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Intraperitoneal injection of extremely low doses of L-Dopa-containing liposomes increases
the rate of dopamine metabolism and alters the metabolism of signal phospholipids in the
striatum of C57Bl/6 mice with experimental parkinsonism. Liposomal lipids affect the
phospholipid metabolism in these mice.
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The blood-brain barrier shows a high selectivity for
substances passing from the blood into the central
nervous system. It was demonstrated that drugs en-
capsulated into liposomes are capable of crossing
this barrier [10,12]. Encapsulation into liposomes
alters pharmacokinetics, decreases toxicity, and pro-
tects the drug from premature biodegradation [7]. So
far, it remains unclear whether liposomes by them-
selves can pass though the blood-brain barrier [10,
12]. In this study we evaluated the ability of L-
Dopa-containing liposomes to affect the metabolism
of dopamine, dopamine derivatives, and phospho-
lipids in the striatum of mice with experimental
parkinsonism.

Laboratory of General Pathology of Nervous System, Institute of
General Pathology and Pathophysiology, Russian Academy of
Medical Sciences, Moscow; *Department of Biotechnology, M. V.
Lomonosov Institute of Fine Chemical Technology, Moscow

MATERIALS AND METHODS

C57B1/6 mice weighing 23-25 g were used. The Par-
kinson’s syndrome (PS) was induced by intraperi-
toneal injections of 1-methyl-4-phenyl-1,2,3,6-tetra-
hydropyridine (MPTP) in a dose of 20 mg/kg body
weight 2 times daily at a 12-h interval during a 7-day
period [2]. Intact mice (control) received normal
saline by the same scheme. The development of PS
was confirmed by changes in the major parameters
of motor activity in mice, such as the distance covered
and the durations of rest and movement [4]. The
parameters were measured using an Opto-Varimex-3
system (Columbus Instruments). On day 8, the mice
with PS received an intraperitoneal injection of 1)
normal saline, 2) a suspension of L-Dopa-containing
liposomes (5 mg) in a dose of 500 mg lipids/kg body
weight, or 3) a suspension of “empty” liposomes in
the same dose. The volume of injection was 0.2 ml.
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TABLE 1. Dopamine and Dopamine Metabolite Levels (ng/mg Tissue) and Dopamine Turnover (rel. units) in the Striatum of C57Bl/6 Mice
with PS After a Single Injection of Liposomes Loaded with L-Dopa (Mtm; n=8-10 per group)

Group Dopamine DHPAA HVA DHPA.A/ HVA./ DHPAA+.HVA/
dopamine dopamine dopamine
Control 5.92+1.4 0.96+0.13 1.3+0.1 0.24+0.09 0.39+0.2 0.30+0.02
MPTP 0.97+0.2** | 0.2740.04*** | 0.5%0.1*** 0.31+£0.05 0.51+0.04*** | 0.71£0.03***
MPTP+L-Dopa-containing
liposomes 0.69+£0.2** | 0.28+0.03*** | 0.5x0.14** 0.96+0.13** | 0.92+0.16™** | 1.81+0.36*"
MPTP+ -Dopa-free liposomes| 0.810.1** | 0.24%0.07*** | 0.36+0.03*** | 0.21£0.02* 0.38+0.07* 0.53+0.06*

Note. *p<0.05, **p<0.01, ***p<0.001 compared with control mice; *p<0.05 compared with MPTP-treated mice. DHPAA = dihydroxyphenyl-

alanineacetic acid; HVA = homovanillic acid.

One hour after injection, the mice were decapitated,
the brain was removed, and the striatum was isolated
at 0-4°C, rapidly frozen, weighed, and stored in
liquid nitrogen.

Small unilamellar liposomes were prepared by
sonication of multilamellar liposomes consisting of
egg yolk phosphatidylcholine and cholesterol (molar
ratio 7:3, total lipid concentration 50 mg/ml) in
normal saline containing 2.5 mg/ml L-Dopa. The
suspension was sonicated 10 times at 1-min intervals
(30.sec each time) in a UZDN-2T apparatus at 22
kHz. Metal particles were separated by centrifugation
at 3000g for 6 min [13]. Unincorporated L-Dopa was
separated by dialysis against 0.9% NaCl. The lipo-
some diameter was 60-100 nm, and the mean L-
Dopa content was 0.053%£0.006 mol/mol phosphati-
dyicholine. ’

The contents of dopamine and its metabolites in
the striatum were measured by high-performance
liquid chromatography with electrochemical detec-
tion [3].

Lipids were extracted from tissues by the method
of Folch. Phospholipids were separated by thin-layer
chromatography. The follewing fractions were ob-
tained: lysophospholipid, sphingomyelin, phospha-
tidylcholine, phosphatidylinositol, phosphatidylserine,
phosphatidylethanolamine, and phosphatidic acids.
Each fraction was then transferred into a thermo-
stable test tube and treated with HCIO, for 40 min
at 190°C. An aliquot of the total lipid extract was
also treated in the same way after evaporation. In-
organic phosphorus was measured after decomposi-
tion [5], and the results were expressed in nmol
phosphorus/mg tissue. Reagents were from Serva.
Salts were from Merck.

