e e Tt e S T

e e o TN TR WA T WYY, N e mr hre v v e an Ary o T R

i 2 g e AT

it

STUDIES ON THE PROSTAGIANDIN SYSTEM IN BRAIN

(With Emphasis on the

ean Marion, B.Sc.

5
A Thesis submitted to the,
in partial fulfillment of

Doctor of Philosophy .

Department of Biochenistry
McGill University

Montreal

Precursor-Product Relationship) \

Faculty of Graduate Studies and Research
3

the requirements for the degree of

-

July 1979




5

i

|

e ——— T RS R S b XA €D PR

ACKNOWLEDGEMENTS ——

-
&

The experimental work for the present thesis was accomplished in the R

Don{;er Leboratory for Experimental Neurochemisiry of the ﬁoxitreal
Reurological Institute under the expert supervision of Dr. L. S. ?lolfe.
His inapiring drive and conﬁden;:e were essential forces 'which sustained
the anthor in his task., * | \ / -

I am deeply indebted to Dr. H. M. Pappius for countless fruitful

discussions and for directing the in vitro work described in the "the_s,ig.,,,,

Mrs. K. Rostworowski, Mrs. R. Lali and Mrs. P. Skelton provided the
best poséi‘ble technical assistance in the isolation and quantitation-of
prostaglandins gnd thromboxane, /in the isolation of neutral and pola.r)
Zgipids and the analysis o/i‘ nchoroid plexu? triglycerides respectively.

The mass-spectrometric an‘al}cses were efficiently carried out by
Dr. O. Mamer of the MRC-McGill Biomedical Mass Spectrometry Unit.

I also thank Dr. ’N. M. K. Ng Ying Kin fo:t: his heipi‘ul dg_.scussion of

the mass spectrometric data.

Dr. John B, Pike of the Upjohn Company, Kalamazoo, Michigan kindly

supplied the thromboxane Ba and [ ?Hh]-prostaglandin Foor used in this study.

Ma.ny thanks are due to Ms. B. -Latawiec and Mrs. M. Clark who showed

great patience in typing the manmuscript with 'its many revisions. }
The figures appearing in this thesis were prepared in the Dapartmemt/

)
of Photogra.phy of the Montreal Neurological Institute under the direction

of Mr. C. P, Hodge, F.B.P.A. ‘
Most of all, I want to dedicate this thesis to my wife, Nora, for

i

T At o R kAT MNONIAM LUS b, 4L ot 8 R e

e A bt e s g o




.

sincere encouragements and accép’qance of the sacrifices associated with

°

the writing of this thesis. .

o « @

The author was initially supported by a Studentship from the Medical
Research Gou.nc;il of Canada and subsequently by a grant from the Montreal

Neurological Institute and the Faculty of Medicine of McGill University.

- .
e .
»

o




R S O

R e el Tk 4

ST s 47 e R

W

;mw——————ﬁ‘ -- —- —free arachidonic acid -was-very-close -to-that-of phosphatidylinositol. "In. . s

Ty

LAY

 Ph.D.

STUDIES ON THE PROSTAGLANDIN SYSTEM IN BRAIN

- %

ﬂSTMGT

Biochemistry

-7

The arachidonic acid released post-mortem| from the complex.lipids

of rat forebrain lsbelled with'[ 3Hgl-arachidonic acid had a specific
act'ivi‘ty close to that of the j:ota.l phospholiéids a.nd‘much 1owe~r than
.:hhat of the neutral lipids. The arachidonic ;cid is probably released
from a mixture of phospholipids which exclﬁdeé phosphatidylserine and

phosphatidic acid&. In the microsomal fraction, the specific activity of

rat cerebral cortex slices incubated in the i)resence of [2118] -a.rachicionic i

[

. J.ocate’a at the damaged surfaces of the tissue.

afglandin F, ; reached maximum labelling before any of the lipids )
bt for a pool of rapidly labelled free arachidonic acid

In homogenastes the deu-

terium to protium ratio of the total free arachidonic acid was’ similar to

that of prostaglandin F, . ﬁowever, the probable occurrence of an.iso-

tope enrichment effect suggests that the total free arachidonic acid

fraction is ne¢t identical with the precursor pool used for prostaglandin

Fq syntheisis. In vivo, the amount of free arachidonic acid and pros\ta.- :

glandin F, -in rat forebrain was increased following convulsions induced S

by carxrbachol and metrazol.

The level of thromboxsne B, was not affected.

& I .
Post-mortem levels of unesterified fatty acids were decreased in fore-

brains of phenytoin treated rats. /
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Le nifeau de rédioaotivité par microéramme d'acide arachidonique
ét&i'b preésque le méq;e pour cet acide gras trouvé dans 1'ensemble des
phospho-~lipides que‘pour celui libéré post-mortem suite & 1'hydrolyse de
certains lipides du &:erveau de rat auquel on avait 'injecté une quantité
d'ancld@ ar,achldomque-[ 358] . Cet acide gras libre provient probablement
d'un groupe de phosph‘b-lipides qui n'inclus pas le phc‘)sphatidylsérine et
.l'acide phosphatidique. L'acide arachidonique libre et celui trouvé
dans le phosphatidylinositole ont, pour une quantité donnée, un méme -~
niveau de radioac}:?.vité lorsquton les extrait des microsomes du tissu
cérébrale. Deans le cas de tranches de cortex placées dans un milieu
codtenant 1'acide arachidonique 2Hg], la valeur maximale d'un Tapport
de'molécules possédant des atomes de deuté;'ium a celles n'en possédant
pas fut atteiht pl':xs rapidement par ies molécules de prostaglandine F, o
q?ue par celles d'acide a.ra.chid\onique trouvées dans les divers Jiipidee
du tissu. Cependant les acides‘g‘ras libres présents aux surfaces
endommagées des tranches de cortex firent exception a cette régle. Ce
méme rapport était presqu'identique pour les molécules de prostaglandine
Fopet pour celles d'acide arachidonique libre extraites d'homogénat du
cortex auquel avait €té ajouté 1'acide a.rachidonique-[ 2Hg]. Ia quimtgté
de {rostaglandines F,  ainsi que celle d'acide arachidonique non-
esté:.:ifié était élevée dans le cerveau du rat aprésune périocde de

convulsionsscausées par 1'injection de carbachole ou de métrazole.

la quantité de thromboxane B, n'; pas été modifiée.’
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i CHAPTER I )
( ) . INTRODUCTION

A) Landmarks in the History of the Prostaglandin System

— In' the 1930's, Kurzrok and Lieb (1) reported that human semen could
contract or relax the uterus in vitro. Goldblatt (2) and von Euler (3)
working independantly als.o\ observed the smoo{h muscl.e' stimalating
- activities \of seminal fluid and demonstrated their vasodepressor pr'operties.
Von Buler (4) found the acfsiwce factor to have the properties of an acidic
lipid and proposed to name i‘t "Prostaglandin”. Subsequently, he determined
I R— Itha.t "Prostaglandin" represented a mixture of-unsaturated hydroxy fatty -
‘ acids (5). H;mevgr, the full chemical characterization of six ,ﬁrimary
prostaglandins (PGR , PGEs, PGHs, PGR a, PCFea and PGFRya) by Bergstzion,
Samuelsson and co-workers (6-9) was acheived some 30 years later in 1962-
63. J The following year, Bergstrom's group -in Sweden (10) and Van Dorp's
' + group in the Netherlands (11) demonstrated ‘that prostaglandins were
formed by the enzymatic oxygenation of certain polyunsaturated fatty /
acids. The major pathways of metabolism of prostaglansins were identified
in the same year (12). The cyclic er;doperoxides, PGGe and PGH:, inter-
med.iea.tega in the biosynthesis of prostaglandins were isolated by Nugtéren
et al (13) and Hamberg et al (1L) almost ten years after their existence
had been postulated in 1965 by Sa;nuels%on 15). The'to’tal synthesié of
prostaglandins was acheived by Corey et g.}_. (16) in 1968. The accurate
measurement of microgram and submicrogram amounts of prostaglandins was
aciieived by Gréen et al (17) who develope(i a gas chr:)matographic-masé
spectrometric method of quantitation using-deuterated prt‘)ataglahdina as

A

internal standards and carriers. L N

‘.
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‘Knowledge of the pharmacological properties of the prostaglan&fne
also prégressédu quickly.. Por instance, prostaglandins of the E series . _
were found to lower blood pressure (6) and stimlate adenyl cyclase in
various' tissues (18), while prostaglandin Fsa was found to be Auteolytic
in many species except in man where it is only oxytocic (19). Clinical
trials of the use of prostaglandin Es and Fsar to terminate pregnancies
a.nji induce labor were started in 1969 (20) and the use of synthetic
analogs was implemented a few years later (21). The discovery in 1971

““by Vane (22) and by Smith and Willis (23) that aspirin and indoqlaethacin
were potent' inhibitors of pros'@:aglandin synthesis indicated fha:t prosta- }
.glz;ndinsk probably played a roie in fever production and the inflammatory
process. Recently, Olley et al (24) demonstrated that E-prostaglandins
could maintain the potenoy_ of the ducbtus arteriosus and coﬁld be used in
the treatment of newborms with certain congenital heart lesions.
In 1:;19 lagt few years, two important members were added to the family
of prodﬁcts derived from prostaglandin endoperoxides. ; In 1975, Hamberg

et _g;. (25) discovered the conversion of the endoperoxides to thromboxane *

A2, a non-prostancid compound with properties identical to tk}at of the

rabbit aorta contracting substance (RCS/) reported earlier by Piper and

Vene (26). Malmsten -et al (27) demonstrated that endoperoxides were

: pgtent platelet aggregators but this activity results from their conversion
to thrombox';ne A (25). The £ oilowing y\e"a.r, Gryglewski et al (28) .and

Moncada et al (29) found that the prostaglandin endoperoxides .could be

converted by certain tiséues, particularly the vascular endothelium,

- into a-substance that inhibited platelet aggregation. The substance was

A Ee s et s ACo e M
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originally called prostaglandin X, but.: Johnson et al (3(/) who

deteminéd its structure and_ achieved its chemical synthesis proposed

the name prostacyclin. The struch"zre of prostacyclin is very similar

to that proposed by Pace-Asciak and Wolfe (31) a few years earlier for

a novel prostaglandin formed from am;hid;qic acid by rat stomach. -
Pace-Asciak (32) also demonstrated that prostacyclin was non-
enzymal,ticé.lly hydrolyzed to 6-keto-PGF, a Pmstaéyclin was found to be

20 to 50 times more potent in increasing cAMP levels in platelets than
}’GEz (33,34) ax;d 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

find;ng an efficient agent against thrombosis (36). A search for

selective inhibitors of thromboxane and prostacyclin synthesis was also

undertaken. Moncada et al showed that imidazole ia a potemnt inhibitor

of thromboxane synthetase and found that 15-hydroperoxy arachidonic

3

acid was a potent inhibitor of prostacyclin synffiesis (38).
B) Distribution of Prostaglandins and Thromboxane A,

The primary prostaglandins (¥, F, o) B, E, D) are synthesized
by most mammalian tissues as well as some lower vertebrate and
invertebrate timsues (39,40). Prostaglandin I, (prostacyclin) and
thromboxane A, are also generated in a large number of animal tissues
(41,42) (see Table 1). The exact combination of prosteglandins and
related products found is tissue and species specific (40,41,43,44).
Prostaglanding are not stored in a preformed state (45-47); rather,

their formation is initiated by a variety of stimuli such as hormones,

-
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TABIE 1 .

Principal Prostaglandin Endoperoxide Products Found in Various Tissues

Tissue > ” Endoperoxide Products
Platelets TxA,
Macrophage ‘ TxA,
Vascular endotheliu; PGL, , 1PGF2
Umbilical artery , TxA, , PGE,
Renal cortex ) T PGL,
Renal medulla o . \\\) PGE,
Ductus arteriosus GL,
Stomach ' PGI, , PGE,
Lung , I, , PGE, , Tdh, ¢
Liver PGF, , , PGE,
Uterus PGF, o , PG,
Bone |/ L, , PGE, '
Braiﬁ/ . PG, , PGE, , PGF,, , TxA,
Fetal tissues PGL,
%
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enzymes, ischemic/hypoxic insult and inflammation (44,48). Minute amounts
of prostaglandins are released in many body fluids such as seminal fluid
(1-3), \mens'trual fluid (49), amniotic fluid (50), vitreous humour (51),
stomach fluid (52), exudate of skin (53) and CSF (5;1). '
C) Effects of the Prostaglandin System on Cyclic Nucleotides and 1

Calcium Mobil:iq.zation

The primary prostaglandins have a long list of pharmacological and
possible phys;ologiéal rolea(Si*E?). Thromboxane A, T potent aggre- ;
gating agent and vasoconstrictor (25,58): Prostaglandin I, has proper-
ties opposite to “$hose of thromboxane A, (28) and also appears to mediate
renin release brought about by renal arterial lqrp‘otension (59). The : 1
involvement of the prostaglandins and related substances in a great }
variety of physiological proc;asses is to be expected since they can
modify the leveél of cyclic nucleotides and affect the( mobjlization of |
calcium in many cell types. In most tissues, including nervous tissue,
prostaglanciins of the E type increase the intracellular concentration of
GAMP (60-65), except in isolated fat cells (19) and toad bladder (66)

vhere they antagonize the hormone stimulated rise in cAMP. In fibro-

blasts (67) and blood platelets (33,34), PGI, caused the largest increase

in cAMP. PGD, also increased the level of the nucleotide in platelets
(68) . Prostaglandin endoperoxides and thromboxane A, inhibit the PGE,
and I, stinm]:at"ed CAMP rise in platelets (33,69). On the other hand,
prostaglandins of the F type promote ¢@IP accumulation in the rat uterus
(70), in dog and bovine vein ‘(71) and in guinea pig lung (72). The /
guanylyl nﬁc}eotides, GTP and GDP, appear to potentiate th; effect of !

prostaglandins of the E series \§n the level of cAMP (73,74).
‘ - |

<



Prostaglandin endoperoxide formation may be involved in the elevationl
of cGMP levels during platelet aggregation (75). Sinjce cAMP and cGMP
heve opposite effects on many cellular processes (76), it has %e«in
suggested that the selective stimulation of cyclic nizcleotides by pros-
tagiandins of different" types constitutes a regulating Eecha.nism of

cellular activity (77). : /

\’llxe/eszé of prostaglandins a.nd thromboxanes on many cellular '?ro-
cesses may also be mediated by calcium. In stomach muscle, prostaglandin
E causes the retention of c—alciu.m in a slowly exchangeable fraction (78)
while PGF, , promotes influx of tl*;e cation in the‘uterusﬁ (79). Other
effects of prostaglandins on calcium movement inclilde the release of the
cation bound to the lipid phase of turkey erythrocyte membra.nes‘ (80),
the release of calcium atcumulated under ATP stimulation in a uterine
microsomal fraction 1(81) and from rat liver mitochondria (82) and the
increased binding of calcium to rat liver mitochondrial inner membrane
(83). Also, the prostaglandins of the E type liberated during stimula-
tion of the sympathetic inneryation of many organs may exert a local
negative feedback action on the release of further :neurntranamitter
through irhibition of calcium uptake by noradrenergic nerve terminals
(84). Prostaglandin endoperoxide anslogues can produce calcium efflux
from rat liver mitochondria (85) and cause influx of calcium into sickle
exythrocyteighosts (86). Finally, the initial aggregatory response of
platelets to thromboxane A, appears to be mobilization of intracellular

calcium (87).

/

The study of the physioiogical roles and pharmacological effects of
prostaglandins is complicated by the facts that different tissues

. »
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. produce these compounds ng. varying propt;rtiona (70), catabolize them
at different rates (88,89) and respond in opposite directions (90)
and w:;,th a wide Tange of sensitivities to a given prostaglandin (b? ’
91).- Furthermore, alterations of prostaglandin synthesis, <\=atabc">1ism

and action may occur during development (92,93) and physiological

—

i

“cycles (94,95).
D) Uptake and Binding of Prostaglandins

The fact that endogenous prostaglanding readily“go into the extra-
cellular fluid or thé incubation mediun; suggests that they can cross
. cell membranes or at least can liberate themselves Irom them (47 ,96).
However, red blood cells are impermeable to exogenous prostaglandins
vhile the tissues of structures such as the lung and kidney can accumu-
late prostaglandins by a carrier mediated mechanism(97). The prosta- '
_ glendins of the extracellular fluid of the pryairand eye may be removed ..

into the blood .circulation by a similar process (97). At high concen-

tration, the non-specific solubilization of prostaglandins in membrane
is to be expected because of the lipophilic nature of the compounds.
| |
The binding of prostaglandins to tissues is correlated to their

biological activities ( ,9§), including stimulation of adenyl cyclase
activity (100-105). e effect of these compounds on cyclic nucleotide
levels suggest that/they need not penetrate cells to influence metabolism.
Studies on the competitive binding of wvarious prostagi.andins and prosta-

\‘ 5
glandin antagonists revealed a high degree of dpecificity of the binding

sites’ (103,105—110). Prostaglandin recehjors are located in the plasma

membrane of many cell types (107-109,111)a» The absence of competiticn
~ - -
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for binding ‘;etween prostaglandins and various hormones suggest the
exisﬁence of prostaéla.ndin specific binding sites on adenyl cyclase
(107,104).
E) Structure and Nomenclature

The biochemical analysis of the prosta.glanldins is made difficult
by their instability and the very close chemical similarity among the-

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

present in tissues. T

\

Prostz;glandins have the basic 20 carbon cyclopentane carboxylic
acid stmctufe. For the physiologically import'a.nt primary prosteglandins
(B, B, B, I*) the carboxyhexyl side 91}ain§ﬁon-the cyclopentane ring
is in the a configuration and the h&rdrolqroctyl gide chain is in the B
configuration while the carbon 15 hydroxyl has the S or L form. The E
and F prostaglandins have the charac;teristic 11 shydroxy group on thé .
5 membered ring but the E type l}as a 9 keto grouzk

ich is reduced to a

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

" and an 1l-keto group. Dehydration of PGE yields the 10-11 unsaturated

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

In prostaglandin L, carbon number 9 in the cyclopentane ring is
linked by an oxygen to carbon number 6 in the carboxyhexyl side chain to

form a 6-9 epoxy structure to the cyclopentane ring. The enol-ether

l
*The numerical subscripts 1,2,3 written with each type designation
indicates the number of carbon-carbon double bonds in the side chains.
All the natural prostaglandins and thromboxanes have the A1l3 trans
double bond. The other double bonds if present would be A5 cis and
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double bond (A5) is in the 3 configuration (112). Finally, throm-
boxane 4, is a bicyclic compound with an oxygen atom between carbons
ll and 12 fommg a heterocyclic non-»prostanoa.te structire and another

oxygen fom:_ng a 9-11 oxane ring. The s:.de chains on the 6 membered

@

ring are in the same conflguratlon a8 in the prostaglandins.

=
')

F) ' Mechanisms of Biosynthesis
¥

The enzyzhic conversion of a number of methylene interrupted cis °

Y

polyunsaturated long chain fatty acids to the various prostaglandins

o s KR DR R 2 T

is accomplished by an enzyme complex termed prostaglandin synthetase.
The components of this enzyme system a.re all tightl\y bound to the micro-
somal fraction of all tissues studied (113-115). One exception is the
soluble PGD, isomerase of rat brain (41), stomach and lung (13).

The physiologically mportant primary prostaglandins are derived from
unesterlﬁed dJ.homo-y-lz_nolenate for PGE, and PGF, a.nd from uneater:.l—

fied arachidonate for PGE,, PGD, and PGF, (116-119). These fatty acids

are members of the w-6 family derived from dietary linoleate.

The first step in the synthesishc;f prostaglandin is the removal of ;
a prochiral § hydrogen at carbon 13 of the precursor fatty acid through
a lipoxygenase-like reaction. This is followed by the isomeration of °
the 41l bond to the pl? position. Subsequently, there is the insertion
of molecular oxygen at C-11 and C-15 with double bond rearrangement to
give the al3 irans dowble bond. Next' comes the formation of the 9,11
endoperoxide with the ox;ygen“at Cc-9 bging derived from the same molecule
of oxyéen as that at Cl-ll. Concurrent formation of the C-8, C-12 bond.,

by further shifting of double bonds results in a bicyclic epdoperoﬁde

Fd
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. fold from sheep (122,123) and bovine vesicular gland (124). The bis-

b

called 15-hydroperoxy-prostaglandin endof;eroxide or PGG, (14,13,120)

(see Figure 1).

