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Abstract

The vasoactive substances synthesized by primary cultures of rat brain endothelial cells were investigated and compared to those from
two, immortalized cell lines, RBE4 and GP8. The vasoactivity of endothelium-derived substances was measured on isolated canine
coronary artery. Vascular tone was significantly decreased by both primary and GP8, but not by RBE4 cells. Indomethacin pretreatment
of primary and GP8 cells turned vasorelaxation into contraction while N“-nitro-L-arginine pretreatment decreased the vasorelaxation
induced by primary, but not by GP8 cells. Eicosanoid production was determined after incubation with [*Clarachidonic acid. The
predominant vasoactive eicosanoid was prostaglandin E, in both primary and GP8 cells. RBE4 cells synthetized mainly prostaglandin F,,
and thromboxane B, and significantly less prostaglandin E, than did either primary or GP8 cells. The capacity of cerebral endothelium to
regulate vascular tone by production of dilator and constrictor substances can be preserved under certain circumstances in immortalized

cell lines. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Cerebra endothelial cells form the blood—brain barrier
which is important for maintaining the homeostasis of the
central nervous system by controlling the traffic of
molecules and cells between blood and brain. The brain
microvascular endothelium, like other endothelial cells, is
also capable of producing several substances mediating
endothelium-dependent vasorelaxation and contraction
(Kontos et al., 1990). The released vasoactive agents can
modulate the endothelial second messenger systems, regu-
late blood—brain barrier permeability (Job and Klatzo,
1989) and play a key role in the regulation of the vascular
tone of cerebral vessels.

A molecule important for the determination of vascular
tone is synthetized by endothelial cells, the endothelium-
derived relaxing factor, which has been identified as nitric
oxide, or aclosely related compound (Ignarro et al., 1987).
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In various cell types, a number of stimuli are known to
activate phospholipase A ,, which leads to the release of
free fatty acids, including arachidonic acid, the precursor
of the family of eicosanoids. Prostacyclin (prostaglandin
I,) and prostaglandin E, are known to mediate vascular
relaxation, while tromboxane A, and prostaglandin F,,
are implicated in vasoconstriction in various vessels (Toda,
1980; Hintze and Kaley, 1984; Van Diest et al., 1986).
Previous studies revealed the eicosanoid profile of isolated
cerebral microvessels (Dux et a., 1981; Jod et a., 1981;
Gecse et al., 1982) and it was suggested that pure cultures
of rodent cerebrovascular endothelial cells produced pre-
dominantly the vasodilator prostaglandin E, and prostacy-
clin (Moore et a., 1988; De Vries et a., 1995). The
eicosanoids released in cerebral microvessels also play a
role in the changes in blood—brain barrier permeability
(Villacara et d., 1990), cerebra edema formation, and
inflammatory reactions in the central nervous system (Chan
et al., 1983). Significant differences in the type, amount,
and ratio of vasoactive eicosanoids released under basal
conditions or upon chemical or physica stimulation have
been demonstrated, depending on the localization of the
endothelium within the circulatory system.
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In the present experiments we compared the production
of vasoactive agents of three different rat cerebral endothe-
lial cell types: primary rat brain endothelial cells and two
immortalized rat brain endothelial cell lines, RBE4 and
GP8. These cell lines display a non-transformed, well
differentiated endothelial phenotype and express severa
structural and pharmacological characteristics of the
blood-brain—barrier (Durieu-Trautmann et al., 1993; Roux
et a., 1994; Greenwood et al., 1996). A bioassay system
based on the effect of cultured endothelial cell suspensions
on isolated coronary artery from dogs was devised in order
to detect the vasoactive action of endothelium-derived
substances. The effect of the cyclooxygenase inhibitor,
indomethacin, and the nitric oxide synthase inhibitor, N®-
nitro-L-arginine, on the vasoactive substance producing
activity was also determined. The profile of eicosanoid
synthesis was also investigated.

