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Abstract:

Background: Inflammation-induced microglia activation and increased oxidative stress have been observed in neurodegenerative

disorders, such as Parkinson’s disease. The aim of our study was to determine the appropriate dose and route of LPS administration

to study hydroxyl radical generation and extracellular level of dopamine (DA), glutamate (GLU) and adenosine (ADN) in the rat

striatum as markers of DA neuron damage and glial cell activation. The effect of LPS administration on DA, DOPAC, HVA and hy-

droxyl radical tissue level was also examined.

Methods: LPS was given to rats in a single dose of 10 mg/kg ip, repeatedly for 5 days in a dose of 5 mg/kg ip and intrastriatally at

doses 5, 20 and 40 µg/4 µl. The extracellular level of DA, hydroxyl radical, ADN and GLU were assayed in striatal dialysates using

HPLC with electrochemical, fluorescence and VIS detection, respectively.

Results: A single ip LPS (10 mg/kg) administration increased hydroxyl radical production but did not affect extracellular DA, GLU

and ADN level. Repeated ip LPS (5 × 5 mg/kg) treatment decreased extracellular level of DA, GLU, ADN and production of hy-

droxyl radical. LPS (5 and 10 µg) given intrastriatally increased hydroxyl radical production, extracellular GLU and ADN level from

0 to 180 min after administration, but did not influence DA level. LPS (5, 20 and 40 µg) decreased striatal DA and DOPAC content,

but increased HVA and hydroxyl radical level 72 h after intrastriatal administration.

Conclusions: Our data indicate that local intrastriatal LPS administration activates glial cells and increases production of free radi-

cals and secretion of GLU and ADN in early phase of inflammation. The damage of DA neurons is observed 72 h after local LPS

administration.
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Introduction

Oxidative stress is defined as an imbalance between

the production of free radicals and antioxidant de-

fence. The most common reactive oxygen species in-

clude hydroxyl radical (�OH), superoxide radical

(O2��) and nitric oxide (�NO). They can be produced

during dopamine (DA) metabolism catalyzed by

monoamine oxidase (MAO), in Fenton reaction in the

presence of iron, during lipid peroxidation and as a re-

sult of dysfunctional mitochondrial complex I activity

[9]. Under physiological conditions free radicals are

immediately deactivated by antioxidant enzymes,

such as glutathione peroxidase, catalase, superoxide

dismutase and low molecular weight antioxidants

(ascorbate, a-tocopherol, b-carotenoids) as well as by

plant flavonoids [9]. The risk of oxidative stress is in-

creased by ageing, exposure to pesticides, various en-

vironmental toxins and during inflammation [4, 22].

The brain inflammation is accompanied by glial cell

activation resulting in the release of toxic factors,
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such as cytokines or free radicals. Free radicals in turn,

activate neurons and other glial cells (microglia and as-

troglia) to release glutamate (GLU) and ATP which is

immediately broken down to adenosine (ADN). The

increased production of free radicals damages cellular

elements leading to apoptosis or necrosis [16].

Microglial cells could be activated by the Gram-

negative bacteria cell wall component, lipopolysaccha-

ride (LPS) [1, 16]. Neurotoxicity of LPS is dependent on

the presence of microglia in brain tissue which makes

nigro-striatal DA neurons vulnerable to damage [15].

There is a number of evidences indicating that neu-

rodegenerative or affective disorders, such as Parkin-

son’s disease (PD), Alzheimer’s disease (AD) and

schizophrenia [20] are associated with oxidative

stress. McGeer et al. [18] found an increased density

of reactive microglia in brains of PD and AD patients.

Post mortem analysis of PD brains showed increased

level of iron, decreased level of reduced glutathione

(GSH) and disturbed mitochondrial complex I activity

[11]. The elevated level of iron and diminished energy

metabolism were also observed in AD patient brains

[17]. The increased lipid peroxidation and protein and

DNA oxidation were also demonstrated [17]. More-

over, Ouchi et al. [19] showed microglial activation in

early phase of PD using Positron Emission Tomogra-

phy (PET) technique. Both, oxidative stress and acti-

vation of microglia were also observed in animal

models of PD after the administration of various tox-

ins, such as MPTP and 6-OHDA [7, 14]. All these

data indicated development of inflammatory reaction

which may cause progressive degeneration of nigro-

striatal neurons in PD.

The aim of our study was to determine the appro-

priate dose and route of LPS administration to study

hydroxyl radical generation and extracellular level of

DA, GLU and ADN in the rat striatum as markers of

DA neuron damage and glial cell activation. The ef-

fect of LPS administration on DA, DOPAC, HVA and

hydroxyl radical tissue level was also examined.