A reduced form of PGG,, 15-hydroxy prostaglandin endoperoxide (PGH, )

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

of approximately 5 mimites in aqueous media at 37°C (14). The enzymes

which catals;ze the above reactions have been purified several hundred-

dioxygenase activity requires ﬁ;’otoheme whereas the peroxidase activity
is stimulated by aromatic compounds such as t;:yptophan as well as by
heme which may be the cytoplasmic activating factors. The ferri-heme °
dioxygenase is called fatty acid cyclo-oxygenase (14) although this
activity has never been separated from the 15-hydroperoxy-peroxidase

\

activity (123). L

Tn broken cell preparations (13,i26-131) or as the purified enzyme
(123,124,132), the fatty acid cyclo-oxygenase shows & tim;-dépendant
deactivation resulting from the production of peroxide functions during
the reaction. The effect m&y not require a peroxidase aétivity (132)
as has been suggested (133). The product inhibition' appears to be /
i:rreverqible but the enzyme can be protected by compounds capable of . < / $
supplying reducing equivalents or of acting as free radical sca.vengers,f///
such as indole, catecholamine, quinone and phenol derivatives (124,134,

135). However, in intdct cell prepz;,rations the rate of PG production is
slower and the cyclo-oxygenase has a much longer 1i‘fe then in homogen- = °*
ates (47,136,137) which suggests th%t in vivo the hydroperoxy endoﬁerox—, '
ides may be produced at a rate alm{: encugh tha y are not able to ,’l

@

accumulate to the point of inhibiting the enZyme. Interestingly, the
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B. The tiwomboxane pathway
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cyclo-oxygenase shows an initial activation by PGG as well as the
#

i
i

subsequent deactivation ( 132).
The prostaglandin endoperoxides undergo many different metabolic
transformations depending on the tissue where they a.re; produced. PGHE
rather than PGGz is converted to the prostaglandin of the E type by‘ an
endoperoxide isomerase from bovine seminal gland, a glutathione re-
quiring enzyme (138). In sheep vesicular gland, the production“of PGHs
may involve first an endoperoxide isomerase and secondly a peroxidase

activity (139). Prostaglandins of the F type are formed possibly through

- NN il et S T -

the action of an endoperoxide reductase (115) or by chemical reduction
in the presence of agents such as metal complexes of organic c?)mpounds

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

. which converts prostaglandins of the E type to the F type (1L1,144)
\. .

“(see Figure 2a). ;

Prostaglanding of the D type are also formed through the action of
a specific isomerase but 1ikg all other prostaglandins, they may result
from the slower chemical decomposition of endoperéxides (13,114,1 21,129).
Formation of prostaglandins of the A type by a PGE dehydrase may occur;
however mach if not all arises from the chemical modifipation of prosta-
glandins of the E type during extraction under acidic conditions (145).

In blood platelets, brain, lung and many other tissues, the prosta-

glandin endoperoxides formed firom arachidonic acid can be converted to

a non-prostanoic acid struéture, thromboxané Az by a nu‘;croaomal enzyme ,

(41,146). This is acheived by the insertionof one of the endoperoxide
oxygens in "the cyclopentane ring to form a six membered heterocyclic 5
structure. The other oxygen forms the 9-11 oxane ring. The resulting

bicyclic compound has a half-life of 30 seconds in agueous medisg at 37°C

¢
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and is non-enzymatically hydrolyzed to a cyclic hemi-acetal pyranose
called thromboxane Be, & stable compound with little biological activity
(25). The compounds, 12l-hydroxyheptadecatrienoic acid and malondia.]Tdehy.de
vere thought to be breakdown products of/ thromboxane Aa but recent reports
indic&te that they are fgrmed from the endoperoxides through a different
but related pathway (147) (see F e 2b):.“ The fomration of thromboxane

A from dihomo-Y-linolenate by pllatelets has been reported (148).

Prostaglandin Iz can be produced from PGGz or PGE: by microsomes of
vascular tissues, stomach fundus and many other organs (28,38,41). This

compound was first found in rat stomach (32). The prostaglandin Iz q.

YA s s

probably arises from the reaction of one of the endoperoxide oxygen with
the cis olefin bond at C-5 of the carboxyhexyl side chain to form the 6~9

'epoxy linkage. Theg§ 5 unsaturation is reformed by subsequent loss of a

e et e

proton from C-6. In aqueous media, this compound degrades rapidly to the

¥

6-keto PGR @ which is in equilibrium with its lactol form (32) (see

Vgure 2¢). : . .
The relative amountg of the endogenous FubstTate fatty acids, dihomo-

Y;linolenate or srachidonate, will regulate the proportion of prostagland- |

ins diffgring in degree ‘of unsatpratién; Most tissues have a \p-éucity of”

dihomo —Y-linolenate in their phospholipide (1L49). ‘ ‘ .
Synthesis. of the various products of the I;rostaglandin éynthetase

complex may be selectively inhibited by co;npounds which affect differ-

entialiy the various enzymes of the complex. For /exa.mple, in sheep

vesicle gland preparations, bicycloheptenes (150) and phenylbutazone (151)
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(t inhibit production of prostaglandins of the E type while gold salts

- lower prostaglandin Fag production (151). Phenylputazone "aleo 'inhibits
the production of prostaglandins of the F and B types but not of the D

serigs in rabbit kidney microsomes (152). Imidazole, 1-methyl-imidazole

arachidonate specifically inhibit prostaglandin Iz synthetase in vascular

tissues (28).
" Inhibition of the€ cyclo-oxygenase by non-steroidal antiinflammatory
Loy

4

Bt o 5

drugs blocks formation of the endoperoxides and rélated products in vitro
(22,155-197) and in vivo (158,159); The microsomal cyclo-oxygenase
. B

prepared froﬁ,different tissues may show different susceptibilities to

these drugs (160,161). Non-substrate unsaturated fatty acide (127, 162-

~

164 ), cgmpiexing agenté and dntioxidants (130), also inhibit cyclo~oxjgenase
activity in vitro. Steroid anti-inflammatory agents inhibit prostaglandin
synthesis by blocking the release of ‘arachidonic ‘@cid from complex lipids

(165-168). A wide variety of other compounds have been shown to inhibit

4

o prostaglandin. synthesis (169).

~

G) Biodegradation

3

g -

Prostaélandins are biodegraded near their tj!i'l:e of origin or in
' gpecialized tissues such as lung, kidneys and liver after entering the
circulation. The complex sequerce Of _enzymatic: degradation has bee;n
extensively reviewed (88,170-173). Enzymatic dehydration of the 15-
hydroxy group as a fir;st step and subsequent x:ec}ncigion of the A3 trans

-

() double bond occur in the cytosol of most cells while beta and omega
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oxidation occur in the specialized tissues. The dehydrogenase is
present in two forms: a NAD*- dependent i:yfe and a NADP* - requiring
type (174). These metabolic transformations may occur to various
e;tent in different tissues from the same species or in the same

tissue at various developmental stages (92,93).

Prostaglandins of the A type are not removed effectively from the
circulation by tre 1%75)5 and are not good substrates for its
prostaglandin &ehydrogenase (176). These prostaglandins are metabol-
ized by liver microsomal eﬁzymes to w-1 and w-2 hydroxylated compounds

and dioic acids (169). o

Prostaglandin I, is also not metsbolized in transit through the
lung (177-179) but it is metabolized rapidly by the kidney (180). In
the latter organ, PGL, undergoes oxidation of itqu~15 hydroxy group,
reduction of its C-13,l40 double bond and ﬁ-'-oxida.tionvto yield 7,9
dihydroxy-4,13-diketo dinor prostancic acid (181). The non-enzymatic
hydrolysis 'product of PGIzn, 6 keto-FGF, o may also undergo B-oxidation
to yield dinor-6 keto FGF, 4. The‘fiajor urinary metabolites of 6-keto-
PGF, o, injected intravenously in rat wefe B a.nd w oxidation products
(i82) while PGL, gave l5-keto metabolites (183). Blood vessels can
metabolize PGL, via a 15-hydroxydehydrogenase (183). The PGL, produced
by lung can enter directly into the circulation and thus is bthe only

PG that could be regarded as a true circulating hommone.

The rapid fgmatiop of thromboxane B, from thromboxane A, described
above (see page 13) indicates that thromboxane ocanmot act as a circulat-
ing hormone. In monkey and l;nan, 2,3 dinor thromboxane B, was the major
urinary metabolite of TxB, (184,185). Dehydrogenation of the hemiacetal

aleohol group at C-11 may also be a pathway for the metabolism of TxB, (186).
/
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H) Role of Acylhydrolases in Prostaglandin and Thromboxane Biosynthesis

The biosynthesis of prostaglandins occurs strictly from certain
unesterified polyunsaturated fatty acids (116,117). However,- in many fissues,
the in vivo levels of the free fatty acid precursors are extremely low (118,
129,187-190). On the other ﬂand: large amounts of arachidonic acid and
smaller amounts of dihomo—("Y—linoJ?enate are esterified to complex lipids
especially at position 2 of i)hospholipids (191-198). In some tissues or
their homoéenates, additiowf arachidonic acid increases prostaglandin .
synthesis as does treatment with phospholipase Az (116,117,1389,199-203).

This enzyme appears to play a major role in the stimulation of prostaglandin
synthesis. Arachidonic acid is released from specific endogenous phospho-
lipide following the application of stimli whifh initiate prostaglandin and/
or thromboxane synthesis in blood platelets (204,205) and transformed mouse
flbrobla.sts (206) Certain inhibitors of prostaglandin syn‘thesis such as
tetra.&!l.ne (207) meparine (208) and steroid a.nti-mflammatory agents (165-
168,209,211) ex;rt their effect by inhibit:}.ng phospholipase activities.
Furthermore, the re'lease of arachidonic acid, prostaglandins and related
products is stimalated by j:he ignophore A23187 in blood platelets u(212-21)4)‘
The ionophore also activated the production of prostaglandins and tiuromboxane 0
in many other tissues (215). Conversely, the complexing agent, EDTA, inhibited
release of the’precursor fatty acid from phospholipids in homogenatee of
platelets (216), stomach (188) and thyroid glamd (217). This is in keeping
with the fact that most phosﬁholipase A preparations require calcium for
their activity (218).

Interestingly, in the renal medulla, the arachidonic acid released .
by exogenous triglyceride lipase is available for prostsglandin synthes_is )

(131). The triglycerides found in the lipid droplete of the interstitial
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cglls of this tissue have an unusually high arachidonate content (219,220)

which increases in hydronephrotic and indomethacin treated rabbits (221,

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

stitial cells,can be inhibited by mepacrine (223). This antimalarial drug

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

%
Triglycerides may also supply some arachidonate for prostaglandin

synthesis in the thyroid gland through the action of a lipase semsitive to
the increase in cAMP induced by TSH (226). In the uterus and ovaries, a
cholesterol esterase may be similarily activatedf by 1uteipizin‘g hormone
(70). The released cholesterol could be used for h;mone synthesis while
the arachidonate which mskes up.a large part of cholesterol ester fatty
acids would be transfomed\’te;prgstaglandins. The cholesterol esters are
a major source of arachidonic ‘acid for prostaglandin synthesis by adrenal
cortex in the presence of ACTH (227). Phospholipids need not be the only
gource of arag:l%’idonic acid used fq;: prost;élandin :synth:si\s. However, the
rate controlling step in endogenous biosynthesis of prostaglandins in vivo
appears’ to be an acylhydrolase reaction releasing long chain fatty acids

-

from one or more complex lipids following stimulation.

I) Occurence of Prostaglandins and Thromboxane in Brain

(1) Synthesis and Catabolism

Several reports demonstrate the presence of prostaglandins in brain
of many animal species (51,228-233). The in vivo levels of prostaglandins

in brain are exceedingly small but quickly rise after death of the

J
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animal (47). All brain regions examined in rat, cat and human could
synthesize prostaglandins although with different ca.;yacities .and pro-
portion of E and F types of prostaglandins (47,234,235). In rats killed
by microwave irradiation, the median eminence contained a much higher
level of prostaglandins of the E series when compared to the medial basal
hypothalamus and the anterior-pituitary gland (236)./ In quick frozen
brain from rats killed by decapitation, the median eminence had the

highest P?an and E, levels of 24 brain areas (237).

Thromboxane B, was synthesized in equal or greater amougts than

prostaglandins by the cerebral cortex of rat and guinea pig (238).

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

endoperoxide product in homogenates “of rat brain (239). Prostaglandin .
I, was found in fetal'sheep brain (240) but adult rat brain shows little

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

In vivo, prostaglandins are spontaneously released into superﬁisates
of w}ariom brain regions (230,241-247). The levels are increased several

fold following the application of neuroleptice (248) and neurotrans-

)

mitters (241,244) and during electrical stimilation of various brain
structures and& eral nerves (241,249). On the other hand, barbitu-
rates decrease the basal felease of prostaglandins in encéphale isolé
preparations (248). Prostaglandin content of the CSF is increased in
pathological conditions such as pyrogen fever, surgical trauma, mening-
itis, epilepsy, cerebrovascular accidents (54) and during drug induced
convulsions (250). Tissue levels also rise quickly during electro-

convulsive shock (251) and conwlsions,induced by metrasol (252).
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" glandin E, , (253) and the grester water solubility of the trihydroxy

/
‘in prostaglandin endopercoxide synthesis accumulating too rapidly as seems

20. w
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The types of prostaglandins spontaneously releassed fron; nervous ) ;
tissue often differ from tha/fof prostaglandins released following -
stimlation (241,245,249). The differential activation of prosta-
g€landin endoperoxide isomerase and reductase, alterations in co-factor ;
levels and involvement of different cell types could explain the change
in the type of prostaglandin released ung.ér these two conditions: The . J

non-enzymatic reduction of “the prostaglandin endoperoxide to prosta-

prostaglandin may also be factors in the preferential release of this
prostaglandin. The activation of a 9-kex'to reductase might account for
the change in the type of prostagland::i?n seen during stimulation. This
activity has been reported in monkey, pigeon and Tat brain (142,143) and

frog spinal cord (144). However assays were generally done with pros-

prolonged incubation. e 9-keto reductase activity in brain may result
from a non-specific reductase activity uncovered when high concentration

°

of PGE are used (47).

b
!
|
; ] \
taglandin E, concentratiohs far exceeding those found in brain even’' after (}__J
{
.
{
} !
Cerebral cortex homogenates have a more rapid init}a.l rate of synthe- ?
. . i
sis than that of slices but stop forming prostaglandins sooner even 1
though the precursor is still plentiful (47). The prostaglandin synthe-

tase in the homogenate may be deactivated by one of the intermediates

to occur in the homogenate of msny tissues (see page 10). Biogenic

amines extend the life of the prostaglandin synthetase of brain as well

as stimulate the production of prostag/landina (47). Biogenic amines

have the same effect on prosta.glandinfsynthes’is in stomach fundus

—
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homogenates (129) and seminal vesicles (254). Chemical redwction of the

hydroxyperoxide or of the endoperoxide function of the intevmediates

in prostaglandin formation is probably the mechanism by whish these
compounds affect the production of prostaglandins (133,253,?55)- In rat
brain homogenaées, the biosynthesis of progtagia.ndin E ard E, from
radioactive precursors is stimulated by ADP and cAMP respec hively (256).
Electrical pulses applied to the homogenate stimlate prostwg&land in E
synthesis in the presence of ADP (256). However, in these «¥periments
the prostaglandins were as‘sa,yed simply by measuriri!g the radioactivity
which co-chromatographed with prostaglandin standar:S.S after elthe'r
extraction. Exogen)ous free arachidonic acid does not stimujate signifi-

cantly PGF, , and TxB, synthesis by brain tissue in vitro (2#9,235).

The catabolism of prostaglandins by necnate sheep brain (92) and
mature rat and dog brain is negligible (47,257). However, Whe fetal

\ )
brain of sheep but not of rat possess very high 15-hydroxy prostaglandin

dehydrogenase activity (93). A prostaglandin dehydrogenase activity which

uses NADP'-as co-factor was partially purified from the higl' epeed super-
natant of mature monkey brain and fetal human brain (174)., Very little
213 reductase activity was detected in monkey brain (174). Low levels

of p\rosta.glandin dehydrogenase and somewhat higher levels uf s13 reauot-

ase have been reported in swine brain (88). The former act }Vities are

also pregent in frog spinal cord (258).

In brain tissue, a small population of cells may be enziched in
prostaglandin degra.'ding enzymes as suggested by the work of S5iggin et al
who found by histochemical techniques that pros‘gaglandin deliydrogenase
activity was concentrated to the Purkinje cells and some mu lecular
layer eimnents{’of rat cerebral cortex (25\9). However, it hs8 been

suggested. that in vivo most of the prostaglandins are removed into
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cir{u_lation and metabolized by extra-neural tissues (260).

<
(2) Cellular and Subcellular Localization of Prostasglandin

Synthesis in Brain

The increased release of prostagiandins (hu‘ing sgmdation in
brain’ and other nervous tissues especially the frequency dependent
evoked release suggests a neural rather than glial site of synthesis.
This is supported by the fact that the cerebral cortex grey matter
contains more prostaglandj:ns than the underlying white matter (229,
232). Furthermore, immunohistochemical methgds revealed tl';e presence
of cycllo-ox;ygenase antigenicity in neurons of guinea pig brain (262{).
However, glial as well as neuronal cell lines pr‘oduce prostaglandins
in vitro and synthesis in both cell types is increased by dibutyryl
cAMP (262,263). ‘

- —

As in other tissues, the prostaglandin synthetase activ.ty of brain

+

is found predominantly in the microsomal fraction (229,264-266).
Synthesis of prostaglandins in whole brain is stimulated by norepine-
phrine but that of synaptosomes is unaffected (266). Although the
major fraction synthesizing prostaglandins is not the synaptogoma.l
fraction, the latter was thought to store prostaglandins in rélatively
la.‘rge amounts (265). This contention has been disproven in subsequent
expei’iments where most of the pr;)staglandina were found in the high
speed superxxata;\'xt of rat brain (267). As in all other tissues studied,
prostaglandins are not stored in brain but synthesized de novo in the

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

(1) Release of Ardchidonic Acid

Brain tissue ciuickly frozen in liquid nitrogen (268-270) or micro-
wave irradia.;ed (246) contains very little free fatty acids. -Unesteri-
fied ara¢hidonic acid, the precursor for the prostaglandir;s and throm-
boxanes prc;duced by brain, is practically undetectable under these
conditions (268,269). However, anoxia induced in vivo (271 o::' death
of the animal (269,270,272) result in a rapid rise in free fatty acid
levels in brain.« Arachidonic acid is released post-mortem at a faster
rate than palmitate, stearate, oleate and docosahexaenoate (268). The
inc:i‘eaae in free fatty acids is probably due to hydrolysis of brain
lipids and not to de novo synthesis since in mouse brain slices the only
unesterified fatty acid labelled by 1-14¢ acetate is palmitate in the

~ short period of time involved (273,274). The cerebellum released pro-
portionally less arachidonic acid- than the cerebral cortex post-;n;rtem -

(234) - ‘ -
\/__‘ —~\ o ﬂﬂ ———

I e

In vivo, electroconvulsive shock results in a transient increase in
free fatty acids (268). The administration in vive of the convulsant
drug metrazol also leads to an inc‘reas\e in free fatty acid levels in
brain (275). Intracerebral injectioms of large doses of carbachol and
eserine are reported to increase free fatty a.cid levels in vivo (276)
vhere as dibutyryl cAMP 'is not effective’'(275). On the other hand, in
nerve endings -of guinea plg bram norepmephnne and S~-hydroxytryptamine
stimilated fatty acid release from endogenous substrates -but a.cetyl-
cholme and dibutyryl cAMP ‘were without effect (277) The hydrolysis

of l:LpJ.ds in subcellular fraction other than the synaptosomal one was
\ \
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not affected by the above chemicals.

