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Abstract O Polyalkyl cyanoacrylate nanoparticles were previously developed
as a biodegradable, ultrafine, solid drug carrier. Distribution studies in the
rat showed an intense and rapid hepatic uptake. This liver accumulation ap-
pears to represent, to a certain extent, extracellularly bound nanoparticles.
During liver perfusion, 15-20% of the liver-associated nanoparticles were
washed out. The cellular distribution of strongly cell-associated nanoparticles
was determined. At different intervals after injection of radioactive nano-
particles to rats, the cells were isolated according to a recently developed,
low-temperature procedure during which processing of the carrier was in-
hibited. At all tested times, a relatively intense capture by Kupffer cells in
comparison with endothclial and especially parenchymal cells was observed.
This distribution pattern was not influenced by the size of the nanoparticles
(0.08-0.215-um diameter). This specific interaction of nanoparticles with
Kupffer cells opens possibilities for the treatment of some parasitic diseases
involving this cell type.
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The incorporation of a drug into a carrier such as liposomes,
macromolecules, or solid colloidal nanoparticles modifies the
body distribution of the drug (1-3). This change in the dis-
tribution pattern can be used to direct a drug specifically to
the target tissue or to protect a tissue from the toxic effects of
a drug. For this purpose a carrier consisting of polyalkyl cy-
anoacrylate nanoparticles was developed (4, 5). These sub-
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Figure 1—Distribution of ['*C]polyisobutyl cyanoacrylate nanoparticles
(0.215-um diameter) in the rat liver Kupffer, endothelial, and parenchymal
cells 30 min after intravenous administration.
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microscopic spheres, <0.3 um in diameter, are degraded under
physiological conditions (6, 7). Associated with a cytostatic
drug, they provoke an enhancement of the therapeutic activity
(8) or a reduction of the toxicity (9). The body distribution of
these carriers was studied, and, as for most carriers, an intense
and rapid capture by the organs rich in reticuloendothelial cells
was observed (10, 11).

Since the majority of nanoparticles were captured by the
liver, the intrahepatic distribution of the carriers as a function
of time is important. Whether the interaction between nano-
particles and parenchymal cells could be affected by admin-
istration of nanoparticles smaller than the fenestrated lining
of the liver sinusoids (0.1 um) was studied.

EXPERIMENTAL SECTION

Preparation of Radioactive Nanoparticles—Radioactive monomer was
prepared according to a previously published method (12). ['4C}Formalde-
hyde was used in the synthesis; as a result, the monomer was tagged on the
C-3 atom. The specific activity of the radioactive monomer! was 1.4 mCi/
mL.

To a 10-mL solution of 1% dextran 70 and 0.05 M H3PQO4 was added 0.1
mL of the radioactive monomer, with stirring. After 2 h of polymerization,
the suspension was made isotonic with glucose and neutralized with 0.5 M
NaOH. Smaller nanoparticles were prepared in a similar way, except the
polymerization medium was a 5% glucose in 105 M HCl solution. The nan-
oparticles size was measured using a particle counter?, based on laser beam
scattering.

Isolation and Separation of Rat Liver Parenchymal, Kupffer, and Endothelial
Cells—After intravenous administration of radioactive nanoparticles to rats
(Wistar R1)3, at different intervals, cell isolation was started by a liver per-
fusion, first with Ca2*-free Hank’s buffer at 8°C and then with | mM CaCl,
Hank’s buffer at 8°C containing cither 0.5% (w/v) collagenase? for parcn-
chymal cell isolation or 0.25% protease> for Kupffer and endothelial cell iso-
lation. Further isolation was performed at 0°C to minimize degradation-and
redistribution of the internalized nanoparticles. Further purification of the
Kupffer and endothelial cells was performed according to a modified version
of a published method (13), which is described in detail elsewhere together
with the parenchymal cells isolation technique (14). Kupffer and endothelial
cells were obtained by, successively, 400Xg centrifugation, metrizamide®
density cushion centrifugation, and centrifugal clutriation’.

The absence of parenchymal cell remnants was indicated by the absence
of L-type pyruvate kinase (15, 16). The characterization of Kupffer and en-
dothelial cell preparations was realized by light microscopic examination after
staining for peroxidase activity with diaminobenzaldehyde (17) followed by
a Papanicolaou counter-staining (18). After this treatment Kupffer cells were
easily recognized by their brown appearance, while endothelial cells were blue.
The purity of the endothelial cells preparations was >95%, while the purity
of the Kupffer cells preparations was between 70 and 90%, the remainder being
endothelial cells.
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Figure 2— Radioactivity present in fractions of the liquid collected from the
rat liver during a perfusion with Hank's medium at 8°C started 30 min after
intravenous administration of [1*C]polyisobutyl cyanoacrylate nanoparticles.
Radioactivity was measured in the pellets (*) and supernatants (@) of the
fractions after a 5-min centrifugation at 600X g.

