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Summary

Nanoparticles are polymeric colloidal drug carriers possibly suitable for drug
targeting. The physicochemical parameters of polyacrylic nanoparticles, such as the
size distribution, specific surface area, density, X-ray diffraction pattern, wettability
and surface charge were measured. All polyacrylic nanoparticles had a particle size
below 200 nm. They were X-ray amorphous and negatively charged. In serum their
surface charge and their water contact angles decreased considerably, indicating a
strong interaction with serum components.

Introduction

Nanoparticles are colloidal particles ranging in size from 10 nm to 1000 nm
consisting of macromolecular materials in which the active principle is entrapped,
encapsulated and/or adsorbed. Due to their colloidal nature, they may be suitable
as drug carriers and for drug targeting purposes.

So far their efficacy as adjuvants for vaccines (Kreuter and Speiser, 1976; Kreuter
et al., 1976; Kreuter and Liehl, 1978, 1981) and their ability to enhance the
anti-tumor activity of certain cylostatic agents has been demonstrated (Brasseur et
al., 1980).

For vaccination purposes, the slowly biodegradable poly(methyl methacrylate)
nanoparticles is the material of choice (unpublished observation). The slow biode-
gradability of this material seems to cause a prolonged retention of the antigen
which in turn leads 10 a prolonged immunostimulation. Polycyanoacrylate nanopar-
ticles on the other hand are more suitable for use as drug carriers, because they are
rapidly biodegradable.
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Although polyacrylic nanoparticles have been used for several years, very little,
and sometimes controversial, information about their physical and physicochemical
properties is available. This report attempts to fill in these gaps in information by
giving a systematic physicochemical characterization of the presently known poly-
acrylic nanoparticles.

Materials and methods

Preparation of polyacrylic nanoparticles

Polvacrylamide nanoparticles

Bis-(2-ethylhexyl)sodium sulfosuccinate (12 g) (Fluka, 3uchs, Switzerland) and
polyoxyethylene-4-lauryl ether (6 g) (Atlas, Essen, F.R.G.) were dissolved in 20 g of
n-hexane (Fluka). 10 ml of water was added drop by drop under stirring. After
addition of a further 20 g of n-hexane, 0.25 g of N,N’-methylene-bisacrylamide
(CIBA-Geigy, Basel, Switzerland) and 2.0 g acrylamide (CIBA-Geigy) were added
and solubilized under stirring. 40 g n-hexane was added; nitrogen was bubbled
through the solution for 3-5 min with an injection needle to reduce oxygen. Then
the solution was irradiated with 300 krad at room temperature in a ®*Co-source.
Methanol was added to the polymerized nanoparticles so that a methanol-n-hexane
ratio of 9: 4 resulted. This mixture was centrifuged (Beckman J 21, Palo Alto, CA) at
0°C with 20,000 g for 30 min. The centrifugation pellet containing the nanoparticles
was washed 7 times by redispersion and centrifuged in the above methanol-n-hexane
mixture. Then the nanoparticles were redispersed in water and freeze-dried.

Polyimethyl methacrylate) nanoparticles

Methyl methacrylate (Fluka, Buchs, Switzerland) was purified from polymeriza-
tion inhibitors as described by Riddle (1954) or Tessmar (1961). The purified
monomer was then dissolved in water or in phosphate-buffered saline and polymer-
ized with 500 krad in a *®Co-source at a rate of 2.2 krad/min. The resulting
nanoparticle suspension was then used as such or freeze-dried.

Polvevanoacrylate nanoparticles

1% methylcyanoacrylate (Schering, Bergkamen. F.R.G.) ethylcyanoacrylate
(Schering) or butylcyanoacrylate (Sichel Werke, Hannover, F.R.G.) was added drop
by drop under stirring with a magnetic stirrer to a 0.5% solution of polysorbate 20
(Fluika, Buchs, Switzerland) in 0.1 N hydrochloric acid. This mixture was stirred for
2 h. resulting in the polymerization of the cyanoacrylate and thus forming the
nanoparticles. Then this suspension was neutralized with | N sodium hydroxide and

stirred for an additional 6 h. After this time the nanoparticle suspension was used as
such or freeze-dried.



