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stimulated with lipopolysaccharides in vitro
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AIM: To study the characterization of interleukin
(IL)-1, IL-2, tumor necrosis factor-a (TNF-a},
and nitric oxide (NO) production in microglia
stimulated with lipopolysaccharides { LPS ).
METHODS: Primary cultured necnatal rat
microglia were incubated with LPS (0 - 10 mg
*L7') for 0 — 72 h. The supernatants and
lysates were collected. IL-1, IL-2, and TNF-«
were assayed by mouse thymocyte proliferation,
mouse spleen cell proliferation, and 1929
cytotoxity, respectively. NO was assayed by
Griess reaction. RESULTS: Extracellular IL-
1, TNF-a, and NO production reached peak
levels at IPS 1 mg*L™'. Iniracellular II-1
production reached its peak level at LPS 100 pg
*L~'. Intracellular TNF-« level was very low.
II-1. TNF-a, and NO activities were detected at
1, 4, and 8 h, after the cells were stimulated
with LPS. IL-1 got to its peak value at 8 h,
TNF-a, and NO reached the highest levels at 24
h. However, IL.-2 activity was not detected after
the microglia were stimulated with LPS 0 — 10 mg
L~ ! during the incubation period. CONCLU-
SION: Rat microglia stimulated with LPS in zitreo
produced proinflammatory cytokines and NO.

Microglia, derived from monocytes arising
from the bone marrow early in fetal development,
are the ontogenetic and functional equivalents of
mononuclear phagocytes in a variety of tissues'!’,
eg, Kupffer cells in the liver and Langerhans
cells in the skin, Microglia not only play a role
in the development and differentiation of central
nervous system { CNS )2, but are also
implicated in the pathogenesis of a number of
neurodegenerative diseases, such as, Alzheimer’s

diseaseta]. AIDS dementia[‘u, and multiple
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sclerosis!®) . Besides their potential roles in host
defense and tissue repair, microglia may also be
destructive. It is suggested that proinflammatory
cytokines, such as IL-1, II-6. and TNF-«,
produced by activated microglia are involved in
microglia mediated neuronal damage. Nitric
cxide (NO) is a molecule, having neurotrans-
mission, vasodilatation, antimicrobial activity,
and cytotoxicity.  Cytokines and NO may
participate in the process of CNS cell apoptosis,

differentiation, and proliferation. as well as
modulation of inflammation and immune
responses. In this paper, highly purified

microglia from neonatal rats were used to study
the biological activities of IL-1, IL-2, TNF-a,
and the level of NO after stimulation with LPS.

MATERIALS AND METHODS

Reagents  Lipopolysaccharides ( E Coli
055 : B5), concanavalin A (Con A), glial
fibrillary acidic protein { GFAP ) monoclonal
antibody ( MAb ), and goat anti-mouse IgG
peroxidase conjugate were purchased from Sigma.
ED1 MAb was a gift from Dr C D Dijksira
( Department of Cell Biology and Immunology,
Faculty of Medicine, Free University, Amster-
dam, The Netherlands). Dulbecco’s modified
Eagle’s medium ( DMEM. high glucose. Gibco
BRL) was supplemented with 10 % newbomn
bovine serum ( Gibco BRL ). L-glutamine 2
mmol * L~!, sodium pyruvate 1 mmol + L™',
benzylpenicillin 100 kU*L~! and streptomycin
100 mg - L. RPME-1640 medium ¢ Gibeo
BRL)} was supplemented with 10 % newbomn
bovine serum, L-glutamine 2 mmol*L~', sodium
pyruvate 1 mmol - L~!, HEPES 10 mmol-L-1,
2-mercaptoethanol 50 pmol+ L~', benzylpenicil-
lin 100 kUL, and streptomycin 100 mg-L~".
[ 3-( 4, 5-dimethyl thiazol-2-yl )-2, 5-diphenyl
tetrazolium } ] ( MTT ) was from Fluka Co.
Sulfanilamide, N-{ 1-naphthyl } ethylenediamine
dihydrochloride (NEDA ), and phosphoric acid
were domestic AR grade products.  Griess
reagent was composed of 1 % sulfanilamide and
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0.1 % NEDA in 4 % phosphoric acid.

Mixed glial culture Mixed glial cultures
were prepared from cerebra of neonatal Sprague-
Dawley rats ( within 24 h ) by modified
method"® . Meninges were carefully removed,
brain tissues were minced and dissociated by
gently pipeiting in phosphated buffered saline
(PBS), pH 7.4. Tissue suspensions were then
passed through 120 and 80 pum diameter stainless
steel meshes successively. Cells were seeded at
glass tissue culture flasks pre-coated with
collagen from rat tail in 5 x 10° cells- L™! and
incubated at 36.5 T in a humidified air with
5 % CO,. At time of primary cell confluence
(d 14), microglia were harvested by gentle
shaking flasks for 3 —~ 4 h on horizontal shaking
platform ( LAB-LINE/DINOFF SHAKER). At
the every subsequent week, microglia can be
harvested from the same astrocyte ( feeder )
culturest™ .

Microglial cultures The supernatants
were collected and centrifuged at 200 x g for 5
min. The pellets were washed twice. Cells
resuspended in DMEM were seeded in 48-well
plastic plates { Costar) at 2 x 10° cells- L™! for
adherence for 30 min. Cultural media were
removed. After the cells attached, they were
supplied with fresh media and continuously
cultured ovemight to allow them recover from
mechanical shaking and washing. The cells
were evaluated'® by histochemical marker non-
specific estatase staining 99 % as positive, and
immunocytochemical microglial marker ED1
staining more than 95 % and astroglial marker
GFAP staining less than 5 % .

