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Biosynthesis of Prostacyclin in the Rat Cerebral 

B~emistry 

Hicrovas~tur~ , 

ABSTRACT 

Hicrovessels, predominantly capit'laries, were isolated from rat 

c~rebrum by a mod if i cat i on of pub 1 i shed procedures: Th~ morphology 

and purity: of the preparations were monitored hy IIght- and electron-
, 7 • 

mtcro~copy and by enrlchment in alkaline phosphatase and y-glutamyl-

transpept i das.e. A reversed-pnàse hi gh pressure H qu i d chroma..,tograph i c 
, 

method was used ~n the analysis of prostaglandins after extraction From 
1 

aqueous incubation solutions. The endogenous biosynthethic capacity of r 

the' 1 solated cerebra r cap 1 llary fract ions for prostacyc 1 in measured . 

as Its c,hemically staBle breakdown prod,:,ct: 6-keto-prostaglandin Fl~ 

" ~ 
'was 11 ng/mg protein/l0 min •.. Chorold Plexus and intact surface vessels 

..J 

synthesized 6-keto-~rostagla~dln Fl~ at 37 and 3yng/mg protein/IO min 
, , 

respectively. The prostacyclln synthesizing enzymes' of the cerebral 

capl11aries· also ct>nvertéd the exogenously added prostaglandin endo-. 

peroxldes.to 6-keto-prostaglandin FI., • Comparison of the synthests' of 

" prostaglandtns 6-keto-Fl.,.. ,E2 and F2t!r showed that 6-keto-prostaglandin 

FI .. was othe major prt?staglandin formed in the mlct"ovessels, in the 

larger surface vessels and ln the choroid plexus. Prostaglandin D2 . 
was, not detected. Endothelial prostacyclin synthesls by the cerebral 

vasculature is slmilar to tnat in other blood vessels and cultured human 

endothel ial èel1s. Prostacycl in in the cerebral .mlcrovasculatoure, 

includlng the choroid plexus, may play an important physiologlcal role 

particularly ln relation to cerebrovascular antithrombogenesis and . . 
regulation of cerebral perfusion. The avallabilitx of metabolically active 

microvessels opens up new vlstas il\ the study of the cerebral mlcrocirculation. 
~ 
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RESUME / 

., 
~~' , 

I:es mtciovais~'eaùs< prlncipalement"~es capt1faires.'du cMeau 

"du rat, étaient isolés par~diflcatlons 'des procédures <publ,iées. 

La morphologie et pureté des ées préparations étàJePJt vérifiées par 

microscopie optique et électronique, de même,Slue pa( l'enrichissement 

'en l'alcalinephospbatas.~, et le transpep~idase y-glutamique. Une 

méthode chromatographlque de 1 iqulde à haute pression est u'ti t'lsée 

pour analyser des prostaglandins apré~ l'extraction d'une splution 

aqueuse. La capac i té b t osyn thé tique endogène de ce~ cap 111 a t res 

Isolés pour la prostacycllne, mesurée comme le produit'stabl~ 6-

I~J keto-prostaglanifin Flf. ,est Il ngJmg proté1n/IO ~in. Le plexus 

choroldlque et les vaisseaux superficiels produisent 6-keto-

, 
" 

} 

prostaglandine Fl_ à 37 et 35 ng/mg protélne/IO min respective" 

ment. Le système enzymi que des èapi llà ires cérébraux peut 'éga lement 

transformer les endoperoxldes de prostaglandine a 6-k~o-prostaglandin~ 

'F'4- Comparaison entre 1 a synthése des prostaglàndi nes 

~n; 
,6-keto-FI4 ,E2 et F2# a démontré que 6-keto-prostaglandine ~l'" 

, 

étalent la majeure prostaglandine produite par les mierovalsseaux, 

les vaisseaux superficiels et-le plexu,s c~oro,lalque. Le taqx syn­

"-

\li' 

thétique de prostacycl tne par les parties vasculaires, du cerveau, 
, . ~ .. 

"est similaire a celle des autres vaisseaux de sang et les cellules 

endotbél falles humatnes en ~,ulture. ' Prostacycl ine dans la micro-
l 

vasculature du cerveau pourrai t. aval r une importante fonct IDn phys 10-

logrque.plus particullérement en relation à la prevention de thromboses 

cérébrales et la regulatlon de la mlcrocircu)ation dans le cerveau. 
!' 
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J Chil'pter 

1 NTRODUCT 1 ON 

tJ "'"' 
A. Historical P~rspective of Eicosan.,lds. 

1. Clas~lcal ProstaglaridJns 

Coping wlth the blomedlcal llterature on prostaglandins' and 

all.ied compounds has b~come an enormous and ahoost impossible task. 
~ f' 

ln recent years, prostaglandin resèarch has been one o( the fastest 
'~. W' 

growing fields at the center of moleeular blo.logy and cllnieal 

med ici ne. Th 1 s exp 1 os Ion of research 1.5 caused " not 50 much by the 
'1 

.( 

greater productlvi ty of modern i nvestigatdrs as compared to thel r 

predeçes~ors but Dy the gr,eater number of people fascinatéd by the 

potential of these compounds in normal a,nd aberrant physlology and 

pharmacology. The har:blnQer of thls remarkable sclenti fic develop­

,.ment was the dlscovery, ln 1930, by American gyneco1ogi sts Raphael 

Kurzrok and Charles C. Lleb that strips of uterine muscle tissue 

\ eontracted when exposed ,to seminal fluld (1). ThIs phenomenon had 

also been observed ln uterine tissue during ~arly attempts at 
, , 

art i fi'clalinsemtnat ton. Unfortunately, 'due to the lack at that time 

of adequate pharmacological tools, the sfgnlficance of that initiai; . 
observation was n~t explored and the ftndlngs had little impact 

and were ffled away. A few years later a Swedish researcher Ulf S. 
) 

, . 
Von Euler and an Engllsh scienttst Maurice W. Goldblatt Indep~ndently 

J ~ 

obse,rved that humaI"! semen and extracts of sheep vesicul ar glands 

contained factors that contracted Intestinal and uterine smooth 

muscle and lowered arter~al blood pressure in laboratory animaIs 

(2,3) . 

, 

1 

'. 
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Von Euler ,(4) had been studying hormo~n..~ blogenic amines 

in seminal fluid at the tlme of his dlscO~ery(and was able to show 

that tliese potent blJologlcal activitles were attributable to acidie 

llplds whlch he thought deri-ved trom the prostate gland. ,'He ther:e-
" 1 J 

fore proposed the '~ame Iprostaglan.~~'ll~," for thes~ sUb$t"~\ces (4). 

ln retrospect one can accumulate many examples of slmllar 'blb'Jogical r- , 
v 

actlvltles wJth varlotJs names whtch are now known to be due to 

mfxt~res of prostaglandlns or prostagland 1 n-Ilke constl tuents. 

Amongst j:hese are Darmstoff. intestInal stimulant acld ltpid, Iri'n, , , 

menstrual stImulant, vasodepressor llpld, medull in, slow-react'ing 

substance C, and unsaturated hydraxy fatty acld fractions from 1 

6raln (S). 

Little furthe; progress wasllladEt ln this fi~ld during;the'next 
, 

two decades due to lack of ~naytical -.matnodologies and l t was nQJ" , 
~, 

, 
untll Von Euler approached Sune Bergstrom of the Karolinska Institute 

that work was re~ived to elûcidate ,the chemleal nature of prosta-. 
glandins. In the l~te 50'5 and' early 60' s hundr~ds of ki lograms 

ofves.icular glands, fromyoung Icelandlc sheepwer.e collec;,t~ .. ~ to 

give a moderate quantity of materlal for purification ~and structural 

analys i s. 

When ftnally, isolation of crystalllne material was P9sslble 
, l 

it became apparent ,trat prostaglandin was actuaily a fami ly of 

compounds wlth unIque but closely related structures, 

The flrst prostagJandins t~ bé,~ descri bed were prostaglandi n E, 

(PGEI) and prostaglandin.Fl4. ,(P,GF1.,. ) (6). The 1 etters E and 
... 

o 

F in 

1 
", 

\ 

" \ 
" \ 

~. \ 

, (, :-,y 
" 
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1 

\ 

" 
',~ . 

D 

) 

- 3 -

PGE and PGF refer to an' earl jer; findlng that he E and F compounds 

could be partlally separated b extraction wiith Ether from phosphate 
- • 0 

(Fosfat; S~edtsh) buffer. PGE compounds are extracted preferential- t 

1 Y t n to the 1 ess \"X> 1 a r ether p ase andl P~F compounds rema t,n 1 n the 

IIlI,)fe polar phosphate buffer. 

prostaglandlns were charaçterl 

afterwards a group of six "prlmary" 

by Bergstr~m and coworkers (5) and 

a ptcture appeared of the gene al chemlcal structure of the prosta-
.... :;: 

glandins. All 'sl~ prostaglandlnli had a twenty (ei«osa -) 9,hrbon 
t~ 11 , 

skeleton contalnlng a cyclopenta,ne ring Involving carbons numbers 

8 to 1'2: Tilh ring has substlt ents of elther hydroxy-or keto-oxygen 

functlons at posfti6ns 9 and 11 dependlng on whether the prostaglandln' 
G Î 

w,s of the E or the F type. The 'Sasle str;ucture also tncluded a 

C-15 "hydroxyl group and a carSo yll~ aci.d function at poslt,jon one. 
t 

Three series of prostaglandlns, \deslgnated by subscrlpts 1,2,3 were 
1 

recognrzed. T~ indtcat~d ~e degree 'of 

hydroxy-octyl--and carboxy-hexyl ~ i de ~ha Jns. 

un~a tu rat Ion of the 

, 
ln "ail natural'09 PG1,s t?e carbpn-,car~n double bond ~t the 13 

position Is always trans whereas in' the prostaglandln 2 and 3 series 
, ~ l " ,... -

the addltll:>nlll double bonds·at the 5 and 17 position are ln th!! "Cis 
,- , ' 

eonfl~ratlo~. A s~coJld suhscrlpt of " or lin the- deslgnatiori 
" \ 

of the F pr.ostaglari'd 1 ns refers(lto the ste r(!Ochet' i stry of_h~ si de 

çhalns wJt;h-respect to the C-9 hydroxyl group of the cyclopentane ring. 

" . ,-
A1Q1ost J.nrnedla"tely after the structures of the three series of 

:1 F' 1 ... ~ ',' f 

" 

, . 
prostaglandins wer.e~announc~~ thelr ~ins~ip wlth'certain essential 

i 
fatty aclds was apprec lated. .1 

o' PGE: and PGFi .. Dare f/rmed hy oxl dat 1 ve bi oconvers i on of 

8 II "Ii elcosatrlènoic adtd (homo-y-linolen'~c acid), PGEZ and 

'.' G "Q l' \\ 
,(" 

" 
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F2... fr2m 5.8~' 1,14 eicosatetraenoic acid (arachidonic acid)~and 
,-

PGE3 and PGF34-' :rom 5,8,11 ,14,17 ei~osapentaenoic acld. In 19,64. 

the relatlonshlp was pr~ven. Independently, by Bergstrom et 'al (7) 

ln Sweden and Van Dorp et' al (8) in Holland who achieved the bio-
. 

synthesls of PGE2 from arachidonic acld using mlcrosomal samples 
r 

from she~p seminal vesicles. Transformations of arachidonic acld 

iilto the various eicosanoids 15 shown ln Figure 1. 0 

, .. 
\ 

During the mld 1960 15, due largely te the efforts of chemlsts 

un r the direction of Elias J. Carey at Harvard and those working 

UpJohn under J.E. Pike, the total chemical synthesis 
, ...... -

the known prostaglandins was accomplished (9). The avall-

of adequate amounts of pure synthetic ,prostaglandins and 

the diS~Overy in 1971 by John Vane that aspiritl and related drugs 

prevente~ the biosynthesfs of prostaglandlns (1 ) gave~ strong 
\ 

Impet~s t~ research and launéhed an intense int rest ln these 

com~ndS'regard Ing the 1 r roI es ln fever. paIn a d 1 nfla","a' Ion. 

1 

2. Endoperoxldes 
i 

) 

\ " .. ', The fo~mation of an ~nstab)e cyclle endopero ide intermedJate 

\~~rlng the oxy~naJlon of arachl~ acld was post lated by Samuelsson 

in 1965 (11).\ Employlng 02 16., 021~ and mass spectro try he found 
o 

that both oxygen atoms présent on the eyclopentane rin of prosta-
r \ 

gl~dlns were derlvea trom the same,molecule of ~xygen. ~t was not 

untll almost teri years ~fte~ards, ln 1973, th~t Hamberg and Samuelsson 

(12) and NU9t~reb and Hazelhof (13), ln a series of elegant 

were able to identlfy and Isolate two labile Intermedlates ln 

conversion of arachldonic aeid to,prostaglandins. The two 
~ 

periments. 

nds 

. . 
---::-:-~----------- .. -----... ~ .. 
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1 . ' Scheme of Transformations of Arachidonic Acid. 

1. Fatty acld cyclo-oxygenase, (Prostaglsndiri-
endoperoxlde Synthetase) , ' 

2. Prostaglandln Hydroperoxldase (P~roxldase) 
,3. ~ndoperoxlde D-Isomerase 
4. Endopero*l~e E-Isomerase 
5. EndoperoXlde F~reductase 
6. Prostacyclln Synthetase 
7. Nonenzymat,lc Hydrolysls 

8-10. . Pros tagl and 1 n 15-hyd roxydehyd rogen,a se, 
Prostaglandl.n 13,14 reductase foHowed by 
Il and ~ oxl dat Ions , 

II. Nonenzymatlc Endoperoxld~ Cleavage 
12. Thromboxane Synthetase 
13. Nonenzymatic Hydrolysls 
14. 12-Llpoxygenase 
15. Hydroperoxldase {Peroxldase} 
16. 5-Llpoxygenase 
17. Hydroperox~dase 
18. Leukotr1ene A Synthetase 
19. Enzymatlc Hydrolysis 
20. Glutathione S-Transferase 
21. y-Glutamyltranspeptidase 
22. 15-LlpQxygenase 
23. Hydroperoxldase 
24. 14,IS-Leukotrlene A4 Synthetase 
20 Enzymatl c Flydrolysi s, ' 
26~ Amfnopeptldasé, y-glutamyl transpeptld~se 
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were otherwise identlcal dlffering only in the substituent on . , 

carbon.IS. The first derivative named' prostaglandi,n G2 carri~d 

a hydroperoxy group at C::15 whi le in the subsequent compound, . 
( 

prostaglandin H2. thls s.ubstituent-was reduced to a hyd.,roxyl group. 

With the demonstration of the existence of theselabile Intermedlates .. , 
a mechanism of prostaglandin bio~ynthesis was vlsualized. The 

initial step consisted of a lipoxysenase-like reaction in which a 

specifie hydrogen at C-13 

si mul taneous ly 1 somer i zed 

. II 
was removed, the 4 aouble bond was 

. 12 " 
Into the 4 . position, and molecular 
\ . 

oxygen (as (the diradical) was inser,ted at C-ll. Formation of a 
~ 

cyclopentane ring was a result of a second oxygen attackin~ at 
~ , 

C-15, with shlft, of the 4 12 double bond, and formation of a new 

bond'between c-8 and C-12 (12). These reactlons yielded PGG2 
" 

whlchwasthen reduced to PGH2- The chemleal'Jlalf-:-life of the 

prostaglandln endoperoxides in aqueous media ~as about 5 min (Iq) 
\ 

after whieh the cyelle peroxlde had opened to yield prostaglandlns 

E, D and F. In addition two compounds, 12-hydroxy-5,8.10-hepta­

decatrlenolc acid (HHT) and malondialdehyde, were identifled as 
t 

by products From fragmentation of- the endoperoxides. Three enzymle 
. " . 

actlvltl~s -were detected ln varlous rat tissues whlch converted 

" 1 .. Prostaglandfn endQperoxide - PGE2 Isomerase was present ln the 

partltulate fract Ion of sheep ves"leu,lar gland _ Prostagl and i n 

endoperoxlde-PGD2 Iso~rase (detect ln sorne rat tissues) was present 

1 n' the supernatant after centl"i fugat'I on st 100, OOOXg and thus 
1 
was 

, ; 

consldered a ,oluble'p.roteln d.lstinet From the PGE2 forming 'Isomerase. 
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Prostaglan~ln F2~ was enzymattcal1y.formed by a prostaglandin 

endoperox I:de.,. - PGF 2., reduc tase. 
l -

3. Thromboxanés 

'" 
Durlng the 1960's Vane anâ his col1eagues adapted the blood-

bathed organ techntqu~ [151 to the detection of prostaglandins in 

blologlcal (fluids, a contrf6utton of prime Importance for it 

al10wed the continuous menltoring of prostaglandins in blood as weIl 

aS,their quantification. tn 1969 Piper and Vane (16)· detected the 
\ 

release of an addlttonal substance durlng'anaphylaxls using sensltlzed 

gulnea-plg lung. The su6stance was a BPtent contractor of Isolated 

rabbi t aorta and was thus cal1ed "Rabbrt Aorta Contracting Substance 
<;-

or ReS", / Res was a la6t1e suo5tëtnce with a half-Ilte of 1-2 min ,i'n 
. 

aqueous buffer at room temperature whose release was stlmulated by 
,. 

arachldonlc acJd (17) and" inhiblted by"aspirfn-llke drugs (16). 
, . 