45

Particle size determination

Scanning electron microscopy

The nanoparticle suspensions were applied to a glass-slide and dried by evapora-
tion of the water at room temperature. After coating with gold, the samples were
examined in a Cambridge Stereoscan MARK 2 A (Cambridge Instr., Cambridge,
U.K.).

Transmission electron microscopy

The nanoparticle suspensions were applied between two conventional specimen
supports for freeze-etching and were frozen using a propane-jet-freezer as described
by Miiller et al. (1980). The frozen sandwiches were then cleaved in a Balzers BAF
300 freeze-etching apparatus (Balzers AG, Balzers, Liechtcnstein) at a temperature
of —165°C and a pressure of 2 X 10~7 mbar. Replicas were produced by shadowing
with platinum carbon (2 nm) at an angle of 45°. A backing layer of 20 nm of carbon
was then applied. The replicas were cleaned with 70% sulfuric acid and a 13%
sodium hypochloride solution. Micrographs (Figs. 3-10) were taken in a Philips EM
301 (Philips AG, Eindhoven, Netherlands).

Photon correlation spectrometry

The particle size determination with photon correlation spectrometry was carried
out in a K7025 Photon Correlation Spectrometer with 64 channels (Malvern Instr.,
Malvern. U.K.) equipped with a 14 mW Liconix helium cadmium laser (Liconix,
Mountain View, CA, U.S.A.) at 441.6 nm. The nanoparticle suspensions were
diluted with water before measurement. The results are shown in Table 1.

Mercury porosimetry

The freeze-dried nanoparticles were filled into a dilatometer under vacuum and
then measured in a mercury pressure porosimeter (Carbo Erba AG 60, Milano,
Italy). The results are shown in Figs. 1 and 2.

Density

The density of freeze-dried nanoparticles was determined in a Beckman Air
Comparison Pycnometer Model 930 (Beckman Instr., Fullerton, CA, U.S.A.) with
air and helium. The results are shown in Table 2.

Specific surface area

The specific surface area of freeze-dried nanoparticles was determined with a
Perkin-Elmer-Shell Sorptometer (Perkin-Elmer, Norwalk, CT, U.S.A.). The results
are shown in Table 4.

X Ray diffraction

The nanoparticle suspensions were applied to the sample holder of a Guinier-De
Wollf Camera (Nonius, Netherlinds) and the X-ray diffraction was determined
(Figs. 11 and 12).
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Electrophoretic mobility

The electrophoretic mobility of freeze-dried nanoparticles was determined in a
Rank Microelectrophoresis Apparatus Mark Il (Rank Bros.. Battisham, U.K.) with
silver chloride electrodes using white light or a helium gas laser (Scientific and Cook
Electr., London, U.K.) as the light source. The polycyanoacrylate nanoparticles were
washed prior to the lyophilization 4 1imes by centrifugation at 121,500 g for 1 h 20
min at 10°C in an ultracentrifuge (Sorval OTD ~5, Du Pont Instr., Newtown, CT,
U.S.A.) and resuspension in water using ultra sonication. In the case of measurement
in serum, the samples were stored in this medium overnight. The results are shown in
Table 5.

Water contact angle

Freeze-dried nanoparticles were compressed to tablets in a hydraulic laboratory
press (Model 340, Apex Constr., London. U.K.). Since no influence of the tableting
pressure on the water contact angle was detectable for pressures between 2 x 10°
N/cm? and 8 X 10% N/cm?, a pressure of 4 X 107 M, “.m* was used. Polycyanoacry-
late nanoparticles were washed 4 times prior to lyophilization by centrifugation at
121.500 g for 1 h 20 min at 10°C in an ultracentrifuge (Sorval OTD 75, Du Pont
Instr.. Newtown, CT, U.S.A.) and resuspended in water using ultrasonication. Two
samples (poly(methyl methacrylate) nanoparticles and polybutyleyancacrvlate
nanoparticles), were also stored for 12 h in human serum at 36°C under gentle
shaking. Then these samples were centrifuged with 5000 g for 15 min. The centrifu-
gation pellet was then freeze-dried and compressed into tablets.