2. Materials and methods

Materials used in the experiments were: collagenase
type 11, bovine serum abumin, Dulbecco’s modified Ea-
gle’'s medium /nutrient mixture F-12 Ham (DMEM /F-12),
fetal calf serum, basic fibroblast growth factor, heparin,
monaoclonal anti-mouse Thy 1.1 antibody, rabbit comple-
ment serum (HLA-ABC), antibody against Factor VIIl-re-
lated antigen, prostaglandin F,,, indomethacin, acetyl-
choline chloride, N®“-nitro-L-arginine, arachidonic acid
(grade 1), prostaglandin E,, prostaglandin D,, thrombox-
ane B,, prostaglandin F,_, and 6-keto-prostaglandin F,,
12-L-hydroxy-5,8,10-heptadecatriencic acid (12-HHT),
Medium 199, (Sigma, Germany), collagenase-dispase
(Boehringer, Germany), Percoll (Pharmacia, Sweden), L-
glutamine, penicillin—streptomycin, geneticin (Gibco, UK),
plasma-derived serum (First Link, UK), 1-[**CJarachidonic
acid (spec. act. 2035 MBg/mM) (Amersham, UK), silica
gel thin-layer plates (0.25 mm) (Merck, Germany).

2.1. Primary rat brain endothelial cell culture

Primary cultures of cerebral endothelial cells were pre-
pared and characterized as previously described (Deli et
al., 1997). Cerebra cortexes from two-week-old CFY rats
were finely minced, then incubated in collagenase—dispase
solution (270 U/ml collagenase, 1 mg/ml dispase,
DMEM-F12 containing antibiotics) at 37°C for 1.5 hiin a
shaking waterbath. After this incubation 20% bovine serum
albumin/DMEM-F12 (2 ml /brain) was added to the ho-
mogenate and centrifuged at 1000 X g for 15 min. The
pellet containing the microvessels was washed once in
DMEM-F12 then further digested for another 1 h with the
above mentioned enzymes at 37°C. The cell suspension
was carefully layered on a continuous 33% Percoll gradi-
ent and centrifuged at 1000 X g for 10 min. The band of
the endothelial cell clusters was aspirated, washed twice in

DMEM-F12. The cells were seeded onto rat-tail collagen-
coated 35-mm plastic dishes in culture medium (DMEM-
F12 containing 100 U /ml penicillin, 100 wg/ml strepto-
mycin, 50 wg/ml gentamycin, 2 mM glutamine, 20%
heat-inactivated plasma-derived serum and from the sec-
ond day 1 ng/ml basic fibroblast growth factor). Primary
cultures on the 2nd day in vitro were treated with mono-
clonal anti-mouse Thy 1.1 antibody followed by rabbit
complement serum to eliminate the few contaminating
non-endothelial cells, mainly pericytes, by selective cytol-
ysis (Risau et al., 1990). The cultures became confluent on
the 7th day in vitro and consisted of more than 98%
endothelial cells (Fig. 1A), verified by positive Factor
Vlll-related antigen (Fig. 1B), negative glia fibrillary
acidic protein and neurofilament immunohistochemistry.

2.2. Cell lines

RBE4 cells (Fig. 1C) are derived from rat brain mi-
crovessel endothelium immortalized with the plasmid
PE1A-neo and characterized with respect to blood—brain
barrier properties (Durieu-Trautmann et al., 1993; Roux et
a., 1994). The cells were passaged twice a week in
DMEM /F12, supplemented with 10% heat-inactivated fe-
tal calf serum, 2 mM glutamine, 1 ng/ml basic fibroblast
growth factor and 300 .g/ml geneticin onto rat-tail colla-
gen-coated dishes and used between passages 30 and 50.
GP8 (Fig. 1D) is a temperature-sensitive SV40 large T
immortalized rat brain capillary cell line described by
Greenwood et al. (1996). These cells, used between pas-
sages 10 and 20, were cultured in 20% plasma-derived
serum, 2 mM glutamine, 1 ng/ml basic fibroblast growth
factor and 200 p.g/ml geneticin in DMEM /F12.