The arachidonic acid released in brain following anoxiec/hypoxic ;
ingult is not limited to its role as a substrate for prostaglandin
synthetagse. Its accumlation and that of other umsaturated fatty acids
is associated with irreversible loss of mitochondrial energy metabolism
in rat liver (278) and brain (279). ' .

(2) Subgellular Localization of Arachidonic Acid Release

\

“The larger portion of the fatty acids released post-mortem in
(rod.ent. brain remains associated with particulate fractions (269). In
rats made anoxic by exposure to a r:itrogen atmosphere, free fatty acids
increased proportionally more J.n the brain microsomes than in the crude
cytoplasmic extract, the cytosol showing no increase (271). The yield
and composition of the free fatty acids are somewhat different for each
brain subcgellular fra:ctionbsuggesting that lipolysie; occuré independ- ‘
antly in each (269). _ \

A comparison of the fatty acid composition of lipids suggests no -
obvious link between the phospholipids of whole brain (195) or sub-
cellular fractions (280,281) and the unesterified fatty acids released
p;at-mortem. The free fatty acids are relatively rich in palmitate
while all the phospholipids except phosphatidylcholine are poor :x.n this
fatty acid. Simila:r‘.'ly, arachidonic aéfi& comprises a large percentage
of the free fatty) acids but only a low percentage of the fatty acid of
phospholiﬁids except in the phosphatidylinositides. In whole brain,
the ﬁghceﬁdes have a fatty acid ‘omposition similar to that of the
free fatty acid pool (282). However‘, it must be remembered that the

composition of the free fatty acid ‘pool may reflect not only the
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distribution of the fatty acids emterified to brain lipids but also
the activities and specificities of lipoly:_bic enzymes present in the

subcellular fractions.
(3) Post-Mortem Changes in Other Brain Lipids

Other brain lipids besides A-::ree fatty acids are quickly altered
post-mortem, Phosphatidylinositol monophosphate and phosphatidylinosi-
tol diphosphate (283-285) show a rapid loss whereas diglycerides show
a r&pida increase (282,286). The newly produced diglycerides are rich
in arachidonate and stearate as are the inositolphosphatides (282).

The rapid disappearance of the former lipids could suggest that they
&ive rise directly or via diglycerides to the free fatty acids. This
m;y not be since the phosphatidylinositol polyphosphates are concentra-
ted in myelin (287,288) and fatty acid release occurs in grey matter
rather tlan in vwhite matter (289), Furthermore, their rate of degrada-
tion post-mortem decreases with age (290-292) wheress that of fatty acid
release increases (270). Also, the levels of the above phospholipids
are not affected by electﬂacpnvulﬁive shocks (v’284) which are known to
raise free fatty acid levels in yivo in rat bfa,in (268)., The concen-
tration of the ethanolamine and choline plasmalogens are reported to
decrease in brain during post-decapitative ischemia and hypoxia (293).
However, these’ lipids also predomnate in the white matter of nervous

tissue (294).

K) Stimulation of Lipolytic- Engzymes in Brain

(1) Stimlation and Distribution of Fhospholipases of the A Type

In anoxia and during eiectrooonmlsive shocks, the high rate of

release of arachidonic acid suggests that a phospholipase A, is involved

.
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since the unsaturated fatty acids of brain are esterified mainly at the .
2 position of phospholipids (195). Also part of th; tetraenoic species
of phospholipids, especially that of phosphatidylinositol, is formed by
a deacylation-;acylatiog system involving a phospholipase Az (295-298).
Since the saturated fatty acids account for about half of the fatty acids
released (268), a phospholipase & must also be active during anoxia and
electroconvulsive shocks., Brain phospholipases of the A type may not be
responsive to neurotﬁansmitters a.zld cyclic nucleotides. The acyl moiety
of rat brain phospholipide prelabelled with 1-1b¢ acletate is not mbdified
by acetylcholine (299). Carbamylcholine injected in vivo in rat brain
stimilated the incorporation of arachidonic acid into phosphatidic acid
but did so probably by increasing the Nava.ilability of diglycerides from
other phospholipids (301). The report that norepinephrine, and cAMP
accelerated phospholipaqe Az activity of some s;bcellular fraction}s of
guinea pig brain has been retracted (302). The failure of 50mM KC1 to
increase the, levels of lysophosphatidylcholine or the incorporation of
fatty acids into the phospholipids of rat brain synaptic vesicles also
suggests that the phospholipases of the A type of/this fraction ayz'e‘
unresponsive to neurotransmitters (203). In contrast, the incorporation
of oleic acid into brain phospholipids is increased by electric;al
stimulation applied chronically in vivo (304). However, in vitro,
elec"\tric‘al stimlation does not modify the labelling of the acyl moiety
of brain phospholipids (299).

In rat brain the highest phospholipase As activity is found in the

mitochondrial fraction and.the highest phospholipase A activity is
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found in the microsomal fraction at 'i;h;’rsiolqgical pH (305). Synapto-
somes also contain a significant phospholipase A, act?'.vity. Neurons
have 5 to' 8 times the- phospholipase A activities of glial cglls at pH
7.4 (306). Acidic phospholipases are also preser;t in rat, calf and human
brain (307,308). The release of fatty acids which occurs upon decapita-
tion in brain probably does not result from the activity of acidic

. P

phospholipases since lysosomal enzyme release is a relatively slow

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

®

Brain contains phospholipases of the A type which apparently do not

.require calcium (308,312) and others which may require divalent cations

(311). The stimulation of phospl%glipase A activity 1}\ brain by ‘the
application of electroconvulsive shock a;nd< by decapitation could result
from the rapid fall of the ATP level in the tissue since the nucleotide
may chelate the cation. Dramatic decreases of brain ATP levels have been
observed under the above conditionsL (313). Chelation of calcium by ATP

has been proposed, to explain the inhibition of phospholipase A activity

in fresh rat liver mitochondria (278).

The hydrolysis of exogenous ospholipids by partially purified
acidic phospholipase A from whole brain is regulated by product inhibi-

tion (307). A similar inhibition of brain phospholipases may ocour

with endogenous substrates at physiological PH since fatty acid release
practically stops within 15 minutes, pest-mortem in rat brain with only

a very small percentage of the phaspholipids being hydrolyzed (270).
< 1Y
Although the lysophosphatidylcholine content of rat cerebral hemi- |

spheres increases during incubation in a nitrogen atmosphere (314),

“

the 'lysophospholipase activity of brain (315,316) probaﬁly precludes
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& stoichiometric correspondence between the latter lipid and the
rhosphatidylcholine lox;t post-mortem in this tissue. Lysophogpha-
tidylin‘ositol has been tentatively identified in ox brain (317). Vhen
injected in rat brain, this lipid appears to be degraded very rapidly
(195). On the other hand, lysophospholipids are readily acylated in
the presence of ATP and coenzyme A by rat brain homogenates <;r sub-
cellular fraction (196, 318,319). The markedrequirement of the acyl~
ating system for ATP and coenzyme A syggests that reacylation of fatty

acids would be slow in brains left in situ after death of the animal.

(2) stimulation and Distribation of Neutral Lipid Lipase;s

)

J )
Neutral lipid lipases of guinea piq synaptosomgl membranes are
stimulated by many neurotransmititers and putative neurotransmitters
when exogenous substrates are used (320). Activity ig found in all sub-

cellular fractions from rat (321) and guinea pig.brain (320).

If a neutral lipid is the sou‘f:gce of the free fatty acids which
r v

appear post-moxrtem, it would have to turn over completely meny times to

_account for the amount of fatty acids released. However, neutral lipid

lipases may be active enough to give rise to the free fatty acids pro-
vided new substrate is produced. The brain diglyceride poolf does
increase rapidly post-mortem (286,282). The diglycerides could be
cleaved from the phospl;atidylinositols by the action of a phospholipase
of the C type (286,296,322). The small brain ‘t‘riglyceri‘de pool” (268)
contains very little arachidonate (322) but in this lipid, the latter
fatty acid has a high tumover rate in vivo (296). However, tiiglycer-

ides decrease by only 20% in one hour post-mortem in rat brain (268).
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3) Stimlation and Distribution of Phospholipases of the C Type

Electrical.stimulation, cholinergic and adrenergic agonists increase
the turnover of the phosphate portion of phosphatidylinoditol and
- phosphatidic acid and of the inositol moiety of the former lipid in
ganglia and brain (323). The metabolism of these phospholipids is
stimulated by ma.ny neurohormones in glial as well as neuronal enxiched
fractions (324-326) aﬁdmoulturgd cell lines (327). The ':phoéphoiipid

effect" was first observed in pigeon pancreas by Hokin and Hokin in

1953 (328). Since then, the turnover of phospholipids in many tissues

A

has been. shown to respond to various stimuli (323).

The mechanism by which neurotransn.iitters and electrical sti@ation i
inorease the turnover rate of phospholipide in brain and ganglia is not : /
clearly understood. It might be that a specific diglyceride pool is‘ 5
generated b}; a phosphatigylinoéitol phosl;flodieatemse and/or a 'phospha- : g
tidic ‘acid phosphatase sensitive to the above stimli (297,298,324,330). !
In secretory cells, thevs:‘e énzymes may be of lysosomal oxjigin (331). The
nevwly produced diglycerides would then be reing'érp,orated into the latter .
phospholipids. Diglyceride kinase could also b;a a key enzyme ifi this

" "phospholipid effect" but a purified kinase preparation from brain was o
not affected by acetylcholine" (332). The diglycerides vhich may be . :
intermediates in “the )Bt:imlated metabolism of the a‘bo%!phospholipide

could be shbstrates for the neutral lipid lipases under certain conditions.

Brain phosphatidylinositol phosphodiesterase activity is found ig the
soluble and particulate fractions of brain (333,334). The cytoplasmic
and bo;';gxd acﬁvitiqs require calcium. ‘There is some correlation between
° “the localization of the membrane bound phosphodjjeeterase activity and
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enzymic activities associated with pla:nNembra.nee £333). & molec/zular
aggregation between the enzyme and microtubules of rat biain has a}so
been observed (335). Phosphatidylinositol phosphodiesterase activity of
the nerve end:.ngs is specifically sthxulated by low amounts of acetyl-
choline (336) Brain phosphatidic acid phosphatase is found in all pe.r-
ticulate fractions (326,337) and is more active in grey than white matter
(338)s Much activity is lgcalized to a plasma memforane fraction deri-ved
from synaptosomes (339). The enzyme in all subcellular fractions exam-

ined was stimulated by acetylcholine (326).

1) Difficulties in Identifying the Complex Lipid Precursor(s) of

Prostaglandins in Brain

A major aifficul‘gy in identifying the specific complex lipid pre-

cursor(s) of the arachidonate used for prostaglandin synthesis results
‘' from the large differeﬁée in the amount of this fatty acid in the-

structural lipids of the tissue relative to the amount of ;érostaglandins
prodl\lced. Brain contains milligrams of esterified aré.chidgnate per gram
tissue while it produced only la few micrograms of prostaglandins per .
&Lram. Since 'phe arachidona.t:.e actually transformed to prostaglandins
represents an extrexx;ely small proporti&n of that found in the complex
lipids, it would be very diffieult to follow the change ii&the level of

esterified a;';a.chidbna.te directly related to prostaglandin synthesis.

Another difficulty arises from the fact that nearly every complex
lipid in brain contains arachidonic acid (296,280 281) and from the like-
© lihood that endogenous lipids are available to dlfferent degrees to the

~

acylhydrolases depending on their distribution in the ‘membru)es .. Indeed,

©
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subcellular fractions of brain differ in the compositions of their

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

,sition within a given phospholipid class also differs from fraction to

fraction (280,281, 340~34L). 'Finallz(, the phospholipids may be distributed
asymmetrically across the plane of the subcellular membranes of brain
(345). Thus, the use of exogenous complex lipid substratpzes to identify
the origin of the arachidonic acid used for prostaglandin synthesis would

not be very informative since the restrictions imposed by membrane

>

organization on the possib}e endogenous precursors would not operate.

An additional probiem is that very little radiocactivity can be
found in the prostaglandin produced by brain homogenates or microsomes -
incubated with radioactive arachidonate in the medium (346). Since trace

amounts of prostaglandine may be formed non-enéymatically from arachidonic
o
acid (347), the biosynthesis of these compounds from this radioactive

fatty acid camnot be convincingly demonstrated in brain. The low

t #

conversion by brain of exogenous arachidonate is probably due for the
most part to Qilution by the relatively large‘amount of arachidonate

released post-mortem from endogenous lipids. The difference that exists

™

between the amount of freé arachidcnate present in vitro in the tissue and
— .

the amount of prostaglandin produced is such that only a very low

.percentage of tine exog;anous precursor fatty acid can be converted to

-

N

prostaglfndins. : ) -

! Another factor which would limit the conversion of exogenous arachi-
!

7ionate to prostaglandins might be the difficulty of access to the prosta-

glandin synthetase of exogenous 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 slic;as by eicosatetraynoic acid which
is a very effective inhibitor in homogenates of the same tissue (47)-
Finally, a controlled syste;zl of delivery of arachidonate to the prosta-
glandin synthetase tightly coupled to a specific complex 1lipid might

exclude direct use of exogen&us arachidonate.

-

The origin of the unesterified arachidonic acid released post-mortem
in rat brain is of particular interest since the fatty acid is the
‘immediate precursor of the major prostaglandins and thromboxanes pro-
duced by tie tissue. Some oi‘ the experiments described hei‘eafter were
designed to identify the complex lipid precursor(s) of the unesterified
arachidonic acid by following th® specific activity o‘f the arschidonic
acid released at different times after decapitation compared to that of
the arachidonic acid in individuel complex lipids. An inverse relation
was also sought between the levels of arachidonic acid dnd Tadicactivity
in the une'%terified fatty acid fraction and those in the complex lipi\ds
in rat forebrain. The microsomal fraction from rat forebrain was also
studied because most of '?he prostaglandin synthetase activity is located

2

there. .

»

.

To study the compartmentation of the arachidonic acid used for pros-
taglandin synthesis by rat cerebral cortex, the deuterium to protium
ratios were messured at various time points in the prostaglandin Fp,

produced by the tissue slices or homogenates incubated in the pre%encel
¥ .
of octadeuterated arachidonic acid and were compared to the values
A

obtained in the arachidonic acid of different lipid fractions' of the ¢(

-
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incubated brain tissue. It has been shown that octadeuterated arachid-

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

the specific formation of prostaglfndin F, o from exogenous precursors

in cerebral cortex slices and homogenates (47).

\

tion between the prostagl?ndin endoperoxide products which appear during
drug induced convulsions and the arachidonic acid released under these

conditions in rat forebrain. The effect of anticonvulsants on. the

post-mortem release of fatty a.c}ds was also examined.

In vivo experiments were also carried out to establish a correla-
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CHAPTER 2

MATERIALS AND METHODS

“4)° Intracerebro-ventricular Injection Procedure

Male Wistar rats (Canadian Breeding Farm, Laprairie, Que.)
weighing 250-350 gms were anesthetized with ether and positione& in
a stereotaxic head holder. After exposure of the cranium, & 1mm burr
hole was made at a point 2mm from the sagittal suture and imm from the
coronal suture without peérforation of the meninges. The opening was
sealed with bpne wax. A 10upl Hamilton syringe held vertically over the
small opening by means of the stereotexic apparatus, was chWered_h.Scm’
through the bone wax and meninges ‘d.own’yto the lateral ventricle.
Injection of methylene blue dye in 3 animals con.fi.rmed the placement of
the needle infto the lateral ventricle. The injection mixture had e
volume of 8,1 and was delivered in approxime':?ely 30 secondg. ' The needle
was held in place‘ 1 minute after injection and withdrawn slowly.

B) Injection of [BHBJ-Arachido;?.ic Acid In Vivo and Time Course of
1 ,

Incorporation

Tritiated arachidonic acid (New England Nuclear:\lé’oston, Mass. 80
Ci/millimole) was purified by thin layer chromatography (TIC) on silica
gel G with cold srachidonic acid (Nu-Check, Elysian, Minn.) added as
carrier. The developing Bolveixt system was isopropylether : n-heptane :
acetic acid, 4O : 60 : 3 by volume. The afr:,;a corresponding to the
reference ‘arachidonic acid spot was eluted with chloroform : methanol

(C:M) 2 : 1. As a precaution against oxidation all steps including
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spotting on TIC were carried cut in a nitrogen atmosphere. The

purified fatty acid was neutralized with 1mi4 NaOH and complexed with

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

phosphate buffer pH"{. L in a molar ratio of fatty acid to albumin of

51 1. The solution for in:iection contained L S5uCi of tritium and 2.2ug
% .

of carrier arachidonic acid in 8ul of buffer.

The rats were kept in a cage with free access to water for two hours

15 minutes after the intracerebral injections of label. At this time
they were killed by decapitation. Complete heads were rapidly fro:';zn in
1iquid nitrogen. The frozen forebrain regions trere c‘hipped\ out ‘of the
gkull and the pieces kept in ligquid Ne until weighing and homogenizing
in C:M, 2 : 1 by volume. In other cases, heads were kept at room
tomperature and the tissue homogenized in C:M, 2 : 1 after 2, 15 and 30
minutes post-mortem. After 2 hours and 15 mimutes, very little of the
1ubel remained as unesterified fatty acid since [358]-aracl}idonic acid
injected intracere’bra.ll}f has a half life of 5§ mirnutes in the free fatty

a

avld fraction of mouse brain (348).

.

c)  Administration of Drugs )

s 4

. C‘Erbamylcholine (Sigma, St. Louis, Mo.) in normal saline vas
injected into a cerebral lateral ventricle of adult male Wi{star rats
(100;:.1/13rain). In som:e cases, the animals were kept under ether for 30
minutes after injection. The animals were decapitaﬂt;ed 30 minutes after
injection and the heads were rapidly frozen in liquid nitrogen.

Rate fasted overnight were given intraperitoneally.two doses (LO

me/Kg and 80mg/Kg), 10 minutes apart, of pentylenetetrazol (Metrazol,

{
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Billuber-Knoll Corp. ,> Orange, NJ.). The anifmals were decapitated .15
and 75 seconds after the onset of genera.lizefl convulsions which ::écum;d
approximately 2 mimutes after the second injection. The heads were
rapidly frozen in 1iquid nitrogen.

. Sodium phenobarbital (Brinkman and Co., Montreal, Que.) 150mg/Ke,
Phenytoin sodium (Dilantin, Parke-Davis, Mi.) 0.33g/Kg and diezepam -
(Valium, Roche) 8.5mg/Kg, were administered intraperitoneally. The
drugs were given- 30 minutes before decapitation. | In these experiments,
the severed heads were. kept at room tc;mperature and the forebrains
homogenized in C:M, 2 : 1 by volume at 2 mirutes post-mortem. In all
other expgf;lments‘ the frozen -forebrains were chipped out of the skull and
the pieces kept in liquid nitrogen until weighing and hsmogenization in
C:M, 2 : 1 by volume for the extraction of neutrsl lipids and of phospho-
JEpids. Homogenizaigion was done in ethanol wt\;en progtaglandins and
thromboxanes were to be measure'd. The Isymptomatic effect of the drugs
were recorded and only those animaJU.s which had the expected reactions
were used. g

D) Extraction, Isolation_ and Saponificatién of Lipids

' After homogenization of the brain tissues in 20 volumes of C:M, 2 : 1
the filtrate was conceni':rated and the polar and ;xeutra.l lipids were
separated on short columms of silicic acid (Bio-Rad Laboratories, Richmond, -
Ca.) and celite (John-Manville, Co.) (2 : 1, w/v). The free fatty acids

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

o

methanol. . i ) AN
The chloroform eluted lipids were separated by TIC on silica gel

G (0.5mm) de\;eloped with_isopropylether : n-heptane : acetic acid, Lo :
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E) Subcellular Fractionation
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60 : 3. The diglycerides are not well resolved from the cholesterol. by

- tlrie g.bove solvent system. The above two lipids were separated by TLC

ueing chlpgroform : acetone : methanol, 96 : L : l1 a8 developing solvent
mixture (296). The polar lipids were chromatographed on TIC plates of
silica gel HR60 (0.5mm) prepared in 1mM NazCQOs according to the method of
Skipski et al. (349).- These plates were run in chloroform : methanol :
acetic acid : water, 75 : L5 : 12 : 6 by volume. The lipids were located
with 2,7 dichlorofluoresceinb dye. The lipids which co-chromatographed
with 1ipid standard; (Nu-Check, Elysian, Minn.) were scraped off and
eluted with 100ml of C:M 2 : 1 if non-polar or 100ml of methanol if polar.
Saponification of lipids and extraction of free fatty ac: <{a was done by
methods oujc_;ined by Christie (350). The.efficiency of iHe hydrolysis and
work-up procedure was better than 80% based om the redovery of radio-
activity from the lipids extra;:ted from rat brain 1abelléd with tritiated
erachidonic acid. It is unusually difficult to separate all the phospho-
lipids in one chromatographic step; however, all but one were clearly
resolved by the method of Skipski as seen on the plates (Figure 3). In
P

this system, phosphatidic acid probably contains cardiolipin (3L9).

