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1. Introduction

Endothelial cells are the one of the determining elements of the microcirculation, 

forming the innermost layer of blood vessels. Since 1980, when Furchgott and Zawadski (1) 

first reported that the vasodilation response to acetylcholine requires the presence of an intact 

endothelium, the role of the endothelium in the regulation of vascular tone has attracted 

considerable interest. Action on endothelial receptors by a number of vasoactive substances 

stimulates the production of endothelium-derived relaxing or constricting factors (2).

The cerebral endothelial cells, with the glial cells and pericytes, form the blood-brain 

barrier, which is important in maintaining the homeostasis of the central nervous system by 

controlling the traffic of molecules and cells between blood and bram (3). The cerebral 

microvascular endothelium, like other endothelial layers, is capable of producing several 

substances mediating endothelium-dependent vasorelaxation or vasocontraction (4). The 

released vasoactive agents can modulate the endothelial second messenger systems, regulate 

the blood-brain barrier permeability (5) and play a key role in the regulation of the vascular 

tone of cerebral vessels (4).

The platelets are the other important elements of the microcirculation. These small disc

shaped cells recognize even minor damage on the surface of the endothelial lining in the blood 

vessels and respond promptly to stimuli by undergoing adhesion, shape change, aggregation 

and secretion. Such a series of cell responses ends in the formation of a hemostatic plug, a 

thrombus. In addition to this key function, platelets can secrete or release a variety of 

substances, e.g. serotonin, ADP, ATP, Ca2+, peptides (von Willebrand factor, fibrinogen, 

platelet-derived growth factor, etc.) and lipidic substances (platelet-activating factors and 

eicosanoids). These compounds act as second agonists on the platelets themselves or on cells 

such as endothelial cells, smooth muscle cells, neutrophils, mast cells or macrophages, and can 

contribute to the process of vasoregulation (6) and the immunological defense mechanisms (7).

Neurotransmitters, hormones, cytokines, growth factors, drugs and other ligands 

transmit their specific messages by binding to receptors on cell surfaces. The ligand-bound 

receptors activate effector systems such as adenylate cyclase, cyclic nucleotide 

phosphodiesterase, ion channels and phospholipases (PLs) via membrane-associated 

transducing systems, to generate second messengers. PLA2 and PLC as effector enzymes can 

mediate the G-protein-coupled receptor-induced release of free fatty acids from phospholipids
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(8), including arachidomc acid, the precursor of eicosanoids, which have many important 

biological actions.

1.1. Synthesis and role of the eicosanoids in the microcirculation

Arachidonic acid and its metabolites are membrane-permeable and can exit from the 

cell to act as first messengers, thereby activating specific receptors on the cell in which they 

were formed or on neighboring cells. Eicosanoids fall into the pharmacologic category of 

autacoids. These are highly evanescent biologic molecules, because they are intrinsically 

unstable: thromboxane A2 (TxA2) (9) and prostacyclin (prostaglandin I2, PGI2) (10) or because 

of the ubiquitous presence of enzymes that metabolize them to inactive forms (11). Thus the 

actions of eicosanoids are limited in duration, they are formed locally in the microenvironment 

of the tissues or cells and their effects take place at the site of origin. They could activate or 

inhibit adenylate cyclase, PLC and ion channels, or affect other functions of the cells (12). 

Since their half-lives are short and they are not stored, the overall eicosanoid activity is largely 

determined by rates of synthesis of new eicosanoids.

The arachidonate cascade is initiated by a receptor-mediated liberation of arachidonic 

acid from phospholipids by the action of PLs. Arachidonate at the sn-2 position of membrane 

phospholipids is cleaved mainly by the direct action of PLA2, but PLC also plays a role in the 

release of free arachidonic acid. The phosphatidylinositol-specific PLC catalyzes the formation 

of diacylglycerol. The relase of arachidonate from diacylglycerol requires the sequential action 

of two enzymes, a diglyceride lipase and a monoglyceride lipase. The diglyceride lipase 

specifically catalyzes the deacylation of the sn-1 fatty acyl residue of a diacylglycerol, whereas 

the monoglyceride lipase catalyzes the hydrolysis of the resulting 2-arachidonyl- 

monoacylglycerol to arachidonate and glycerol (13).

The free arachidonate can be metabolized in three main directions via the actions of 

oxidative enzymes such as cyclooxygenase (COX), various lipoxygenases and cytochrome P- 

450.

1.1.1. The cyclooxygenase pathway

The COX pathway leads to the formation of PGs, prostacyclin and Tx (Figure 1). The 

first step in the COX pathway is the bis-dioxygenation (incorporation of two molecules of
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oxygen) of free arachidonic acid. A cyclic molecule is produced, containing both 9,11- 

endoperoxide and 15-hydroperoxide groups, called endoperoxide G2 or PGG2. The 15- 

hydroperoxide group of PGG2 is reduced to hydroxy by a peroxidase, forming endoperoxide 

H2 or PGH2 (14). The bis-dioxygenation of arachidonic acid and the subsequent reduction of 

PGG2 to PGH2 are effected by the same enzyme, which is called prostaglandin endoperoxide 

synthase or PGG/H synthase or COX. Currently, two COX isoforms have been described, the 

“constitutive” COX-1 (15) and the “inducible” COX-2 (16). COX-1 appears to be maximally 

expressed under stable physiological conditions. COX-2 is present only at very low levels in 

many quiescent cells, but it is readily induced by various agents, including growth factors, 

cytokines and endotoxins. However, COX-2 is constitutively expressed in specific cells as well 

(17, 18). COX-1 typically contributes to intercellular communication by relatively quiescent 

cells (i.e., "housekeeping functions"), whereas COX-2 is more involved in growth, cell 

differentiation and inflammation (19).

Specific synthases release prostanoids (PGD2, PGE2, PGF2a, prostacyclin and TxA2) 

from PGH2. In contrast with COX, which is ubiquitously distributed in various tissues, it is 

interesting to note that different organs and tissues are supplied with a specific pattern of PG 

endoperoxide-metabolizing enzymes, determining the relative amounts of the end-products 

formed from arachidonic acid. In endothelial cells, for instance, prostacyclin formation seems 

to be predominant, while TxA2 predominates in platelets. It should be remembered that the 

formation of several prostanoids, particularly PGD2, PGE2 and PGF2a, may also occur by non- 

enzymic mechanisms (20).

Since the experiments of Gerritsen el al. (21), it has been known that the brain 

microvessels are able to metabolize the arachidonic acid. Recent studies indicate that the 

cerebrovascular arachidonic acid metabolism has an important role in the normal cerebral 

circulatory physiology (22-24) and in the cerebrovascular response to brain injury (25-28).

The brain microvessels possess both the "constitutive" COX-1 and the "inducible" 

COX-2 form of the COX. Surprisingly, brain endothelial cells are exceptional cells, where 

COX-2 mRNA and its protein are constitutively expressed. COX-2 is the major functional 

contributor to the overall brain endothelial prostanoid synthesis in newborn pigs (29). The 

brain microvessels can produce PGD2, PGE2, PGF2ct, prostacyclin and TxA2 via the COX 

pathway (30). As concerns the principal COX metabolites of the brain microvessels, there are
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Figure 1
Scheme of transformations of arachidonic acid via the cyclooxygenase pathway

(1) Prostaglandin endoperoxide synthetase; (2) endoperoxide E-isomerase; (3) endoperoxide reduction 
(nonenzymatic); (4) prostacyclin synthetase; (5) endoperoxide D-isomerase; (6) thromboxane synthetase.
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controversial results in the literature. Goehlert et al. (31) reported that prostacyclin was the 

major prostanoid formed in the rat cerebral microvessels, while others (26, 32) found PGD2 to 

be so. De Vries et al. (33) concluded that PGE2 was the main COX metabolite formed by 

cultured rat cerebral endothelial cells. The real cause of this controversy is not known at 

present.

Prostanoids are important autocrine/paracrine modulators of the cerebral circulation, 

mostly in the newborn (34). They can directly affect the vascular smooth muscle, leading to 

changes in vascular tone, or they can indirectly modify the responses of the vascular smooth 

muscle to other stimuli. Prostanoids contribute to the maintenance of the resting cerebral blood 

flow and asphyxia-, hypercapnia- and hypotension-induced vasodilation (22). Prostanoids 

produced by the cerebral endothelial cells also play a key role in the pathogenesis of fever (25) 

and the cytokine-induced disruption of the blood-brain barrier (35).

The COX pathway is a determining element of the platelet function, as proved by the 

fact that inhibition of the platelet COX (which is a beneficial effect of the non-steroid 

antiinflammatory drugs in anticoagulant therapy) can lead to an increased bleeding tendency.

The platelets produce TxA2, PGD2, PGE2 and PGF2a via the COX pathway (36). The 

formation of TxA2 is accompanied by the production of 12-L-hydroxy-5,8,10- 

heptadecatrienoic acid (HHT), with the concomitant release of malondialdehyde (MDA) (36).

Quantitatively and functionally, the most important product of the COX metabolites of 

the thrombocytes is TxA2, which is a potent proaggregatory substance, acting via membrane 

receptors coupled by a G protein to PLC (37), although it has also been proposed that it acts as 

an intracellular íonophore, releasing Ca2' directly from stores (38). The PG endoperoxides G2 

and H2 are also potent platelet-aggregating agents (39). PGD2, on the other hand, is a potent 

antiaggregator which inhibits platelet activation through cAMP elevation. PGE2 and PGF2a 

also affect platelet activation, although to a much lesser extent than do TxA2 and PGD2 (36, 

40).

1.1.2. The lipoxygenase pathway

The other major pathway of the arachidonate metabolism is the lipoxygenase system 

(Figure 2). Following the discovery of 12-lipoxygenase in platelets (41), several other 

lipoxygenases were described and it is now well established that the lipoxygenases are
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important enzymes in physiologic and pathologic processes (42, 43). Three main lipoxygenases 

have been identified in various mammalian tissues: 5-, 12- and 15-lipoxygenase. The pattern of 

the lipoxygenases is different in the different cell types. Lipoxygenases catalyze hydrogen 

abstraction and insert molecular oxygen into a stereoselective position within arachidonic acid. 

Each lipoxygenase generates a hydroperoxyeicosatetraenoic acid (HPETE) that carries a 

hydroperoxy group at the lipoxygenase-specified carbon (e.g. 5-HPETE, 12-HPETE, etc.). 

HPETEs are reduced to their hydroxy analogues, hydroxyeicosatetraenoic acids (HETEs), by 

the peroxidase activity of the lipoxygenases (44).

5-Lipoxygenase is particularly important, because 5-HPETE is the precursor for the 

synthesis of leukotrienes (LTs) and lipoxins (Lxs) (42, 43, 45) (Figure 2).

Brain microvessels can metabolize arachidonic acid via the lipoxygenase pathway, as 

well (30, 46). According to the results of Moore et al. (47, 48), 12-HETE is the only E1ETE 

formed by isolated cerebral micro vessels via the lipoxygenase pathway and is the major 

eicosanoid produced by the microvessels.

Moore at al. (49) suggested at least two mechanisms by which 12-HETE may alter 

physiologic processes or mediate pathophysiologic phenomena. First, there is a potential for 

12-HETE esterified into cellular phospholipids (49, 50); this may cause some type of 

membrane perturbation which leads to alterations of the cell membrane functions (51). Such 

alterations are of particular significance in cerebral endothelial cells, because they form the 

blood-brain barrier, responsible for maintaining the highly specialized milieu of the central 

nervous system (3). Secondly, there is a potential for 12-HETE to alter the cerebral circulation, 

inhibiting the PG production of the cerebral endothelial cells (49).

The concept that 12-HETE may alter the blood-brain barrier function or the cerebral 

blood flow is particularly important in the pathogenesis of brain injuries. Large quantities of 

arachidonic acid are known to be released as a result of a variety of brain injuries, such as 

trauma, ischemia, hemorrhage and seizure (52). These injuries are associated with blood-brain 

barrier dysfunctions, as manifested by cerebral edema (5, 52), and with cerebrovascular 

dysfunctions, as manifested by an abnormal autoregulation (53).

Platelets possess large amount of 12-lipoxygenase, so they can produce 12-HPETE and 

its hydroxy analogue 12-HETE (54). 12-HPETE can stimulate its own production by
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Scheme of transformations of arachidonic acid via the lipoxygenase pathway

(1) 15-lipoxygenase; (2) 5-lipoxygenase; (3) 12-lipoxygenase; (4) dehydrase; (5) hydrolase; (6) glutathion-S- 
transferase; (7) y-glutamyl-transpeptidasc; (8) cysteinyl-glycinase; (9) epoxide hydrolase.
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increasing lipoxygenase activity, because the platelet 12-lipoxygenase is activated by trace 

concentrations of hydroperoxides (55).

