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STUDIES ON ~ PIios~GLAND:m SYSTEM IN BBAIN 

ABSTRACT 

\ 

The araehidonic acid released post-mortem l'rom the complex. lipide 

of rat forebrain labelled ~th'[ ~sJ-arachido 'c acid had a specifie 

acti v~ty close to that of the total phoSphOli~ids and much lowa"r than 
1 

that of the neutral lipide. The arachidonic' acid 1s probably released 

from a mixture of phospholipids which excludes phbsphatidylseri.ne and 

phosphatidic àeid'. In the microsomal f~ction, the specifie act1vi ty of 

~f'ree---araehidonie· acid -was-·.:very· close -ta ·that ~of· phospha tidylinosi toI. 1 In--
1 

rat cerebral cortex slices ineubated in the' presence of' [2HsJ -araChi40niC . .' 
1 

ac:j.d, prostlandin F;,l 0: reaehed maximum labelling befa~ a:ny of the lipide 

\ 1 l', 1 e~ed exc t for a pool of rapidly labelled f'ree arachidanic acid ' 

.locate'd at the damaged surfaces of 'the tissue. In homogenates the deu-

te.rium to protium ratio of the tota.l free arachidonic acid was' siDrilar to 

that o.f prostaglandin F2 (X0 However, the probable occurrence of an. iso-

tope enrichment effect suggests that the total free arachidonic acid 

fraction is n9t identical vi th the precursor pool used for prostaglandin 

F2 0: synthe/sis. la. vivo, the amo'Wlt of f:ree arachidonic acid an4 prosta- , 

glandin F2 ex ' in rat forebrain was inoreased followirlg convulsions induced 

by carbachol and metrazol. 'lhe level of thromboxane Ba was not affected. 
1 

Post-mortem levels of unesterified fatty acide vere decreased in fore-

brains of ph~toJin treated rats. ( 
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BEStJMEl 

Le ni~au de ra:dioacti Vi tES par microgramme d'acide arachidonique 

éta.i t pr~sque le mA~ pour cet acide gras trouvé dans l'ensemble des 
III 

phospho-lipides que \pour celui libéré post-mortem sui te a l 'hydrolyse de 

oe]:'tains 'lipides du '~~rveau de rat aùquel on avait ·injecM une quanti té 
. " 

d'a~i~ ar,aChidOnique-(3HeJ.' Cet acide gras libre provient probablement 

d'un groupe de phosphb-lipides qui n'inclus pas le phosphatidylaérine et 

1'acide phosphatidique'. L'acide arachidonique libre et celui trouvé 

• dans le phosphati~l~ositole ont, PQur une quantité donnée, un même 

niveau de radioaotivité lorsqu'on les extrait des microsomes du tissu , ( 

cérébrale. Dans le cas de tranches de cortex placées dans un milieu 

cori,tenant l' acide arach,idon;i_q~e{~aJ, ~:valeur maximale d'un rapport ~ 
, 

de 'molécules possédant des atomes de de'lltéritim a celles n'en possédant 

pas fut atteiAt plus rapidement par les molécules de prostaglandine F2 ex 
V 

,/ que par celles d'acide arachidonique trouvées dans les divers lipides 

du tissu. Cependant les acides gras libres présents aux surfaces 

endommagées des tranches de cortex firent exception a cette règle. Ce 

m~me rapport était presqu'identique pour les molécules ~e prostaglandine 

1.i'2 IX et poUr cellel'! diacide arachidonique libre erlrai tes d' homogéna t du 

cortex auquel avai t ~té ajouté l'acide arachidonique..[ 2HaJ. La quant~ té 
/ 

de prostaglandines F2 IX ainsi que celle d'acide arachi.donique non-

estéri.fié éta.it élevée dans le cerveau du rat après ,une période de 

convulsions.l causées par l'injection de carbachole ou de métrazole. 

" 
La quanti té de thromboxane ~ n'a pas été modifiée.' 
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CRAPTER l ,/ 

INTRODUCTION 

A) Landmarks in the History of the Prostaglandin System 

In' the 1930' s, Kurzrok ~d Lieb (1) reported that human semen could 

contract or relax the' uterus in vitro. Goldblatt (2) an~ von EllIer (3) 

k d 
/., 

wor ing in ependantIy als,o observed the smooth musc1.e. stimu.latlllg 
-

activi ties of seminal fluid and demonstrated their vasodepressor propertiee. 

Von EllIer (4) found the acÜve factor to' have" the properties of an acidic 
" . • r 

lipid and proposed to naIne i t "Prostaglandin". Subsequently, he determined 

that.. "Prostaglandin" represented a mixture of'~--unsatu.rated bydroxy f'atty 

acids <.5). However, the ful1 chemical êharac teriza tion of six ,primary 

prostagI7S (PGi, PGEa, PGEs, PGm, a, PGF2 a and PGlfu a) by BergstrôPl, 

SamuelsBon and co-workers (6-9) was acheived sorne 30 years later in 1962-

6). The following yeax, Bergstro~'s group ,in Sweden (10). and Van Dorp's 

group in the Netlierlands (11) demonstrated' that prostaglandins were 

formed by the enzymatic oiygenatfon oi: certain polyunsaturated fatty 1 
1 

1 

acide. The major pathways of metabolism of prostaglansins were identified 
. 

in the same yeax (12). The cyclic endoperoxides, PGG2 and PG&, inter- . 

mediate~ in the biosyÎlthesis of' prostagl~dins were isolated by Nugt~ren 

.!û .!!:l (1) and Hambe~g et .!! (14) almost ten years af'ter their existence 

had been postulated in 1965 by SamueIS\On 85) . The tdtal synthesis of 

prostaglandins_ was acheived by Corêy ~.!! (1?) in 1968. The aceurate 

measurement of microgram an~ submicrogram ,amounts of' prostaglandine was 
\ 4 0 ~ 

, acheived by Gréen: ~!! (11) who developed a gas cbromatographic-masé 

spectrometrie method of' quanti tation using deuterated prostaglandine as 

internai standa:rds and carriers. 
•• > 

1 
. ! 

1 
l 

· J 
1 

.; 
j , 
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'Knowledge of the pharmacologicaJ. properties of the prostaglandins 
, ' 

al,So progressedo quickly. For instance, ,prostag1a.ridins of the E seri~s.",,_ 

were found to lqwer plood pressure (6) and stilDlllate adenyl cyclase in 

various tissues (18), while prostaglandin Pa cr was found to be lujïeolytic 

in many species except in man where i t is on1y oxytocic (19). Clinical 

'trials of the use of prostaglandin. and ~ cr tô terminate preBllancies 

a:nf induce" 1abor were started in 1969 (20) and the use of synthe tic 

analogs was implemented a few years IB:ter (21). The' discovery in 1971 

"~by Vane' (22) and by Smith\and Willis (23) that aspirin and indo,ethacin 

were potent' inhibi tors of pros~aglandin synthesis ~dicated that prosta-
, 

glandins probab1y p1ayed a role in fever p+,oduction and the inflammatory , , 

process. Recent1y, Olley .!d ~ (24) demonstrated that E-prostaglandins 

could maintain the potency of the ductus arteriosus and could be used in 

the treatment of newborns with certain congenital heart lesions. 
" 

In the last few years, two important members were added to the family 

of products derived from prostag1andin endoperoxides •. In 1975, Hamberg 
1 

..!U.!!. (25) discovered the conversion of the endoperox;i,des to thrombox~e ' 

A2, a non-prostanoid compoUnd with, properties identioal to that of the 
. ! . 

rabbit aorta contracting substance (RCS) reported earHer by Piper and 
, 

Vane (26). Malmsten '-..!U..!!:! (27) demonstrated that endot>eroxides were 

P?tent plate1et aggregators but this activity results from their conversion 
~ ), 

to tbrombox'ane Aa (25). The following year, Gryg1ewski et 1!1 (28) ,and 

Moncada lU.!!:! (29) found that the prostaglanclln endpperoxides could be 
. 

converted by \rtain tissues, particula.r1y the vascular endothelium, 

. !Dto a- substance that inhibi ted platelet' aggregation. The substance was 

~ 

'---------._---~---""'------ - ---··-~~~~a~,.(..)t'Il.oou'L ~ .. )J'_L, .. , ... ""'.".... .• ~t,"'L~."' ..... ""~~~··~ 
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originally called prostaglandin X, but Johnson II al (~O') who 

detexmi.ned i ts stmcture anl. achieved Us chemiéal synthesis proposed 
'1 

the name prostacyclin. The stmctUre of prostacyclin is very similar 

to that proposed by Paoe-Asciak anl Wolfe (31) a few years earlier fOl! 

" a novel prostaglandin formed from arachido~ic acid by rat stomach. 
, 

Pace-Asoiak (32) also demonstrated that prostacyolin was non-

enzymatically hydrolyzed to 6-keto-PGFi ex. 
.' 

Prostacyclin wa8 found to be 

20 to 50 times more potent in increasing cAMP levels in platelets than 

~~ (33,34) and to be the endogenous metabolite responsible for relax­

ation of coronary arteries induced by arachidonic acid (35). Chemical 

synthesis of analogues of" prostacyclin: were undertaken in the hope' of 

finding an effioient agent against thrombosis (36). A search for 

selective inhibitors of thromboxane and prostacyclin synthesis was also 

undertaken. Monoada et al showed tha t imidazole ia a potent inhibi tor 

of th:tomboxane synthetase and found that 15-hydropero:xy arachidonic 

acid was a potent inhibitor of prostacyclin syntheais (38). 

B) Distributi'on of Prostaglandine and Thromboxane ~ 

The primary prostaglandins (F2 ex' Fi ex' ~ , E;., ~) are synthesized 

by most mammalien tissues as weIl as some lower verlebrate and 

~invertebra.te tissues (39,40). Prostaglandin12 (prostacyolin) and 

thromboxane ~ are also gene'rated in a large n\UDber of animal tissues 

(41,42) (see Table 1). The exaet combination of prostaglandine and 

relate!l products found is tissue and .species specifie (40,41,43,44). 

Prostaglandins are not stored in a. preformed etate (45-47); rather, 
, 

their f01'Dlation is initiated by a variety of stimuli such as homoDas, 
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TABLE 1 . 

Principal PmstB81andin Endoperoxide Products Found in Various Tissues 

Tissue 

Platelets 

Maorophage 

Vascular endothelium 

Umbilical artery 

Renal cortex 
1 
" 

Renal medulla " ) 
*'1 ~ 

Ductus arteriosus 

Stomach 

Lung 

Liver 

Uterus 

:Bone ./ 
/' 

1 

:Brain 

Fetal tissues 

) 
.-:---,,-__________ . __ ., .c-

Endoperoxide Produots 

~ 

T~ 

PG~ , \PG~ 

~ , PG~ 

PG~ 

PG~ 

PG~ 

PG~ , PGEz 

PG~ ~ T~ 

PGF2a , PG~ 

PGF2a , PG~ 

PG~ , PGEz 

PGDa , PGF,a , PGF2 a 

PG~ 

f' 

' T~ 

i 
\ 

\ 
\ 

\ 
\ 
\ 

,dit' '-""--........ 
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\ 
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enzymes, i:schemic/bypoxic insul t and inflammation (44,48). Minute amouÎl.ts 

of prostaglandins are released in many body fluide ouoh âs seminal fluid , , 
\ 

(1-3), menStrual fluid (49), aŒliotic fluid (50), vitreous humour (51), 

stomach f1~d (52), exudate of skin (53) and CSF (54). 

C) Effects of the Prostaglandin System on Cyclio Nucleotides and 
• 0 

Calcium Mobilization 

The primary prostS8landine have a long list of phamacological" and 
~ . ~. 

possible physiologioai roles{5r51). Thromboxane ~ is il potent aggre-

gating agent and vasoeonstrietor (25,58) .. Prostaglandin ~ has proper­

ties opposite to<those of thromboxane ~ (28) and aleo appears to mediate 

renin release broUBht about by renai arterial hypotension (59). The 

involvement of. the prostaglandins and related substances in a great 

variety of physiologieal processes is to he expeeted since they can° 

modify the level of eyc1ic nueleotidee and affect the mob~lization' of , , 
calcium in :m.any cel1 types. In most tissues, including nervous tissue', 

1 

prostaglandine of the E type increase the intracellu1ar concentration of 
/ 

cAMP (60-65J, except in isolated fat cells (19) and toad bladder (66) 

Where tliey a.ntS8oniz~ the honnone stimula ted rise in cAMP. In fibro-

blasts (67) and blood plate lets (33,34), PGli caused the largest increase' 

in cAMP. PG~ also increased the level of the. nucleotide ïn platelets 

(68) • Prostaglandin endoperoxides and thromboxane ~ inhibi t the PG~ 

and 12 stimu.lated cAMP rise ïn platelets (33,~). On the other hand, 

p;rostaglandins of the F type promote cGl1P accumulation in the rat uterus 

(70), in dog and bovine vein (71) and in guinea pig 1ung (72). The 

guanylyl nucleoti~s, G~_an~DP,_ajll>ear to potentiate the effeot of 

prostaglandine of the E series ,on the level of cAMP (73,74). 
)~ \ 
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1 
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Prostaglandin endoperotide ,formation ma.y 'be involved in the elevation 
1 

of cGMPlevels &xriDg plat~let aggregatibn (75). Since cAMP and cGMP 
" 

have opposi te ~ff ects on many oellular processes' (76), i ~ has -betn 
, 

suggested that the selective stimulation of cyclio nucleotides by pros':" 

tEl8il.andins of diff"erent types constitutes a regula.ting mecha.nism of 

" 
cellular activity (77). ./ 
~ of prostaglandins and thromboxanes on ma.ny cellular pro­, 

cesses may also be mediated by calci}UD. In stomach muscle, proetaglandin 

~ causee the retention of calcium in a elowly exchangeable fraction (78) 

while PGF2a promotee influx of the cation in the uterus (79). Other '. ~ 
effects of prostaglandine on calcium movem~t include the release of the 

cation bound to the lipid phase of turkey erythrocyte membranes (80), 

the release of .calcium, aêcumulated under ATP stimulation in a uterine 

miorosomal fraction (81) and from rat liver mitochondrie. (82) and the 

increased binding ~.f calcium to rat li ver mi tochondrial inner membrane 

(83). AIso, the prostaglandins of the E type liberated during stimula-

tion of the symp!;l.thetic innezyation of ma.ny organe mq exert a local 

negative feedback action on the release of further neur.otransmitter 

through inhibition or oaloium uptake by noradrenergic nerve ten:ninals 
" 

(84). Prostaglandin endoperoxide analogues can pro duce calcium e~flux 

from rat livet' mitocp.ondria (85) and cause inflU% of calcium ,into sickle 
~ 

erythrocyte ghosts (86). F~lly, the initial aggregatory response of 

platelets to thromboxane ~ appears to be mobilization of" intracellular 

calcium (87). 

The study of the physiologioal roles and phallDac"ological eff"ects o~ 

prostaglandins is oomplioated by the t'acta that dif"t'erent tissues 

'. 
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. produce these compounds in varying proportions (70), oa tabolize them 

at different rates (88,89) and respond in opposite directions (90) 

and w:j.th a wide range of sensitivities to a given prostaglandin (l37, , . 
91).' Furthexmore, alterations of prostaglandin synthesis, cat&bolism . , 

and action may ooeur during development (92,9~) and physiologieal 

~s (94,95). 

~) Uptake and Bin~ of Prostaglandins 

The fact that endogenous prostaglandine rea.dily go into the extra.-
4' 

cellular fluid or the incubation medium suggests that they can cross 

• cell membranes or at least can liberate themselves rrom them (47,96). 

However, ;red blood cella are impexmeable to exogenous prostaglandine 

while the tiss'I!es of structures such as t1ie lung and kidney can accumu-

late prostaglandine by a ca.rrier mediated mechanism(97)'. The prosta­

glandine of the extracellular fluid of the b~iIr"" ~d eye maY be removed <, 

into the b100d .circulation by a s~lar prooess (97). At high concen-
, 

tration, the non-specifie s.olubilization of 'prostaglandine in membrane 

is ta bJ expected because af the lipaphilic nature of the compounds. 
l 

The binding of prostaglandins to tissues ia corre1ated to their 

biolagical actiVitize( ,99), ino1uding etimulation of adenyl cyolase 

activity (100-105). . e effect o:f taese compounds on cyc1ic nuc1eotide 

levels guggest that they need ~ot penetrate cells to influence metabolism. 

Studies on the competiti'lre binding of va.rioua prostaglandiné and prosta-

glandin antagonists revealed a high degree of épecifici ty of the binding 

sites' (10~,105-110). Pr0stag1andin re~~rs are _located in _ th~ p~'~~~ 

membrane of many cel1 types (107-l09~11l~ The absence of' oompetition 
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for binding between prostaglandine and v8.l'ious hol.'D1ones euggest the 

existence of prosta€landin specifie binding sites on adenyl cy~lase 

(107,104) • 

E). Structure and Nomenclature 

The bioèhemica,l ana,lysis of the prostaglandins is made difficu1t 

by their instab'ili ty and the very close chemical. similari ty among the-

members of this family of compounds ae well as 'by the low amounts 

/ present in tissues. 

Prostaglandins have the basic 20 carbon cyclopentane carbo:xylic 

acid structure. For the physiologically important primary prostaglandins 
1~' 

(E:t., E.z, F2a, D:z*) the carbo~ellYl, side ~~ini on~the cyclopentane ring 

is in the a configuration and the hydrollYocty1 side chain is in the f3 

configuration whi1e the carbon 15 hydrollYl has the S or L forme The E 

and F prostaglandins have the characteristic 11 ~dro:xy group on th~ 0' 

5 membered ring but the E type bas a 9 keto group wtich is reduced to a 

hydroxy in the F type. Prostaglandins of the D type have a 9 a hydroxy 

and an ll-keto group. Dehydration of PGE yields the 10-11 unsaturated 

ketone PGA which by rearrangement gives the double conjugated ketone PGB. 
) 

In proBtag1a.ndin ~, carbon number 9 in the cyclopentàne ring is 
. 

linked by an' o:r:ygen to carbon number 6 in the carboxyhe:xy1 side chain to 

torm a 6-9 epo:r:y structure to the cyclopentane ring. The enol-ether 

*The numerica1 subsc~ipts 1,2,3 written with ea~h ~e designation 
indicates the number of carbon-carbon double bonds in the side chains. 
AlI the natural prostaglandins and thromboxan-es have the A13 ~ 
double bond. The other double bonds if present would be A5 cis and 
1:;.17 cis. - ...----------. 
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double bond (â5) is in the! configuration (112). Finally, throm.­

boxane Art is a bicyclic compound with an o:xygen atom between carbons 

Il and 12 f'prming a heterocyclic non ... prost.anoate stru.ctûii and another 
/'-

o2Ygen forming a 9-11 oxane, ring. The side chains on the 6 membered 

ring are in the same con.figurat'ion as :in the prostaglandine. 

F)' Mechanisms of' Biosynthesis 

The enzymic conversion of a number of' methylene' interrupted.2.i!!. . 

polyunsatura ted long chain fatty acide to the various prostS8'landins 

is accomplished by an enzyme complex te:rmed pr~stagla.ndin synthetase. 

The components of this enzyme system are a11 tightly bound to the micro­
\ 

somal fraction of' a11 t:issties studied (113-115). One exception is the 

soluble PGl'- isomerase of' rat brain (41), stomach and lung (13). 
~ \, . 

The physio1ogica11y important primary prostaglandins are derived from 

unesterified dihomo-y-linolenate for PGE.t and PGF1 ~ and from unesteri-
1 

fied arachidonate ,for PG~, PG~ and PGF2a (116-119). These f'atty acids 

are members of the w-6 f'amily deri ved f'rom dietary lino1eate. 

The firet step in the synthesis of prostaglan~ ie the removal of' 

a prochira1 S h;ydrogen a t carbon _13 of the precursor :fa tty acid through 

a lipo:xygenase-like reaction. This is f'ollowed by the isomeration of' 
, 

the Illl bond to the tJ.12 position. Subsequently, there is the insertion 

of mo1ecular o%1gen at,O-l1 and 0-15 wi th double bond rearrangement to 

give t!e A13 trans double bond. Nen" comes the fOl.'lllation of the 9,11 
-:-- Î 

endoperoxide wi th the ox\ygen at 0-9 being derived f'rom the same molecule 

\ 
of o~gen as that at 0-11. Concurrent f'--emation of the 0-8, 0-12 bond", 

by f'urther shifting cf double bonds resul ts in a bicyclic ep,d.operoride 

':\--
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t# 
ca11ed 15-hydroperoxy-prostag1andin endoperoxide or ~ (14,13,120) 

~ 

(see Figure 1). 

A reduced fom of ~, 15-hydroXy pros~landin endoperorlde (~) 

has also been isolated (13,121). These two compounds have a half-life 
• 

of appro:ximately 5 minutes in aqueoUB media at 37°C (14). The enzymes 

which oataly2e the above reaotions have been puri!ied several hundred-
---~ -, 

, fold f'J:Om sheep (122,123) and bovine vesioular gl~d (124). The lli-

dioJCy-genase acti vi ty requires protoheme whereas the perondase aoti vi ty 
. 

is stimulated by aromatic compounds such aS t:rYPtophan as weIl as by 

heme which ma.y be the cytop~asmic activating factors. The f'erri-heme 

dio:xygenase is cal1ed fatty' acid cyc1o-oxygenase (14) although this 

acti vi ty has never been separated ,from the l5-~dropero:xy-pe:roxidase 

activity (123). • 

In broken oel1 preparations (13,126-131) or as the purified enz,yme 
1 

(123,124,132), the fatty acid cyclo-oxygenase shows a time-d~pendant 
~ 

deactivation resul ting from the production of paroxide functions during 

the :reaction. The effect m$y not require a peroridase aotivi ty (132) 

as has been suggested (133). The product 1nhibition" appe8.l'S to be 

irreve~ib1e but the enzyme oan be proteoted by compounds oapable of 1 

supplyixlg :reduoing equi valents or of acting as free radical sc~venge~./ / 

such as indol~, catecho1amdne~ quinone and phenol derivatives (124,134, 

135). However, in intact celI preparations the rate of Pc. production is 

slower and the oyclo-oxygenase has a much lOll88r life ~ in homogen­

ates (41,136,137) which sugsests ttft.!!!, ~ the ~drope~:XY endoperox-! 

ides :aaay be produced a t a ra.te Slo~ enough ~Y are not able ;0 
accumu.late to the point o~ inhibi tillg the enzyme. Interestingly, the 
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Blosynthesis of Prostagiandin Endop~xldes 
Membrane p!tospholipids' 

J ~ ri .. ) 

L~-

Steroids f- Deacyloses 
(phospholipase A2) 

Arachido"ic acid 

Non-steroldal ha.m . fR.qUir., 
anti-inflammatory 

;.rI 
Fatty acid ... , 

drugs -
cyclO-o~ygen'a5e 

\ bOH 
tYz 4-5min. Peroxidase 

stimulated by Tryptophon 

and catecholamines 

Metabolites of Prostaetancln Endoperoxides F"' G" R ~ 

A. TIlt pQnary lIfOStIIIandIn pllttwaYs 

PG Encloperoxid. 

~
D-i.om.ra •• 

OH 

PG Endoperoxid •• 
E-ilOll'l.ro .. 

: 
OH 

/ PGH2 

? Nducta •• ./ ~ 

OH ~ . -
1 ...... ,... ~ ~ '.OH clehydroteno .. 

. ' ~ "'" 'COOH --
1 

OH OH OH 

/ 
POEt 

Oth.r cataboU ... 

._--------~-- -,-----,.;..,-----
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B. The ttIromboxane pathway 

__ __ n. ___ -... _...,., ____ ~.._,,_. 

Il. 1 

" ~~:2 \ ... 
L 8027 (~COOH 
N-I0164 tlhrombo7x,ne ~ 
Imidazole syntheta.e i·. . 
l-methylimidazole OH 

1 

/~COOH oi;:! 
tY2 30.ec. 

i 
OH C 17 Hydroxyacid (HHT) 

and malondicldehyde 1 1.A2 

?H 'l H~ nonenzymatic 

"~OOH 

OH 'X' 
Other cc.abolites 

C. The prostacyclin pathway 

·······~COOH 

. 
OH 

PGH2 
'. 