Materials and Methods

Animals

All experiments were performed on male Wistar-Han

rats (280–350 g) derived from Charles River (Ger-

many). Animals were kept in temperature and humid-

ity controlled rooms with 12 dark/12 light h cycle and

free access to water and food. The experimental pro-

cedures were performed in a strict accordance with

Polish legal regulations concerning experiments on

animals (Dz. U. 05.33.289). The experimental proto-

cols were accepted by Local Ethics Commission for

Experimentation on Animals.

Drugs and treatments

Lipopolysaccharide (LPS, serotype 026:B6, Sigma-

Aldrich) was given ip in a single dose of 10 mg/kg or

repeatedly for 5 days in a dose of 5 mg/kg. LPS was

also given stereotaxically into the striatum with coor-

dinates (mm) A + 1.2, L + 2.8, V – 7.0 at doses 5 and

10 µg dissolved in 4 µl of PBS using a combination

microdialysis probe (IBR-4, BAS, USA). In another

set of experiments, LPS was given intrastriatally with

coordinates as above at doses 2.5, 10, 20 µg in 4 µl

per side through steel needle connected via Teflon

tubing with 10 µl Hamilton syringe 72 h before de-

capitation of rats. All the chemicals used for high per-

formance liquid chromatography (HPLC) were from

Merck (Warszawa, Poland). Drug treatments are

graphically presented in Schemes 1–3.

Microdialysis

Rats were anesthetized with ketamine (75 mg/kg im)

and xylazine (10 mg/kg im), placed in a stereotactic

apparatus (David Kopf Instruments, Tujunga, CA,

USA) subsequently, a microdialysis probe was im-

planted in the rat striatum with coordinates (mm) A +

1.2, L + 2.8, V – 7.0. 24 h after implantation, the mi-

crodialysis probe was connected with the microdialy-

sis pump which infused an artificial CSF containing

(mM): NaCl 147, KCl 4.0, CaCl2 1.2, MgCl2 1.0 with

a flow rate of 2 µl/min. After a 30 min wash out pe-

riod, the fractions were collected every 30 min for 3 h.

Analytical procedures

The level of hydroxyl radical was determined in di-

alysate fractions as the product of its reaction with

salicylic acid (0.3 mM infused through a microdialy-

sis probe), 2,3-dihydroxybenzoic acid (2,3-DHBA).

Both, the extracellular level of DA and hydroxyl radi-

cal were measured by HPLC with electrochemical de-

tection. Chromatography was performed using a Dio-

nex P580 pump (USA), LC-4C amperometric detector
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with a cross-flow detector cell (BAS, IN, USA) and

Hypersild GOLD C18 analytical column (3 × 100

mm, 3 µm, Thermo Electron Corp., UK). The mobile

phase was composed of 0.1 M KH2PO4 adjusted to

pH = 3.7 with ortho-phosphoric acid, 0.5 M EDTA,

20 mg/l 1-octanesulfonic acid sodium salt, and 3%

methanol. The flow rate during analysis was 0.7

ml/min. The applied potential of glassy carbon elec-

trode (3 mm) was + 600 mV with a sensitivity of

2 nA/V. The chromatographic data were analyzed us-

ing Chromax 2005 (Pol-Lab, Warszawa, Poland) soft-

ware.

Extracellular level of GLU was measured in di-

alysates after derivatization with 4-dimethylaminoazo-

benzene-4’-sulfonyl chloride (DABS-Cl) at 70°C for

12 min, according to Knecht and Chang [13]. Dabsyled

amino acids were separated on an Ultrasphere ODS

(4.6 × 150 mm, 3 µm) column (Supelco, Poznañ, Po-

land) by gradient elution with solvent A (10 mM citric

acid, 4% DMF) and solvent B (acetonitrile). Dabsy-

lated compounds were measured by determination of

absorbance at 436 nm using Beckman Amino Acid

System Gold with VIS detection.

Extracellular level of ADN was measured after its

derivatization with chloroacetal aldehyde. The ethe-

noadenosine derivatives were measured using HPLC

with a fluorescence detector (Dionex RF-2000) on

Hypersil Gold – C18 analytical column (3 × 100 mm,

3 µm) at 400 nm excitation and 280 nm emission. The

mobile phase consisted of 0.05 M sodium acetate pH

= 6.0, 35 mg/l 1-octanesulfonic acid sodium salt, and

a 5.1% acetonitrile. The chromatographic data were

analyzed using Chromeleon v 6.80 (Dionex, USA)

software.