Because of these propertre~ it was suggested that RCS was an unstable . 
Intermediate in .the blosynthesis of prostaglandj'ns. Platelet 

aggregatlon .!..!!. vitro 'was also accompanred by the generati'on of an 

RCS, (JB). The half-l t'les Qf RCS (Jess than 2 min), and prostaglandln 
• 

endoperoxtde~ (about 5 minI .were dlstlnctly different. Furthermore,' .r 

the· relative potencres of endoperoxide versus RCS on platelet 

aggregatlng actlvi·ty and aorta contracttng activlty were also 

dlsslmllar (14). 
1 

workers 'to search 

. 
These observattons dlrected Samuels~n 

Ô' 0 

fo~ other substances with Res activity 

and éo-
. 

ir platelets. / 

ln 1975, Hamber.g, Svensson and Samuelsson (19) described the 

conversion of the endoperoxides into a new group of biologically , 
~ . 

active compounds. Due to the!r powerful thrombogenlc nature, their 

.tissue, specificity~() .e. t~rombocytes)· and their nonr';'prostanoid 

----_._------ ' 

, 
.# i 
. ~ , , ". 

" , 
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chemical structure, these c'ompounds were ealled "thromboxanes". 
, . 

The first thromboxane, thromboxane A2 (TXA2) ~as a highly unstable 

,inte,rmediate wttha half-Ilfe of 30 sec ~t 37°C which strongly 

eontracte.{j aortle strlps and induced platelet aggregatlon. Jhe 

labllity was, due to the bfeycllc ~xane-oxetane ring.structure. 

The stable nonenzymatic ~y4~lysls product was called thromboxane, 
' .. 

82 (TXB2) or, PEfD (19}. Before long i t beearne apparent that RCS was 
,.. • 1 

a mlxtùre of -malnly TXA2 along wlth sorne endoperoxide (20). The 
) -

hlghest 'conversion of endoper~ldes to TXA2 is il"! platelets and I~ng. 
~- .. ~ <'u 

A specifie thr~mbakàne A2 formlng enzYme, Independent ôf the cyclo-oxygenase 

aetlvlty, has been descrlbed and "partially characterized in human and 

" h6rse platelet mlcrosomes (21). The f~rmat iori of TXB I " from homo-y-
1~~ - - , 

Ilnole"nie ijcid, has been demonstrated,_~.y Falardeau et ,al (22). Conversion . , 
of PGH3 ln,ta TXA3 has recent\y' also been reported (23) •. ' 

4 •. Prosta~yclln 
'C 

Theevents l~adfng up to the {Inal chemical and b,lologl,cal descrlpth>n 

of yet another unstable el~osanold compound began as early as 1970 w~en 
. 

Pace-Àsclak and Wolfe (24) proposed a novel pathway of ara~hl90nlc acid . , , 

metaboÙsm occurrlng ln rat stomach. They ter~d thls pathWay the 6(9,>­

oxy cyclasepathway. Slxyearllatt!r, whlle ln search for thr.omboxane 

synthetase actlvlty ln varlous rabbit tlss'ueS'/Hon~ada et al (25) 

*' Isqlated an enzyme from the ml~rosomal fraction of blood yessels that 

transformed pros~aglandln endoperoxide~ Into.a labile substance whlch was 

a very potent Inht,b,ttOT of platelet aggregatlon and relaxed Isolated 

blood vessels. They called thls substance prostaglandln X and 

.. 

.. 

,\ 

. . 

• 
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showed that the formation of thjs unstable compound was the ' , 

. . 
predominant route or arachidanlc acid and endoperoiFde meta- . 

'4 

boris,m ln blood vessel walls (26). The on,l'Y other, ti-ssue tested 
o " 

in whlch PGX was the mai,n product from prostaglandin endoperoxldes 
a • • • ," /., 

'. was the fundlc p'art of the rat stomaeh (27). This flnding suggested 
'. 

that PG~ mlgh,t also b'e a'intermedl,ate in the 6(9) oxy pathway. 

Subsequ nt chemical synthesis of PGX'by Johnson et al (28) showed 

the str cture"Jof PGX to be equlvalent ,to 6(9).\oxy-ll, 15-dihydroxy' . 
-.; .... ~ . 

prosta..i ,13-dlenole acid or.6(9) oxy- 45-PGFIf.' one of the less 

abundant Isomer' Isolated ln 1971. This blologie.lly active pr~~~ 
~as then dubbed prostaeyclln and abbreviated PGI 2 (28). Prostacyclin 

\' 

.is a labile, bicytlic ether with a half-llfe of 2-3 min ln aqueous 

s01ution-at 370 C. Earlier in 1976, befo're the chemical synthesis 

of prostacyelfn was a,ceomplished''I>-Paee-Asciak reporte~ the Iso'lation 

of another product of the 6(9) oxy pathway (29). This compound 
, 

was Ident'tfled by mass spectrometry as 6-keto-PGfl~ (30). The 

relatlonshi'p, of 6-~eto-PGFI" tO'6(9) oxy~ 4 5-PGF 1., {Prostacycl in} 
, ~ 

was appreclated when i t was shown thàt 6-~eto-PGFI .. co~ld also exi st . ~ 

in a cyellc lactol form' (31). The 6-keto-PGF]f- was the s tab 1 é 

hydratlon produet of prostacycl,in which ls formed in a sequence of 
, 

enzymatlc reactions startlng From arachlèlonic acid and proceeding vlà·. 

the endoperoxlde~termedlates (tlg 2). 

A correspondlng sequence of,enzymatfc reactions converts 

eleosapentaenole acld into 4 1 Lprostacyel ln . (PGI3) and A 17_6-
, ' 

keto-PGFI .. (23L The dO\lble bond ln the 5 position ls essential 

,In the syrltJi~sts of pro'sta~ye1fns and 8,11,14 - picosatrienoic acid 

(homo-y1llnolenate) cannot be converted to a prostacyclin (32) • 

/ 

------------- - ------_ ........ -.\ 
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Rapid progress in analytical technology an~biologieal assay 

metho4s, applied ta prostaglandin research, have led ta the dis­

c~y, chemical eharacterization, a~doquantitatlon 'of numerous 

bioltgically active eicosanoids. The availability of such methods 

, -lJas enabled scientists to dlseern the metabol ie transformations of these 
.\ -A 

substÇInces and unravel their ènverse physiologleal and pharmacologieal t 

potential. 

ln the early years of researeh in this field most methods were 

based on the potent charact~ristle actlvlty ofapanieular prostanoid 
'V, , 

_ in some blologieal system. These were followed by êhemical and 

-" . physical "methods sueh as ultraviolet (UV) speetrometry, gas-liqufd 

chromatography wlth flame, ioni~atlon detectlon, and enzymatic methods 

utilizrng specifie prostaglandln dehydrogenases. 

~ Although these techniques were of value in detection. they were 

lacking adequate sensitlvlty and speclficlty ta differentiate and . ", 

qoàntltate the Inereasing number of fatty acid derived productp. 

, Setter techniques have recently gained widespread use. Radio-
o 

che~al meth~ds, gas-llq~id chromatography wlth electron capture 

detection, gas-llquid chromatography-mass spectrometry (GC-MS), high 
, t' 

pressure liquid chromatography (HPLC) with uv or radlometrlc detectlon, 

cascade superfuslon bloassay and 'radioinmunoassay are used. 

routfnely (33) ._i Radioimmunoassay Is today the most routinely employed 
. 

assay method in prostaglandin reJearch (34). It is inexpenslve and 

quick but relatively le~s specifie and accurate when campared to 

~ Ge-MS. The~efore, It Is essential' to validate where possible a radio-
---

.. 
immunoassay for a glven prostaglandin by quantitative Ge-MS (35). 

-
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GC-MS Is entlrely a ehemical and thus very specifie type of method. 
, 

Quantitative mass spectrometry wlth deuterl~-Iabelled compounds 
J , 

and multiple Ion detection Is presently the most aecurate 

and s'electlve method for prostaglandin analysis (36). It Is based 

on the addition to the sample of a known, amount of deuterated analogue 

wh ich acts as\ a carrier during the chromatographie puri fleat Ion steps 

and as an '.interna 1 standard,_dur i ng mass spect rometry. The sma 11 

quantlty of natural, protium form of the compound can be caTculated 

from the measured proportion betwe~n selected Ions of th~ protium and 
.1 

the deutér 1 um forms of the pur if i ed compoun'd. The presence of 
j 

characteristlc fragmentatton (Ta'ble '1) and prominent peaks in the 

mass spectru~ of the 6-keto-PGF1., derivatlve (Fig 3) makes possi,ble 

an optimal utiJ izatlon of the mùltip'le ion detectlon' system, (37). 

" The' combinatlon of thls quantitative method (GC-MS) wlth" 

powerful purification technology such as HPLC (38) and octadecylsi lyl 
~ 

silica (39) chromatography will yleld more reliable data and avold 

the shortcomings of the other methods. 
1 

" 5. Llpoxygenase Products and Leukotrienas . 

• 
'In 1974, at the same tlme when Hamberg and Samuelsson (40) 

" discovered that platelets produced thromboxane, they also descrlbed 

• another n.ovel produet derived from arachldonic acid. 

They showed that the chemical structure was 12 (S')-hydroxy-

5,8,14-cis, IO-trans-elcosatetraenoic acid (l2-HETE) a degradation 

produet of '12(S)-hydroperoxY-5,8, 14-ei5, IO-trans-eicosatetraenoic 

acid (12-HPETE) whieh they thought was formed from,arachidonic acid 

by a lipoxygenase enzyme that was not inhibited by nonsteroidal 

. ,. 
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TABLE .1. 

Prominent Mass Spectral Fragments o~' '6-keto-'prostag1anL Fl", 
~, . 

\ 
\ 

, . , . , ...... 
Fragmen,t Ion mIe Value 

'" 
!~ 

1 
Mo 1 ecu 1 a r Ion 629 

Mt ~ CH3 
614 
Q 

Nt - OCH 3 
598 

.. M'" - C5Hll • 558 . 

M+ - HOTM5i 539 
", . 

M+ (HOTMS i + OCH3) 508 

N+ (HOTMS 1 + Cs H11) 468 

M+ - 2(HOTMSt) 449 

M+ -, (2(HOTMSI) + 0,CH3) 418 

M+ - (C4H8 • C02CH3 + CSHll + OCH3) • 412 

Mt - (2 (HOTMs t) + Cs H11 ) 378 Base Peak 

," Mt (HOTH51 .. CH2 'C(aN'OCli3) + (CH2) 4 C02CH3) 3~ ------------;\ 
(} 

M+ (C4H8 'CO
l 

- CH
3 

... TMSIO+ ::aCHOTMS i 321 .. 
Mt- =: CH'CH

2
-TMSIO+ 217 

1, ~ 
" . 

M· - THSIO+=CHOTMSI ' ...., - ~ .. 191 

Mf - TMSiOt :aCH'C
S
H11 173 

M+ - C
4
H8 • C0

2
CH

3 
115 

..a, 
" 

,--
C') 

1 

'. 
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Hass spe.~keto-PGFI"'~S the methyl 

ester-methoxime trimethylsilyl ether derivative. 

The mass spectrometer was operated in the full 

scan mode to obtain the fomplete mass s'pectrum 
'. 

Qf Othe compound from 100 mIe to 650 mie. The 

spectrum repr~sents 2-3,.9 of mater1al and 

conditions for Ge-MS are described in 'the text. 
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ant i i nflalTJTlatory agents. The platelet arachidonate lipoxygenase wa 

/ isolated a year later by Nugteren (41). When i t was di scovered that 

12-HETE exh i b j ted chemotac tic ac t i vi ty on neut rop~ j 15 a search for 

lipoxygenase products of arachidonic acid and 'other fatty acids in 

blood cellular components was undertaken. A series of mono-hydroxy-

eicosanoic acids were fo~nd tOi be major metabol ites of arachidonic.acid 

ln the various cell types. Polymorphonuc;Year leukocytes(PMNL's) 

produced mainly 5-L-hydroxy-6,8,II,14"'eicosatetraenoic acld (5-HETE) 

and 8-L-hydrQxY-9,1 l ,14-eicosatrienolc acid from arachidonic acid 

and homo-y-llnoJl!nic acld respectively (lf2). Rat mast cells convert 

arachidonate mainly to II-HETE and 12-HETE while rabbit alveolar . 

macrophages form primarily S-HETE a.nd II-HElE tlf3). The production 

of 5-,12-,15- ,8- and 9- rrono-HETE' s from a ra ch i don i c ac id by human 

neutrophils has also been reported (43,lflf). More recently novel 

dlhydroxy eicosatetraenoic acids have been descrlbed. The first 

one identified was 5-(5), 12-(R)-dihydroxy-6,llf-cis, 8, IO-trans-

eicosatetraenoic acld (S,12-DHETE) and was found upon incubation of 

arachidonic acld wlth rabbi't peritoneal PHNL's (lf5). In the past 

, 

year isomeric products derlved from a 15- Instead of a 5- lipoxygenase 

pathway have been discovered (46). lhese are 8,lS-dihydroxy-5,9, 

11,13-eicosatetraenoic acid (8,15-DHETE) and 14,15-dihyç:lroxy-5.8, 
\ 

10, 12-elcosatetraenolc acid (14.15-DHETE). Many other ar'i(lchidonic 

acid derlved compounds have been descrlbed ln the--pro5tagl~ndin 

) llterature Includlng trlhydroxyeicosatetraenolc (THETE's) ahd iodo-

hydroxy fatty aclds (47,lf8). 

The recognition of 50 rnany arachldon.lc acid derlvatives brought 
. 

about a problem of· nomenclature. The term "elcosanolds" was coined 
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by Corey in 1979 to designate the vast number of compounds derived 

• from unsaturated fatty acids contain ing twenty carbons (~9). The 

increasing number of 1 ipoxygenase produC'ts, exclu~ihg the mono-

hydroxy fatty acids; from varjous sources have been named l'leuko-

trienes ll (LT's) since fhey were originally identified in white 

blood cells and contained a conjugated triene system (50). Hence 

5.12,-DH&TE, 8,15-DHETE and 14,5-DHETE are called 5,12-LTB4. 8,15-

lTB~ and 14,INB4 respectively. 
... 

Th~ subscript "4" indicates, a. 
. 

in the case of prostaglandin nomenclature, the degree of unsaturation 

of the compound. The capital alphabetical assignment (A-F) refers 

tç the position the particular"lèukotriene occupies in the sequential 

metabol i sm of arachidonic acid through the 1 ipoxygenase-leukotriene 

pathway (Fig 1). Leukotriene A (LTA4) was identified as the unstable 

intermediary 5.6-oxido-7,9-transj 11 .I~-cis·-eicosatetraenoic 

acid in the conversion of 5-H~ETE to lTG4 (51). 

One of the most exciting and rewardlng moments in this field 

came when it was recognized that ne and LTD had similar chemical 

and p~armacological chara,cteristics when compared to a substance 

known as slow-reacting substance of anaphyl'axis (SRS-~). This 'active prlnciple 

was initially described by Feldberg and Kellaway (52) in 1938, when 

they detected the release of a material, different from histamine, in 

a guinea-pig perfused 

by i njec t ion of cobra 

lung preparation. The substance was released 

venom into thj lung and caused a contraction 
.. (1 , 

of gulnea-pig jejunum that was slow·j n onsét and q.,f long duration. 

The" agent responsible was therefore referred to as IIs 10w-reacting 
. 

substancel'or IISRS". Two years la'ter the release of a simi lar SRS .. 

-' ' 

\ 
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was d~monstrated during anaphylactic shock in guinea-pig perfused 

lungs by Kellaway and Trethewie (43). Brocklehurst in the 1950'5 

whi le studying the material released during anaphylaxis introduced 

the term "slow reacting sùbstance of anaphylaxis" or "SRS-A" (54). 

SRS-A was characterized by strong contraction of various gastro-

intestinal smoath muscle preparations and smooth muscle tissue from 

guinea-pig trachea and human bronchus. The biological raIe of SRS-A 

and similar SRS's was studied in detail particularly by Austen, 

Brocklehurst, Chakravarty, Orange and Uvnas during the 1960's (55,56). 
~ 

It became apparent that SRS-A was immunologica"y released by lung 

and other tissue during antigen challenge and that i t may be an 
\ --

important etiological agent in anaphylactic bronchospasm of human 

asthma (57). SRS-A was thought to be a pathophysiological product 

in clinical asthma'and therefore appeared to be an Ideal target 

for antagonistic drug treatment. Although a specific antagonist 

(FPL 55712) was deve loped (58) and aIl owed further ass i gnmen t of 

biological activity to SRS-A, the attempts to determine its chemical 

structure were unsuccessful. The main obstacles in those 

early days hampering structural elucidation of SRS-A were the minute 
If..--. 

amounts of llTaterial avai lab.le and thè Jack of 'recognlzable chemical ... . .. ~, -t' 

or phy~ i ca 1 chem i ca 1 ma rkers in the pu ri fi ca t i on procedures. 