1 
1 

/ 

Lipid hydroperoxides o:k. 6 (9) oxy-cyclase, 
Tranylcypromine t· prostacyclin sythetase 

? 
t% 2-3min. 

37°, ~H:2::.4 :' 
OH 

NAD+ 

COOH 

-H 

PGI2 (prostacyclin) 

1S-lceto PG'2 

• nonenzymatic 

6, lS-diket,o PGF'G 

" J H20 nonenzymatic 

~H~COOH 

+ 
. l 

13, 14 dihydrO 
and dinor co.abolites 6H bH 

6-lceto-PGFICI 

+ . 
dinor-6..Jceto-PGf 1 a 

and more polar cotabolites 
.. 
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eyelo-oxygenase shows an initial activation by PGQa as weIl as the 

subsequent deaetivation o( 1.32). 

The prostaglandin endoperoxides undergo many different metabolic 

transformations depending on the tissue where they are pr~e~. PGlà 

rather than PGGa is converted to the prostaglandin of the E, type by an 

endoperoxide isomerase from bovine seminal ~land, a glutathione re­

quiring enzyme (1J8). In sheep vesicular gland, the produotion"of PGFla 

ma:y involve first an endoperoxide isomerase and seeondly a peroxidase 

activi ty (139). Prostaglandine of the F type are formed p~ssibly through 

the action of an endoperoxide reductase (115) or by ehemical reduction 
. 

in the presence of agents sueh as metal complexes of organic compounds 

(135,140). In some tissues, there appears to be a 9-keto reductase 

which converts prostaglandins of the E type to the F type (141,144) 
\. 
"fsee ,Figure 2a). / 

/ 

Prostaglandine of the D type are also formed thrOUBh the action of 
'''" 

a specifie Isomerase but like aIl other prostaglandine, they may result, 

from the slower ehemical decomposition of endoper~xides (13,14,121,129). 

Formation of prostaglandine of the A type by a !'GE dehydrase m~ oceur; 

however lDIleh if not all arises from the chemioal modification of prosta-

glandins of the E type during extraction under acidic conditions ('145). 

In blood platele~e; brBill, lung and Ùlany other tissues, the prosta­

glandin endoperoxides formed à-om arachidohlc acid can be converted to 

a non-prostanoic acid structure, thromboxanê Aa by a xru;crosomal enzyme. 

(41,146). This is acheived by the insertion of one of the endoperoxide 

oxygens in' the cyelopentane ring to form a six membered heterocyclie 
\ 

structure. The other ox;ygen forma the 9-11 oxane ring. The reèultÙ18 

bioyel1c oompound haB a half-life of 30 seconds in aqueous media at 31°0 

1 

\ 

li 
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and is non-enzymaVcally hydrolyzed ta a cyclic hemi~acetal pyranose 

ca11ed thromboxane Ba, a stable compound wi th li ttle biological activi ty 

(25) • The compounds, 12lr-hydro:x:yheptadecatrienoic acid and malondialdehyde 
1 

were thought to be brealcdown products of thromboxane ka but recent reports 

indic~te that they are ttrmed from the endoperoxides through a different 

bu~ related pathway (147) (see te 2b)':' The f'omration of thromboxane 

k. from dihomo- Y-linolenate by ,P telets has been reporled (148). 

Prostatlandin ra can be pr uced from PGGa or PGHa by microsomee of' 

vascular tissues, s tomach .t'undus and many other organs (28,38,41). This 

compound was f'irst found in rat stomach, (32). ~e p~ostaglandin l.,! . , 

probably arises from the reaction of' one of' the endoperoxide oxygen -wi th 

the cis olefin bond at 0-5 of the carbo:xyhexyl ei~e chain ta form the 6-9 

epo:xy linkage; The,. 5 unsaturation ie reformed by subsequent lo~s of a 

/ proton .from c-6. In aqueous media, tbis compound degradee rapidly to the 

6-keto PGFJ, cr which is in equilibrium with i ts lactol form (32f (see 

,gure 2c). 

The relative amo:m~\ of'-the endogenaué-SUDetrate fatty acids, dihomo­

V:linolenate or araohi7te. will regulate the proportion of prostagl~­

ins dif'f~ring in degree of unsaturation. Most tissues have a paucity of'­

dihomo - Y-1inol~nate in their phospholipids (149). 
\, . 

Synthesis, of the various products of the prostaglandin synthetase 

complex may be sel~otively inhibited by compounds which affect differ-

entially the varions enzymes of the complexe For example, in eheep 
/ 

vesicle gland preparations, bicycloheptenes (150) and phenylbutazone (151) 

----~-
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inhibi t production of prostaglandins of the E type wlÜle gold saI te 

lower prostaglandin ~cr ,production (151). Phenylputazone &lso 'inhibits 

the production of prostaglandine of the F and E types but not of the D 

ser es in, rabbit kidney microsomes (152). Imidazole, l-methyl-ilIl1dazole 
:~ ," 

4, a pbenylphosphonate (15'3) 'and 18021, a non-a.cidic anti-

inflammatory indole de:t"ivative (154) preferentially iDhibit the throm­

t~e ot l>latelets. Tranylcypro~e and 15-hy'droperoxy-­

aracbidonate epecifically inhibi t prostagl~din la syntbetase in vascular 

tissues ( 28) • 

Inhlbi tion o~ thé cyclo-oxygenase by n~n-steroidal antiinflammatory 
t~ 

drugs blocks, fOrnlation of the endoperoxides and re~ated products iIi.ti:i!:2 

The .micros omal cyclo-oxygenase 
~ J 

preparec;t from, different tissues may show diff"erent susceptibilities to 

thel3e d.ru.gs (160,161). Non-substrate unsB;turated fatty acide (121, '162-

164), cC:>IIlP'lexing agent's and anUoxidants (130), also inbibit cyclo-oxygenase 

act'i'V;ity ~~. Steroid anti-inflammatory agents inbibit prostS81andirl 
--, 

syntbesis by blocking the release of aracbidoniç '{&cid from complex lipide 
< 

(~65-168). 
o 

A wide variety (Jf" other compounds have been shown to inhibi t 

i G) Biodegradation 

Prostaglandine are biodegraded near tbeir '11te of origin or in 

, specia1:j..zed tissues such as lung, kidneys and ~iver after entering the 

circulation. The complex sequence !5f' _enzymatic' degradation has been 

extensively reviewed (88,170-173). Enzymatic dehydration of" the 15-

bydroxy group as a firet step and subsequeI'lot reduct10n of the A13 trans 
t \' \ 

double bond oeeur ilÎ the oytosol of most cells while beta and omega 
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oxidation ooeur in the specialized tissues. The debydrogenase is 

present in. two forma: a NA.D+ - dependen t .type and a NA.l)P+ - requirin€; 

type (174). These metabolio transfomations ~ ooeur to various 

e:Î:tent ~ different tissues from the SaIne species or in the same 

tissue at various developmenta+ stages (92,93). 

16. 

Prostaglandine of the A type are not ~oved eff~cti valy from the 

oirculation by tœ lung3'.{775)l and are not good eubstrates for i ts 

prostaglandin dehydrogenase (176),0 These prostaglandins are metabol-

iz~d by l!ver microsomal enzymes to w-l and w-2 hydro:z;ylated compounds 

and dioic acids (169). 

Prostaglandin la is also not metabolizad in transit through the 

lung (177-179 ) but i t 1s metabolized rapidly by the kidney (180) 0 In 

the latter organ, PG~ unde:rgoes oxidation of i te, 0-15 hydroxy group, 

reduction of its 0-13,14 double bond and f3-oxidation to yield 7,9 
o 

dihydroxy-4,13-diketo dinor proetanoic acid (181). The non-enzymatic . ~ 

hydrolysis ,product of PG~_, 6 keto-PGF1 a maYa also undergo ~-oxidation 

to yield dinor-6 keta PGF1 (1' The ;major urina.r;y: metaboli tes of 6-keto­

PGF1 a injected intravenously in rat were f3 and w ox.1dation produots 

(182) 'wbile PG~ gave 15':'keto metabolites (~â3). ]lood vessels. can 

metabolize PG~ via a 15-hydro:xyd9hydrogenase (183). The PG~ produced 

by lung oan. enter directly into the circulation and thus i8 the only 

PG that oould be ;-egarded as a true oircula ting ho:rmone. 0 

The rapid fomatio~ of tbrombo:ca.ne ~ frOm thromboxane ~ described 
( 

above (see page 13) indioates tbat thromboxane OalUlot aot as a cirou1at­

ing homone. In monkey and' man, 2,3 dinor thromboxane 1\a -was the major 

ur~ry metabolite or TxBe U-84,185). ~dro~~tion of the hemiacetal 

1 

a1ooho1 group at 0-11 mq a1so be a pathwq ~or the metabolism of ~ (186). 
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H) Role of Acylhydro~sses in Prostaglandin and Thromboxane :Biosynthesis 

The biosynthesis of prostaglandine occurs strictly from certain 
18. 

unesterified polyuÏlsaturated f'atty acic1s (116,117). However,- in many tissues, 

the in vivo levels of the free fatty acid precursors are extreD;lely low (118, 
o -

129,187-190). On the other band, large amOUJ;lts of arachidonic acid and 
'l, J 

smaJ.ler amounts of dihomo-Y-linolenate are esterified to complex lipide 

especially at position 2 of phospholipids (191-198). In some tissues or 

their homogenates, addi tio~f' arachidonic ~cid incresses prostaglandin ' 
" 

synthesis as does treatment with phospholipase A2 (116,117,189,199-203). 

This enzyme appears to play a major role in the stimtllatiolÎ of prostaglandin 

synthesis. Arachidonic acid is released from specif'ic endogenous phoepho-

lipide follow~ the application of st~muli whi!h initiate prostaglandin and/ 

or thromboxane synthesie in blood platelets (204,20.5) and transformed mouee 

fibroblasts (206). Certain inhibi tors of prostagland,in synthesis sùch as 
A 0 - • 

tetr~ne (207) meparine (208) and steroid anti-ini'lammatory agents (165-

168,209,211) exert their effect by inhibit~ phospholipase activitiee. 
ri 

Furthermore, the release of arachidonic acid, prostaglandine and related 

... ' 
products is stimulated by :he ionophore A23187 in blood plate lets (212-214). 

The ionophore also activated the production of' prostaglandins and tbromboxane 

in many other tissues (215). Conversely, the complexing agent, EDTA, inhibited 

release of the precursor fatty acid from phospholipids in homogenates of 

platelets (216), stomach (188) and thyroid gland (217). This ls in keeping 

wi th the fact that most phospholipase A preparations require calcium fo;r 

their activity (218). 

Interestipgly, in the renal medulla, the arachidonic acid releaSed 

by exogenous trig~ceride lipase is available for prostaglandin synthesis 

(131). The triglycerides round in the lipid droplets of the intersti tial 
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c~lls of this tissue have an unusually high arachidonate content (219,220) 

which inoreases in hydronephrotic and indomethacin treated rabbi ts (221, 

222). The production of prostaglandine in culture of reno-medullary inter-

s'ti tia! cella. can be inhibi ted by mepacrine (223). This antimalarial drug 

probably inhibits triglyceride lipase (224) as weIl as phospholipases (225). 

w:i 
Triglyceride~ may also supply some araohidona1;e for prostaglandin., 

synthesis in the thyroid gland through the action of a lipase senei tive ta 

the increase in cAMP induced by TSB (226). In the u taros and ovaries, a 

cholesterol esterase may be similarily activated'by luteiniztOg hormone 

(70). The released cholesterol could be used for hormone synthesis while 

the arachidonate which makes' u./a large part of cholesterol ester fatty 
\ • J 

acids would be transformed ~}tI'ostaglandins. The cholesterol esters are • 

a major s9urce of arachidonic cacid for prostaglandin syntbesis by adrenal 

cortex ili the presence of, ACTH (227). Phospholipids ne..etC! not be the only 

source of ara~idonic acid used for 

rate controlling step in endogenous 

'-, 

prostaglandin synthesis. However, the 
!" 

biosyntbesis of prostaglandine in vivo 

appea;r:s ta be an acylbydrolase reaction releasing long ohain fatty.acids 

from one or ~ore complex lipids following stimulation. 

1) Occurence of Prostaglandins and Thromboxane in Brain 

(1) Synthesis and Catabolism 

) 
Several reports demonstrate the presence of prostaglandins in brain 

of many animal epecies (51,228-233). The in vivo levels of prostaglandine 

in brain are exceedingly small but quiokly rise a.:rter death of the 
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animal (41). All brain ragions e:mmined in rat, eat and human eould 

synthesize prostaglandine al though wi th different capaci tiea ,and pro-

portion of E and F types of prostaglandins (41,234,235). In rats killed 

by'microwave irradiation, the median eminence contained a much higher 

level of proat8JSlandina of th~ E serie-s when compared to the medial basal 

hypothalamus and the anterior'pituitary gland (236). In quick frozen 

brain trom rats killed by decapi tation, the median eminence had the 
. 

highest PGF2 a and Ik levels of 24 brain areaa (237). 
1 

Thromboxane ~ vas syn th! sized in equal or greater a.mo~s than 

:prostaglandine by the cerebral cortex of rat and guinea pig (2:38). 

, However, prostaglandin ~ has been identified as the major prostaglandin 

endoperoxide product in homogenates ~of rat brain (239). Prosta.g1andin, 
-

~ vas 'found in fetal'sheep brain (240) but adult rat brain shows little 

capacity to synthesize this compound (28,38,41). 

la.!iY.2., prostaglandins are spontaneously released into superfusates 
- , , 

of variolE brain ragions (230,241-247). The leve1s are increased BaveraI 

fold following the application o~ neurolepties (248) and neurotrans-
, 

mi tters (241,2442 and during electrieal stimulation of various brain 

structures and pe'ri.~ral nerves (241,249). On the other hand, barbitu­

rates decrease the bashl re1ea~ of prostaglandine in encéphale isolé 
~ " 

preparations (248). Prostaglandin content of the CSF is increased in 

pathological conditions such as py:rogen fever, surgical trauma, mening-

itis, epilepsy, oerebrovascular aooiden~s (54) and ~ing ~ induoed 

convulsions (250). Tissue 1eve1s a1so rise quickly during electro­

convulsive shook (251) and convulsions. induced by metrdo1 (252). 
/ 
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The types of prostagland.ina spontaneously released from nervous 

tissue often differ from t~of prostaglan~ released following 

stimulation (241,245,249). The differential activation of p:t'Osta-

glandin endoperoxide isomerase and reduotase, al terations -in co-factor 

levels and involvement of different ceU types oould explain the change 
. -

in the type of proà"taglandin released under these two oondi tions. The 
(7 

non-enzymatic reduotion of ~the prostaglandin endoperoxide to prosta­

glandin F2 ex (253) and the greater water solubili ty of the trihydroxy 

prostaglandin ma.y also be :factors in the preferential release of this 

prostaglandine The actwa:tion of a 9-ke,to reduetase might account for 

the ohangeyin the type of proetaglandin seen during stimulation. This 

activity has been reponed in monkey, pigeon and rat b~in (142,143) and 

frog spinal eora. (144). However assays were generally done wi th pros-
1 

taglandin ~ eo~cent:;oati;~s far exceeding those :found il1 btain even' after 

prolonged incubatl.On. ~e 9-keto reductase activity in brain may result 

from a non-specifie reductase activity uneovered when high concentration 

of PGE are used (47). 

Cerebral cortex homogenates have a more rapid ini Ùal rate of syrithe-

sie than that of slioes but stop forming prostaglandine sooner even 

though the precursor is still plentiful (41). The prostaglandin synthe-

taBe in thehomogenate mq be deactiva.ted by one of the intemediates 

1 
. in prostaglandin endoperoxide synthesis accumulating tao rapidly as seeD1S 

to oeeur in the homogena.te of JIIal'ly tissues (see page 10). :Biogenic 

amines extend the !i:fe of the' prostaglandin synthetase of brain as wall 

as stimulate the production of prostaglandine (41). :Biogenic amines 
" . 1 

! ' 

have the SamB effect on prosta&landin' synthesis in stomaeh :t'undus 
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homogenates (129) and seminal vesicles (254). Chemical rectr,..ction of the 

hydroxyperaxide or of the endoperoxide f'unction of the inte-{$l8diates 

, in prastaglandin formation is prabably the mechanism by whil;h these 

comp~unds affect the production of prostaglandins (13},2531~55). In rat 

brain homogenates, the biosynthesis of prostaglandin E.L am ~ from , 

radioactive precursors is stimu.lated by Al1P ~ cAMP respeO "ively (256). 

Electrical pulses applied to the homogenate stimulate prost~Elamin ~ 
... ... l ' 

synthesis in the presence of ADP (256). However, in these ~xperiments .. , 
! 

the prostaglandins we~ assayed simply by measurirlg the rad 1 oacti vi ty 

which co-chromatographed'with prastaglandin standards afte~ e~her 

extraction. Exogenous free arachidonic acid does not stimUjate siBnifi-
" 

cantly PGF2 ex and ~ synthesis by brain tissue .!a ~ (2;19,235). 

The cataboHsm of prostaglandine by neonate sheep b-rair! (92) and 

mature rat and dog brain is negligible (47,257). However, ',he fetal 
1 

brain of sheep but not of rat possess very high 15-hydroxy i'rostaglandin 

dehydrogenase activi~ (93). A prastaglandin dehydrogenas~ activity which 

uses NADP+' as co-factor WB partially purified fram the higil speed Buper-

natant of mature monkey brain and fetal human brain (174). Very li ttle 

à l3 reductase aotivity was detected in monkey brain (174). Low levels 

of p~Btag1andin dehydrogenase and aomewhat higher levels uf â
13 reduot­

ase have been reponed in swine brain (88). The former aotJ.vities are 

a1so preli'ent in frog spinal cord (258). 

In brain tissue, a amall population of cells may 'he enj" ched in 

prostaglandin degrading enzymes as suggested by the work of Siggin II al 

who round by histochemical techniques that pros~agla,ndin de"ydrogena.se 

activity ws conoentrated to the Purkinje cells and soma mu tecular 
- \ 

lqer el'ement~nof rat cerebral cortex (259). However, it' h~S been 

._.~ in .!!!!1. !DOst or the prostagl.alÙlins _ reJIOv~d into 

\ 
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\ 

ci~tion and met&bolized by extra-neural tissues (260). 

ÇJ 

(2) Cellular and Subcellular Localization of Profitaglandin 

Synthesis in Brain 

increased releaèe of prostaglandins during sLa tion in The 

bram and other nenous tissues 9specially the frequency dependent 

evoked release suggeste a neural rather than glial site of synthesis. 

This is supported by the fact that the cerebral cortex grey matter 

containe more prostaglandine than th~ underlying white matter (229, 
ft" 

232). Furthemore, immunohistochemical methoda revealed the presence 

of cyc~o-oxYgenase antigenici ty in neurone of guinea pig brain (261.). 

However, glial as well as neuronal oeIl lines produce prostS81andins 

in ~ and synthesis in both ceIl types i8 increased by dibutyryl 

cAMP (262,2-63). 

As in other tissues, the prostaglandin synthetase acti V.J.. ty of brain 

is found predominantly in the microsomal fraction (229,264-266). 

Synthesis of prostB€la.ndins in whole brain is stimu.1ated by norepine­

phrine but that of synaptosomes i8 unaffected (266). Altbough the 

major f:raotion synthesiziDg prostaglandine is Ddt the synaptosomal 
Q 

<0 
:fraction, the latter vas thought to store prostaglandine in ~latively 

large amounts (265). This contention has been disproven in subsequent 

expehments where most of the pr~stagla.ndins were found in the high 

speed supernatant of rat brain (267). As in a11 other tissues studied, 

prostagla.zldinB are not stored in brain but synthesized .9:.! !!.QY2. in the 

presence of appropriate' stimuli. 
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J) Free Arachidonic Acid in Brain 

(1) Release of Aràchidonic Acid 

Brain tissue quickly f'rozen in liquid nitrogen (268-270) or micro­

wave irradiated (246) containe very little free fatty acida. . Unesteri-

fied arachidonic acid, th'r precursor for the prostaglandins and throm­

boxanes produced by brain, 1s practically undetectable under these 

conditions (268,269). However, anoxia induced.i:!!!i::!2. (27l~ o~ death 
. 

of the animal (269,270,272) result in a rapid rise in f'rae fatty acid 

levels in brain. Arachidonic acid is released post-mortem at a faster 

rate tnan paimitate, ~tearate, oleate and docosahemenoate (268). The 

incraase in free fatty acids is probably due to hydrolysis of brain 

Hp"ids and not to ~ nQ!Q. synthesis sinee in mouee brain slices the only 

unesterified fatty acid labelleà'by 1-14c'acetate is palmitate in the 

short period' of tilDe mvolved (273,274). !!he cerabellum released pro-

porlional1y lese arachidonic acid' than the cerebral cortex post-mortem 

(234) • 

~~--:=:~~-=/:::------~ ~ 
In vivo, electroconvu3.sive shock results in a transient increase in 

free fatty acida (2&8). The administration .1!! ~ of the convulsant 

Iirug metrazol also leads to an inérea.se in free fatty acid levels in 

brain (275). Intracerebral injections of large doses of' carbaohol and 

eaerine are reported to inorasse frae fatty scid levels la.llY9. (276) 

where as dibutyryl cAMP 'is not effective' (275). On the other hand, in 
{ ,-

narve endings -of guinea pig brain' norepi'nephrine and 5-hydroxyt:r:n>tamine 

stimU.lated f'atty acid release fram endogen~us eubstrates -but acetYli 

chol~ Md dibutyryl ~ 'were vi thout e~fect (277). The hydro:Lysis 

of lipide in suboellular fraction other than the sy,naptosomal one was 
" 
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not affected by the above chemica~s. 

The arachidenic acid released in brain followillg anoxio/hypoxio 

insul t is not limi ted to i ts ro1e as a substrate for prostaglandin 

aynthetase. Its accumulation and tbat of other UIlsaturated fatty aeide 

ls aBsociated with irreversible 10ss of mitochondrial energy metabe1iem 

in rat liv~r (218) and brain (279). 

\ . 
(2) Subgellu1ar Looalization of Araohidonic Acid Release 

\ 

oThe 1arger portion of the fatty acids released post-mortem' in 

1 rodent. b:cain ,remains associated with particulate fraotions (269). In 
o 

ra ta made anoxie by exposure to a ni trogen a tmosphere, free fa tty acide 

increased proportionally more in the brain microsomes than in the cru.de 

cytoplasmic extraet, the cytoso1 showing no increase (271). The yie1d 

and compoai 1?ion of the free fatty acids are somewhat different for each 

brain subcellular fraction suggesting tha t lipolysis occni:œ independ-

8lltly in each (269). 

A comparison of the fatty acid composition of lipide suggests no 

obvious linlt between the Phospholipide of whole brain (195; or sub­

cellular fractions ,(280,281) and the unesterified fatty acids :re~eased 

post-mortem. Tlie free fatty acids are relatively rich in palmitate 

while all the phospholipide except phosphatidylcholine are poer in th~s 
, ~ 

fatty acid. Similarly, arachidonic a6id comprises a l~ge percentage 

of the free f'atty 'acids but only a low percentage of the f'atty acid of 

phospholipide eXcépt in thé ph 0 spha tidylinosi tides • In Whole brain,' 

the a,iglycerides have a fatty aoid 'ODIJ.lOSi tion Simil~ to that of the 

l'ree fa tti acid pool (282). Rowever, i t must be remembered tba t the 

1" composi tion of the frée fatty acid 'pool may reflect not only the 
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distribution of the fatty acida elilterified to brain lipids but a1so ) 

the a~tivities and specifici ties u:f lipoly:tio enzymes present in the 

suboe11ular :fractions. 