There are conflicting reports on the possible roles of 12-HPETE and 12-HETE in the 

platelet function. Some authors have suggested that 12-HETE promotes irreversible platelet 

aggregation (56) and potentiates thrombin-induced aggregation (57), whereas others have 

reported that 12-HPETE suppresses thromboxane production by inhibiting platelet COX (58), 

and inhibits platelet aggregation (58-60), which may result in limitation of the size of a 

growing platelet plug.

1.1.3. The epoxygenase pathway

The third pathway of the arachidonate cascade is the metabolism of arachidonic acid by 

cytochrome P-450 monooxygenase (Figure 3). This third pathway is termed the P-450 

monooxygenase pathway and is also referred to as the epoxygenase pathway. Cytochrome P- 

450 monooxygenase uses reducing equivalents to split the oxygen-oxygen bond in molecular 

oxygen and transfers one activated oxygen to the substrate while the other oxygen atom 

appears as water (61). Different types of mono-HETEs (5-, 8-, 9-, 11-, 12-, 15- and 20-HETE) 

and epoxyeicosatrienoic acids (EETs) (5,6-, 8,9-, 11,12- and 14,15-EET) are synthesized from 

arachidonic acid by the action of cytochrome P-450 monooxygenase (61, 62).
.COOH

arachidonic acid

1.COOH COOH

5,6-EET 14,15-EET

.COOH COOH

8,9-EET
Figure 3

Scheme of transformations of arachidonic acid via the epoxygenase pathway 

(1) cytochrome P-450 monooxygenase.
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The possible biological functions of EETs are intensively studied. It is suggested that 

EETs are endothelium-derived hyperpolarizing factors that produce vasodilation by increasing 

the open probability of calcium-activated potassium channels (63). EETs are generally potent 

dilators in a number of vascular beds, with a sensitivity which appears to increase as the 

vasculature decreases in size toward the capillaries (62). One interesting features of EETs is 

that they can be reacylated into the phospholipids of the cell and may influence the properties 

of the membranes (61).

The cytochrome P-450 epoxygenase pathway catalyzes the formation of EETs (5,6-, 

8,9-, 11,12- and 14,15-EET), and co-hydroxylases produce principally 20-HETE in the cerebral 

microvessels (64). EETs produce vasodilation in the cerebral microvasculature (24), while 20- 

HETE causes vasoconstriction in part by inhibition of the opening of the calcium-activated 

potassium channel (65). It is suggested that the cytochrome P-450 epoxygenase metabolites of 

the arachidonate cascade of the cerebral microvessels have important physiological roles in 

regulating the cerebral blood flow (64) and contribute to hypoxia-induced cerebrovascular 

dilatation (66).

The platelets have no epoxygenase pathway.

1.1.4. Additional important features of the arachidonate metabolism
Transcellular eicosanoid synthesis

Most studies have established the metabolic patterns of eicosanoid generation in 

individual cells. Recently, it has become obvious that the steps of the arachidonate metabolism 

could take place in two separate cell types. Two cells in proximity could enzymatically process 

a biochemically reactive intermediate (such as PG endoperoxide or LTA4) as it traversed the 

fluid phase between the cells. It would penetrate the second cell and be processed to a product 

that neither cell could produce alone (67, 68). This expanded concept of eicosanoid 

biosynthesis raises an interesting question concerning whether or not eicosanoids can 

accurately reflect definitive cell origins and quantitatively assess cell activation.

Free radical generation in the arachidonate cascade

The arachidonate metabolism via both the COX pathway and the lipoxygenase pathway 

is accompanied by the generation of superoxide. The site of superoxide production is in the 

COX pathway when PGG2 is converted to PGH2, and in the lipoxygenase pathway when
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HPETE is reduced to HETE (69). Oxygen free radicals are not only produced by the 

arachidonate cascade, but can themselves activate the cascade. Thus, superoxide production by 

this mechanism may result in a “vicious cycle” of accelerating radical production, which can 

lead to oxidant injury of the cells and tissues in pathologic conditions (69).

1.2. The background of our experiments
As noted above, it seems that the eicosanoids of the brain microvessels and platelets 

may be involved in the neurohumoral regulation of the microcirculation in physiologic and 

pathologic conditions. Moreover, the arachidonate cascade of the brain microvessels and 

platelets can be influenced by therapeutically administered drugs, and the altered eicosanoid 

production may contribute to the desirable actions of the drugs or contribute to the 

development of the side-effects of the treatment.

1.2.1. Neuropeptides and the microcirculation

For many years, studies on the neurohumoral control of the circulation have focused on 

the catecholamines released from the sympathetic perivascular nerves and from the adrenal 

medulla into the bloodstream. In recent years, new and improved techniques in 

immunohistochemistry, electron microscopy, electrophysiology and pharmacology have led to 

a wealth of discoveries which have profoundly reshaped our outstanding of the perivascular 

nerves. While the classical view involved antagonistic cholinergic and adrenergic nerves, many 

new putative neurotransmitters have been proposed in the last few years. Neuromodulatory 

mechanisms have been recognized, including the secondary involvement of locally synthesized 

hormones and eicosanoids (2).

Several neuropeptides are known which can affect the microcirculation. Among these 

peptides, in our experiments we examined the effects of substance P (SP), pituitary adenylate 

cyclase-activating polypeptide (PACAP) and vasoactive intestinal polypeptide (VIP) on the 

arachidonate cascade of rat cerebral micro vessels and/or platelets.

SP is one of the most potent vasodilators so far known (70) and dominates the process 

of neurogenic inflammation (71), which takes place in the microcirculation. A number of 

peptide receptors are expressed on the surface of platelets, including the neurokinin-1 (NK-1) 

receptor (72). NK-1 is a member of the G-protein-coupled receptor family, and its intracellular
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second messenger system is connected with activation of the phosphoinositide pathway (73). 

Through this signal transduction mechanism, SP might influence platelet functions, including 

their arachidonate cascade.

Some data suggest that PACAP and VIP may be involved in the regulation of the local 

circulation by affecting the platelet and cerebral endothelial cell functions. Although PACAP 

receptors have not yet been identified on the surface of platelets and cerebral endothelial cells, 

Ichiki et al. (74) and Kobayashi et al. (75) demonstrated that PACAP induced a marked 

increase in the intracellular cAMP level in rat platelets and cerebral microvessels. 

Immunohistochemical studies have demonstrated PACAP- (76) and VIP-containing fibers (77) 

around the small cerebral vessels. This suggests that these peptides have roles in the regulation 

of the cerebral circulation.

1.2.2. Perinatal hypoxic brain injuries

One of the most intensively studied areas of the cerebral circulation is perinatal hypoxic 

brain injury, which often leads to life-threatening complications in perinatal life. Oxygen 

administration is a common therapeutic tool in the treatment of hypoxic newborns. Recent 

studies indicate that the cerebrovascular arachidonic acid metabolism plays important parts in 

the physiologic regulation of the cerebral circulation (22) and in the cerebrovascular response 

to hypoxia (24, 27, 34, 66). Although there are data on the postasphyxial increases in 

prostanoid levels in the cerebrospinal fluid (78), little is known about the eicosanoids produced 

by the cerebral vessels after hypoxic events (26), and there are no reports on hyperoxia- 

associated alterations in the arachidonic acid metabolism of the cerebral vessels.

1.2.3. Cerebral endothelial cell cultures

Cultures of cerebral microvessels, as in vitro model systems, are widely used for 

morphological, functional and pharmacological studies (3, 79). In contrast with isolated 

microvessels, cultured rat brain endothelial cells are highly homogenous preparations and can 

be studied for longer periods of time. The immortalized cell lines are a new generation of cell 

preparations, having several advantages over primary cultures: the time-consuming and 

expensive procedure of preparing primary cultures can be avoided, and it is easy to produce 

large amounts of cells for genetic, immunological or biochemical experiments. While every
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effort may be taken to perform experiments under conditions as similar as possible, there may 

be significant variations in the vasoactive products and the arachidonic acid metabolism 

between the different cell lines.

1.2.4. Drugs and the microcirculation

Many drugs are suspected of causing either their desirable actions or their side-effects 

via modulation of the arachidonate cascade. The angiotensin converting enzyme (ACE) 

inhibitor captopril and the antiepileptic drug valproate (VPA) were the targets of our 

experiments, because they are widely and chronically applied in therapy.

ACE inhibitors are the most frequently used antihypertensive drugs. Their target effects 

are the inhibition of angiotensin II synthesis and of the degradation of bradykimn (80). Besides 

these effects, other mechanisms are also involved in the mechanism of action of ACE 

inhibitors. Vanhoutte et al. (80) reported that ACE inhibitors indirectly increase the vascular 

synthesis of nitric oxide and prostacyclin. Captopril has also been shown to increase the plasma 

concentrations of vasodilator PGs (81). Abe et al. (82) further suggested that the eicosanoids 

are involved in the antihypertensive effect of captopril. Captopril is suitable for in vitro 

experiments because it is not a pro-drug ACE inhibitor (83).

VPA is an extensively used drug in the therapy of epilepsies. One of the most frequently 

reported side-effects of VPA is hemorrhagic diathesis (84, 85). Some authors emphasize the 

decreased platelet count as the basis of VPA-induced hemorrhagic diathesis (86), but other 

reports suggest that a significant proportion of patients with a normal platelet count may still 

have an altered platelet function (87). The mechanism of the VPA-induced platelet dysfunction 

has not yet been elucidated.

Long-term administration of the antiepileptic drug VPA can induce morphologic and 

functional alterations in the brain capillaries and glial cells (88), which may play a role in the 

pathogenesis of “VPA encephalopathy”. It is known that 12-HETE can be incorporated into 

the membrane phospholipids, altering the membrane function (49, 50), which may contribute 

to the morphologic and functional alterations of the capillaries caused by VPA treatment.
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1.3. The aims of our experiments

Our in vitro and ex vivo experiments were designed to study

1. the effects of SP on the arachidonate cascade of rat platelets;

2. the effects of PACAP on the arachidonate cascade of rat platelets and on platelet 

aggregation;

3. the effects of PACAP and VIP on the arachidonate cascade of rat cerebral microvessels;

4. the effects of hypoxia-reperfusion and hyperoxia on the brain cortical blood flow and on the 

arachidonate cascade of the brain arteries and microvessels of newborn pigs;

5. the characteristics of the vasoactivity and prostanoid profile of three different rat cerebral 

endothelial cell types: primary rat brain endothelial cells and two immortalized rat brain 

endothelial cell lines, RBE4 and GP8;

6. the effects of captopnl on the arachidonate cascade of platelets isolated from Okamoto 

spontaneously hypertensive rats (SHR) with either lower or higher blood pressure;

7. the possible relationship between the incidence of hemostasis caused by VPA and the effect 

of this drug on the arachidonate cascade of platelets isolated from humans or rats;

8. the effects of VPA on the arachidonate cascade of rat cerebral microvessels.

2. Materials and methods

2.1. Materials

The materials used in the experiments were of the following origins: collagenase type 

II, bovine serum albumin, Dulbecco's modified Eagle's medium/nutrient mixture F-12 Ham 

(DMEM/F-12), fetal calf serum, basic fibroblast growth factor, heparin, monoclonal anti

mouse Thy 1.1 antibody, rabbit complement serum (HLA-ABC), antibody against Factor VIII- 

related antigen, indomethacin, acetylcholine chloride, N“-nitro-L-arginine, VIP, arachidomc 

acid (grade I), PGE2, PGD2, TxB2, PGF2a, and 6-keto-PGFia, HHT and Medium 199, (Sigma, 

Germany); collagenase-dispase (Boehrmger, Germany); percoll (Pharmacia, Sweden); L- 

glutamine, penicillin-streptomycin and geneticin (Gibco, UK); plasma-derived serum (First 

Link Ltd, UK); l-[14C]-arachidonic acid (spec. act. 2035 MBq/mM) (Amersham, UK); silica 

gel thin-layer plates (0.25 mm) (Merck AG, Germany); H-89 (Calbiochem-Novabiochem, 

USA); PACAP(l-38) and PACAP(6-38) (Bachem, Switzerland); sodium thiopental
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(Trapanal - Byk Gulden, Germany); a-chloralose (Fluka, Switzerland); captopril (Squibb 

Laboratories, USA).