The water contact angles were determined on the tablet surface with a surface
wettability tester (Model 2-2, Lorentzen and Wettre, Stockholm, Sweden). In addi-
tion, the water contact angle of films made by evaporation of a solution of
poly(methyl methacrylate) or polybutylcyanocrylate nanoparticles in acetone were
determined. No significant difference was found in comparison to the water contact
angle measured on the tablet surfaces of the same material. The results are shown in
Table 6.

Results and discussion

Morphology and particle size

The minute particle size is the most characteristic physical parameter of nancpar-
ticles. For this reason. the determination of the particle size is of great importance.
However, the sizing in the suboptical size area is associaled with considerable
difficulties: in this size area the particle size may be altered, or the properties of the
materials to be measured may be changed by the sizing procedure. It s also
necessary to consider what is actually being measured. especially when dealing with
the smaller particles, where hydration or aggregation may have a profound influence
on the size of a particie or on the properties of a hydrodynamic layer around the
particle.

For the above-outlined reasons, the sizes of different sorts of nanoparucles were
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TABLE ;
PARATICLE SIZE OF POLYACRYLIC NANOPARTICLES (MEAN + S D)

Polymer type Sizzng method

Electron microscope Photon

correlaticn
Scanning Transmission after spectrometry
(nm) freeze-fracturing (nm)
(nm}

Poly{methyl methacrylate) ! 2051 44 - 125 421 °*
Polytmethyl methacrylate) - - 131 30 ==
Polyacrylamide 236 o 65.7+264 522+ 21 **
Polymethylcyanoacrylate - seve 157 198 145 +38 **
Polyethykyancacrylate ~ wone 884+ 14.6 118 +34 **
Polybutyicyanoacnlate - #eee 09+ 6.2 5121 07 **

! Manufactured by polymerization in pure water.
? Manufactured by polymerization in phosphate-buffered saline.
¢ Not enough partcles found.
** Represents standard deviation of measurements, not standard deviation of the particle size distribu-
tion.
*** Determined by Kopf (1975).
*#ss Not determinable because of the surfactant present in the sample.

determined using different methods. The results of these measurements are shown in
Table 1.

The results for the nanoparticle sizes found using photon correlation spectrometry
and the sizes found with transmission electron microscopy after freeze-fracturing are
in very good agreement with each other.
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Fig. 1. Size distribution of polvimethyl methacrylate) nanoparticles measured with mercury porosimetry.
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Fig 2. Size distribution of polyvacrylamide nanoparticles measured with mercury porosimietey.

The size of the poly(methyl methacrvlate) nanoparticles could not be determined
using the freeze-fracturing method because these particles tended to agglomerate
before or during the freezing process and therefore too few mdividual polvimethyi
methacrvlate) nanoparticles suitable for the size analvsis could be found. The size of
these particles. however, was well-determined using photon correlation spectrometry
after 1 h of sonication. If the sample was left without sonication for 24 h, the
polvimethyvl methacrylate) nanoparticles started to agglomerate. and the particle siee
measured with photon correlation spectrometry after this time was about 230 nnm.
Resonication deglomerated the particles again and the particle size was the same as
that obtained after the first sonication of the sample. The particle size shown i
Table 1 therefore obviously represents the size of the primary particles.

