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The influence of certain arachidonic acid pathway
inhibitors on central nervous system catecholamine level in
rats administered with ethanol

Wplyw wybranych metabolitow kwasu arachidonowego na zawarto$¢ katecholamin w
centralnym ukladzie nerwowym szczuréw po podaniu alkoholu etylowego

Ethanol has a depressive effect on CNS, similar to the general anaesthetics
substances. However, the mechanism in which ethanol affects the CNS is not ful-
ly recognised yet. It is considered that the 5 to 10% concentrated ethanol inhib-
its the transmission in isolated peripheral neurones and muscles through selec-
tive dissociation of the synapses. Simultaneously, the enhanced epinephrine and
norepinephrine sccretion and high levels of catecholamine metabolites in the u-
rine are observed. It is directly connected with the decrease in the amounts of
catecholamines in the brain and brain stem (2).

The role of arachidonic acid metabolites in the catecholamines release and
metabolism is also not well recognised. Presumably, prostaglandins can inhibit
the release of norepinephrine (NE). It is well known that the cyclooxygenase in-
hibitor, i.e. indometacine, enhances the release of NE in CNS but it does not
affect the NA uptake (8). Presynaptic inhibitory receptors for prostaglandins
were identified on adrenergic neurones in vitro (7). Bradford’s investiga-
tions show that indometacine and aspirin cause the decrease in the amounts of
prostaglandins, allow the accumulation of free archidonic acid and diminish the
potassium-stimulated release of (3H)dopamine (1). He also noticed that PGE2
inhibits, whereas PGF2 enhances the release of (3H)norepinephrine from the
neurones. Wo l f describes that catecholamines greatly activate the formation of
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PGE2 alpha in the brain slices and homogenates, but not PGF2 level (16). On
the other hand, dopamine is activated by PHS to electrophylic intermediators
that covalently bind DNA, which can play the important role in dopaminergic
neuronal degeneration (10).

Bibliography reviewed above shows that ethanol arachidonic acid metaboli-
tes can regulate the levels of catecholamines in CNS, so in present investiga-
tions the authors decided to examine the influence of different arachidonic acid
inhibitors on the contents of dopamine (DA) and NA in the brains of the rats ad-
ministered ethanol.

MATERIAL AND METHODS

Male Wistar rats (200-250) deprived of food but not water for 18-20 hrs before the experi-
ment and held in the room temperature were divided into five groups. The first (I) control group
(saline gropu) were the rats administered orally with 0.9% NaCl solution via stainless stomach
tube (5 ml/kg b.w.). In the second group (II) (called ethanol group) rats received 35% ethyl alco-
hol (it was prepared as a fresh one before each experiment from 96% ethanol diluted in 0.9%
NaCl to the required concentration) in the same way and equal amount as saline in the control
group. In the third group (III) of rats, S-lipooxygenase inhibitor — a compound AA 861 (Chem.
Pharm. Inst. Tokyo Japan) was given intraperitoneally (i.p.) in the does 100 mg/kg of the b.w. The
rats from the fourth (IV) group received 5-lipooxygenase (cyclooxygenase dual inhibitor - BW
755C (Wellcom Res. Lab. Beckenham, England) ip. in the dose 100 mg/kg b.w. The fifth group
of animals was administered with CGS 13080 — tromboxane TXA2 synthetase inhibitor (Ciba Gei-
gy Summit USA) subcutaneously 1 mg/kg b.w.

Archidonic acid inhibitors were given 30 minutes before ethanol administration. The rats
were killed by sharp blow on the head 2 hrs after ethanol or saline administration. Then brains
were removed and immediately prepared in temperature above 0°C. The brains were homogenized
in 0.2 M. CH;COOH with the addition of 10 mg ascorbic acid and 50 mg Na,EDTA on 1 g per
wet tissue. Next 4M HCIO, in the amount of 0.1 vol/vol was added to the homogenates and this
mixture was centrifuged at 2000G in 4°C for 20 minutes. Supernatant was collected in the bacte-
riological tube and the sediment was twice dissolved with 3 ml 0.2 M CH3;COOH with the addi-
tion of 4 M. HCIO, When the pH 6.5 in the supernatant was achieved, the fluid was placed in the
glass absorption columns with specially activated AlO; acting as catecholamines absorbent. The
elution of catecholamines from AlO; was performed with 5 ml 1 M CH3;COOH according to Go-
rny and Flisiak’s method (5). The amount of catecholamines in eluate was estimated according to
Laverty and T aylor method using the Farand’s spectrofluorimetric model A (9). The re-
sults were analysed statistically by Student’s test for unpaired data and expressed as arithmetical
means + standard deviations (X £ SD). P< 0.05 was considered statistically significant.
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NE from the neurones (7). Here, it is important that ethanol does not inhibit 15
hydroprostaglandin dehydrogenase which metabolizes PGE2 to inactivated meta-
bolite — 15-keto-PGE2 and in this way does not change PGs (14,15).