• -1 

Brocklehurst (55) had character'ized SRS-A as a polar '1 ipid . 

The pre'sence of a sulfur atom (59) ~nd the inact i vat i on of SRS-A 

by ~rylsu1fatase ;60) was demo~slr'ated in 1974. A mi leston~n 
the pragress tawards the ultimate structural elucièlation was the 

.-
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involvement of arachidonic acid ,in SRS-A biosynthesis. In 1973 • 
Joyce Walker found that aspirin-l ike nonsteroidal anti-irtflammatory 

drugs enhanced the production of SRS-A (61). She believed that 

arachidonic acid wasthe precursor of SRS-A, a proposition which was 

substantiated ln 1977 by incorporation of radiolabelled arachidonate 

into SRS-A (62). The mos't dramatic point came when Morris et al (63) 

'whlle purifying SRS-A by HPLC demonstrated that purified SRS-A pos-

sessed a characteristic UV spectrum typical of a conjugated triene. 

One year later when Borgeat and. Samuelsson showed prod!Jction of 

5,12-0HETE (LTB 4) in rabbit PMNL 1
, it was real ized tha~ 5,IZ-OHETE 

and SRS-A had similar UV spectra. A partial structure of SRS-A as 

a sulfur containing lipoxygenase product of arachidonic acid.was 

proposed. A finding which supported this idea was that SRS-A was 

inactivated by soybean 1 ipoxygenase (64). It w~s known that 
o 

"many thiols and particularl'l( cysteine stimulated the formation of 
-\ 

~~ SRS-:-A (6S). This observation suggested thatSRS-A could be)a sulfur 

( )-

containing compound like cysteine covalently linked with a fatty acid 

derivative. The incorporation of S35 cysteine into SRS-A by mouse 

mastocytoma cells and the demonstration that the compound was a 

5 HETE derivative carrying a substituent at c-6 via a thio ether 

1 i nk was reported by Murphy et al (66).. Th'e subst i tuen~ at C-6 was • 
1 

later identified as glutathione (glutamyl-cysteinyl-glycine). The' 

structure of mouse mastocytoma SRS was confi rmed by chemical 

synthesis to be 5(S)-hydroxy-6{R)-S-glutathionyl.-7,9-trans:ll, 14-

'cis-~icosatetraenoic acid and is now deslgnated leukotriere C4 

•. (LTC4) (67). More recehtly Morri 5 et al (68) have described a 
) 

• 

• 
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5-hydroxy-6-S-cysteinylg1yclnyl-7,9,11,14-eicosatetraenoie acid 
1 

(LTD4) as the SRS produced by rat basophil leukemia eells., 

The same Investigators showed conversion of LTC4 to LTD4 by the 

action of y-~luta~l transpeptiàase and sûggested tnat LTA4 and 

LTC4 were int~rmediates~ln the formation of LTD4' Another addition 

to this family of leukotrienes,has been LTE4 which is the correspond-

ing cysteinyl derivative produced byl~he action of a specifie amino­

peptldase on lTD4 (69). Invnunologieally releasad SRS's including 
, 

SRS-A are thus a mixture~of lTC4, LTD4 and LTE4 with LTD4 having the 

most potent biological activity"(70). The y-glutamyl tnnspeptidase 

reaction Is reversible ~ a y-glutàmyl residue can be added to 

LTE4 to yield 5-hydroxy-6-S-y-glutamyl-cysteine-eicosatetraenoic 

acld or,y-glutamyl-E4 (~TF4) (71). 

The number of 1 ipoxygenase products and leukMrienes is 

increaslng expo~~ntial1y. "'(eukotrienes derived from ail cis 5,8,11-

elcosatrienoic acld (LT3's), arachid,onic acid (LT4's) and eicosa-
. 

pentaenolc acid (LTS's) have been tdentified (49). Undoubtedly 
_" .l 

new an~ reJated pathways of transformation will be discovered in 

the very near future. 

8. Hetabollc Pathways of Efèosanofds. 

J. General Oceurencé of Elcosanoids 

Prostagl~ndins are described, wlth few exceptions, as being 

"ubiqultous among manmaJ tan tissues" (S). Seminal plasma, from 

• vafet~ of ma_ls Includlng sheep, monkey and man, contalns the 

highest conçentratio~ and number of prlmary prostaglandins. 

Prostaglandlns can also be extrac-ted 'trom tissues of lower vertebrates 

(chh:ken, duck, frog) 'and so~e Invërteb~ates (rnoJlusc, arthropods, 

gorgonla.n coral) (72). Prostacyclln (PGI2), thromboxane (TX(2), 

\ 
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leukôtriénes, and a number of 1 ipoxygenase products are generated 

selectively by animal trssues (13-75). 

The types and re 1 at i ve quant i t i es of e i cosano i ds 5 i mul- fi 

taneously produeed may be cell':,tissue-,organ-and speeies-specifie 

(5,72-75). For example thromboxane A2 is the major pr,oduct of 

ara'ehidonic acid metab~lism in platelets (19)·".while, the major 

product in vascular tissue is prostaeyclin (25). leukotrienes 

and ~ i poxygenase der i vat ives are the predomi nant substances pro-
\ 

dueed From arachidonic acid ln whole lung, leukoçytes and ~t cells 
1.-

(75), and probably have a wider distributiqn in 1 ight of the many 
~ 

differertt sources of SRS's. 

Similarily, the highly s~le'ctive variations in cell and tissue 

responseS to different è..i~psanoids may refleet the relative abun-

dance of diffet"'ent specifie receptors and the'availability of ap­

propriate autacoids in that ti~e. At ,least five types of ~rostanoid 

reeeptors have been deser i bed (76) ~ These receptors are chalracteri-

zed by their high affinity for specifie prostanoids (ie. PGD~E,F, 
r \ 

1) or thromboxane A (77). 
'\ 

Prostanoids are not accumulated or stored intraeellularl\y (78) 

but are synthesized de nova in response to diverse stlmul i su h as ---
hormones, neurotran~mitters, peptides, trauma, Ischemia and i -

flammation·-(79). leukotriene production and release 15 

about by Immune and allergic reactions (75). Fol1owing stimulation, . -

i ncreased 1 ~ve 15 o( e i cosano i ds can be detec ted in plasma, ur i ne 

and other blological fluids (80). 

Pros'taglandins are derived from twenty carbon polyunsàturated .. 
fattyacids. Arachidonic acid (20:4) is the most abundant of these 

,-

1 
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acids and'is the precursor of the predominant (dienoic) type of 

prostaglandins (S). Recent inte'rest in the' (trienoic) type of 

prostaglandins has been arouseo by the ,finding that the substrate 
, 

f~r prostaglandin bipsynthesis in G~eel'l'Iand Eskimo'S was predomlnan.tly 

eicosapen,taenoic acid (20:5) and tha~ these people had ischemic 

heart dtsease only rarely (32). 

ln either case the prec.ursor fatty acids are usually found' 

in no more than trace amounts as free acids and the bulk of the \ 
\ 

materiaJ is esterified with other acids to cellular lipids (81). 
,". 
~, 

. ~ 
Arachidonic acid is most concentrated in phospholipids but may 

also be present as a trigly'ceride or cholesterol ester. Release 

of precursor fatty acid, upon appropriate stimulation; is carried 
1 

out by one or severa 1 of a group of membrane bound enzymes genera II y 

referred to as·acylhydrolases. Phospholipases, particularly 

posphol ipase AZ' have been considered to play importa~t roles in 

rate limiting the biosynthesis of prostaglandins because they 

regulate substrate av,"i labi 1 i ty (79). Two enzymes C ha.ve been 

impl icatt;d in the release 'of arachidonic acid from the phosphati­

dylinositol of platelet membranes (82). The first activity is a 

pho,s.phat i dyl i nos i to I-spec i fj c phospho 1 i pase C whi ch resu 1 ts in 
.. 

the arachidonic aci~containing diglyceride. This substrate is 

nowacted upon by a diglyceride lipase to yield free arachidonic 

ac i d'and the correspond ing monoglycer ide. Mechan i sms i nvo Ivi ng 

diglyceride lipase activity may be important in brain where the 

enzyme is particularly abulldant (63). In the ovary, ar-,!chidonic 

acid can be derived From the large amounts of cholesterol arachidonate 

by the action of a cholesterol esterase aft~mulation by 
j 

1 
1 

1 
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luteinizing Hormone (84). Hirata and Axelrod (8sJ have described 

a more complicated mechanism of arachidonjc acid release from 

membrane p~osphol ipids referred to as the Iltransmethylation pathway". 
or 

The 1 iberation of arachi.donic acid by phosphol ipase A2 can 

br stimuIat~'d by various hormones and is c~t+ dependent (86). The anti­

inflalllllêl'tory corticosteroids produce their effects by reducing the 

amount of arachidonic acid available for prostaglandin biosynthesis 

(87). It has been shown by Flower and Blackwel1 (88) that the 

mechanism responsible"for this action consists of an induced 
, '1 

biosynthesis of a phospholipaseA2 inhibitor. 

Once released the substrate fatty acid, arachidonate, is rapidIy 

metabol ized to oxygenated l,Instable and then stable products by 
1 • 

two distinct enzymatic pathways, the cyclo-oxygenase and the 

1 i poxygenase pathways, 

2. Cyclo-oxygenase l'athways. 
( 

The cyclo-oxygenase pathway is. a series of sl!quef1tiaI enzymatic' 

tran~formations of arachidonic acid resulting in three classes of 

compounds; the primary prostaglandins (PGE2, D2 and F2IJ- ), thromboxane 
" 

(TXAZ) and prostacyclin (Fig,. 1), • 
This fatty acid cyclo-o~ygenase (EC1.14.99.1) is aIso known as 

prostaglandiO' endoperoxide synthetase s ince i ts Immediate reaction 

products are the unstable endoperoxides (14). CycJo-oxygenase 

activity i s found in the microsomal fraction of nearly aIl mammal ian 

cel1s. The enzymes whic;h convert these PG-endoperoxide~ into the 

.. , 

" , 
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1 
various primary prostagla~dins_ prostacyclln and thromboxane 

, 
have individual names and are, in general, tissue sJ)eclfic. Thus, 

the distribution and quantlty of Individ~al'products. In various 
• • 

cells and tissues, reflects the distribution of the different 

enzymes metabo 11 z i n9 the endoperox i des~ and 1 s not due to the 

presence of dl ffer:ent cyc 10-oxYgenases. One except 1 on has ,been 

recently noted by Lysz and Needleman '(90) who p~vided evldence . . , 

that PGE2 and PGF2f- biosynthesis ,'n ratiblt brain is accomplished 

via two distinct CY~lo+~ygena.s~s. They arri·ved at this conctusi~n 

after obse'rvlng an abrupt haIt in PGE2 production white PGF2f­

biosynthesls continued. 

Cyclo-oxygenase activlty has been purified to hornogeneity 
, 

from bovine (91) and 'sheep (82) veslcul"ar glands. T~ ca"t'alytic 

activltyof prostaglandln endop~roxide syntl:letase has been resolved 

into two reactlons '(Fig. 21. The flrst reaction Is a llpoxygenase-

like, bts-dioxygenat'Ion of the unsaturated fatty acld resulting 

ln the formation of~GG2, The second is' an i'nherent peroxidase 

type of activlty which converts the 15-hydroperoxy group of 

PGG2 to a 15-hydraxy'group in ,eGH2 (89) , Herne e i ther as hemat i n 

or heinoprotein is requlred as cbfaeto~ for both the,cyclo-oxygenase 

and hydroperaxldase react ton (93}. Tryptophan or other aromat 1 c 

compounds stlmulate the converston of PGG2 to PGH2. The peroxidase 
. {, 

actrvlty Js belleved to cause an Irreversible Inactlvatlpn of the 

cyc1o-oxygenase through the generatlon of oxygen radicals during 
u 0 

the reductlon reactlon (93), The 'more detalled b.lochemlcal and 

blophyslcal characterlsttcs of th1s enzyme are revlewed by Samuelsson 

et al (89), 
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Reversible and Irreversible Inhlbltors of cyclo-oxygenase 

have been discovered and evaluated (89, 90). Analogs of the 

natural fatty acld precursors are competitive Inhlbltors of the 

cyclo-oxygenase (9Q). Among them is the acetylenic analog of 

arachidonic acid, S,8,11,14-elcosatetraynoic acid (93). 

Many nonsteroidal anti-Inflammatory agents ~. aspirin, 

indometllnacln etc.), inhlblt the cyclo-oxygenase reactlon (95). 

As;i~n (acetylsallcyllc acfd) irreversibly inactivates the c;~lo­
o,xygenase enzyme by acetylatlon of its active site (96). Recovery 

from irreversible inactivation of cyclo-oxygenase requi res biosynthesis' 

of new enzyme. Nuc 1 eated ce" s s uch as endothe~ ce 11 s, when 

comparea to platelets, are _~hus more able tO' ~ from the 

Inhibitor.:r effectsof aspir'in (97). The prostaglandins are formed 
J 

fro~PG~2 by specifie PG-endoperoxide isomerase and reductases (93). 

The conglomerated groups of enzymes producing primary prostaglandins ' 

are generical1y termed "prostaglandln synthetases". 

Prostaglandln D2 15 formed from PGH2, in the presence of 

glutathlone, by a sol~ PGH2-11-keto-lsomerase (Fig. 1. (3». 

A mlcrosomal PGH2-9-Jetb-Jsomerase, also requlring glutathlone,' 

forms PGE2• (fIg. 1, .(41), white a PGH2 reductase yleld5 PGF2", 

'" 
(Fi g. l, (SI}. PGF2.. and PGE2 and tne t r'1!Ietabo li tes 'can be in ter-

converted ln many tissues 6y a Prostaglan~rn-9-Keto"reductase (98) and 

a 9-hydroxy-dehydrogenase n 001. 

t"",edtately after tlle prostaglandlns have exerted thefr biological 

ef~ects thev: are rapldly catabol fzed ~n tissues (pr1mari IYlung, 

llver and k'f'dne~) to more polar., Inactive metabol 1 tes which are then 

excreted (93,99). 
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Four main degradative blotransformatlons are weIl 'recognlzed: 

1. NAD+ or NADP""dependent o.xldation of the 15-Hydroxy-group~ 
, ,~,~ 

. to the 15-keto-group catalyzed by 15-hydroxy!frostaglandin de-. 

hydrogenases. 2. Reduction of the 13,14-trans-double bond tO 

give the dihydro keto derlvatlve. 3. Chain shortenlng, to 

form dlnor or tetra~or metabolites, is accompllshed by } 

"oxldatlon, and 4. Omega (lÀ)) o.xidatlon results ln dicarboxyl le 

acid derivatlyes of prostaglandi'ns. ( , 
The initial degr~datrve step has been most extensf"ely studied 

- , 

and Involves cytosC!)II.c 15-hydro.xyprostaglandln-dehydrogenase (99). 

The enzyme Is most concentrated in ~~e lung" spleen and renal 

cortex and Is very low ln mammallan braln (79). Nonsteroldal 

antl-infla/l1l1ator,. drugs,'looP dll4retics and probenecld inhiblt 15-

hydroxy PG dehydrogenase (99). 

The ftrst two reactlons ,ln the degradatlon of prostaglandins 

occur very rapldly and produce 13,14-dlhydr6-15-keto-PG derlvatives, 

major metabol ites ln the perlpheral circulation, whlch- then undergo 

~ and/or (4) oxldatJon by hepatic microsomal enzymes t.o yleld shorter 
. ~ -

I11Ono- and dlcarboxyllc actds, the predominant meta,bolltes observed 

in urine. Va~lable permutations of th~_ four major transformat ions 

ln dlfferent specfes and fndlvlduals results in a large number of 

urfnary metabolftes. In man for instance the-major products From 

PGF' 5 fs 5., 7-. -d 1 hydroxy-ll-keto tetràn~r-prostane.:" 1 , 16 .. dl ole' 

acid (Fig. l, (8», and <from PGE's Is 7..,-hydroxy-5,l1-dlketo-tetranor 

prostanê-l,16-dlolc aeld {Fig. l, (9)). 

'} 

sex.J)fferences, ln amounts of prost~glandlns excreted, a150 

exfst wlth the malés excretlng more per'24 hr. J!_erlod-than-females (79). 

-----
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-
and has Ibeen purifted fr~nLhuman'(lOi) and bovine,(192) platelet 

mi crosomes.1 " 

It has,been resolved into tw'<;> compone~ts, the prostaglandin 
1 
1 

- ., 
... ' . 

endoperox i df syn thetase and ,;~n enzyme pl'oduc i ng TXA2 from PGH2. TX 62 

was origioally discovered as a produc~J..,of arachidonic acid metabol ism in 
, 

human pl at~lets. This biologiéal'ly inactive substance is the spon-. 
taneous hydrolytic reaction product of the bioactive TXA2 (Fig. 1. 