Brain tissue was homogenized after 30 minutes post-wortem rin' 0.32M
sucrose to give a 10§ homogenate, w/v. Diisopropylfluoracetate '(DFP), a
brain phospholipase A inhibitor (308) was added to fl\:e sucrose solution
at a concentration of 10~3M before homogenization. The previous and |
subsequent steps were carried out at 0°C. The pellet obtained after

centrifugation of the homogenate at 1100g for 11 minmutes was discarded

X\/:hile the supernatant was centrifuged under 17,400g for L5 minutes. This
R 1
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Figure 3: Thin layer chromatograph of rat brain phospholipids
' prepared according to the method of Skipeki (see text),
The lipids were located with 2,7 dichlorofluorescein dye.
- 4 Lipid standards are from bottom: lysophosphatidylcholine,

sphingomyelin, phosphatidylcholine, phosphatidylinositol,

ST

s phosphatidylserine, phosphatidylethanolamine and phosphatidic

acid.
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step gave a crude mitochondrial fraction. Purther centrifugation of

“the supernatant at 105,000g for 1 hour yielded a microsomal pellet.

Centrifugations were carried out in a Sorval RCZ2B and a Spinco ultra-

centrifuge. Protein 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% methanol. These in turn were separated and quantitated
by gas lirquid chromatography (GLC‘) on a 10%\ Silar 10C 6 foot colum
(Applied Science Lab, State College, Pa.) with a temperature program from
170°C to 230°C increasing at & rate of 3°C/minute. Identification of the
fatty acid peuks was done by comparison of theirk retention times with
those of fatty acid standards run under identicaLl conditions (Figure ).
In some instances ’ the identity of-the fatty acids was checked on an
LEB-9000 gas chromeitograpiq—mass spectrometer run in the full écan mode
using a Silar 10C column and the same temperature program. Source
temperature wns 250°C, ion current was 6bp.A and electron energ;v 20eV.

Correction was made for background GIC peaks due to solvents, silicic

acid and visualizing spray.

For quantitation of the free fatty acid fraction the internal standard

heptadecanoic acid was added to the brain tissues after homogenization in
C:M, 2: 1, . when the speci!fic activities of the arachidonic acid from
various brain lipids fractions were to be determined, heptadecancic acid
was added after the isolation of the fatty acids. The radioactivity in
the fatty acid fractions was assumed to I;e entirely associated with
arachidonic acid sin;e 85% of the radioacf.ivity” in ra.'l: brain phospholipids
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Figure 4

Photograph of a typical ga,g liquid chromatograph of
the fatty acids of i;at brain phosphatidylcholine. Sample
ves run on & 10k silar 10 C 6 ft. colum with a temperature
program from 17000 to 230°C increasing at a rate of 3°C/min.
;ieptaAecahoic acid (01730) served as internal standard.

The fatty acids a.re/in order of retention times: palmitic
acid (016=o)' étearic acid (01830), oleic acid (018”),

lmollelc e,cld”(018:2). linolenic acid (018:3)', arachidonic

acid (Czo:h) and docosahexaenoic acid (022=6).
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remained as [3H83-a.rachidonic acid 2 hours after its administration
(352). Radiocactivity of all lipide was determined in an Intertechnique

liquid sc:fntillation spectrometer using the channel«ratio.method with

v

automatic external standardaization.% ) *

v

O ~
G) Synthesis of Octadeuterated Arachidonic Acid

N

o \

[s,6, 8 v9,11,12, 114,15-2118 all cis]-eicosaf’etraenoiq acid was
synthesized by the method of Ha.mberg et al (353) The procedure consists
of reducing the acetylenlc bonds of the corresponding: eicosatetraynoic
acid (supplied by Dr. D. Garmais, Abbott Laboratories, Montreal, Que.)
with deuterium gas ‘to the olefin stage. The reaction is.done in the
presence of Lindlar's ca}d:alyst which gave cis additions to carbjon—ca.r'bon
triple bonds. The deuterlum gas was obtained from Merck—-Sharp and Dohme,
Montreal.” The reactions was_ carried out in methanol at room temperature
and at atmosph;ric pressure. Lindlar's catalyeﬁ was synthesmed by the
method of Lindlar and Dupuis (354) and the amount of qhinoline added to
further poison it was equal to the weight of the ca.talyst used.

Tl\ze hydrogenation reaction WWas monitored with.the manometer of a
standard hydrogenation apparatus. The reaction was stopped when-an
abrupt change in thé slope of fhe hydrogenation cuﬁe occured. The
catalyst was filtered out, the filtrate ‘dilurted with 10 volumes of
acidified water (pH 32 saturated with NaCl. The aqueocus phase was
extracted twice with a double v;lume of 'hexane. The orgsnic phase

was evaporated and the residue gpotted q,lrectiy on silica gel HR60

(0.5mm) TIC plates contaming 6% AgNQs . The plates were activated at 100°¢C

for 2 hours before use. The developing mixture was 2,2, trimethylpentane,

ethyl .acetate and acetic acid ’(10 :\rQ: 0.1). The combined -first two

Ld
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solvents were saturated with water before addition of glacial acetic acid.

'I‘he‘ band corresponding to 'Fhe major reaction product (whigh co:-chroma.to—
graphed witl arachidonic a;cid) wag cut cut and eluted with C:M, 2 :.1.

The identity and the isotopic purity of the major hrodutt was
determined by mass spectirometry on a IKB-9000 mass spectrometer interfaced
*w%th a Varian SS100MS data vmachine. The gas chromatography was done on
a 6 foot gla.ée columm packed with 10% Siiar 10C on chromasorb Q. The -

w!

operating conditions were: oven temperature 200°C, electron energy 206V,

ion source tempera.ttlre 250°C and trap current 60pA. The compound was
analyzed as the methyl ester. \
" The determination of the chemical purity and the quantitation of
the isolated f[zﬁej-z;rachidonic acid “‘was done by gas \chromatographq using
a Silar 10C co;lunm. This packing separates geometrical and positional
— ~ isomers of polyunsaturated fatty acid (355).
g . 4
H) Synthesis of [QHBJ—Prostaglafxdi:n Feo

(

Sheep seminal vesicles (2% w/v) were homogenized in 0.15M phos;}hate.
‘buffer pH T‘fh containing 1mM EDTA and 0.1mM norepinephrine. The super-
g»at;ant from the first 8000 g x 10 minutes centrifugdtion was centrifuged,
at 105,00 g for 60 minmutes. The pellet was r“?-suépended in buffer and
centrifuged again to give a microsomal (fraction_according to Sammelsson
et a1 (356). °

_Microsomes from 2¢ of tissue were suspended in Lml of a 0._15}(

e

phosphate ‘buffer pH 7.4 containing 1mM EDTA, 1mM norepinephrine and 1mg
of octadeutero-arachidonic acid. The mixture was incubated at 37°C for

‘e
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25 mimites in a’'9%% oxygen atmosphere. Ethanol (6 volumes) was added to
stop the reaction, the mixture stirred for 20 minutes and then filtered.
Tritiated PGE,q (2 x 105rcpm, 1ng) was added to the ethanol extract to
monitor recoveries from columne and TIC plates (lﬂ) The filtrate was
eva.pora.téd in vacuo, the residue dissolved _in 3ml of distilled water,
acidified to pH 3.5 with 1N HCL and introduced into washed Amberlite XAD-2
colums (1.7 x 10cm) which were eluted'first with water and then with 100
ml of ethanol. All radiosctivity was found in the ethanol fraction. The
ethanol fraction was evaporated to dryness, the residue Ti_isaolved in 100
pl of C:M (2 ¢ 1 bylvoluiné) and applied as a central band to 0.5mm thick
Silica Gel G plates and —de\“reloped with chloroform : methanol : acetic
acid : water (90 : 9 : 0.65 by vo1m5e). Standards of PGF, o and PGE

were run on each side of the pla"te‘and detected by spraying with 10%
phosphomolybdic acid in ethanol with local heating after covering the
central band with a glass plate. The zone of silic'f. el corz:'esponding to
PGF,q was scraped off, placed in glass col.umns _fitted w}th sintered disks
and eluted with 90§ methanol. The eluate was evaporated to dryness, 2ml
metﬁanc;l vas added, then 30ml water, 80ml diethyl ether and the lower
ph‘ase was acidified to pH 3.0 wz‘:th 1N HCI:.. The lower phase was extracted
again with 80m1 of diethyl ether and the ether ‘phase was wa.sh\ed with
distilled water until neutral. The cox:;binéii org:anic phases: were "

eveporated to dryness and redissolved in €% methanol in chloroform.

Samples were then introduced onto Pasteur pipette silicic acid - HA columms

(0.6 x 5.3cm) and eluted with 2 methanol in chloroform (5ml) then with
20% methanol in ‘chloroform (PGF, o fra.qtion). The compound was analyzed

ag the methyl ester, TMS derivative. An aliquot of the isolated material
(] I .
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was evaporated to drynese and methylated by treating the sample with
0.5ml freshly distilled ethereal diazo.me:thane (9 : 1 by volume) for 60
mi;mtes at room tc.emperamre. , Samples were then transferred to small
capillary ‘tu'bes/ then fitteq with rubber septa. TMS ether derivatives
of the PGRaq fractions were prepared by adding 10s1 of Tri-Sil Z

(Pierce Chemical Co., Rockford, I11.) and heating at 60°C for S mimites.

The identity and the isotopic purity of the extracted PGE,, were ‘ -

dejpermined by mass trometry.“ The gas chromatography was can;:ied
out on a 6 foot glass column packed with 1% 0V-§101 on chromasorb W HP.
The operating conditions were: oven temperature 22(;°C, electron energ;'y\\
26ev, ioh source 290°C and trap current 60uA. The ,.'?"HBJ-P(}ZF‘Q,,r vas
quantitated by G.C. using a glass column packed with 1% SE 30 with an
oven temperature of 220°C and 20-ethyl PGE,, was used as internal
- N

stanQ.a.r\Mﬁgue 5). The C-value of these compounds was determined
and th‘e G.C. res?ponse of the internal gtandartf compared to that of /
anthentic PGF,q (&1ft from Dr. John B. Pike, Upjohn Co., Xalamazoo, Mich.).

The amount of protium form in [°Hy)-PGR,o was quantitated by miltiple
ion analysis using [3,3,ﬁ,h.-2Hh]-PGFw (supplied by Dr. John E. Pike,
Upjohn Co.) as internal standard (47). The ions monitored were m/e L23 °
for the I;rotium form and 427 for the tetradeuterated form. ~

5

I) Synthesis of [°Hg)-Thromboxane B

A4

[5,6,8,9,1%12,1,15-"Hy], thronboxane Bs was prepared by incibation
of freshly collected human platelets for 5 minutes at 37°C withh 800ug of
octadeutero-arachidonic acid. Also sdded were TuCi of [ 1-14¢]_arachidonic

acid (Amersham, England, 58mCi/mmole).




Paqes e, b

( } Figure 5. Photograph of a gas liquid chromatograph of the prostaglandin

Fs o produced by sheep seminal vesicle microsomes incubated in tﬁe

< /y;(\i;r?bence of [238] arachidonic actd. The prostaglandin Fag isolated
f:;m the reaction:mixture was run on a 1% SE 30 6 ft. glass column

. with an oven temperatu:r.;e' of 220°C. The internal standard was 20-

ethyl PGRag. The C-value for PGFag was 24.1 snd for the internal

standard, 25.7.
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The platelets were collected with 7.5% (v/v) of 77mM EDTA and —
centrifuged at 200 x g for 15 minutes in siliconized tubes at room
temperature. The plasma was transferred with siliconized pipettes to
other tubes and centrifuged at 650 g for 15 minmutes. The Pellets from
the plasma susp\ended in 0.15M NaCL - 0.15M Tris HC1l buffer pH 7.4 - 77mM
sodjum EDTA (90 : 8 : 2 by ;rolume) and centrifuged again at 650 g for 15
minutes. This last pellet was suspended in Krebs-Hanseleit medium
without calcium for the incubation (1L). The following purification was

done by the method of Hamberg et al (156). The ethanol extract (20

volumes) was evaporated to dryness in vacuo, the residue dissolved in

§
20ml of acidified water and partitioned with ether as described in the

preceeding section for the isolation of PGFea. ‘The organic phases were
combined, evaporated to dryness and the residue rediéeolved in ether :
petroleum ether (25 .: 75) for transfer to silica gel columns (3g SilHA,
Bio-Rad Laboratories, Ca.)., The columns were eluted with 10ml of the
following solvents: ether : petroleum ether (25 : 75) and (LO : 60) and
ethyl acetate. The last fraction was evaporated and the residue '
methylated as described for PGFeg., The methylated mate.:r:ia.l was then
chromatographed on silica gel G i)lates using as solvent system’ the
organic upper phase of ethyl acetate: 2,2,L trimethylpentane : water,
25 : 50 : 100. Thromboxane Bz standard (Upjohn Co.) ves spotted on the
Isides of the piate and was later visualized by spreying with phosphomo-
lybdic acid and local heating. The band corresponding to the standard
TxBe was eluted with ethyl acetate : methanol (3 : 2). The eluting
golvent was_ then evaporatgd and the residue spotted on a second TLC?

plate of silica gel G and developed in ehtyl acetate saturated with

water.
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The TMS ether, methyl ester derivatives of the compound which co-
chromatographed with a standard TxB was ;malyzed by GC-MS. A 6 foot
glass column packed with 1% 0V-101 and a’r; oven temperature of 22}0_°C
were used. Ion source temperature was 29006, electron energy 70eV and
trap curren.t 60pA. The mass spectrometer was‘ operated in the full scan
mode to obtain the complete mass-spectrum of the lcompound for identification
and estimation of isotopic purity. Multiple ‘i\on”/analysis using the
alternating voltage acceleration was also used to quantitate [238]-;1.‘&
against standard TxBz. The fragwent ions monitored were the‘base peaks
of the sbove compounds with m/e of 260 and 256 respectively. The multiple
ion analysis wasiﬁperformed at an electron energy of 20917.‘b The GC~-MS |
respori"se of 'labelled\against unlabelled TxBe ins liz'1ear and the standard
curve has & slope of(1 according to Hamberg et al (358). The C-value' of
the derivatized [ QHBj-I‘xBe was obtairied on the same colum as above. The
% protium in the [2H8]—'1‘xBe coulfi‘fpe easily obtained from mass fragmento- /
grams since the intensities of the ions monitored for these two iso;topic

forms of the compound would be equal for equal amount of material / !

\

3

. J) Preparation and Incubation of Cerebral Cortex Tissues for Production

of PG Endoperoxide Derivatives
4 , -

UnanaeBthetized male Wistar rats were decapitated and after quick
removel of the brain, two to three slié:es- of cerebral cozitex, 0.5mm thick
wvere cut out with a Stadie-Riggs blade in a lmmid chamber, To measure
the produétion in vitro of PGF o from endogenous and exogenous precursors,

\
the slices were incubated immediately for 5 and 60 minutes in 3ml of
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Ringer-Bicarbonate glucose (RBG) mediym, pH 7.l containing 25ug of
[2H8]-a.rachidonic acid per 100mg féiesue with or without 1mM norepinephrine

at ‘37°C in a 99% Oz - 5% COz atmosphere.” The time elapsed between

_decapitation and beginning of incubation was 5 minutes. Homogenates were

prepared from slices suspended in the incubation medium in a glass

homogenizing tube with a teflon pestle rotating at 2000 rpm for 6 thrusts.

K) Extraction of PG Endoperoxide Products and of Other Lipids

At the end of the incubation period the Blices were homogenized in
organic solvents separately from the medium or combined with it. Ethanol
(20 volumes) was used to extract the prostaglandins and thromboxane Ba
and C:M (2 : 1) to extract the neutral and polar lipids. In the latter
case, the separated slices were washed for 3 minutes in buffer containing
fatty acid-free bovine gerum albumin in a molar ratio of 5 : 1 of tissue
fatty acids to bovine serum albumin before homogenization (359).

The organic solvent ,e.xtracts were worked-up according to the procedure
a.lréady described in preceem section on the i'sqlation of octadeutero-
prostaglanding Fag produced by sheep seminal vesicle micro;);ﬁ gnd of

octadeuterothromboxanes Bz from blood platelets or on the isolation of

individual 1ipids from rat cerebral hemispheres (see pages 36,L5,L9).

L) Quantitation?of PGRa g Produced by Cerebral Tissue

[3,3,h,h,2HhJ-PGIba served as internal standard to quantitate by gas
chroma‘bograprqr—maga fragmentography, the PGFeo and the octadeutero-PGFzo

\
produced by cerebral tissue. The £ zﬂb]—PGEm (one microgram) was added
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to the ethanol extract at the start of the purification procedure.

Analysis of - the samples were carried out immediately after derivatization
on a LKB-9000 inetrument using the mltiple ion detector unit to monitor
intensities alternmatively of the protium and deuterated prostaglanding in

the same injection sample. The ions monitored for the TMS’{nethyl esters

of PGFaay [°H) 1-PGRea and [E,)-PeRo vere w/e 423, 42T and 131 respectively.

Gas chromatography was 'carried out on a 6 foot glass column packed with 1%,

OV-101 Chromasorb W-HP. The operating conditions were: oven témp‘e;*ature
22000, electron energy 20eV, ion source 290°C and trap current 60pA

(Figure 6).

Standard mixtures of PGFeqg and [ 2Hh]—PGI'ba were run with every group
of four to six samples (5, 10 and 20ng PGFza/pg [ 2HhJ-PGFba). 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 [2H83-
PGFza added to 1pg”of the internal standard [ 2Hh]-Ptha and was plotted as
hg [ZHBJ-PGF.;Q measured versus ng [2H8]-PG-Iba per pg [ zﬂh]-PGFb a. The

contribution of the internal standard to the intensity of the ion at m/e

431 was subtracted from that of [238]-PGFb a. The deuterium to protium ratio

in the FGFz ¢ produced by rat cerebral cortex incubated for 5 to 60 ninmutes

in the presence of [ Esj-arachidomc acid was obtained by taking the ratio qf ’

the amount of [ HBJ-PGEW to the amount of protium form produced duin&/

incubation. The amount of PGReg synthesized during the time required to

~—Prepare the tissue for incubation as measured by Wolfe et al (47) was

subtracted from the PGFag recovered from the incubated slice. In establi-

o

shing a precursor-product relationship between the arachj.donie a.cigl in a lipié
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Figure 6: Photograph of a mass fragmentogram of a prepared ;
mixture consisting of 1ug of [’H ]-PCRa and 20 ng of PGRa
‘and [H;)-PGRea. Analysis was carried out on an LEB 9000 gas
chromatograph~mass spectrolmeter using the accelerating voltage
alternator device for multiple ion‘duetegtion. The ions
monitored for the trimethylsilylether methyl esters of PGFaa,

[2 ]-PGan and [2 ]-—PGI"ha were m/e 423, 427 and 431 »
B, Hg

TRy

- respectively. The tracings produced' by the two galvanometers
v are attenuated in the ratio. of 1 to 8.8. Retention time for
PGFe o was approximately lj mimites on a 1% OV 101 6 foot
column at 220°C. The difference in the level of the base ,

lines for the different fragment ions is due to column bleed.

o,







fraction and the PGFea, a correction for the enrichment in deuterium of
the product over the precursor should be considered. The estimation of

the percentage enrichment is dlascribed in the appendix (see page 117).
. / ,

!

v R

M) Quentitation of the TxBs Produced by Cerebral Tissues

[5,6,8,9,11,12,1&',15-2383-1':135 rrepared previously served as internal

standard to quantitate the TxBe produced by cerebral tissues, To the

ethanol extract 1.5 to 2ug of [238]-'1'3:33 containing [1-14¢]-rxBe 'x 10°
cpm) was added. The radioactive TxBs allows monitoring of recoveries from

" columns and thin layer plates.