One the other hand, it is known that ethanol acts as the inhibitor of two im-
portant enzymes of arachidonic acid pathawy: phospholipase A2 and cyclooxy-
genase. Navamani etal (11) investigating glutamate-evokes a Ca 2+ depen-
dent relase of arachidonic acid from eultured neurones observed that the acute
cthanol administration (100mM, 15 min) inhibited the release of AA from the
neurones. F e n n et al. (4) also maintain that ethanol can inhibit Ca2+ activated
phospholipase A2 activity in superfused rats brains. Rettori and others (12)
found that ethanol inhibits the conversion of labelled AA to PGE2, so it can inhi-
bit the cyclooxygenase directly or indirectly.

So, after the acute ethanol exposure the level of PGs in the brains declines
as a result of the increase in the NE release from the neurones.

Rettori’s, Canteros’ and Winey’s investigations concerning con-
nections between the ethylic alcohol, catecholamines and PGs synthesis found
that NE indirectly, via NO, enhances the production of PGs in the hypothalamus
and ethanol inhibits PG production (3,6,12).

In our investigations the 5-lipooxygenase inhibitor (AA 861) caused the in-
crease in NE level in rat brains in relation to the ethanol administered animals.
In the rats pretreated with AA 861 before the alcohol, the whole free arachido-
nic acid could be conversed to PGs. Consequently, the level of PGs was higher
than in the group administered only with ethanol, so it seemed that PGs inhibi-
ting NE release caused the NE content in the brain increased.

BW 755C-5-lipooxygenase-cyclooxygenase dual inhibitor intensified the
cthanol inhibiting action on cyclooxygenase and also blocked 5-lipooxygenase.
Hence free AA could not be conversed to both PGs and leucotriens. The level of
PGs decreased more than in the group administered only with ethanol and in the
group pre-treated with AA 861 before ethanol. Finally the level of NE in the
brain was lower in comparison with those groups.

According to bibliography and in accordance with the results of our earlier
investigations we have a good reason to suggest that in the groups of rats pre-
treated with the thromboxane inhibitor, the level of NE in the brain will increase in
comparison with the groups pretreated with other inhibitors since theoretically,
all endoperoxides can be converted to PGs. However, we found that the content
of NE decreased and the DA content increased in relation to the saline, ethanol
and other studied groups.
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Our results show that the acute ethanol exposure causes the decrease in the
DA level in rat brains similarly to the decrease in NE content.

Tanaka (13) noticed that in ethanol administered rats the DA release
from the nucleus accumbens increased so its content decreased. In the accessi-
ble literature the authors have found fewer reports investigating the connections
between dopamine and the metabolites of arachidonic acid pathway.

The experiments show that DA content in the 5-lipooxygenase inhibitor pre-
treated group is significantly higher than in the saline as well as ethanol admini-
stered groups. After S-lipooxygenase/cyclooxygenase dual inhibitor, the level of
DA in the rat brains decreased in comparison with the saline administered group
and increased in relation to the ethanol group, as well as in the 5-lipooxygenase
inhibitor pre-treated group. In the TXA2 pre-treated group the content of dopa-
mine was higher than in the saline administered group. To explain the influence
of AA pathway inhibitors on the activity of catecholamine pathway enzymes fur-
ther investigations are nceded.

REFERENCES

1.Bradford P G. et al.: Stimulation of phospholipase A2 and secretion of catecholamines
from brain synaptosomes by potassium and A23187. J. Neurochem., 41, 6, 1684, 1983.

22.Bowman W.C. etal.: Textbook of Pharmacology. Blackwell Sci. Publ. 1980.

3.Canteros G, etal: Ethanol inhibits luteinizing hormone-relasing (LHRH) secretion by
blocking the response of LHRH neuronal terminals to nitric oxide. Proc. Natl. Acad. Sci USA,
11, 92(8), 3416, 1995.