J 
(12,13)). Thromboxane synthetase'also prodl,Jc~s HHT through a dis-

mutase type of reaction (93). Selective inhjbitors of thromboxane 

synthetase have been' actively sought due to thromboxan'e,A2's platelet 

aggregatory and va~oconstrictor activity. To date imida~ole, di-

pyridamole, azo- and epoxymethano-analogc; of !GH2 as weIl as a few 

other compounds have been identified as selective thromboxane 

"synthetase Inhlbitors. 

~----­
Prostacyclin synthetase is dlstributed throug~qut vari,ous ti-s'sûes 

, 1 , 

~ 

/ 

~~.---
~ 

" 

1 
l 
t 
~ 
~ 
î 
J 
1 

(89,103) and is particularly enriched in vascular structures such as ---
• heart, aorta 1 ductùs arter iosus, and o't er adul t and 

- .' - ,- ' '\ 
1 t-l.s-jl-(s~-:aP~ndant i~ ,Iung and rat torn.;;ch. 

\ 

etaI" art~ries 

As wi th the 
, 

J other enzymes i nvo 1 ved • in arach i don i c a2J d me'tabo 1 i sm there i 5 spec i es-, 
..." _ Il 

sex-and age-related'va'riatlo~ in prostacyèlin synthetase activlty '(105). 

Biosynthetic activlty decreases wi'th age (106) and is stimulated by 

estl"adiol (J07) in the ra.t. Three possible mechanisms for the 
~ ----------~----~------------~~ 

biosynthesis OT PGI2 from prostaglandin endoperoxldeshave been 

"in:vestigated008, '09). Peroxidase-depend~nt, oxygen radical mediated, 

inactivation of prostacycl in synthetase b~t .not thromboxane synth'etase 

has been reported (110) .. Prostacycl in is rapidly inactlvated by 
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Jhydrolytic conversion to 6-ket,o-PGF
I
4'or ~ther'lÏletabolic,'routes. 

Catabol i sm of PG 1
2 

is speeies-speei fi c and al sp dèpends on which 

vascular bed is studied (105). In Rhesus Monkey prostaeycl in is 

metabolized mainly to 6. 15-diketo-PGF1q. (110. Rabbit produces . . 
pr i mari 1 y . 7 ,9-"8 i hyd roxy-4. Il"d i keto-d inor-pros tano i c ac id (112) 

while eat pR<luces mainly 6.15,diketo-13,14-dihydro-PGFI., (113). , 
The major urinary metabol ite in rat and man was dinoh6-keto-

PGFI ... (114,115) indieating that the main pathways of metabo'Iism 

of prostacyclln and 6-keto-PGF1'" is via land (4)- oxidation 

and not via the 15-hydroxy-prostaglandin dehydrogenase. Thi:6 is 

" 
'compatible wlth the observation that prostacyclin is not metabolized 

to any extent in lung whi«h has one of the highest concentrations 

of 15-hydroxy PG-dehydrogenaser ('93). Blood vessel microsomes 

can convert PGG2 i nta 6, 15-d i keto PGF 1~ (J 16) and cytopl asmi c , 
i--

fraeti'ons of mesenterrc (11]) but not cerebral (117) vasculature 

can metaboliz~ PGI2 via the 15-hydroxy-PG depydrogenase. More ,. , , 

recently an active hepatie metabolite of prostaey.cl in indentifled -" 

~s 6-keto-PGEI has been reported (19). Th'is could be gen~rated via 

the 9-hydroxy prostagl and in dehydrogenase pathway (100). No such 

·,·""acti~it~ has been found in brain or its vasC;,ulature. -
Prostacyclin synthetâse can be selectively il}hibited by 

lipld peroxides such as 15-hydroperoxy arachidonic acid and by the 

.. monoamine oxidase inhi~itor tranylcypromine (120,121). In re1.ation· 

to prostacyclin.ls cllntcal pharmacology (122) there is presently 

an intense interest in developing more specrfic and powerful 

pr~stacyclln ana1095, antagonists ànd 'Synthetase inhibitors. 
, . 

1 
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.. 1 
~ Li poxygen.ase Pa thways. 

Non~nzymatic 1 ipi,d peroxidation is the oxidative dete~ioration of 

J \ ~ polyunsaturated 1 ipids~" Lipid peroxidation in vivo is of ba ic im-rli . 

portance in aging, atherosclerosis, sorne forms of hepatic d ug in jury ...- ' 

and in oxygen toxicity (123). The occurence of lipoxygenases in 

plants, and the mechanism of lipid peroxidation has long been known. 

Eicosanoic fatty aeids are converted to their corresponding 15-hydro-

peroxy- acids by Soybean 1ipoxygenas~s (124). 

, 
. Mammalian lipoxygenases that catalyse the oxidation of poly-

unsaturated fatty acids such as arachidonate have been detected only relatively 

recently (40,41). lipoxygenase activity, in eontrast ta cyclo-oxygenase, 

has been 50 far only detected in sorne tissues. Platelet lipoxygenase, 

iso,lated~rom the ·soluble fraction of platelet homogenates, produces 

the 12-hydroperoxy- and 12-hydroxy-isomer of eicosat~traenoic acid. 

me platelet lipôxygenase can be inhibited by aeetone phenylhydrazone 

• and 5,8,II-eicosatriynoic acid (125). Neutrophil ,lipoxygenases 
, 

ean produce many other (eg. 5-,8-9,11-,15-) hydroperoxy- and hydroxy-

-jr;I' isomers of eicosanoic acids (43). 

ln each case the "f:1ydroperoxide Synthetase H consists of a position 

specifie 1 ipoxygenase and a peroxidase (hydroperoxidase) analogous to 

the prostaglandin endoperoxide synthetase (126). Of these pathways 

c> the 5-,12-, and 1!)-llpoxygenase pathways are the most eonmon (Fig. 1, 

(16,14,22». Since both ~oxygenase and cyelo-oxygenase pathways 
".. , 

,utilïzè the same precursor, selective inhibition of either one of the 

pathways wi 11 resul t in greater availabii ity of substra&e for the 

uninhibited other route. 
(\) 

Sorne hydropero~y fatty acfds produeed by 
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neutrophils (eg 5-,15-HPETE) can form oxido-triene intermedia}es 

called leukotriene ~~(LTA's) which are subsequently metabolised 
\ 

to sulfldo-peptidyl eicosatetraenoic acids or enzymatically hydro-

lysed to dlhydroxy compounds (Fig. l, (18,19,20,24,24». The 

fatty acld structural requirements for leukotriene synthesis is 

a 4 5,8,)1 unsaturation in a polyenoic fatty acid (127). Information' 

on the enzymology of leukotriene pathways is sparse but it is thought 

that the pathway ts a combination of lipoxygenase metabolism of 

arachidonate together with the glutathione detoxification pathway 

(128) . 

Leukotriene A4 is converted by glutathione-S-transferase to LTC4 

(Fig. l, (20»). !he glutamyl-residue is then removed by the action 

of y-glutamyl-transpeptidase (EC 2.3.2:2.), ylelding the cystel~yl-

glycine eicosanoid derivative (LT04). This enzyme is very bighly 

localized in the CNS to cerebral microve~sels {129,130} and is belleved to 

function as a mediator in amino acid translocation across cellular 

membranes (131). Choroid plexus also_contains large amounts of this 
,i 

enzymatlc activlty but the levels in CSF are extremely low (132). 
>l 

Leukqcytes exhlblt extremely hlgh levels of this enzyme compared 

to the other formed elements in blood such as erythrocytes and platelets 

(133). The blophysical parameters for y-glutamyl transpeptldase 

Isolated and purlfled from beef, hog and human kidney ~ave been published 

(134). Llpoxygenase or y-glutamyl transpeptldase inhibitors block , 

,the biosynthesls of leukotrlenes C and·O (135). LTD4 iS,enzymatlcally 

converted to LTE4 by the action of an aminopeptidase (69). This 

enzyme actlvlty has not been weIl studled and ts probably a nonspecific 

hydrolytlc removal of the glycine resldue from the cysteinyl-glyclne 

\ 

\ 
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dipeptide. LTF4 is formed by a reversai of the y-glutamyl trans~ 

peptidas~reaction in which the)1ukotriene now becomes the 

acceptor of the y-glutamyl res(âGe from glutathione to yield the 

C-6-y-glutamyl cysteine derivative of LTE4 (71). 

Further transformations involving oxidative or hydrdlytic 

degradation of leukotrienes will Yoo;t likely be discovered when the 

enzymology of this pathway is better under~tood. 

C. Prostaglandins and Thromboxanes in Brain. 

1. Cerebral Parenchyma 

Prostaglandins ând thromboxa.nes in brain have been the subject 

of s~veral reviews over the past few years (49,79,136-140). 

Samuelsson (141)- in 1964 demanstrated the occurence of PGF2~ 

'" in ox brain. Following this initial finding, Prostaglandins EZ, 

FZ; OZ, 6-keto-Fl~ and thromboxane 6Z were identified in brain 

tissue of different species (142-146). PGF2tf had been considered the 

major prostaglandin in brain for many years but it is now app~rent 

that PG02 is the mast prominent PG in sorne species (147), i.e. rat 

and mouse. The major prostaglandin in rabbit and guinea pig is PGF2~ 

while in cat PGEZ is formed in large amaunts (146). Prostaglandin 6-

keto-PGFI~ could be identified in brain homogenates of mouse, rat 

and rabbit but was a very minor component when compared with the 

other PG 1 s (145). Thromboxane 82 was formed in, excess, of the 

prostaglandins F2~ and E2• only in guinea pig cerebral cortex 51 ices 

and homogenates (144). 

Prostaglandins are widely distributed throughout brain and dif~ 

ferences inthe pattern of formation by various brain regions have 
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been observed (1~8). Total amounts of PG1s varied in the different 

regions studied with the 1 imbic system and cerebral cortex having 

quantitatively the greatest while the cerebel lum and medul la had.the 

least (146). Of twenty-four regions studied in rat brain the 

highest concentration of PGE and PGF. based on protein content, was 
r, 

the median eminence (148). 

Grey matter appears to have the highest concentration of PG1s 

(142) which suggests their local ization to neurons. Subcellular 

fractionation of rat cerebral cortex homogenate shows the concentration 

of prostaglandins in chal inergic and nonchol inergic nerve endings (149). 
~ 

Only brain microsomal fractions exhibited significant abil ity to 

synthesize prostaglandins. These two observations led the authors to .. 
conclude that the nerve endings were a storage slté for PG1s whereas 

the microsomes were the site of synthes i s, observat ions whi ch have yet' to 

be con(irmed. 
Prostaglandins can be measured from int'act cerebral cortex 51 iDé's, 

brain homogenates, and supérfusates of cerebral cortex, cerebellum and 

• spinal cord preparations (136). The levels can be augmented by increased 

neuronal activity and electrical stimulation of va!ious brain structures, 

application of neurotransmitters, including 5-Hydroxytryptamine, 

Dopamine and Noradrénaline, and exposure to analeptic drugs (79). "', 
Barbiturates and chlorpromazine diminish the amount of prostaglandins 

released (136). 
d 

Free arachidonic acid suppl ied from exogenous sources 

to brain tissue ~ vitro does not significantly stimulate prostaglandin 

or thromboxane synthesi's (ISO). The origins of the arachidonate 
(' 

used to synthesize PG1s are membrane phospholipids especially phosphatidylin-

ositol an~'ph~sphatldylcholine (151) and as in aIl other tissues, prostaglandins 

-------------"--~-----.~--.. -----._--_. -. -
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1 

are not stored but synthesized de nova upon exposure to an appropriate 

st i mu 1 us . 

The catabol ism of prosta~landins, ineluding prostaeycl in and 

6-keto-PGFI4-- ' by brain tissue is negligible (152,153). Brain levels 

of 15-hydroxy-PG dehydrogenase, the limiting enzyme in the catabol ic 

sequence, are exceedingly low or not detectabl~ in rat brain homogenates 

and blood vessels (145). Very iow levels of 413-PG-reductase activity 

have been detected in monkey and swlne, but not rat brain (154,15.5). A 9-

keto-reductase activity has been reported in monkey, pigeon and rat brain 

(156) but may be the resultant action of non-specifie reductases uncovered 

when high concentrations of PGE are used (157). Prostaglandins produeed 

by brain parenchyma are mostly released Into the extracellular'and cere-

brospinal fluids ta be removed into the circulation and metabolized 
, 

byextraneuronal tissues (158,159). 
~ 

The possible physiological functions of prostaglandins in the brain 

have been recently discussed (140): They may play Important roles in 

temperature regulatlon, body water balance, regulation'of food intake, 

cerebrovascula.- homeostasls and maintenance of cerebral per:.fusion, (49. 

79,136) . 
1 

One of the most Important physlological properties of prosta-

glandins ls thefr ahlllty to modulate cyc11c nuc1eotide levels and affect' 

" the mobl1izatlon of. calcium in many cell types (79,136). Influx of calcium 

into nerve terminais and receptor~~deny1ate cyclase Interaction is an 

absolute requirement in '~ynaptic transmission. Prostagl~ndlns of the E 

series Inhibit the effector responses ellcited by sympathetic nerve 

stimulation (160). ~Hedqvist proposed a negative feedback-control theory 

in whlch endogenous PGE2 fprmed by the postsynaptic effector membrane 

# 
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inhibits norepinephrine r~(ease From presynaptie sympathetie nerve 

terminaIs (136,160}. Thus PGE's may play an important role in 

regulatibn of autonomie neurotransmission. Prostaglandins have' 

not been implieated in cholinergie transmission elther at sympathetie 

ganglia or neuromuseular junetions (79). 

Prostaglandins of the E and D types inerease intraeellular cyel ie 

" 
adenosine monophosphate (cAMP)- in many tissues including platelets (161) 

and neural tissue (162). Although PGI2 is the most potent stimulator 

of adenylate cyclase in platelets (163) it has no effeet on adenylate 

eyclase in neurons (79). 

PGF21'- increases cellular cyelic guanosine monophosphate (eGMP) 

and may facilitate excitatory cholinergie and serotoninergic pathways 

in brain (136). In ~st cellular systems cAMP and cGMP have antagonistic 

inverse effects on intracellular events. Since the two major PG's 

in brain, PGD2 and PGF2. ' stimulate adenylate and guanylate eyelase 

respect ive 1 y, a "dua 1 i st i Cil con t ra 1 theory known as the "Yi n-Yang" 

Hypothesis has been formulated (89,136). 

Prostaglandins have many other effects on CNS,function such as 

modulation of cardioregulatory and respiratory reflexes, spinal cord 

reflexes and behaviorél,l responses (136,164). These effects are very 
~ 

variable and compJex, sometimes even contradictory, and m"ny more 
~ 

experimental datai must be accumuJated in order to clarify whieh 

prostaglandins have a real physiological significance in CNS·functiqn. 

2. Cerebral Blood Vessels .. 
Soon after prostaglandin synthesis was demonstrated by peripheral 

vascular tissue (165), Pickard and eollaborators (166) reported the 
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may olso SY~heSiZe these first indi~ations that cer~bral arteries 

compounds. They observed the release of a sub~tance from bovine 
JlO 

cerebral arteries which had actions simllar to prostaglandins in 

a rat stomach bioassay. Although n'ot chemically characterized, the 

relèase of this substance was abolished by indomethacin treatment, 
, ~ 

and i t was th us suggested that the material was most 1 ikely a 

prostaglandin (166). Sinc~ then biosynthesis of prostaglandins by 

cerebral blood'vessels has been unequlvocal1y demonstrated in a 

number of differen~ species, including rat (145), pig (167), ox 

(168,169) and man (170). The principal prostaglandin formed in 

the cerebral blood vessels of ail these species wa~ ~GI2. In 

bovine cerebral arteries (16?) PGE2 was the second most promlnent 

prostaglandin formed followed by PGF~ These investigators also 

reported minor synthesls of PGD2 and TXB2 which probably derived 

From reslduàl intralumlnal platelets. In rat (145) and human (170) 

cerebral arteries no PGD2 or TXB2 was detectable and PGF2 ... was 

the second major, prosta,9landln formed after PGI2. 

Thè effects of prostaglandlns on cerebrovascular reactlvity are 

very dl ff 1 cu 1t to i nterlret. Compar 1 son 01 exper 1 menta 1 resul ts 

must be done with extreme caution slnce intracranial and extra- ) 

cranial blood vessels may have dlfferent responses to the same 

prostaglandln. Spec~es differences, variations in blood vessel slze 

and experlmental methods (eg. ~ vivo or'.!!:!. vitro preparations) aIl 
( , 

contribute to the great varlablllty of effects observed wh en prosta-
1 

glandins are appli,ed to cerebral blood vessels (136). 