2.3. Bioassay for the vasoactive metabolites of brain
endothelial cells

Mongrel dogs of either sex weighing 9-15 kg were
anesthetized with sodium pentobarbital (30 mg/kg i.v.)
and heparinized (1000 1.U. /kg i.v.). The heart was excised
and placed in a Krebs—Henseleit solution of the following
composition (in mM): NaCl 120, KCl 4.2, CaCl, 1.5,
NaHCO,; 20, MgCl, 1.2, KH,PO, 1.2 and glucose 11.
Rings (1.1-1.9 mm o.d., 5 mm widths) from the circum-
flex branches of the left coronary artery were isolated.
Endothelium was removed by gently rubbing the endothe-
lial surface with a stainless-steel wire covered with a
cotton swab. Rings were mounted in water-jacketed baths
containing 2 ml of Krebs—Henseleit solution bubbled with
95% O, and 5% CO, gas mixture at 37°C. Isometric
tension was recorded with a force-displacement transducer
(Hugo Sachs Elektronic, Type F30, Germany). Rings were
stretched up to 10 mN and allowed to stabilize for 45 min.
This tension was readjusted to 10 mN during equilibration.
The arterial rings were exposed to 25 wM prostaglandin
F,., and at the maxima amplitude of contraction, 1 pM
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gives a cytoplasmic dot-like staining in primary rat brain endothelial cells on the 7th day in vitro (light microscopy, 200 X ). Monolayers of RBE4 (C) and
GP8 (D) cell lines. (A,C,D) Phase contrast microscopy, 200 X , bar: 50 wm.

acetylcholine was applied. Only those arterial preparations
were used for the experiments that responded with contrac-
tion after the addition of the endothelium-dependent va-
sodilator, acetylcholine. This protocol provided evidence
for functionally de-endothelialized arterial preparations.
Confluent monolayers of cultured rat brain endothelial
cells were suspended in Krebs—Henseleit solution, result-
ing in 5x 10° cells/ml and 5 X 10° cells/ml. The cell

suspensions were divided into two parts: one was treated
with solvents (control), the other either with 100 puM
N“-nitro-L-arginine or with 10 wM indomethacin for 30
min at 37°C. The fina concentration of indomethacin at
the highest cell number in the organ bath was 0.3 WM.
When the prostaglandin F,-induced contraction of coro-
nary rings had reached its steady state amplitude the
control or treated endothelial suspensions were added cu-
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mulatively. The animal experiments were performed ac-
cording to the Nationa Institute of Health Guidelines and
approved by the ethical committee of the Biological Re-
search Center of the Hungarian Academy of Sciences.

2.4. Assay of prostaglandin synthesis in rat brain
endothelial cell

Confluent cultures of primary, RBE4 or GP8 cells in
Petri dishes (35 mm diameter, approx. 3 X 10° cells/dish)
were incubated at 37°C with the tracer substrate, 1-
[*Clarachidonic acid (0.172 pmol, 3.7 kBg) in 1 ml
serum-free DMEM-F12. Thirty minutes later the incuba
tion medium of the cell culture was removed and acidified
to pH 3 with formic acid. According to our preliminary
experiments a period of 30 min was appropriate for la-
belling in vitro the rat brain capillary endothelial cells.
Arachidonate metabolism was determined as described
previousy (Mezei et a., 1997). Briefly, the arachidonate
metabolites were immediately extracted from the samples
with ethyl acetate (2 X 3 ml), and the organic phases were
pooled and evaporated to dryness under nitrogen. The
residues were reconstituted in 150 pl ethyl acetate and
quantitatively applied to silica gel thin-layer plates. The
plates were developed to a distance of 15 cm in an organic
phase of ethyl acetate: acetic acid: 2,2,4-trimethylpentane:
water (110:20:30:100) by means of overpressure thin-layer
chromatography. The radiolabeled products of arachidonic
acid were identified with unlabeled authentic standards,
which were detected with anisaldehyde reagent. Each 3
mm band of the chromatograms was scraped off and the
radioactivity was determined in a Packard Tri-Carb 2100TR
liquid scintillation analyser, using 5 ml toluene containing
0.44% w /v 2,5-diphenyloxazole, 0.02% w/v 1,4-di-[2-
(5-phenyl)-oxazol elbenzene and 10% v /v ethanol.

2.5. Satistical analysis

Enhancement or reduction of arterial tone was calcu-
lated as a percent of the maximum increase (+) or de-
crease (—) of contractile force compared to pre-drug
values. The results are expressed as means + S.E.M. and n
refers to the number of experiments. One-way analysis of
variance (ANOVA) followed by the Newman—Keuls mul-
tiple range test or the Tukey-B multiple comparison post
hoc test was used to determine the significance of differ-
ences between corresponding mean values. P < 0.05 was
taken as statistically significant.