Pres Fand 4 Transmission electron micrographs of pobvacts famide nanopartivles after frecze I tueing
Bar 10t om
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Fig. 5. Transwission electron micrograph of potvimethyl methacrvlate) nanoparticles after freeze-fractur-
ing. Bar 2 200 nm

P o Tranvmosien eleciton aucrograph of polvmethvicvanoacnlate nanoparticles after freeze-fractur-
g Bar ? 200 nm

The results obtained in this study show that photon correlation spectrometry is a
very suitable method for the sizing of nanoparticles. However. very disadvantageous
i~ the fact that this method can primarily give the mean diameter. The method
provides a polvdispersity index: this parameter. however, is only of minor informa-
tuve value. Multi-modal size distributions cannot be measured. For this reason.
photon correlation spectrometry i1s very susceptible to errors caused by bigger

Pags 7 and 8 Transmssion electron mucrograph of polvethvliovanoacrvlate nanoparticles after freeze-frac-
turie Bar 2 100 m
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particles that might be present in the samples, such as dust particles or secondary
agglomerates. It is therefore necessary that each sample be measured at lecst 5 times.

Another disadvantage of photon correlation spectrometry can be the fact that this
method measures the Brownian motion of the particles. The particle diameter is then
calculated from these measurements via the diffusion coefficient. Therefore. the
particle size determined using this method will be affected by the influences caused
by the surrounding medium such as adsorbed surfactants or by hydration lax#rs and
may therefore be different from the particle size determined with other method- such
as electron microscopy.

Electron micrescopy has the great advantage that individual particles can be
analyzed and measured. In addition, freeze-fracturing enables the observation of the
interior of the particles and thus enables the investigation of the morphology. The
disadvantages of this method are that only very few particles can be observed and
that the preparation is extraordinarily time consuming.

Scanning electron microscopy is much less time consuming. However. since the
‘urface of polymers is non-conductive due to their organic nature. the particles have
to be coated with gold. The thickness of the gold layer cannot be exactly deternuned
on this type of surface and varies between 30 nm and 60 nm. The size values shown
in Table I correspond to the gold-coated particles. Since this coat covers the
particles on both sides, about 60--120 nm have to be substracied in order to
determine the size of the uncoated particles. The particle sizes resulting after
substraction are in good agreement with the other size determination methods for
polv(methyl methacrylate) nanoparticles and in fair agreement for acrviamide
nanoparticles. It has to be considered, that the hard vacuum necessary for electron
microscopy as well as the condensing gold can lead to changes in the particle size
and may be responsible for the size differences observed for polvacrviamide nano-
particles between scanning electron microscopy and the other techniques. (The

Fags. 9 and 10, Transmission electron micrograph of polvbutyleyanoacrylate nanoparticles after frecee-
fracturing. Bar £ 100 nm.



nfluence of the hard vacuum is reduced with freeze-fracturing. because the particle
is embedded in a supporting medium.)

Scanning electron microscopy cannot be used for the sizing of polyeyanoacrylate
nanoparticles, because they contain surfactants in their original preparation. The
presence of surfactants leads to a smooth coat over the particle surfaces and inhibits
the observation of individual structures. This influence of surfactants has alr-ady
been observed and studied by Kopf (1975; Kopf et al., 1976). Removal of the
surfactants, however, often results in aggregation and leads to irreversible changes in
the polyevanoacrylate preparations. Thereflore. no further auempts were made 10
viswalize them with scanning electron microscopy.

Another method. mercury porosimetry. has been suggested by Mayer and Stowe
(1963) for the sizing of small particles. This method was also tested with nanopar-
ticles. The results are shown in Figs. 1 and 2. The particle sizes determined by
mercury porosimetry were much larger than those found with other technigues.
Mercury porosimetry obviously mainly measures large particle agglomerations. The
mereury is not able to penetrate between primary particles to a high degree. This
effect has alecady been observed with fumed silicia (Aerosil 200} (Dr. Kahr.
Laboratonium fur Grundbau und Bodenmechanik. ETH. Zarich, personal communi-
cation). Mercury porosimetry s theretore unsuitable for the sizing of nanoparticles.