(3) Post-Mortem Changes in other ]rain Lipids 

Other brain lipids besides .-f1'l3e fatty acide are quickly al tered 

post-morlem. Phosphatidylinositol monophosphate and phosphatidy1inosi­

toI diphosphate (283-285) show a l'apid loss whereas diglycerides show 

a rapid increase (282,286). The newly produced diglyceridea are rich 

in arachidonate and stearate as are the inosi tolphosphatides . (282). 

The rapid disappearance of the fo!1Der lipide oould suggest that they 

glive r.ise direetly or via diglyce.J.'ides to the :Cree fatty acida. This 

may not be sinee the phosphatidyll-nositol polyphosphates are ooncentra.­

ted in myelin (287,288) and :fatty acid release oeeurs in grey matter 

rather tmn in white matter (289). Furthermore, their rate of degrada-
\ 

tion post-mortem decreases wi th ~e (290-292) whereas that of fatty acid 

release inoreases (270). Al~o, 1,he levels of the above "phospholipide 
'/ -' 

are not affected by eleotrooonwll:live shooks (284) which are kn,own to 

raise . :free fa tty acid levels in vivo in rat brain (268). The ooncen-1--
tration of the ethanolamme and oholine plasmalogens are reported to 

decrease in brain during post-de{lttpi tative isohemia and hypoxia (293). 

However, these' lipids also predont-lQ.8 te in the wh! te ma. tter of nervous 
, 

, tissue (294). 

x) Stimulatiqn of Lipolytic- En~ymes in ]ka.in 

(1) Stimuiation and DistributlOfi ~of Phospholipases of the A Type 

, , 
In anoxia and duriIlg electrooonvulsive shooks, the high rate o:f 

release of arachidonic acid suggel'lts that a phospholipase ~ is involved 
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sinee the unsaturated fatty aciaB of brain are esterified mainly at the, 

2 position of phospholipids (195). Also part of the tetraenoic species 

of phospholipide, espeêially that of phosphatidylinosi toI, ls f'ormed by 

a deacylation-acylation syetem involving a phoepholipase ka (295-298). 
1 

Since the saturated fatty acide account for about half of the f'atty acids 

rele,,+sed (268), a phospholipase. must also be active during anoxia and 

electrooonvuleive shocke. Brain phospholipases of the A type ~ not be 

responeive to neurot~smitters and oyclic nueleotides. The acyl moiety 
,'fi#l "-

of rat br~ phospholipide prelabelled wi~ 1-140 aertate is not ~odif'ied 

by acetyleholine (299). Carbamylcholine injected la Yill in rat brain 

stimulated the incorporation of arachidonie acid into phosphatidic acid 
. 

but did so probably by increasing the availabili ty of diglycerides from 

other phospholipids (301). The report that norepinephrine,and eAMP 

\ 
accelerated phospholip~e A2 activi ty of sorne subeellular fractions of' 

guinea pig brain bas been retracted (302). The failure of ,OmM KCl to 

increase the, levels of lyeophosphatidylcholine or the incorporation of' 

fatty acide into the phospholipide of rat brain synaptic vesieles also 
/ 

suggests that the phospholipases oi" the A type of this fraction are 

unresponsive to neurotransmitters (203). In contrast, the incorpor,ation 

of oleie acid into brain phospholipide is increased by electrieal 

stimulation applied chi-onically in .:ti!2 (304). However, l!! vitro, 

elec~rical stimulation does not modify the labèlling of the aeyl moiety 

of brain phospholipide ('299). 

In rat brain the highest phospholipase A; activi ty is found in the 

mitochondrial fraction and~the highest phospholipase Al. activity is 
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found in the microeomal fraotion at phyaiolQgical pH (305). Synapto-
1 

somes alao contain a signifioant phospholipase ~ aoti vi ty. Neurons 
.~ 

have 5 to' 8 tilDes the- phospholipase A activi ties of glial oella at pH 
. " . 

7.4 (306). Acidic phospholipases are also present in rat, calf and human 

bra.i.n (301, 308) .' The release of fa tty acids which oceurs upon 'decapi ta-
f 

tion in brain pl:O bably doee not resul t from the aoti vi ty of acidic 

phospholipases since lysosomal enzyme release is a relative,ly slow 

process in the anoxio/ischemic brain (309,310). 

:Brain containe phospholipases of the A type which apparently do not 

. require calcium (308,312) and others which may require di valent cations 
. . -" 

(311). The stimulation of phos~lipase A, activity m brain by'the 
( 

application of electrocqnV1,Ùsive shock and by decapitation could result 

from the rapid fall of the ATP level in the tissue· since the nucleotide 

~y chelate' the cation. Dramatic decreases of"brain ATP levels have been 
l 

obeerved under the above conditions (313). Chelation of calcium by ATP 

has been proposed. to explain the inhibition of phospholipase A activi ty 

in fresh rat liver mitochondria (J78). 

The hydrolysis of exogenous ~OSphOlipids by parlially purified 

aoidic phospholipase A from who le brain is regu.lated by produc1; inhibi-

tion (307). A similar illhibi tion of brain phospholipases ~ oceur 
\ 

with endogenous substrates at physiological pH Binee fattyacid rsleaae 

practioally stops wi th in 15 minutes; p61st-mortem in rat brain wi th only 

a very small percen tage of the phospholipids be i:ng hydrolyzed (270). 
~ 

Al thoU8h the lysophosphatidyloholine content of rat cereb~l hemi-
/ . 

spheres increases during tcubation in a ni trogen atmosphere (314), 

the 'lysophoapholipase acti~ity of bl'ain (315,316) probably precludea 
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a stoichiometric correspondanoe between the là. tter lipid and the , , 

phosphatidylcholine 10st post-mortem in tbis tissue. Iqsopho~pha­

tidylinositol has bçen tentatively identified in ox brain (317). 'When 

injected in rat brain, this lipid appears to be degraded very rapidly 

'J (195). On the ether hand, lysophospholipids are rea.dily aoylated in 
" 

the presence of ATP and coenzyme A by rat brain bomogenates or sub-

cellular fraction (196, 318,319). The markedrequirelllént of the soyl­

sUng system for ATP and coenzyme A S'lIggests tliat rescylation of' fatty 

acids would be slow in brains 1aft in si tu after death of the animal. 

, " 
(2) Stimulation and Distributio~ of N~t:ra.1 Lipid Lipase~ 

) ' 

Neutral lipid lipases of guinea pig synaptoso~l membranes are 
1 

stimu.lated by tIIa.ny' neuretransmitters and putative neurot~mitters 

when exogenous substrates are used (320). Activity iQ found in s11 sub­

cellu'1.ar fractions from rat (321) and ~a pig,\~rain (320). 
J 

If' a neutra1 lipid is the source of the free fatty acï'as which 
f di/'J ," 

appear post-~ortem, i t would have to tum ovar completely many times to 

accoun~. for the amount of fatty acide released. However, neutral lipid 

lipas~s IIIa\Y' )le active enough ta gi ve rise to the free fa tty acide pro-

vided new substrate is produced. Th~ brain diglyceride pool! does 

increase rapidly post-mortem (286,282>'. 'lhe diglycerides oould be 

cleaved from the phosphatidylinas~tols by the action of a phospholipase 

of the C type (286,296,322). The small b~in 'triglyoeri.de pool ~ (268) 

containe very little 'araohidonate (322) but in this lipid, the latter 

fatty acid has a hi~ tumover ra te .in ~ (296). However, triglycer­

ides decrease by. only 2Cf1/o in one heur post-mortem ;in rat brain (268). 
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3) stiDn.ù.ation and Distribution of Phoepholipases of the C Type 

Eleétrical" stimulation, cholinergie and adrenergie 880nists increase 

the turnover of the phosphate portion of phosphati~linoBi toI and 
1 

phospha tidic acid and of the inosi toI moiety' of the fomer lipid in 
~ 

ga.ng:lia and brain (;2'). The metabolism of these phospholipide is 

atimu.lated by many neuroho:anones in glial as weIl as neuronal enriohed ~ 

fractions (324-326) a.nd~ oultured cell linee (327). The "phospholipid 

effect" was firet obaerved in pigeon pancreas by Bokin and BÇ>kin in 

1953 (;28)'. Sinoe then, the tumover of phospholipide in lII8llY tissues 

" has been. shown to respond to various stimul~ (323). 

The meehaniem by which neurot:ransmtters and electrical stUtulation 

inerease the tul.'nover rate of phospholipide in brain and ganglia is not 

clearly understood. It might be that a specifie dig1yeeride pool is 

generated by a phosphatidylinoàitol phosphodiesterase and/or a 'phospha-
'" 

tidic 'acid phosphatase sensitive to the above sti.mu.li (297,298,324,330). 
, 

In seeretory cells" thes"~ ênzymes :ma;;r be of lysosoma1 origin (331). The 

newly produee,d diglycerides would then be re~rpprated into the latter , 

phospholipide. Diglyceride kinase could also be a key enzyme irl' this 

1 ' , 

"phospholipid effect" but a purified kinase preparation from brain was 

not affected bl" acetylcholine' (332). The diglycerides which mq be 

inte:rmediates in "the ,stimulated metabolism of tlie abo~phospholipidS 

could be ~bstrat~s for the neutral lipid lipases unq,er cert8lin conditions. 

Brain phosphati~linositol phosphodiesterase aotivivo ie found i1JI the 

eolubi~ and particulate fractions' of brain (;;3,"4). The cytopl"~o 

and b0'W-d activi tiee requi1'9 c~lcium. 'There i8 some correlation beween 

"the localization of the membrane bound phosphotliesterase 8.01:i vi ty and 
, 1 
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enzymie activities a~sociated with P1a~embranes .033). A mo1eoular 
1 

aggregation between the enzyme and miorotubules of rat brain bas also 

been abserv~d (335). Phosphatidy1inosi to1 phosphodiesterase aoti vi ty of ., 
the nerve endiDgs is specifieally st~ated by lowamounts of aeetyl-

1 
... . 

choline (336). Brain phbsphatidic acid pho'sphatase is found ill all par-
, ~ 

ticu~ate fractione (326,33~ and is more active ~grey tban white matter 

(338), Muoh activity is localized to a Ill:asma. me~ra.ne fraction derived 

from synaptosomes (339). !lbe enzyme in a11 subce1lular fractions exam­

ined _~s stimulated by ace.tylcholine (326). 

1) Dif'ficu1 ties in Identifying the Comp1ex 1ipid Precursor(s) of' 

Prostaglandine in Brain 

A major diffioul ty in identifying the specifie com:p1ex lipid pre­

cursor(e) of' the araehidonate used f'or prostaglandin synthe sis results 

l,' from the l,arge differenoe in the amount of' this fatty aeid in the' 
t 

structural lipids of the tissue relative to the amount of' prostag1andins 
') 

produced. Brain containe milligrams of esterified arà.chidonate per gram 

tissue while i t produced on1y ~ few miorograms of prostag1anlline per 

.,gram. Since the arachidonate actua1ly transfo1'llled to prostaglandins 
. , 

: t,. , 

:representè an ext~ly small proportion of' that f'ound in the comp~ex 
-

lipide, i t would be very dif'fioul t to follaw the change i1. the level of . .. 
esterif'ied arachidonate directly related ta prostag1andin synthesie. 

, 0 

Another difficulty arises from the fact that nearly every comp1ex 

lipid in brain containe arachidonie a01d (296,280,2,8l) and from the like­

~ lihood that endogenous l'ipids are available to different degreée to the 
Q •• 

acyl.hydrolases depending ,on the~r distribution in the ·membj9Sa. Indeed, 
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subcellular fractions of brain differ ill the compositions of theix 

phospholipid classes (280,281,340). Furthermore, the fatty acid compo-

, si tion wi thin a given phospholipid class a1so o~iffers from fraction to 

fraction (280,281,340-344). FillallY,J the phospholipide may be distributed 

asymmetrically across the plane of the. subcellular membranes of brain 

(345). Thus, the use of exogenous complex lipid substrates to identify /e 

the origin of the arachidonic acid used for prostaglandin synthesis would 

not be very infomnative sillce the restrictions imposed by membrane 

organizatron on the possib,le endogenous precursors would not operate. 

An addi tional problem ia tha.t very li ttle radioactivi ty can be 

found in the prostaglandill produced by brain homogenates or microsomes -

incubated wi th radioactive arachidonate in the medium (J46). Since trace 

amounts of prostaglandins m~ be formed non-enzymaticallY from arachidonic 
_ 0 

acid (347), the biosynthesis of these compouncts from this radioactive 

fatty acid cannot be con.vincingly deIIlOnstrated in brain. The low . -
conversion by brain of exogenous arachidonate is probab1y d,,:e for the 

most part to dilution by the relative1y larœ 1 amount of arachidonate 
~ 1 lf1 

released post-mortem from endogenous lipide. The difference that' exists 

between the amount of free arachidonate present in vitro in the tissue and 
-- r 

.1 
the amount of prostaglandin produced ia such that only a very low 

,percentage of the exogenous precursor fatty acid can be converted to 

prostag1rdinB • 

Another factor which would ld.mi t the conversion of exogenous '8.rachi­
i 
donate to prostaglandine might be the difficulty of access to the prosta-
1 • 

,glandin synthetase of exogenouB free fatty acide in intact brain tissue. 

. 
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That this phenomenon exists is suggested by the lack of inhibition of 

prostaglandin synthesis in cortex slices by eioosa tetraynoic a,oid which 

is a ver,y effective inhibitor in homogenates of the same tissue (47)· 

Final~, a eontrolled system of deliver,y of araehidonate to the prosta­

glandin synthetase tightly coupled to a specifie com:plex lipid might 

exclude direct use of exogenous arachidonate. 

The origin of the unesterified arachidonic ac~d released post-mortem 

in rat brain is of particular interest sinee the fatty acid ie the 

. immediate preoursor of the major prostaglandine and thromboxanes pro-
f 

, 
duced by tle tissue. Some of the experimen ts described hereafter were 

designed to identify the ~omplex lipid precursor(s) of the unesterified 

ara.,ohidonic acid "by following t~ specifie activi ty of the arachidonie 

acid released at different times after deeapitation compared to 'that of 

the arachidonic acid in indi vidual complex lipids. An inverse rele. t~on 

was also sought between the 'levels of ~raehidonic acid hd radioactivity 

in the unesterified fatty acid fraotion and thoBe in the complex lipide 
'~ 

in rat forebrain. The microsomal fraction from rat. forebrain waS also 

studied because most of the prostaglandin synthetase activity ie located . 
there. 

"-To study the oompartmentation of the araèhidonic scid UBed for pros-

taglandin synthesis by rat cerebral cortex, the deuterium to protium 

ra.tio~ vere measured at various time points in the prostaglandin Fi a 

produoed by the tissue Bliees or homogenates incrubated in the preèence
l 

Jr 
of oetadeuterated arachidonic acid and were compared ta the values 

obtained in the arachidonio aoid of dii'ferent lipid fraotions' of the (. 



o 

---,------

incubated brain ti.ssue. It' has been shown that octadeuterated arachid-

onic acid can be used to measure by, gas chromatography-mass spectrometry 

the specifie forma. tion of prost~~~din F2 ex fram exogenous preoursors 

in cerebral cortex slices and homogenates (47)'. 

\ 
.!!! ~ experiments vere also carried out to establish a correla-

tion between the prostagl~din endoperoxifte products ~hich appear during 

drug induced convu.ls'ions and the arachidonic aeid re1eased under thèse 

condi. tians in rat t'orebrain. The effect of anticonvu1sants on. the 

post-mortem release of fatty acids was a1so examined. 
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CHAPTER 2 

MATERIALS AND METRODS 

, #"A): Intracerebro-ventriculér Injection Procedure 

Male Wistar rats (Canadian Breeding Farm, Laprairie, Que.) 

weighing 250-350 gms were anesthetized wi th ether and pos! tionect in 

34. 

a stereotaxie head holder. A/ter exposure of the cranium, a 1mm burr 

hole was made at a point 2mm from the sagittal ~ture and 1mm .from the 

corona! suture without per.foration of the meninges. The 0llening was 

aealed with bone wax. A 10~1 Hamilton syringe held vertically over the 

amall ,openiDg by means of the stereotaxie apparatus, was lowered 4.'cm 

through the bone wax and menillges' down' to the lateral ventricle. 

Injection of Methylene blue dye in ) animaIs con.firmed the placement of 

the needle in-e"o the lateral ventriele. The injection mixture had a 

volume of 8~1 ~, was de~ivered in apprOXima~lY )0 seconds. ' The naedle 
l , 

was held in place 1 minute after injection and wi thd.rawn slowly. 

:8) Injection of [3H8]-AraChidO~C Acid l!! Vivo and Time Course o.f 
1 

Incorporation 

Tri tiated arachidonic scid (New England Nuclear,){oston, Mass. 80 

Ci/millimole) was purified by thin layer chromatography (TLC) on silica 

gel G wi th cold ara.chidonic scid (Nu-Check, Elysian, Minn.) added as 
, , 

carrier. The developing solvent system wu isopropylether : n,-heptane : 

a.cetic acid, 40 : 60 : 3 by volume. The s:~a corresponding to the 

referenee 'araohidonic acid spot wu eluted with ehloroform : Methanol 

(C:M) 2 : 1. As a precaution against oxidation all steps including 
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35. 

spotting on TLC vere carried out in a ni t:rogen atmosphere. Tbe 

purified fatty acid was neutralized vith 1mM NaOH and complexed with 

htty acid free bovine serum albumin (Sigma, St Louis, Mo ) in 5mM 

phosphate buffer pH 7. 4 in a IIlo1ar ratio of fatty acid to albumin of 

5 1 1. The solution for injection contained 4 • .5~Ci of tritium and 2. 2~ 
/ 

of carrier arachidonic acid in 8~1 o~ buifer. 

The rats vere kept in a cage wi th free accesS to W'ater for wo hours 

1~ ~inutes &fter the intracerebral injections of label. At this time 

they were killed by decapi taUon. Complete beads vere rapidly frozen in 

IJquid nitrogen. The frozen 

skUll and the pie ces kept in 

iri C:M, 2 : 1 by volume. In 

forebrain regions were chipped\ out 'of the 

liqufd No unt1~ we~iog and h~iog 
other cases, heads were kapt 'at room 

t()mperature and the tissue homogenized in C:M, 2 : 1 after '2, 15 and 30 

mInutes post-mortem. After 2 hours and 15 minutes, very little of the 
'"\. -

Inbe'l remained as unesterified fatty acid ainee [3Ha]-arac~donic acid 

iujected intracerebrally has a half life of .5 minutes in the free fatty 

a{lid fraction of mouee brain (348). 

C) Administration of Drugs 

càrbamylcholine (Sigma, St. Louis, Mo.) in nprmal saline vas 

injected into a cerebral lateral ventr.ic~e of adul t male Wistar rats 

( 1 OO.,.lÂlrain ~. In so~e cases, the animals W'ere kept under ether :for 30 

minutes after injection. The animals vere decapi tated }O minutes' alter 

injection and the heade were rapidly frozen in liquiâ. ni trogen. 

Rats fasted overnight were given intraperitoneally, wC' doses (40 

tDjr/Kg and 8Omg/Xg), 10 minutes ap::fr oip~~trazol (Metrazol, 

\ 
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Bilhuber-Knoll Corp., Orange, NJ.). The animaIs were decapitated r 15 

. "j-

and 75 seconds alter the onset of generalizefl convulsions which oècurred 

approximately 2 minutes ~ter the second injection. The heads were 

- rapidly .frozen in liquf.d ni_trogen. 

Sodium phenobarbital (Brinkman and Co., Montreal, Que.) 15<>mg/Kg, 

pl!enytoin eodium (Dilantin, Parke-Davis, Mi.) O.33g/Kg and diazepam " 

(Valium, Roche) 8~5mg/K8, were a.d.ministered intraperitoneally. The 

d.rugs were given 30 minutee be.fore decapitation. In these experimente, 

the severed heads were_ kept at room temperature and the forebrains 

homogenized in C :M, 2 : 1 by volume at 2 minutes post-mortem. In all 
, 

other experiments the .frozen o.forebrains were chipped out o.f the sku.ll and 

the pieces kept in liquid ni trogen until weigh!ng and homogenization in 

C:M, 2 : 1 by volUme .for the extraction of neutral lipide and of phospho­

lipide. Homogenization was done' ,in ethanol when prostaglandine and 
\ . 

thromboxanes were to be measured. The symptomatic effect o.f the d.rugs 

were recorded and only those animale which had the expected reactions 

were used. 

D) Extraction, IsolatioIlJl.llcLS.ap.on-ification of Lipide 

/ 

After homogenization of the brain tissues in 20 volumes of C :M, 2 1 

the fil trate was aoncentrated and the polar and neutral lipide were 

separated on short columns of si110ic acid (:Bio-Rad Laboratories, Richmond, 

ca.j and celite (John-Hanville, Co.) (2 :'1, w/v). The frae fatty acids 

and neutral lipids were eluted with chloroform and the polar lipids with , 

methanol. '\ 
The chloro.form eluted lipide were sepli!Xated by TLC on silloa gel 

G (O.5mm) developed with_isopropylether : n~heptane : acetic 8Oid, 40 
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( 

60 : 3. The diglycerides are not weIl resolved,from the cholesterol,by 

• the ~bove solvent system. The above wo lipide were separated by TLC 

us-ing chlproform : acetone : methanol, 96 : 4 : 1 as developing solvent 

mixture (296). The pOlar lipids were chromatographed on TLC plates of 

Bilica gel BR60 (0.5mm) prepared in 1mM NaaCCb according to the method of 

Skipski et al. (349)~· TheBe plates were :;-un in chloro:form : methanol : 

acetic acid : water, 75 : 45 : 12 : 6 by volume. The li~ids were located 

with 2,7 dichlorofluoresceincdye. The lipids which co-chromatQgraphed 

wi th lipid standards (Nu-Check, Elyeian, Minn.) were scraped o:ff and 

elu ted wi th 1 DOml of C:M 2 : 1 i:f non-polar or 100ml of methanol if polar: 
1 

Saponification of lifidB and extraction o:f free fattyl~'ds was done by 

methods outlined by Christie (350). ~e, efficiency of e hydr~lyBis and 

work-up procedure was better than B0}6 based on~ the re overy of radio-

activity from the lipide extracted from rat brain labelled with tritiated 

arachidonic acid. It is unusually difficul t to separate all the phospho-

lipids in one chromatoçaphic step; however, all but one W'ere clearly 

resolved by the met~od of Skipski as' seen on the plates (Figure 3). In 

this system, phosphatidic acid probably containe cardiolipin (349). 

E) Subcellular Fiàctionation 

:Brain tissue was homogenized after 30 minutes pos~ 

sucrose to give a 10)6 homogenate, w/v. Diisopropylfluorac tate (DFP), a 

brain phospholipase A inhibitor (308) was added to t~e sucrose solution 

at a concentration of 10-~ before :Qomogenization. The previous and 

o subsequent steps were carried out at 0 C. The pellet obtained after 

centrif'ugation of the homogenate at 1100g :for 11 minutes was discal'ded 

~hile the supernat""t was centr1~d UlIder 17.400g Cor /P, m1nute •• Thi • 

. --:.' 

.- -------.-----.. ~ ... III!III1._ •• ~ .. 



Figure 3: 

c) 

____ ~~ _ ____ H~ ___ ~_~ _______ ~ __ __ _ 

Thin l~er chromatograph of rat brain phospholipids 

prepared accordiDg to the method of Skipski (see terl). 

The lipids were located vith 2,7 dichlorofluorescein qe. 

Lipid standards are from bottom: lysophosphatiqlcholin~, 

sphiDgomyelin, phosphatidylcholine, phosphatidylInosi toI, 

)8. 

phosphatiqlserine, phosphatidylethanolamine and phosphatidic 

acid. 