TxB: was analyzed as the methyl ester-TMS ether derivatives prepared
as described previously for [ZHBJ-PGFha. Analysis was done by multiple
ion monitoring with an IKB-9000 instrument. The ions monitored were \m/e
256 for TIxBe and m/e 260 for [ 118] -TxBz. A 6 foot gla.ss column packed
with 1% OV-101 was used with an oven tempera,ture of 220°C. The operating
conditioqe were the same as used in the GC-MS of the [ HBJ-TxBa Prepared
p\reviously from blood platelets (see page 50). The amount of protium in
the deuterated standard was subtracted from sample measurements and

standard mixtures were prepared.

& 1

N) Measurement of D/H in the Arachidonic Acid from Lipids of Cerebral

Cortex Lablled In Vitro

The methyl ester of the arachidoni¢c acid from the free fatty acid

' fractions or from the isolated complex lipide were also analyzed using

¥

the maltiple ion detection unit of the LKB-9000 mass spectrometer. The

o
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ions monitored altermatively were the molecular ion of the protium and
the octadeutero form of arachidenic acid (m/e 318 and 326 respectively).”
The operating conditions were thJ pame as used for the analygis of - %
chemically prepared [ Ha]-arachldonlc acid (see page 56). Standard

mu{ures of [ HBJ and [’ Hg ]-arachidonic acn.d were prepared and the line

relating the ampunt of deuterated arachidonic acid in theqé nixtures to

the amount measured Py mass-fragmentography was obtained. Undeuterated

1

arachidonic @cid served as internal standard.

LI

0) 1Isolation and Quantitation of Prostaglandin Endoperoxides, *
Prostaglandin Feq and Thromboxane Bz Produced by Rat Brain In®Vivo

~

As described in section C, the brains of rats previously injected

intracerebroventricularly with various drugs or with saline were frozen

in liquid nitrogen. The frozen tissues were homogenized in 10 volumes

&
of ethanol and then filtered, The PGF:q and the TxBo were extracted and

ot s s i i 3k vt

quantitated as described in sections H and I. The amount of prostaglandin

endoperoxide present in the frozen tissue was determined as the increase

in PGF2 or when stamnous chloride (20mM) was added to the ethanol used for

extraction (14).

Y% -
o
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CHAPTER 3 -
_ RESULTS " S

e

A) TFatty Acid Composition of Phospholipids ‘Isolated From Rat

_Forebrain’ »

P S

- The fatty acid composition of the phospholipids of rat fore'brg.in

-

g€iven in Table 2 is very similar to that of whole rat brain ( 1);9, 1595,
360). The fatty acid composition of the phosphatidic acid plus
cardiolipin fraction is also close to that found for phosph;tidic acid
of rat whole brain. However, the percentage of docosahexaenoic acid is
much higher in the above lipid mixture than in the purified phosphatidic
acid. Since brain cardiolipin contains only traces of docosahexaenoic
acid (149), a third component rich in the latter fatty acid must be
present in/(the lipid mixture. Phosphatidyiethanolamine which runs close
to phosphatidic acid and cardiolipin on :the thin layer chromatogram may
be the contaminating lipid. |

S

The fatty acid composition ,';)f phosphatidylserineﬂ has not been

reported for rat whole brain, However, the fatty acid composition~ of ™

this phospholipid in rat forebrain is very similar to th;.t reported for
rabbit cerebral cortex (280). In this case also, docosshexaencic acid
is present in higher proportion in the rat forebrain lipid but the same

high percentage of the latter fatty acid has '/been found in the phosphati-

dylserine of man érey matter (1&9). Wyristate, palmitoléate, li.no'leate,

linolenate and docosatetraenate each accounted for at most four percent

of the 1/atty acids of individual phospholipids.
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PERCENTAGE COMPOSITION OF THE MAJOR FATTY ACIDS FROM PHOSPHOLIPIDS OF RAT FOREBRATN FROZEN IN LIQID

NITROGEN UPON DECAPITATION

Total fatty acids from phosphatidylethanolamine contained 5-6% of docosatetraenoic acid (22 i L). EBach

TABLE 2

e en e

valueg is the mean of three determinations given with the standard dev:'lation (x 8.D.) "

2

Palmitate

Lipid ' 16 : 0
?

Phosphatidylinositol 10.2 & 0,16
Phosphatidylcholine 1;14.5“* L.8
Phosphatidylethanolamine + 10,2 1.5 .
- Plasmalogens . .
Phosphatidylserine L.8 £ 2.0
Phosphatidic acid + -21.1 £ 3.5
Cardiolipin

\.

Steaxjate

f

18 :0

33.8 £ 2.3

14.1 £ 1.0

27.5 4 L5

La.h % 3.7

- 158.7 £ 3.1

y
\

. O}egte
18 : 1

16.7 + 1.4
S £ 2.1
2.1 £ 4.2

19.1 £ 0.5 -

38.6 £ 1.8

-

S

Arachidonate Docosshexasnoate ~
A 20 : hun 22 : 6

32.7 £ 1.5 6.6 £1.3

7.1 % 0.7 4.6 = o.m’ﬁ \

W7 £1.6 . 2.6%07

3.6 £ 0.5 30.1 £ 1.6

13.7 £ 1.6 1.0 £ 4.6

2
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B)  Analysis of [ 2!18]-A:ma.c:h:i.donic: Acid Prepared frdm Eicosatetraynoic

7

Acid e

The chemical purity of the arachidonic acid prepared from eicosate-
traynoic acid was better than 98% as evaluated by gas chromatography. The
mass spectra of this product taken at the descending slope of the gas-

chromatograph peak maximum showed a molecular ion of m/e 326 and no ionms

of m/e 318~325 which indicates the presence of only octadeuterated P

arachidonic acid (Figure 7). The line relating the amount of [ ?HBJ"

— e

" arachjdoni€acid in.the standard mixture to the amount measured had a slope

H -
very close to the theoretical 4S° (figure 8a) indicating that equal amounts

of .deuterated and undeuterated arachidonic acid would giV¥e rise to molecular ’

’

ions of nearly equal intensities.

&
- w
C) Mass-Spectrometric Determination of the Identity and Purity of

[ 2H8] ~-Prostaglandin Fea

»

The mass-spectrometric analysis of the PGFea produced by sheep
seminal vesicle microsomes incubated in the presence’ of [2H8]—al‘achid°ni°
acid indicated that this product contained mainly [2]18]-PGFb a. However,
the mass spectrum contained an ion at m/e 423 derived from [1118]—1’0350-
éuimﬁtitatibon of this ion by mltiple ion analysis using [ 2Hh]:PGIb'a as
internal standgrd shoved that ['Egl-PeFea represented 18% of the total
PGz ar- quantitated by gas chroﬁxatogr;.plw. The mass spectrum of the ( 238];'
PGz as the m‘et}wl ester, trimethylsilyl ether derivative had a,M+ of
m/e 592 and all the prominent fragment ions already repoxted (361). ’
(Table 3). The line rele.tin;g the stendard amounts og C QHBJ-PGiba added

o
L}
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XTI

Cvtres kD

.




PP —

e i - 2t vt ST &

R 7 o s St e site TUY o %S e TR e o IR W BT Ratag] 2 gt

Figure 7.

A i v ———— i a4

60.

Mass spectrum of [2H8]—a:tachidonic acid methyl eéter.
The spectrum was taken on an IKB 9000 GC-MS instrument.
L =

Operating conditions are described in the text. The back-

ground was automatically subtracted from the spectrum by a

§5100 Varian computer interfaced to the GC-MS. The molecular |

fon has a m/e value of 326.
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Figure 2,

a. Standard line relating the amount of [2Hg]arachidonic acid added %o

1 pg of [1H Jarachidonic acid and the amount of [ 2Hg]arechidonio aoid
measured by mass fragmentography. The undeuterated arachidonic aoid served
as mtemal standard. - The mltiple ion detector wmit of the LKB 9000 GC-MS
was ﬁsed to monitor altermatively ion intemsities of the deuterated and
undeuterated arachidonic acid. Operating conditions are described in |
the test. Fragment ions corresponding to the molecular ions of the [ 28]
and [ g]arachidonic acid were momitored (i.e. m/e values of 326 and 318,

respectively). The slope of the line is 0.93.

-

b.  Standard line relating the amount of [ 2H]PGE,, added to 1 pg of
[234]arachidonic acid and the amount of [zﬂe]PGan mearured by mass frag-
mentography. The tetradeuterated PGF, o ‘s:\erved( as ;’_ntnnlal standard and
carrier. Operating conditions are described in the text. The fragment

ions monitored for the TMS methyl ester derivatives of [QHe] and [ 2H4J PGE; o
\ / -

7

were m/e 431 and 427, respectively. The slope of the atandard line is 0.49.
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TABLE 3

Prominént Mass Spectral Fragments of [238]-PGE:a

\ . \

Fragment Ions ' , ‘ m/e value
Molecular {lon ‘ ) 592
+ —
M - CHB l/-\ . 577 . )
mt - C.H, , N | 524
M* - 'HoMsi - 502 \
M - 2moTMsi 501
; ,
M- (CgHy, + HOTMS1 ) 431
M- (CgHyy + 2HomMs; ) 430
M - (Ymomsi + 2momMsi) 412
M - (2 x 2HOTMSi) 41
u* - (CgH,, + 'HomMSi + BOmMSi) 340
\ P
ut L (CgHyy + 2 EoTMSi ) 1339
™510 = C2E-0msi 192

misid = C°BCGH,, -/ 174

LIS X T5d
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to 1ug of fzﬂh]-PGFEa\{;xd the amount of [2H8]-PGFb¢ measured by mult r"ple
ion analysis had a slope mach less th?n 45° (Figure 8b). This deviazion
is due to two similar fragmentations /of [ 238]-1’(;1‘30 to yie;l.d ions wi/th
m/e values of 430 and 431 of nearly equal intensities. The latter ion,
used for quantitation, ari?es from the loss of Csﬁ1 g * TMS0'H fragments
and tlle former from t:he loss of C.H, , + TMS0ZE fragments. The .slope of
the standard line (0.49) was used for calculating the amount oi\‘ L 118]—'

| PGRa produced by cevebral cortex tissues incubated with [2Eg]-arachidoniec

acid since [zﬂu]-PGFba also served as internal standard in this /caae.*

D) Mass-Spectrometric Determination of the Identity and Purity of

/ [2H8]-Thromboxa.ne B

/ [2H8]-Thromboxane Be trimethylsilylether, methyl ester should have
a molecular ion at m/e 608 (362). The ionm was not found in the mass- ,

gpectrum of the compound synthesized by uman blood platelets incubated

in the presence of [2H8]-arachidogic acid (Figure 9). However, the

fragment ion giving rise to the bame peak at m/e 260 probably corresponds
| t{,M‘L gg/ing ripe to the base peak of non-deuterated thromboxane Ba

. at m/e 256. This fragment ioné containe carbons 5,6,8 and 9 which, in the
labelled thromboxane B, would carry a deuterium atom each., The relation-
ship between fragmeﬁt ions reported in Table L and those of thromboxane

B (36Q) suggest that the compound isolated from human blood platelets is

*he values wl;ich"wé reported in reference 9 for the amount of [“H ]-PGFaa
synthesized by rat cerebral cortex in vitro low since standard line
for the measurement of this product had not been l\?ade at that time.

— Q) : . T
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Figure 9: Mass spectrum of the trimethylsilylether methyl ester

of the [ ?Bg)-thronboxane Bs synthesized by muman blood platelets
incubated in the presence of [238]-&ach.;ldonic acid. The
spec'*l[:pm‘wbs, taken on an IKB-9000 gas chromatography-mass
spectrometer. The base peak at m/e 260 arises from a tetra~-
deuterated fragment ion. The molecul'a:r ion is not se\en
hgwever, the ion at m/e 593 corresponds to mt —033 Other
promnent fragment ions of [2H8]-thromboxane Bg can be related
to those of thromboxane Ba (see text). The retention time for

[21!8]-thromboxane By was approximately 4 mimites on 6 foot

colum OV101 1% at 220°C. | .
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TABLE Q
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t

Prominent Mass Spectral FPragment of [zﬂa]-Thromboxane Bs

Fragment Ions

- 033
= Cellyy

- HOTMSi k

i e S

o - "Zgomsi

M - (BOTMSi + CH,)
Mt - (*momMsi + cE,)
Trimethyleilyl ether, methyl ester [%g, ]~
™510-C°E = C°B-CH,~C’H = czm(cn2)340m33
T™MSio = C°B-CH = C2B-0TMS1

. 2 .
™5i0=C H—CSH"

m/e value

593
537
518
517
503
502
372
260
219
174
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' [2H8]-thromboxane Ba. Furthermore, the C value of the latter compound
was 24L.L, neaily the same as that reported for thromboxane Ba. A -
fragment ion with a m/e of 256 was present in the mass-spectrum of
fzﬂal-thromboxane Be but represented only L% of the one at 260 as
measured by multiple ion analysis indicating that very little protium

form is' present in the octadeuterated thromboxane Bs.

/

f

E) Origin of the Arachidonic Acid Released Post-Mortem in Rat :

Forebrain

1)  Release of Arachidonic Acid from Rat Brain Lipids Post-Mortem

The-level of all free fatty acids in rat forebrain quickly
removed from heads frozen in liquid nitrogen upon decapitation was very
iow (Table 5). The totel amount of the free fatty acids (LOwg/g tissue)
was the same as that reported for the brain of raé'kille;i l;y immersion
of the whole animal in liquid nitrogen (270). A rapid increase in the
1evé1 of all the major free fatty acids and the preferential release of
ara.ch:}donic acid was also observed in this tissue shortly after
decapitation in agreement with previous reports (268,270,272). Arachidonic
acid was rgleased at a much fastexr rate thanﬂall the other fatty acids
since between zero and 2 minutes post-mortem there was a large disprop-
ortionate increase in this free fatty id.’ However, between 2 and 15
nirmates post-mortem the relea!e of ar hidonj,.c acid was less specific

since iis percentege in the free fatty acid did not increaze.

2)  Post-Mortem Changes in the Specific Activity of Various Lipids
Fron Rat Brain-Injected vith [’Hg)-Arachidonic Acid

v - . '_ -

I - L
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TABLE §

MAJGR FPATTY ACTIDS RELEASED POST-MORTEM IN RAT FOREBRAIN K

.

e e b s

L

Zero times values obtajzie/d from foredbrain of heads quickly frozen in liquid nitrogen upon decapitation.

Values at 2 and 15 minutes post-mortem obtained from forebrain of severed heads kept at room temperature.

Rates had received an intracerebroventricular injection of [338] arachidonic acid 2 hours and 15 minutes

before deoapifaﬁon. Results eipressed as mean % S.D. of three det'erminations.

4

Fatty sotd 0 min

Palmitate | .l £1.2
Stearate © T2, £4,2
Oleate 5.7 £ 2.2
Arachidonate . 5.5 % 0.9
Pocosahcxaenoate 1.4 £1.2

¥

vg fatty acid/g tissue

Time post-mortem

2 min
20.4 * 2.3

38.6 % 3.1

.12.9 £ 2.1

35.5 £ 7.4
2.5 £ 1.5

15 min
59.1 £ 9.4
83.3 £ 11.8

"62.4 £ 17.0

11.1 £ 2.3

AN

0 min

36.5 = 3.0
31-5.* 3.7
14.5 * 3.3

106.1 £ 7,2 13.9 % 1.8

3.5 &£ 2.7

<

Percentage composition

Time post-mortem

2 min

18.9 % 1.9
35,8 2.9
11.8 £ 0.4
32.1 2,0
2.3 1.1

15 min

18.1 % 1.6
25.9 £ 1.1
19.2 £ 2.8
33.2 £ 2.6
3.4 % 0.6
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The specific activity of the free arachidonic acid at zero time

in rat forebrain was more than 5 times that found at 2 mimates post- !

/ -

mortem (1054 and 198 cpm/ug respectively, Table 6). The large‘initial

specific activity of the free arachidonic acid is probably due to
residual radicactivity which had not been incorpbrated in the lipids{ -
during the 2 hours and 15 mimtes after the intraventricular in,jectiou

[ 3H8]-arachidon1c acid. The amount of radicactivity found at zero tlme
in the free arachidonic acid represented 0.2 of the injected dose. The
drop in specific activity is due to the release of arachidonic acid from
the complex lipids which occurs followmg decapltatlon. After the initial

“-\
decrease, the specific activity of the free &rachldom.c acid increasged

slightly with»post—mor’tem time (Table 6). Changes in the specific activity

of the complex lipids between O and 30 mimites post-mortem were small.

Q
°

The specific activity of the free araphidonic “acid dé{ermined for, the rat

. forebrain’ at 30 minutes after decapitation (288cpm/ug, Table 6) was

closer to that of phosphatidylinositol than to that of the other lipids.

However, the calculated specific activity of the-arachidonic acid released ,g

between O and 30 minutes post-mortem (232cpm/pg arachidonic acid) was not
ver; different from that of th; total phospholipids (-207¢pm/pgs Table 6).
The ;‘ormer value was calculated by ,subtracti:ng thé radioactivity and the
amount ‘of avschidonic acid in the free fatty acid fraction at the

earlier time from that of the later time. .

? @

3) Amount of Free Arachidonic Acid and Specific Activity of Lipids in

Rat Braiﬁ Subeellular Fractions o

)
1

In the microsomal fraction, the specific activity of the lipids
: . | _

&

[P




-

.was determined only after Bb minutes post-mortem. The ratio of -the

specific activity of the fre{arachitﬂmic acid to that of the total
R ¢ ’
phospholipids in thie fraction was similar to the same ratié’ in the

) Wh°16 tiesue 30 minutes after dacap:.tation although the specific

4

a.ctivity of the microsoinal fé‘hal “phospholipid fractions was 1.7 times
larger than that of th}e whole tissue (Table 6). In’this subcellular )
fraction, as in the whole tissue, phosphatidylinositol had a specific
activity closest to the uncorrected value for the free arachidonic

acid.. The amount and specific activity of free arachidonic acid ‘as \ %

well as the percentage composition ‘of the free fatty acids of the

microgomes differed markedly from those of the crude mitoch@?xial
fraction (Table 7). The Buper;xatant contained relatively little
unesteriﬁed arachidonic acid.

The specific activity o.f the free arachidonic acid in subcellular
fractions vas probsbly not greatly modified during the time required’
for their preparation since fatty acid release is completed by 30 mimites
post-morten in rat brain (268) and the fractionstion vas done at 0°C in
the presence of .a phospholipase A &bitor. Tisaue homogenized 2
minutes aftér degapitation and left for 60 mimtes at ®°C in sucrose
WM 10" DPP had 3.5 *¥3.1 (3)pg axaohidomic acid per gram
tinm. Tissne honogunized in chloroform ¢ methanol,- 2 : 1 at 2 minutes
53“-!51?*“ had 32.9 * 7.9 (3)pe arachidonic acid per gram tissue ”

i N

h) Palt—norten cm« in the mount oz’, Arqohd.dmic Acid and _
Mowtivity in Varioua Lipids of Rat Brain R
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TABLE 6 73.

3 ~ .

Specific Activity of Arachidonic Acid, in Lipid Classes. of Rat Forebrain*
i m .

’ ( i Zero time values obta(ied from forebrain of heads frozen in .liqui

nitrogen upon decapitation. Values at 30 minutes post-mortem~fér whole

tissues and microsomes were obtained.from forebrains kept at Toom temperatuf‘e.
£ ; oo

The specific activity of the fzee arschidonic acid in the whole tissue at 2

i and 15 mimites post-mortem was 198 * 3}4 and 236 % )3 cpm/ug respectively.