The content of DA, DOPAC, HVA and hydroxyl

radical which was assayed as product of its reaction

with sodium salicylate (100 mg/kg given 20 min be-

fore decapitation), 2,3-DHBA in the rat striatum was
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Scheme 3. LPS administration through a steel cannula

Scheme 2. LPS administration through a microdialysis probe

Scheme 1. Acute and chronic peripheral LPS administration



measured after homogenization of striatal tissue in

0.1 M perchloric acid. Homogenates were centrifuged

at 10,000 × g, supernatants were filtered through

membrane filters (0.1 µm pore size) and were injected

into the HPLC system. Chromatography was per-

formed using a LC-10 AD pump (Shimadzu Europa

GmbH, Warszawa, Poland), an LC-4B amperometric

detector with a cross-flow detector cell (BAS, IN,

USA), and HR-80 C18 analytical column (4.6 × 100 mm,

a 3 µm, ESA, USA). The mobile phase was composed

of 0.1 M potassium dihydrogen phosphate (adjusted

to pH = 3.8 with orthophosphoric acid), 0.5 mM

EDTA, 80 mg/l 1-octanesulfonic acid sodium salt,

and 4% methanol. The flow rate was 1 ml/min, and

the applied potential of 3 mm glassy carbon electrode

was +600 mV with a sensitivity of 5 nA/V. The chro-

matographic data were processed by Chromax 2005

(Pol-Lab, Warszawa, Poland) software.

Data analysis

The statistical significance was calculated using

repeated-measures ANOVA, followed by Tukey’s

post-hoc test. The results were considered statistically

significant when p < 0.05.

Results

The effect of a single intraperitoneal

administration of LPS on extracellular level of

DA, GLU, ADN and production of hydroxyl

radical

Intraperitoneal administration of LPS 10 mg/kg did

not affect DA, GLU and ADN level (Fig. 1a, b, c, re-

spectively). GLU level gradually decreased in both

control and experimental group (Fig. 1b). Production

of hydroxyl radical was increased from 0 to 120 min

after LPS administration (* p < 0.05) (Fig. 1d).

The effect of repeated intraperitoneal LPS

administration on extracellular level of DA,

GLU, ADN and production of hydroxyl radical

LPS given repeatedly for 5 days in a dose of 5 mg/kg

decreased DA, GLU, ADN level and hydroxyl radical

production (* p < 0.05) (Fig. 2 a, b, c, d).

The effect of intrastriatal LPS administration

on extracellular level of DA, GLU, ADN and

production of hydroxyl radical

Intrastriatal administration (through an IBR-4 micro-

dialysis probe) of LPS (5 and 10 µg) was without ef-

fect on extracellular DA level from 0 to 180 min after
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Fig. 1. The effect of a single intraperitoneal administration of LPS
(10 mg/kg) on extracellular striatal level of DA (a), GLU (b), ADN (c)
and hydroxyl radical (d). Time-course of the effect is shown. LPS ad-
ministration is indicated with an arrow. Each value is the mean ± SEM
of 6measurements and is expressed as a% of the basal level (a, b, c)
or as absolute values (d). Basal levels (pg/10 µl) of DA, DOPAC and
HVA were 6.88 ± 0.40, 935 ± 47, 928 ± 31; 6.92 ± 0.46, 882 ± 42, 930
± 38 in control and LPS 10 mg/kg group, respectively. * p < 0.05 vs.
control (repeated measures ANOVA and Tukey�s post-hoc test)



administration (Fig. 3a). LPS at a dose of 10 µg, but

not at a dose of 5 µg, significantly increased extracel-

lular GLU level (* p < 0.05) (Fig. 3b). Extracellular

ADN level was increased by LPS 5 µg only at 60 min

after the administration, but after a higher dose of

LPS (10 µg) it was significantly increased from 30 to

120 min (* p < 0.05) (Fig. 3c). LPS at 5 and 10 µg en-

hanced hydroxyl radical production from 120 or 90 to

180 min, respectively (* p < 0.05) (Fig. 3d).

The effect of intrastriatal LPS administration

on tissue content of DA, DOPAC, HVA and

hydroxyl radical

LPS given intrastriatally in a dose of 5, 20 and 40 µg

significantly decreased tissue content of DA 72 h after

administration (* p < 0.05, ** p < 0.01) (Fig. 4a).
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Fig. 2. The effect of repeated (for 5 days) administration of LPS
(5 mg/kg) on striatal DA (a), GLU (b), ADN (c) and hydroxyl radical
(d) level. Values are the mean ± SEM of dialysate fractions collected
from 30 to 180 min and expressed as pg/10 µl (a, c, d) or pmoles/
10 µl (b). * p < 0.05 (one way ANOVA and Tukey�s post-hoc test)