The morphology of the polyacrylic nanoparticle prepara.ions was also studied
using the transmission electron microscopy after freeze-fracturing. Figs. 3-10 show
photos of different individual pelyacrylic nanoparticle preparations. All nanopar-
ticles investigated here possess a continuous matrix interior and showed ao hollow
space as suggested by Birrenbach and Speiser (1976). Certain structures of poly-
acrvlamide particles shown in Fig. 4 that would suggest differencas in the density of
vertaan fayers i the particle interior or even hollow areas are very probably artefacts
caused by the preparation technmique. These artefacts occurred because the particles
in Fig. 4 were not fractured in the eguatorial zone, but broke ou. of the embedding
medium during the freeze-fracturing. This Ied o the formation of craters in the
surrounding medium. The collapse of the crater walls in the vacuum then resuited in
different densities of the plaiinum laver subs:quently steamed on the sample. thus
creating the above artefact. This assumption ¢an be supported by particles from the
same batch shown in Fig. 3. These particles did not break out of the fracturing zone
and were fractured through their matrix, thus showing a homogeaeous interior.

The polyevanoacrylate and the polvimethyl methacryvlate) nanoparticles scem to
have an especiallv porous interior (Figs. 5-10). This has already been observed by
Cowvrenr et al. (1979) with polymethylcvanoaervlate nanoparticles. The poly-
acnylamide (Figs. Y and 4) and all polvevanoaerylate nanoparticles (Figs, 6-10) are
sphenical with a smoaoth surface. Poly(methyl methaervlate) nanoparticles {Fig, 5) are
more irregular, having 4 rough surface.

Densiny

The density of polvimethn] methacryvlate) and of polvacry lamide nanoparticles is
shown i Table 20 The densuy of the polyevanoacrvlate particles could not be
determined for the same reason as alreadv mentioned previously, Removal of the
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TABLE2
DENSITY OF POLYACRYLIC NANOPARTICLES

Polymer Density measured with:
Air Helium
(g/cm’) (g,/em')
Poly(methyl methacrylate) 1.40 1.06 *
Polyacrylamide 1.30 114
Poly(methyl methacryviate) beads ¢ 10 pm 145 * 115

* Literature density of poly(methyl methacrylate) blocks and rods = 1.15-1.8 g/cm’.

surfactants resulted in an aggregation and clumping of the particles.

The density of poly(methyl methacrylate) nanoparticles was measured with air
and helium using a gas pycnometer. The values obtained with air and with helium
differ considerably from each other. This effect has already been observed with other
materials such as amorphous silicia and activated charcoal (Keng, 1969,/70). Table 2
shows that the above-mentioned difference is especially pronounced with substances
having a high specific surface area, while no difference was obtained with substances
of a low specific surface area such as salt. The reason for the higher values obtained
with air is the adsorption of some air somponents onto the surface of these
substances. Therefore, only the essentially non-adsorbing helium should be used for
the density measurement of nanoparticles.

Table 2 shows that the density of poly(methyl methacrylate) nanoparticles is
considerably lower than that of beads with a diameter of 10 pm or of solid blocks or
rods. This result supports our previous observation with the electron microscope
after freeze-fracturing and shows that the nanoparticles have a highly porous
interior.

The density of polyacrylamide nanoparticles is in good agreement with the
reported value by Kopf (1975; Kopf et al., 1976), who determined their density in
methanol and in n-hexane.

TABLE3
DENSITY OF SELECTED MATERIALS (FROM KENG, 1969 ,/70)

Material Density measured with:
Air Helinm
(g omh) (rsem')
Salt 115 115
Amorphous silicia, surface area $4.7 m* /g 242 2
Amarphous silicia, surface area 2952 m*/g 285 210

Activated charcoul =10 2.8
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Specific surface area

The specific surface areas of nanoparticles are listed in Table 4. The surface area
of poly(methyl methacrylate) and of polyacrylamide nanoparticles was determined
using the BET-method as well as by calculation using Eqn. 1:

