assuming maximum concen-
tration by 100% localization in Kupffer cells).
These numbers are in the range of or below the
number of non-toxic particles /cell in the culture
but sufficient for administration of a drug dose in
chemotherapeutic treatment (e.g., with doxoru-
bicin; Chiannilkulchai et al., 1990). The polymer
dose of 20 mg/kg is well below the LDy, for
PIHCA as observed, e.g., in mice (> 500 mg
polymer /kg; Brasseur et al., 1983). Slowly de-
grading cyanoacrylate particles can therefore be
administered in vivo in such a dose that acute
toxicity can be avoided.
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