Fig. 3. The effect of intrastriatal administration of LPS (5 and
10 µg/side) on extracellular striatal DA (a), GLU (b), ADN (c) and hy-
droxyl radical (d) level. LPS administration is indicated with an arrow.
Each value is the mean ± SEM of 6 measurements and is expressed
as a% of the basal level. Basal levels (pg/10 µg) of DA and ADN were
7.63 ± 0.28, 5.60 ± 0.55; 8.07 ± 0.3, 7.71 ± 1.0; 6. 94 ± 0.67, 7.45
± 0.53 in control, LPS 5 and LPS 10 µg group, respectively. Basal lev-
els (pmoles/10 µl) of GLU were 16.2 ± 0.46, 15.34 ± 1.54, 15.72
± 3.83 in control, LPS 5 and LPS 10 µg group, respectively.* p < 0.05
(repeated measures ANOVA and Tukey�s post-hoc test)



LPS in all doses increased production of hydroxyl

radical in the rat striatum (** p < 0.01) (Fig. 4b). Stri-

atal DOPAC content was significantly decreased by

LPS only after the highest dose (** p < 0.01) (Fig.

4c), while HVA tissue content was enhanced by all

LPS doses (* p < 0.05, ** p < 0.01) (Fig. 4d).

Discussion

The data obtained in the present work show that LPS

induces changes in DA, GLU, ADN and hydroxyl

radical levels in the rat striatum but the effect is de-

pendent on the dose, the time and the route of LPS ad-

ministration.

LPS as a component of Gram-negative bacteria cell

wall activates astroglia and microglia cells to secrete

gliotransmitters, like GLU, ATP which is a substrate

for production of extracellular adenosine, and neuro-

toxic molecules, such as free radicals [6, 21]. In our

work, peripheral administration of LPS in a high sin-

gle dose (10 mg/kg) only slightly increased extracel-

lular striatal level of ADN and production of hydroxyl

radical. On the other hand, intrastriatal LPS admini-

stration in a higher dose of 10 µg effectively increased

ADN, GLU and hydroxyl radical level. However,

none of these treatments affected striatal DA release.

Thus, shortly after LPS administration, no damage of

DA terminals was observed. The experiment with lo-

cal LPS administration indicates the activation of as-

troglial/microglial cells in the place of this toxin ad-

ministration. Limited effect of a single peripheral LPS

dose observed as a slight increase in hydroxyl radical

level may result from weak penetration of inflamma-

tory molecules (such as macrophages) from periphery

through the blood brain barrier [3]. The lack of early

toxic effect on DA neurons, in spite of the activation

of glial cells shown by the increase in the striatal

GLU, ADN and hydroxyl radical level, suggests that

this activation may constitute the cellular defence re-

sponse to an insult, such as LPS. Several data indicate

that free radicals can be signalling molecules [2, 5],

and as such they may activate brain antioxidant en-

zymes [9] or neurotrophic factors. Activated mole-

cules may protect DA neurons from damage by neuro-

toxic factors secreted from astro- and microglia [5].

However, during progression of inflammatory reac-

tion, the brain defence system may be exhausted

which leads to neurodegeneration [9]. In our study,

we did not find changes in the striatal content of DA

and its metabolites 3 h after LPS administration (re-

sults not shown). However, we observed a decrease in

striatal DA and DOPAC level accompanied by the in-

creased production of hydroxyl radical 72 h after local

LPS administration. These data indicate that a longer

time is necessary for progression of inflammation and

damage induced by free radicals. Surprisingly, the

striatal HVA content was increased in our study. HVA

is a final DA metabolite and it is a product of ex-

traneuronal COMT activity. The increase in its con-

tent at the time when DA and DOPAC are decreased

suggests that DA released from damaged striatal ter-
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Fig. 4. The effect of intrastriatal LPS (5, 20 and 40 µg/rat) administra-
tion on tissue DA (a), hydroxyl radical (b), DOPAC (c) and HVA (d)
content in the rat striatum measured 72 h after treatment. Each value
is the mean ± SEM (n = 6). * p < 0.05, ** p < 0.01 (one way ANOVA
and Tukey�s post-hoc test)



minals may be extraneuronaly converted to HVA [12].

In the present work, we did not measure DA and its

metabolites’ level in the substantia nigra. However,

our other study showed that intrastriatal LPS admini-

stration decreased the content of DA, DOPAC, and

HVA in the rat substantia nigra 72 h after the treat-

ment, which indicates damage of DA cell bodies [8].

LPS given repeatedly for 5 days in a dose of

5 mg/kg decreased extracellular level of DA, GLU,

ADN and hydroxyl radical. These results may be ex-

plained by a potent damage caused by inflammation,

oxidative stress and occurrence of sepsis induced by

LPS.

In summary, the obtained results demonstrate that

LPS activates glial cells to produce gliotransmitters

and free radicals, and that the damage of brain tissue

appears after a longer exposure to LPS.
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