4.Fenn G.C. et al.: Comparison of effects of ethanol on plateled function and synaptic trans-
mission. Pharmacol. Biochem. Behav. 18 Suppl. 1, 37, 1983.

5.Gorny D.et al.: Studies on the extraction of catecholamines from tissues and conditions of
their absorption on aluminium oxide. Acta Physiol. Polon. 1, 175, 1972.

6. Hiney J. K. et al.: Ethanol inhibits luteinizing-relasing hormone release from the median
eminence of prepubertal frmale rats in vitro: investigation of its actions on norepinephrine and
prostaglandin E2. Endocrinology, 128, 3, 1404, 1991.

7.Kenneth K. et. al.: Cardiovascular and thrombotic disorders prostaglandins in clinical me-
dicine. Proceedings of an International Symposium *Prostaglandins in cardiovascular and
thrombotic disorders”. Chicago, Illinois, May 7-9, Year Book Medical Publishers, Inc. Chi-
cago, London 1981.

8 Kostowski W Psychofarmakologia do§wiadczalna i kliniczna. PZWL, 1980.
9.Laverty R. et al: The fluorometric assay of catecholamines and related compound; im-
provements and extensions assay to hydroxyindole technique. Annal. Biochem., 22, 269, 1968.
10.Mattammal M. B. et al.: Prostaglandin H-synthetase-mediated metabolism of dyopa-

mine: implication for Parkinson’s disease. J. Neurochem., 64, 4, 1645, 1995.



The influence of certain arachidonic acid pathway inhibitors on central nervous system 227

1. Navamani M. etal.: Ethanol modulates N-methyl-D-aspartate-evoked arachidonic acid re-
lease from neurones. Eur. J. Pharmacol., 4, 340, 1, 27, 1997.

12.Rettori V. etal: The mechanism of action of alcohol to suppress gonadotropin secretion.
Mol. Psychiatry, 2, 5, 350, 1997.

13. Tanaka M.: Stress and alcohol: research with experimental animals. Nihon Arukoru Yaku-
butsu Igakkai Zasshi, 33, 1, 31, 1998.

14. Treissman D.etal.: Fetal guinea pig 15-hydroprostaglandin dehydrogenase: ontogeny
and effect of ethanol. Alcohol., 8, 2, 97, 1991.

15. Treissman D. etal.: Effect of ethanol on 15-hydroprostaglandin dehydrogenase activity
in the brain stem of the near-term fetal sheep. Dev. Pharmacol. Ther., 16, 1, 48, 1991.

16. Wolfe L. etal.: The biosynthesis of prostaglandins by brain tissue in vitro. Adv. Prostaglan-
din Thromboxane Res., 1, 345, 1976.

Otrz.: 1998.12.30

STRESZCZENIE

Celem naszej pracy byto zbadanie wptywu inhibitoréw przemian kwasu arachidonowego na
zawarto$¢ dopaminy i norepinefryny w mozgu szczuré6w po podaniu alkoholu etylowego. Wykaza-
lismy, ze etanol powoduje spadek zawartosci norepinefryny i dopaminy w mézgu szczuréw w po-
réwnaniu z grupa otrzymujacg sol fizjologiczna. Inhibitor 5-lipooksygenazy — AA861 zwigkszal
zawarto§¢ dopaminy w poréwnaniu z grupami otrzymujacymi sol fizjologiczna oraz etanol. Jedno-
czeénie poziom adrenaliny obnizyt sig¢ w stosunku do grupy kontrolnej, a wzrést w stosunku do
grupy, w ktorej podawano etanol. Podwojny inhibitor S-lipooksygenazy/cyklooksygenazy —
BW755C w sposob znamienny podnosit zawarto$¢ dopaminy w poréwnaniu z grupami, ktére
otrzymywaly s6l oraz etanol i powodowat spadek poziomu norepinefryny w stosunku do grupy
kontrolnej i otrzymujacej jedynie etanol. W grupie szczurdw, ktore otrzymywatly inhibitor synteta-
zy TXA2 — CGS1308, zaobserwowaliémy wzrost poziomu dopaminy w stosunku do grupy kontro-
Inej i etanolowej. CGS1308 powodowal spadek poziomu norepinefryny w poréwnaniu z grupa
kontrolng i etanolowa.