The data were statistically analyzed. The signifi-
cance of differences was evaluated by Student’s 7 test.

RESULTS

MPTP strongly inhibited the motor activity of mice:
the mean covered distance was 160+96 cm vs. 61557

cm in the control (p<0.01), the mean time of move-
ment was 8+3 sec vs. 4914 sec (p<0.01), while the
mean resting time was 14417 sec vs. 6115 sec (p<0.01).
In other words, the animals treated with this neuro-
toxin developed oligokinesia characteristic of the PS.

The concentrations of dopamine and its meta-
bolites dihydroxyphenylalanineacetic acid (DHPAA)
and homovanillic acid (HVA) in the striatum of mice
with PS were reduced by 80, 70, and 60%, respec-
tively (Table 1). The concentrations of dopamine and
its metabolites in mice treated with L-Dopa-carrying
or L-Dopa-free liposomes did not differ considerably
from those in the control.

In mice with PS, the mean parameters of dop-
amine turnover: the concentration ratios of dopamine
metabolites to dopamine (HVA/dopamine, DHPAA/
dopamine, and DHPAA+HVA /dopamine), were higher
than in the control group (Table 1), indicating a
compensatory enhancement of dopamine metabolism
in animals with PS [11].

A tendency toward a decrease in the DHPAA/
dopamine and HVA/dopamine ratios and a statis-
tically significant reduction in the DHPAA+HVA/
dopamine ratio were observed in MPTP-treated mice
injected with liposomes in comparison with mice
given MPTP alone (Table 1). In mice injected with
L-Dopa-containing liposomes, the dopamine turn-
over was significantly higher than in other mice.

The total content of phospholipids in the stria-
tum of mice with PS treated and untreated with
liposomes did not differ significantly from that in the
control group (Table 2). In mice with PS, the striatal
contents of sphingomyelin, phosphatidylcholine,
phosphatidylserine, lysophospholipid, and phospha-
tidylethanolamine practically did not change, while
the phosphatidylinositol content tended to increase.
Injection of L-Dopa-free liposomes into mice with
PS did not alter the striatal content of lysophospho-
lipid or phosphatidylserine.

Injection of L-Dopa-containing lyposomes had
no effect on the striatal content of phosphatidylserine
and slightly increased that of lysophospholipid. In
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verted to DHPAA and HVA [11]. Therefore, an
increase in the rate of dopamine metabolism may be
attributed to the supply of the striatonigral structures
with L-Dopa from an external source, namely, L-
Dopa-containing liposomes. Third, L-Dopa can act
as a neurotransmitter, modulating the release of
dopamine in amounts 3- to 4-fold higher than those
released when L-Dopa is used as a precursor of dop-
amine [8].

Phospholipid metabolism in nerve tissue depends
on its functional activity. An increase in the striatal
contents of phosphatidylinositol and phosphatidic
acids in mice with PS is probably associated with the
second messenger system which is involved in the
regulation of neurotransmitter secretion in the stri-
atum. Normalization of phosphatidylinositol levels by
liposomes with or without L-Dopa may be ascribed
to the effect of liposomal lipids on the second mes-
sengers. An increase in the concentrations of lyso-
phospholipid and phosphatidic acid may be directly
associated with the activity of L-Dopa delivered by
liposomes. Dopamine activates cAMP-dependent
protein kinase which stimulates phospholipase A, [9].
This may account for the substantially increased
lysophospholipid production after administration of
L-Dopa-containing liposomes. It is likely that the
pronounced increase in the phosphatidic acid con-
centration in L-Dopa-treated mice is due to the
ability of dopamine to modify the phosphoinositide
metabolism via D, receptors [1]. On the other hand,
since the striatum contains cholinergic, GABAergic,
enkephalinergic, and other neurons, alterations in the
metabolism of signal phospholipids can be regarded
as the total effect of interneuronal interactions oc-
curring after injection of L-Dopa-containing lipo-
somes. Variations in major membrane phospholipids
(sphingomyelin, phosphatidylcholine, and phospha-
tidylethanolamine) observed after injection of lipo-
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somes with and without L-Dopa were similar, re-
sulting probably from accelerated turnover of these
phospholipids after administration of an essentially
high dose of lipids.

Thus, changes in dopamine and phospholipid
metabolism after injection of low doses of L-Dopa
can be attributed to the ability of liposomes to pro-
tect L-Dopa from degradation and provide its passage
through the blood-brain barrier. Liposomal lipids by
themselves influence the phospholipid metabolism in
the striatum, suggesting that the liposome membrane
components have reached the brain.
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