2.2. Patients
To study the effect of VP A on the arachidonate casacade of human platelets, platelets 

were isolated from the venous blood of epileptic patients, who were recruited from the 

Department of Neurology, Albert Szent-Györgyi Medical University, Szeged, Hungary. 

Inclusion criteria for study participation included their abstaining from any medication known 

to alter platelet activation, aggregation and release reactions. After giving written informed 

consent, 10 young male patients (mean age 22.90+7.25 years) participated in the study. All had 

been on a stable VPA monotherapy regimen (Depakine Chrono"1 - Sanofi Winthrop/Chinoin, 

or Convulex" - Gerot Pharmazeutika) for at least 120 days prior to evaluation. The mean VPA 

dosage was 8.38±2.03 mg/kg/day. The mean total plasma VPA concentration was 

36.04+16.12 pg/mL. Seizure types included idiopathic generalized epilepsy (n=7) and 

cryptogenic or symptomatic partial epilepsy (n=3). The control group consisted of 10 male 

patients (mean age 31.50± 11.41 years) on stable carbamazepine (CBZ) monotherapy 

(Neurotop R“ - Gerot Pharmazeutika, or Tegretol CR" - Novartis) who were subject to the 

same inclusion criteria. The mean CBZ dosage was 8.10+2.86 mg/kg/day. The mean total 

plasma CBZ concentration was 5.24+2.67 pg/mL. Seizure types involved cryptogenic or 

symptomatic partial epilepsy (n=10). CBZ-treated patients were chosen as control group 

because CBZ causes blood dyscrasias (leukopenia and thrombocytopenia) similar to those 

elicited by VPA (144), but there has been no report of CBZ inducing a platelet dysfunction. 

Patients and controls were scheduled to report to the clinical laboratory between 8 a m. and 10 

a.m. after an overnight fast in order to minimize the impact of fluctuations in plasma free fatty 

acids on the plasma concentrations of the drugs. Investigations were performed with the 

permission and approval of the Human Investigation Review Board of Albert Szent-Györgyi 

Medical University, Szeged, Hungary.
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2.3. Animals

Male Wistar rats (body weight: 170-190 g) were used to determine the effects of 

neuropeptides (SP, PACAP and VIP) and VPA on the arachidonate cascade of rat cerebral 

micro vessels and/or platelets. Sodium VPA was administered (300 mg/kg body weight/day) in 

the drinking water for 2 weeks to the rats which were used to study the effects of VPA 

treatment on the arachidonate cascade of cerebral microvessels and platelets.

Male spontaneously hypertensive Okamoto and Wistar rats (body weight: 160-170 g) 

were used to investigate the possible role of the eicosanoids of platelets in the antihypertensive 

effects of captopril. Genetically hypertensive Okamoto rats (SHR) were divided into two 

groups: SHR, with lower blood pressure (blood pressure: 144 ± 3 mm Hg) and SHR, with 

higher blood pressure (blood pressure: 214 ± 9 mm Hg).

Primary cultures of cerebral endothelial cells were prepared from the cerebral cortex 

from 2-week-old CFY rats.

Mongrel dogs of either sex weighing 9-15 kg were used to isolate coronary arteries for 

the bioassay system.

Newborn (1-4-day-old) domestic pigs of either sex, weighing between 1.2 and 1.6 kg, 

were used to determine the effects of hypoxia-reperfusion and hyperoxia on the arachidonate 

cascade of brain arteries and microvessels of the neonates.

Animal experiments were performed with the permission of the Ethical Committee for 

the Protection of Animals in Research (Albert Szent-Györgyi Medical University, Szeged, 

Hungary).

2.4. Isolation of platelets

For platelet isolation, blood was drawn from the cubital veins of the epileptic patients or 

under light ether anesthesia from the abdominal aorta of rats. The blood sample was diluted 

with phosphate buffer (pH 7.4) containing EDTA (5.8 mmol/L) and glucose (5.55 mmol/L). 

Platelet-rich plasma was collected after the whole blood had been centrifuged at 200 g for 10 

min. at room temperature. The platelets were sedimented from the supernatant by 

centrifugation at 2000 g for 10 min. The pellet was contaminated with red blood cells, which 

can metabolize arachidonic acid by the lipoxygenase pathway and release 12-HETE and LTs 

(98). The erythrocytes were therefore lysed with hyposmic ammonium chloride (0.83%, 9
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parts) containing EDTA (0.02%, 1 part) at 4 °C for 15 min. The platelets were then washed 

with phosphate buffer (pH 7.4, containing 5.8 mmol/L EDTA and 5.55 mmol/L glucose) and 

centrifuged at 2000 g for 10 min at room temperature. During the separation procedure, the 

activation of platelets was inhibited by using Ca2+-free medium and siliconized glassware. The 

washed platelet suspension was free from other cellular elements of the blood (red blood cells, 

leukocytes, etc.) and plasma proteins. After the last centrifugation the platelets were 

resuspended (108 platelets/mL) in serum-free tissue culture Medium 199.

2.5. Isolation of cerebral microvessels

Cerebral microvessels were isolated from male Wistar rats at 4 °C by the micromethod 

of Hwang et al. (89) with some modifications. Under light ether anesthesia, the brains were 

removed from adult rats after transcardiac perfusion with normal saline containing EDTA (5.8 

mmol/L) to remove blood from the brain vessels. The cerebral cortex was freed from myelin 

and piai membranes. The cerebral cortex (300 mg wet weight) was homogenized in 10 

volumes (w/v) of standard isolation buffer (0.32 mol/L sucrose, 3 mmol/L HEPES, 10 pmol/L 

CaCl2-2H20, pH 7.4) using 10 strokes in a Potter homogenizer with a teflon pestle at 100 

r.p.m. The suspension was centrifuged for 10 min at 1000 g. The pellet was homogenized in 3 

mL standard isolation buffer, and the centrifugation was repeated. The pellet was resuspended 

in 3 mL standard isolation buffer and was centrifuged twice for 15 sec at 100 g. The 

supernatants (containing the microvessels) were collected, and were centrifuged at 200 g for 2 

mm. The pellet was resuspended in 1.5 mL standard isolation buffer, and was then centrifuged 

at 200 g for 1.5 minutes. This was repeated twice. The pellet (the isolated brain capillaries) was 

suspended in 1 mL Medium 199. The purity of the final preparation was verified by phase- 

contrast and light microscopy and by assaying the y-glutamyl transpeptidase activity, as the 

marker enzyme for micro vessels, according to the method of Szász (90). Protein 

concentrations were determined by the method of Bradford (91).

2.6. Primary rat brain endothelial cell culture

Primary cultures of cerebral endothelial cells were prepared and characterized as 

described previously (92, 93). Cerebral cortices from 2-week-old CFY rats were finely mmced, 

then incubated in collagenase-dispase solution (270 U/mL collagenase, 1 mg/mL dispase,
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DMEM-F12 containing antibiotics) at 37 °C for 1.5 h in a shaking water-bath. After this 

incubation, 20% bovine serum albumin/DMEM-F12 (2 mL/brain) was added to the 

homogenate and the mixture was centrifuged at 1000 g for 15 min. The pellet containing the 

micro vessels was washed once in DMEM-F12, then further digested for a further 1 h with the 

above-mentioned enzymes at 37 °C. The cell suspension was carefully layered on a continuous 

33% Percoll gradient and centrifuged at 1000 g for 10 min. The band of the endothelial cell 

clusters was aspirated, and 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 pg/mL streptomycin, 50 pg/mL gentamycin, 2 mmol/L glutamine, 20% heat- 

inactivated plasma-derived serum and from the second day 1 ng/mL basic fibroblast growth 

factor). Primary cultures on the 2nd day in vitro were treated with monoclonal anti-mouse Thy 

1.1 antibody, followed by rabbit complement serum to eliminate the few contaminating non- 

endothelial cells, mainly pericytes, by selective cytolysis (94). The cultures became confluent 

on the 7th day in vitro and consisted of more than 98% of endothelial cells, as verified by 

positive Factor VIII-related antigen, negative glial fibrillary acidic protein and neurofilament 

immunohistochemistry.

2.7. Culturing of the immortalized cell lines RBE4 and GP8

RBE4 cells are derived from rat brain microvessel endothelium immortalized with the 

plasmid pElA-neo and characterized in respect of blood-brain barrier properties (95, 96). The 

cells were passaged twice a week in DMEM/F12, supplemented with 10% heat-inactivated 

fetal calf serum, 2 mmol/L glutamine, 1 ng/mL basic fibroblast growth factor and 300 pg/mL 

geneticin onto rat tail collagen-coated dishes and used between passages 30 and 50. GP8 is a 

temperature-sensitive SV40 large T immortalized rat brain capillary cell line described by 

Greenwood et ál. (97). These cells, used between passages 10 and 20, were cultured in 20% 

plasma derived serum, 2 mmol/L glutamine, 1 ng/mL basic fibroblast growth factor and 200 

pg/mL geneticin in DMEM/F12.

2.8. Asphyxiated piglets - surgical preparation and procedure

Anesthesia of the piglets was induced by the mtraperitoneal administration of sodium 

thiopental (30-40 mg/kg) followed by intravenous injection of a-chloralose (75 mg/kg).
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Supplemental doses of a-chloralose were given as needed to maintain a stable level of 

anesthesia. Animals were intubated by tracheotomy and artificially ventilated with room air. 

The ventilation rate (approximately 20 breaths/min) and tidal volume (approximately 20 

mL/kg) were adjusted to maintain the blood pH and gas values within the physiological range. 

In our study, the animals had baseline values within the normal ranges for arterial pH (7.35- 

7.45), pC02 (30-35 mm Hg), and p02 (80-100 mm Hg). Body temperature was maintained at 

37-38 °C by a water-circulating heating-pad. Systemic arterial blood pressure was recorded via 

a catheter placed into the right femoral artery connected to a pressure transducer. The right 

femoral vein was catheterized for administration of drugs and fluids and for withdrawal of 

blood. The head of the piglet was fixed in a stereotaxic frame.

Cortical blood flow was monitored by laser Doppler flowmetry (Penmed PF4000). The 

technique used to measure cortical blood flow by laser Doppler flowmetry has been described 

previously (99). The flow probe was lowered via a burr hole with a micromanipulator without 

touching the brain surface.

Anesthetized, instrumented piglets were divided into three groups: 1. untreated control; 

2. asphyxia and reventilation with room air; 3. asphyxia and reventilation with 100% 02. 

Asphyxia was achieved by turning off the ventilator and clamping the endotracheal tube, as 

described previously (100). After 10 min of asphyxia, the tubing was undamped and the 

animals were reventilated. During asphyxia, intravenous epinephrine was given as needed to 

prevent asystole, and during reventilation, 3 mL/kg of a 4.2% NaHCCb solution was given to 

counteract systemic acidosis. Time control animals were treated like the others.

Following 4 h of recovery, the animals were killed, and the brains were perfused with 

normal saline containing EDTA (5.8 mmol/L) to remove blood from the brain vessels. 

Cerebral arteries were removed and capillaries were isolated from the parietal cortex as 

described in section 2.5.

2.9. Analysis of eicosanoids

Samples were preincubated at 37 °C for 5 min. When we examined the effects of SP or 

PACAP or VIP, different concentrations of a peptide were then added to the incubation 

mixture. The enzyme reaction was started by the introduction of tracer substrate, 1-[,4C]- 

arachidonic acid (3.7 kBq, 0.172 pmol), into the incubation mixture. The cells are not activated
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by such a low concentration of arachidonic acid. Ten min (platelets) or 30 min (cerebral 

microvessels, cerebral arteries and cerebral endothelial cell cultures) later, the enzyme reaction 

was stopped by bringing the pH of the incubation mixture to 3 with formic acid. The samples 

were then extracted with ethyl acetate (2x3 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 G 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 (Labor MIM, 

Hungary) (101). Each 3-mm band of the chromatograms was then scraped off and the 

radioactivity was determined in a liquid scintillation counter (TRI-CARB 2100TR, Canberra 

Packard, USA), using 5 mL toluene containing 0.44% w/v 2,5-diphenyloxazole, 0.02 w/v% 

l,4-di[2-(5-phenyl)oxazoyl]benzene and 10%v/v ethanol. The radiolabeled products of 

arachidonic acid were identified with unlabeled authentic standards, which were detected with 

anisaldehyde reagent (102). Instead of TxA2 and prostacyclin, we determined their stable 

metabolites (TxB2 and 6-keto-PGF]a). TxA2 spontaneously hydrolyzes (t1/2 = 30 s) to TxB2 (9), 

and prostacyclin spontaneously hydrolyzes (t!/2 = 10 min) to 6-keto-PGFia (10).