3. Results

3.1. Bioassay

In the first part of the experiments the vasoactive action
of endothelial cell culture suspensions was determined.

Fig. 2 and Table 1 demonstrates the effect of primary rat
brain endothelial cells on the tone of isolated coronary
artery contracted with prostaglandin F,, . The primary cells
decreased the vascular tone which correlated with the cell
number, and the maximal relaxation was 36% after admin-
istration of 6.2 X 10° cells/ml. RBE4 cells caused a small
but not significant contraction (Fig. 3) Enhancement of
arteria tone by these cells showed no cell-response rela
tionship between 0.2-6.2 X 10° cells/ml with an average
of 15-18% contraction. GP8 cells, like primary cells
markedly decreased the tone of contracted arterial rings
(Fig. 4) which depended on the number of cells with a
maximum of 33.2+8.2% (n=7) decrease of prosta-
glandin F,_-induced tone.

The second part of the bioassay experiments concerned
the possible involvement of nitric oxide as endothelium-
dependent vasodilator in the changes of coronary tone.
After 30-min incubation of primary endothelial cells with
the inhibitor of nitric oxide synthesis, N“-nitro-L-arginine,
the rat brain endothelial cell-induced vasorelaxation was
decreased (Fig. 2). No significant change in the vasoactiv-
ity of the two immortalized cell lines was obtained with
Ne“-nitro-L-arginine (Figs. 3 and 4). This suggests the
absence, or a very low level, of basal nitric oxide produc-
tion by constitutive endothelia nitric oxide synthase en-
zyme in the immortalized cell lines.

60
50 -

40 +

changes in tone (%)

_50 T T T T T T 1

primary rat brain endothelial cells (x10/ml)

Fig. 2. Effect of primary rat brain endothelia cells on the tone of
endothelium denuded coronary artery isolated from dogs after steady state
contraction by prostaglandin F,,,. Under control conditions (—) primary
cells decreased the prostaglandin F, ,-induced tone that was dependent on
the number of the cells. Pretreatment of the cells with 100 wuM N®-nitro-
L-arginine (---) or 10 wM indomethacin (- - - - - - ) for 30 min turned the
vasorelaxation into a contraction. (n=1-3).
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Table 1

Effect of primary rat brain endothelia cells on the tone of endothelium denuded coronary artery isolated from dogs after steady state contraction by

prostaglandin F,,,

Control N¢-nitro-L-arginine Indomethacin ANOVA

mean + SE.M. n mean + S.E.M. n mean + S.E.M. n F
0.1 X 10° cells/ml —27+071 3 28+ 1.76 3 21+232 3 0.126
0.2 X 10° cells/ml -5.8+269 3 14.3 + 5.83% 3 4.87 + 1.96 3 0.029
0.6 X 10° cells/ml —108+311 3 229+ 6.72° 3 20.8 + 8.13% 3 0.016
1.4 x 10° cells/ml —20.0+7.43 3 25.7+6.13% 3 25+ 6.622 3 0.005
3.0 X 10° cells/ml —-305+1111 3 114+ 722 2 20.8 +8.7% 2 0.043
6.2 X 10° cells/ml —-36.1+12.6 2 29+57 2 —-83 1 0.195

Each value represents the mean + S.E.M. in percent (%) of changes in tone of endothelium denuded coronary artery isolated from dogs after steady state
contraction by prostaglandin F,,, under control conditions and after pretreatment of the cells with 100 uM N“-nitro-L-arginine or 10 wM indomethacin for
30 min. n means the number of experiments performed, and F means the F values of analysis of variance (ANOVA). Significant differences between
primary rat brain endothelial cells and GP8 or RBE4 are indicated by (P < 0.05).