Induction of cytokine and NO production
by microglial culture The orginal medium of
primary rat microglia in 48-well plates ( Costar)
was aspirated off and replaced with 0.5 mL fresh
medium containing IPS 0 — 10 mg- L™! and
contimiously cultured for 72 h. Every assay was
done in duplicate. The supematants were
collected. The residues were washed 3 times
with PBS and frozen-thawed for 3 cycles.
Culture media 0.5 ml were added to each well
and vetexed for 1 min. The plates were
centrifuged at 500 x g for 10 min and the
supernatants were collected. Both of the
supematants were stored at — 20 C until assay.

Assay for IL-1 activity IL-1 activity was
performed by modified thymoeyte proliferation

assay'”). Thymocytes (2 x 10° cells/well ) of
BAILB/c¢ mice were seeded in 96-well plates in
RPMI-1640. Serial dilutions of the samples or
of rll-1 standard and Con A (final concentration
was 3 mg*L~ 1) were added to the wells. After
68-h incubation at 36.5 C in 5 % CO;. MIT
20 pl. (5 g+ L7! in PBS) was added and
incubated for 4 h. The plates were centnifuged
at 1000 x g for 10 min. Afier aspiration of the
medium, 100 pl. of Me; SO was added to dissolve
the formazan particles and the absorbance at 570
nm was measured with an ELISA reader.

Assay for TNF-0 activity Biological
activity was evaluated by using cytotoxicity assay
against 1929 cells'!® .

Assay for I1-2 activity Biological activity
of IL-2 was determined by modified activated
spleen cell proliferation assay“”. The Con A-
primed mouse spleen cells {2 x 10° cells/well)
and diluted samples or human rll-2 standard
were incubated at 36.5 C in 5 % CO,. MIT

20 ul. (5 g*L~! in PBS) was added and the next
procedures were as these of IL-1 assay.

Assay for NO production'® The
supematants were mixed with 100 plL of Griess
reagent. After chromophore was formed at 25 °C
for 15 min, absortbance was determined at 570
nm with an ELISA reader. NO levels were
represented as nitrite concentration, and were
determined with reference to a standard curve of
sodium nitrite .

Statistical analysis Data were expressed
as X + s and analyzed by ¢-test.

RESULTS

IL-1 production Rat microglia began to
produce IL-1 after LPS 1 mg-L~! stimulation for
1 h. IL-1 reached the peak level at 8 h and
sustained a relatively high level until 24 h.
There was a similar character between the
supernatants ( extracellular IT-1) and lysates
{intracellular [L-1) . IL-1 was initially produced
at LPS 1 pg-L™!, and [PS 0.1 and 1 mg-L"!?
stimulated the intra- and extra-cellular highest
level, respectively (Fig 1).

TNF-¢c production  The production of
TNF-o was later than that of II-1. Tt bagan to
release at 4 h and got to the peak level at 24 h.
LPS 1 pg- L~ ! stimulated TNF-a production and 1
mg- L™ ! induced the highest TNF-« levels ( Fig


http://www.cqvip.com

BIBLID»: I8N 0253-9756

Acta Phammacologica Simea o B 35 48

1998 May; 19 (3} - 159 -

1). But little amount of TNF-a were detected in
the lysates.

NO production Rat microglia stimulated
with LIPS 1 mg-L™' produced NO at 8 h. NO
reached the peak level at 24 h and sustained
relatively high levels at 48. and 72 h (Fig 1).
IPS 1 pg* L' stimulated NO production and 1
mg * L™' produced the highest level of NO
(Fig 1).

IL-2 production Rat microglia stimulated

with TPS 0 — 10 mg+L~! did not produce IL-2
during 72-h incubation whatever in extracellular
or intracellular supernatants.

DISCUSSION

This study showed that rat

microglia

produced high amourtt of IL-1, TNF-a and NO in

LPS - stimulated cultures .  The results showed
that IL-1 production was the earliest event, then
TNF -a and NO which formed the inflammatory
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cascades leading to tissue injuries. Tt was
suggested that the initial response to stimuli in
the CNS be elicited by microglia and then lead to
response in astrocytes. primary through the
production of L1437,

Our results showed that microglia were
activated at very low concentration of LPS and at
very early stage after LPS stimulaton. 1t

supports that microglia are responsible for
establishing and mamtaining the  brain
homeostatic  environment because they are

activated at a very early stage of injury and in
response to even minor pathological cha.nges[ 18]
Moreover, microglia are the central cellular
elements of senile plaques in Alzheimer’s brains.
The features of microglial activation observed in
Alzheimer’s disease, multiple sclerosis. and
Parkinson disease are very similar. They may
not only release growth factors. such as 1L-1, to
increase their cell number, but also produce
substances harmful to adjacent neurons. The
substances are excitatory amino acids, reactive
oxygen intermediates, nitric oxide. and cytokines
which are produced by cultured microglia exposed
to plaque material from Alzheimer’s brains. In
addition, both II-1 and TNF-a immunoreactivity
have been found on activated microglia
surrounding senile plaques. IL-1 released by
activated microglia has been shown to induce
astrocytic proliferation as well as to stimulate
neovascularization in brain trauma. IL-1 inhibits
oligodendrocyte proliferation and differentiation

in witro. TNF-a exerts a cylotoxic effect on
myelinating oligodendrocytes in vitre. Many
observations suggest that TNF-a is a key

deleterious factor in the development and relapse
of multiple sclerosis. Microghia are also a major
source of NO synthase and NO.  Amyloid
protein, LPS, and interferon-y stimulated
microglia to produce NO which caused neuron
injury and death!’>. Thus, the intervention of
activated microglia may be a target of drugs in
reducing CNS inflammatory, ischemic, and

neurodegenerative diseases.
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