For the separation of lipoxygenase products of the arachidonate cascade, high- 

performance liquid chromatography (ISCO 2350, USA) was applied with a reversed phase 

column (4.6 x 250 mm), connected to a guard column (4.6 x 25 mm), both packed with 

Nucleosil C18 (5 pm particles). The eluent consisted of acetonitrile : water (700:300), and 

phosphoric acid was added to adjust the pH to 4. Lipoxygenase products were monitored at 

235 nm with a Hewlett-Packard 1050 UV detector and their amounts were measured with a 

liquid scintillation counter.

2.10. Platelet aggregation

In our experiments which dealt with the effect of PACAP on the platelet arachidonate 

casacade, we studied the effects of PACAP on thrombin-induced and on arachidonic acid- 

induced platelet aggregation to determine whether the effects of PACAP on the arachidonate 

cascade of platelets have any biological consequences on the platelet functions.
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Platelet aggregation was monitored in a modified Born aggregometer (103). Changes 

in light transmission of washed platelet suspensions were recorded continuously at 620 nm with 

a photometer (Spektromom-401, MOM, Hungary). The cylindrical silicone-coated glass cell (8 

mm in diameter) was stirred with a teflon-coated magnetic stirrer and was thermostated at 37 

°C. Light transmission was adjusted to 100% with Medium 199 solution and to 0% with the 

washed platelet suspension. The cell count was 109 cells/mL in the platelet suspension used to 

determine platelet aggregation. All concentrations of PACAP were tested on the same platelet 

suspension in each series of experiments.

Washed platelet suspensions were incubated for 1 min at 37 °C to equilibrate the 

temperature, and different concentrations (10'10-10'6 mol/L) of PACAP or the solvent (0.9% 

NaCl solution) of PACAP alone (as control) were added in the same volume (6.7 pL) to the 

platelet suspension (0.6 mL). The mixture was incubated for 3 min. at 37 °C, and thrombin or 

arachidonic acid was then added as aggregating agent in about EC?o- The EC?0s of thrombin 

and arachidonic acid were determined for every individual washed platelet suspension isolated 

from different rats. The EC5oS of arachidonic acid and thrombin were 7.95±0.24xl0":' mol/L 

and 0.14±0.01 U/mL respectively, so 2.91±0.09 pL arachidonic acid stock solution (5 mg/mL) 

or 1.66±0.14 pi thrombin stock solution (50 U/mL) was added to each platelet suspension to 

reach the EC50 in the mixture. The effect of PACAP on platelet aggregation was caculated as a 

percentage of the control aggregation.

2.11. Bioassay of the vasoactive metabolites of cerebral endothelial ceils

Mongrel dogs of either sex weighing 9-15 kg were anesthetized with sodium 

pentobarbital (30 mg/kg i.v.) and heparinized (1000 Ш/kg i.v.). The heart was excised and 

placed into Krebs-Henseleit solution of the following composition (in mmol/L): NaCl 120, KC1 

4.2, CaCL 1.5, NaHCO? 20, MgCL 1.2, KTLPCL L2 and glucose 11. Rings (1.1-1.9 mm o.d., 

5 mm width) from the circumflex branches of the left coronary artery were isolated. The 

endothelium was removed by gently rubbing the endothelial surface with a stainless steel wire 

covered with a cotton swab. Rings were mounted in water-jacketed baths containing 2 mL 

Krebs-Henseleit solution bubbled with 95% CL + 5% CCL gas mixture at 37 °C. The 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
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was readjusted to 10 mN during equilibration. The arterial rings were exposed to 25 pmol/L 

PGF2a and, at the maximal amplitude of contraction, 1 pmol/L acetylcholine was applied. Only 

those arterial preparations were used for the experiments that responded with contraction after 

addition of the endothelium-dependent vasodilator acetylcholine. This protocol served as 

evidence of functionally deendothelialized arterial preparations. Confluent monolayers of 

cultured rat brain endothelial cells were suspended in Krebs-Henseleit solution, resulting in 

5xl06 cells/mL and 5xl05 cells/mL. The cell suspensions were divided into two parts: one was 

treated with solvents (control), and the other either with 100 pmol/L N“-nitro-L-arginine or 

with 10 pmol/L indomethacin for 30 min at 37 °C. The final concentration of indomethacin at 

the highest cell number in the organ bath was 0.3 pmol/L. When the PGF2a-induced 

contraction of the coronary rings had reached the steady-state amplitude, the control or treated 

endothelial suspensions were added cumulatively.

3. Results

3.1. The effects of SP on the arachidonate cascade of rat platelets

The lipoxygenase pathway is characterized by the synthesis of 12-HETE. SP (10'u, 10'9 

and 10'8 mol/L) significantly increased the synthesis of 12-HETE (Table 1).

10‘12 mol/L SP inhibited, whereas 10'9 mol/L SP activated the COX pathway (Table 1). 

The dose-response curve of TxA2 to SP exhibited a similar pattern to that detected for the 

COX pathway. The synthesis of HHT was also inhibited by SP at 10'12 mol/L. The dose- 

response curve of PGF2a to SP exhibited a similar pattern to that detected for TxA2 formation, 

but the inhibition at 10'12 mol/L was not significant. Among the vasodilator COX metabolites 

(PGD2, PGE2 and prostacyclin), only the synthesis of PGE2 was significantly influenced by SP. 

The production of PGE2was elevated by 10'9 mol/L SP (Table 1).

SP increased the total metabolite formation in the arachidonate cascade of washed rat 

platelets at 10'9 and 10"8 mol/L (Table 1).

Statistical analysis. Analysis of variance was performed, followed by the Duncan 

multiple comparison post hoc test.
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Table 1
The effect of SP on the arachidonate cascade of rat platelets

КГ13 10‘12 ion Ю-i ° 1СГ9 10'8 10‘7control

PGFla 350+31 278+55 326+28 325+47 404+66 463+63 469+48 436+51

PGF2a 789+49 698+24 527+76 676+75 801+81 1338+140* 734+80 849+59

PGE2 688+40 506+101 741+102 962+158 788+105 1299+158* 694+119 689+154

PGD2 1399+137 964+152 1128+228 1191+151 1580+137 1201+221 1172+174 1007+158

TxB2 2410+195 1976+375 1224+106* 2087+244 2162+264 3142+523* 2080+247 2167+189

HHT 1951+134 1553+185 1309+102* 1523+185 1650+177 2081+126 1718+94 1619+147

COX 7180+352 5707+743 5310+419* 6711+387 7386+515 9524+497* 6867+482 6507+465
12-HETE 45706 

±5079
49902
±7341

60228*
±6033

65738*
±5108

53106
±8537

50958
±3596

68560*
±8268

59257
±6706

Total 52887
±5331

55609
±7693

55476
±8848

75261*
±4977

75427*
±8819

66939
±6177

58371
±3573

65763
±6979

6 6 6 6 6 6 6 6n

In the head line of the Table the different concentrations of SP in mol/L are listed, n means the numbers of 
experiments performed. Data are the mean values ± S.E. in DPM. *p<0.05, compared to control. Abbr.: PGFlcx: 
6-kelo-PGFia, COX: the total amount of the cyclooxygenase metabolites, Total: total amount of eicosanoids 
synthesized by platelets (Total = COX + 12-HETE).

3.2. The effects of PACAP on the arachidonate cascade of rat platelets and on the 

platelet aggregation

The lipoxygenase pathway was characterized by the synthesis of 12-HETE, which was 

not modified by PACAP (Table 2). The COX pathway was inhibited by 10"7 and 10"6 mol/L 

PACAP. The synthesis of TxA2 was significantly inhibited by 10'7 and 10'6 mol/L PACAP 

(Figure 4A). The synthesis of HHT displayed an analogous dose-response curve, with the 

strongest inhibitory effect at peptide concentrations of 10“7 and 10"6 mol/L. The syntheses of the 

other COX metabolites (PGD2, PGE2 and PGF2a.) were not influenced significantly by PACAP 

(Table 2).

When the platelets were pretreated with PACAP(6-38) (1СГ6 mol/L), a potent PACAP 

receptor antagonist, or with H-89 (10 pmol/L), a membrane-permeable selective inhibitor of 

protein kinase A, the effects of PACAP on the arachidonate cascade of rat platelets were 

diminished (Table 3).



Table 2
The effect of PACAP on the arachidonate cascade of rat platelets

control 10'14 to13 10'12 to11 -10 IO-9 10'8 to-7 10‘610

PGF2a 1577 1183 1473 1368 1369 1503 1766 1243 1644 2104
±65 ±117 ±187 ±134 ±100 ±196 ±500 ±136 ±145 ±362

PGE2 2309 1921 1985 2396 2146 2230 2813 2538 2350 2777
±125 ±158 ±59 ±154 ±172 ±275 ±483 ±342 ±271 ±368

PGD2 3727 3274 3190 3277 3516 3605 3522 3380 3634 3712
±265 ±261±143 ±215 ±204 ±299 ±396 ±296 ±333 ±200

TxB2 14271 1470115488
±425

14105 14696
±590

14515 14489 13172 11037*
±673 ±565

9954*
±514±678 ±691 ±477 ±703 ±861

HHT 5806 5246 4536 4519 4507 4557 4115 3234*4445 3594*
±429 ±731 ±467 ±248 ±323 ±456 ±489 ±350 ±410 ±224

COX 28907
±737

25895
±1154

25885
±653

25665 26236
±877

26480
±1512

26706
±1874

24779 21900*
±855

22142*
±639 ±991 ±671

HETE 105286
±6567

87785
±8374

89199
±4832

95413
±4159

95289
±4649

91849
±4172

94866
±8290

95532
±4414

86718
±5016

92151
±2531

20 8 8 14 13 9 8 7 8 7n

In the head line of the Table the different concentrations of PACAP in mol/L are listed, n means the numbers of 
experiments performed. Data are the mean values ± S.E. in DPM. *p<0.05. compared to control. Abb?-.: COX: 
the total amount of the cyclooxygenase metabolites, HETE: 12-HETE.

Table 3
The effect of PACAP at the presence of the protein kinase A inhibitor, H-89 (10p.M) and the 
PACAP receptor antagonist, PACAP 6-38 (106 M) on the arachidonate cascade of rat platelets

КГ 10‘7±H89 КГ+Р6-38 КГ6 10‘6±H89 106+P6-38control H-89 P6-38

PGF2a 1577±65 1719±79 1418±26 1644±145 1813±102 1498±78 2104±362 1819±65 1434±93

PGE2 2309±125 2345±102 2207±70 2350±271 2412±166 2358±65 2777+368 2553±145 2320±115

PGD2 3727±143 390Ш77 3433±241 3634±333 3983±193 3340±300 3712±200 3894±186 3304±271

HHT 5806±429 5672±280 5906±529 3234±410* 5799±407 5691±842 3594±224* 5942±456 5719±614

TxB2 15488 15539 15652 11037* 16387 14869 9954* 14954 14625
±425 ±699 ±750 ±565 ±519 ±865 ±514 ±641 ±810

COX 28907 
±737

29175 28616 21900* 30395 
±974 ±1290 ±855 ±499

27757
±2013

22142* 29162 
±671 ±928

27402
±1527

HETE 105286 110470 104182 86718 116859 107481
±6567 ±9424 ±4504 ±5016 ±3419 ±9458

92151 107277 116103 
±2531 ±7667 ±7713

20 6 6 8 7 6 7 7 6n

In the head line of the Table the different concentrations of PACAP in mol/L are listed.;? means the numbers of 
experiments performed. Data are the mean values ± S.E. in DPM. *p<0.05, compared to control. Abb?-.: COX: 
the total amount of the cyclooxygenase metabolites, HETE: 12-HETE.
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РАС AP inhibits both the arachidonic acid-induced (10'9-106 mol/L) and the thrombin- 

induced platelet aggregation (10'7 and 10'6 mol/L) (Figure 4B). PACAP was more effective in 

inhibiting arachidonic acid-induced platelet aggregation; there were significant differences 

between the corresponding groups of arachidonic acid-induced and thrombin-induced platelet 

aggregation at 1 O'8-1 O'6 mol/L PACAP (Figure 4B).
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Figure 4
The effect of PACAP on the thromboxane synthesis of rat platelets (A) and on platelet 

aggregation induced by thrombin and arachidonic acid (B)
Bars represent the mean±S.E. In Panel A significant differences compared to control are indicated by * 
(p<0.05). In Panel В significant differences compared to appropriate control are indicated by * (arachidonic 
acid-induced aggregation) or ■ (thrombin-induced aggregation) (p<0.05), significant differences between the 
corresponding groups of thrombin-induced and arachidonic acid-induced platelet aggregation are indicated by # 
(p<0.05). The numbers in the bars indicate the numbers of experiments performed (in aggregation study the 
numbers of the control experiments of the thrombin-induced and the arachidonic acid-induced aggregation 
were 14 and 26 respectively).