In the third series of bioassay experiments the cells
were pretreated with the cyclooxygenase inhibitor, indo-
methacin, for assessing the role of prostaglandins in the
vasoactive potency of cerebral microvascular endothelium.
The highest concentration of indomethacin (0.3 wM) by
itself caused a small but significant increase of the accep-
tor vascular tone (from zero to 9.6 + 1.4%, n=6, P<
0.05). This increase reflects the known basal release of
vasodilator prostaglandins from the smooth muscle of the
acceptor coronary artery (Sakanashi et al., 1980). The
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Fig. 3. Effect of RBE4 cell line on the tone of endothelium-denuded
coronary artery isolated from dogs after steady state contraction by
prostaglandin F,,. RBE4 cells (—) caused a small contraction of the
coronary artery which was cell number-independent. A 30-min preincuba
tion whether with 100 wuM N¢®-nitro-L-arginine (---) or with 10 pM
indomethacin (- - --- ) induced no change in the tone of coronary
artery. Each value represents the mean+ SE.M. (n=6).

small enhancement of tone by indomethacin was deduced
from the effect of the endothelial suspension in Fig. 2.
Indomethacin did not influence the contraction induced by
RBE4 cells (Fig. 3) but turned the primary rat brain
endothelial cell (Fig. 2) and GP8 cell (Fig. 4) -induced
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Fig. 4. Effect of GP8 cell line on the tone of endothelium-denuded
coronary artery isolated from dogs. Under control conditions (—) GP8
cells decreased the prostaglandin F, -induced tone that was dependent on
the number of the cells in the organ bath. After 30-min pretreatment of
endothelia cellswith 100 WM N®-nitro-L-arginine (- - -) the vascular tone
was not atered significantly as compared to the control. The vasorelax-
ation by GP8 cells was turned to contraction after inhibition of endothe-
liad cyclooxygenase by 10 wM indomethacin (- - - - - - ). Each value
represents the mean+ S.E.M. (n= 7). Significant differences between the
control and indomethacin-treated cells are: “P <0.05, " “P <0.01,
**7"P < 0.001; between the N®-nitro-L-arginine and indometacin
treated-cellsare: P <0.05, **P <0.01, " P <0.001
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Table 2
The profile of eicosanoid production by primary rat brain endothelial cells, RBE4 and GP8 immortalized cell lines

Primary RBEC RBE4 GP8

In DPM /3 X 10° cells/30 min and in percent of the total production

DPM % DPM % DPM %
6-keto-PGF,,, 427 + 67 8.12 481+ 12 16.64 635 + 17 8.48
PGE, 1500 + 17 28.51 271+ 412 9.38 3186 + 41°¢ 42.56
PGD, 734 + 15 13.95 368 + 16 12.73 408 + 73 5.45
PGF,,, 626 + 84 11.90 735+ 74 25.43 711+ 15 9.50
TxB, 1166 + 28 22.16 705 + 74 24.39 1476 + 14° 19.72
12-HHT 889 + 13 16.90 338+ 12 11.70 1086 + 31 14.51
TOTAL 5261 + 60 100.00 2890 + 337 100.00 7486 + 91°¢ 100.00

Prostanoid production was measured for the incubation solution of 3 X 10° cells at 37°C 30 min after the administration of 1-[**Clarachidonic acid (0.172
pmol). Each value represents the mean + SE.M. (n= 6). Significant difference between primary rat brain endothelial cells and RBE4 is indicated by
3(P < 0.05), between primary rat brain endothelia cells and GP8 by °(P < 0.05) and between RBE4 and GP8 by °(P < 0.05). Abbreviations;
6-keto-PGF,,, 6-keto-prostaglandin F,, (the stable metabolite of prostacyclin), PGE,, prostaglandin E,, PGD,, prostaglandin D,, PGF,,, prostaglandin
F,, TXB,, thromboxane B, (the stable metabolite of thromboxane A ), 12-HHT, 12-L-hydroxy-5,8,10-heptadecatrienoic acid, TOTAL, amount of all

prostanoids measured.

vasorelaxation into contraction. These results suggest a
higher activity of cyclooxygenase enzyme in primary rat
brain endothelial cells and GP8 cells.

3.2. Production of arachidonic acid metabolites in
cerebral endothelial cells

The cyclooxygenase pathway of the arachidonate cas-
cade, 6-keto-prostaglandin F,, (the stable metabolite of
prostacyclin), prostaglandin D,, prostaglandin E,, prosta-
glandin F,_, thromboxane B, (the stable metabolite of
thromboxane A,) and 12-L-hydroxy-5,8,10-heptadeca
trienoic acid were identified in the incubation medium of
three different types of non-stimulated rat brain endothelial
cell cultures. The profile of eicosanoid production by
primary rat brain endothelia cells, RBE4 and GP8 cells is
shown in Table 2.