1: 

\ 

" 
\ 
\ 

\ 

\ 
\ \ 

\ \. 
\ 

\ 
\ \ 

~\ 

1 \ 

1 

/ 

1 

/ 



1 -.. 

1 



, 
~, 

r 

,', 
.; 

~ 
'" t, 

, 
t" 

j 

.".~.~ 

( 

40. 

step gave a orude mitoehondrial fraction. Pu.rther eentrif'ugation of 

the supematant at 105,ooOg for 1 hour yielded a microsomal pellet. 

Centrifugatiorlfl were carried out in a Sorval RC2B and a Spineo ul tra-
, " , 

centrifuge. Pl'otein determinations were done by the method of Lowry (351). 

F) Quantitation of Fatty Acids and Measurement of Radioactivity 

Fatty (acids were methylated with a ethereal diazomethane in the 

presence of' 1(1)6 methanol. TheBe in tum were separated and quantitated 

by gas liquid ohromatogr~phy (GLé) on a 10)6' Silar 100 6 foot column 

(Applied 8cieMe Lab, State College, Pa.) with a temperature progr.am from 

00- 0 
170 C to 2)0 C increasing at a rate of 3 C/minute. Identification of the 

'" fatty acid peolcs was done by comparison of their retention times 'fii th 

those of fa~ty acid standards run under identical conditions (Figure 4). 

In some instances, the idepti ty __ O-f--the f'atty acids w~ checked on an 

LKB-9000 gas chromatograph-maBs spectrometer run in" the full scan mode 

using a Silar 100 oolumn and the same temperature program. Source 
o - - , 

temperature wnf! 250 C, ion current was 6C4J.A and elecyon energy 20eV.: 

Correction waal made for background GLC peaks due to solvents, 811ioio 

acid and visuulizing spJ:'8Y. 

For quanti tation of the free fatty acid fraction the internaI standard 

heptadecanoic acid was added to the brain tissues aftel:' homogepization in 

C :M, 2 : 1. When the specifie activi ties of the arachidonie acid from 

varioua brain l1pids fraJ>t:O"" vere to te 4etermined. heptadecanoic acid 

was added aftpr the isolation of the fatty acide. The radioactivi ty in 

the f'atty acid fractions was assumed to be entirely associated with 

arachidonic acid sinee 89)6 of the radioactivi ty in rat brain phospholipids 
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41. 

Photograph o~ a wic~ gJ liquid chromatograph o~ 

the ~atty acidS o~ ~at brain phosphatidylcholine. Sample 
J . . 

vas run on a 1~ silar 10 C 6 ft. calumn vith a temperature 

program fram 170°C to 230°C increasing at a rate of 3°C/min. 
\ 

Heptadecanoic acid 5C17:0) sel."Ved as internal standard. 

The ~atty acide are in order of retenti on times: palmi tic 

acid (C16: 0 ), stearic acid (C18: 0 ), oleic acid (c18:,), 

linoleic acid- (018~ 2)' linolenic acid (018:3)', arachidanic 

acid (020:4) and docosahexaenoic acid (022:6). 
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\" J. 

remained aIi [3RaJ-arachidOnic acid ~ hours after i ts administration 

(352). Radioactivity of ~l lipide was determined ~ an Intertecbnique 

liquid scintiJ.la~ion spectrometer using the channel ~ratio method wi th 

automatic external standardization • • 

G) 
o " 

Synthesis of Octadeuterat,ed Arachidonic Acid 

1\ 

[5 ,6,~,9, 11,12,14',15-2He, all ~isJ-eicosat'etraenoiç acid was 
, , 

sYntheeized by the method Qf Bamberg ~.!!. (353). The procedure consists 

of reducing the éfcetylenic bonds of the co~responding, eicosatetray,noic 

acid (Bupplied by Dr. D. Garmais~ Abbott Laboratories, Montreal, Que.) 

, . 

with deuterium gas to the olefin l stage~ The r~action ls, done in the 

presence of Lindlar' s c~talyst wlÎich gave ~ addi tions ~o carbpn-carbon 

triple bonds. The de';terium gas wae obtained fr~:ii Merck-Sharp and Dohme, 
. 

MontreaL Q The reactions was. carried O"lt in methanol at rQom tèmperature 

and at atmospheric pressure. Lindlar' s catalyst was ~ynthesized by the 
't, 

method of Lindlar and Dupuis (54) and the amount of qhinoline added to 

.f'u.itther poison i t was equal to the weight' of the catalyst Uliled. 

The hydrogenatiop reaction \l!as moni tored wi th ,;the man0l!leter o~ fi 
\ 

standard hydrogenation apparatus. The reaction was stopped when-an 
> • 

abrupt ch~e in the elope of the hYdrogenatioJ;!. curve occured. The 
, 

catalyst was filtered out, the filtrate diluted with 10 vq,lumes of 
". 0 

acidified water (pH 3>. sa~ated with NaCl. 
<II 

The aqueous phase was 

extracted tWice with a dpuble volume of 'hexâne. The organic ph~e 

was evaporated and the residué spotted 4irectly on silicà. gel BR66 

(O.5mm) TLC platès cont~iÎIg 8}6 AgNOs. > Tlle plates wera activated at 100°C , 
for 2 hours befora use. The developing mixture was 2,2,4 trimetby'lpentane, 

etbyl·acetaté and ace tic acid ,(10 :~: 0.1). The combined-first'two 
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J' 
solvants were saturated with water before addition of glacial &Cetie acid. 

The band corresponding to the major reaction product (which co-chromato-. , ~ . 

graphed witlf arachidonic ac id) was cu t out and elu ted wi th C :M, 2 :.1. 

The identi ty an~ the isotopie puri ty of the major ~t was 

determined by mass, spectrometry on a lD-9000 mass spectrometer interfaoed 

wJ.th a Varian SS10Cl'fS data machine. The gas chromatography was done on 
~ ,. 

a 6 foot glaàs eolUllll'l: pa.cked with 1cvG Silar 100 on chromas orb Q. The 

° ,,1 operating conditions were: Oven temp§rature 200 C, electron energy 20eV, 

ion source tempera~e 250°C and trap eurrent 6o.a.A. The compound was 

analyzed as the methyl ester. 

~e determination of the ~hemical puri ty and the quanti tation of 

the isolated ,[~8J-~achidonic acid was done -by gas \chromatograp~ using 

a Silar 10C column. This packing" separates geometrical and pos! tional 

- isomers of pOlyunsaturated fat~y acid (355). 

(!j 

il) Synthesis 
2 -

of, [ HaJ-Prostaglandin Eaa-
, .", ~ 

Sheep seminal vesieles (2.9J6 w/v) were bomogenized in ,9.15M phosphate' 

,butfer pH 7.'4 containing 1mM EDTA and O.1mM norepinephrine. The super-
, 1 1 

natant from the first 8000 g x 10 minutes centrif'ug~tion was centrif'uge4r 

at 105,00 g for 60 minutes. The pellet was re-suspended in butfer and. 
t 

centrifUged again to give a microsomal 'fraction.according to S8lIll1elason 

et.!! (.3S6). 

Microsomes from 2g ot tissue were BUspended, in 4m1 of a 0.1511 

phoSphatè ·bÙfCer pH 7.4 oontaining 1mM EDTA, 1. norepinephrine and 1mg 

o 
of octadeutero-araohidonic acid. The mixture wu inoubated at 37 C for 

, 0 
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25 minutes in a '95% oxygen atmosphere. Ethanol (6 volumes) vas added to 

stop the reaction, the mixtŒre stirred for 20 minutes and then filtered. 

Tritiated PGFsa (2 x 1J~cpm, 1ng) vas added to the ethanol ~xtract to 
, 

monito;t' recoveries from columns and TLC plates (47). The filtrate vas , 

<Y evaporat~d in vacuo, the résidue dissolved in 3ml of distilled vater, 

acidified to pH )., vi th 1N HeL and introduced into washed Amberli te XAD-2 

columns (1.1 x 10cm) which wer~ eluted,first with water and then with 100 
, 

ml of etheno!. AlI' radio~tivi ty was found in the ethanol fraction. The 

ethanol fraction was evaporated to dryness, the residue dissolved in 100 

""lof C:M (2 : 1 by 1 vOlulne) and applied as a central band to O.5mm thick 

Silica Gel G plates and developed with chloroform : methanol : acetlc 

acid : water (90 : 9 : 0.65 by VOlume). Standards of PGFaQ' and PGEa 
f ~ 

, 
vere run on each side of the plate and detected by spraying wi th 1 ~ 

phosphomolybdic acid in ethanol with local heat~ after covering the 

central band 'IIi th a glas13 plate. The zone -of silica (gel corresponding to 

PGF2 a was scraped off, P~d in glass columns fi t;~ wi th s~tered disks 
Q , -

and eluted wi th 90}6 methenol. The eluate was evaporated to d:tyness, 2ml 

methanol was a4ded, then 30ml water, 80m1 dietbyl ether and the lower 

phase was acidified to pH 3.0 with 1N ReL. The lower phase was extraoted 

again wi th 8bmi of diethyl ether and the ether 'phase was washed wi th 
\ 

distilled water until neutral. 
.J 0 ~ ... ~ 

The combined organic phaseS' were 

evaporated to dryness and redisBolved in 8)6 methanol in chloroform. 

Samples were then introduced onta Pasteur pipette si11cio acid - HA cQlumns 

(0.6 x 5.3cm) and eluted with 296 methanol in chloroform (5~) then w~th 

2~ methanol in 'chloroform (PGFa a fraction). The compound vas analyzed 
, ' 

as the methyl ester, lJMS derivative. An aliquot 1 of the isolated materla1 
1 ! 

." 
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wa.s evaporated to dryness and methylated 9Y treating the sample wi th 

O.$ml freshly distilled ethereal diazomethane (9 : 1 by volume) for 60 

minutes at room temperature. Semples vere then transferred to small 

capillar.y tubes then fitted with rubber septa. TMS ether derivatives 
f \ 

, 
of, the PG~ cr fractions vere prepared by adding 1ÜlJrl of Tri-Sil Z 

(Pi~rce Chemical 00., Rockford, Ill.) and. heating at 60°0 for 5 minutes. 

The identi ty and the isotopie puri ty of the extracted PGF2 a were 

" 
de~ermined ~y mass ~trometry. The gas chro~t~graphy was carried 

out on a 6 ~oot glass column packed with 1% OV-101 on cbroma.sorb W HP. 
r , \ 

The operating conditions vere: oven tempera~e 220°C, eleetron energy, 

20eV, ioft source 290°C and trap current 6ÜJ,lA. The [2Ha]-PGF2cr was 

quanti tated by G. O. using a glass eolumn packed wi th 196 SE 30 wi th an 
o / \ 

oven temperature of 220 0/ /and 20-ethyl PGF2 cr vas used as internal 
/' , 

st~gure 5). The C-value of these e~mpounds vas deterllliZ.ted 

and the G.C. reQPonse of the internal ~tanda.rd compare!i t~ that of 
1 

authentie PGF:acr (gift from Dr. John E. Pike, Upjohn Co., Kalamazoo, Mieh.). 
o 

The amount of proti~ form in [2HaJ-PGP:a ex vas quanti tated by multiple 

ion ~alysis using [~,3,4,4,_2H4J-PGF:aa (supplied by Dr. John E. Pike, 

Upjohn Co.) as in:ternal standard (47). The ions monitored were mie 423 0 

~ 
for the protium form and 427 for the tetradeu terated forme 

., 
[5,6,a,9,11~12,14,15-~8]' thromboxane Ba vas prepared by incubation 

of freshly collected hwœan platelets for 5 minutes at 37°c withh aO~g of 

octadeutero-arachidonic acid. Also added were 1.,.Oi of [1~ 14cJ-arachidonic 

8.C'id (Amersham, England, 58mCi/DDDole). 
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Figure $. Photogr8fh of a gas liquid chromatograph of the prostaglandin 

Fa 01 produced by sheep seminal vesicle microaomes incubated .tn the 

\,_(pr~èsence of [258] arachidonic aœl1d. The prostaglandin Fa 01 isolated 
---.-...... \ù-J ' 

from the reaction,mixture was run on a 196 SE 306ft. glass column 

. 0 
. wi th an oven t-emperature of 220 C. The internai standard was 20-

~. 

etbyl ~ 01. The C'-value for PGFa a was 24.1 ,ma for the interna! 
) 

standard, 2$.7. 
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The platelets w~re collected vith 7.9% (v/v) ot 77mM EŒY.PA and 

centrifugecra.t -200 x g tor 15 miilutes ~ siliconized tubes' at room 

temperature. The pl~ma was transterred with silicanized pipettes to 

) 

other tubes and centrifuged at 650 g for 15 minutes. The pellets trOID 
• .. ~t1 

\ 
the plasma suspended in 0.15M NaCL - 0.15M Tris Hel buffer pH 7.4 - 77mM 

sodium EDTA (90 : 8 : 2 by, volume) and centrifuged again at 650 g ~or 1$ 

minutes. This last pellet was suspended in Krebs-Hanselei t medium " 

wi thout calcium for the incubation (14). The following puritication was 

done by the method of Bamberg et Al (156). The ethanol extract (20 

volumes) was evaporated to dryness in vacuo, the resid'tle dissolved in 

-
20ml of acidified water and partitioned with ether as described in the 

preceeding section for the isolation of PGP.a a. 'The organic phases were 

com~ined, evaporated to dryness and the residue redissolved in ether : 

petroleum ether (25 ': 75) for transter to silioa gel columns (3g SilHA, 

Bio-Rad Laboratories, Ca.). The columns vere eluted vith 1Om+ of the 

following solvents: ether: petroleum ether (25 : 75) and (40 : 6~) and 

ethyl acetate. The last fraction vas evaporated and the residne 

methylated as described for PGP.a a.\ The methylated material was then 

cbro~tographed on silica gel G plates us~ as solvent system the 

organic upper phase of ethyl acetate: 2,2,4 trimetbylpentane : water, 

25 : 50 : 100. Thromboxane:Ba standard (Upjohn Co.) vas spotted on the 

sides of the piate and was later visualized by spraying with phosphomo­

lybdic acid and local heating. The band corresponding to the standard 

TxBa was elu~ed vith ethyl acetate : methanol (3 : 2). The eluting 

solvent was, then eyaporated and the residue spotted on a second 'l'LC '" 
- - ~ -

plate or silica gel G and developed in eht,rl acetate saturated with 

water. 

/ 
1 
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50. 

The TMS ether, methyl ester derivatives of the compound vhich co-

chromatographed wi th a standard ~ was analyzed by Ge-MS. A 6 foot 

o 
glass COlUIml packed with 1% OV-101 and an oven temperature of 2~0 C 

were used. 
0' 

Ion source teIDP,erature was 290 C, electron. energy 70eV and 

trap current 6~A. The mass speetrometer was operated in the full scan 

mode to obtain the complete mass-spectrum of the compound for identification 

and estimation of isotopie puri ty. ~l tiple {bn/analY'siS using the 

alternating voltage acceleration vas also used to quantitate [2Bfi]-~ 

against standard TxBa. The fragment ions monito;red were the base peaks 

of the abové compounde with mie of 260 and 256 respeetively. The multiple 
~i ~ 

ion analysis was" performed at an electron energy of 20eV. The Ge-MS 

resporlse of labelled\ against unlabelled T.x:B2 is l~ear and the standard 

curve has a elope of 1 aceollding to Bamberg et ~ (358). The C-value \ of 

the derivatized [2Ha]'-'l'xB:o! was obtairied on the same eol~ as above. The 

% protium in the [2HaJ-Tx& could_l>e easi'ly obtained from mass fragmento­

grame since the intensities of the ions monitored for these two isotopie 
/ 

forme of the compound would be equal for equal amount of material 1 

, J) Preparation and Incubation o,f Cerebral Cortex Tissues for Production 

of PG Endop~roxide Derivatives 

Unanae'thetized male Wistar ra~s weri decapi tated and after quick 

removal of the 'brain, wo to three sHces' of cerebral cortex, O.5mm thiek 

were eut out with a Stadie-Riggs blade in a humid chamber. To measure 

the production la .!il!:2 of PGF:a 01 from endogenous and exogenous precursors, 
\ 

the slices vere incubated immediately for S and 60 minutes in 3ml of 
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Ringer-:Bicarbonate glucose (R:BG) medi1}Dl, ipH 7.4 eontaining 25"..-.g of 

[~8]-arachidOniC aeid p~r 100mg liissue with or wi~hout 1mM norep1:nepbrine 
. 0 

at 31 C in a 9~ (}a - 5% cOa atmosphere.- The time elapsed between 

_ decapi taUon a:Qd beginning of incubation was 5 minutes. Homogenates were 

prepared from sUces suspended in the incubation medium in a glass 

homogenizing tube wi th a te fIon pestle rotating at 2000 rpm for 6 thru.sts. 

K) Extraction of PG Endoperoxide Produets and of Other Lipids 

At the end of the incubation period the Bliees were homogenized in 

organie solvents separately from the mediUJ,ll or combined with i t. Ethanol 
'. 

(20 volumes) was, used to extract the prostaglandine and thtomboxane B:a 

and C:M (2 : 1) to extract the neutral and polar lipide. In the latter 

case, the separated s~ices were washed for 3 minutes in butfer containing 

fatty acid-free bovine ierum albumin in a molar ratio of' 5 : 1 of tissue 

fatty acids to l;>ovine serum albumin before homogenization (359). 

The organio solvent >~xtracts were worked-up according ta the prooedure 

already described in preceeding section on the is~lation of oetadeutero­

JlrostaglandinS Fa ~ produced by sheep seminal vesicle microsom1~ of' 

octadeuterothromboxanes lb from blood platelets or on the isolation of' 

individual lipids from rat cerebral hemispheres (see pages 36,45,49). 

L) QJ1anti tation . of PGFa cr Produeed by Cerebral Tissue 
,l, ' 

- [3,3,4,4, 2H4]-PGFacr B~rved as interna1 standard to quantitate by gas 

Chromatograpby.mJ's fragmentography, the PGFacr and the oetadeutero-PG~cr 
2 \ 

produoed by' c'erebral tissue. _ The [ H4]-PG~cr (on~ mic~ogram) was' added 



/ 

() 

.. 
$2. 

/ 

to the ethanol extract at the start of the purification procedure • 

.Analysis of· the semples were carried out immediately artel' derivatization 

on a LKB-9000 instrument usiDg the multiple ion detector unit to mon! tor 

intensities alternatively of the protium and deuterated pro8t~landins in 

the same injection sample. The ions mon! tored for the TMS methyl esters 

of PGba, [~4]-PGFac:r and [2Ha]-PGbè.r were mie 423,_ 427 and 431' ~espectiYely'. 

Gas chromatography was 'carried ~t on a 6 foot glass column packed with 1%. 

OV .. 101 Ohromasorb W-BP. The _ope::-~j;ing conditions wère: oven tèmp'iature 

220°0, electron eBergy 20eV, ion source 290°0 and trap curren:t; 6~A 

(Figure 6). 

Standard mixtures of PGàa and [2H4J-PGP2a were Fun with every group 

of four to six samples (" 10 and 2~ PGbc:r/~ r2H
4

]-FGbc:r). The amount 

of protium in the deuterated standard !was subtracted from sample measure­

ments. A standard line was prepared 'from mixtures of 20 to 80ng of [2Ha]­
PGP2c:r added 1ëo 1~""of the internaI standard r2H

4
J-PGP;c:r and was plotted as 

Dg [~a]-PGàcr me~ed v.ersus ng [2Ha]-PG]2cr per J.tog r2H
4

]-PGP2cr. _ The 

contribution of the internaI standard to the intenaitY of the ion at mie 
, 

431 was subtracted from that of [2HaJ-PGP.a cr. The deuteri~ to protium ra:t;io 

in the PGP2cr produced "by rat c;rebral cortex in~bated for, to 60 minutes 

in the presence of [2Ha]-ar~ChidOniC acid ,.tas obtaip.ed by taking t~e ra-tio 9f , 

- the amount of [2Ha]-PGF:aa to the amount of proti~ form produced dur~ 
0-

inoubation. The amount of PG]2cr syntnesized during 'the time required to 
~. . 

, ~repare the tissue for incubation.as measur'ed by W~lfe .!ù .!! (47) wu 

subtracted from the PGJ3cr recovered from the incubated slice. In èstabli-

ahiDg a pre7~uctrelatiOllSldP between the arachidonic &cid in a liPii 



o 

Figure p: Photograph of 'a mass. fragmentogram of a prepared 

/ 

miXture oonsisting of 1~ 'of [2u4J-PGEla and 20 Dg of PG&a 

. and [2BaJ-PGF.a. AnaJ.ysis was oarried out on an ID 9000 gas 

ohromatograph-mass speotrometer using the aooelerating voltage 

al ternator devioe for multiple ion deteotion. The ions 
1 

moni tored for the trimetbylsilylether meth11 esters of PG~Q", 

[2~)-PGF.a and [2HsJ-PGPaa were m/e 423,' 427 and 431 • 

respeotively. The traoings produoed by the ~o galvanometers 

are attE;!nuated in the ratio of 1 to 8.8. Retention time for 

PG&a was approximately 4 minutes on a "" DV 101 6 foot 
, 0 

oolumn at 220 c. The differenoe in the level of the base 

lines for the different fragment ions ie due to oolumn bleed. 
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fraction and the PG:Fàcr, a correction for the enrichment in deuterium or 

the product over the precursor ,1 should be considered. The estimation or 

the percent age enrichment is d~scribed in the appendix (see page 111). 
/ 

M) Q)lanti tation of the 'l'xBa Produced by Cerebral Tissues 

[5,6,a,9,11,12,14,15-~8J-TxBs prepared /previously served as internaI 

standard to quanti tate the TxBa producèd by 'cerebral tissues-. To the 

ethanol extract 1 ~5 to 2~ of [2HaJ-TxB:a containing [1_14cJ_TxBa (4 'x 10' 

cpm) vas added. The radioactive TxBa allows monitoring of recoveries rrom 

columns and tbin layer plates. 

TxBa vas analyzed as the metllyl ester-TMS ether derivatives prepared 

as d.escribed previously for [~J-PGi2a. Analysie was done by multiple 

ion monitoring wi th an LlŒ-9000 instrument. 
\ 

The ions moni tored were mie 

256 :for ~ and mie 260 for [2BaJ-T.xB:a. A 6 foot glass column packed 

) ni " 0 with 1]0 OV-101 vas used with an oyen temperature of 220,0. The operating 

condi tio~ vere the same as used in the GC-MS oi' the [2HaJ-Tx:Be prepared ) 

\ ' ( previouely i'rom blood plate lets see page 50). The amount of protium in 

the deuterated standard was subtracted from sample measuremente and 

standard mixtures vere prepared. 

ll) Measurement of DIB in the Arachidonic Aoid t'rom Lipids of 'Cerebral 

Cortex Lablled l!! .!!.:t!:2 

The methyl ester ot the araohidoniç' acid !rom the free fatty acid 

tractions or t'rom the isolated complex lipide were also analyzed using 

the I7I1ltiple ion detection unit ot the LKB-9000 mass apectrometer. The 
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ions moni tored al ternatively vere the molecular ion of the protium and 

the octadeutero form of arachidonic acid (m/e 318 and 326 respe~tive17). ~ 

The operating conditions were t-J seme as used for th~ analysis of 
1 

chemically prepared [2RaJ-arachidOniC SCid" (se~ page 56). Standard 

mixtures of [2HaJ and [1Ha1-arachidonic acid vere prep~ed and the line 
~. , 

relating the Bll!ount of deuterâted arachidonic scid in thes,6 mixtures to . 

the amount measured by maBs-f'ragmentography vas obtained. Undeuterated 
,d 

arachidonic ~id Berved as interna! standard. 