A== M)

where A is the specific surface area, p the density, and d the particle diameter. The
measured and the calculated specific surface areas of poly(methyl methacrylate)
nanoparticles agree fairly well with each other. In contrast the surface areas of
polyacrylamide nanoparticles determined by Kopf (1975; Kopf et al., 1976) with the
BET-method are 10 times smaller than the calculated value. This difference can be
explained by residual surfactants still present in the samples. Kopf (1975) and Kopf
et al. (1976) clearly showed that the surfactants present after the removal of the
dispersion medium coat the nanoparticles and lead to the disappearance of individ-
ual nanoparticle structures: with higher amounts of surfactants no nanoparticles at
all are visible in the scanning electron microscope (Kopf et al.. 1976) (Fig. 3). But
even the highly purified products (Kopf et al., 1976) (Fig. 1) show consideratle
amounts of nanoparticle aggregates, probably caused by the coating with residual
surfactants. This coating significantly reduces the surface area measurable by
nitrogen adsorption and explains the observed difference.

As discussed in the previous sections, polycyanoacrylate nanoparticles so far
cannotl be obtained surfactant-free in a non-aggregated form. For this reason, no

attempts were made to determine the specific surface area of these particles with the
BET-method.

TABLE4
SPECIFIC SURFACE AREA OF NANOPARTICLES

Polvmer Measured by Calculated
BET-method (m’/g)
(/)
Polv(metbyl methacrylate) 52754226 453
10*
Polvacryvlamide gt 100.3
Polvmethylevanoacrylate _ 3764
Palyvethyleyanoacrylate - 46.2¢

Polybutyleyanoacrylate . 106.5 ¢

* Dred by lyophiizaton, determimed by Kopf (1975).
" Daed in viwoum oven, determined by Kopf (1975).
© Not deternyred.

¢ Assumed density L1 goem'



X-Ray diffraction pattern

The X-ray diffraction patterns of polyacrylic nanoparticles are shown in Figs. 11
and 12. All polvacrylic nanoparticles investigated were X-ray amorphous and
showed no sign of crystallinity. The X-ray diffraction pattern of poly(methyl
methacrylate) beads. diameter 10 um, is also included in Fig. 11 as a control. These
heads are also X-ray amorphous. This shows that the observed differences in density
{ Table 2) are— unlike in the case of other polymers (Toyoshima, 1973)—not caused
by different degrees of crystallinity. but rather by variations in the density of the
polvmer chain coils.

Elecirophoretic mobility

The surface charge of colloidal particles expressed by their electrophoretic mobil-
ity seems to have an important influence on their body distribution behaviour in
humans and animals (Wilkins and Myers, 1966; Wilkins, 1967). For this reason, the
electrophoretic mobility of nanoparticles was determined in water, phosphate-
buffered saline. pH 7.4, and in human biood serum. The resulis are presented in
Table 5. The particle movement was determined optically using a white light or a
faser light source. Therefore, the use of nanoparticle aggregates facilitated the
observation. As mentioned above, without sonication poly(methyl methacrylate)
nanoparticles form aggregates. some of which were visible in the microscope of the
clectrophoresis cell. Polyacrylamide nanoparticle aggregates from freeze-dried sam-
ples are visible only for a few minutes. because these particles disperse easily in

Fig. 15 X-ray diffraction patterns: (a) poly(methyl methacrylate) beads. 10 um; (b) blank: (¢) poly(methyl
methacrelate’ nanoparticles; (d) polvacrylamide nanoparticles.

o~ fes Pobvbutsiovanoacrilate particles. (dy Sodium chloride. Sodium chloride 1s present in all
sticie wunples due to the manufacturing method.




TABLES
ELECTROPHORETIC MOBILITY (um-cm-s™ ' V™1) OF NANOPARTICLES (MEAN +S.D. *}

Polymer Medium
Water Phosphate-buffered Human serum
saline. pH 7.4

Polv(methyl methacrylate) -2.76 £0.57 -1.30+0.07 —0.25+0.058
Polyacrylamide < ~0.35 -
Polymethylcyanoacrylate -2.33+0.10 - 1644012 -0.234002
Polyethylcyanoacrylate —-2.184+0.16 —~1.32+0.16 ~0.23+0.02
Polybutylcyanoacrylate —-201+0.16 ~0.87+0.07 ~0.19+0.03

* Standard deviation.

aqueous media. For this reason, the value given in Table 5 is only approximate. and
no measurements could be made in phosphate-buffered saline and serum.