1 
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PGF2f. causes consistent vasoconstrict"lon in ail species studied 

(171,172,181). The effects of PGEI and PGE2 are variable and depend 

on the cranial blood vessels studied and which species is employed. 
. 

ln dog eplcerebral arterles of less than 700 microns PGE 1 caus~ 

powerful contraction (172,173). PGEZ causes di latior of cat cerebral 

arterloles (174) but Induces spasm of the basllar artery ln the dog 

(175). PGD2 and PGG2 also produce dilatatlon in 

i s the rnost potent vasod il ator of ~erebra 1 blood 

species examined (JlIO,174,I77f178~\;79). 

caf (174). PGI2 

vesse 1 sin ail 

{ 
The prostacyclln syntl'ietase inhlbitor, 15-"ydroperoxy arachi'cfpnic 

acid, causes vasoconstriction of dog basilar artery (49,180). The 

most potent cerebral vasoconstrlctor Is TXA2 which caused contraction 

of bovine mlddle cerebral artery to 150% of the reference response (176). 

The synthesis and vasoaetlvity of prostaglandins and prostacyclln 
'\ 

in cerebral arterles has implicated them in normal and pathologie 

responses of the cerebral circulation (49,79,136,140). 
, 

Prostaglandlns, especlally PGF2~ , and TXA2 are thought to be 

Involved in' the complex pathophysiology of cerebral Ischemla, vaso-
~ , 

spasm and stroke. PGEZ has also been i~plicated in the pathogenesis of 

, "<migraine headaches' (182,183). Prostacycl in formed in cerebral blood 

vessels may play an Important raie in cerebral blood flow regulatlon . 

(184). Regulation of the cerebral circulation is-·a complex interaction 

of neurogenic, metabollc and chemlcal factors (185-189), and tt Is 

likely that pros~acyclln interacts with 

normal control of cerèbral blood flow. 

demonstrated that a prostaglandln, most 

one or more of these in the 

For. examp 1 e, i t has been? 

"'"' probably prostacyclin, I~ 

, 1 
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l required for hypercapnia to produce f~11 cerebral vasodilation (190), 

and that indomethacin reduces cerebral blood flow in the normoxic 

but not the hypoxic state (191), 

Cerebral ischemia following head trauma may also involve 

arachidonic acid metabolites, saince direct app'l'ication of PGG Z and 

"" hydroperoxy arachidonate ~ause vascular damage through the generation 

of oxygen radicals during their metabolism (180,192), Vascular' 
1 

intimaI damage by products of the cytlo-oxygenase or lipoxygenase 

pathways ultimately leads to reduced prostacyclin production whièh 

predisposes the cerebral vasculature to ischemia, vasospasm and 

intravascular thrombosis. 

3. Cerebro-Spinal Fluid 

The choroid plexus is a prominentstructure in the ventricles of 

the developing brain .'193)'. It is a highly convoluted richly 

vascularized tissue in which fine capillaries are encasedin con-

nective tissue elements. These microvessels are surrounded by a 

monocellular layer of specialized epithelial cells derived fromthe 

ependyma of the ventricles. The choroid plexus forms about 65% 

of the total CSF and is resronsible for the clearance of sol~tes . 
and weak organic acids (eg. prostaglandl~s) from the brain CSF 

. 
back into cerebral blood across the "Blood-CSF Barrier)' (159). 

The physiology and mechanism of CSF secretion have been excellently 

reviewed in Davsonls classic monograph (194) and more recently by 
~ 

Wright '(195). ' 

ln the early 1960 l s Ralm'lell (196) analysed'CSF for new 

pharmacologically active substances. He detected a substance, which 

/ 
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. 
was not a polypeptide or biogenic amine, that èontracted rat 

uterus smooth muscle and suggested that it was a prostagJandin . 

The occurence of prostaglandins F~ , EZ' 02, ~-keto FJ~ and 

thromboxane 82 in human CSFhasbeen reported (197-201). Prosta-

glandin 6-keto FI., was the major prostagJandin followed by 

PGF 2(1. ,and PGE2 was detected ln lower amounts while PGD2 was 

be 1 ow' the 1 i mit of detect Ion (200) . 

Prostaglandin levels in CSF increased conslderably as a result 

" of neurologlcal disease,. PGF~ concentrations ln CSF of patients 

sufferlng from eplleptic seizures, meningitis or cerebrovascular 

trauma are markedly elevated (197,199). PGE2 in CSF is higher 

than'- normal ln febrile conditions brought about by a varlet y of 

pyrogens (136,202). PGEZ may also be Involved ïn the pathogenesis 

or symptomatology of schizophrenia (201) but this association may 
\ 

be on lycursory. 

The changes in CSF 6-keto-PGFIf. levels of patients with 

neurovascular dlseases have not been extenslvely studled. The 

only two cllnlcal conditions in whlch 6-keto PGFI~ ln CSF Is above 

normal control values are Intracranlal hypertentlon ,and acqulred 

hydrocephalus (20'0). This Interesting flndlng Is consistent with 

the fact that prostacyclin, ~otent hypotenslve agent, Is produced 

in greater quantftles by spontaneously hypertensive rats (206,2~7)~ 
, ' 

Furthermore, thfs increased capac.ty of.prostacyclfn synthesls by 

stroke-prone and stroke-reslstant spontaneously hypertenslve rats , 

fs drastically reduced followfng the development of stroke (208). 

The increased ,production of CSF by chorofd plexus, observed ln 

) 
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hydrocephalus, may somehow also be responsible for its increased 

biosynthesis of prostacyclin. 

Prostaglandin'F2~ levels measured ln patients during the 

course of their Illne~s have, been shown to return to basal levels 

with the ~esolutlon of the neurological pathology (204). 

D. pr&;tac;clin and Vascular Endot~elium. 
1. Prostacyclln, Physiology and Pharmacology 

,The physiology and pharmaèulogy of prostacyclin in the various 
,,; 

organ systems (cardlovascular, respiratory, renal, gastrolntestinal 
( - < 

and endocrine-reproductive) have been selectively and adequately 

revlewed in,the recent past (80,105,122,209,210). the most important 
. 

physiologlcal role of prostacyclln, however, is in the hematologic 
1 

system. Prostacyclin and thromboxane A2 are thought to play prlmary 

roles in modulation of platelet function (211,212). Interactions/ 

between platelets and blood vessel w~lls ln conditions of hemostasis 

and thrombosls are malnly the result of the antagoni.stic properties 
, 

Qf, prostacyclln derlved from blood vessel endothelium and TXA2 
\ 

released from aggregating platelets (213). Moncada and Vane (214) 

proposed that prostacyclln syntheslzed by the IntimaI endothellum 

was the physlologlcal mechanlsm that protects the ves~el wall from 

deposltlon of platelet aggregates whlch were the result of Increasino 

platelet TXA2 levels. They envlsaged ,a recl p'roca 1 regulatlon (Fig. 4) of 
) 1 

platelet aggregabllity and vascular tone by the balance between 

prostacyclln and thromboxane A2 • Under normal healthy conditions 

platelets ln the blood stream coming Into contact with the vessel 

wall would be prevented from adherlng ta the lumlnal surface and 
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Reciprocal Regulat ion of Plé;itelet 

Aggregat ion and Vascular Tone by 

Pros té;iCyC 1 i n and Th romboxa ne A2. 

Note Prostacyilin Syn~hetase can use 

bath endothe liat-and plâteT~t der i ved 

endoper~xlde. (Taken from Ref'214) 
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aggregating wlth each otheroby the centlnuous release of prostacyclin 
p , , ' - 1 

frôm the endothel ium. In the event oi intravascular ~amage 

(eg. atherosclèr:osls. vasc.ular de,~rmations and t~auma, aneurysms 
, "î . 

etc.) there ~ould be endothel ial destruction wlth con~omftant reduced . ' 

prostacycl in synthesis leadlng to the predisposition of thrombus . 
----

formation. ~epen~ing onthe extent of the vascular les Ion there may 

only be pla~elet adhesion without thrombus formation sinèe prosta-

cyclin prevents aggregation at a much lower concentration than is 
1 

required to prevent adheslon (213). This property is beneficial 

because the adhering platelets, in close proximlty to the endothelial 
r 

surface, may donate thel r endoperoxlde to enhance vessel pros.tacycl in 
...----" 

synthesls~eby preventing further platelèt aggregatlon and thrombus 
~-' 

If the lesion is averwhelmlngly large the subendothelial collagen 

causes the formation of a large thrombus whlch may embollze producing" ',,' 
' .. 

vascular occlusion~ Prostacyclin can disperse platelet,aggregates 

once they are formed and the high production bf prostacyclln in , - -

1ung vasculature and lack of Its metabolism may be a defensive 

mechanlsm in the prevention of pulmonary thromboembo1ic events (213. 

l '~ . 
The vasôdilator prpperty of prostacyclln is responslb1e for 

i ts hypotensive actlons#.!.!!. ~ (105,120/, and the incr'eased 

synthesis in hyperten~lve,states may be~n adaptlve measure in 

response to these cllnical states (2001'207r. , . 
1 

The therapeutlc lmpl ications of stable, orally active, pr6s'ta-
/ . 

cycl in analogs and patent selective thromboxane Inb~rs ln 
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vascular homeostasis have been the.subject of intense research ... 
over the past few years and cl inical trials of prostacycl in used 

.-
as an antithrombot'ic agent during extraco .... porea1 circulation 

h "d '1 •• ave prove very promlSlng ( 1 22) .. 

2. Cultured Endothelium 

The morphology, embryology and metabol ism of vascular endothel ium 

rn culture and in vivo have been explor'ed during the past 25 years 
---/' J l' 

by many investigators (215). Huch has been learned about the fine 

structure of the mlcrovasculature and the function of endothelial 

cells under normal physiological and pathological conditions. The 
'- " 

study of prostaglandin metabolism by cultured endothelium is 
... - ~ 

relatively new and was initiated by Gimbrone in .,1975 (216). 

He demonstrated the release of immunoreactive material' resembling 

U PGE From human umbilical vein endothelial cells which was inhibited 

Dy indomethacin and stimulated ~y angiotensin Il. 
'u 

The first demonstration that endothel ial cells produced' a 

substance which inhibits platel~t aggregation was made two years 

earl ier by Saba et al (223). These investigators noted that after 

ï'ncubation of endothel ial cells with platelets,subsequent platelet 

a"ggregation induéed by several stimul i (eg. ADP, ep1ePhrine, 

collagen) was inhiblted. It was not until recently that the importance 

of thfs flnding was appreciated. Prostacycl in is the major prosta-

gl5'ndin produced by cul tured endothel ium deriv~from many species 

in~luding pig (218), ox (217) and man (219-222). Prostacycl in is 

the major pr~duct From arachidonic acid and PG endoperoxide with the 

latter precursor being converted more efficie~tly (219). Several 
\ 
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investigators have studied the influences of chemical agents on 

the synthesis and release of PGI
2 

in cell cultures. Stimulation 

of prostacyclin production was observed alter incubation of 

endotheliSlI cells with the calcium ionophore A23187 (~), 

but not by preincubation with ADP (5J'M), epinephrine (0.9 ___ M), 

bradykinin (100 ng/ml) and angiotensin Il (10 ng/ml) (218,220), 

Thrombin and trypsin also stimulate prostacyclin production in 

sorne incuba t ion sys tem~. (">f The cyc ld-oxygenase i nh i b i tors asp i ri n 

and indomethaein inhibi prostacyelin synthesis by eultured 

endothelial eells (218, 19,221). Specific inhibitors of prosta-

eyel in synthetase ego r,èhylcypromine and 15HPAA completely 

aboI ished endothel ial p~ostacycl in production (218,217). The 

regulation of prostacycl in production in endothelial cells is 

~ti 11 uneleÇlr but with more specifie inhibitors and increasing 

experimental data using more boogical test substances (dibutyryl 

cAMP, adenosine etc.) it will 'eventually be possible to understand 

and manipulate prostacyel in production in endothe~ial cel1s . 

. 
3. Isolated tndo'thel ium (Mierovessels) 

Advances and improvements in bioehemical fraetionation techni-

ques have made it possible to isolate pure metabol ieal1y active 

c.apillary fragments from the cerebral cortex of a j1umber of dif-
. 

ferent species (227,229-2,36). Elsenberg and Suddlth (225) have 

edited a monograph exelusively dedicated to studies involving 

isoJated cerebral microvessels. Many enzymes have been assayed 
~ 0 

in isolated mlcrovessels, including those invoJved in glycolysis, 

'glycogen metaboJism~pentose phosphate pathway, amino acid and 
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biogenic amine metabollsm (228,236,247,249). Carrier mediated 

gl ucose transport (243), amlno ac i d transpo~ (237), sodi um 

-
and potass i um transport (244,245) and uptake of adenos i ne (241) 

and S35 cyst rne (242) by i solated' brain caplll aries has been 

documented. :he enzymes~metabol i zing histamine (228) and acetyl­

chol ine (225) have also been studied ln microvessel preparations. 

Renin-lik~ activity (246) and the properties of Angiotensin-

e " 
Converting En,zyme (240) wer~ studied in rabbit isolated micro-

vessels. The phosphol ipid composition from rat (234), bovine 

and human (229) isolated 11licrovess-els have been determined. Diet 

has been shown to alter the fatty acyl composition of phophol ipids 

" . in isolated rat cerebral capillaries (234,2261, witb the greatest 

change occurring in the plasmalogen ethanolamlne fraction. 

The study of prQs-taglandin me.tabol ism by these microvessel 

preparations Is novel wtth the first reports appearlng in 1980. , 
To date prostaglandln blosynthesis has been studled only in rat 

(251,254) cat (2501 and bovine (252.253} isolated mlcrovessel s. 

HJcroves'sel s produce PGE2, F2f- and 6 keto Flcp but not tbromboxane 

A2. Prostacyclln is apparently the major prostaglandi n produced 

in ail three species b.ut conflfctlng results have been reported 

by Gerrltsen et al {251,2521 ln both rat and ox mlcrovessels. 

ln one repprt ustng rat mtcrovessels (251) thls group failed to 

detect sfgniflcant amounts of PGI2 formation when the mlcrovessels 

were incubated wt th PGH2 and showed Instead that PGD2 was the 

major prostaglandtn formed. This observation Is ln contradiction 
, 

wlth other reports. ln whlch no PGD2 was detectable after Incubation 

of cerebral mlcrovessels wtth and wltbout arachldonic acid (249,1 

250,253.254). In the study by Gerrltsen et al (252) ustng bovine 

._~------------' 
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isolated cerebral microvessels it was concl'uded that PGE2 was the 

major metabol ite of PG endoperoxide and that prostacycl in formation, 

r'IIeasured 'as 6-keto PGFl4 ,only became significant at higher 

microvessel protei." concentrations. Maurer et al (253), however, 

showed.conclusively that prostacyc1in was the major prostaglandin , 

produced by Isolated bovine mlcrovessels. Further studies on 

arachidonlc acld metabol ism by i solated microvessels from many , 

-species will hopefully clar If y these dlscrepancies and provide 

information on the metabollc regulation of cyclo-oxygenase and 

llpoxygenase pathways in healJh and dlsease' 

.. 
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-
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E. Aims and Scope of Present Work 

As a result of the impact on cardiovascular research and the 

central role of prostacycl in in preventing thrombogensls and . 
regulat i 09 vascu lar tone i t has become of fmportance to determine 

if cerebral blood vessels, both large and small, as weIl as 

structures producing cerebrospinal fluid can synthesize this 

compound. 

Although much is known aboutmetabolism and effects of 

prostacycl in,_ as weIl as other prostanoids and thromboxanes in 

the peripheral circulation (165) their formation and effects in 

the cerebral microcirculation have not been extensively studied 

(250-254 ). 

With recently developed methods for the isolation of metabolically 
'\. 

competent cerebral microvessels, predominantly capillaries, 

small ~precapillary arterioles, and postcapi Ilary venules, i t is 

now feas i ble to study previously weIl known phenomena such as 

blood brain barrier function and factors affecting cerebral blood 
! 

flow regulation ~ vitro. 

ln this work the endogenous synthesis of prostacyclin, and. 

prostaglandins EZ and F2 .... , by cerebral microvessels and choroid 

plexus isolated From rat brain was investigated. The abi 1 i ty 

to utilize exogenoysly added prostaglandin endoperoxides as substrate 
~ 

for the biogenesis of prostacyclin was also studièd in these 

preparat ions. 

Data from experiments performed uslng surface cerebral blood 

vessels and thoseobtained from studles of prostacyclin synthesis 

. - ------
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in a peripheral large artery and intimaI endothel ial cells in 
! 

culturewe're collated. Considering aIl of the known i/llportant 
Ir, " 

functions of the cerebral microvasculature and choroid plexus, and 

possibly thO~ not yet appreciated, the definitive demonstration 
\ , 

that these strlktures can synthesize prostacycl in, and that its syn-

thesis cen be altered by vasoactive hormones and drugs, would 
l 

strongly suggest that this biogenic lipid may have a prominent 

function in blood brain barrier mechanlsms and in cerebrovascular 

homeostasis, particularly antithrombogenesi~ and blood flow regulation. 