Statistical analysis. Analysis of variance followed by the Bonferroni multiple 

comparison post hoc test was used to determine the significance of differences between the
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corresponding mean values. The independent sample /-test was used to determine the 

significance of differences between the corresponding groups of thrombin-induced and 

arachidonic acid-induced platelet aggregation.

3.3. The effects of PACAP and VIP on the prostanoid synthesis of cerebral microvessels
PACAP (10'° mol/L) significantly reduced the sum of the synthesized COX products of 

isolated rat brain microvessels (Table 4). The syntheses of each of the metabolites displayed 

analogous dose-response curves, with the strongest inhibitory effect at peptide concentrations 

of 10'6 and 10'7 mol/L. Statistically significant differences were found in the synthesis of PGD2 

at 10'7 and 10'° mol/L PACAP, and in the synthesis of TxA2 at 10'6 mol/L PACAP. The 

syntheses of the other prostanoids were also inhibited by PACAP, but the differences were not 

significant (Table 4).

Table 4
The effect of PACAP on the prostanoid synthesis of rat brain micro vessels

10'12 10‘n to-10 10'9 to-8 10'7 10'6control

PGFla 789±38 758+33 729+30 748+36 746+35 823+72 705+51 711+30
PGF2cc 747+34 762+44 688+28 694+37 695+24 744+59 661+27 659+24
PGE2 970+59 980+87 906+54 908+77 1001+106 967+75 886+79 843+34
PGD2 1231+76 1081+65 1011+50 1014+60 964+52 927+60 906+31* 848+26*
TxB2
COX

787+28 795+31 751+27 768+30 725+25 734+72 660+38 634+19*
4524+153 4376+179 4084+85 4132+132 4131+199 4195+241 3819+178 3696+77*

24 10 11 10 11 8 8 9n

In the head line of the Table the different concentrations of PACAP in mol/L are listed, n means the numbers of 
experiments performed. Data are the mean values ± S.E. in DPM. *p<0.05. compared to control. Abbr.: PGFla: 
6-keto-PGFia, COX: the total amount of the cyclooxygenase metabolites.

VIP exerted a mild inhibitory effect on the prostanoid production of the brain 

microvessels, but this effect was not significant at any of the applied concentrations of the 

peptide (Table 5).

The pretreatment with H-89 (10 pmol/L), a selective inhibitor of protein kinase A, 

diminished the inhibitory effects of PACAP on the prostanoid production of the brain 

microvessels (Table 6).



Table 5
The effect of VIP on the prostanoid synthesis of rat brain microvessels

to-12 -11 -10 10'9 10'8 to-7 ltr6control 10 10
PGFla 789+38 809±61 821±53 740±49 757±56 703+11 684+14 685+16
PGF2a 747+34 776+59 822+51 692+25 669+17 682+11 744+57 688+22
PGE2 970+59 942+101 958+106 839+29 870+15 812+33 817+38 819+37
PGD2 1231+76 1109+103 1298+71 1175+43 1114+64 1174+81 1214+118 1227+94
TxB2 787+28 843+86 882+54 736+13 802+70 720+18 757+27 757+30
COX 4525+153 4479+357 4780+252 4182+50 4212+114 4091+103 4216+146 4176+118

24 9 9 8 8 8 8 8n

In the head line of the Table the different concentrations of VIP in mol/L are listed, n means the numbers of 
experiments performed. Data are the mean values ± S.E. in DPM. *p<0.05, compared to control. Abbr.: PGF!a: 
6-keto-PGFia, COX: the total amount of the cyclooxygenase metabolites.

Table 6
The effect of PACAP at the presence of the protein kinase A inhibitor, H-89 on the prostanoid 
synthesis of rat brain microvessels

10'7 10‘7+H-89 10'6 10‘6+H-89control H-89

PGFla 789+38 971+58 705+51 863+28 711+30 947+61
PGF2cx 747+34 851+36 661+27 861+47 659+24 886+73
PGE2 970+59 1187+78 886+79 998+45 843+34 1083+22
PGD2 1231+76 1317+80 906+31* 1286+57 848+26* 1338+118
TxB2 787+28 840+44 660+38 821+66 634+19* 862+47
COX 4524+53 5167+166 3819+178 4829+151 3696+77* 5116+152

n

In the head line of the Table the different concentrations of VIP in mol/L are listed, n means the numbers of 
experiments performed. The concentration of H-89 was 10 pmol/L. Data are the mean values ± S.E. in DPM. 
*p<0.05, compared to control. Abbr.: PGFla: 6-keto-PGF]a, COX: the total amount of the cyclooxygenase 
metabolites.
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Statistical analysis. Analysis of variance followed by the Bonferroni multiple 

comparison post hoc test was used to determine the significance of differences between the 

corresponding mean values.

3.4. The effects of hypoxia-reperfusion and hyperoxia on the brain cortical blood flow 

and on the arachidonate cascade of brain arteries and microvessels of newborn pigs

We measured the cortical blood flow before the asphyxia and 1, 2, 3 and 4 hours after 

the asphyxia (Figure 5). The cortical blood flow before the asphyxia was regarded as 100%. In 

the room air-ventilated groop the cortical blood flow was 74±20%, 55±19%, 38±24% and 

34±22%, respectively. In the pure oxygen-ventilated groop the cortical blood flow was 

81±22%, 54±16%, 45±12% and 32±17%, respectively. There were not significant differences 

between the groups.
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Figure 5
The effect of asphyxia on the heart rate, cerebral blood flow and blood pressure of a piglet

This picture shows the heart rate (beats/min.), the cerebral blood flow (perfusion unit) and the blood pressure 
(Hgmm) of a piglet before asphyxia, during asphyxia (10 min.) and during the first hour after asphyxia. The 
picture show's ten minutes period from the 2nd.. 3rd. and 4th. hour after Ihe asphyxia, as well. Abbr.: HR: heart 
rate, CBF: cerebral blood flow, BP: blood pressure.
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Prostanoid synthesis of cerebral microvessels (A) and cerebral arteries (B) of asphyxiated 

piglets ventilated with either room air or 100% oxygen
Bars represent the mean±S.E. in DPM/300 mg wet weight brain (A) or DPM/20 mg wet weight artery (B). 
Panel A: open bars, control group (n=8); dotted bars, room air-ventilated group (n=7); hatched bars, 100% 
oxygen- ventilated group (n=6). Panel B: open bars, control group (n=5); dotted bars, room air-ventilated group 
(n=6); hatched bars, 100% oxygen- ventilated group (n=6). Significant differences are indicated by * (p<0.05) 
compared to control and by # (p<0.05) compared to room air-ventilated group.
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Asphyxia increased the syntheses of PGD2, PGE2, prostacyclin and PGF2a in the 

cerebral microvessels, while the synthesis of TxA2 decreased (Figure 6A). These changes were 

slight and not significant. In the cerebral arteries, asphyxia slightly attenuated the formation of 

PGD2, PGE2 and PGF2a while the synthesis of prostacyclin slightly increased (Figure 6B). The 

synthesis of TxA2 did not change (Figure 6B).

When the piglets were ventilated with pure oxygen after the asphyxia, the syntheses of 

PGD2, prostacyclin, PGF2a and TxA2 in the cerebral microvessels increased considerably, while 

the formation of PGE2 was not altered significantly (Figure 6A). In the cerebral arteries, 

oxygen ventilation significantly elevated the syntheses of PGD2, PGE2 and prostacyclin as 

compared to the room air-ventilated group (Figure 6B). Oxygen ventilation did not influence 

the PGF2a and TxA2 production of the cerebral arteries (Figure 6B).

3.5. Vasoactivity and prostanoid profde of three different cnltured rat cerebral 

endothelial cell lines

In the first part of the experiments, the vasoactive action of endothelial cell culture 

suspensions was determined on isolated dog coronary artery precontracted with PGF2a. The 

primary cells decreased the vascular tone, which correlated with the cell number (Figure 7). 

RBE4 cells caused a small but not significant contraction (Figure 7). The enhancement of the 

arterial tone by these cells showed no cell-response relationship in the interval 0.2-6.2x10^ 

cells/mL, with an average contraction of 15-18 %. GP8 cells, like the primary cells, markedly 

decreased the tone of precontracted arterial rings (Figure 7), this depending on the number of 

cells.

In the second part of the bioassay experiments, the possible involvement of nitric oxide 

as an endothelium-dependent vasodilator in the changes of coronary tone was investigated. 

After a 30-min incubation of primary endothelial cells with the inhibitor of nitric oxide 

synthesis, N0)-nitro-L-arginine, the rat brain endothelial cell-induced vasorelaxation was 

decreased (Figure 7). In contrast, no significant change in the vasoactivities of the two 

immortalized cell lines was achieved with N“-nitro-L-arginme (Figure 7). This suggests the 

absence or a very low level of basal nitric oxide production by constitutive endothelial nitric 

oxide synthase in the immortalized cell lines.
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Figure 7
Effect of primary rat brain endothelial cells and two immortalized cell lines, RBE4 and GP8, on the tone of endothelium denuded coronary artery

isolated from dogs after the steady-state contraction by prostaglandin F2a
Each value represents the mean ± S.E. (primary cells n=l-3, RBE4 cells n=6, GP8 cells n=6). (---- ) control condition; (---- ) pretreatment of the cells with 100 pM N“-
nitro-L-arginine; ( ) pretreatment of the cells with 10 pM indomethacin. Significant differences between the control and Nm-nitro-L-arginine treated cells are: *p<0.05,
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In the third series of bioassay experiments, the cells were pretreated with the COX 

inhibitor indomethacin, in order to assess the role of PGs in the vasoactive potency of the 

cerebral microvascular endothelium. The largest concentration of indomethacin (0.3 pmol/L) 

caused a small but significant increase of the acceptor vascular tone (from zero to +9.6 ± 

1.4%). This increase reflects the known basal release of vasodilator PGs from the smooth 

muscle of the acceptor coronary artery (104). Indomethacin did not influence the contraction 

induced by the RBE4 cells, but turned the primary rat brain endothelial cell and GP8 cell- 

induced vasorelaxation into contraction (Figure 7). These results suggest higher activities of 

COX in primary rat bram endothelial cells and GP8 cells.

In the fourth series of the experiments, the prostanoid profiles of cultured rat cerebral 

endothelial cells were determined. Each type of rat brain endothelial cells was found to be 

capable of synthesizing PGs (Table 7).

Table 7
The profile of eicosanoid production by primary rat bram endothelial cells, RBE4 and GP8 
immortalized cell lines.

primary RBEC RBE4 GP8

% % %DPM DPM DPM

8,12 16,64 8,48PGFla

PGE2

427 ± 67 481 ± 12 635 ± 17
i+28,51 9,38 42,56271+41*1500 + 17 3186 + 41

PGD2

PGF2a

TxB2

13,95

11,90

12,73

25,43

5,45734 ± 15 368 ± 16 408 ± 73

9,50626 ± 84 735 +74 711 ± 15

1476 ±14* 

1086 + 31 

7486 + 91**

22,16 24,39 19,721166 + 28 705 ± 74

HHT 16,90

100.00

11,70

100.00

14,51

100,00

889 ± 13 338 + 12

TOTAL 5261 ±60 2890 + 33*

6 6 6n

Data are the mean values ± S.E. in DPM/ 3xl05 cells/ 30 min and in percent of the total production. Significant 
difference between primary rat brain endothelial cells and RBE4 is indicated by * (p<0.05), between primary 
rat brain endothelial cells and GP8 by * (p<0.05) and between RBE4 and GP8 by * (p<0.05). Abbr.: PGF]a: 6- 
keto-prostaglandin F]a, TOTAL: amount of all prostanoids measured.

Significant differences in total COX metabolite release were found, the extent of 

synthesis increasing in the seqence: RBE4 < primary cells < GP8 cell line. The predominant 

vasodilator substance both in the primary cells and in the GP8 cell line was PGE2, which
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accounted for 28.51 and 42.56% of the total eicosanoid production, respectively. PGE2 release 

(9.38% of the total) from the RBE4 cells was significantly less than that from the other cells, 

and the main metabolites formed by the RBE4 cells were PGF2a and TxA2 (25.43 and 24.39%, 

respectively). While the primary and GP8 cells released more than 3 times more PGE2 than 

prostacyclin, the ratio of PGE2: prostacyclin produced by the RBE4 cell line was approximately

1:2.