Parenchymal cells were isolated by repcated low-speed centrifugations,
essentially in the same way as reporied previously (19). The parenchymal cell
preparations were free of other cell types, as checked by light microscopy.

The total liver value was calculated from the radioactivity present in a liver
lobe which was tied off after an 8-min perfusion with Ca2*-free Hank’s buffer,
just prior to perfusion with proteolytic enzymes. The liver lobe, isolated cells,
and samples of the nanoparticle preparation were oxidized® and radioactivity
was counted by liquid scintillation®. The protein content in the samples was
determined according to the method of Lowry (20), using bovine serum al-
bumin'? as a standard.

To determine the amount of loosely bound nanoparticles, radioactivity was
measured in the postperfusion medium during an 8-min perfusion with Hank's
Ca?*-free medium at 8°C. This perfusion was started 30 min after the in-
jection of nanoparticles and just after a liver lobe had been tied-off and excised
to serve as a nonperfusion control. Furthermore, the different samples were
centrifuged at 600Xg for 5 min to check whether the radioactivity was due
to nonsediment nanoparticles or to nanoparticle-carrying cells. All these
samples were then counted for radioactivity.

RESULTS AND DISCUSSION

Intrahepatic Distribution of Nanoparticles-—Figure 1 shows the distribution
of the 0.215-nm '“C-labeled polyisobutyl cyanoacrylate nanoparticles between
the different liver cell types 30 min after intravenous administration. Nano-
particles were recovered mainly in the Kupffer cells. The association of nan-
oparticles to Kupffer cells (expressed per milligram of cell protein) was
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Figure 3— Distribution of ['*C]polyisobutyl cyanoacrylate nanoparticles
(0.215-um diameter) in the Kupffer (A}, endothelial (®), and parenchymal
(@) cells of a rat liver as a function of time after intravenous administra-
tion.

8 Packard Tri-Carb Oxidizer; Packard, Downers Grove, ll1.

9 Packard Tri-Carb Liquid Scintillation Spectrometer; Packard, Downers Grove,
1.

'0 Fraction V: Sigma, St. Louis, Mo.
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Figure 4—Distribution of [V4C]polyisobutyl cyanoacrylate nanoparticles
(0.08-um diameter} in the rat liver Kupffer, endothelial, and parenchymal
cells 30 min after intravenous administration.

100-fold higher than with the major liver cell type (parenchymal cells). An
intermediate cell accumulation value was observed for endothelial cell prep-
arations.

Based on the relative contribution of Kupffer, endothelial, and parenchymal
cells to total liver, the recovery of the radioactivity in the isolated cells as
compared with that originally present in the whole liver can be calculated.
This calculation indicates that the nanoparticles, present in the liver just before
the perfusion with proteolytic enzymes, were quantitatively recovered in the
isolated cells. This high recovery is only possible if the nanoparticles were either
internalized or strongly associated with the liver cclls. However, it was observed
that during the Ca2+*-[rec perfusion, the loosely bound nanoparticles were
removed (15-20% of the initial liver-associated radioactivity).

The total rat liver accumulation of radioactivity after an 8-min perfusion
at 8°C was 13% of the injected dose. This value is somewhat lower than for
the nonperfused liver (17% of the injected dose). This difference can only be
cxplained by the release of loosely bound nanoparticles. Indeed, when the-
postperfusion medium was centrifuged at 600Xg for S min, practically all
radioactivity was found in the supernatant (Fig. 2). This result excludes the
hypothesis of radioactive nanoparticle-containing cell release during the
perfusion.

Liver Distribution as a Function of Time— Figure 3 shows the time course
of the accumulation of nanoparticles into the different rat liver cell types. The
association to Kupffer cells occurs very rapidly, while the maximal association
to endothelial cells is clearly slower. However, at all time intervals tested,
nanoparticles were always recovered mainly in the Kupffer cells. The radio-
activity ratios of Kupffer to parenchymal cells were 173, 101, and 119, re-
spectively, for intervals of S, 30, and 120 min. For the same intervals, the ratios
of Kupffer to endothelial cells were 21.2,4.9, and 5.9.

Influence of Nanoparticle Size on Liver Distribution—The endothelial lining
of the rat liver sinusoid contains fenestrae arranged in “sieve plates;” the pores
of the fenestrae are ~0.1 um in diameter (21). It can be argued that the low
in vivo uptake of nanoparticles by the parenchymal cells is caused by this
morphological barrier. If this is true, a drop in the particle size would enable
an interaction with the parenchymal cells. For this purpose, the cellular dis-
tribution of particles with a mean diameter of 0.08 um was studied 30 min
after intravenous administration (Fig. 4). The uptake ratios of Kupffer to
parenchymal cells and of Kupffer to endothelial cells were 92 and 3.6 for the
0.08-um particles as compared with 101 and 4.2 for the 0.215-um particles.
These data indicate clearly that the interaction of nanoparticles with the
different liver cells is not influenced by the size difference of the carrier.