/ 

..' ." 
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Chapte r Il 

MATER IALS AND METHODS 

\ 
A. Isolation of Microvessels, Choroid Plexus and Surface Vessels. 

'i 

Rat brain cerebral microvessels were prepared essentially by 

the method of Goldstein!:!.~ (232) w)th a number of modifications. 
"-

Typically, six or eight male Wistar rats weighing 200-300 gms 

(Canad i an B reed i ng Labor a tor i es, QUébec) were deG~p i ta ted and the 

brains rinsed with ice-cold oxygenated 4-(2-hydroxyethy'1)-I-

piperazine ethane sulfonic acid (Hepes) buffer (15 mM, pH 7.4) 

containing NaCI (147 mM), KCl (4.0mM), CaCl2 -(3.a mM), MgC12 (1.2 mM), 

L-glucose (5.5 mM) and 1% (W/;;) Cohn fraction V bovine serum albumin. 

AlI isolation procedures following decapitafion were performed in 

the cold (0-40 c). Cerebra t hemi spheres were separated From cere-

bellum and brain stém and the choroid plexus and surface pial vessels 
~ 

were isolated under a Zeiss dissecting microscope and kept on ice 

unti 1 ready for use. The cleaned hemispheres wer:e finely chopped 

on a glass plate with a razor blade and then homogenized (3 brainsl 

20 ml buffer) in a Potter-Elvejhem homogenizer with a motor driven 

teflon pestle for ten strokes at 300 rpm. The homogenate was then 

passed through a series of nltex nylon screens (Kressilk, Thompson 

Ltd., Montreal, Quebec) supported in microsyringe filter holders 

(32 mm diameter, Millipore Cor~., M!ss.) starting with 2x670 IJm, 

610/335 pm. and finally 335/118 J-Im size mesh. The collected filtrate 
, , 

was centrifuged at 900 9 for 10 min in a Sorvall RC-3 refriger.ated 

centrifuge using a S5 34 rotor, the supernatant discarded and the 

upper loose portion oLthe pellet was removed and retained, while the 
t 

lower compacted mass was rehomogenized (6 stl"okes, 150 rpm) and again 

, , 
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centi-ifuged as above. This final pellet was resuspended with the 

first loose upper layer "and centrifuged once more at 1500g for 10 

min. The supernatant was discarded and the pellet dispersed in 

10 ml of the above buffer of identic.al composition except that 

now it was 25% (w/v) Cohn fraction V bovine serum albumin (pH 7.5). 

The resulting suspension was centrifuged at 3000 9 for 15 min fol-

lowing which a floating cap of myelin and neuronal elements appeared. 

The cap and infranatant were collected, redispersed us ing a vortex 

mixer and centrifuged again at 3000 g for 15 min. The small red 

pellets from both centrifugations containing microvessels and blood 

components were carefully cleaned with wet cotton tipped swabs 

and resuspended in a small volume of buffer without Cohn Fraction V 

bovine ser.um albumin. The material was applied ta a pre-cooled glass 

bead column (Glasperlen, 0.25-0.30 mm diameter, Braun Melsurgen 

AG, West Germany), occupying a volume of 1.0 to 1.5 ml in a 5 ml 

Plastipak syringe. The glass bead column with.adhering microvessels 

was washed wi th 50 ml of freshly oxygenated buffer wi thout Cohn 

fraction V to remove excess bovine serum albumin (Cohn V), erythro-

cytes, neuronal and glial contaminants. The glass beads were then 

extruded wi th the same buffer into a small beaker 'and the micro-

vessels, predomlnantly capillaries, were recovered by agitatior; of 

the beads, the beads allowed to settle and the supernatant centri-

fuged at 3000 9 for 10 min 'to give a final microvessel preparation. 

B. Preparat ion for Light Mi croscopy. 

Oried smears of microvessels or pieces of choroid plexus were 

fixed in 10% neutral 'ormalinand stained for 5 min with Harris' ,. 
hematoxylin. The tissue waswashed by quick immersion three times 

(' ) 

/ 

------------------~-
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in distilled water', once in tap water, once in (0.3%) aJ1'l11Onia water 

and againonce ln distilled water. The tissue was then stained for 

3 min with eosln solution* and dehydrated by submersion ln 95% 

ethanoy'water (2 times) followed by 100% ethanol (2 tlmes). The 

tissues were cleared with xylene and mounted with Permount. Photo-

mlcroscopy was perf6rmed uslng a Zeiss Standard RA photomlcroscope 

wl th an automat 1 c 35 nrn camera a t\achme~t • 
t \, ) 

.. Preparation for Electron Hicroscopy. 

Microvessels freshlY isolated were immersed in a fixative 

containlng 2% freshly prepared paraformaldehyde and 2.5% purlfied 

glutaraldehyde ln 0.1 N sodium cacodylate buffer '(pH 7.4) Wr,1 h 

sucrose (fll'lal osmolality 900mOSmoles) overnight at 4°C .. T.e tissue 

was washedln 0.1 N sodium cacodylate buffer (pH 7.4) co~tal Ing 

11.25% sucrose (final osmolal ity 380 mOSmoles); this was fol1owed by 

fFxation for 90 min at 4°C wlth 1% OS04 ln Palade buffer (pH 7.4) 

containing 4.9% sucrose (final osmolallty '430 mOSmoles). 

The ml crovesse 1 s were then treated for two hours at 4°C wi th 

2% uranyl acetate in sodium hydrogen maleate-NaOH buffer, (0.05 M, 

pH 6.0), followed"by a short wa~ in maleate buffer (pH 5.2); 

the tissue was then dehydrated in_taded ethanols and embedded in 

Epon 812. Silver to gray sections were cut wlth a dlamond knife 
C-;\ 

or aA LKB Ifl microtome andexamlned following lead citrate staining 

with a Philips EM-300 microscope. 

D. Enzyme Assays. 

~Iine phosphatase (EC 3.1.3.1) activity in microvessels and 

initiaI cerebral cortex hompgenates was determined by adding[1 t:o 4 mg 

*Eosin solution; 50 ml--of 2% aqueous eosi," Y ptus 30 ml potassium 
dlchromate (0.5 g) is added to 10 ml saturated picric acid and 10 
ml absolute ethano 1 . 
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protein ta a reaction mixture of final volume 1 ml containing p-

ni.trophenyl-phosphate (7 mM), MgCI2 (0.5 mM), and glycine buffer 

(50 mM, pH 10.5) (255'). After incubation for 30 min at 370 C, the 

reaction was terminated by the addi tionof 10 ml 0.02 N NaOH ançl 

mixing. The absorbance of the mixture was read at 410 nm using a 

Zeiss PMQ Il spectrophotometer. Absorbance remaining after ad-

,diÇÏon of 0.1 ml concentrated HCI to each sample was subtracted 

from th~-'first reading and the activities calculated from a cal j-

bration curve using p-nltfophenol. y-Glutamyl transpeptidase 

(EC 2.3.2.2) was assayed in a s1milar manner using L-y-glutamyl-p-

nitroanillde as the substrate (256). The reaction mixture contained 

0.1 to 4 mg protein, y-glutamyl-p-nitroanilide (4.6 mM), glycyl­

glycine (0.1 M) and tris-HCI buffer (0.1 M, pH 9.0) in a final volume 

of 0.55 ml. After' incubation for 20 min at 370 C the reaction was 

stopped by additlonof 2 ml acetic acid (1.7 N) and the 1 iberated 

" -
p-nitro-anilinewas diazotlzedwlth 1 ml ofaqueous sodium nitrite 

solution (0.1%). Exactly three minutes following diazotization, 

1 ml of ammon lum sulfamate solut Ion (1% w/v) was added, followed 

3 min later by 1 ml of N-(I-Naphthy1)-ethylenediamlne (3 mM). The 

avera II reac t Ion sequence of th 1 sassay i 5 baSed on the in 1 t 1 a 1 

transfer of the glutamyl resldue From L-giutamyl-p-nitroanillde to 

glyclyglycine catalysed by y-glutamyl transpeptidase: 

) 

1. 
GGTP 

L-Glutamyl-p-nltroanllide + Glycylg1yclne --~p ~itr;sanili.ne+ 

:ft 

2. 

3. 

G 1 utamy 1-9 1 y-g'l yè 1 ne 

Acid • 
p-N 1 t roan III ne" + NaN02 ... 0 1 azo Coptpound 

Dlazo Compound + N-(I-Naph~hyl)-ethylenedlamine-"" Pink Azo-Oye. 

r 

1 

, 
1 

1 
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The absorbance of the fi na 1 mi xture was read at 540 nm. 

Enzyme activlties were calculated from a cal ibration curve in 

which the chromophore was prepared from standard known amount of 

p-nitroan 1 ) Ine. 

1-
Protein was determlned by the method of Lowry et al (257) 

uslng whole bovine serum album!n as standard. 

. ~ 

E. Preparation of Prostaglandin Endoperoxides 
- t 

Prostaglandin endoperoxides (PGG2 and PGH2) were'biosynthesized 

and isoJated essentlaJ1y accordlng to the established protocol of 

Hamterg !:.!.!l. (12) and Nugteren and Hazelhof ( 13) with modifi--ca t Ions as prev; ous J y descr i bed (258). 

Frozen ram seminal vesicles (20 g) were partially thawed, 

denl,lded of fat and connective tissue, then diced and homogenlzed 

(l/S, w/v) in i ce-col d potass lum phosphate buffer (O. lM, pH 7.4) 

uslng a 8rlnkman Polytron with a PT 10 ST generator at a pulse 

frequency of 7300 cps for 30 sec. The homogenate was centrifuged 

at 8000xg for 15 min (Beckman J-2/, O-l,°C) to remove nuclei, mito-

chondria and cell dC1brls, fol1owlng which the resultant supernatant 
/1 

was decanted and centrifuged at 100,OOOxg for 60 min to obtaln 

the microsomal enriched peollet. This microsomal fraction was then 

used as the source of the prostaglandin endoperoxide synthetase. 

The microsomal pellet was resuspended by homogenization in 

20 ml of potass 1 um phosphate buffer conta i ni n9 ) mM p-ch 1.0 rc-

mercuribenzoate (Sigma Chemical Co.). The suspension was equihi-

brated at 370C for two minutes prior to its addition to warm 

(5,6,8,9,1I,12,14,IS-H3) arachidonic acid 150 ,..Ci (Amersham, 
#, 
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Oakville, Ont.) di luted with 500)J9 of unlabel1ed material 

(Nucheck Inc., Elysian, MN), dissolved in 50)Jl of ethanol (final 

Sp. Activity 91.5 )JCijJJmole): 

Followi ng 90 seconds of i ncubat ion 07°e, 100% OZ), the 

aqueous mediumtas rapidly extracted with ice-cold diethyl ether 

(50 ml) plus 1.0 M cit~ (2 ml). The ether extract was then 

backwashed and neutralize~ith ice~cold water (5 mil and the_ 

organ ic phase separated from the aeqèous phase by centrl fugat ion 

and then drled over anhydrous magnesium sulfate. 

The ethereal extract after evaporatlon of the solvent under 

vacuum (-200C) was dissolved in a small amount of cold (-ZOOC) , 

petroleum ether-diethyl ether (8:Z v/vl for sfliclc acid column 

chromatography. " 

Sil i cr c ad d (2 g, BI o-S il HA-m i nus 325 mesh, Bio-Rad 

Laboratories, Hlsslssauga, Ont.) was introduced as a slurry in 

petroleum ether Into a glass column (15 cm, 1.4 cm. 0.0.) to a 

height of 10 cm. The column was washed with 50 ml of petroleum 

ether at room temperature and subsequently placed ln the cold 

room (0-4oe1 overnlght. ° The sample was fract ionated at ~20 e 

on this column wlth petroleum ether:diethyl ether mixtures 

(8:2, 6:4, 4:6 boy voll and methanol in that order. The products 

ln the Initial ethereal extract from the incubation and the purity 

of the fractions f~om sil Icic acid chromatography were assessed by 

thin layer chromatography (Brinkmann, precoated 5 cm x 20 cm sllica 

g~l G plates) performed at -200 e for 90 min using dry dlethyl ether 

as developi.ng solvent. Prostaglandln standards were vlsuallzed 

1 

I~ 
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wlth 10% phosphomolybdate in ethanol and radioactlvlty monitored 

using a Packard Model 7220/21 Radiochromatogram Scanner. 
~ 

The petroleum-ether-dlethyl ether eluates 6:4 and 4:6 which 

contained respectively PGG2 and PGH2 were evaporated to dryness and 

,the res'Idues then dissolved ln dry dlethyl ether (5 ml) for storage. 

At -Booe the endoperoxldes proved to be stable for several months. 

The i denti ty of the- endoperoxldes was conflrmed by the i r chemi cal 

conversion to PGF24-- after ml Id reduction with stannous chlori de 

ln ethanol (12.5 mg/S ml). 

F. 1 ncubat i on Cond it Ions 

1. Incubation using endogenous precursors. 

Freshly isolated cerebral microvessels (3-6 mg proteln) or 

surface vessel segments (35-45 mg wet weight) or Isolated chorold 

plexes (12-15 mg wet weight) were i~cuba'-ted ln 1 to 2 ml Krébs­

Henselelt bicarbonate buffer pH 7.4 at 37°C for 10 min in an 

atmosphere of 95% 0 2 /5% CQ2' 

2.- Incubations using exogenous precursors. 

Initial studies were performed using (l-c 14) ar~chldonlc acid 
• 

'{New England Nuc1ear, Boston, Mass., 2.6 ,..g, 0.5' )JCi} and the 

conditions descrlbed above. Subsequently, incuba,tions with synthetic 

tritiated prostaglanqln e!1doperoxides were carried out. Prosta­

glandin endoperoxides (3-5 ug, 1 pel) were incubat~d wlth fresh 

tissues either for 10 min ln Krebs-Henselelt buffer or aerobically 

for 90 sec in KH 2 P04/NaOH buffer (0.1 H"pH 7.4). Follo~ing 

incubations for 90 sec, residual ~ndoperoxlde was reduced by addition ... 
of stannous chloride ln ethanol (12.5 mg/S ml). The stannous chloride 

was allowed to react, with vigorous stirring, for two minutes. after 
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which the mixture was w,?r-ked up by ~}8nda'rd extraction and,'puri-

fJ cat i on procedures. Non-enzymat,i c dec6mpos 1 t ton of endoperoxi de's 

was assessed by control i,ncubat ions perfofm~d wi th bolle~ tlss.ue 

~, (3 min, IOOOC) or in buffer alone ... 
: \ 

G. Purification and Analys~s'of Prostaglandlns . .. ~ ~.. . 
1. Extractio,n 'From i ncubat ion mixture. , 

,AlI incubation mixtures underwent a -standard extraction 

procedure. 
1Çl)' 

ln 'q~antitative analytical experiments, deuterated 
• 

prostaglandin int~-J1.a-1 stan8ards and carrier (1 or 2 ug) we~e added 
. .., ... 

prior to acidHJcation. 
, . 

, , 
Typlcal1y, Immedlate1y followin~ the incubation at 37°C for . , 

~ l1li , l'III ..... 

the appropr'ate tlmes the mixture was cooled ln an r~':'water bath 

and acidified to 'PH 2.5-~ with 1 H HCl., ThisO~xture was then 

part i t i oned 'three t i mes wl th 5 vo 1 urnes 'of cti ethy 1 ether. the ether 

phase·backwashed twice wlth dlstilled wat~r to neutrality and..then 

evaporated l!!. ~ or' under a stream of dry ni trogen. The res i due 

o was reconstituted in the solvents, requtred for the subsequen,t purl-----
fi ca t.i on step. 

2. Th' n layer chromatography. 

A qua1 itatlve assessment of distribution of radloactlvlty in 
~ , 

a sampTe was routlnely carried out by thln layer chromatographY 

uslng pre-coated si 1 Ica gél 60/F-2·54 plates (E. Merck A.G., 

Darmstadt, Germany) in an ascendlng' solvent system consistlng of the 

'or~ànlc phase of'~thyl 'acetate:2,2,4-trlme1:hyl peotane:acet,ic ~cid: 

'J (' ) water 5>:25: 10:50 .-
"Il 

Development was at ",lent temperature for 

h'r, after whtch the plates were â310wed to dry and then'developed 

. ' 
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again ( hr) in the same system. The plates were sprayed with 

phosphomolybdate (10%) in ethanol, and after heating for 5 min, the 

prostaglandlns appeared as dark blue spots on a greenish-yellow 

background. Radloactlvity was monitored by a Packard Hadel 7220/21 

Radlochromatogram Scanne~ 

3. Octadecylsilyl Sil Ica (C,a SepPak) Chromatography 

• 
Chl"omatography of arach 1 don i c add and 1 ts metabo' i tes us i ng , 

octadecyJsllyl (005) sllléa (C'8 SepPak, Waters Ass~clates, 

Milford, MA) was Investigated Initlally with radioactive 'standaras 

and a number of closety related sohÎent mixtures - ethanol :dlethyl 

ether, me..t,tJanol~diethyl ether, and ethylacetate:dlethyl ether. , 

Mixtures wlth detreaslng polarlty ratios (l: l, 1 :2, 1 :4, 1 :8) and 

diethyl ether alone were tested. 
\ 

Ali SepPak cartridges were pretreated and act Ivate<l by pass i n9 

5 ml ethanol through them followed by 10 ml of distilled water. 