0) Isolation and! Q.u,antitation of Prostaglandin End'Operoxides, ~ 

Prostaglandin F2a and Thromb~xane ~ Produc'ed by Rat :Bra:i,n In"Vivo 

As described in section C, the brame of rats previously injected, 

intracerebroventricularly vi th various drugs or vi th saline vere f'rozen 

in liquid ni trogen. The frozen tissues vere homogenized in 10 volumes 

"-' 
of ethanol and then filtered~ The PG~a and the TX& vere extracted and 

quanti tated as described in sections H and I. The amount of prostaglandl.n 

endoperoxide present in tne .frozen tissue was determined as the increase 

in FG~ c:v when stannous chloride (20mM) vas added to the ethenol used for 

e:x:t~~1;ion (14). 
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CHAPTER .3 

RESULTa 

A) Fatty Acid Composition of Phospholipide 'Isolated From Rat 
,. 

Forebrain ù 
.. 

The f'atty" ~id composition of the phospholipids of rat t'orebrain 
, ~ 

given in Table 2 is very similar to that of whole ra.t brain (149, 19S, 

360). The t'atty acid composition of the phosphatidic acid plue 

cardiolipin fraction is also close to that f'OIllld for phosphatidic acid 

of' rat whole brain. However, the percent age of docosahexaenoic a.cid ie 

much higher in the above lipid mixture than in the purified phosphatidic 

acid. Since brain cardiolipin contair.is only traces oF docosahexaenoic 

scid (149), a third component rich in the latter t'atty acid must be 
. 

present ~\the lipid mixture. Phosphatidylethanolamine which runs close 

to phosphatidic aoid and cardiolipin on the thin layer chromatogram may 

be the -cont~ting lipide 

The f'atty scid compoei tion ç,f phosphatidylser:ine" haB not been 

reported f'or rat whole brain,. However, the f'atty acid. composition of -
Q 

this phospholipid in rat forebrain is very similar to that reportad for 

rabbi t cerebral cortex (280). In this case also, docosahexaenoic a.eid 

is present in h:igher proportion in the rat f'orebrain lipid but the same 

hiBh percentage of the latter f'àtty scid bas been found in the phosphati-
, l' 

dyleerine of bu.man 'grey J!l8.tter (149). J(yristate, palmitoléate, linoleate, 

linolenate and docosatetraena.te each accounted for ,at moet four peroent, 

of the lattr acide of individual phospholipide. 
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PERCERTAGE COMPOSITION OF THE MAJOR FATTY !OIDS mOM PHOSPHO;LIPIDS OF RAT FOREBlWll mOZms lB LIQ.DID 

UITROGEN 'OPON DmAPITATION ç' 

Total tatty acide from Jhosphatidylethanolamine contained 5-~ of docosatetraenoic acid (22 : 4). E8ch 

valUEt ia the mean of three de~el:DÙ.nations given wi th the B~andard devlation (:1: S.D.) , 

, 
.. t' ~. 

~>$j h~ .~: 

'" . , , ' 

~:1' ~ ... 

,1; ~ 1J ~ 

.~' ~ 

~tate Stearate " Oleate A;"achidonate Docoaahexaenoate 
" . , , 

1 

L1p1d 16 : 0 , 18 : 0 18 : 1 
"-

20 : 4" ~2 t 6 

Ph?sphatidylinositol 10.2 :l: 0.16 33.8 * 2.3 1"6.7 :l: 1.4 32.7 ':1: 1., 6.6 :1: 1.3 

Pho~phati~lchcline 44.5 :1: 4.8 14.1:1=1.0 -315'4:1=2.1 7.1 ~ 0.7 4.6 li: 0.01 
'H/ ,.. 

Phosphat1dylethanolam1ne + 10.2:1:1.,< 21., :i: 4., 24.1 :t: 4.2 14.1 :1: 1.6 22.6 :1: 0.7 
- . , 

-Plasmalogens 
.. \~, - , 

~ , t ~ 

Phoaphatiaylaerine 4.8 :1: 2.0 42.4 :1: 3.7 19.1 :1: 0.5 . 3.6 :* O.s 30.1 * 1.6 . 
·'21.1:1:3.5 ' 15.7 :1: 3.1 38.6 :1: 4.8 <13.7 :1: ~.6· 

rt 
" Pho~hatidic aoid + 11.0 * 4.6. 

Cardiolipin \ 
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:8) Analysis of [2HsJ-ArachidoniC Acid Prepared from Eioosatetrqnoic 

Acid 

The chemical puri ty of' the ara~hidonic acid prepared l'rom eicosate­

tr~oic acid vas better than 98)6 as eva.luated by gas chromatography. The 

mass spectra 01' this prOduct taken at the deècendina' slope of' the gas­

chromatograph peak maximum showed a molecular ion 01' mie 326 ~ no ions 

o~ mie 318-325 vhich indicates the presence of' only octadeuterated 

arachidonic a.cid (Figure 1). The' line re1ating the a.tÏlount of' [~H8J-
, arachidoniCacid in' the standard mix~e to the aJJlount measured. had a slope 

1 ~ 

r 

very close to the theoretieal 450 (figure 8à) indicating that equal ~ounts 

of ,deuterated and undeuterated araehidonie acid 'Would gi~. rise to molecular 

ions 01' nearly equal intensities. 

c) 
, ~ 

Maas-Spectrometrie Determination of' the Identi ty and Puri ty of 

[~8] -Pros t agl. andin :ma CI 

The maas-spectrometrie analysis of the PGi2 CI produced by sheep 
, 2 

seminal vesicle microsomes incubated in the presence of' r H8]-arachidonic 

acid indicatect that tbis produo,t contained mainly r2H
S

J-PGJ\JCI. Bowever, 

the mass spect:rum contained an ion a.~ mie 423" derived f'rom [1HaJ-PG&CI. 

Quanti tation of this ion 1?Y multiple ion analysis using [2H4]-PGl2' cr as 
1:> <> .. 

inter.nal stand~- s~owed that [~BaJ-PGJ2a represented 18}6 "ot ~e total 

PG~cro quanti tated by gas chromatograph3r. The maBS spectrum of' the [~8J; 
PGP.acr as the mètf7l. ester, trimetbylsilyl ether derivative ha.d a M+ of' 

JD/e 592 and aJ.l the prominent fragment ionS already reported (361). 
" , . 2 . 

(Tabl.e 3). The 1ine re1atiDg the standard amounts of [ H8]-PGP.aCl ~~ed 
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ligure 1. 

, , 

Mass spectl'Wll of [~8]-arachidOniC acid methyl ester. 

The spectrum was taken on an ID 9000 GO-MS instrument. 

Operating conditions are described in the texte The back-

ground was automatically subtracted f'rom the spectrum by a. 

88100 Varian computer interf'~ed to the GO-MS. The molecular ) 

fon bas" a mie 'value of' 326. 
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Figure 2. 

a. Standard line relating the amount of [2HaJ arachidonio acia added to 

1 j.&g of [IR;! arachidonic a'oid and the amount of [2HaJ aJ'fiohidonio ao1d 

measured by mass fraementography'. !Lbe undeuterated,amohidonio aoi4 aerved 

as .in~.erna.l standard. ' The multiple ion deteotor 'unit of the LIB 9000 GO-MS 

WB used to monitor alte:z:na.tively ion intensities of th" deuterated and 

undeuterated arachidonio a6id. Operatina' condi tians a~ deacribed in 

the test. Fraament ions COl'responding to the moleoular )ons of the [2JreJ 

and [lHeJ~OhidoniC aoid were monitored (i.e. mie vtlUc}B of 326 and 31B, 

respec:tively). The slope of the line ils 0.93. 

~ ...... : -. -

b. Standard line relating the amount of [2HsJPGFzu added to l ~g of 

[ 2a 4J arachidonio aCiel and the amount of [~~ PGF2 u mealmred by masa frag-
. , . 

.mentography. The tetradeuterated ~F2a ~erved as intv"uü standard êl'ld 

carrier. Operatin8 oond;i:tions are described in the texte The fragment 

ions monitored for the TMs methy-l ester derivativ8a of [2HaJ and_[2H~FGF2u 
4 .. ' 

, ( . 
were mie 431 and 427, respectively. The slope of the ~tandard line ia 0.49· 
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,TA:BLE 3 

, 2 ] 
Prominent Maas Spectral Fragments of [ Ha -FGl!\ta 

Fragment Ions 

Molecular ~on 

M'"-c~ ~ 
}o( - C5H11 '> 

x+ - 1HOTMSi 

M+ - 2.HO'DtSi 

M+ - (0
5

H
11 

+ 1B09mi) 
M+ - (0

5
H

11 
+ 2HODoISi ) 

M+ - ( 1 HOTMSi + 2HoTMsi ) 
M+ - (.2 x -2iô~i) 

"M+ - (C5H
11 

of. 1 HO'lMSi + 2aoiHSi) 
C \ ~ ___ _ x+ '-, (05H

11 
+ 2 x îRmISi) 

+ 2 
TMSiO = ° ·~~i 
!lJIISiÔ = C~C$H11 _. / 

mie vS:1ue 

592 

577 

521 

502 

501 

431 

~30 . 

412 

'~1'1 

340 

,339 

192 

114 

-. , 0 

64. 
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te 1~ of [2~]_PG~~'~d the amount of [2HaJ-PGPacr measured 'by mult~p1e 

ion analysis had a. B10pe much lesB t~ 4~ (Figure Sb). This deViaton 

i. due to No similor fragment.tic"",!o! [~l-PGP.aCl to yi.14 ions w~~ 
mie values of 430 and 431 of nearly equa.1 intensities. The latter ~on, 

1 

used 70r quantitation, ari~es from .the lOBS of 05H11 + TMS0
1

11 fr lents 
. : 2 

and the former trom the 10ss of C5H11 + TMSO H, fr88J'.l1ents. 

the standard 1ine (0.49) was used for ca.1culating th; amount 0.1' 
\ 

PGThcr produced by cerebral corte~ tis$Ues ineubated with ~2HeJ- aohidonic 

.. id S;lnOO_ [2~1-PGFaCl also s.nod as inte=al standard in tbis t""~.* 

1 

D) Mass-Spectrometrie Determination of the Identi ty and Puri of 

[2BaJ-Thromboxane Ba 

[2Ha]-Thl;:-omboxane Ba trimetbylsilyletlwr , methyl-ester SfOUld h~ve 

a molecular ion at mie 608 (362). The ion was not .round in re mass­

spectrum of the compound ~thesized by human blood platelets incubated 

in the presence of [2Ha]-arachidOniC acid (Figure 9). However, the 

fragment ion giving rise to the base peaJé at mie 260 probably corresponds 

te the one g~ rise to the base peak of non-deuterated thromboxane Bra 

at mie 256. This .frSBment ions oontaine carbone 5,6,a and 9 whieh, in the 

labelled thromboxane :Ba, would ,carry a deuterium atem eàclÏ. The ~elat.ion­

ship between fragment ions reported in Ta.ble 4 and ~hose- of thromboxane 

:Ba (3~ suggest that the compound isolated from human blood platelets ie 

- . 
*The values which'w~ reported" in reference 9 for the amount of [2x ... ]-PGP.icr 
syntbesized by rat cerebraJ. cortex .!!! vitro ~ low Binee atandar-a line 
for thé measurement of this product had Dot bee~made at thàt time. 
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66. 

Figure 9: Hass spectrum of the trimetqlsllylether metbyl ester 
2 . 

of the [ Ba] -thromboxane :Ba synthesized by human blo,?d platelets 

incubated in ~e Presence of [2Ha]-a1"8Ch+don:iC acid. The 

spectrwn wu, taken on an LIB-9000 gas cbromatograph7-masa 

spectrometer. The base peak at mIe 260 arises from a tetra-

1 deuterated fragment ion. 
. \ 

The molecular ion Is not seen 
, , 

howevet> the ion at mIe 593 oorres~onds to M+ -c~. Other ." 

prominent frS8lDent ions of [~] -'~brombo~e :Be can be related 

to tho8e of thrQJDboxane Ba (Bee text). The retention time for 

(2HaJ-tbromboxane !a was approximately 4 minutes °on 6 foot 

column,OV101'f% at 220°C. 

, ' 
, ~ .: .~:","" ~~:: ~~.tf ~~~~~~~: ~~~ 

~ -;.~ 



/ 

1 
;' 

/, 

o , 

21 

S1, 

Il '00 200 IDII 

!l'D 30lIl U DI-~ II[ Emft 3T11S eœ 

• 

\ 

" 

Cy 

.1 



1 
i 
f 

1 
t 

f , 

() 

TAlILE·~ 

Prominent Maas Spectral Fragment oE [2BaJ-Thromboxane la 

Fragment Ions 

M+ - C~ 

lé" - C5R.w1 

M+ - RO'l1U3i 

-M+ _,2HO'JlIISi 

lé" - (HC1lMSi + C~) 
- 2 r - ( HOTMSi + C~) 

. 2 
Trimethylsilyl ether, methyl ester [ ~J-BBT 

( 

DISio-C
2
R = c~c~-c2u = C2B-(C~)3-COOC~ 

'M3io = 02H-CH = c2s-çmœi 
. 2 ' 

'DmiO = C H-C5R.w1 

mie value· 

593 

537 

518 

517 

503 

502 

372 

260 

219 

174 

\ 

, 
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, [2RsJ-thromboxane Ba. J'I1rtbermore, the C value of the latter compound 

was 24.4, nearly the seme as that reported for tbromboxane :Ba. A 

fragment ion with a mIe of 256 was present in the masa-spectrum of 

[2ua]-thrOmboxane Ba but represented only lQb of the one at 260 as 

measured b;y multiple ion analysis indicatiDg that very little protium 

fOrIn ls present in the octadeuterated thromboxane :Ba. 

E) Origin of the Arachidonic Aeid -Released Post-Mortem in Rat 

Forebrain 

1) Release of Arachidonic Acid from Rat Brain Llpiœ Post-Mortem 

The-level of all free fatty- acide in rat forebrain quickly 

removed from heads frozen in liquid ni trogen upon dëcapi taUon was very 

iow (Table 5). The ,otal amount of ~he free fatty, acide (4o..a.g/g tissue) 

was the same as tbat repor:ted for the brain of rais' kille~ bY immersion 

of the whole ani mal in liquid ni trogen (270). A rapid increase in the 

level of all the major free fatty acide and the preferential release of 

arachidonie acid was also observed in this tissue sh~rtly after 

· " 

deeapitat:ton in agreement with previous reports (268,270,272). Arachidonio 

aoid was released at a mu.eh faster rate than ,all the other fatty acide 

Binee between zero and 2 minutes post-mortem there wa a large disprop-

ortionate increase in this free f"atty tcid. However, between 2 and 15 

minutes poat-mortem the releJe of ar40hidonic acid was lesa specifie 

Binee ~B percentage in the free fatty ecid did Dot merease. 

2) POBt-Mortem Challges in the Specifie Aciivi ty of Vari01l8 Lipidlt 
, \ 

From Rat B~bljected with [\J-AracMdOl'liC ACi~ 
\ , 

, 
1 

1 
1 

! 
J 
1 

,1 
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TABLE S 

JUJŒ :rAT'!!' ACIDS BEIJUS!i!D POST-MORTEM Dl RAT FOREBR.AIH 
1 

v 

", '\, 

Zero t1mea val.ù... Ob~ t'rom. forebrain of heads quickly fx'ozen in liquid ni trogen upon decap! tation. 
" . ~ 

Value .. at 2 and 1$ minutes post-mortem -ob1ia1ned .t'rom forebrain of Bevered heade kept a.t room temperature. 

Rata ha4: rec.ived an intracerebroventricu1ar injection of [.3a8) arachidonic acid 2 hours and 15 minuteâ 
.... 1 

before clecapitation. ReBUlts expressed as me-an :1: S.D. of three determinations. 

ratv acid \ 

JiialJai tata ' 

Et min 

14.4 ::1: 1.2 

lJog fatty acid/ g tissue 

Time post-mortem 

" 2 min 15 min 

20.4 :1: 2.3 59.1 :1: 9.4 

'" " 

o min 

36.5 :1: 3.0 

~ 

Percentage composition 

Time post-mortem 

2 min 15 min 

18.9 :1: 1.9 18.1 ::1:1.6 

1 • Stea:rate 12.4 :1:,1.2 )8.6 :k ).1 8).)=11.8 )1., :1: ).7 3'L8 :1: 2.9 25.9 = 1.1 

01eate S.7 ::1:2.2 .12.9::1:2.1 • 62.4 :1: 11.0 14.5 :1: 3.3 11.8:1:0.4 19.2 = 2.8 

Jrachidonate ,., = 0.9 )'., • 7.4 106.1 = 7.2 13.9.:1: 1.~ 32.1 :1: 2.0 33.2 :1: 2.~ 

DoooaaJlexaenoate 1.4 :i: 1.2 2.5 = 1.5 11.1 :i: 2.3 ).5·2.7 2.) .1.1 3.4 :1: 0.6 

'> 
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The specifie aetivi ty of the free arachidonie acid at zero ,~IiDe 

in Tat forebrain vas more than 5 tilDes that found at 2 Jllinutes post­

mortem (1054 and 198,epm/J'B' respeeti';ely, Table 6). The large'-initial 

specifie activi ty ot the free arachldonie acid ls probably dûe to 

resi~al radioactiviti whioh had not been incorporated in the lipids 

during the 2 hours and 15 ~tes alter tbe intraventricular injection 

[3H8]-ar~hido~ie acid. The amount, of radiOàctivi ty found at zero time 

in the free aracht,donic acid represented O. ~~ ~ the injeotÉid dose. The 
a 

drop in speoific activi ty iB due to the release ot arachidonio acid frqm 

the eompl~ lipids which ooeurs following decapitation. liter the initial , 

decrease, the specifie activity of the freê"arachidonia acid inoreaeed 

slightly vith, post-mortem tue (Table 6). Challge~ in the specifie ~tivity 
" ...... _. , 

of the oomplex lipide between 0 and 30 minutes post-mortem vere smal1. 

. The Specifie" activity of the fre~ ;achidonio-~~id de{e~edo forrthe rat 

, forebrain" at 30 minutes after decapitation (288cpm/pg, Table 6) '\rias 

closer to that of phosphatidylinositol than to that of the other lipids. , -

However; the oaleulated specifie activi ty of the' arachidonic acid released 

betwee_n 0 and 30 minut~s post-mortem (232epm/l'B' araçhidonic acid) WatT not 
~ ~ 

very different from that of ~e total phospholipide (-207cpm/,..g, Table 6). 
D 

The former value was oalculated by ,subtracting thé rad10acti vi 0/ and the 
. " 

amount 'of ar~h1doniç acid in the tx:ee fatty acid fraction at the 
- , 

, 0 

earlier time from that of the later time. 

J '1 

. ~ J) ~t ot Free Arachidonic Ae1d and SpeCifie Act-ivity of Lipids in 

'T 

Rat "Brairl, Subcel~ular Fractions 

In the microaomal traction, the specifie
o 
àctivi 't7 ~t the l1pida 

\ 

<, 
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. vas determined only af'ter 30 minu.tes post-lDOrtem. The ratio of .the 

Il -,/-
specifie a.ctivity of the free àr&.C?hi~e acid to tbat of the total 

(~ 

phospholipids in this :fraction vas similar to the 8ame ratiO' in the 
.h , 

vhole tissue 30 minutes after decapitation although thè specifie 

12. 

. \ • , 'l;1. 
activity of the microsoiDal tôtal ~hospholipid fractions vas 1.7 times 

b ! . 
larger than that of the whole tia8U~ (Table 6). In' this subeellul~ 

fraction, as in the whole tissue, phosphatidylinos'i toI hàd a specifie 
_ îJ. ~~.J __ 

activity elosest to th~ uncorrected: value :t'br the free arachidonic 
\ "\ ~ \ c; 

acid ... The amount and specific ~tivity of free arachidonic acid 'as \ 

,vell d the percentage composition "of the foree fatty acide of the­

miero,somes dif'fered markedly from thosa of the crude mi toch~ial 

fraction (Table 7). The supernatant contained relatively 11 ttle 

unester1fied arachidonic acid. 

The specific activity of the rree- arachidonic aoid in subcelf.ular 
~ 

fractions yas probably not greatly,lDOdified chaing the time required' 

for their -preparation sinee fatty acid release ls comp1eted by 30 minutes 
" 0 

poat-mortem iD. rat brain (268) and the fractd.onation was dons at 0 C in 
.. ' t ........ ~ 

the preaelloe of .a·phoepholipaee A inhibitor.-' "Ti.eue homogenized.2 
, <> B r 

JIlinUte. artér dec;apltation ~ 1eft for 60 minÜtea a:t cfc in sucrase 

COIlta1ning 10-3M DrP ha4 3S.S .' 3.1 (3)",'Çaohi~c acid per gram . 

ti.ne. Ti ... hoaopraile4 in ehloroform :' methanol,2 : 1 at 2 minute. 

po.t-mrtem ~ 32.9 :1: 7.9 (3)1'8 arach1doni.c acid per gram tissue . ' 

o 

4) POat-JIo~ c~. ~ the ·AmoImt ~ jr_~C .loiA ~ 
, . 

Jta4iO~ti-V:itr Jp Tariou Up148 pt Rat lS/ain 
~ / r, 

. 

. > ,:~~;·:,,;'t:·:'i: ,.:~'> l "~"' 
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TAELE 6 73. ' 

Specifie Aetivit,y ~f Aracbidonie Acidoin Lipid ~ses, O~f ~at Fore~ra1n* 

Zero time valu~s Obt~ed rr~m forebr~ of hew frozen in ,l~,qui 

nitrogen upon deeapitation. Values at 30 minutes post-mortem' or whole 

, ' ''' tissues and mcrosomes vere obtained.from forebrains kept at room temperatui'e. 
~; 1 . , 

,The specifie activity of the free arachidonic acid in the whole tissue at 2 

and 15 minutes post-m~rte~ vas 198 :1: 34 and 236 :1: 43 cpm/J18 respeotively. 
t 

The "pecific 3ctivity of the rele~ed arachidonic acid 'between 0, and 3Q 
, 

minutes pos~mortem was 2.32 o:pmi~. 'All values are peans :1: S.D. where 
• 1 

1 

appropriate vi th the number of determinations in bràckets. / 

Specifie activity of arachidonic aofd ~ 

cPm/~ 
Lipid Wh~le tiséùe () Miorosomes (2) 

Free arachidonic acid 

T:r~glyoeride8 

Diglycerides ' ' 

PhospnatidylinoSito~ 
• Phosphatidyfcholine 

o min 

1054 :l: S17 

3741 :1: 181 

865 :l: 246' 

.329 :1:, 29 
\ 

439 :1: 42 

<Phosphati~lethanolamtne + 
Plasmalogens 99 :1: 22 , 

Phosphatidylserine 237 :1: 22 

Phospha:tidie abid + 
67 :1: 13 . Ca:rdiol~1n 

~otal phospholipide -224 * 48 

Time post-mortem 
30 min 

288 :l: 47 

.2898:l: 112 

608-:l:: 151 

29~ 

385 :l: 23 

....... 101 :l:: -18 

193 ':l: 16 

60.21 

2CT!' :t: 38 

30 min 

423 
& 

1060 

416 

7S8, 

175 

,388 

350 

~ spe'aific 'sct.1vi Uss at each time point'. ver. normalize,d. as tollovs: 
) , 

u. 
1 ~ 0 ij , '. ' 

wheJ;:e 1= total" DWlbel' of 4ete1'lllbationa at each!' ti1ae po.i.i1t. 
• 1,. " • • \ ' , 

,t i 

" - ~ , 

" f " L~:-") ~ 

", , , 
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'TABLE 7 

* P.ree- htii)r Aci4s in Sub,oellu1ar Fract.!ons of Rat ·Forebra"in at )0 minutes Post-Mortem 

JlB'PÀA opm , " camposi tion of Free J'atty AClds 

JAgFAA " 1611) 18:'0 18:1 20:4 22:6 
~ i> """~ '(' ... ~. ~ _!, 
~'~'; - - A" lfOmocenate 

~t _! 

DW protein 

'0.85· 235 .24.3 26.8 
lr ~\~ . " 

~ 

'" '0 

" 

... '~ 

i;\::'" 

"~ 

, < 

:> 

." . 