Statistical analysis. Enhancement or reduction of the arterial tone was calculated as the 

percentage of maximum increase (+) or decrease (-) of the contractile force as compared to the 

pre-drug values. Analysis of variance followed by Newman-Keuls multiple range test or by the 

Tukey-B multiple comparison post hoc test was used to determine the significance of 

differences between the corresponding mean values.

3,6. The effects of captopril on the arachidonate cascade of platelets

In the first series of our experiments, the eicosanoid synthesis of platelets isolated from 

SHR (lower or higher blood pressure) and from Wistar rats was investigated. The total 

eicosanoid production was the highest in platelets of SHR with lower blood pressure (Table 8). 

Table 8
The eicosanoid synthesis of platelets of Wistar and Okamoto spontaneously hypertensive rats 
with either lower or higher blood pressure

Wistar rats SHR with lower blood pressure SHR with higher blood pressure

PGFla
PGF2a
PGE2
pgd2
TxB2
HHT

1190+120 1050±50 1030F60
2450+320 1880+170 1600+160*

1870+110*2010+140 1370F90*
2840±110 2530F180 2290F120*
12000+510 11370+880 10080+240*

3430+150**4790+400 4550+240
COX 25270F1090 22550+1250 20300F530*

12-HETE 729800+4510 97550+7780* 90850+3990*

Total 98260+5260 120110±8490* 111110+4370
9 9 9n

Data are the mean values ± S.E. in DPM. n means the numbers of experiments performed. Statistically 
significant (p<0.05) differences are indicated * compared to Wistar animals and * compared to SHR with lower 
blood pressure. Abbr.: PGFla: 6-keto-PGFla, COX: the total amount of the cyclooxygenase metabolites. Total: 
total amount of eicosanoids synthesized by platelets (Total = COX + 12-ITETE).
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The lipoxygenase pathway of the arachidonate cascade was significantly more active in 

the platelets of SHR, independently of the blood pressure, than in those of Wistar animals. On 

the other hand, the COX pathway was significantly decreased only in the platelets of SHR with 

higher blood pressure. (Table 8). As concerns the COX metabolites of platelets isolated from 

SHR with lower blood pressure, only the synthesis of PGE2 was significantly lower than that of 

the Wistar or the SHR animals with higher blood pressure (Table 8). On the other hand, 

platelets isolated from SHR with higher blood pressure synthesized significantly less PGF2<x, 

PGD2, TxA2 and HHT than did those of Wistar rats. The synthesis of HHT in the platelets of 

SHR with higher blood pressure was also significantly attenuated as compared with SHR with 

lower blood pressure (Table 8).

In the second part of our experiments, the effects of captopril on the eicosanoid 

synthesis of platelets isolated from SHR (lower or higher blood pressure) were investigated. 

Captopril in the concentration range applied did not significantly modify the total amount of 

eicosanoids synthesized by platelets of SHR with lower blood pressure (Table 9).

Table 9
The effect of captopril on the arachidonate cascade of platelets of Okamoto spontaneously 
hypertensive rats with lower blood pressure

1012 to41 10'10 to-9 10'8control

pgf1(X

PGF2a
PGE2
pgd2
TxB2

1050+50 960+70 1030+70 740+30* 780+40* 650+40*
1880+170 2080+190 2530+110* 1790+120 1620+110 1380+110*
1370+90 1410+120 1530+120 2020+210* 2200+180* 1860+220

2530+180 2890+190 2620+130 2670+230 3270+240* 3470+260*
11370+880 9450+230* 9390+450* 8320+460* 8930+630* 8640+490*

HHT 4550+240 4280+250 3750+190* 3590+170* 4040+190 3130+110*
COX 22550+1250 21080+530 20860+730 19130+830* 20850+870 19130+870*

12-HETE 97550+7780 91130+6610 97950+3130 89710+2500 99790+2920 98560+3400
Total 120110+490 112210+6890 118800+3010 108840+2440 120640+3290 117700+3270

9 9 9 99 9n

Data are the mean values ± S.E. in DPM. n means the numbers of experiments performed. *p<0.05, compared 
to control. Abbr.: PGF)a: 6-keto-PGFla, COX: the total amount of the cyclooxygenase metabolites, Total: total 
amount of eicosanoids synthesized by platelets (Total = COX + 12-HETE).
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The lipoxygenase pathway of the arachidonate cascade did not change, while the COX 

activity was decreased significantly in the presence of 10'10 and 1СГ8 mol/L captopril. Captopril 

significantly stimulated the formation of PGD2 and PGE2, but the production of HHT and 

prostacyclin was significantly attenuated, (Table 9). The synthesis of PGF2a was significantly 

elevated only by lCf11 mol/L and was diminished by 1СГ8 mol/L captopril in the platelets of 

SHR with lower blood pressure. The synthesis of TxB2 was significantly reduced by all doses 

of captopril (Table 9).

Captopril at of 10"9 mol/L stimulated both the lipoxygenase and the COX activity in the 

platelets of SHR with higher blood pressure (Table 10). The generation of the HHT and PGD2 

was stimulated significantly by captopril in SHR with higher blood pressure. On the other 

hand, the formation of TxA2, PGE2 and prostacyclin was not influenced significantly by 

captopril. Low concentrations (10'12-10'n mol/L) of captopril stimulated the formation of 

PGF2a (Table 10).

Statistical analysis. Analysis of variance was performed, followed by Duncan’s 

multiple range post hoc test.

Table 10
The effect of captopril on the arachidonate cascade of platelets of Okamoto spontaneously 
hypertensive rats with higher blood pressure

10'12 icr11 l0-i° 10‘9 icr8control

PGFla

PGF2a

PGE2

pgd2
TxB2

HHT

1030+70 960±60 920+801160+60 1230+100 1130±120

1600±160 2500+200* 2500F230* 2290+380 2200+170 1850±150
1870±110 1790+160 1990+180 1830+1701480+110 1910+120
2290F120 3220±190* 3260F130* 2490±100 3440+320* 3390+200*
10080F240 10810±360 11690F960 10270±970 11580+760 11590±660
3430+150 4320F190* 4570+380* 4460F260* 4430+240* 3570±120

COX 20300F530 23490+630 25150F1530* 22420±1250 24930+1670* 23150F1050
12-HETE 90850+3990 85310+5300 92230±4730 82700±9190 106170±7330* 93990±3100

Total 111110+4370 108790+5090 117380F4820 105120±3350 130770F8550* 117150±3030
99 9 9 9 9n

Data are the mean values ± S.E. in DPM. n means the numbers of experiments performed. *p<0.05, compared 
to control. Abbr.: PGFla: 6-keto-PGFla, COX: the total amount of the cyclooxygenase metabolites. Total: total 
amount of eicosanoids synthesized by platelets (Total = COX + 12-FIETE).
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3.7. The effects of valproate on the arachidonate cascade of platelets

Human platelets. The platelets of VP А-treated patients synthesized less 12-HETE than 

did those of CBZ-treated patients (Table 11). This difference (p=0.06) was close to the 

significance level. The platelet COX activity in the VPA-treated patients was decreased 

significantly. The total metabolite formation in the arachidonate cascade of the platelets of the 

VPA-treated patients was significantly decreased relative to that of the CBZ-treated patients. 

The synthesis of TxA2 was significantly decreased in the platelets of the VPA-treated subjects. 

The synthesis of HHT was also decreased, and this difference (p=0.055) was close to the 

significance level. The syntheses of other COX metabolites (PGF2a, PGD2 and PGE2) were 

likewise decreased in the platelets of the VPA-treated patients, but only that of PGD2 was 

decreased significantly (Table 11). No statistically significant correlations were found between 

the Tx production of the platelets and the plasma VP A concentration (/-0.402), the daily dose 

of VP A (r=0.002), or the duration of VP A treatment (/-0.3).

Table 11
The effect of valproate treatment on the arachidonate cascade of human platelets

PGE2 pgd2 hht COX 12-HETE TotalPGF2k TxB2

control 2715 3347 7864 8723 31763
+2275

54412
+3283

161392
±4203

215804
±6651±221 ±208 ±368 ±874

VPA 2218 2929 5624*
±543

24942*
±2026

6555 42268*
±2970

138885 181154*
±10403 ±11559±143 ±151 ±597

Data are the mean values ± S.E. in DPM. *p<0.05, compared to the control. Abbr.: Control: group of patients 
on stable carbamazepine monotherapy (n=10), VPA: group of patients on stable valproate monotherapy (n=10), 
COX: cyclooxygenase metabolites. Total: sum of arachidonate metabolites (Total= СОХ +12-HETE).

The numbers of the corpuscular elements of the blood (platelets, white blood cells and 

red blood cells), the parameters of the red blood cells (MCH, MCHC and MCV) and the 

hemostatic parameters (plasma level of fibrinogen, bleeding time and coagulation time) were in 

the physiological ranges, and there was no significant difference between the two patient 

groups (data are not presented).

Rat platelets. The formation of arachidonic acid metabolites was significantly 

attenuated in the platelets of rats after VPA administration. VPA inhibited both the COX and
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lipoxygenase pathways. The syntheses of all of the COX metabolites were reduced significantly 

in the platelets of VP А-treated animals as compared to the controls (Table 12).

Statistical analysis. Statistical comparisons were made by the unpaired /-test. 

Associations were measured with the Pearson r correlation coefficient.

Table 12
The effect of valproate treatment on the arachidonate cascade of rat platelets

PGF2oc pge2 pgd2 coxHHT TxB2 LO Total
control 2445 2011 2839 4785 11996 25270

±1094
72984
±4505

98255
±5255±317 ±141 ±111 ±400 ±508

VPA 993* 1471* 2376*
±172

3223*
±255

8286*
±804

17228*
±1270

55566*
±2726

72795*
±2998±75 ±171

Data are the mean values ± S.E. in DPM. Control: group of untreated rats (n=8), VPA: group of valproate 
treated rats (n=8), PG: prostaglandin. HHT: 12L-hydroxy-5,8.10-heptadecatrienoic acid, TxB2: thromboxane 
B2, COX: cyclooxygenase metabolites, LO: lipoxygenase metabolites. Total: sum of arachidonate metabolites 
(Total= COX ±LO). *p<0.05, compared to the control.

3.8. The effects of valproate on the arachidonate cascade of rat cerebral microvessels

The syntheses of the lipoxygenase products were stimulated in the cerebral microvessels 

of VPA-treated rats. On the other hand, the formation of each COX metabolite of the 

microvessels was attenuated in the VPA-treated animals (Table 13).

Statistical analysis. Statistical comparisons were made by the unpaired /-test.

Table 13
The effect of valproate treatment on the arachidonate cascade of rat cerebral microvessels

PGFlK PGF2oc PGEo PGD2 HHT COX 12-HETE TotalTxB2
control 671 650 671 1275 1949 1768 6985 65784 72770

±798 ±1204 ±1234±73 ±73 ±85 ±182 ±278 ±226
VPA 494* 458* 456* 679* 958* 1177* 4222* 75603* 79825*

±83 ±1818 ±1877±18 ±20 ±18 ±36 ±59 ±36

Data are the mean values ± S.E. in DPM. *p<0.05. compared to the control. Abbr. .-Control: group of untreated 
rats (n=8), VPA: group of valproate treated rats (n=8), PGFia: 6-keto-PGFla, COX: cyclooxygenase 
metabolites. Total: sum of arachidonate metabolites (Total= COX ±LO).
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4. Discussion

4.1. The effects of SP on the arachidonate cascade of rat platelets

The results indicate that PGs might participate in some of the vascular effects of SP 

(105, 106). In our experiments, SP in the physiological range of plasma concentration (10'12 

mol/L) decreased the synthesis of vasoconstrictor arachidonate metabolites (TxA2 and PGF2a). 

This suggests that under physiologic conditions the arachidonate cascade of the platelets may 

play some role in the vasodilator effect of SP.

Yong et al. (7) demonstrated a novel cytotoxic effect of the platelets against 

Toxoplasma gondii: the interaction of Toxoplasma gondii with platelets resulted in a marked 

increase in TxA2 production. Damonneville et al. (107) reported that SP induces the cytotoxic 

activity of the platelets against the larvae of Schistosoma mansoni. They found that SP was 

most effective in the range of 10'10-10'8 mol/L. Our findings may present one possible link 

between the results of Yong et al. and Damonneville et al. In our experiments, the formation 

of TxA2 in rat platelets was increased by 30,4% by a higher concentration of SP (1СГ9 mol/L), 

and therefore the SP-induced platelet cytotoxicity against parasites might be mediated by an 

elevated TxA2 synthesis.