Each type of rat brain endothelial cell was found to be
capable of synthesizing prostaglandins. Significant (P <
0.05) differences in total cyclooxygenase metabolite re-
lease were found, with synthesis rates in increasing order,
as follows. RBE4 < primary cells< GP8 cell line. The
predominant vasodilator substance was prostaglandin E, in
both primary cells and GP8 cell line, being 28 and 43% of
the total eicosanoid production, respectively. The prosta-
glandin E, release (9% of total), from RBE4 cells was
significantly (P < 0.05) lower than that from the other
cells, and the main metabolites formed by RBE4 cells were
prostaglandin F,, and thromboxane B,, (25 and 24%),
respectively. While primary and GP8 cells released more
than three times more prostaglandin E, than prostacyclin,
the prostaglandin E,:prostacyclin ratio produced by the
RBE4 cdll line was approximately 1:2. The percentage
distribution of thromboxane B, and 12-L-hydroxy-5,8,10-
heptadecatrienoic acid was in a similar range in all three
cell types. A possible explanation for RBE4 cells' lower
eicosanoid release could be the different way of immortal-

ization and the higher passage number, which might have
led to a somewhat less differentiated phenotype than that
of the other two types of cerebral endothelial cells used in
the study.

4. Discussion

Primary cultures of cerebral microvessels, as an in vitro
blood—brain barrier model system, are widely used for
morphological, functional and pharmacological studies (for
review see Joo, 1992, 1996). Immortalized cell lines pre-
sent several advantages: the time-consuming and expen-
sive procedure of preparing primary cultures can be
avoided, and it is easy to produce large amount of cells for
genetic, immunological or biochemical experiments. Be-
sides their use in basic research, cerebral endothelia cell
lines are likely to find a new area of application in gene
therapy. These cells are good candidates for gene delivery
to the nervous system because of their normal localization
at the blood-parenchyma interface and of their ability to
proliferate in vivo and in vitro. It has been reported
recently that RBE4 cells modified to express B-galacto-
sidase reporter can be stably engrafted to growing gliomas
in rats (Johnston et al., 1996). Altered RBE4 cells express-
ing both B-galactosidase and human fibroblast growth
factor-1 gene survived following implantation to neonatal
and adult rat brain (Lal et a., 1994).

The in vitro vasoactive properties of three types of rat
brain endothelial cells, such as primary cells, as well as
two immortalized cell lines, RBE4 and GP8, were investi-
gated. A bioassay system was developed to analyse the
composition of the paracrin signal derived from these cells
in the absence of chemica stimulation. The effect of
vasoactive substances released by rat brain endothelial
cells was investigated on the isometric tone of an endothe-
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lium-denuded canine coronary arterial in vitro preparation.
The smooth muscle of this blood vessdl is known to be
very sensitive to prostaglandins (Hyman et a., 1978), and
also has an active soluble guanylate cyclase enzyme for
detecting nitric oxide in vitro (Hintze and Kaley, 1984;
Feletou et a., 1989). Prostaglandin E, and prostacyclin
have been found to be the main cyclooxygenase metabo-
lites released by rat brain endothelial cells in vitro (Moore
et al., 1988; De Vries et al., 1995). Our findings obtained
from both the bioassay experiments and determination of
arachidonic acid metabolites are in accordance with the
previous observations. The vasorelaxant effect of primary
cells and the GP8 cell line corresponds well with the
greater prostaglandin E, release. Furthermore, the abun-
dance of the dilator type of prostaglandin (prostaglandin
E, and prostacyclin) released by primary rat brain en-
dothelia cells and GP8 cells in relation to the amount of
the vasoconstrictor type of cyclooxygenase metabolites,
such as prostaglandin F,, (Miller et al., 1989), prosta
glandin D, (Sakanashi et a., 1980) and thromboxane A,
(Toda et al., 1986), also explains the vasorelaxant effect.
The release of vasoactive eicosanoids from RBE4 was
limited, which was consistent with the low-profile func-
tional effect induced by these cells in the bioassay.