" ,.. 

0ft4e Ifttochondria 
.-{V2) 

, , 

1:85 195 19.2. ' 

12.6 3 .... 
1

• 4.5 , , 

030.1 16.4 28.3 6.1 

,,' "" JUcros9lD88 (p ) 
., 3 

r 
0.30 6 ~3 21.6 36.4 '18.7 

21.6 

17.9 

20.1 

$.2 

14.7 

., ·7 

- , 

'.' 

':'alpernatmt (8)1 22.1 21.4 

/ 

lIach vaiue la' the mean of wo determinat1~ns 

~.ted intraventri~arl.y vith t3~]-arac~donic &cid' 2 hour~ ~d 15 minutes be~ore 
clecap~tatlon!, Tl.sue homogen1zed om ,sucrose 0.32 + 1o-3t.t DFP (0 ) )0 minuteS a.fter death. 

'tÂb(jQt ~ of the forebrain f:re~ arachidonio acid wae recovered from the supernatant by solvent 
parti ti~ extr~tlon·. . ," f' 
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In forebrain, phosphatidylcholine was the only lipid that showed 
\ 

a significant decrease in the level of radioactivity when expressed as a 

percent of total lipid radioactivi ty in the 30 minutes post-mortem 
~ 

period (Table 8). This decrease, amounting to 8}6, can account for 6))6 

o( the increase in the proportion of, radioactivi ty associated vi th the \ 

free fatty acid fraction. Bone of the liPi~ Bhow~d a, significant 

decrease in the- amount of arachidonic acid ('t'€/g tissue) beween zero 

an~ 30 ~~es arter' deoapitation (Table 9). The amount of arachidorl1o 

acid reoovered from phosphatidylcboline decreased by 7% but this 

differenoe was not.,.signifioant. The 2CJJ' inorease .iJi the 8mount of 

arachidonic acid in the diglycerides is probably due to the release of 
, 

o diglycerides rioh in arachidonio acid which oceurs post-mortem 0 in rat 

brain (282,2U). 

& 

F) / Relationship :Between Arachidonic Aeid Release ànd 'Prostaglandin 

P-a" Synthesia in Rat, Cerebr,:t Cortex S1ic~s 

1) Release of Fatty Acids Post-Mortem in Rat Cereôral Cortex S~Uces 

~ rela.t1onship between the releUe of i~divi~Ual freé fa,tty acide 

in rat cerebral' cortex' slioes with incubation time (Fisure 10) shows 

that arter 15 minutes, the rate. of .release 'decrease greatly. The level 
, • -" Q 0 

of free arachidonio acid inoreased at the faé~eBt rate as. oCQllrJJ- ~ 

~ whole 1:)rain pos~mortem (268,272) •. A ràp1d 'h1drolysis of 'cerebral cortex 
~ .. '. 

lipids JIII1St alaq take plaoe in ,the per10d neceaaary' to prepare, the cortex 

s1108 (5 ~) smce, cerebr~ cortex froll' rat)'~ra:lÎl,;frozen in 11QUid'" 
> 

.. ' 
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TABLE 8 
\ " 

• RADIOACTIVITY IN EACH LIPID OF RAT FOBEBRADT EXPRESSED AS PERCENT OF TOTAL 

LIPID RADIOACTMTY 

" - Q 

Values obtained !rom forebrains treated as described in Table 3. Total lipid 

f'ad.io~tiVity at zero tilDe wu 504:i: 73 x 1~, cpm/g tissue and ~t 30 minutes 

.533 ~ 89 2:0 10~ cpm/g tié~e fresh weight. Resulta are means :i: S.D. Nmnber of 

determinaÙons in bracke1;s. 
'" ) 

Lipid 

~ 
Free arachidonic acid 

Triglycerides 

DiglycerideB 

Pho~phatidylinositol 

PhoBphati~lcholine 

Phosphati~lethanolamtne + 
Plasmaloge,DB 

Percent of total lipid radioact~vity 

Time post-mortem 

o min (3) 

1.8.5:1: 0.90 

3,.61 :!: 0.86 

2.31 = 0.24, 

21.1 :1: 4.50 

. 46.3.5:!: 2.04 
., 18.80 ::1: 2.68 

30 min (3) 

.** 
7.98 :1: 0.9.5 

2.97 ::1: 0.42 

2.32 :1:- 0.62 

20.00 ::1:\ 1.30 
.* 

42.4\.s 1.04 

1'9.26 :1: 1.41-

" 
, Phosphatidylserine 3.76 :& 0.55 

2.23 :1: '0.·59 

3.2.5 :!: ,0.77 

Phoaphatidio &cid * 
Cardiol1p1n .' 

2.30 ::1: 0.8~ 
\ 

"-.... - . \ 
TPe dif't'erenoe between tb~ _.8Z18 ia "s1lni1"icant at the level ot p<o.01 

'.'> * ' - .' " " 
.'- " The ditf'erenoe betweerr the 1II8ana ia 81CnitiC4P1t, at' _ lèVel of J'<O.OS 

" 1 ~ 

d 
! 

" 

! 
, ! 

r , 
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TA:8LE 9 

ARACBIDONIC ACID IN LIPID CLASSES OF RAT FOREBRAlll EXPBESSED AS PERCENT OF 

TOTAL LIPIn ARACHIDONIC ACID 
" 

._----_._-
77. 

1 
1 

Values obtained trom torebrain treated as described in Table 3. Total lipid 

~ 

, . 

;;' 

arachidonic acid at zero tim~ waS 2053 :l: 350 't1€/g tissue and ~t 30 ~tes 

2345 :l: 241 p.g/g tresh tissue weight. Va1ues are means :l: S.D. Number of' 

determinations in brsckets. 

Lipid 

Free arachidonic scid 

Triglycerides 

Diglycerides 

, Phosphatidylinosi tol 

Phosphatidylchol~ 

Phosphatidylethanolamine + 
Plailmalogens 

Phosphatidylserine 

P,hosphatid1c acid + 
C~olipin 

- " 
.- ..... ,J 1 

\ 

/ 

, , 

Percent .~rototal arachidonic scid 

Time post-mort-em 

o min (3) 30 min (:~) 

! 
0.28 : 0.03 6.46 :l: 1.37 

0.26 :!: 0.05 '0.23 :l: 0.04 

0.70 :l: JO. 08 0.85 *,0.10 
1 

16. 23 ~ 1.87 15.81 = 0.57 
1 

-21.51 /:!: 1.91 25.58 :!: 1.63 
\ 

.44.71 :1: 1.8) 1~2.5J = 2.40 
,. 

).72 :l: 0.70 3~8? :1: 0.33 

6.,58 :1: 2.1.8 4.75 :1: 1.32 

/---

J 

\ . 

• 1 
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Figure 3. 

Free 1'atty acida re1eased post-mortem in rat oereb:œl cortex slices. 

Preparation and veigbing 01' the sHcee required 1'ive minutes. The sUces 

were in~ba_te.g in Rixlger-bicarbonat~gluoose W1'e~..,~plL7_ .. 4~at 31"0 in 

an atmosphere of 9r:Jfo ~ and rffi 0Ga. The 1'atty acide vere quantitated by 

gas chromatography usi..ng hep'tadecanoic acid as intemal Btandard. The 

f'atty aoide lIleasured were: ~l.mi'tate (16 : 1), stearate (18 : 0), oleate 

(18 : 1), a:œchidonate (20 : 4) and d.ocos~e%&ehoate (22 : 6). The values 

at 0 and 50 lIlinutes ç1' incubation are the m.eans 01' 4 detem.inatiOll:s eaoh. 
, , 

The values st 5 and 15 minutes ,of' incubation are the average 01' 2 deter-

m:inations each. 
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ni trogen upon deeapi tation c~ntains ooly sulall amount~of free fatty 

acide (270). Aftér removal of the sliee and low speed centrifugation 

of !the incubation medium, less than 1 ~ of each fatty scid was found 

in the sullernatant. 

2) 
/ 

"Incorporation of .r2BaJ-Arachidonie Acid into the Free and 

Esterified Arachidonic Acid from Incubated Rat Cerebral Corte, 

Tissue 

The deuterium to protium ratios of the free arachidonie acid in 

cortex' siices approached maximum values by 15 minutes of incubation· in 

the presence of, [2BaJ-arachidOnie acid (Table 10). The maximal., rati.o 
" \ 2 

observed was O. 22 ar~er 60 minutes of in~ubation although enough [\ lIa]-
arachidonie acid was added to the medium to give a deuterium to protium 

ratio of n~arly 1.5 if there was complete mixing of exogenous and 

endogenous arachidonate. The ratios, vere measured after washing the \1) 

, sliee 'for 3 Jninutes iD butfer 'eontaining fa-tty ~~d :free' 'bovine, sérum 
, . 

albumin to remove tlie ex~noUs arachidonate which simply adhered to 

, the ceU surfaces or whieh was in the extrace.llular fluid' of the 

tissue (359). The rem8it)~ng [2"lIaJ-arachidonate was presumably not 

readi17 av~lable to the album:tn. Saturation of the serum albumin was 

unlike17' ainoe i t was ~d, iD a molar ratio of protein 100 totâl tissue . ~ , 

, .rree- fat~ 'sciA of ;.' J.r. ,J'ui:othermo~e. eDdogenoua free a,;ach14onie acid 
.. - ~ ~ 

wu -flot rèIDOVec1 1'%'0. the a110e b7 bO'f:ine ae1'Wll albwai.r1. Qpl7 1 to 1.S~ 
• , ' 

- P,' '" " ~ 

. of f'l.tH ar~)p.dOJû.o, ac14 ,vere :reoovered vi '.th:~ ~ prote1D. per 100mg 
,'-7t f QI, _ 

t18n.e~'. 'l'h1fi f'raetiOfÎ·ha4 a ÛlUterlQ to'/~t~ or.tio 30' tilDea that o~ the 

~ ire,. araéb1dolws .~J4 __ 1tJ,i~ Jn '~'~li1)~' ~~, ~/~t~8 ot iDaub&tiOll in 
) , . ~ j ~. '- '+ ~ < \ ~~,~, ' , " 

~ ... ~- -'I~_ w;_: I.~ !: .. - :;:>~ --"_;~~.:;'~~~-t"'--_~-..",~'·H 

,,:'. .' ~r' :;,'. '(,:7,'»" !':'t~~~t;:~:f:;~~;i-!· ,C:. ,.. .:,," 
,.' ',' ',>' ,:J:;,-: I.f";' ,:~ .. ~: .. ;" .;~' '~.::<' 'ft':~'~.~~~2,? '.', :; '- ''"~'c',<, 

. , 
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TABLE 10 

mCORPOBATION OF [ 2HeJARACHlOONIC ACID lNTO LIPIm OP INCUBATED BAT CEREBRAL 
\, , 

CORTEX TISSUE 

Cerebral cortex tissue vas incubated in Ri.nger-bicarbonate-g1ucose butfer 
~ ::'~j ~ - - - -- ~ ~- ~- ----

.containing 25 PB' of ["2xaJ·arachidonio &cid per 100 mg tissue fresh weight. 

Slices were' washed wi th butter containing bovine se:rum albumin (BsA.) after 

incubations as described in the texte The deuterium to protium ratio in the 
. 

frae araohidonio acid of the slice at 15 minutes of incubation. vas 0.18 ± 0.02 

(n = 4). Values-are means of 2 deteDdnations unless indioated otherwise. 
\ 

The standard deviation (± S.D.) is given where appropriate. 

BS! washings from 
incuba teQ slice 

Slioe 

Lipid 

Free .u 

5 minute 
incubation 

2.23 

Pree AA 0.01 

l>~lyoerides 
~ospha.ti~linosito1 <0.01 
Phospha ti~1oho1ine 

TriBlycerideB--- 0.03 

60 minute 
incubation 

1.1' ± 0.21 

0.22 ± 0.01 

.... , 
<0.0' 

" 

0.28 ± 0.05 

Incubated h~gena.1!e . 2.~ ± 0.13 (,) 1.37 

(3) 

(3) 

(3) 

Pree Ü 

TriBlyceridea 0.02 0.0,' ± 0.00' (3) 

Ü - 'J.rachidonio ac1d 
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the presënee of oetadeuterated arachidonic acid (Table 10). The iSOtopie 

puri ty of the [2ua]-arachidonic acid added ta '1 the incubation medium 
. ' 

decreased from 98}b to 91% after 60 minutes of incubation. - A loss of 1 J)6 

of the free arachidonic acid from the slice could account' for. the . ---- -

1 

decrease in the isotopie puri ty of the .labelled precursor in the medium •. 

The free arachidonie acid of the incubated homogena.tes had deuterium 
1 

, to protium' ratios mueh higher than those found in the incubated sliees. 

Mo~t of the deuterated arachidônie .acid became bound to tissue element,J? 

sinee 96}6 of the total (endogenous and exogenous) free arachidonic acid 

wae found in the pellet'after centri~ation of homogenates incubated 

for 60 minutes. The decreased ratios in tp,e f'ree 'arachidonic acid of 

the hokogenate wi th ~cubation Ume was due to the continued release 

of the free f'atty acid from brain lipids. An average of ~81Jg of' 

araehidonic per 100mg of tissue fresh weight wu liberated between 5 and 

60 minutes of' incubation. In the slice, the deuterium to protium ratio 

; in the free arachidonic acid inereased rather then deereased sinee 

penetration of the labelled fatty acid i11to the tisSue was Sr~~ and 

the release of' a:tachidonie acid was redueed after 5 mimltes of incubation 
ë 

(Figure llJand Table· 10). 

o ., • 

The triglyce:r;ides fram the slioe reached a cleu. terlum to protium 

ratio ,slightly h1gher than that fOWld in the· rree arachidonic &cid ~action. 

Bowever, the triBl1'eerides ,from the homogenate incorporated very little 
, 

of, the labell.ed f'atty acid al though present in the hOJllOg8D.ate at 60 . 
minutes of incubation at a similar 18'9'el to that .t;0'.md in the slice bef'ore 

hOJi1ogenization (i.e •. 16,1·1'S ~ 1).S..., triglyceride par /OOIDB tissue . 
f'reeh weight, respectivelT).' !!!he 4i8J.yoeridest phoa)hatiqlinoaitol an4 
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" , 

phosphatidylcho1ine trom the cortex sliees were also poorly 1abelled. 

3) Transformation of [~]-ArachidOniC Acid into PGPaa by Cerebral 

Cortex l!! vitro 

The deuterium to protium ratios in the ro~a produced by cerebral 

cortex slic'es afte:t" 60 minutes of incubation was not significantly 

high~ than that found iri the PGTha formed during 5 m.inu.te incubations 
, 1 • 

(Table 11). However, a~ minutes the deuteri~ to protium ratio in 

the PG~cr recoveJ;'ed~tlie medium was approximately twice that f'ound in 

the PG~ cr of the sliee. The homogenate when incubated wi th the skme 

amount of [~8]-arachidonàte acid produced PG];a with a deuterium to 

protium ratio 10 tilIles that of the PG];a f'ound in the incubated sUce. 

The ~ount of PG~a produced by cortex sUces duriDg the tilDe 

required for their prep~ation was 8.9ng/10Omg !resh weight. Also, 
. , 

cortèx slices C8ll b~d irreversibly 3;~ of PGP.acr per 100mg t~sBUe (47): 

We' asswned, ,to calculate the "correct~" [~] z [1BaJ-PGP.acr ratios, of. 

columns 2 and 4 of Table 10 that 3. Bng/100mg tissue of the PGP.;,a 

!ni tially presen.t in the slice remained wi th i t and that tlle ditference, . 
4. ~ng/1 OOmg tissue~ wa recovered in the medium. 

," 

4) Bffec't of' Bo~pinepbriDe on th8 Incorporation of [2ssJ-Arach1d~C 

Acid into Triglyceride8 and ~ansformation into the PGlacr of the 

Incubate4 Cortex Sliee8 . 

The addi tian of norepinephr1ne to 'the inou~at,9Il mediUIII ~ been 

shawn to inor.ase the production of PGP.acr 'b7 rat cerebral oort.~ eUc.8 (47). 
, ., " 
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~~,,;~~~~,>\,~,~ t2se].A.Bl.CJtIllœ1:è AC:m llITO PBOS~GLAlm:œ :Faex BY BAT CEREBRAL CORl.'EX'T1Ssm: l!. ,nTBD 

~r::~:~\;:',. '"; ... ~_ ~ ~ .. iJlcub&ted in lUn8er-bi~te-gluoo8e buffer oont.ain1ng "25 1'8' of [2JlsJ-
~, .. !~~~,h~"'q,{~~;:, .... "- .'~J _'. ~ ~ _ ~ 

~::"ç~< .-:~):;'.~a,...c ~4 ~r,lOO Ils Uuue. 8U~ea W8œ waahed vith fl.'9ah buffer vithau.t added bovine ae1'Wll 
, ... ... ~ .... 