Our experiments revealed that 10"n, 10"9 and 10'8 mol/L SP stimulated the lipoxygenase 

pathway of the platelets, resulting in an increased formation of 12-НЕТЕ. 12-HETE and its 

precursor 12-HPETE can activate leukocytes (108-110) and increase the cell surface 

expression of mtegrins, enhance adhesion and induce endothelial cell retraction (111). The 

elevated syntheses of 12-HPETE and 12-HETE in rat platelets induced by SP might be 

involved in the process of neurogenic inflammation.

10"y and 10'8 mol/L SP significantly increased (40%) the total metabolite formation in 

the arachidonate cascade of rat platelets, which suggests that these concentrations of the 

peptide increase the arachidonate liberation from phospholipids via the activation of PLA2 
and/or PLC.

4.2. The effects of PACAP on the arachidonate cascade of rat platelets and on platelet 

aggregation

The first series of our in vitro experiments related to the possible effects of PACAP on 

the arachidonate cascade of isolated rat platelets. 1СГ7 and 1(76 mol/L PACAP significantly
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inhibited the COX pathway, while the lipoxygenase pathway was not affected. The syntheses 

of TxA2 and HHT were considerably inhibited in the presence of PACAP (1СГ7 and 10"6 

mol/L). Pretreatment with a potent PACAP receptor antagonist, PACAP(6-38), diminished the 

effects of PACAP on the arachidonate cascade of rat platelets, which suggests that PACAP 

acts on the platelets through a specific PACAP receptor.

Ichiki et al. (74) found that PACAP increased the intracellular level of cAMP in the 

platelets and the peptide was most effective at concentrations of 10'7 and 10'6 mol/L, as in our 

experiments. We demonstrated that the cell-permeable cAMP-dependent protein kinase A 

inhibitor H-89 attenuated the effects of PACAP on the arachidonate cascade. These findings 

suggest that the inhibitory effects of PACAP on the COX pathway of rat platelets are mediated 

via the increased cAMP synthesis. The mechanism of action of cAMP on the COX pathway of 

the platelets is unknown, but there are data that cAMP inhibits the activity of platelet 

phospholipases (112) responsible for the release of arachidonic acid, which is the precursor of 

COX and lipoxygenase metabolites. This fact might explain our results, although we failed to 

demonstrate an inhibitory effect of PACAP on the lipoxygenase pathway.

In the second part of our experiments, we examined the effects of PACAP on platelet 

aggregation to determine whether the effects of PACAP on the arachidonate cascade of the 

platelets have any biological consequences on the platelet function. We tested two types of 

platelet aggregation: arachidonic acid-induced and thrombin-induced platelet aggregation. 

During arachidonic acid-induced platelet aggregation, exogenous arachidonic acid is converted 

by platelet COX mainly to TxA2, which induces aggregation (36). In the experiments of 

Vargaftig et al. (113), the Tx was undetectable during thrombin-induced aggregation when the 

platelets were stimulated with low doses of thrombin, even though these amounts of thrombin 

did trigger full aggregation. Siess et al. (114) reported that the activation of PLC is dissociated 

from the arachidonate metabolism during shape change induced by thrombin. According to 

these results, thrombin in low amount can be regarded as an arachidonate cascade-independent 

platelet aggregator, while arachidonic acid-induced platelet aggregation requires TxA2 

synthesis via the arachidonate cascade.

In our experiments in the presence of PACAP, both types of platelet aggregation were 

inhibited considerably, but PACAP was more effective in inhibiting arachidonic acid-induced 

platelet aggregation than in inhibiting thrombin-induced aggregation. There were significant
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differences between the corresponding groups of arachidonate cascade-independent, thrombin- 

induced aggregation and arachidonate cascade-dependent, arachidonic acid-induced platelet 

aggregation. This confirms that the effects of PACAP on the platelet function involve the 

arachidonate cascade; besides elevating the intracellular cAMP level (115), PACAP inhibits 

the platelet function via attenuation of the TxA2 synthesis in the platelets.

In the vessels, the antiaggregator and vasodilator actions of prostacyclin released from 

the endothelial cells counteract the proaggregator and vasoconstrictor activities of TxA2 

released from the platelets, and contribute to the maintenance of homeostasis in the circulation. 

Our results indicate that PACAP inhibits TxA2 formation in the platelets and inhibits platelet 

aggregation, which may contribute to the vasodilator activity of the peptide (116-119) and may 

be involved in the regulation of local hemostasis, decreasing the risk of thrombus formation.

4.3. The effects of PACAP and VIP on the prostanoid synthesis of cerebral microvessels

There is a close relationship between PACAP and VIP from the aspects of both 

structure and effect. PACAP acts through the same receptors as VIP (120), which suggests that 

some of the effects traditionally regarded as due to VIP may be caused by PACAP.

Our data showed that 10'7 and 1СГ6 mol/L PACAP significantly inhibited the activity of 

the COX pathway, but VIP had no significant effect on it. The main vasoconstrictor and 

vasodilator COX derivatives of the rat cerebral capillaries are TxA2 and PGD2, respectively. 

PACAP inhibited the syntheses of both TxA2 and PGD2, whereas the formation of eicosanoids 

synthesized in smaller amounts did not change significantly.

In the experiments of Kobayashi et al. (75), PACAP and VIP were reported to be most 

effective in increasing the cAMP synthesis of the brain microvessels at concentrations of 10 

and 10'° mol/L. We found that PACAP was most effective on the arachidonate cascade of the 

brain microvessels at these concentrations, but we failed to demonstrate any significant effect 

of VIP; our results revealed only a mild inhibition of the COX pathway of the brain 

microvessels by VIP. It should be mentioned that, in the experiments of Kobayashi et al. (75), 

the EC5o of VIP was about 7-fold higher than that of PACAP. This fact might explain the 

ineffectiveness of VIP in our experiments.

Kobayashi et al. (75) found that PACAP and VIP increased the intracellular level of 

cAMP in the cerebral microvessels, and in our experiments the cell-permeable selective cAMP-

-7
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dependent protein kinase inhibitor H-89 attenuated the effect of PACAP on the prostanoid 

synthesis. These findings suggest that the inhibitory effect of PACAP on the COX pathway of 

the brain microvessels is mediated via the increased cAMP synthesis. The mechanism of action 

of cAMP on the COX pathway of the cerebral microvessels is unknown, but there are data that 

cAMP inhibits the activity of platelet PLs (112) responsible for the release of arachidonic acid, 

which is the precursor of COX and lipoxygenase metabolites. It has also been demonstrated 

that cAMP inhibits the cytosolic free Ca2' in endothelial cells (121), and, since the arachidonic 

acid cascade is Ca2'-dependent, the increased cAMP level may inhibit this cascade.

In summary, it can be concluded that the COX pathway of rat cerebral microvessels is 

more sensitive to PACAP than to VIP. The inhibitory effect of PACAP on the prostanoid 

synthesis is mediated via a cAMP-dependent pathway. The peptide reduces the formation of 

both vasoconstrictor and vasodilator metabolites, and the peptide might therefore reduce the 

reactivity of the vessels. Besides the vasoregulatory consequences, via the decreased eicosanoid 

synthesis, PACAP might influence the function of the blood-brain barrier (26) as well as 

possibly modifying the functions of the cells surrounding the cerebral micro vessels (25).

4.4. The effects of hypoxia-reperfusion and hyperoxia on the brain cortical blood flow 

and on the arachidonate cascade of brain arteries and microvessels of the piglets

Recent findings have shown that COX-2 is the predominant isoform in piglet brain 

(145). Global cerebral ischemia resulted in elevation of the COX-2 but not the COX-1 protein 

levels (145). The same tendency was observed for both protein mRNAs. In contrast with 

global cerebral ischemia, the COX-2 mRNA and protein levels did not increase after asphyxia 

(145). In consequence of the methods used for the determination of the COX-1 and COX-2 

protein levels, Dégi et al. (145) were not able to investigate the various cell types of the brain 

separately. The question of whether small changes occur in the prostanoid synthesis in the 

cerebral micro vessel and arteries after asphyxia therefore remained to be answered.

Our method involving the use of isolated cerebral microvessels and arteries confirmed 

and extended the findings of Dégi el al. (145). It revealed that, 4 hours after asphyxia, there is 

only minimal if any increase at all in capability for eicosanoid synthesis in the brain capillaries 

and arteries. A possible reason for the absence of detectable changes in PG synthesis could be 

the increase in the systemic level of C02. Vannucci et al. (146) have reported that inhaled C02
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is able to reduce brain damage in neonatal rat pups following hypoxia-ischemia. Since COX-2 

induction in response to hypoxia in endothelial cells is dependent upon activation of the 

transcription factor NF-кВ (147), we speculate that respiratory acidosis or some other attribute 

of asphyxia (e.g. an elevated adenosine level (148)) leads to suppression of this transcription 

factor.

We detected a significant increase in eicosanoid production in the cerebral micro vessels 

and arteries when piglets were ventilated with 100% 02. It has been shown previously that 

superoxide anion is produced in the cortex during asphyxia and reventilation in piglets (149). 

Although there are several sources for superoxide and other free radicals after anoxic stress, all 

of them require 02. An 02 load after asphyxia could enhance free radical production via either 

the mitochondrial or the COX pathway. It seems that the COX pathway is the main source of 

superoxide in the brain of asphyxiated piglet (149) and also in the cerebral endothelial cells 

(150). We can speculate that an enhanced production of superoxide anions or other 02- 

dependent substances might activate transcription factor NF-кВ and lead to an enhanced 

synthesis of COX-2.

There are several consequences of oxygen ventilation after ischemia. First of all, 

significantly elevated synthesis of dilator prostanoids in the cerebral arteries of pure oxygen- 

ventilated group did not improve the cortical perfusion after the hypoxic insult, as indicated by 

laser Doppler flowmetry. In the capillaries, the dominance of dilator components was not 

obvious. Although there is a debate as to whether prostanoids of capillary origin contribute to 

the regulation of the micro vessel tone, an increased activity of COX can lead to an enhanced 

free radical production in the microcirculatory network (69). An elevated free radical 

production can intensify the neurological damage.

4.5. Vasoactivity and prostanoid profile of three different cultured rat cerebral 
endothelial cell lines

We compared the production of vasoactive agents of three different rat cerebral 

endothelial 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 several structural and pharmacological 

characteristics of the blood-brain barrier (95-97). Both cell lines may be useful tools for
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biotechnological and therapeutic applications in the near future (122, 123). A new area of 

application of cerebral endothelial cell lines can be 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 their ability to proliferate in vivo and in vitro (122, 123).

In order to analyse the composition of the paracrine signal derived from primary rat 

brain endothelial cells and from RBE4 and GP8 immortalized rat brain endothelial cell lines in 

the absence of chemical stimulation, a bioassay system was constructed. The effects of 

vasoactive substances released by rat brain endothelial cells were investigated on the isometric 

tone of an endothelium-denuded canine coronary arterial in vitro preparation. The smooth 

muscle of this blood vessel is known to be very sensitive to PGs (124), and also contains an 

active soluble guanylate cyclase for detection of nitric oxide in vitro (125, 126).

The vascular tone was significantly decreased by both primary and GP8 cells, but not 

by RBE4 cells in the bioassay experiments. The endothelial cell-induced vasodilation on the 

precontracted canine coronary artery was turned to vasoconstriction when the primary and 

GP8 endothelial cells were preincubated with indomethacin, which suggests that the 

prostanoids of these cell lines contribute to the observed vasodilator effect. We do not know 

which mediators are responsible for the in vitro contraction of the coronary, but it is known 

that indomethacin could enhance the vasoconstrictor effects of endothelin-1 on porcine piai 

arterioles in vivo (28).

Our findings obtained in the bioassay systems are in accordance with the results of the 

biochemical determination of the prostanoid profiles of the different cell lines. The 

vasorelaxation effect of the primary cells and the GP8 cell line corresponds well to the 

abundance of the vasodilator type of PGs released by primary rat brain endothelial cells and 

GP8 cells in relation to the amount of the vasoconstrictor type of COX metabolites. The 

release of vasoactive eicosanoids from RBE4 was limited, in agreement with the low-profile 

functional effect induced by these cells in bioassay. Cultured brain microvascular endothelium 

was shown to produce less vasodilator PGs than the endothelium of a large blood vessel (127). 