The.samples to be chromatographed were dissoJved in 20% ethanoJ­

water (pH 3) and applled to the cartrldgè through a 20 ml glass 

syringe. The cartridge was washed with neutral aqueous ethanol 

(JO ml) and then ~enzene (5 m~ 
Prostaglandlns were subsequently eluted wlth 10 ml of diethyl 

ether,- the most sultable of tly! tested solvents, and subjected to 
<y 

further pdrificatldn or analysls. 

4. - . *' Sil Iclc acid column c~romatography 

Group separat ion of prostaglandlns for quan.t i tat ive ana lys i s 

" 
was accomplished by SiliciC!;d .column ch.romatography • Silicic 

acid (Bio'Sil HA, minus 325 mes, lo-Rad laboratories) was activated , , . 
, 

" 



'r ' ,. 
~\~ f ... 
l~'r 

"' ,'. 

i'" 

1 ~'\" 

j/~/' 
-~.I~ 

'; 

.,l~~ 

~ 
," 

------

- 56 -

for 1 hr at llOoC. After cool ing in a desiccator, a slurry was 

made of silicie acid ln diethyl ether and poured into a 2 ml 

pipet having a glass wool plug. Sil icic aeid was allowed to 

sediment 'to a height of 6 mm in the glass pipet. The column 

was then washed with chloroform until ail the silleic acld became 

transparent. Sample resldues from incubate extraet}ons or DOS 

chromatography were applied to the sillclc acid column in chloroform. 

The column was cleansed with 5 ml of chloroform followed by 

2% methanol in chloroform. Prostaglandlns E2' O2 , and 6-keto-F,. 

were eluted with 5% methanol in chloroform and PGF2~with 10% 

methano l 'i n ch 1 orffprm. 

5. High pressure liquid chromatography. 

High pressure liquid chromatography (HPLC) analysis was 

performed uslng a Waters Associates Model M-6000A solvent dellvery 

system equipped wlth a Mode 1 u6K manual injector and Model 450 

Ultraviolet ab~orbance detector with variable wavelength eapaclty. 

The separations were performed Isocratically on a Waters Assoclates 

Fatty Aci~ Analysls column (30 cm x 4 mm i.d.) at room temperature. 

Modifications of the solvent system descrlbed by Russel~ !.!.: ('38 ) 

. were enlployed as the mobile phase wl th flow rates of 1 or 2 ml per 

minute. Tetrahydrofuran (HPLC grade), acetonitrile (Pesticide grade) 
1 

f' 
and acetlc acld (Reagent grade) were purchased fram Fls~r Sclentific 

CO., Montreal, Que. Dlstliled, delonlzed water was thoroughly degassed 

. prlor t<i mlxlng wlth other sol vents and the final solvent, system 

was brlefly evacuated. 

, 
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The compositions of the solvent mixtures (by volume) were as 

follows: 

Tetrahydrofuran:Acetonitrile:Water Acetic acid 

System A 

System B 

45 

45 

58 

62 

157 

153 

0.25 

0.25 

Prostaglandlns standards (1 ~g of eachl were detected at 

210 nm and radloactlvlty from samples was monltored in the column 
s 

eluate by countlng 0.1 ml allquots in 10 ml liquid scintillation fluid 

(Sclntlverse, Fisher Sclentific Co., Montreal) wlth an lntertechnlque 

Liquld Scintillation Spectrometer. In sorne cases' HPLC elution 

profiles were.plotted directly by a mlcroprocessor unit of a 8eckman 

LS 8100 Pr~grammab~e Liquid Scintillation Spectrometer. 

6, Gas-llquld chromatography and mass spectrometry 

a) General derivatlzatlon procedures 

Hethoxlmatlon - Samples containing prostaglandlns wlth carbonyl 

functlons (I.e. E2, O2, 82 or 6-keto-Flf.) were methoximated in 

sllanlzed glass viaIs (Reacti-Vial, 0.3 ml, Pierce Chemlcal Company. 

Rockford, Ill.) by addition of 30 ~I of 2% methoxylamlne-HCL in 
• 

pyrldlne (Plerce* Chemlcal Co.) to the dry residue. The vessel was 

capped with a screw top contalnlng a tef10n septum and kept at 

Booe for 1 hr. At the complet ion of the reaction the sample was 

drled under é!' stream of nltrogen and methylated. 

Methoxlmatlon Is performed first because of the fact that 

6-keto-PGF1f. can coexist ln a 1actol form. The hemi-ketal function 
~ 

can be il111lOblllzed by methylation thus' renderlng the ketal inac-

cessible to subsequent reaction with methoxylamine~ 

" 

") .... , \..c. 
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Methylation - Carboxyl fun~tions of prostaglandins and arachidonic 

aeid were eonverted to the methyl ester derivative ln Reactl-vlals 

.' by dissolving the dried sample in 10 pl of methanol followed by 90 #JI 

of freshly'prepared ethereal diazomethane. 

-/ 
Oiazomethane was generated from N-methyl-N'-nitro-N-nitroso 

guanld'Ine (Olazald, Aldrich Chemlcal Co., Milwaukee, Wise.) in 18 

N KOH/2-(2 ethyethoxy)-ethanol solution and trapped in diethyl 

ether. The sample in the closed' Reacti-Vial was held at room tem-

perature ln the dark for 20 min, after whlch the evolved gas was 

released and the ether removed by a stream of dry nitrogen. 

Trlmethylsllylation - Immediately prlor to gas liquid ehromato-

graphy (GLC) wlth flame ionlzatlon deteetion (FIO) or mass spectro-

me~ry (MS), aIl samples contalnlng hydroxylated compounds ~except 

PGE2 in GLC-H5 analysis) were trimet~lsl1ylated with 10 ~l of 

'Nl0-S 1 s (trlmethyl sil yl)-acetami de (BSA, Pierce Chemi ca 1 Co.) and 

10 ul of Tri~Sll Z (Pierce ChemJeal Co.) heated for 5 min at 

600 -700 C. For GLC-MS analysis, the O-methyloxime methyl 

ester derlvatlve of PGE2 was flrst converted to its 82 analogue 

" by treatment wlth 10 ul of piperldine at 700 C for 5 min and then 
, 

silylated with 10 ul trlmethylslly~imldazole (T5IH, Pierce Chemical 
~ 

Co.) for 5 min at 600 -700 C. Trlmethylsilylation was always performed 
, 

immediately prec~dlng injection into the gas chromatogram. 

b. Quantitative analysls 

Gas chromatographie mass fragmentogr~phlc analysis was earried 

out on a LK8 9000 instrument using the multiple ion detector unit 

r 
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to monitor alternatively the intensities of the protium and tetra-

d~uterated prostaglandins in the same injection sample. 

The gas chromatograph was equipped wlth a 6 foot glass column 

packed wlth 1% OV-IOI on chromasorb WHP and operat~d at an oven 

temperature of 2200 C. Ion source temperature was 2900 C with electron 

source energy of 70 eV and trap current of 60 pA. Under these condi-

tions the 6-keto-PGFI4-- derivative had a retention time between 

4-5 min. 

The spectral fragments focused for multiple ion detection depend 

on absence of contaminants in that ~ss range and their relative 

intensities in a full mass spectrum (Table 1 and Fig. 3). 

Both protium and corresponding deuteroprostaglandin spectra 

are very similar except that ions contafning the deuterated side 

chain have mie values 4 units higher. 

The ions monltored were ~e 598 and 602 for the methyl (me)­

ester-methoxime (HOX}-trlmethylsily (THS) ether derivative of, 

6-keto-PGFlf ,; mie 321 and 325 for PGE2 as the Me ester-THS deri­

vat ive of PGB2; and mie 423 and 427 for the He ester-THS derlvative 

of PGF2 f Standard curves were constru~ted From known mixtUres 
'\ 

of reference (2H) and (IH) prostaglandlns and the minute amount of 

protium ln the deuterated standards was subtracted From sample 

measurements. 

\ 
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Chapter J J J , RESULTS 

A. Horphological Evaluation of Isolated Microvessels 

Hicrovessel preparations routlnely evaluated by 119ht 

mi croscopy revea led predoml nant Iy capi IJa,r i es and some sma Il 

fragments of arterloles and venules (Figure 5 A.B). Typlcally. 

the mlcrovessels appeared as fine strands or tubules composed of 

,oyat elongated nuclei regularly spaced along a branching network 

wlth discernlble but sparse and 111 deflned cytoplasm. At 

hlgher maghlflcatlon occaslonal intralumlnal erythrocytes were seen 

along the course of the vessels. The purity of the preparations was 

estlmated to be greater than 90% as visuallzed in randomly chosen 

fields and absence of gross contamination by neuronal and neurogl ial 

elements. Indeed electron microscopy (Fig 6A-C) conflrmed the absence 

of gross contamination by 91 la.~nerve cells, synaptosomes and myel!n. 

A red blood cell was sometlmes seen i'n the lumen (Fig 6c). Bits of 

resldual shards of astrocytlc vascuJar foot processes were found 

adherfng to the basement membrane. The microvessels consisted of 

endothel laI cells forming a partlally collapsed lumen surrounded by 

• eontlnuou~se~nt me~e whleh often In~luded a perleyte , 

(Rouget cell)(FJg 6A). The endothelial ceJls and constltuentorganelles. 

prlmarllymlto,::hondrla were mildly swol1en but the plasma membranes 

were contfnuous and the fntracellLlar junctions. zona occludens were 

we Il preserved (Fig 6 B,e). Interestingly incubation of a micro-
, 

vessel preparation in the presence of EDTA, a calcium chelator. 

disrupted the junctional complex. 

~.~._------
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,) 
Figure 5. Photomicrographs of fixed wet mount preparations 

of isolated microvessels stained with Hematoxy1 in/ 
, 

Eosin Illustrating the capillary network and its 

uniform tubular configuration. T~e regular array 

of focal dark nodules localize the endothel ial 

r 
and' pericyte nue1ei (N), Occ,asional erythroeytes 

(E) are also visible. 

(A) Griginal x 200, (B) Original x 600, (C) 

Original x 1250. 
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1 

Fi gure 6. High power transmission electron micrographs 

of capillary preparations in cr'o'ss section. 

(A) Capillary wlth ~he 1 ining endothelial 
( 

cell. investing basement membrane and a 

pericyte. Astrocytic foot process debris is 

evident in the bottom of the picture. (e) 

Capi Ilary endothel ial cell nucle.us wi th the 

lumen collapsed showing the continuous plasma-

lemma and preserved intercellular junctional 

complexes. (Original x 57,500) (C) Highèr 1 

, . 
magnificat ion of a typical tight junction of 

tsolated mlcrovessels. 
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B. Enzyme Enrlchments 

The actlvlties of enzymes considered as specifie markers 

for microvessels were routinely measured to follow the purification ~ 

efficacy, and compared with their activltles ln crude cerebral 

hemi sphere homogenates (Table 2). 

Alkal Ine Phosphatase showed an enrichment of 14 fold and 

y-glutamyl transpeptldase ylelded a 34 fold Increase over crudé 

cerebral homogenate. The most sp~ctacular enrichment was se en wlth 

prostacycl~ synthetase which demonstrated a 193 fold enrich~nt in 

the microvessels versus t~e crude homogenate. Enzymic activlties 

ln chorold plexus were hundreds of tlmes higher ,than ln the homogenate, 

and it was also prostaglandin synthetase which had thehlgher relative , 
a 

enrlchment of the three enzyme activlties determined. 

C. Characterlzatlon of Prostaglandin Endoperaxides 

The d~strlb\:Jtion of r'adloactlvity following nc of the product 

Isolated from the Incubation of tritiated arachido~ic acld with ram 

sem i na 1 ves 1 ca 1 mlcfosomes showed· tha t convers Ion to PGG2 and PGH2 

was 35% and 33% respectlvely (Fig 7A). After silicic:; acid chromato-

graphy, the radlofhemlcal purlty of PGG2 was calculated to be 83% 
, . 

and .that of PGH2 was 92% with cross conta~inatlQn being the major 
, 

Interference (FIg 7B and cl. Further ev,idence for'the identification 
'~w." . 

of the endoperoxldes wa~ the converston of the radiolabelled reactJon 

products to PGF2~after mild Snel2 reductlon and,-characteristic 
1 

reten~lon times in three standard solvent systems. Final yield of 

PGG2 was 149}Jg (91.5 ,..CI/flmole) and of PGH2 was 104 ,.,9 (91.5 JJCiljJmole). 

The endoperoxldes were found to be stable for longer than three months 
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Table 2. Activttie~ pnd, en,lchment Qf enzymes in Isolated rat microvessels 

Enzyme ,. 

Alkal 'ne pho~pfiatasea t41 , 
. . 

y-Glutamy~-t~an~eptidasea_C61 

Activities 

Cortex Mlcrovessels 

0.55:1r 0~25 7.6±2.0 

1.0 ;t 0.5 35.2± 18.5 

Enrichment factor 

14 

34 
ù ' 

Prostacyclin synthetas~b (S} O. 05{:t. 023 ]1.0=0.4 193 

Enzymes ~ssayed a~ d~s~rt~~d I~ MetBods. Values jr~ mean~ S.D. with number of 

determlnations ln bracRets. 
• i 

, 
\ 
lfqu?ts of 80-100 ~g of capillary protetn Inc~bated wlth either p-nitrophenyl phosphate 

(30 min) f6r .alkal!ne phJ?Sphata~ or L-y-glutamyl-p-nftroanillde (20 min) for y-glutamyl­

transpeptidase; ~mole substate released/mg protein/mtn: . . 

~
bD rrvé~~from.GC-mass~fragme~tograpntc data 

-keto-PGF., pF'oduc~dJmg_ .protein/lO mi'n. . ' 

Il 

using 2 fb-5 mg capillary protein; ng of ~ 
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Radlochromatogram tracings of (A)'ether extract 

of f~ seminal ve~Lclé microsornes after incubation 

with tritiated arachidonic acid for 90 seconds, 

;-'howlng conversion to PGG2 an? PGH2; (8) PGG2 

and (C) PGH2 after purification by silicic acid 

.. co 1 umn t;,h[omatography. Deve lopment of th in 1 ayer 

plates was performed in diethyl ether at -20°C 
1 

for 90 min. Relative mobillties of prostaglandin 

t 

standards F2f,' E2' ~2. 82 an~ arachidonic acid (AA) 

are shown, 
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when stored at -Booc. Incubation solutions were prepared by dilution 

wJth buffer just prior to Individual experlments. 

D. Prostaglandins Generated From Endogenous Sources. 

Prostanol d production, when compared 1 n varfous spee if Je 

vasculà,. components of the rat, unquestlonably shows that prostacyclin 
,( . 

i's the major endogenous metabotite of araehJdonate ln all instances 
, 

and that in the mlerovessels the ~thetlc capaclty js about 1/3 
/-: 

that of the larger vessets (Table 3). Aortic rings, brain basal 

arterles and chorold plexus had equat synthetic rates and PGF2 ... was 

the next most abundant prostaglandln made ln these larger vessels. 
J 

ln mlcrovessels however the trend was reversed and PGE2 was synthesized 

at ~bout'twice the rate of PGF2"" Another interesting finding~as 

that the ratios of E2/6-keto-Flf and F2f'/6-keto-FI,.., i.e. the 

relative amounts of the other prostaglandins to prost~cyclin. was 

the hlghest ln the mlcrovessels" There was also an Indication that 
, \ ' 

in general mlcro~sse1s ln themselves have a greater capacity to 

synthesize PGE2 and PGF2.,when compared to'aortlc rings and choroid 

plexus. 
! • • 

PGD2 the major prostaglandln formed in whole rat braln 

homogenates and also used as a tes.t of,purlty for microvessel 
, 

preparations was not detected In.our capJlIaries ln agreement wlth 

other (249). 
"î,:,. 

E._ Prostaglandi nS' Generated from Ëxogenous Sources 

ProstacYG:1 in measured as 6-ketq-PGFlt was formedenzymaticalty 
~ ~ 

From ,added 1 abet:1ed .PGH2 by both choroièf pl~xus and microvessels 
/ 

(Fig!. 8 and 9). Conttol incubations of PGH2.in bu~f,er atone 

) 
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Formation of Prostaglandlns by rat vascular tissue Table 3. 

Vascular Tissue Prostag1andins (ng/mg proteln) . 
" 

Aort i c ri ngs 

Basllar artery and Cfrcle 
of Wi 11 is 

Isolated cerebral ~icroJes5el5 • 
Chorold plexus 

,or 

, 
6-keto-PGF l "J-

36 ~ 4 :1:. 5. 2 -(12) 

35.2 t 5.4 (4) 
~" . 