tf.;: :,~>};r.~,. 'DItt 48G~ ta protiua ratio in the PGF. ex ~l.'9 oorrected for the, 8lIlO'\lnt of endogenous [~-
~'''"t:S;~~<,L~~~,: ~~.:. -~ . J ~ ~ l 'c .. ~ l ' i-

~~~?;-~,~,-~/ ;A'.-.-t 1ZL __ t:L ... betore inoubatian as -deaonbed in the tan. Where appropriate, values are 
[-;.:::'~ ",r;~, ,.: \ • ''':: ',} - _ ~ Q ~ 

~f ,!_:o.~_.. ~~ •. Ün~ _~'JS.D.. !!he mJlllber of c1ete,..inationa i8 givan 1n. parentheses.-
; ';.."\1:.: " < .... - ,_ ~ 

[,:iF: ':','" ',' :';. 

:-';;' 

, , 

. <;-
~ ...,.~ ,..\ 

,', 
" 

'"'\or 

~ 

: !:,' illa4:l,a"; 
= ~, ~, 
, f. ~ Q " _ ' 

_ ',. e"'~oe + -.cu,. 
'" ~ ...., '" 1 .. _ 

,'" '~-' 
'i 

. .' 
~ _ ~ • t~-

_.l' ~ ;~_ -: .. 

,~'.:,:_ '1:" ' -'";j 

~ ~r"'" .~;~ ------- :~ 

,~r ~ 

---,~ '" 
~ , 

~. 

• ~ 1_ 

-'( ~-

~\ \e',·----~" ..... ~ ~ 1< - '-0:.. ~:_ ~ _ 

" 

, .. :' , . 
\~è 

~ .'mt •• ~oubatiana 

~ Gr [2se1,{ lBaJ 
" 

-
0.08, 0.12 

" -
0.18 ± O.~ (,) 

/, 

œ 

Batios oorrected for . 

[ 1aaJ MF. ex a taro time 

~" 

0.14 

0.21 

.~1 ~ 60 minutes inouba.tions , 

PGF! CI [~sJ A?HaJ Ratios 00 ted for 

1.06 ± 0.30 (4) 
0.10 ± 0.02 (5) 

0.23 ± 0.07 (5) 

0.22 ±,0.05 (5) , 

" 

[ IBa] PGF2 ex a t zero time 

1.25 

0.15 

0.30 

0.24 

~ 

\ . ,_/ 

1 
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In a similar situation, the neurohormone doubled the C2ua1: [1Re] 

ratios in the PGFa QI pr9duced by rat cortex dices incubated Eor 60, 

minute~' in the presence of [~J-arach1~on1c acid (Table 12). ~ , 
( 

.. ft_ 

Ilorepinephrine aIso caused a significant al though smaller increase :ln 

t}le l~belling of the free arachidon1o acid buta not of the trig:gcerides. 

The 0 amount of endogenous free arachidonic ,ac1d in the slice (and medium) 

vas not ,increase~ b~ the ~ aCter 60 ~tes P~ incubation.' ,. , 
, , 

G) Drug Induced Convulsions and the Production of Prostagl~din 

Endoperoxide Derivatives ig Rat B~ '" ,r '-,,' 
Sympto~tic Ef'feots of the Druge .' 

b animals-' had generalized c~n'V'Ul~fons wo" to three minutes ,~te; 
_ the intraventridUlar injeotion oE oarbachoi and began to recover 

approx1~tely \: minutes 'lat~~. When ~be rat~ vere ~~Pt anesthetized 
,;' 0 - ., 

wi th ether Eor 30 minutes alter injection, their peripheral symptoms 

were greatl;y attenuated or absent. The .tiret intraperi toneal dose oE 
c - \ 

metrazol usUally c8U8ed .. very short gener~ized seizure within,10 
. , 

IDÙJI1tes of injeotiou. The second d08e oE metr~ol caused a generalilled 
~~-

caavuision whioh iasted approxtmatel1 2 DdDutea. 

1 
o 7"' 

Iffect of Dzusa of" theQ P(l .lD4oper~icle, PGA" aDd Thromb~ (Ba 

o ; 

1 

2) 
.. "11' ~ J 

Level. in Bat :ro~brain.il vivo 

Pro.t88'làuMn, J'a!' levaI.' in r~t oerebral helDi8p~rea vere great17 
.. , ~,.. , ., 

) 

1noreastd tollowiDg .e'omul.e1ona induoe4 ob,- oarbachol and metrasol (~abl" 1)') • 

. \ ~ cOlM1leiœ ~1od '!t 7$ '.ecOlD4a w.j.th metrazol gave: the'1~ge8t inorease . 

J ~: 
, : 

l, . , , 
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TABLE 12 

1 

EmCT OF NOHEPINEPBRINE ÇlN TEE mCORPORATION OF [2HaJA.RAc:e:IDON~C ACID 

mo PROSTAGLANDnT Fi! cx' THE UNESTERIFIEl> ARACHIDOlIIC AClD AND THE 

TRIGLYCERIDES OF RAT CEREBRAL CORTlllX SLICES motrBA.TED FOR 60 MINUTES. 

Cerebral cortex slices were incubated in Ringer-bicarbonate-glucose buff'er 

eontaj ning 25 j.Lg of [2aaJ a.ra.ehidonio acid per 100 mg tissue frash weigh t 

âl'ld l mM norepinephrine hydroohloride. For the de te mina tion of the 
...... j ! 

deut~rium to protium ratios in the frae arachidonic acid and trlglycerides, 

slices were washed wi th buffer containing bovine serum albumin. The ratios 

in the PGF2CX were obtained t'rom sliees plus medium. Where appropriate, values 

are means ± S. D. The number_~f deteminations ls given ~parentheseB. 

; 

Deuterium to Protium Ratios 

-NE +NE % increased 

0.22' ± 0.01 (3) 
, 

37% Free a.ra.chidonic acid 0.30, 0.33 

Triglycerides 0.28 ± 0.05 (3) 0.29, 0.32 r 
Prostaglandin F:aa 0.22 ± 0.05 (5) 0.43 ± 0.10 (4) 95· r:J% 

____ ' ..... u_ .... _·,_. ___ ._. -."'-------

i 
l ., 
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Table 1). "Effects·of Drugs on the ProductJ.on of PG Endoperoxides, 

PGF2 cc and Thromboxane:a.a by Rat Cerebral Hem~spheres 

ConçU tions PG Endoperoxidesa 

ng/g tissue fresh weight 

Control
b 

Carbachol (100 ~g) 

Carbachol 
(ether anesthesia) 

Controlc 

d 
~Metrazel 

.. 15 sec. convulsion 
75 sec. convulsion 

Ischemia
e 

75 seconds 

n.d. 

n.d. • 

22.1 ± 6.9(3) 
n.d. 

15.9 ± 11(4) 

83.8 ± 14.4(4) 

78.4, 96.9 

1.2 ± 0.8(S) 

2.28, a 

l.4, 3.4 

0.04 ± 0.06(3) 

0.8 ± 1.3(3) 
3.2 

Resulta expressed as means wlth S.D. when applicab~e; n.d. is net 
detectable. Dash means net deteImlned. 

a Determined as the inerease in PGF2 cc cauBed by stannous chloride 
added to the ethanol used for extraction of the frozen brain tissue. 

b Injected intraventrieularly with 8 ~l 0.9 percent sal~e, head 
frozen in hquid N2 30 minutell later. -' 

. le 
Injeeted intPaperitoneally wi th 0.9 percent salme, head frozen in 
liquid l!2 2 minutes later. 

d Met1'a.zol seizure induced with wo doses of the drug. 10 ~utes 
apart (40 mg/kg and 80 mg/kg, respectively). 

e Severed heads kept at room temperature for 75 seconds. beiere 
free"t:1ltg in liquid ni trogen. 
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in PGFaa. Neither, drug moditied signific811tly the level of thromboxane 

-" 
lb in rat brain. Prostagl81lllin endoperoxide could be "trappedli vi th .. 

sta:rmous chloride only at 1$ ,seconds of convulsion induced by metrazol. 

A period of 75. seconds of 8,lllJXia and iechemia following deéap! tation did 

not increase the level of PG~a over that of its control. The ,value 

obtained for PGP.a cr in the oQfltrols for the oarbachol experiments, were 

higher than that found in th~ controls for the metrazol e;xperiments. , 

This is probably due th the •. rauma caueed to the brain tissue by t};te 

intraventricular injection llrocedure ueed in the former experiments. 

)) Effect of Drugs on Fatt'1 Acid Levels in Rat Forebrain .!n.!U2 and 

Post-Mortem 

Carbamylcholine CcarbSJ,hol) and pentylenetetrazol (Metrazol) in 

conwlsant doses increased I.h'3 amounts in vivo of free fatty acids in 

rat cerebral hemispheres (T~ble 14). The level of stearic~and jPschid?niC 

acid was selectively increa~Qd following )0 minutes ot çonvulsion in~ced 

by carb~chol or following 1'; seconds of convulsion induced by metrazol. 

The amount of stearate and ~t'achidonate was increased some two to three 

fold respectively with both tlrugs'. A longer convulsion period with 

metrazol (15 seoonds) resu} t.p.d in a general rise in free fatty acid levels 
1 

in rat brain. The-'period ot anoxia and ischemia following decapi tation 

also caused a general incre~l;te, in/ :tiee fatty acids but much more fatty 

acids w~re released than in the case of the metrazol convulsions of equal 

duration. The level of ara/illidonic acid in the triglycerid~s and di­

glycerides after saiine inj"'lJtions was 7., Eind 1'.11J€/g tissue respectively 

while after carbachol injeol,Jons it was 10.1 and 16. 7~/g tissue respect-.' 

-, 

1 

1 
[ 
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Table 14. Effect of Drugs on th~ Amounta in vivo of Free Fatty Acide in Rat Brain Cerebral He~isphere8 

llg FA/g tissue fresh wt. 

Decapitationd Fatty Acid Contrala Carbaohol b 0 Control Metrazol 
(100 llg) 

Palmitic (16:0) 

Stearic (18:0) 

01e10(18:1) 
~ 

Arachidonic (20:4) 

Dooosahe~eno~c (22:6) 

Jl="6 

14.6 ± 3.5 

10.2 ± 2.1 

5.7 ± 1.5 

4.1 ± 1.8 

1.4 ± 1.1 

r 

11;::5 11;::4 

12.7 ± 2.4 11.5 ± 2.6 

11·5 ± 3.9 12.4 ± 5 

1.2 ± 1.9 1O.L± 1.4 

13.5 ± }.5 6.5 ± 2.8 

}.4 ± 1.5 3. ± 1.1 

convulsion period 
0 

15 seo 75 sec 
n=6 11;::6 

16.2 ± 5 
" 

28.8 ± 9.1 

24.2 ± 4.1 27.2 ± 5.1 

12.6 ± 4.1 17.6 ± 4.8 

19.9 -t 3.6 18.1 ± 4.6 

2·9 ± 1.5 3.2 ± 1.5 

a :fujected intraventricularly vith saline, brain frazen in liquid,nitrogen 30 min later. .. , 

b ;Injected. "intraperi toneally wi th saline, brain frozen in liquid ni tragen 2 min la ter. 

41.2, 

41.6, 

23.1, 

43.2, 

4.6, 

o Metrazo1 seizurea induced with tvo doses of the drug, 10 min apart '(40 mg/kg and 80 mg/kg, respective1y). 

d Severed heads kept at room temperature for 15 seo beiore freezing in liquid ni tro~. 
\ " 

~ 

.--.. 
""-" " 

38.7 

50.3 

11.5 

39.2 

4.5 
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ively (each value ls the average of wo determinations). 
<. 

/ 

In contrast, the amount of t'ree stearic acid, oleic acid and 

arachidoniè acid found'in brain tissue at 2 minutés post-mortem was 

decreased by approximately 4~ in rats treated witb the anticonvulsSDt 

drug phenytoin (Table 15). 'Sodium phenobarbital decre~ed the amount 

o~ arachidonic acid recovered in rat cerebral hemispheres two minutes 

after decapitation. Diazepam lowered the level of oleie acid in the , ( 

same conditions. 
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TAl3LE 1~ 

Ef'f'ect of' DrIl8S on the Amount of' Free Fatty' Acide Found in Rat Cerebral Hemispheres Following 

Fatty Acid 

16:0 

. 18:0 

18:1 

20.4 

22:6 

Controla 

n=13 

20.6 :1: 6.1 

,,38.2 :1:8.1 

10.2 :II:: ~.5 

39.2 :il:: 8.9 

2.8 * 1.7 

'" 
Dec,api ~ation 

, ~ FAig tissue fresh wt. 

. Sodium .: 
Phenobarbitalb 
n=4 .' ') . 

20.6 :Ii: 8.6 

36.6 * 8.8 

13.3 *~.1 
. * 29.1 J: 5.5 

3.1-*1.3 
.J 

. b 
P~enytoin 

n=8 

11.2 :Ii: 2.3 

** 21.5 :J: 1.6 

6.7 • 3.1* 

24.9 :II:: 9.1 ** 

2.1 • 1.2 

D" b l.azepam 

n=4 

22.2 * 8.8 

33.i:l:4.1 

** 5.9 * 3.3 

39.5 ;J: 3.5 

2.1 • 0.1 . ' '--' 

~.s ml 0.9 percent saline injected intraperitoneally, animaIs killed 30 minutes later by\decapitation 
. and cer!3bral hemispheres homogenized "in chlorof'orm-methanol (2: 1 by' vol .. ) 2 minutes post-mortem. 

II' ' 

b -
B05llum phepobarbltal, 150 mg/kg; Phenytoin, 0.33 gLkg; Diaz~pam, 8.5 mg/kg. 1 ,;. 

*P::O.05 ** P <0.01 
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CHAPTER 4 

DISCUSSION 

A) Origin or the Arachidon,ic Acid Released. Post-Mortem in Rat 

Forebrain 

The arachidonic acid released post-mortem in rat forebrain 

probably originates rrom a mixture ,or phospholipide. 1 The epeciric 

activity~ or the araebidonie acid released. arter decapitation is" close 

to that of the total phospholipids and no individual lipid _ accounts 

.for all the arachidonic acid and the radioactivity appearillg .ip the free 
, 

ratty acid fraction Approximately 6,396' of the radioactiv.tty or the 

arachid~nic acid released post-mortém,~eems 'to arise from phosphatidyl­

choline. However, the specifie aetivi ty or this phospholipid was 1.1 

times that of the arachidonib aeid released "during the )0 minutee post-

• deeapitation periode Theref~re only 31% or the free arachido~ic acid 

could come from phosphatidylcholine. The complementary sources or the 

released arachidonie acid may be phosphatidylethanolamine and phospliatidyl­

inositol. ,Al though these phosphol~pids may make significant contributions 
.-

to the free arachidonic acid rraction, decreases in their eon~ of 

radioactivity and amount of fatty acid wduld be dirricult to detect sinee 

they contain much more ar~hidonic "acid than that released post-mox4em. 

Some contribution from a eomplex lipid of lower specifie activity such 
M41·· ' 

as phosphatidylet~olamine .. required sinee the specifie aotivity of 

phosphatidylinosi toI was slightly above that of the released arachidonic 

acid, and tJ:1at or phosphatidyleholine had an even larger value. The gradual 

rise following the initial rapid drop bt the relative speeirlc aetivity 
, ' , . 

or the free arachidonlc aoid recovered at dirferent times &fier decapitation 

suggests that phospholipide or h1gher speciric activity make larger 
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coiltribution& to "'the free arachidonic acid pool wi th increasing post-.. 
, • mortem time. 0 -

Phosphatidylserine :i.s probably not an importE)llt source o:f the :free 
1 .• 

(, 

arachidonic acid. \\ This phospholipid had a specifie' activi ty ~lose to 

that of the contained àbout bal! as 

'mUcb time than-:w~ fouhd in the free fatty 

/ 
acid fraction,JO minutes after decapitation. No deerease in- radioactivity 

.: 
o 

and amount of arachidonic acid 'were obserived for this phospholipide In 

the phosphatidic acid plus cardio1ipiJ? fraction, a· decrease in arachid~nic 

acid sufficient to account for 30)6 _of. the free arachidonic acid wou1d not 
. ~ 

be detected because ,of the large variation in the amount, of :fatty acid 

recovered :from tbis comp1ex lipid mixture. However, such a large 

q~mtribution from these 1ipids would probably have resu1ted in, a 10wer 
J _ 

specifiq activity in the arachidonic apid released after decapitation. 

?The arachidonic acid in the phosphatidic acid plus cardiolipin mixtUre 

~ 

had a specific activi ty nearly 4 times 10wer than that of the released 

fatty acid. • The neutral 1ipids prbbab1y do not make. a significant 

eontribation to the free arachidonic acid reeovered post-mClrtem. These 
1 

lipide cont'a;in mucb less of the fatty acid that can be liberated .alter , 

deeapi tation and their specifie activi ties are mueh higher than that of 

the free arachidonic aeid. In vivo, the arachidonic scid in the ·tri­

glyceridés oi rat -brain bas a. higher turnover rate as seen fo110wing 
, 

intracerebroventricular injections of [~]-arachidOniC scid (296). 

However, ~he specifi~ activity o:f the brain triglycerides waS quite 

stable from decapi ~ation to 30 minutes post-mortem. .!lso, the leve1 of 
. ~ 

triglycerides in rat brain bas been reported to decrease by only 2~ in 

cf ' 



D 

60 minutes following decapitation (26S). The rapid 'in :tl!2 metaboÜsm 

, of triglycerides observed aftt;tr intracerebr6ventricular ,inje~tions of 

, [3HSJ-arachidonic acid is localized main1y. in the choroid plexus (see 

appendix A). 

It has been suggested that the ethanolaJpine plasmalogens m~ be a 

,major source of arachidonic acid for prostaglandin syn~hesis (363). 
" 

il though this lipid ie abundant in white matter and myelin and possesses 
, 1 

,significant levels of arachidonic acid (294) ~ch less radioactivity was 
. / 

ineo'rporated into alkenyl-phosPhatidylethanolamine relative to the' 
, -- ~ 

diacyl clase in rat brain injected with [3HS]-arachidom.'c acid (364). 

In our experiments, the specifie activi ty, of tlie plasmalogens would 

probably be lower than that. of the diacyl PE~ and thus much lower than 

j;hat of the arachidonic acid released during post-decapi tation ischemia 

~d anoxia. 

In the microso;:nal frJction, the specifie activity,of the iree 

araehidonie acid' was the same as that of the PhOSPhatiaYlirlosi toI. This 

does not J;lecessarily indioate that the fatty acid was re,lea~ed from the 

latter lipid. The fact that brain frozen in liquid ni trogen would not 

yield typièal microsomal fr~ctio:ls does not aHow the specifie activi ty 
\ . 

of the free arachidonic acid to be corrected for the radioactivi ty which 

had not been ineorporated 2 hours and 15 minutes after intracerebro­

ventricular injection. On the other hand, the observations that the 
-

specific,àcti~ity of the free arachidonic acid'and ~ percentage 

composi tion of the- free fatty acids found in the micros omal and crude 

mitochondrial fractions dif"fered from eacb other indicate, in agreement 

vith a previou8 report (269), that subcellulal' fractions from ra.t brain . 
o~~ta1n •• parate tr.e fatty acid pools. As 'shawn in the result 
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section (see page 12), thE; specif'ic, activity of' the free arachidonic acid \ 

in the subcellular fractions frOID brains left in situ 30 minutes after 
1 

decàpi tation is not greatly modif'ied during the time required f'or their 

prepa:ration. Mu.ch of the ~achidonic acid release prQVably oceurs in 
h • Ù • ~ 

t~e n9- tochondria since they contain t lar~ part of the phospholipase Aa 

activity of' rat brain. Indeed, the crud~ mitochondrial f'raction was the 

richest in free arachidonic acid per ~ protein or in percentage 

composition. 

The existance of a phospholipase A:a activity sensitive to anoJÇia 

and ischemia accompanying decapitation is suggested by the rapid release 

of arachidonic acid in rat br~n shortly afte~ decapitation. Phosphatidyl-

choline, phosphatidylethanolamine and phosphatidylinosi toI' probab ly 

contributed most of the arachidonic acid released in rat i'orebrain a.fter 
, \ 

decapitation. Ii' indee~ the free f'atty acids are compartmentalized, only 
o • \ • • 

\ 

the free arachidonic acid released in certain subcellular membranes could 
Q \ 

be available to prostaglandin synthetase· ... 

\ . ~ 

\ ' 

B) Relationship between Arachidonic Acid Ii.elease and Prostaglandin ]2a 
, " \ 

Synthes;' n Rat C rebral Cortex Tissue \ , 

synthesis of PG,F:aa by:rat cerebral cortex 

Blices iB linear.fo periods ùp to 60 minutes'(41), its niB: did not 
<i!/I' ' 

change signi,i;icantly from 5 to. 60 minutes of incubation in the presence 

o~ [2H8]~arachidonic acid. In the slice, FGF.?a reached maximum labelling 

before any other lipid. A pool of endogellpus free arachidonic acid mu.st 
~ 0 

have mixed very rapidly w;i.th the exoge~ous [2Ha]-arachidonic acid and the 

most likelY location of this pQol is at the surface of the slioe. Indeed, 

1 

! 
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iree arachidonic aoid wi th a. high DIB was removed by bovine serum 

albulnin from incubated sUces. The high DIB in the PGP.aa rOund in the 

medium mq be due' to the ràpid a.cceSB of the "labelled precursor to' the 

prostaglandin synthetase present at the da.maged surfaces of the sUce. 

Norepinephrine probably inereased the DIB of the PGPla CI produced by ~he 

·sliee by stimulat;i.ng directly the surface prostaglandin synthetase. 

~ndee~, most o:f th~ [2H8]-PG:Fà CI could have been formed at the sur:face o:f 

" the slice since i t represented only 18)6 of the total PGb cr production and 

the PGFa Cl recovered wi th the slice wae maximally labell~d as quick:ly as 

the total PGF::lCl (sUce and medium). Furthermore, the D/I! of the PGFao 

calculated trom the rate of entry o:f [2HaJ-araCbidOnie acid into the 

cortex slice difrers :from the obs~rved DIB after 60 minl1tes of incubation 

(0.17 versus 0.24, see appendix B). 

·The triglycerides, the complex lipid wi th the higheat D/H, are 

probably not intermed~ates in the delivery of arachidonic acid to the 

prostaglan:d.in synthetase system of cerebral cortex aince, in the slice, 
l , 

of norepinephrine doubled the deuterium to protium ratio of the PGF2cr but did 

not affect significantly that of the triglycerides. In the homogenate, 
~ 1 

the PGF:acr had a D/H,approximately 50 times that of the triglycerides. 

The involvement o:f phospholipide ie also unlikeiy sll;)ce the half­

life of their fatty adid moiety is measured in days in whole brain and 

i ta eubcellular fraction (365-367). In our experiments, phosphatidyl-
" 1 

inosi toI and phosphatidylchoiine were poorly labelled by [2HaJ-aracbidOniC 

acid when compared to PG~(I. The diglycerides also did not incorporate 
, -

muoh [2RaJ-arac-hidon!o acid. However, the arachidonic aoid of CDP-
\ • 

diglycerides does turn Over rapidly in rat liver ~crosomes (368). This 
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liponueleotide is pre~ent in brain (369-370) but its role as a source 

of arachidonic acid for prostaglandin' synthesis remains to be investigated. 

In the homogenate, the DIB of the PGFeœ was very close to that of 

the total free a;rachidoni~ acid aft~r 60 minutes of incubation. In this 

preparation, production of PG~ '" wi th a large protium content can be 

accounted for simply by the dilution of the added [~8]-arachidonic acid, 

by the endogeno1.ts arachidonie acid released post-mortem. However, the 

deuterium to' protium rati~ in the PG~", may D:ot be direet~y comparable 

to that of the arachidonic acid sinee an isotope enrichment of the> product 

can oceur du:ring its biosynthesis ·-from a mixture of [2Ha] and [1 HSJ­

-a:r;whj donie acid, as observed wi th sheep seminal vesicle microBomeB (115). 

Theoretical calculations (Bee appendix _ C) suggest that the deu terium 

labelling of the PG:F2cr fomied by rat cerebral cortex homogenates could be 

enriched by approximately 200}6. Thereiiore, the precursor pool used for 

PGF2 CI may not correspond to the total' arachidonic aëid fraction. 

Sinee prostaglandin synthetaàe is' a membrane bound enzyme in brain 

and s~ce it least 96% of the exogenous and endogenous free arachidonic 

acid was tissue bound in the.- homogenat,e, compartmentation of the pré cura or 
, 1 

in thia preparation could occur at the level of the subcellular mempranes. 

That subcellular fractions from rat brains can maintain aeparate freê 

fatty acid pools has already been indicated' (see page 94). 

The experiments where [2~J-arachidonic acid ,was used as a precursor 

of PG]à œ indicate that' the fatty acid entera cortex slices wi th dif.:h-
1 

culty resulting in a poor labellîng of the PGF2cr found within the tissue. 
~~, 

. On the other band, the prostaglandîn aynthetase present at the damaged ... 
surf'aces of' the slice bas a ready access to the labelled preeursor. No 

.. -............ ----­
-----------~---~--~-----'-----
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1 
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( complex lipid was f'ound to act as intermediates in the transfer of 

) 
1 

exogenous arachidonic Bcid to the prostaglandin synthetase system. -; .In 

the homogenate, the endogenous and exogenous 8radhidonic acid, appear to 

be equally avail~to the prostaglandin synthetàse. 'However, compart­

mentat10n of' the f'ree arachidonic acid used for PGP.ac:w synthesi; in the 
, . 

homogenate May have been masked by a significant isotope enrichment. 

effect, in t~e conversion of a mixture of' (~8J and [1Ra]arachid~niC acid 

~o PGibO/. 
, ~ 

The grea ter part of the endogenous free arachidonic acid 

present in rat cerebral cortex tissue during the incubations' ,appeared 

I~===============rapidly after decapitation. 

,p -

C) Drug Ind'llced Convulsions and the Production of Prostag~andin 

°Endoperoxide Derivatives in Rat Forebrain 

/ ~ 
The preàent experiments suggest that a relationship exists l!! .!!!:2 

between the appearance of free arachidoiLic acid and the produ'Ction of 

PGTha but not of thromboxane:&l in rat cerebral hemispheres. The very 

rapid accumulation

z 
subsequent disappearance of PG e~doperoxideB 

during me;p:-azol'-6on', sions suggests that these compounds are rapidly 

convertèd to PGF:aa der these conditions •. However, in ~ there ls 

accumulation of thromboxane ]3g as well as PGF:a Of in rat cerebral tissue 
P • 

\) ) '-

and the production of ,bQth compounds is st~la~ed by @epinephrine 

(47,238). The dissoce.tion of the production of PGP.aO/ and thromboxane :Ba 

during d.rug in~ced convulsions ralses tne possibility that under certain 

conditions the pathways for the synthesis of' these two compounds do not 

share the same pool of endoperoxide and(or that convulsant drugs stimulate 

1-----"'t.:""'H= .... t--L""e.:· .... _ ....... _ ... _".w .... m~15 1 r 1€!Iln '.'t«fpr,.t~_t1f""e ... _'" ... ·'_"a_,~ __ .,,_, __ _ 
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specifically the prostaglandin isomersse and a red~ctase. Increased 

levels of PGEla as weIl as PG~ a !ollQ:wing, metrazol convulsions have 

already b"èen reported :for rat brain (252). 

We observed a large increase in the amount of PG~ cr formed between 
o ~ 

15 and 15 seconds of metrazol convulsions. A post-decapitation period 
, 

of 15 seconds did not increase PGPba leveis abOYa the unstimulated É!, 

~ levels. On the other band, the production of PG.P.aa by cerebral 

hemispheres of rats given convulsive doses of carbachoi was not decreased 

by ether anesthesià which prevented the respiratory difficul tiea and , 
. . 

consequent hypoxia associated with generalized séizures. Thus, the 
, ' 1 

- ç 

increas~d SJDount of PGF2a in rat brain may be a direct consequence of 

the act).on of the convulsant drugs on brain tissue rather tban due to 

a modification of blood circu~ation and breathing. 

The ley~ls of aIl free fatty acids were much higher at 15 seconds 

~ost-deeapitation than at 15 and 75 seconds of metrazol convulsions or 

30 minutes of carbachol convulsions. Also, aréièhidonic acid was released 

wi th greater aeleetivi tl" q,uring earbachoi convulsions than during pos~~ 

deeapitation ischellÛa. Simîlar observations -have been made in heart 

where bradykin induced a smaller, more specifie release of arachidonic 

acid than did ischemia (311). The' di:f:ference beween the amounts of free 