The presence of functionally relevant quantities of
arachidonic acid metabolites released from primary and
GP8 cells suggests that eicosanoids of cerebral endothe-
lium may have physiological and/or pathophysiological
significance in vivo. It has been demonstrated recently that
vasodilator prostanoids derived from small cerebral blood
vessels play roles in the regulation of the cerebral circula
tion (Anza et al., 1995; Satoh et al., 1995). Endogenous
vasodilator prostaglandins (prostaglandin E, and prostacy-
clin) have been found to inhibit cerebral vasoconstriction
induced by experimental hematoma (Y akubu et al., 1995),
while exogenous prostacyclin was successfully used to
protect against endothelial dysfunction during chronic
cerebral vasospasm (Egemen et al., 1995). Cultured brain
microvascular endothelium was shown to produce less
vasodilator prostaglandins than did the endothelium of a
large vessel (Satoh et al., 1995). It is interesting that the
higher prostaglandin E,: prostacyclin ratio found in pri-
mary cells and the GP8 cell line was similar to that seen in
the endothelium of microvessels, while the predominance
of prostacyclin measured in the RBE4 cell line resembles
the eicosanoid profile of larger vessels (Renzi and Flynn,
1992). In our experiments, the endothelial cell-induced
vasodilation of contracted canine coronary artery was
turned to vasoconstriction when primary and GP8 endothe-
lial cells were preincubated with indomethacin. We do not
know which mediators are responsible for the in vitro
contractile effect, but indomethacin may shift the arachi-
donate cascade to the lipoxygenase pathway releasing
vasoconstrictor leukotriene C,, leukotriene D, and
leukotriene E, (Woodman and Dusting, 1982; Yakubu et
al., 1995). In addition indomethacin could enhance the

vasoconstrictor effects of endothelin-1 on porcine pial
arterioles in vivo (Yakubu et a., 1995).

Both primary cells and the GP8 cell line significantly
decreased coronary vascular tone, while the RBE4 cell line
was ineffective. In a previous study only the inducible type
of nitric oxide synthase was detectable in RBE4 cells
(Durieu-Trautmann et a., 1993). In accordance with these
findings, our recent preliminary results indicated the ex-
pression of mMRNA of constitutive, endothelial nitric oxide
synthase in cultured primary rat brain endothelial cells and
the GP8 cdl line, which was missing in RBE4 cells
(unpublished data, Krizbai et al.). However, the nitric
oxide synthase inhibitor, N“-nitro-L-arginine, applied to
the organ bath, decreased the vasorelaxation of canine
coronary artery caused by primary cells, but failed to do so
with GP8 cells. The ineffectiveness of N“-nitro-L-arginine
on the GP8 cell line might be explained by the fact that,
compared to the eicosanoids, nitric oxide plays only a
minor role in the vasorelaxation observed. We cannot
exclude an ineffective basal release of nitric oxide in GP3
cells, at least up to the concentration of 1.2 X 10° cellsina
2-ml volume. It is possible that this number of endothelia
cells released insufficient amounts of nitric oxide for pro-
ducing relaxation. The volume of Krebs—Henseleit solu-
tion was four orders of magnitude greater than the greatest
estimated endothelial cell volume (approx. 150 wm?/cell)
and the nitric oxide molecules produced, having a half-life
shorter than a second, could lose activity before reaching
the effector cells. On the other hand, free radicals pro-
duced by GP8 cells might inactivate nitric oxide (Rubanyi
and Vanhoutte, 1986). The major source of free radicalsin
cerebral endothelial cells is the cyclooxygenase pathway of
the arachidonate cascade (Kontos et d., 1985), and our
results showed that cyclooxygenase was more active in
GP8 cdlls than in primary cells. These data might also
explain our findings in the bioassay experiments, where we
failed to demonstrate a biologically significant nitric oxide
production of GP8 cells on isolated dog coronary artery.

In the present study we used primary cerebral endothe-
lial cells as well as RBE4 and GP8 immortalized cell lines
in order to determine their bioactivity and the production
of vasoactive eicosanoids. We conclude that the eicosanoid
profile of the GP8 cell line is closer to that of primary
cerebral endothelia cells than to that of RBE4 cells, which
was also reflected by the results of the bioassay. Neverthe-
less, both cell lines may be useful tools for biotechnologi-
cal and therapeutic applications in the near future (Lal et
al., 1994; Johnston et al., 1996).
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