Any surfactants present in a sample had to be removed because the surface
charge was influenced by the physicochemical properties of any adsorbed materials.
The polycyanoacrylate samples used for the determination of the electrophoretic
mobility therefore were separated from the surfactants by centrifugation and washed
3 times with water before lyophilization. As mentioned before, this treatment led to
the formation of aggregates. These aggregated nanoparticles had the advantage of
being very suitable for the electrophoretic mobility measurements.

As shown in Table 5, all nanoparticles were negatively charged. With the excep-
tion of phosphate-buffered saline as the dispersion medium, poly(methyl methacry-
late) nanoparticles had the highest surface charge. Polycyanoacrylates had a slighily
lower charge with a tendency for a decrease in charge with increasing ester
side-chain length. Polyacrylamide nanoparticles had a very low surface charge.
Phosphate-buffered saline reduced the surface charge significantly in comparison to
water. This is of course expected because the surface charge is dependent on the
ionic strength. Serum yielded an even more pronounced decrease in surface charge.
which is caused by the adsorption of serum contents, demonstrating a significant
interaction of these components with the nanoparticles.

Water contact angles

Another parameter that is of great importance for the fate of particulate matter in
the blood is the hydrophilicity /hydrophobicity of the particle surface. The latter
have a profound influence on the interaction of the particles with blood components
{Lindsay et al., 1980; Andreade et al., 1979a and b: Chuang et al., 1979, 1980; Baier
and Dutton, 1969; Packham et al., 1969; Baszkin and Lyman, 1980), and this in turn
influences the body distribution (Saba, 1970). The hydrophilicity /hydrophobicity
can be determined by the measurement of the water contact angle (Andreade et al.,
1979a and b). Since the water contact angle can only be measured on plain surfaces,
the nanoparticles were compressed to tablets, In the case of the polycyanoacrylates,
the particles were centrifuged and washed 3 times with water prior to drying and
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TABLE6
WATER CONTACT ANGLES OF NANOPARTICLES

Polymer Contact angle *
Poly(methyl methacrylate) 727+ 10
P<0.1
Polybutylcyanoacrylate 68.9+10.3 P<0l
Polyethylcyanoacrylate 647+ 4.2 P < 0.0005
Polymethylcyanoacrylate 556+ 64
: P < 0.0005
Polyacrylamide 405+ 7.6
Poly(methyl methacrylate)
after 12 h storage in human serum 527+ 64
Polybutylcyanoacrylate
after 12 h storage in human serum 454+ 85

2 Mean and standard deviation.

compression. Since polybutylcyanoacrylate tablets were too brittle, this material was
dissolved in acetone and cast to a film on a glass-slide with subsequent evaporation
of the sclvent.

In order to investigate the influence of the nanoparticles with blood serum,
poly(methyl methacrylate) and polybutylcyanoacrylate nanoparticles were sus-
pended in human serum overnight and after centrifugation and subsequent lyophuli-
zation of the nancparticles also compressed to tablets.

The water contact angles were then determined on the tablet or on the film
surface. The data are presented in Table 6.

The water contact angle decreased with decreasing hydrophobicity in the order
poly(methyl methacrylate) > polybutylcyanoacrylate > polyethylcyanoacrylate >
polymethylcyanoacrylate > polyacrylamide.

Suspension of the nanoparticles in serum caused a considerable decrease of the
contact angle of about 20°. This decrease is much more significant than for instance
the decrease caused by the chain length effect. This shows that a strong interaction,
namely an adsorption of plasma contents on the particle surface, occurred, leading
to a strong change in the surface properties.
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