The “Bpecific activity of the released arachidonic acid between O and 30

mirutes post-mortem was 232 cpmfpg. °All values are jpeans % S.I). where
3 * 1

appropriate with the mumber of determinations in brackets. /

>

@ .
©

) Specific activity of arachidonic acid *

f , : SR  cpn/pg u

| Lipid : Whole tissue (3) Microsomes (2)

| ' ' Time post-mortem

( Omin . 30min 30 min

} ) , .

; Free arachidonic acid = 1054 * 517 288 %= L7 k23

| Triglycerides | I %181 .2898 % 112 - L ’
Diglycerides B 865 * 246 608 £ i51 1060 ' .

- Il . ' - .V *‘

| Phosphatidylinositol w2y eE3 S 16

| ' Phosphatidylcholine L9 £k2 . 38 £23 - 758,

" { - _Phosphatidylethanolamine + : '
Plasmalogens 99 %+ 22 w101 £ 18 175
Phosphatidylserine 237 % 22 193 % 16 388
Phosphatidic acid + . o : u :
-Cardiolipin " 67 £ 13 60 % 21 . - -
Total phospholipids -221; % )8 207' 38 350

*ﬂ'ha specific activities at aach time point, were no:ma.lized as follows:
e of_t“otal PL. x 1/nf 'Sk 1 of each lipid/S.A. of total p:..

K4

[ 9“ v

¢ o

= . wheze R total manber of detemlwbions at each \time point. ‘

5
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 Pree Fatty Acids in Subcellular Fractions of Rat Forebrain at 30 minutes Post-Mortem

- WEFAA . opm - % coml;;sition of Free Fad';ty Acids
ng protein " wgFAA * 1610 18:0 18:1 20:4 22=6<
4. Homogemate . 0.8% 235 243 26.8 12.6 &, LS
- ?;p%e Mitochomdria . 1.88 - 195  19.2 ° .30.1 16.4 28.3 6.1
.‘ ‘ : e - “ c R
. 0 . : 4 . . ) : -
BEEC Microsomes (P,) 0.30 * 423 21.6 36.4  18.7 179 5.2 ’
“Bupernatent (8,)’ : S22 - 2y 216 20 T -

Each value i the mean of two determinations

iaa’acted intra:ventricu}.amly with [3 .J-arachidonic acid_2 hours god 15 minutes before

e d.ecapi.tation. _ Pigsue homogenized in suctose 0.32 + 10'3M DFP (0 ) 30 minutes after death
é‘r . CL oot 3% of the forebrain ﬁree a:r:a.chidonic acid was recovered from the supematant by solvent
L partition extraction. ,

()
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In fofebrag.n, pﬁo\sphatidylcholi:ne was the only lipid that showed

a“ significant decrease in the level of radioactivity when expressed as a
percent of total lipid radioactivity in the 30 minutes/ptEt-mortem
period (Table 8). This decrease, amountmg to %, can account for 63%
of the increase in the proportion of. radiéact-:ivity associated with the /\
free fatty acid fra.c'éion. None of the lipii? showed aosi@ificant
decrease in the amount of arachidonic acid pe/g t;ssue) between zero
and 30 mimtes after decapitation (Table 9). The amount of arachidonic
acid recovered from phosphatidylclioline decreased by T% but this
dlfference was not. sigm.ficant. The 20§ increase in the amount of
arachidonic a.cid in the diglycendes is probably due to the release of
_diglycerides rich in arachidonic acid which occurs post—mortemwin rat

brain (282,286).

v - 0

&

F) | Relationship Between Arachidonic Acid Release and “Prostéglandin

Q

" Fug Syathesis in Rat Cerebral Cortex Slices o .

1) Release of Fatty Acids Post-Mortem in Rat Cerebral Cortex Slices

The relationship between the release of individual free fatty acids

in rat cerebral cortex slices with incubation time (Figure 10) shows

that a.fter 15 minutes, the rates of .release decrease greatly The level

of free arachidonic acid increased. at the fastebt rate as ocours in
whole brain post-mor'bem (268,272).. A rapid h;yd:rolysia of ‘cerebral cortex
lipids must alsg take place in the period necessary to pra;pa:ce the cortex
slice (5 \tea) since cerebral cortex from rat bra.'!.n frozen in lzlquid
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\ TABLE 8 ( f

(.

e

RADIOACTIVITY IN EACH LIPID OF RAT FOREERAIN EXPRESSED AS PERCENT OF TOTAL

- LIPID RADIOACTIVITY - " ,

Values obtained from forebrains treated as described in Table 3. Total lipid

P /}radio_activity at zero time was 504 £ 73 x 10? _cpm/g tissue and at 30 minutes
533 %89 x.10° cpw/g tiseue fresh weight. Results are means * §.D. Number of
3 dgtermiﬁafions in brackets. ’ .
Percent of t&tal lipid radiocactivity \
— | ' . Time post-mortem : - i
' Lipid l | ) 0 min (3) 30 min (3)
Free arachidonic asid 1.85 £ 0,90 7.98 % 0.95™ ?
- Triglycerides 3.61£0.86 . 2.97 % 0.2
, Dj.glycerides . ‘ 2.31 £ 0.2h 2.32 * 0.62
" Phosphatidylinositol C . 212480 . 20,00 % 1.30
Phosphatidylcholine e L6.35 £ 2.0 L2.g, % 1.04" -
Pilosﬁhatidylethanolamine + "1 8.86 % 2,68 . 19,26 % 1.41° | |
Plasmalogens A ( . . - | o \ §
" Phosphatidylserine 3.76 % 0.55 i 3.2 =|= 0.77
. Phosphatidic acid # _ 2.23%0.59 ° 7 . 2.30 & 0.88 ,
Cardiolipin “ ’\ » , o |

5 . ° - . \
**he difference between the means is-signifioant at the level of P<0.01 o
- T’*Tﬁe difference between the means is significant at the level of Péo.OS B ) ;

! P - @
“ - BRI
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TABIE 9 a 4

ARACHIDONIC ACID IN LIPID CLASSES OF RAT FOREERATN EXPRESSED AS PERCENT OF
TOTAL LIPID ARACHTDONIC ACID

Va.lues' obtained from forebrain treated as described in Table 3‘. TPotal lipid
~ arachidonic acid at zero time was 2053 4 350 pg/e tissue and at 30 mimites
2345 £ 247 pg/g fresh tissue weight. Values are means & S.D. Number of"

determinations in brackets.

- . + Percent of -total arachidonic acid
Lipid \ Ifime post-mortem u ;
Omin (3) 30 min (3)
) | ! ,
Free arachidonic acid © 0.28 % 0.03 6.46 * 1.37
Triglycerides - ) 0.26 £ 0.05 ‘0.23 £ 0.04
Diglycerides . 0.70 :hI,O.YOB 0.85 % 0.10
" Phosphatidylinositol 16.23 ;L 1.87  16.81 £0.57
Phosphatidylchél;ne 27.51 ,/zk 1.91 ’ 25.58 % :1.63 ‘
Phosphatidylethanclamine + bh71'2 1,83 542,53 & 2.40 :
Plasmalogens . ' , X |
© Phosphatidylserine C . 372 20.70 3.82 £0.33 |
Phosphatidic acid + 6.58 £ 2.18 . | L.75 % 1.32
Cardiolipin / . ‘

) i : o

R
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(} Figure 3. | '

r ”

Free fatty acids released post-mortem in rat cerebral cortex slices.

Preparation and weighing of the slices required five minﬁtes. The slices

i were incubated in Ringer-bicarbonste-glucose buffer, pH 7.4, at 37°C in

- an atmosphere of 95% O, and 5% CO,. The fatty acids were quantitated by

gas chromatography using heptadecanoic acid as intemai standard. The

| fatty acids measured were: palmitate (16 : 1), stearate (18 : 0), oleate
(18 : 1), arachidonate (20 : 4) and docosahexaehcate (22 : 6). The values
\ 4

at 0 and 50 minutes O,f' incubation are the means of 4 determinations each. -

v

. The values at 5 and 15 minutes ,of incubation are the average of 2 deter-

minations each,

rataeres *”
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nitrogen upon decapitation contains only small amount®dof free fatty .
acids (270). After removal of the slice and low speed centrifugation
\ of fthe incubation medium, less than 1096 of each fatty acid was found

in the supernatant.

2) Incorporation of [®Egl-srachidonic Acid into the Free and
Esterified Arachidonic Acid from Incubated Rat Cerebral Corte{

Tissue

The deuterium to I?rotium ratios of the free arachidonic ac;id in
cortex slices approached maximum values by 15 minutes ‘of incubation in
the presence of»[zﬂa]-—arachidonic acid (Table 10). The maximal ratio

observed was 0.22 after 60 mimites of incubation although enough [\238]-
arachidonic acid was added to the medium to give a deuter;Lum to protium
ratio of nearly 1.5 if there was complete mixing of exogenous and
endogenous arachidonate. The ratios were measured after washing 7th;e \Y;)
‘slice ‘for 3 minmtes in buffer containing fatty acid i‘ree' bovine serum
albumin to remove the exogeno;‘za arachidonate which simply adhered to
' . . the cell surfaces or which was in the extracellular fluid of the &
tissue (359). The remaining [238]-arachidonate was presumsbly not
readily available to the lﬁl'bum:i’.n. Saturation of the Béﬁm albumin was
unlikely sin;:e 1;b was added in a molar ratio of protein to totdl tissue
free fatty acid of | J. Furthermore, endogenous free arachidonic acid
was noﬁ removed from the slice by bovine serum albumin. Only 1 %0 1.548
‘of free arachidmio acid wvere recovered wi.th ‘the serum protsin per 100mg
| tissue, ‘This fraction had o deuteriun to protiun zatio 30 times that of the
‘o free arwhidonic a.cid renainins in the slioa aftar 5 n:!.mtea of incubation in
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TABLE 10

INCORPORATION OF [ 2Hg]JARACHIDONIC ACID INTO LIPIDS OF INCUBATED RAT CEREBRAL
. — Q’b ‘ . h
CORTEX TISSUE , .

.

Cerebral cortex tissue was incubated in Rinéer-bicarbonafe-glucoae buffer
containing 25 pg oyiiv[??lis].arachidonic a,c;d ﬁer 106 m—; ti;_su:e i‘;:;s;x ‘;éight.
Slices were: washed with buffer containing bovine serum albumin (BSA) after
incubations as fiescribed in the text. The deuterium to protium ratio in the
free arachidoni; acid of the slice at 15 ;ninutes of mc_ubation was 0.18 + 0.02
(n = 4). Values-are means of 2 determinations unless indicated otherwise.

Th\e standard deviation (+ S.D.) is given where appropriate.

Lipid Arachidonic Acid [ 2Hg]/ 18]
, 5 minute 60 minute -
; incubation incubation
BSA washings from . T
incubated slice Free AA 2,23 1.73 + 0.27 (3)
Slice . _ Free AA 0.07 0.22 +0.01 (3)
N \D'iglycerides *
, Phosphatidylinositol <0.01 - <0.03
, Phosphatidylcholine "
Triglycerides 0.03 ' 0.28 + 0.05 (3)
Incubated homogenate -, Free AA 2.20 + 0.13 (3) 1.37
Triglycerides 0.02 0.03 * 0.003 (3)

AA - Arachidonic acid

4

-
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the presence of octadeuterated arachidonic acid (Table 10). The isotopic
purity of the [Hg)-arachidonic acid added to,the incubation mediun
decreased from 98% to 91% after 60 minutes of incubation. A loss of 1%

of the free arachidonic acid from the slice could account for the

decre;se in the isotopic purity of the labelled precursor in the medium. -

The free arachidonic acid of the incubated homogenates had deuterium

" to protium-ratios much higher than those found in the incubated slices.

Most of the deuterated a.rachiciénic acid became bound to tissue elements
since 96% of the total (endogenous and exogenous) free arachidonic acid
was found in 1‘;he pellet’ after centrifugation of homogenates incubated
for 60 minutes. The decreased ratios in the free ‘arachidonic acid of
the homogenate with mcubatlon time was due to the continued release

of the free fatty acid from brain lipids. An average of 68ug of
arachidonic per 100mg of tissue fresh weight was liberatved between 5 and
60 minutes of incubat‘ion. In the slice, the deutezium to protium ratio
in the free a:cachidonlc acid increased rather than decreased 8ince
penetration of the labelled fatty acid into the ‘tisaue was gradué.l and
the release of arachidonic acid was reduced after 5 mimites of incubation

(Pigure 38 and Table 10).

The triglycerides from the slice reached a deuterium to pro:tiu;n
ratio slightly higher than that found ln the  free arachidonic acid fra.ction.
However, the triglycerides from the homogenate incorporated very little
of the labelled fatty acid although present in the homogenate at 60
minutes of incubation at @& similar level to that found in the slice before
homogenization (i.e. 16,1ug aad 13.5pg triglyceride per ‘/OOmg tissue

" fresh weight, respectively) The diglyeerides, phosphatidylinoaitol and
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y
phosphatidylcholine from the cortex slices were also poorly labelled.

3) Transformation of [ 2HBJ--A:r:a,ch:l.donic Acid into PGFear by Cerebral

Cortex in vitro

The deuterium to protium ratios in the PGFsar produced by cerebral
cortex slices after 60 minutes of incubation was not significantly
higher than that found in the PGFe o formed during 5 mimute incubations
(Table 11). However, at 60 mimtes the &euterilf.m to protium ratio in
the PGFo o recovered@ the medium was approximately twice that found in
the PGFao of the slice. The homogenate when incubated with the sime
amount of [ ZHBJ—arachidonate acid produced PGRaar with a deuterium to
protium ratio 10 times that of the PGRa found in the incubated slice.

The amount of PGF:qg produced by cortex slices during the time
required for their preparation was 8.9ng/100mg fresh weight. Also,
cortéx slices can bind irreveraiblyn 3. of PGFag per 100mg tissue (47).
Ve  assumed, jbo calcﬁlate the "corrected" [ zaa] 3 [1BBJ-PGFaa ratios of.
colums 2 and L of Table 10 that 3.8ng/100mg tissue of the PGy -

» initially present in the slice remained with it and that the difference,

L.8ng/100mg tissue, was recovered in the mediunm.

L) BEffect of Norépmephrine on the Incorporation of [zxel-nachidonic
Acid into Triglycerides and jl‘rmfgmation into the PGFya of the

Incubated Cortex Slices .

The addition of morepineplirine to the incubstion medium has been
~8hown to increase the production of PGha by rat cevebral cortex slices (47).
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“TABIE 11

2

}5:?1”: S.IL The nmumber of determinations is given in parentheses.

-

’ 5 minutes incubations

Ratios corrected for .
[lneJPGEQG at zero time

- - A
- ' \\/
.

0.14

0.21

- [Pe——— o o

o -

Slicea were washed with fresh buffer wiﬁhout added bovine serum
‘pnibui&n The d:ntc:iul to protium ratio in the PGF, o were corrected for the,amount of endogenous [%ne]-
;G!iu‘pmiqunt in thn tincna before incubation as desoribed in the text. Where appropriate, values are

N

60 minutes incubations
PGF, o [238]/[1383

Ratios co

ted for
[lnaJP(‘Tan at zero time
C1.06 £ 0.30 (4) 1.25
0.10 + 0.02 (5) 0.15
0.23 + 0.07 (5) 0.30
0.22 * 0.05 (5) 0.24
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In a similar situation, the neurchormone doubled the [Zﬂe]_ : [ 1H8] .

ratios in the PGFaar produced by rat cortex slices incubated for 60 C

°

mirmtes in the presence of [258]-arachidon1c acid ('I.'able 12).
Norepinephrine also caused a significant a.lthough smaller increaae in

the lgbellmg of the free arachidonic acid but, not of the triglycerides.

I3

The ‘amount of endogenous free arachidonic acid in the slice (and medium) °

was not increased by the drug after 60 mimutes ,of incubation. -

’
'

G) Drug Induced Convulsions and the Production of Prostaglandin

Endoperoxide Derivaj/bives in Rat B?ﬁz} -
1)  Symptomatic Bffecta of the Drugs.

% LY

-
’

'I‘he animals' had generalized conv‘ulsfons two to three mimates. after

.the intraventricdular injection of carbachol and ‘began to recover

approximatelyxﬁ mimites later. When 'qﬁe rats were kept anesthetized
with ether for 30 minutes after in;)ection, their peripheral symptoms

were greatly attemmated or absent. The first intraperitoneal dose of

metrazol usually cansed a very short generalized seizure within 10 .

mimites of injection. The second dose of metrazol caused a generalised

2

convulsion which lasted approximately 2 mimtes.

»
1
_‘Q’ o

/

2) RBffect of Drugs of the PG nuaopmxme. PGFea and mi:mboxane B

[

Levels in Bat Forebrain in ¥ive

Proataglandin Foa lerveh in rat oerebnl hemisphereas were groafly -
inoreand followine dmaim induced by carbachol and metranol (Tablq 13)

The convuleion pqriog of 75 seconds vith metragol gave' the largest increase ‘
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TABLE 12

!
EFFECT OF NOREPINEPHRINE ON THE INCORPORATION OF [2HBJARACHIDON;[C ACID

INTO PROSTAGLANDIN ¥, o, THE UNESTERIFIED ARACHIDONIC ACID AND THE

TRIGLYCERIDES OF RAT CEREBRAL CORTEX SLICES INCUBATED FOR 60 MINUTES.

Cerebral cortex slices were incubated in Ringer-bicarbonate-glucose buffer

containing 25 pg of [2Bglarachidonic acid per 100 mg tissue fresh weight

and 1 oM norepinephrine hydrochloride.

I

Por the detemination of the

3 h
deutqrium to protium ratios in the free arachidonic acid and triglycerides,

slices were washed with buffer containing bovine serum albumin. The ratios

“

in the PGF, , were obtained from slices plus medium. Where appropriate, values

are means + S.D. The number

ah

Free arachidonic acid

Triglycerides

Prostaglandin F,

>

of determinations is given :Ln\parentheses.

Deuterium to Protium Ratios

-NE ¢

0.22 + 0.01 (3)

0.28 + 0.05 (3)
0.22 + 0.05 (5)
o

+NE % increased

" 0.30, 0.33 " 37%
0.29, 0.32

0.43 * 0.10 (4) 95. 5%
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Table 13. Effects*of Drugs on the Production of PG Endoperoxides,

PGF, , and Thromboxane B, by Rat Cerebral Hémspheres

in vivo
Conditions PG Endoperoxides® PGF, o TxB,
ng/g tissue fresh weight

Control? n.d. 15.9 + 11(4) 1.4, 3.4
Carbachol (100 ug) n.d. *° 83.8 + 14.4(4) 0.04 + 0.06(3)
Carbachol

(ether anesthesia) - 78.4, 96.9 -
Contro1® » 1.2 + 0.8(8) -
Metrazol? . —
“15 sec. convulsion 22.1 * 6.9(3) 9.9 + 5.4(4) 0.8 + 1.3(3)
75 sec. convulsion n.d. 182.7 + 32.7(3) 3.2

e (3

Ischemia ! .

75 seconds - ! 2.28, 0 -

; <

Results expressed as means with S.D. when applicabl/ s n.d. is not
detectable. Dash means not determined.

® Determined as the increase in PGE, , caused by stannous chloride
added to the ethamol used for extracticn of the frozen brain tissue.

b Injected intraventricularly with 8 pl 0.9 percent saline, head
frozen in liquid N, 30 minutes later. -~

e Injected intraperitoneally with 0.9 pexrcent saline, head frozen in
liquid N, 2 minutes latex.

d Metrazol seizure induced with two doses of the drug, 10 mnutes
apart (40 mg/kg and 80 mg/kg, respectively).

e Severed heads kept at room temperature for 75 seconds before
freetinig in liquid nitrogen. .
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in PGFaq. Neither\drug modifjed significantly the level of thromboxane
Bz in rat brain. / Prostaglangin endoperoxide could be ;%rapped" with’
stannous chloride only at 15 geconds of convulsion induced by metrazol.

A period of 75.smeconds of anxia and iechen:ia following d;acaﬁitation did
not increase the level of PGy o over that of its control. The value |
obtained for PGFsa in the Controls for the carbachol experiments: were
higher than that found i{l ths controls for the metrazol éxperiments.

This is probably dve to tuhe treauma caused to the brain tissue by the

intraventricular injectéon Vrocedure used in the former experiments.

