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Drug targeting with nanoparticles
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SUMMARY

Nanopatticles are colloidal polymeric particles (size < 1000 nm) to which drugs are bound by sorption, incorporation, or chemical
binding. After intravenous injection they normally distribute into the organs of the reticuloendothelial system (liver, spleen, lungs,
bone marrow). However, their body distribution can be altered by coating with surfactants or with physiological components such as
serum complement factors. The influence of these coatings on the body distribution and possible mechanisms for the alteration of
this distribution are discussed. Differently coated nanoparticles can be used for the targeting of bound drugs to tumors, to the brain,

and to inflamed areas in the body.

INTRODUCTION

Modern drug therapy requires that a drug is reaching
the site of action in the most efficient way possible.
This goal can be achieved to a great extent by site
specific - targeted - delivery (1, 2). Drug targeting may
be performed by using colloidal drug carriers (2). These
carriers include microemulsions, liposomes, niosomes,
and nanoparticles. Nanoparticles are colloidal polymeric
particles ranging in size from 10 to 1000 nm. The
polymers that may be employed include artificial as
well as biopolymers. Drugs are bound to nanoparticles
by ad- and absorption, incorporation, or chemical bind-
ing. The term nanoparticles includes monolithic matrix
type systems (3) as well as nanocapsules with a shell-
like wall (4). Nanoparticles posses the advantage over
other colloidal drug systems that they are more stable,
especially in body fluids after different ways of ad-
ministration.

BODY DISTRIBUTION OF
NANOPARTICLES AFTER LV.
INJECTION

In order to achieve effective drug targeting, the drug
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carrier has to reach the target area in sufficient con-
centrations while avoiding high levels in other parts of
the body. For this reason, the body distribution of the
carrier must be known and must be optimized. Carriers
with particles sizes above 5-15 fm and large agglom-
erates of smaller particles are filtered out by the first
capillary bed they traverse, i.c. after i.v. injection the
lung. Dispersed smaller particles, including small emul-
sions and microemulsions, liposomes, niosomes, and
nanoparticles, are removed by the cells of the reticu-
loendothelial system (RES) within 5 to 10 minutes,
mainly by the liver (about 60 to 90%), the spleen
(2-20%), a varying amount by the lungs, and about
0.05 to 1% by the bone marrow (5). As a consequence
of this rapid removal by the RES, less than 1% of the
injected dose stays in the blood circulation after 15 to
30 minutes.

The body distribution can be altered significantly
by coating with certain substances including serum
components (6) and surfactants (7-10) or by chemical
alteration of the nanoparticle surface (11). Two lead
substances for this alteration of the body distribution
so-far have been identified - poloxamine 908 (7, 9, 10)
and polysorbate 80 (9). Poloxamer 908 significantly
reduces RES uptake, especially liver uptake (down to
25%) and drasticly increases the amount residing in
the blood form below 1% to about 25% after 30 min
(7, 9). The other lead substance - polysorbate 80 -
increases the concentration in the non-RES organs and
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tissues (9).

These results show that the body distribution is
governed by particle size and for colloidal particles by
the surface properties. Rapidly after contact with serum
nanoparticles are coated with serum opsonins. Opsonins
are serum components that coat invading foreign par-
ticulates such as bacteria, etc. to promote their phago-
cytotic uptake by macrophages or their interaction with
the immune system. As shown by PAGE, the type of
opsonin that is absorbed is dependent on the surface
properties of the particles (12).

Hence, particles with different surface properties will
adsorb different opsonins. Uncoated particles adsorb a
great variety of opsonins whereas coated particles adsorb
much less but special opsonins (12).

TARGETING OF DRUGS AND
PEPTIDES ACROSS THE BLOOD
BRAIN BARRIER WITH
NANOPARTICLES

As already mentioned, coating of nanoparticles with
polysorbate 80 enhances their distribution to non-RES
organs. This substance also leads to a rapid uptake by
in vitro cultures of bovine blood vessel endothelial cells
(13). Moreover, recently it was shown that a peptide
- dalargin - was transported accross the blood brain
barrier of mice after sorption to nanoparticles and
overcoating with polysorbate 80 and exhibited a phar-
macolocigal effect that was comparable to direct CNS
injection (14). In contrast, after i.v. injection of dalargin
in form of a simple solution this endorphine drug is
not able to pass through the blood brain barrier and
does not exhibit an analgesic effect. Without polysorbate
80-coating of the drug-loaded nanoparticles also no
effect was achieved. The mechanism of the nanopar-
ticle-facilitated transport was explained by using fluo-
rescence and transmission electron microscopy: Isothio-
cyanate-dextran-labelled nanoparticles were observed by
both types of microscopy within brain blood vessel
endothelial cells as well as in Purkinje cells of the
brain after iv. injection to mice after coating with
polysorbate 80. Without polysorbate 80-coating the par-
ticles remained in the blood vessels (14).

TARGETING TO TUMORS

Nanoparticles were shown to accumulate in a number
of tumors (15, 16). The reason for this could be the
high leakyness of tumor blood vessels and a possible
higher endocytotic activity of tumor-associated cells in
the blood vessels or in their vincinity. Nanoparticles

of a number of antitumor drugs (17-20). Although in
some cases (17, 19) the enhanced effiacy also were
able to considerably enhance the efficacy was accom-
panied with an increase in toxicity, in other cases even
a decrease in tocixity was observed (21, 22).

Recent results with mitoxantrone showed that the
efficacy against different types of tumors may be de-
pendent on the delivery system (20). Mitoxantrone
nanoparticles made of poly(butyl cyanoacrylate) were
more effective against a solid B 16 melanoma tumor,
whereas mitoxantrone liposomes were more effective
against P 388 leucemia. Again the targeting to these
tumors may have depended on the surface properties
of these carriers.

'TARGETING TO HIV-INFECTED
CELLS

Macrophages represent a major target cell of HIV
after infection and may represent a reason for the long
course of AIDS. Since nanoparticles accumulate espe-
cially in HIV-infected macrophages (23) they seem to
represent a promising delivery system for the cure of
this desease.

TARGETING TO INFLAMED
AREAS OF THE BODY

The enhanced accumulation of nanoparticles in in-
flamed areas of the body was observed in the eyes
(24) as well as in anthritic joints (25), and artificial
air pouches (26). For this reason, they also hold promise
for inflammation targeting.

OTHER USES OF NANOPARTICLES

Other uses of nanoparticles include peroral (27),
ophthalmic (28), lymphatic administration (29), and their
use as adjuvants of vaccines (1, 2). After peroral
administration they enhanced the bioavailability of a
number of drugs including vincamine, insulin (1,2) and
avarol (30). In the eye the reduction of the intraocular
pressure was prolonged very considerably after admin-
istration of pilocarpine bound to nanoparticles compared
to the aqueous solution (28). The use of nanoparticles
as an adjuvant for vaccines enhanced the antibody
response against a number of antigens and the protection
against infection (1,2). The enhancement of the antibody
response was especially pronounced with inactivated
HIV-1 and HIV-2 split whole virus vaccines. Nanopar-
ticles also increased the in vitro stability of influenza
vaccines. These results demonstrate that nanoparticles
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hold promise as colloidal drug carriers for a variety of
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therapeutical and preventive medical applications.
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