It is interesting that the higher PGE2: prostacyclin ratio found in the primary cells and the GP8 

cell line is similar to that seen in the microvessels, while the predominance of prostacyclin 

measured in the RBE4 cell line resembles the eicosanoid profile of larger blood vessels (128).
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Addition of the nitric oxide synthase inhibitor N“-nitro-L-arginine to the organ bath 

decreased the canine coronary artery vasorelaxation caused by the primary cells, but failed to 

do so in the cases of the RBE4 and GP8 cells. In accordance with these findings, in a previous 

study only the inducible type of nitric oxide synthase was detectable in RBE4 cells (95), and 

our recent preliminary results indicated the expression of mRNA of constitutive, endothelial 

nitric oxide synthase in cultured primary rat brain endothelial cells and the GP8 cell line, which 

was missing in the RBE4 cells (unpublished data, Knzbai et a/.). The ineffectiveness of N“- 

nitro-L-arginine on the GP8 cell line might be explained in that nitric oxide plays only a minor 

role in the observed vasorelaxation as compared to the eicosanoids. We can not exclude the 

ineffective basal release of nitric oxide in GP8 cells, at least up to a concentration of 1.2xl06 

cells in 2 mL. It is possible that this number of endothelial cells released an insufficient amount 

of nitric oxide for the production of relaxation.

We conclude that the eicosanoid profile of the GP8 cell line is closer to that of the 

primary cerebral endothelial cells than that of the RBE4 cells, which was also reflected by the 

results of the bioassay.

4.6. The effects of captopril on the arachidonate cascade of platelets

Research on SHR, first described by Okamoto and Aoki in 1963 (129), has greatly 

advanced our understanding of blood pressure control mechanisms and the pathophysiology of 

hypertension. SHR have been shown to differ in many ways (e.g. structural and functional 

alterations of the cell membrane, and hematological differences, including platelet number and 

function) from their normotensive progenitor control strain (130-132). Schirner and Taube 

(133) reported different effects of acetyl salicylic acid (aspirin) on the blood pressure of SHR 

with high and low blood pressure levels. The action of aspirin points to an important role of 

endogenous prostanoids in the regulation of the blood pressure of SHR.

We found major differences in the eicosanoid synthesis of platelets isolated from SHR 

and that of platelets from Wistar rats. In the present study, the lipoxygenase activity was 

significantly elevated in SHR platelets, while the formation of COX products was significantly 

reduced in the higher blood pressure group of SHR, as compared to normotensive Wistar rats. 

In SHR, the increased synthesis of 12-HETE, a lipoxygenase metabolite that has a 

vasoconstrictor effect (134), might play a role in the development of high blood pressure in
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these animals. Stern et a/. (135) likewise reported an increased 12-lipoxygenase activity in 

SHR, which may contribute to the maintenance of elevated arterial blood pressure in this 

strain. The decreased synthesis of HHT, a COX metabolite which is a potent endogenous 

inducer of prostacyclin synthesis in the vascular endothelial cells (136), may also contribute to 

the elevation of blood pressure. These data lead us to conclude that the arachidonate cascade 

of SHR animals differs from that of genetically healthy Wistar rats, and that the eicosanoid 

synthesis in SHR may contribute to the development of hypertension in this strain. There are 

also differences in arachidonic acid metabolism between SHR animals with lower or higher 

blood pressure.

Previous findings from our laboratory (137) showed that captopril elevated the 

syntheses of 12-HETE and HHT by platelets isolated from normotensive Wistar rats. In our 

present in vitro experiments, captopril induced different changes in the arachidonate 

metabolism of the platelets, depending on the blood pressure of the SHR. Captopril 

significantly reduced the synthesis of Tx in the platelets of SHR with lower blood pressure, 

while there was no difference in Tx generation in the platelets of SHR with higher blood 

pressure. Captopril, however, increased the production of HHT, an endogenous stimulator of 

endothelial prostacyclin synthesis (136), in the platelets of SHR with higher blood pressure. 

The increased amount of prostacyclin synthesized in this way might inhibit platelet aggregation 

and induce vasodilation, thereby countering the elevation of blood pressure. The synthesis of 

COX metabolites by platelets isolated from SHR with higher blood pressure was altered by 

captopril so that it resembled that of normotensive Wistar rats.

Captopril-elicited changes in the eicosanoid synthesis of SHR platelets might be an 

additional mechanism involved in the antihypertensive and antiaggregating effect (138) of the 

drug. It can be assumed that these effects of captopril on the arachidonate cascade of platelets 

are not related to the ACE inhibitory effect, because the incubation mixture did not contain 

proteins, angiotensins, bradykinin or other cells which could have contained ACE.

4.7. The effects of valproate on the arachidonate cascade of platelets

VPA is an effective, widely-used antiepileptic drug, but there have been a number of 

reports that VPA treatment causes alterations in hemostasis, and it is believed by some 

researchers to increase surgical bleeding (84, 85). The most frequently noted cause of these
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hemostatic abnormalities is thrombocytopenia. Additionally, VPA treatment is known to cause 

a platelet dysfunction (87). One of the most important elements in the regulation of the platelet 

functions is the arachidonate cascade of the platelets.

Our data demonstrated that the applied VPA treatment reduced the activity of the 

arachidonate cascade in human and rat platelets.

TxA2 is functionally the most important product of the platelet arachidonate cascade, 

and its synthesis was inhibited by VPA. The Tx synthesis of the platelets is accompanied by the 

parallel production of HHT and MDA (36). Our results are in agreement with the findings of 

Voss et al. (139), who demonstrated a decreased MDA production in patients on VPA 

therapy.

Different types of platelet activator substances (collagen, ADP, thrombin, arachidonic 

acid and ristocetin) are used to test the platelet function. Thrombin induces an arachidonate 

cascade-independent, while arachidonic acid elicits an arachidonate cascade-dependent platelet 

activation and aggregation (113). Gidai et al. (87) reported a decreased arachidonic acid- 

induced platelet activation (the platelet ATP release was measured) and aggregation in VPA- 

treated subjects, but they did not observe differences in thrombin-induced platelet activation as 

compared to their control group. The results of Gidai et al. (87) demonstrated that the VPA- 

induced platelet dysfunctions involve alterations in the arachidonate cascade. We found a lower 

activity of the AA cascade and a decreased production of TxA2 in the platelets of patients on 

VPA therapy, which lends support to the findings of Gidai et al. (87).

In contrast with Gidai et al. (87), who reported dose-related effects of VPA on the 

platelet functions, we did not find correlations between the Tx synthesis of the platelets and the 

plasma concentration or the applied dose of VPA, which may suggest idiosyncratic action of 

the drug. However, it is possible that the reason for the lack of an apparent concentration- 

effect relationship could be the low mean plasma VPA concentrations. The mean plasma 

concentration of the drug (36.04T16.12 pg/mL) was lower than the usual therapeutic range 

(55-100 pg/mL), but the patients were seizure-free according to the clinical symptoms and 

EEG signs.

The mechanism of action of VPA on the platelet arachidonate cascade has not yet been 

elucidated. VPA may possibly cause alterations in the membrane phospholipids of the platelets, 

as in the erythrocytes (140), or reduce the Ca2' current in the platelets as in the neurons (141),
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modifying the intracellular Ca2" level, which plays an important role in the activation of the 

arachidonate cascade of the platelets. However, Kusumi et al. (142) reported that VPA did not 

alter the Ca2+ concentration in the platelets.

There is controversy as to whether VPA induces an increased bleeding tendency or not 

(84, 85, 143). Our data revealed that a low dose of VPA inhibits the Tx production of the 

platelets, which may lead to a decreased platelet activation and aggregation. Our results draw 

attention to the possibility of the administration to patients on VPA therapy of other drugs with 

inhibitory effects on the platelet function, thereby increasing the risk of bleeding.

4.8. The effects of valproate on the arachidonate cascade of rat cerebral microvessels

Sobaniec-Lotowska and Sobamec (88) found ultrastructural changes in the brain 

microvessels and neuroglial cells in VPA-treated rats. On the basis of these results, the present 

ex vivo experiments were designed to investigate the effects of VPA on the arachidomc acid 

cascade of rat cerebral micro vessels.

In contrast with the platelets, the formation of the arachidonic acid metabolites was 

significantly increased in the brain capillaries of VPA-treated rats. The synthesis of arachidonic 

acid metabolites was shifted more toward the lipoxygenase pathway after VPA treatment. The 

formation of each COX metabolite was attenuated, and the activation of the arachidonic acid 

cascade was therefore a result of the significantly stimulated lipoxygenase pathway. How can 

these results be explained? In high concentrations, 12-HETE has been reported to inhibit 

vascular prostanoid production (49). Our ex vivo experiments allow us to conclude that the 

VPA treatment-stimulated synthesis of lipoxygenase eicosanoids and the inhibition of the 

prostanoid production in the brain micro vessels may be consequences of the increased 12- 

HETE concentration. 12-HETE might also be incorporated into the membrane phospholipids, 

altering the membrane function and subsequently the permeability of the blood-brain barrier 

(49-51) and may contribute to the morphologic alterations of the capillaries (88) caused by 

VPA treatment.
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5. Summary

The main findings of our experiments:

1) SP modifies the arachidonate cascade of platelets. The arachidonate metabolites of platelets 

may play a role in the vasodilator effect of SP and might contribute to the process of 

neurogenic inflammation.

2) PACAP inhibits the cyclooxygenase pathway and the TxA2 formation of rat platelets, via a 

specific PACAP receptor-activated, cAMP dependent pathway and inhibits platelet 

aggregation. These effects of PACAP may contribute to the vasodilator activity of the 

peptide and may be involved in the regulation of local hemostasis, decreasing the risk of 

thrombus formation.

3) The COX pathway of rat cerebral microvessels is more sensitive to PACAP than to VIP. 

The inhibitory effect of PACAP on the prostanoid synthesis of cerebral microvessels is 

mediated via a cAMP-dependent pathway.

4) Four hours after asphyxia, there is only minimal if any increase at all in the capability for 

eicosanoid synthesis in the brain capillaries and arteries of piglets. On the other hand, when 

piglets are ventilated with 100% 02, a significant increase in eicosanoid production in the 

cerebral micro vessels and arteries can be detected. Inhalation of 100% 02 do not improve 

the cortical perfusion after the hypoxic insult.

5) The primary rat brain endothelial cells and GP8 cells produce predominantly vasorelaxant 

substances, while RBE4 cells do not modify the tone of precontracted arterial rings. The 

immortalized cell lines have no or have a very low level of basal nitric oxide production by 

constitutive endothelial nitric oxide synthase. The eicosanoid profile of the GP8 cell line is 

closer to that of the primary cerebral endothelial cells than that of the RBE4 cells, which 

was also reflected by the results of the bioassay.
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6) The arachidonate cascade of SHR animals differs from that of genetically healthy Wistar 

rats, and that the eicosanoid synthesis in SHR may contribute to the development of 

hypertension in this strain. There are also differences in arachidonic acid metabolism 

between SHR animals with lower or higher blood pressure. Captopril-elicited changes in 

the eicosanoid synthesis of SHR platelets might be an additional mechanism involved in the 

antihypertensive and antiaggregating effect of the drug.

7) VPA treatment reduces the activity of the arachidonate cascade in human and rat platelets. 

VP A effectively inhibits the cyclooxygenase pathway and the synthesis of the strong 

platelet aggregator thromboxane A2, which may contribute to the platelet function 

alterations caused by VPA treatment.

8) VPA treatment stimulates the synthesis of 12-HETE and inhibits the prostanoid production 

in the brain micro vessels. 12-HETE might be incorporated into the membrane 

phospholipids, altering the membrane function and subsequently the permeability of the 

blood-brain barrier and may contribute to the morphologic alterations of the capillaries 

caused by VPA treatment. These changes may play a role in the pathogenesis of “VPA 

encephalopathy”.

Our experiments were designed to investigate the actions of neuropeptides (SP, 

PACAP, VIP), drugs (captopril, VPA) and hypoxia-reperfusion on the arachidonate cascade of 

brain microvessels and/or platelets, and the characteristics of the vasoactivity and prostanoid 

profile of three different cultured rat cerebral endothelial cell lines.

Our results suggest that the altered eicosanoid production of brain microvessels and 

platelets caused by neuropeptides (SP, PACAP, VIP), drugs (captopril, VPA) and hypoxia- 

reperfusion may contribute to the regulation of microcirculation during physiologic and 

pathologic conditions and may contribute to the desirable actions or the side-effects of the 

drugs.

V ‘
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