arachidonic acid released ei ther dur~ oarbachol or metrazol convulsions 
D 

and the increase of PG~ a formed through the action of' these drugs ia 

a.bout 100-fold. Therefore, PGE2a synthesis does not affect s1gnificantly 

the arac~dOniC scid 'pool size. Furthermore, the reduction of this pool 

size by phen;vtoin is insufflcient ta limit PGJ3a synthe~:ls. 

The neutral lipide mq not be the, sou:z.ce of the arachidonic acid_ 

released during drug induced.convulsions ainoe th~r content in this 

fat:ty acid did not decrease signifioantl.y. HOiTevef, hydrolysis of the' 
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dig~cerides ~ have been ~ked by the activity of a phospholipase C 

sens! tive to cholinergie agents. 

It ~ been ~estea. that eAMP levels ma;y regulate the act!vi ty 

of brain phosPholiPases involved in the --release of fatty adds (27,5). 

This hypothesis ie supported by the faot tbat the c.AJtW content of brain 
1 

is increased after electroconvulsive shock and post-decapitation iechemia 

(312) . Phenoba.rbi tal inhibi te the increase in c~ whieh oceurs following . ~ 

decapitation in rat brain by approximately SQ% at 2 minutes post- mortem 

(012). However, the fact that tbis drug had no effect on the post-mortem 

release of f'atty acids in brain except f'or a omall decrease in free 

arachidCln1c levels do es not support the above bypothesis. Furthermore, 

the amount of' free f'atty acide in rat brain was not increased signifieantly 
, . 

by intraventricular injections of' adenosine (unpubliahed resul ta) or of 

convulsive doses of' dibutyryl-cAMP (275) • 

The ef'.fectiveness of phenytoin in inhibiting fatty acid releaae 'may 

be related to its ability to bind brain proteine and phospholipide and/or 

i ta abili ty to inorease the binding of calcium to phospholipide (373~. 
1 • 

The increased binding of calcium td ph0ll'pholipids caused by p~enytoin may 

play a role in the effect of' the drug on fàtty acid release aince the 

activity of' some brain phospholipases of' the A type mq be dependent on 

divalent cations (311). Phenytoin does not seem to affect the release of 

palmi tate. This specifici ty in the effect of the d.rugs is not readiJ,y 

expl~ed sinee .!!l .Y!E2. phenytoin binds more strongly to dipalmi toyl than 

to distearoyl lecithins (373). 

The administration .i!1 .:tl!Q of metrazol and carbachol in convulsive 

doses eaused a preferential release of arachidonic acid ... in rat ~bra1 

----------:::::::~-::-.~ • h \ 
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hemi~eres. This a:rachidcmate appears to have 1 been directed towards 

PGia a (and .) synthesis at the expense of thromboxane Ba production 

under these conditions. Phenytoin was muéh more effeotive than pheno-

barbital and diazepam in inhibi ting the release of fatty acide yhioh 

oceurs upon decapitatian in rat brain~ 
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APPENDIX A 

The Ohoroid Plexus: A Major Si t-e of Incorporation of Arachidonic ~cid 

Into Triglycerides of Rat Brain 

INTRODUCTION 

The'triglycerides of mouse and rat brain have a much faster turnover 

rate and a much higher specifie aCtiv~ty than tbe pbosphoglycerides 

following the intracerebral injection of labelled palmitate, oleate or 
, ,1 

arachidonate (296,34S,314,315). The difference in the apparent metabolic 

patterns between,the triglycerides and pbospbogylcerides raises the 

possibili ty t~at in certaifbrain regions or celI types, the fatty acide 

of triglycerides undergo a particularly rapid turnover. This idea ie 

supported by the finding that the rabbi t choroid plexus bas a high capaci ty 

to incorporate tri tiated palmitate in vivo and in vitro (316). 

, _ capacity for inCorpor+ion -:faxachidèni'c-::: into triglyceridea 

and other lipids by rat whole brain and choroid plexus was studied using 

intracerebroventricular injections of non-trace ~ounts of [2RS]-araohidonic 
" 

acid. The labelling of brain lipids wi th the deuterated fatty acid was 

measured by gas chromatography-mass spectrometry. '!!raoe amounts of [3RS J­

arachidonic acid were used to study the rates of incorporation and turn­

over of triglycerides irt the above tissues. The amount and the fatty acid 

composi tion of triglycerides in rat forebrain, cerebral cortex and oboro'id 
t# 

plexus were also determined. 

MATERIALS AND METRODS 

[3HaJ-arachidonfc acid, 4.SJ.'oCi, was administered to male Y/istar rats 

'(250-3.~0g) by intracerebroventricular injections as described, previously .. 
(page 34). The rats were decapitated at 20 seconds, 40 seconds, 1 ~ute, 
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~o miDutes and 60 minutes following injection. Also, injections were done 

directly into the cortical. tissue •. The needle was stereotaxically placed 

< 0 
at a depth of 1Dml in the parietal. cortex and at an angle of 23. After 

the injection, t~ needle ~as lœpt in the titsue to preve~t bac~-f~ow of 

the solution. A:1ternatively, [2saJ-arachido ·c acid was given intra-. 

ventricularly :rn 5 successive injections of 'j.Iol. each at 5 minutes of 
'-., 

interval. Each of these injections contained 25~ of the deuterated fatty 

acid. The rats were decapi tatf:d .5- minutes after the last one. Unoperated 
- \ 

rats were also decapi tated and their brains dissected to detertIliAe the 

amount and the f~tty ~id composition of the triglycerides in the, forebrain, 

cerebral cortex and choroid plexus. The post-mortem time required for the 

exision of the whole brain was 2 minutes. A :türther 3 minutes vas required 

for the dissection and veighing of the choroid pleXlls or of the èerebral 

cortex. 

:Brain lipids were extracted wi th 20 volumes of chloroform: methanol, 

2 : 1 and the free fatty acid~, triglycerides, diglycerides and phospholipids 

were separated by column and thin l~er chromatography (page 36). Measure­

ments, of the deuterium to protium ratio in the afrachidonic acid from the 

above Ùpide vas done by gas chromatogr,aphy-massl spéctrometry (page 55). 

The .!adioactivi ty in the triglycerides was determined in ~ scintillation 

spectrometer (page 40). The fatty acide hydrol.yzed !rom the triglycerides 

of rat whole b+ain, choroid plexus and cerebral. cortex vere separated and 

quantitated by gas ohroma(ography (page 40). The weight of the triglycerides 

was derived from that of i ts total. fatty acide by the method outlined by 

Litchfield (377). 
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• 
RESULTS Am> DISCUSSIOB / 

-
~e chor6id plexus f'rom the lateral ventricle showed ~ considerable 

.. 
incorporation of non-trace amounts of deuterated arachidonic acid to the 

triglyeeride frac:tion (Table 1). Furthe~ore, the labelling of' the 

t~iglycerid~B !rom whole brain and ehoroid plexus greatly excèeded that 

~df scy of the other complex lipide. ; The d~uterium to protium ratio in the 

'ree arachidoni~ acid of wh~le br~ decreas~d with po~t-mortem time 

probably as a resul t of the release of endogenous arachidonic acid from 

complex lipids which oceurs upon decapitation. 

The graph of radioactivity against time (figure 1) shows that the 

incorporation and ~ecay of radioact~VJ arachidoniCo acid in whole brain tri-

glycerides parallels that in the choroid plexus triglycerides. Furthermore" 

the triglycerides of the choro~d plexi from the lateral ventricles contained 

1/3 o~ more of the counts found in whole brain triglycerides 5 and 20 minutes 

atter the label' vas aM1n1Btered. Thu. thi~id ;"om the ohoroid plexi 

probably accounts f'or a major component of' the time course curve of incorpora-

tion of arachidonic acid in the triglycerides oi' whole brain following 
1 

intraeerebroventricular injections. 

The intracorticàl injections (FigUre 2) show that the triglyceride pool 

in this brain area can also readily 1ncorporate arachidonic acid •. The 

maximum specifie activity oi' the cortical triglycerides reached with this 

method of injection is comparable to that reached by the tri,glycerides of 

whole brain after the '1ntraventricular injections (8., and ~.9 x 106cP~}lIDOle' 

C
20

: 4 respectively). Bowever, the; maximum specifie activity oi' the ehoroid 

6 _l .' 
plexus triglycerides was 70 x 10 CPwt)1lDO,l«7 020:4 after intraventrioular 

injections. 
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'l'ABLE 1 

DlCORPOR.A'I'IOB OF [2HS]-ARACHIDONIC !CID mro RÀT BRAIN LIPIDS 

Arachidonic Acid [2HB],I[ 1HB) 

Lipid 'Whole brain Choroid Ple::m.s " 

Triglycerides / 0.29 (l) 4.0 

" 0.01 Diglycerides ... 

Free arachi.donic acid1 0.62 

Phospholipids 0.01 (a.') 0.10 

Eaph value represents one dete~ation "uu,ç l#Jo/eAT./) o-t"'I"WISE 

[2HaJ;C1 HaJ in wbole brain lipids wu determïned at' :two minutes 

post-mortem.' \ 1 . 

[2H
S
J;[1H

S
] in choroid plexus lipids of both iateral ventricles was 

determined at .5 minutes post-mortem. 

The rats received 5 successive intracerebroventricular injections 

of 25pg [2HSJ-ü in 5.,.J. of~ buffer at .5 minutes of interval. 

1The [2HaJj[ 1Hs] ratio in the FFA's 'of whole brain Jas 0.33 when 

determined at 10.lÎdnutes post-mortem. 
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Figure 1: TilDe course cf Intrav~triCl11arIncorporaticn of [)HaJ-ArachidoniC 

!cid into Rat :Brain Triglycerides. 

Rats were injected intracerebrovenriCUlarly vi th approx. 5~i of (3~J: 
axachidonic acid described in the texte The full circles represent the 

radioactivity determined in the whole brain and tbe open circles the radio-

~ activi~ determined in cboroid plexi of the lateral ventricles. Each choroid 
.. 

plexus veighed approx. 1mg (vet weight). 
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108. / 

Figure 2: Time course o~ Intracerebral Incorporation of [3BaJ-Arachidonic 

Acid into Rat CereQral Cortex Triglycerides. 

The 'V-axis on the le~t is used to .indicate the .radioactivi ty recovered 

,in the triglycerides from 100mg o~ parietal cortex on the injected side. 
1 

'li The 'V-axis on the right ie used for the specific activity of the arachidonic 
. . 

acid in the triglycerides. The x-axis represents the minutes elapsed 

between injection and decapi~ation. Rats were injebted with approx. 5~i 

of [3HaJ-arachidOniC acid into the parietal cortex as described in the 

texte 
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Interestingly, the peak: incorporation of a.t"achidonic acid into the 

triglyc~rides occured at 20 minutes after the intracortical injections but 
/1 

at 5 minutes alter the intraventricular injections. This could result fro:m 

the tact that the label, when givon intracerebrally, is available for a longer 

'period than when given intraventricularly. In the fomer <:àse,. 8~ of the 

counts found a-t 20 seconds in the cortex remained after 5 minutes. In the 

case of the intraventricular injeotions, le8s than 60)6 of the counts found 

at 20 seconds in w~ole brain re:mained after 5 :minutes. 

The COUlPosi tion fo~ the UDSaturated fatty acide ie markedly different 

in forebrain and cerebral cortex triglycerides compared to choroid plexus 
1 

(Table 2). The firet two tissues have a higher percentage of arachilonic 

acid than eicosatrienoic acid while 'in the latter, the siutation is reversed. 

However, standards of docoeamonoenoic acid co-cbromatographed with,w-6 eico­

satrienoic acid and a contribution fro:m the former fatty acid. to the eicosa-

trienoic peak cannot be excluded. The choroid plexus triglycerides also 
1 

contained UlUch 1ess docosahexaenolc acid than tha-t of the forebra.iJl and 

cereb~Èù cortex. Approximate1y 30 times :more triglycer!des per mg tissue. was 

found in the choroid plexus than in the forebralf tissue or the cere~ral cortex. 

The choroid plexus had 4.25..eTG/mg tissue, the forebrain, 0.11J.&.gTG/mg tis,sue.:t 

0.02 (3) and the cerebral cortex, 0.13.,.gro/mg tissue :1: 0.01(4). ~e percentage 

of arachidonic acid in the triglyoerides of the choroid plexus increased to 
~ 

1% fol1owing repeated injections of the fatty acid (see Table 2). 
- , 

The present in vivo studies have uncovered a concentrated and h1gbly --
metabolioally active triglyoeride 6'ompart:ment in the choroid pl~ of 

rat brain with a rapid turnover rate, a very large capacity to incorporate 

arachidonic aoid and a distinct fatty acid compos! tion. This triglyceride pool 

makes a major contribution to the Ume cou.rae of incorp~ration of arachidonic 

scid into triglycerides ot who1e brain following intraoerebroventrioular 

injection of fatty acid. 
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TABLE 2 

Fat'ty Acid Composition oi}'the T;-iglyceridéS from,Different Regiol'lS, of 

Rat Brain 

Fatty Acid 

Myristate (14 0) 

Palmitate (16 : 0) 

Stearate (18 : 0) 

Oleate- (19 : 1) 

Linolenate (18 : 2) 

\ 

**Eicosatrienoate (20 ) 

Arachidonate (20 : 4) 

Docosahexaenoate (22 : 6) 

\) 

Area% 

Forebrain () Cortex (4) 

2.3 :1: 0.4 

40.) :1: 2.8 
1 

15.2 :1: 0.9 
\ 

22.4 :t: 1.6 

5.7 :t: 1. 3 

1.1 ::t: 0.7 

4.8 :t: 1.0 

8.2 :!: 1.6 

2.2 :!: 0.5 

34.2 :!: 1.3 

14.4 :1: 1.1 

20.0 :1: 1.7 

4.5 :!: 0.9 

2.0:!:1.2 

9.5 :f:: 0.5 

12.2 :t: 1.2 

1 
Choroid Plexus* 

15 .. 9 

36.8 

17 .8 

22.0 

9.8 

4.0 

1.8 

1·9 

*Choroid plexus from lateral ventricles of 6 ratsV 

Forebrain was obtained from heads '~rozen in liquid Na upon decapi tation. 

Choroid plexus and cortex lipids were extra.cted 5 minutes post-mortem. 

Arachidonic acid in' choroid TG's incl'eased ~o 7%' following the successive 
1 

intra.cerebroventricular inj ections of 5 ~ 2~ in 5 .... 1 of bu:ffer each at . 

5 ~utea intervâ.1s. 

* *Retention time on ailar 100 columns corresponded to that of the W-6 
1 

isomer. Peak mq cont'ain docosamonoenoic acid. 
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APPENDIX B 

Theoretieal. Lapelling of PGFa: Calculated from Rate of Ent-;;' of [2xe.J­

Arachidonic Acid into Cortex ,SUces 

. Sinee ~o ie produced at a constant rate by brain tissue :tOI' 
, 

- , incubation periode o:t up 'to 60 minutes and is not signi.ficantly metabolized . , 

(47), its D/H at ~ given time will be equai to the average DIB of the 

precursor over the time period of incubation.· To obtain the average Dia 

:i,n a. possiPle precursor pool, we plotted the Dix ratios in the" .free 

il arachidonic a.cid of wasl1ed cortex s lices yersus incubation Ume (Figur~ 1)., 
" 1 • 

The ratios were measured after 0, 5, 15 and 60 minutes o.f incubation iIÎ 

th~ 'presence of [2xaJ -arachidonic aci~ under the saroe conditions as 
t'~ 

.t>à.escribed :bf}fore (Tabl~ 10, page 81). The area under the curve divided 

by the tothl time of incubation jotill giv<8 the average niB of the precursor 

ovel' the 60 minute time periode 

We ~ divide the" DIB in preoursor v~rB'1:}.s t(nië\ ourve into 3 segments 
, ,. 

bound by the experimental points. The segments may be. desoribed approxi-

mately by linear or logarythmic functions: 

for 'the :tiret wo segments; (1 ) 

t'or the third segment; DIB '= ~ln t . , (2) 

~ 
the preoursor at some 

, 
Where DIB ls the ,value Of tlie ratio in 

Il 
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The curve relates the deuterium to protium ratio in the 

f're~ arachidonic acid ;fraction of' washed ra\t cerebral cortex 

slices wi th incubation times. The slices (0.5 mm thiok) 

were incubated" up to 60 minutes in the presence of 25~ of 
., 

[2H8]-arachidOni~ acid per 100mg tisBlle f'resh weight. After 
~ . 

inCubation, the aliées' wére washed by re-incubation f'or 5 

minutes in butfer contain1n8 bovine serum albumin (molar 

ratio 5 : 1 t6 total free fatty acid of' slice). The values 
1 

at 0 and 5 minu.tes are the average of 2 determinations and 

at 15 and 60 minutes the average of 3 determinations. 

1 

o 

1 0 

-

, 
, 1 

: 

j 
j 

l~ 

1 
1 

1 
1 
i 



,< --" ,....~ -- . -- ~ ~~ ..... * • * , ~ ~ , ...... 

~, - ~- ~-" , - - , .... _.,.... __ ... ...-. . .,..... _r ...... ,..~' ...... ".. . 
) , 

• 114 • 

1 
( ;..l.j" , 

0 .-
' .... 
'0 
~ 0.20 " 

E 
:::» .-... 
0 ... t? 

a.. 
0 

0.10 ... 
,'::.. E 

:) .-... ~} 

CI) ... 
::» 
CI) 

C 0 
, 
;, 

20 40 60 " ~~ ! . 
~ Incubation lime (m inutes) 

( 

" 

1 
1 

! 

-



( point wi thin a segment. 

i=2 

115. 

The area under the curve could then be given by: .. 

r 
,1 

A = [1: 1/2 (D/Ht + D/Ht ) (t. -
i=1 i' i-1 ~ 

(3) 

0' 

( .. 

Wheré the last term in (3) is the finite integral of AIn t. D/Hti is the 

value of the ratio in the precursor at the upper boundary of the i th UIhe 

segment; the value at the lower boundary is denoted by D/Hti_
1

• The value 

of À in equation (2) was calculated as follows for the third segment: 

}. = 1/2 [(D/Ht /ln t. -1) + { D/Ht /In t.)J = 0.06 
i-1 ~ i 1 

The value of the deuterium to protium ratio obtained from equation 

(2) with ~ = 0.06 was 1O}b smaller at the lower boundary and 1~ larger at 
.~ 

the upper boundary when eompared to the experimental values. Thus, the_ 

area under the third segment of the curve would be close to that under the 

curve defined by equation (2) 'iith ~ = 0.06. 

r 

If the total free arachidonic acid fraction in the sliee is the sole 

preeursor pool of PGF2 a synthesis, the expected deu terium to protium ratio 

in the latter product after 60 minutes of incubation would .. be given by: 

/ 
60 

A/t::: 1/60(1/2[O.07xSJ+1/2[0.1B+0.07J10 + (O.06(In t-1)t] ) = 0.17 
15 

However, the D/H of the PG~Q produced by the slice was 0.24 after 

,60 minutes of incubation in the presence of [2HaJ-araehidbnie acid. The· 

disorepanoy between the observed value and the expected value suggests that 

the total tissue-bound unesterified arachidonic acid may not be the only 

-------- --~- -------

, .. 

(4) 

~: 
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preCUi'eor pool used :for PGF.a a syntheeie by rat cerebral 'cortex slicee. On 

the- other band, the difference may result :from the enrichment in deuterium 
1 

of the products over the precureor (see appendix C). 
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APPENDIX C 

Estimation of the Enrichment in Deuterium. of PGF2a Relative to Hs 

Precursor in cer7 Cortex Tissue In .!!:E2 

The ratio of PG endoperoxide producte which require carbon to 

hydrogen bond breaking to those that do not require i t for their 

synthesis determined the degree of enrichment in deuterium of PG:F2cr 

relative to a precureor mixture of arachid'Onic acid and octadeutero-

arachi~onic aci~ (115). In brain, the major PG endoperoxide products 
( 

requiring carbon to hydrogen bond breaking for their synthesis are PGES 

and PGD.a (47,239). PGIa productiCln appeare to bj3 low in this tissue 

(28,38,41). The major products not requiring carbon to hydrogen bond 

breaking are PG:E2 cr and Tx.Aa (47,238,239); hydroxyheptadecatrienoic acid 

is not detected in bra±n (238). 

A curve relating the product ratio to the percent enrichment of 

, 

PGF:acr in deuteriwn (Figure 1) was made using the dataI of Woldaver and 

Samuelsson (115). ) These authors vorked vi th sheep seminal vesicle 

microsomes and the product ratio vhich they used vas PG.Ba + PGDa to PG:F2 a 
! 

j+- BRT. Since the ab ove tissue vas incubated in the presence of glutathione, 

PGIa vould not be formed in eignificant , amounts (318). 

by this tissue cou1d not be demons~at:d (379). 

The production of 

The PG endoperoxide product ratio for rat ~rain homogenatee vas 

calculat~d· from <the data of Abdel-Halim ~ & (239). The homogenates had 
» 

been kept at room tempe:rature in phosphate bu:ffer for 18-45 minutes. The 

PGEa + roDa to PG~at + TXBa ratio vas 3.07 in thie case. The curve of 

Figure 1 indica'tes that thie ratio would 'correspond to more than a 200)6 

..J 
;"< ~ .. ~ ~ """ ..... ~-""' ............ ~~-, .. -'Â,"' .. .;l-"'"' ... ".~~ ...... ".IOWiiII< .. '1 1* ... ..-...s. ___ ... " .. ____ ._~ -
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The curve telates the product ratio PG1!}a + PGDa to 
JS;;.:\ 

roha + HHT and the percent of Cdeuterium isotope enriohment 

in the PGF:a a produced by sheep seminal vesioles incabated in 

the presence of a mixture of arachidonic acid and ootadeutero-

arachidonic acid. The cnirve was derived from the data of 

Woldawer and Samuelsson (115). 
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1 

deuterium enrichment in the PGlla cr relative to i ts preClU'sor pool of 

arachidonic acid. 

In our experimenté, the deuterium to protium ratio in the PGP.acr 

produced ~y homogenates of rat cerebral cortex slices incubated for 60 

minutes in Ringer-Glucbse-llicarbonate butfer wae "equal to the ratio 

1 

fouhd in the total free rachidonic acid fraction. Since a large isotope 

enxichment of PGFacr is If-kelY to have occurred as seen above, the precursor 

pool used for roFa cr synthesis m~ not correspond to the total arachidonic 

acid fraction. However, different incubation conditions will result in , 

different ratios of PG endoperoxide products. Tpus the magnitude of the 
1 

isotope enrichment of PG:F2cr must be determined for each situation. 
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[ 

CLAIMS TO ORIGINAL RESEARCH 

" 

, . 
1- Pre-labelling of rat brain lipids in ~ by intrscerebroventricular . 

injections of [3Ha]-arachidOniC acid bas been used to identif'y the origin 
. ! 

of the arachidonic acid released post-mortem in this tissue. 

2- A mixturè of phosphatidylcholine: phosphatidylinosi toI and phospha-

tidylethanolamine has bee~ implicated as the major s~ce of the a.rachi~onic '. . i 
scid released post.-mortem ~ rat forebrain. Phosphatidic acid and phospha-

\ 
tidylserine have been eJeclJded as signif'icant components. Triglycerides and 

diglycerides have also been excluded as a source of the released arachidonic 

acid. Phosphatidylinositol was singled out as the major contributor to the 

free arachidonic acid pool bound to the micros omal fraction prepared from 

rat forebrain. 

3- Comparieon of the deuterium to protium ratios in the prostaglandin 

F2 cr to t,pose in the arachidonic acid of various lipid fraction frôm rat ' 

cerebral cortex Blices incubated in the presence of [2Ha]-arachidonic acid 

~ bas been used to study the compartmentation of' the arachidonic acid available 

to the prostaglandin synthetase lOf' tbis tissue. 

4- A standard line has been made for known amounts of [2HaJ-P~ostaglandin 

Facr versus the ~ounts measured by gas chromatography-mass spectrometry 

, using [~4J-prostaglandin Pou. as internal standard. This line was used to 
, , 2 

quantitate the [ H
a

]-PGP2a produced by rat cerebral cortex slices and 

homogenates from [2~8)-a;rachidonic scid. 
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5- It was shawn that 'exogenous arachidonic acid pEmetrates poorly int~ .. 
rat cerebral cortex s11oes. However, the use_of exogenous ara.qhidoJBlic aci~ 

by the damaged surfaces of cortex slices to produce pro~taglandin Fa CI as 

wall as the stimulation of the proetaglandin eynthetase at that 10ca1::ion by 

norepinephrine has been demonstrated. 

6- A probable isotope enrichment' effect suggests tbat endogenous 

arachidonic acid ie preferentially used for prostaglandin ~" eynthesis in 

the homog~nate of rat cerebral cortex al though the deuterium to protium 

ratio of the tot~ fr~e arachidonic scid was eimilar ta that of thf pros ta-

glandin ~cr in this preparation. 

'7- No complex lipid was found to sct as an intermediate in the delivery 

of exogenous arscmdonic acid to the prostaglandin synthetase of rat cerebral 

cortex in vitro. 

, Î8- The level o:C the major free fatty acide in rat cerebral cortex 

slices has been measured at various times post-mortem and arachidonic ~cid 

was found to be released' ini tially ~\ the fastest rate. 

9- The selective rel,ease of arachidonic scid in rat forebrain dUring 

/carbachol induced cohvulsions ~ be~n demonstrated. A correlation has 
\ 

been establi$hed beween tfe release of arachidonic acid and the synthesis 

of ,pros tagl andin li2 a but not thromboxane :Ba by rat for~brain during drug 

liîduced convulsions. Umer these conditions, the production and disappearance 

of the prostaglandin endoperoxide were very rapide 
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10- It was f'ound that phenytoin decreased the post-mortem levels of 

free arachidonic acid and stearic a.cid in rat forebrain wben iDjected 

in'traperi toneally lB .tl,yg. 

11- \ The choroid. plexus' waS established as a major si te of incorporation 

of' ara.chidonic acid. into rat brain triglqc~rides following intraventricular 

injection of the fatty acid.. The choroid plexUs triglycerid~s had a fatty 

a.ci!i composi tion distinc~ from that of' forebrain and cerebral cortex. 
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