3) Effect of Drugs on Fatiy Acid Levels in Rat Forebrain in vivo and

Post-Mortem

“

Carbamylcholine (“ca.rba:,hol) and pentylenetetrazol (Metrazol) in
convulsant doses increased ije a.mouhts in vive of free fatty acids in
Tat cerebral hemispheres (Tuble 14). The level of stearic and a/rachldonlc
acid was selectively increameg following 30 minutes of convulslon induced
by carbachol or following 1!/ geconds of convulsion induced by metrazol.
The amount of stearate and wprachidonate was increased some two to three

fold respectively with both drugs. A longer convulsion period with

metrazol (75 seconds) resulind in a general rige in free fatty acid levels

|
in rat brain. The period ot gnoxia and ischemia following decapitation

also caused a general increuye m/ free fatty acids but much more fatty

acids were released than in the case of the metrazol convulsions of equal

duration. The level of &I‘B"hidonic acid in the triglycerides and di-

glycerides after saline injections was 7.5 and 15.7ue/g tissue respect_wely

while after carbachol injecliong it was 10.1 and 16. 7u.g/g tissue respect-—
|
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Table 1l. Effect of Drugs on the Amounts in vivo of Free Fatty Acids in Rat Brain Cerebral Hemispheres

pg FA/g tissue fresh wt.

Fatty Acid Control® Carbachol Controlb Metrazol® / Decapita.tiond

- (100 pg) . convulsion period - ’

15 sec 75 sec N
n=6 n=5 n=4 n=6 n=6

Palmitic (16:0) 14.6 + 3.5 12,7 + 2.4 11.5 + 2.6 16.2 + 5 28.8 + 9.1 41.2, 38.7
Stearic (18:0) 10.2 + 2.1 17.5 + 3.9 12.4 + 5 24.2 * 4.1 27.2 + 5.1 41.6, 50.3 !
Oleic(18:1) 5.7 + 1.5 7.2 + 1.9 10.1.+ 1.4 12.6 + 4.1 17.6 + 4.8 25.1, 17.5 _
Arachidonic (20:4) 4.1 + 1.8 13.5 + 3.5 6.5 + 2.8 19.9 + 3.6 18.1 + 4.6 43.2, 39,2
Docosahexenoic (22:6) 1.4 + 1.1 3.4 + 1.5 St 1l 2.9+1.5 - 3.211.5 4.6, 4.5 -

® Injected intraventricularly with saline, brain frozen in liquid nitrogen 30 min later.

b Injected "intraperitoneally with saline, brain frozen in liquid nitrogen 2 min later.

B e e i ¢.au/.n.-p R P
'

° Metrazol seizures induced with two doses of the drug, 10 min apart (40 mg/kg and 80 mg/kg, respectively).

Severed heads kept at room temperature for 75 sec before freezing in llquld nitrogen.
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ively (each value is ;bl".te average of two determinations).

Ip _contr/;aat, the amount of free stearic acid, oleic‘ acid and
arachidonic acid found'in brain tissue at 2 minutes .post-mortem was
decreaséd by approximately LO¥ in rats treated with Eze anticonvulsant
drug phenytoin (Table 15). 'Sodium’phenobarbita]: decreased the amcunt
of arachidonic acid recovered in rat cerebral hemispherés two minutes
after decapitation. Diazepam lowered the level of oleic acid in the

/
same conditions.
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Effect of Drugs

TABLE 1%

et ST

on the Amount of Free Fatty: Acg’.ds Found in Rat Cerebral Hemispheres Following

Deqapi‘l'zation
. bg FA/g tissue fresh wt.
Fatty Acid Contro1® Sodium 7 ‘Phenytoin® Diazepan’ i
: Phenobarbi tal -
n=13 n=l -7- n=8 n=l
16:0 20.6 £ 6.1 20.6 * 8.6 1'7.2 * 2,3 _ 22.,2%8.8
"18:0 \ 38.2 * 8.1 36.6 % 8.8 21.5 & 7.6° 3.2 % 41
1821 10.2 % 2.5 13.3 %,5.1 6.7 * 3.7 5.9 * 3.3
20,1 39.2 * 8.9 29.1 % 5.5" 2.9 9.4 39.5 % 3.5
22:6 2.8 % 1.7 3;7.t1.3 2.1 1,2 2.1 £ 0.7 o

Wit SRR S kT S R P T vt e

a’O.S‘ ml 0.9 percent saline injected intraperitoneally, animals killed 30 minutes later by, decapitation
. and cerpbra.l hemispheres homogenized ‘in chloroform-methanol (2:1 by vol.) 2 minutes post-mortem.

- 3
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bSogiium phspob;rbital, 150 mg/kg; Phenytoin, 0.33 g/keg; Diazepam, 8.5 mg/kg.

*P :00 05

%

P <0.01
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CHAPTER L4 . N

DISCUSSION .

A) 'Origin of the Arachidonic Acid Released Post-Mortem in Rat

P
. “

Forebrain | . '

The arachidonic acia released post-mortem in rat foz‘ebr;;.in
probably originates from a mixtur;a (of p_hospholipids. ' The specific - i
activity: of the arachidonic acid released. after decapitation is close -
to that of the total phospholipids and no individual lipid — accounts K
for all the arachidonic acid and thé radioactivity appearing in th'e free
fatty acid fraction Approximately éj%gof the redioactivity of the
a.rachid(;nic acid released post-mortem seems to arise from phosphatidyl-
choline. Howeve:r, the specific activity of this phospholipid was 1.7
times that of the arachidonif acid released ‘during the 30 minutes post-
decapitation period. Ther:fqre only 37% of the free arachidonic acid
could coine from phosphatidylcholine. The complementary s'ources of the
released arachidonic acid may be phosphatidylethanolamine and Qphosphatidyl-
inositol. Although these phospholfi.pids may make significant contributions
to the free arachidonic acid fraction, decreases in their coxi?:‘ént of
radiocactivity and amount of fatty ac:.d would be difficult to detect since
they contain much more arachxdomc a.cld than that released poa’o—mox‘éem.

Some contribution from a complex lipid of lower specific activity such |
as phosphatidylethgnolamme~ ‘;equlred since the specific activity of
phospha.tidyiinositol wasg slightly above that of the released arachidonie
acid and that of phosphatidylcholine had an even larger value. 'I'he gradual
rise following the initial rapid drop in the relative specific activity

of the free a.rachidonic acid recovered at different times a.fter decapitation

suggests that phospholipide of higher specific activity make larger
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( contributions to the free arachidonic acid pool with increasing post-

] - a

. ‘mortem time.

Phosphatldylserine is probably not an important source of the free

) {
j arachidonic acid. (“This phospholipid had a speclﬁc activity close to

that of the released arachidonic acid 'but 1t contamed about half as i '

H
much he fatty acid at zero t:une than wag found in the free fatty i
acid fraction .30 minutes a.fter decapltatlon. No decrease in radloa.ctlnty V

Q A <
and amount of arachidonic acid were obserJVed for this phospholipid. In

B

the phosphatidic acid plus cardiolipin fractiom, a decrease in arachidonic

fethedad w g o

o acid sufficient to account for 309 of the free arachidonic acid would not '
. ) ) 3 :
be detected because of the large variation in the amount of fatty acid

recovered from this complex lipid mixture. However, such a large

——t

contribution from these 1ipids would probably have resulted in a lower

. T L POV

specific activity in the arachidonic acid released after decapitation. S
?The arachldonlc geid in the phosphatldlc acid plus cardiolipin mixture (
e . had a gpecific act1v1ty nearly L times 1ower than that of the released
fatty acid. ,The neutral lipids probably do not make a significa.nt
contribation to the free arachidonic acid recovered post-mortem. These
lipids contain mich less of the fatty acid that can be liberated afiter
decapitation a;1d their specific activities are much higher than thaé of {
. . the free arachidonic acid. In viyo, the avachidonic acid in the tri- |
glycerides of {cat -brain has a higher turno;r'er rate ae.seen following
intracerebroventricular injections of [3H8]-arachidonic acid (296).

However, the specific activity of the brain triglycerides was quite

stable from decapitation to 30 minutes post-mortem. Also, the level of

trigiycerides in rat brain has been r;ported to decrease by only 20% in

(1 :
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60 minutes following decapitation (268). The rapid in vive metabolism

. of triglycerides observed aftgr intracerebréventricular “inje'ctions of

‘ [3H8]-arachidonic acid is locelized mainiy in the choroid plexus (see

eppendix A). |
.

It has been suggested that the ethanolamine plasmalogens may be a

_major source of arachidonic acid for prostaglandin synthesis (363)

,Although this 11p1d is abundant in white matter and myelin and possesses
Bignificant levels of arachidonic acid (29b,) mich less radicactivity was
.inco’rporated ﬁto alkenyl-;ihosfhﬁ:idylethanolamine fe}ative to the:
diacyl class in rat brain injected with [3H8]-arachidoni'c acid (36)).

In our experlments, the specific activity-of the plasmalogens would
probably be lower than that of the diacyl PE. a.nd thus much lower than
that of the arachidonic acid released during post-decapitation ischemia
and anoxia.: ’

In the microsomal fraction, the sj:ecific activity -of the free
arachidonic acid was the same as that of the phosphatid&lit&ositol. This
does not necessarily indicate that the fatty acid was released from the
latter lipid. The fact that brain frozen in liquid nitrogen would not
yield typical microsomal fractions does not allow the specific activity
of the free érachidonic aciti to be corrected for the z:'edioactivity which
had not been incorporated 2 hours and 15 minutes after intxlacerebro-;
ventricul;ar injection. On the other hand, the observations that the
specific activity of the free arachidonic acid and ﬁ; percentage
composition of the-free fatty acids found in the microsomal and crude
mitochondrial fractions differed from éach other indicate, in agreement

with a previous report (269), that subcellular fractions from rat brain

can/maintain separate free fatty acid pools. As shown in the result
{
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section (see page 72), the s/pec‘ific, activity of the free arachidonic acid \
in the subcellular fractions from brains left in situ 30 minutes after
decapitation is not greatly modified during the time required for their
preparation. Mach of the {ara.chldomc acid release probably occurs in
the mJTtochondrla since they contain Ea large part of the phospholipase As
activity of rat "brain. Indeed, the crude mitochondrial fraction was the
richest in free arachidonic acid per ug protein or in percentage
composition.

A The existance of a phospholipase As activity sensitive to anoxia
and ischemia accompanying decapitation is suggested by the rapid release
of arachidonic acid in rat brain shortly after decapita.tion. Phosphatidyl-
choline, phosphatidylethanolamine and phosphatidylinositol probably
contributed most of the arachidonic acid released in rat forebrain after
decapitation. If indeed the ‘free.fqatty acii\ds a:r’:e coxxlpartmer;talized, only
the free arachidonic acid released in certa\J;.n subcellular membranes could

be available to prostaglandin synthetase’ \\
%

\‘ v

M
B) Relationship ’between Arachidonic Acid Rel\ease and Prostaglandin Foa

n Rat Ceérebral Cortex Tissue

Althouéh ?:he rate/ of synthesis of PGFaa by ‘rat cerebral cortex
slices is linea.r foy periods up to 60 minutes- (Lﬂ), its D/H did not
change slgm.ﬂlcantly from 5 t0.60 minutes of incubation in the presence
of;[ EBJ-ara.chidonic acid. In the slice, PGP reached maximm labelling
before any other lipid. A pool of endogen—pus free a.ra.chidoonic acid must
have mixed very rapidly with the exogeooue [2H8]-a.rachidonic acid and the

most likely location of this pool is at the surface of the slice. Indeed,
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free arachidonic acid with a high D/H was removed by bovine serum

albumin fron; incubated slices. The high D/E in the PGFoa found in the
medium may be dug'to the rapidv access of the ‘labelled precursoxr to the
prostagléndin synthetase present at the damaged surfaces of the slice.
Norepinéphrine probably increased the D/H of the PGFaar produced by the
slice by stimulating directly the surface prostaglendin synthetase.

Indeed, most of the [2H8]-PGF.3a could have been formed at the surface of

" the slice since it represented only 186 of the total PGFeo production and -

the PGFoa recovered with the slice was 'maximally labelled as quickly as
the total PGFea (slice and medium). Furthermore, the D/H of the PCloar
calculated from the rate of entry of [ 2H8]-arachidonic acid into the
cortex slice differs from the observed D/H after 60 minites of incubation

(0.17 versus 0.2, see appendix B).

The triglycerides, the complex lipid with the highest D/H, are
probably not intermediates in the delivery of arachidonic acid to tile |
prostaglandin synthetase system of cerebral cortex since, in the slice,
norepinephrine doubled the deuterium to protium ra‘é::Lo of the PGFea but did
not affect significantly that of the triglycerides. In the homogenate,
the 'ISGF‘aa had a D/H,approxinylately 59 times thgt of the triglycerides.

The involvement of phospholipids is also unlikely since the half-
life of their fatty acid moiety is measured in days in whole brain and
its subcellular fraction](365-367). In our experiments, phosphatidyl-
inositol and phosphatidylcholine were poorly labelled by [ 2H8]-arachidonic
aci’d when compared to PGF:a. Thg diglycerides also did not incorporate
mach [zﬂaj—arachidonic acid. However, the arachiidonic aoid of CDP~

® ) \
diglycerides does turn over rapidly in rat liver microsomes (368). This

\
A




liponucleotide is present in brain (369-370) but its role as a source

of arachidonic acid for prostaglandin synthesis remains %o be investigated.
In the homogenate, the D/H of the PGFea was very close to that of

the total free a;ra.chidonlc acid a.fter 60 mimates of mcubation. In this

prepéaration, production of PGFeay with a 1arge protium content can be

accounted for simply by the dilution of the added [“Hgl-arachidonic acid,

by the‘endogenou,e arachidonic acid released post-mortem. However, the

deuterium to protium ratlo in the PGF:a may not be d.lrectly compa.ra‘ble

to that of the a:cachldonlc acid since an isotope enrichment of the' product

can ocecur during its biosynthesis.-from a mixture of [ 238] and [1H8]-

R PN e

" -araehidonic acid, as observed with sheép seminal vesicle microsomes (115).
Theoretical calculations (see appendix C) suggest that the deuterium
labelling of the PGFaoq formed by rat cerebral cortex homogenates could be
enriched by approximately 200%. Therefore, the precursor pool used for

PGFs o may not correspond to the total arachidonic acid fraction.

Since prostaglandin synthetaBSe is”a membrane bound enzyme in brain
and since at least 96% of the exogenous and endogenous free arachidonic
acid was tissue bound in the homogenate, compartmentation of the précursor
in this preparation could occur at the level of the subcellular membranes.
That subcellular fractions from rat brains can maintain separate free
fatty acid pools has already been indicated (see page 9l ).

The experiments where { 21;8]-arachidonic acid wag used as é. precursor
of PGRea indicate that the fatty acid enters cortex slices with diffi-
cultyz gresulting in a poor labelling of the PGFo o found within the tissue.

.On the other hand, the prostaglandin synthetase present at the damaged

surfaces of the slice has a ready access to the labelled precursor. No
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£

complex lipid was :E‘ound to act as intermediates in the transfer oi}

exogenouls arachidonic acid to the prostaglandin sﬁthetue system.: In

the homogenate, the endogenous and exogenous arachidonic acid,appear to

be equally availg&gﬁo the prostaglandin syntheigé,se. 'However, compart- ;
mentation of the free arachidonic acid used for PG o Pynthesisw in the A
homoge:-nate may ha've been masked by a significant iso%op; enrichment, J

effect, in the conversion of a mixture of [2H8] and [1H8]arachidonic acid

to PGFagq. The greater part of the endogenous free ara.chid%nic acid

present in rat cerebral cortex tissue during the inct}bations'_appeared ;

rapidly after decapitation. T .

5
°

C) Drug Induced Convulsions end the Production of Prostaglandin

‘Endoperoxide Derivatives in Rat Forebrain

y -

‘fhe present experiments suggest that a relationship exists in vivo

between the appearance of free arachidonic acid and the production of
PGR: o Dut not of thromboxane Bz in rat cerebral hemispheres. The very - v

rapid accumualation d subsequent disappearance of PG endoperoxides . .

during me}ra.zol%on', sions suggests that these compounds a,re' rapidly
converted to PGFsa/nder these conditions. _ However, in vitro there is ‘ /
accumilation of thromboxane Bz as well as PGFaar in hrat cerebral tissue

Qand the production of quth compounds is sti‘mulaia:ed ‘by @epinephriﬁe
(47,238). The dissocation of the production of PGFag and thromboxane Ba
during drug induced convuls'ions raises the 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 druge stimulate -
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sdpécifically the prostaglandin isomerase and a reductase. Increased
levels of PGR: as well as PGFoor follQwing metrazol convulsions have
already been reported for rat brain (252).

P{e observed a large increase in the amount of PGR o forx;:ed between

t v

15 and 75 seconds of metrazol convulsions. A post-decapitation period

" of 75 seconds did not increase PGR:g levels above the unstimulated in

vivo levels. On the other hand, the production of PGF:q by cerebral

hemispheres of rats given convulsive doses of carbachol was not decreased
by ether anesthesia which prevented the respiratory difficulties and §
consequ:ené hypoxia associated with generalized s?izures. Thus, the

incx:easg‘d amount of PGfba in rat brain may be a direct consequence of

. the action of the convulsant drugs on brain tissue rather than due to

a modification of blood circulﬁation and breathing.

The levels of all free fatty acids were much higher at 75 seconds
post-decapitation than at 15 and 75 seconds of metrazol convulsions or
30 mimutes of carbachol convalsions. Also,) ara?chidonic acid was released
with g'reater gelectivity during carbachol convulslons than during post—
decapita,tion ischemia. Similar observations have been made in heart
where bradykin induced a smaller, more specific Arelea.se of ara;:hidonic
acid than did ischemia (371). The difference between the amounts of fres
arachidonic acid released either durinﬁ carbachol or metrazol conmvulsions
and the increase of PGFeoa formed through the action of these drugs is
about 100-fold. Therefore,’ PGFz o synthesis does not affect significantly

the arachidonic acid pool size. Furthermore, the reduction of this pool

_ size by phenytoin is insufficient to 1imit PGF:o synthesis.

The neutral 1ipids may not be the source of the arachidonic acid.

’

released during drug induced .convulsions since their content in this

fatty acid did not decrsase significantly. However, hydrolysis of the

J
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diélycerideé may have been masked b} the activity of a phospholipase C
aensi-t'-,ive to cholinergic agents.

It been suggested that cAMP levels may regulate the a.ct;{vity
of brainﬁospholipases involved in the-release of fatty acids (275).

This hypothesis is supported by the fact that the cAME? content of brain

is :increasad after electroconvulsive shock-and post-decapitation ischemia
(372). Phenobarbit'al inhibits the increase in%cAHP_ which occurs following
decapitation in rat brain by approximately 50% at 2 minutes post- mortem
(372). However, the fact that this drug had no effect on the post~mortem
release of fatty acids in brain except for a small decrelase in free
arachidonic levels does not support the a:bove hypothesis. Furthermore,

the amount of free fatty acids in rat brain was not increased significantly
by intraven%ricular injections of adenosine (unpublished results) or of
convulsive doses of dibutyryl-cAMP (275).

The effectijreneas of phenytoin in inhibiting fatty acid release ‘may

be rz;lated to its ability to bind brain proteins and phospholipids and/or
its ability to increase the binding of calcium to phospholipids (3739.
The 'increased binding of calcium to phogpholipids caused by phenytoin may
play a role in the effect of the drug on fétt;y acid release since the
activity of some brain phospholipgses of the A type may be; dependent on
divalent cations (311). Phenytoin does not seem to affect the release of
palmitate. This siecificity in the effect of the drugs is not r‘ea.di],y
expl.a:i:ned since in vitro phenytoin binds more strongly to dipalmitoyl than
to distearcyl lecithins (373)-

The administration in vivo of metrazol and carbachol in convulsive

doses caused a preferential release of arachidonic acid in rat ge:;ebral

LT T e g - . ™ - e e SN
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hemispheres. This arachidonate appears to have' been directed towards
PGfba (and B ) synthesis at the expense of thromboxane Be production
under these conditlons Phenytoin was much more effectlve than pheno-
barbital and diazepam in inhibiting the release of fatty acids which

-

occurs upon decapitation in rat brain.