CONCI.USIONS

After intravenous administration to rats, nanoparticles are localized in
various compartments inside the liver. The data show that Kupffer cells are
the major liver site for cell accumulation of the nanoparticles. This specific
interaction is independent of the particle size in the range studied (0.08-
0.215-u diameter). Endothelial and especially parenchymal cells show a very
low cell association with the nanoparticles. [t is important to note that part
of the nanoparticles remain loosely attached to the cells and can be released
from their site by perfusion.

The interaction of nanoparticies with Kupffer celis should lead to specific
drug delivery from this colloidal carrier. For the treatment of Kupffer cell-
associated diseases, use of nanoparticles could be significant in achieving
appropriate drug targeting.
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Abstract O Three novel scrics of 4-oxoquinazoline derivatives were prepared
and evaluated as potential antimicrobial agents. Evaluation of the antimi-
crobial activity of a variety of 4-substituted-I-thiosemicarbazides, 3.4-di-
substituted thiazolines, and 3-substituted-5-thiazolidones reveals that the
majority possess significant in vitro activity against Gram-positive organisms,
Some derivatives also exhibited antifungal activity.

Keyphrases D 4-Oxoquinazoline analogues—synthesis, antimicrobial activity,
in ritro screen O Antimicrobial agents— potential, 4-oxoquinazoline ana-
loguces, synthesis

There has been considerable interest in various 4-0xoqui-
nazoline analogues. Some have shown a wide spectrum of bi-
ological effects (1-5) including antitubercular (6), antibac-
terial (7), and antifungal (8) activities. Thiazoline analogues
were also reported to exhibit antitubercular (9) and antibac-
terial (10) activities. These observations prompted us to syn-
thesize a variety of compounds containing the thiazoline nu-
cleus and examine them for antimicrobial activity (11). Re-
cently, the antimicrobial activities of some 4-oxoquinazoline
thiosemicarbazides and thiazoline derivatives were investigated
(12).

In a continuing effort to develop new antimicrobial agents,
1- [4- (2-methyl-4-oxoquinazoline-3-yl)benzoyl] -4-alkyl-,
-aryl-, and -aralkyl-3-thiosemicarbazides (VII-X), 3,4-di-
substituted thiazoline-2-o0xo[4-(2-methyl-4-0xoquinazo-
line-3-yl)benzoyllhydrazones (XI-XI1V), and 3-substituted
S-thiazolidone-2-0x0-[4-(2-methyl-4-oxoquinazoline-3-yl)-
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benzoyllhydrazones (XV-XVIII) were synthesized and
evaluated as potential antimicrobial agents.

RESULTS AND DISCUSSION

Chemistry— Treatment of 2-substituted-4-oxoquinazolines, with hydrazine
hydrate results in hydrazinolysis of the quinazolone ring to give 3-amino-2-
substituted-4-oxoquinazolines (13). In the present investigation, as shown
in Scheme |, heating 3-(4-carbethoxyphenyl)-2-methyl-4-oxoquinazolone
(1) with hydrazine hydrate resuited in the formation of three products: p-
aminobenzoic acid hydrazide (I1), 4-(2-methyl-4-oxoquinazoline-3-yl) benzoic
acid hydrazide (111) (as a minor product), and 3-amino-2-methyl-4-oxoqui-
nazoline (1V). Compounds 11 and 1V were identified by TLC, IR, and mixed
melting point comparisons with authentic samples prepared by the previously
reported methods (14, 15), while HT was identified by IR spectrometry and
clemental analysis. The formation of these three different products might
indicatc that hydrazine attacks first the ester side chain of |, then the quina-
solone nucleus. This appears to be true since the treatment of 111 with hy-
drazine, resulted in the formation of 11 and 1V. More evidence was obtained
when we found that the hydrazine hydrate can replace substituted hydrazine
from the quinazolone nucleus. This was shown by the hydrazinolysis of 3-
{4-carbethoxyphenylamino)-2-methyl-4-oxoquinazoline (V) into 1V and
p-hydrazinobenzoic acid hydrazide (V1) (Scheme ).

In the present work, the intermediate 4-(2-methyl-4-oxoquinazoline-3-
yl)benzoic acid hydrazide (111) was prepared in a higher yield, under carefully
controlled reaction conditions by treating hydrazine hydraie with | at room
temperature for 1 h. As outlined in Scheme 1, trcatment of 111 with the se-
lected alkyl-, aryl-, or aralkylisothiocyanate in refluxing ethanol afforded the
desired thiosemicarbazides (VII-X) (Table 1). Reaction of the formed
thiosemicarbazides with phenacy! bromide or ethyl bromoacetate gave the
thinzoline (X1-X1V) or thiazolidone (XV-XVIII) derivatives, as shown in
Table 1 and Table 111, respectively. The products were identified by clemental
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