B, s s amen e R IR et e Y

’ 102.

APPENDIX A
The Choroid Plexus: A Major Site of Incorporation of Arachidonic #Acid
Into Triglycerides of Rat Brain

» INTRODUCTION

/

The‘t.riglycerides of mouse and rat brain have a mch faster turnover
rate and a mich higher specific activity than the phosphoglycerides
;f.‘olloy'ring the intracerebral injection of labe}led palmitate, olea}:e or
arachidonate (296,348,374,375). The difference in the apparent metabolic
pattern’s between the triglycerides and phosphogylcerﬁides raises the
possibility that in certai."'brain regions or cell types, uthe fatty acids
of triglycerides undergo a particuia.rly rapid turnover. This idea is
supported by the finding that the rabbit c}iorc;oid plexus has a high capacityl
to incorporate tritiated palmitate in vivo and in vitro (376). |

The capacity for incorporgtion of arachidonic acid into triglycerides
and other lipids by rat whole brain and choroid plexus was studied using
intracerebroventricular injections of non-trace a.n;ou.nts of [ 2H8]-a:r.'a.chidonic
acid. The labelling of brain lipids with the deuterated fatty acid was
measured by gas chromatography-mass spectrometry. Trace amounts of [BHSJ-
a:rfachié.onic acid were used to study the rates of incorporation amnd turn-
over of triglycerides i the above tissues. The amount and the fatty acid
composition of triglycerides in rat forebrain, cerebral cortex and choroid

plexus were also determined.
MATERTALS AND METHODS

[338]-ara.chidon[ic acid, L.5uCi, was administered to male Wistar rats

'(250—3503) by intracerebrovenﬁtriculax; injections as described previously

(page 34). The rats were decapitated at 20 seconds, LO seconds, 1 mirlmte,.

,
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20 mirmtes and 60 minmutes following injection. Also, injections were done
directly into the cortical tissue. The needle was stereotaxically placed
at a depth of 1mm in the parietal cortex and at an angle of 23°. After
the injection, the needle t;as kept in the tissue to prevent back-flow of

the solution. Alternatively, [238]-arachicio ic acid was given intra-

ventricularly fn 5 successive injections of 5pl each at S minates of

~
interval. Each of these injections contained 25pg of the deuterated fatty
acid. The rats were decapitated 5 minutes after the last one. Unoperated
rats were also decapitated and their brains dissected to determide the

i o

amount and the fatty g,cid composition of the triglycerides in the forebrain,
cerebral cortex and choroid plexus. The vpost—mortem time required for the
exision of the whole brain was 2 minutes. A further 3 minutes was required
for the dissection and weighing of the choroi;'i plexus or of the cerebral ’
cortex. /

Brain lipids were e:;traqted with 20 volumes of chloroform: methanol,
2 ¢+ 1 and the fx‘-ee fatty acids, triglycerides, diglycerides and phospholipids
were separated by column and thin layer chromatography (page 36). Measure-
ments of the deuterium to protium ratio in the a{rachidonic acid from the
sbove lipids was done by gas chromza:t:og.v:'.a,phy-maasi spectrometry (page 55).
The radicactivity in the triglycerides was determined in 7‘ scintillation
spectrometer (page LO). The fatty acids hydrolyzed f:\.‘o‘m the triglycerides
of \rat whole brain, choroid plexus and cerebral cortex were separated and
quantitated by gas chromat%graphy (pege 4O). The weight of the triglycerides
was derived from that of its total é‘atty acids by the method outlined by

Litchfield (377). ‘ )
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; RESULTS AND DISCUSSION | d
| _

T}ie cﬁoréid Plexus from the lateral ventricle showed a.I considerable
incorporation of non-trace amounts of deuterated arachidonic acid to tfzé )
triglyceride frao:ti'on (Table 1). Fur%herinore, the labelling of the
triglycerides from whole brain and choroid plexus greatly exceeded that
/;/f any of the other complex lipids.  The deuterium to protium ratio in the
¥ree arachidonic acid of whole brain decrea.sqd with pola\t—mortem time
probably as a r;sult of the _releaée of endog[anous arachidonic acid from
complex lipids which occurs upon decapitation.

The graph of radicactivity against time (figure 1) shows that the
incorporation and decay of radiocactive arachidonics acid in whole brain tri- )
glycerides para,lle]:a that in the choroid plexus triglycerides. Furthermore,,
the triglycerides of the cho;nroi“d Plexi from the lateral ventricles contained
_1/3 or more of the counts found in whole brain triglycerides 5 and 20 minutes
after the labelvwa.s administered. Thus thigflipid i:rom the choroid plexi
probably accounts for a major component of the time course curve of incorpora-
tion of a.r/'a.chidonic acid in the triglycerides of wholé brain following
intracerebroventricular injections.

The intracortical injections (Figure 2) show that the triglyceride pool
in this drain area can also readily incorporate arachidonic acid. ' The
maximum specific activity of t}ie cortical triglycerides reached with this N
method of injection is comparable to)that reached by the triglycerides of
whole brain after the intraventricular injections (8.5 and 3.9 x 106c§m/pmole'
020= L respectively). However, the: maximum specific activity of the choroid
plexus triglycerides was 70 x 106cpm/pmo,19 Cops L after intraventricular

injections. ) .-/
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TABLE 1
INCORPORATION OF [2H8]-ARACH]JJONIC ACID INTO RAT BRATN LIPIDS

| Arachidonic Acid [238]/[1118]

Lipid Whole brain Choroid Plexus -+
Triglycerides 0.29 @) 4.0 '\
Diglycerides 0.01 - .
~ Free arachidonic acid’ 0.62 - -
Phospholipids 0.01 €2) 0.10

i ©
i

1

Each value represents one dete;rmination VULESS (PDICATEN OENERW IS E
[Hg]/{"Hy] in whole brain 1ipids was deternined at two minutes

post-mortem. [
[2 ] 1 ] . . - ; .
HB /[ H8 in choroid plexus lipids of both ¥ateral ventricles was
determined at 5 minutes post-mortem.
The rats received 5 successive intracerebroventricular injections

of 25ug [“Hgl-A4 in 5ul of buffer at 5 minutes of interval.

1The [2118] /[138] ratio in the FFA's of whole brain was O. 33 when

determined at 10 minutes post-mortem. I
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Figure 1: Time course of Intrav)entrj[.cular ;[ncorporation of [358]—Arachidonic
Acid into Rat Brain Triglycerides.

Rats were injected intracerebroventricularly with approx. 5woi of [JHgl-
arachidonic acid described in the text. The full circles represent the
radicactivity determined in the whole brain and the open circles t‘ﬁe radio-
activity determined in choroid plexi of the lateral ventricles. Each qhoroid

plexus weighed approx. 1mg (wet weight).
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o)
Figure 2: Time course of Intracerebral Incorporation of [3H8]-Arachidonic
Acid into Rat Cerebra.l Cortex Triglycerides.

The Y-axis on the left is used to indicate the radioactivity recovered

in the triglycerides from 100mg of parietal cortex on the injected side.

/
Coy The Y-axis on the right is used for the specific activity of the arachidonic

acid in the triglycerides. The x-axis répresents the mimtes elapsed |
between injection and decapitation. Rats were injected with approx. SuCi
of [’Hgl-arachidonic acid into the parietal cortex as described in the

K

text.
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Interestingly, the peak incorporation of arachidonic acid into the
triglycérides occured at 20 minutes after the intracortical injections but
/fat 5 minutes after the intraventricular injections. This could result from
the fact that the label, when given intracerebrally, is available for a longer
-period than when given intraventricularly. In the former qé;e,A 8% of the
counts found at 20 seconds in the cortex remained after 5 mimites. In the
case of the intraventricular injeoti‘ons, less than 60% of .the counts found
at 20 seconds in whole brain remeined after 5 minutes. .
The composititybn for the unsaturated fatty acide is markedly different
in forebrain and cerefbral cortex triglycerides compared to choroid plexus
(Table 2). The first two tissues have a higher percentage of arachidonic
acid than eicosatrienoic acid while 'in the latter, the siutation is reversed.
However, standards of docosamonoenoic acid co-chromatographed with w-6 eico-
satrienoic acid and a contribution from the former fatty a.cid,to the eicosa-
trienoic peak canmnot be excluded. The choroid plexus tr/ie‘lycerides also
contair;ed mich less docolahexaenolc acid than that of the forebrain and
cerebral cortex. Approximately 30 times more triglycerides per mg tissue.was
found in the choroid plexus tha; in the forebrai}’a tissue or the cerebral cortex.
The choroid plexus had l.25ugTG/mg tissue, the forebrain, 0.11ugTG/ng tissue *
0.02 (3) and the cerebral cortex, 0.13rgTG/mg tissue % 0.01(L). The ﬁercent’age
of arachidonic acid in the triglycerides of the choroid plexus increased tc;
T% following repeated injections of ::he fatty acid (see Table 2).
The pre;ent in vivo studies have uncovered a concentrated and highly
metabolically active triglyceride compartment in the choroid plexus of
rat brain with a rapid turnover rate, & very large capacity to incorporate
arachidonic acid and a distinct fatty acid composition. This triglyceride pooi
makes a major contribution to the time course of incorporation of arachidonic
acid into tqriglyceridea of whole brain following intracerebroventricular

injection of fatty acid. | N
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TABLE 2

Fatdy Acid Composition oi}~the Triglycerides from Different Regions of

e T Rat Brain
, ‘ Area % ,
Fatty Acid _ Forebrain (3) Cortex (L) Choroid Plexus*
Myristate (1L : 0) ‘ 2.3 %0l 2.2 £ 0.5 559 ;
\ Pa.lmita;ce (16 : 0) L4o.3 £ 2.8 3.2 4.3 - 36.8 4
Stearate (18 : 0) ° 15,2 % 0.9 © 1kl F 1.1 17.8
Oleate (19 : 1) 22, *1.6 20.0 * 1.7 22.0 “\"j
Linolenate (18 : 2) 5.7 1.3 4.5 09 9.8 i
_ **Bicosatriencate (20 : 3) 1.1 £0.7 2.0 £1.2 4.0
Arachidonate (20 : L) L.8 % 1,0 9.5 * 0.5 1.8 -
Docosahexaeno:;.te (22:6) 8.2 1,6 12.2 £ 1.2 1.9 ’

ANg

#*Choroid plexus from lateral ventricles of 6 rats.
Forebrain was obtained from heads li“rozen in liquid No upon decapitation.

Choroid plexus and cortex lipids were extracted 5 minutes post-mortem.

Arachidonic acid in‘ choroid TG's increased to T% following the successive
) i

intracerebroventricular injections of 5 x 20pgAA in 5pl of buffer each at | i

\

- 5 minutes intervals.

T

#¥Retention time on silar 10C columms corresponded to that of the W-6

Q
isomer. Peak may contain docosamonoencic acid.
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APPENDIX B “ | |

i - . A
Theoretical La})elling of PGFe g Calculated from Rate of Entry of [2H8]-

Arachidonic Acid into Cortex Slices

: Siﬁce PGFza is produced at a constant rate by brain tissue for

- » incubation periods of up 'to 60 minutes and is not significantly metaabolized
(h‘f), its D/H at any given time will be equal to the average D/H of the
precursor over the time period; of ix;cdbation.- To obtain the average D/H
in a possible precursor pool, we plo{:ted the D/H ratios‘ in the’ freeh
arachidonic acid of washed cortex slices versus incubation time (Figure 1).
The ratios were measured after 0, 5, 15 and 60 minutes of incubation in

°

the presence of [2H8]—ara,chidonic acid under the same conditions as
Ty

odescribed before (Table'w. page 81). The area under the curve divided

by the total time of incubation will give the average D/H of the precursor

over the 60 minute time period.

We msy divide the D/H in precursor versus tfime| curve into 3 seguents
bound by the experimenté.l points, The segments may beadescfibeé approxi-

mately by linear or logarythmic func‘l’:ions:

for ‘the first two segments; D/E = m,t A (1)

-

for the third segment; D/HE'= A\ln t ) . . (2) J‘av%?

VWhere D/H is the value of tle ratio in the precursor at some ,
f ) v |
1 , / ' ) ‘ . ) b4 -

4
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-

The curve relates the deuterium to protium ratio in the
free arachidonic acid fraction of washed ra&l; cerebral cortex
slices with incubation times. The slices (0.5 mm thick)
were incubated up to 60 minutes in the presence of 25ug of
[2Hg)-arachidonic acid per 100mg tissue fresh weight. After
incubation, the s!iiées'were wa:shed by re-incubation for 5
minutes in buffer containing bovine serum albumin (molar
ratio 5 : 1 t6 total free fatty acid of slice). The values

L

at O and 5 mimites are the average of 2 determinations and

at 15 and 60 minutes the average of 3 determinations.

[
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point within a segment. The area under the curve could then be given by:

j=2 t
A= [12 1/2 (D/B, + D/E, ) (t; - ti_1)J+[ Min t-1)t] 3 (3)

Wheré the last tei-m in (3) is the finite integral\ of Mn t. 1)/Hti is the ~
value of the ratio in the precursor at the upper boundary of the ith time
segment; the value at the lower boundary is éenoted by D/Hti-1' The value
of )in equation (2) was calculated as follows for the third segment:
A=1/2 C(D/Hti_1/1n ty 4+ ( D/Hti/ln t;)] = 0.06

The value of the deuterium to protium ratio obtained from equation
(2) with A= 0.06 was 10% smaller at the lower boundary and 10% 1ar‘ger at
the upper boundary when compared 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) with A= 0.06.

If the total free arachidonic acid fraction in the slice (is the sole
precursor pool of PGFea synthesis, the expected deuterium to protium ratio
in the latter product after 60 minutes of incubation would.be given by:

c /

— 6
A/t = 1/60(1/2[ 0.07x5141/200.18+0.07]10 + [ 0.06(1n t-1)t] y
, 1

0 .
) = 0.17

(
However, the D/H of the PGFea produced by the slice was 0.2 after
.60 mimites of incubation in the presence of [°Hg)-arachidonic acid. The -
discrepancy between the observed value and the expected value suggests that

the total tissue-bound unesterified arachidonic acid may not be the only
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precursor pool used for PGFe o synthesis by rat cerebral cortex slices. On
the. othfer hand, the difference may result from the enrichment in deuterium

of the products over the precursor (see appendix C).
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APPENDIX C
Estimation of the Enrichment in Deuterium of PGFoar Relative to its

Precursor in Cere/ﬁfﬂl Cortex Tissue In Viiro

The ratio of PG endoperoxide products which require carbon to‘
hydrogen bond bréa.king to those that do not ‘requiré it for their
synthesis determined the degree of enrichment in deuterium of PGFRea
;‘elative 'to a précureor mi;ctu.re ;f arachidonic acid and octadeutero-
arachidonic acid (115). In brain, the major PG endoperoxide products
requiring carbon to hydrogen bond b/rea.king for their synthesis are PGEp
and PGDz (h7,239). PGI2 production appears to be low in this tissue !
(28,38,41). The ma.,j'o‘r products not requiring carbon to hydrogen bond
breaking are PCFea and Txis (L7,238,239); hydroxyheptadecatriencic acid
is not detected in brain (238).

A curve relating the product ratio to the percent enrichment of
PGFzr in deuterium (Figure 1) was made using the data! of Woldawer and
Samielsson (115). T These authors worked with sheep seminal vesicle
microsomes and the product ratio which they used was PGEs + PGDz to PGFea !
/n- HHT. Since the above tissue was incubated in the/ presence of glutathione,
PGIz would not be formed in significant; amc{unts (378). The production of :
TxA> by this tissue could not be demonsl'trated (379).

The PG endoperoxide product ratio for rat lzra.in homg;genates was
calculated- from “the data of:e Abdel-Halim et al (239). Th;e homogenates had
been kept at room temperature in phosphate buffer for 18-45 mimutes. The
PGEs + PGDz to PGFha + TxB ratio was 3.07 in th:?.s case. The curve of |

Figure 1 indicates that this ratio would correspond to more than a 260)6
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- The curve relates the product ratio PGEs + PGDz to
PG&Fé'fa + HHT and the percent of ‘deuterium isotope enrichment
in the PGF: o produced by sheep seminal vesicles incuba.ted in
the presence of a mixture of arachidonic acid and octadeutero-

arachidonic acid. The curve was derived from the data of

Woldawer and Samuelsson (115).
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1

deuterium enrichment in the PGR: o relative to its precursor pool of /

arachidonic acid.

In our experiments, the deuterium to protium ratio in the PGRaa
produced_’?:y homogenates of rat cerebral cortex slices incubated for 60

minutes in Ringer-Glucose-Bicarbonate buffer was equal to the ratio
found in the total free arachidonic acid fraction‘. Since a 1arée isotope
enrichment of PGFegy is lZely to have occurred as seen above, the preéursor
pool used for PGFaa synthesis may not correspond to the total arachidonic
acid fraction. However, different incuba‘lzion conditions will result in
different ratios of PG endoperoxide prodqcts. ’ljhus the magnitude of the

isotope enrichment of PGFoa must be determined for each situation.
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S
CLAIMS TO ORIGINAL RESEARCH
1- Pre-labelling of rat brain lipids in vivo by intracerebroventricular

injections of EBHBJ-a:cachidonic acid Bas been used to identii‘y the origin
of the arachidonic acid released post-mortem in this tj'.ssue. !

)
2~ A mixt;lre of phospha‘t;idylcholine,' phosphatidylinositol and phospha~
tidylethanolamine has 'beeq implicatgd as the’ma.jor souxce of the ara.chid/onic
acid released post-mortem S,n rat forebrain, Phosphatidic acid ha.nd phospha-
tidylserine have been exclu\ded as significant 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 microsomal fraction prepared from

rat forebrain. i

3- Comparison of the deuterium to protium ratios in the prostaglandin
Fea to those in the arachidonic acid of various lipid fraction frém rat .
cerebral cortex slices incubated in the presence of [2H8]-a.rachidonic acid
has Dbeen used to study the compartmentation of the arachidonic acid available

to the prostaglandin synthetase ;of this tissue.

<
~

4= A staendard line has been made for known amounts of [ 2H8]-prostaglandin
Foa versus the amounts measured by gas chromatography-mass spectrometry
using fzﬂh]—prostaglandin Foa as internal standard. This line was used to
quantitate ’th’e [ ZHBJ-PGFha produced by rat cerebral cortex slices and

homogenates from [2H_8]-a;'achidonic acid.
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G- It was ‘shown that ‘exogenous arachidonic acid penetrates poorly into

rat cerebral cortex slices. However, the use of exogenous araghidonic acid

7

by the damaged surfaces of cortex slices to produce prostaglandin For as
well as the stimlation of the prostaglandin synthetase at that location by

¢

norepinephrine has been demonstrated.

6- A probable isotope enrichment effect suggests that endogenous
arachidonic acid is preferentially used for prostaglandin Faar synthesis in
the homogenate of rat cerebral cortex although the deuterium to protium

ratio of the tot}a.l free arachidonic acid was similar to that of théj prosta-

glandin Feg in this preparation. .

.
/

o No complex 1lipid was found to act as an intermediate in the delivexry

of exogenous arachidonic acid to the prostaglandin synthetase of rat cerebral

cortex in vitro. -

8- The level of_ the major free fatty acids in rat cerebral cortex

slices has been measured at various times post-mortem and arachidonic acid

was found to be released initially ai\ the fastest rate.

\
9-  The selective release of arachidonic acid in rat forebrain during

/ carbachol induced convulsions has been demonstrated. A correlation has
‘ |

been established between t}rxe release of arachidonic acid and the synthesis

oi'qprostaglandin Foor but not thromboxane Be by rat forebrain during drug

induced convulsions. Under these conditions, the production and disappearance

of the prostaglandin endoperoxide were very rapid.
|
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10~ It was found that phenytoin decreased the post-mortem levels of
free arachidonic acid and stearic acid in rat forebrain when injected

intraperitoneally in vivo.

11- \‘I'he choroid plexusl vas established as a major site of incorporation
of arachidonic acid into rat brain trigl%’cérides following intraventricular

injection of the fatty acid. The choroid plexus triglycerides had a fatty

acid composition distinet from that of forebrain and cerebral cortex.
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