11 .0 :1: 0.11 (5) 

36.8:J: 3.1 (4) 
'~'" 

Value~ are means jt S.O. Number of experiments in brackets . 
..J • 

E
2 

0.93 % 0.05 (3) 

3.24 ± 1.39 (3) 

1.2 ± 0.1 (3) 

. Quantitation by GC~mass fragmentography"as described in Methods. 

., 

~ 

...",. 

...... \ 

"-- "-

F2qt. 

1.1 :f: 0.3 (3) 

4.2 (1) 

1.30i:2.26 (3) 

2.6 ± 0.2 (3) 

.. 

.J, 

cr­...... 
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Fiqure 8. 
tt 

Hetqbol ism of PGHl in isolated c03pillaries 
1 

and choroid plexus. Incubatio~s for 10 

min at 37~C in Krebs-Henseleit bicarbonate 

buffer pH 7.4, (A) control, no tissue added; 

\ 
(B) choroid plexus, 12-15 mg wet weight; 

o 
\ 

(c) cerebral capi Ilary preparat ion, 4-5 mg 

protei", HPLC conditions: solvent THF: 

HOAc (45:58:157:0.25 by vol.). 

'flow rate 2 ml/min. ~Radioactivity monitored 

in column effluent. , 

-
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.. 
Radio-HPLC profiles of reaction products 

fo Ilowi ng 90 sec i ncubat ion of PGH2 wi th 

(A) boiled capillary tissue and (B) 2-3mg"-...J 

of fresh tissue. Excess endoperoxide was 

removed as PGF 2f. by reduc t Ion and 5 i Il cie 

acl~ chromatography. HPLC conditions: solvent 

THF:CH3CN:HZO:HOAC (45:62:153:0.25 by vol); 

flow rate 1 ml/min. Radioact lvl ty moni tored , \ 
\ 

1 n co 1 umn e f f 1 uen t • 
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(Fig 8A) or with boiled tissue (Fig 9A) showed nonenzymic hydrolysis 

to PGF
2
,.., PGE 2 and PGD2 , Radio-HPLC analysis of choroid plexus 

and isolated capi1laries showed that after a 10 min incubation 

(Fig 8B and C) PGH2 had decomposed mainly to PGE 2 and PGF
2
.,.with a 

concomitant noticeable,production of 6-keto-PGFli (Fi 9 8B). 

Taking into account the nonenzymic production of prostaglandins 

in choroid plexus, it is c1ear that 6-keto-PGFI4--was the major prosta-

glandin formed enzymatically from exogenously suppl ied endoperoxide. 

ln miçrovessels, 6-keto-PGF,,,,, was also the major enzymatic 

prostaglandln (Fig 9B). There was also a significant amount of 

thromboxane 82 present in microvessels incubated for, 10 min with 

1 abe II ed PGH2 (Fig Be). A possible explanation may involve re-

sidual1y platelets ln the lumen or those adhering to the cut ends 

of .the mlcrovessels. 

To reduce the contribution of nonenzymic prostaglandins, 

Incubation of PGH2 and Isolated capillarles was shortened to 90 

seconds and the excess endoperoxlde reduced and removed as PGF2qL:. 

Under these ci real11stanees capll1arl es showed large product ion of 

6-keto-PGFlrwith no signlflcant produetLon of thromboxane 82 

(Fig 98). Under Identieal conditions, rat cerebral surface vessels 

synthesized mainly 6-keto-PGFlf'and sorne thromboxane 82' Studies 

with ihe hydroperoxy endoperoxide PGG2 were much more variable ln 

the nonenzymic breakdown patterns. 

Qualitative results by"Radlo-HPLC were cont'irmed by quanti-

tative analysis uslng .GC-mass spectrometry. The results summarized 

" -1 n Tab 1 e lf 1 nd i eate that 1 n the presence of ml cTovesse 15 or choro. d 

~ . 

, . 
" 
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Table 4.: ' 

Tissue 

tU çrovesse 15 

Choroid plexus 

Hetabolism of prostaglandfn endoperoxlde H2 ln mf'crovessels and choroid plexus 
to prostaglandtns 6-k~to-FlqL • E2 and F2 .... measured by GC-mass fragmentogr~hy 

Prote t n (mg) 

'. 
• 

2.2 

0 

1.7 
0 

1.5 

0 

1.2· 

0 

+PGH2 (Pgl 

5.2 

5.2 

3.5 

3;5 , 

5. 2, 

5.2 

3.5 

3.5 

., 

.~ 0 

%Converston to Prostaglandins 
6-keto- PGF ltf EZ F29' 

2.2 52.3 7.S 

1.5 56.5 2.1 

2.5 14.8 , 3.6 ' 

0.5 19.7 0.3 

8.3 . 25.1 13.7 

1.5 56.5 2.1 

4.3 5.6. 4.3 

0.5 19.7 0.3 

'Res~lts 9f four experiments wlth approprlate controls, are expressed as percentage of the 

added endoperoxide. Inçubatlon ~erfod of 10 minutes. . ~ 
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"'1 

plexus the convers ion to 6-keto-PGF,If' from""ex og.enous· PGH2 i s 

Increased an average of 5 fpld. The hlghest lncreasé was seen 
• Il> 

in choroid plexus in which 4.3% of added endoperoxlde was con-
o 

verted to 6-keto-PGF1~.versus O.5%wi~hout tissue, a 9 fold aug­

mentation. Smal1 amounts of 6-keto-PGFI+ was detected- ln 

Incubations Jlthout tissue but the .major nonenzymic product in'oth 
\ ' 

experlmental" and- control situations was PGE2. Bec"us-e of the .. 
lVariabllity between experlments, ln the br-eakd6.m pattern of endo-

1 

peroxldes to prostag1andlns and other hydroxy (attyoaclds and 

recovery of the three major prostag1andlns, ft Is not pos~lble to 

• ~ c ',~ decide wlth thesedata alone whether the presene'e,of enzyme causes 

shuntlng of' the en<loperoxlde From the major nonenzymaOtlc 'pathway 

or whether ~enzymat'lc convers,&n is superlmposed .on the)nonenzymlc one. 
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Chapter IV 

DI séuss ION 
• . ' 

/' 
. . 

,)/ 
J 

~ ~~ 
A. ProstacyclJti as the Hajor.ProstanQld in the Rat aerebral J 

Microvas~ulature 
.. )? 

S Ince the fi rst re-por't of prostagl a~ synthes 1 s by blOod 

vessels (165'), la.~er highllghted by nthe-d~ove-r~ of the pr~-' 
"'" dÇll1llnàntly vascular prQstaglandln (25), prostacycHn", ~n;~normous 

-- .. . 
'\ êlmount of experimental data on vascul~r production and actions of 

, ~ 

these compounds has beeri accumulated. Whlle most of these studies . - ~ 

R f 

have dealt with peripheral blood vesseJs (259) few and only recent /' 
v--

• . 1 \ 

studies have fQcused on production and effects of arachidonic' - . : , 
acld metabol itlE!'s in the larger vessels of thece. .. ebrovasculat.lbre 

(17~,175 ). Knowledge of arachidonic acld derived substances and . . . 
thelr açtlvities ln the cerebral microvasculature Is practlcally 

, 

• nonexistent wlth few literature reports to date (250-254). 

It has been shown that both. brai!') parenchyrna (fS7) and brain . 
p 

bloOd vessels (170) from a numb~r of species syntheslze a va ri et y 

of prostaglandtns, includlng-prost~cycll.n and thromboxanes. Tlae 
) . 

capaci.ty to synth«;slze these elcosanolJsand thelrre1ative pre-

ponderance is a function of the tissue type and regional dlfferences 

pfthe brain (146) .. ln 'neuronal elements of sorne specles the ... 
. 

major prostaglandln· pr9duced is PGD2 (1~7) which is a powerful stimu-
• T 

'lator of ad~nylate cyclase ànd 15 also produced by neuroblastoméi 

c~l1s, hence it has been proposed to function as a netrromodùlator 

(260) • 

. Prostacycl ln -is the principal prostaglandin produced by blood 

vessels ('25). It is the tnOst potent platelet ant)agg.r~gato~y 
. 

substan,ce known (259) and is' a powerful vas9dilator .(261). This has 

( 
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1 ed., to the pos t LN a t Ion of an' i mpor tan t ro 1 e for th i s subs tance. 1 n 

vascular homeostasls (214), The production of PGI2 'by cerebral 
• 

arterl~s has been demonstrat~d ln a number of specles (146) Including 
, 

man (170), Skidgel and Prlntz 1918 (262) as well as other (171) ...... . 
l 

have suggested greater occurrence of'prostacyclln 1 n' arteries and· . 
~ ~ • J 

arterloles thétn ih veins-and ve(lules. which sugg'ests that prosti-

cyclln may have its effects at the microclrculatory level. ~n 
~ 

support of this hy'pothesls It has b~en found-th~t Inhibition of 

'PGI2 formation in the microc i rculat,ion enhances platel.et aggregat Ion 

( 171) , 

The susptcion that ln the vasculàture PGI2 Is derlved malnly 

...' .. from the éndothellum was probably brought about by the high content 

of thls prostanold ln perfusates of isoUted organs of hlgh.endothel iat 

cell content, te. lupg, heart and kidney' t..aO ). Contlnuo~ release 

of PGI2 by the 1ung has even been demonstrated {263) , leading sorne 
. . 

to hypotheslze that prostacycl in may function as a ci'rcu1ating 
. 

bormone (264).' Definitive evidence for the origlns of endogenous 

prostacyc1ln in b100d vessels was reported by Monca~a e't al. (259) 

who studied prostacycl in formation in dlfferent layers of rabblt 
• 

, , 

aorta. These investigators cc:mpared PGI 2 synthesis by Intimai ce,11 

suspen~ipns wlth that of internai elastic lamina, media and adventitia, 

and noted that the distribution of prostacyclln synthetase was not 

uniform throughout the vessel wa'I!., They conc1uded that, the intima 

of rabb i t aorta represents approxtmate 1 y 5% by ~ei ght ,of the tota 1 

.arterial tissue, whereas it. produces about 40% of thè~otal ehiro-
f 

genous PG 12. 
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Absolut~ proof that eQdothellal cells'rwere the source 
\ . 

of vascular. prostacycl in was the synthesls of prostacyclln from 
, . , 

":F"achldOnic acid ~~d pr- tagl~ndin endoperoxt.des by cul'tured 

e~othel I.al cel Js 219) and the minute ,If any sy~nthesls, by 
• '" Q t 

,cultured aortlc media "smooth muscle cells and adventitial flbro· 

blasts (218)., The e'arllest report 'of prostaglat.ldln synthesis by 

cultured e9dbtheJ laI cel Is was that of Cimbrone who also shoWed 

'that PGE2 production cari be st.imûlated by angiotens in Il (216). 

Sfnce then production of prostaglandlns and particularly, PGI2 .. . . 
has been demonstrated in; human unÎbi 1 ical vein, bovine aortié 

(217~ and porclne,aortic(218) cultur~d endothelial cells. 

Recognl t Ion of hormone and .neuretransmi tter receptors on cu ltured . , 

vascular endothellal cells (221) has "led to the f~rther understanding 

. ' . 
of regutatlon of prostacyclln syn~hesis ln endothel ial cells. Many 

) -

subS'tances (eg. thromb , trypsln, Ca++ lonophores) stlmulate prosta-

cyc1tn synthesis by cU'lt~red ndothelial cells (22.0). Haclntyre et 

al (2IS) also' reported tha,t cell "tree plasma trom human, dog an~ 

rat stimulated PGI2 production by cultured porcine cel1s. Eplnephrlnê, 

Noreplnephrlne $lnd ADP, however dld not st lmulate PG ' 2 production. 

The enhanced syntl'lesls of prostacycl in 'Was aboi ished. by mepacrlne 

(PLA2 Inhibttor), ~y the known cyclo-oxygenase lnhibrtor:s asplrln 

and Indo~thacln (221) aswel1 as 'the speciflcprostacyclin syntnetase - . . 
inhibitors tranylcypromine and 15-hydroperoxyelco-satetraenolc acid (217) • .. 
The fnhlbftory effect o.f aspirin on vascular cultured cells waS'" temporary 

anç:ov~ ln 1 :0 2 "'.lr~. pr.,~m.bly·;ts a ;.,ult of :~ 
oxygenase prote ln synthesis (222). Furthermore, i t was shown 

( , 

, 1 
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ind«?methacin pretreate~' cultured endothellj31 cells exposed tor 

stimulated platélets could use tbe exogenous PGH2 to synthesize 

PGI 2 ln ? phenomenon termed lIendoperox~stealli (219). Prosta-

cyclln synthesis' IJl cultured c~l1s from arachidonlc acld was only ( 

1.6% and from PGtf2 about II·.~% (221) IndlcJting probably that the , 

:mount of PGH2 present iSithe critical factor. This seems 10glcal 

ifowe t~i~ of t~~èvents of plat~let aggregation ln 'whlch large 

!" amoun ts of PGH
2 

a r~ ,produced and the pivota 1 ro 1 e 1 t pl ays 1 n thé 
c, 

p~oduction of 'thromboxane A2 and prostacyclin. Although endo-

• 
thel lai éel1s ln culture have no doubt increased our knowledge of' 

\ 
.. ,prostaCYCllnfrm tabol ism they have some serlous drawbacks •. In 

p~rt Icular Oey may 'lose the Ir ...... prostacyc 1 ln synthetase acti vi ty after 
• 

many passages in culture (218). 

With the advent of methods t,o Jsolate (resh metabolical1y 

activecèreb,ral m.lcrovessels (225) we can now study prostaglandin 

metabol'ism underthe most physiologlca1 conditions now ~ttainable. 

s'Ince tec~nlques for the .!.!!. vivo study of intra.cerebra1 mtcro'P 

vasculature have no~ adequately aeveloped. Brain capillaryt 
( . . 

endothellum is unfque in mtrPhOl09y and .enzymatic activlty (236). 

The hydrolytic enzymes .alial Ine phosph~ta~e a'nd y-glutamyl ' .. 
transpeptidase are present in high concentrations and have' been 

used as markers for isolated capillary preparations (225). The 

chorold plexus also shows very high enrlchment'of y-glutamyl 
\ 

transpeptidase (265). 

• 
ln vesse1 fractions from rat brain used in this study the activities 

of a 1 ka 1 i ne pho~phata'Se' ~and y-g 1 utanwl transpept 1 dase marker enzymes 

o 

" 
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, 
were 14 and 34 t'tmes hlgher than in tptal homogenates, indlcating 

that our preparations 
0.. ~ cl 1 

contatned malnly caplliarie\ (Table 2) .. 

Goldsteln et êil (232) fdund enrlchment of·allkallne ph,osphatase "an(l'-

y-Gl utamy.l transpept 1 da se to be 15 and 20 t.lmes that of crude . . . ... 
ho~g~nates, whereas Brendel et al (231) achieve~.an 8.2 fold 

~ 1 
enrlchment of y-gJutamyl transpéptldas~ and onl(3.8 folG increase 

-
of a1.kal ine phosphatase. Others (233~236 )' havé 'a,lso obtalned 

,. ~..' ~,' 

dlfferent enrtchment·factors but ~Il were consistently .10wer or 
~ . 
~equal. to those obtalned wlth our mlcrqvessels.' These variations 
~ ~ . 
)etween the dlfferent capillarY1>reparations are p'robablv. at-
f 

trtbutable to prfmary species dlfferenoes as weIl as the slze 

the spectrum of ~i'crovessels Isoiat~d since y-glutamyl 

is concènt,dated malnly În ..... the oap;!~'àr'ies of the .. 
(~, _ 1 ... 

st of' the a 1 ka 1 i ne phosphatase app-e~rs to be . 

loca 1 ized i n ~ e 1 arger mi crovesse 1 s (266). The very hi gh ,Oenr i chment 

of y-glutamyl transpeptldase together with the morphology.;(Fig.,'S) 

" I~dicates that the isolates were"malnly. tblsmaller microvessels 

almost excl'uslvely captl1ar es. 

1. Com arison wlt 

Prostacyclln was the ~Jor prostaglandln produced by rat 
1 

Isolated capf.1laries, chor~lexus and, surfas;e vesse1s such as . 
basHar arteries and artf;r les of the ct rcle of W.11.1is (Table 3). 

, ~ 

It Is the predominant prostaglandln generated endogenously and from 
~ , 

exogenously added endoperoxide ln tne rat c~r~bral mlcrovasculature. 

. - It was also the prlnclple prostaglandln iri'perlpher~l vascular tissue 

) 

d • 

"-., 

. . 

wlth a comparable product ion ln ..aort le rings as rejx,rted by others (259 ). 
~ 

1 •• \ \ ' 
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j,' 

" 



o 

" . , .... 

J' 

-0 
i" .... -' 

" 
l ,.., 

" 

" 
- 78 -

Hicrovessels prod~ced 'll,lng of 6-keto- PGFl9- /nig protel,n/l0 

, -
min and had a capaclty of app~o~lmately 31t.of whole aortic rings 

(36 ng/mg protein/leJ ml·n.) •. ·:fba~a from Honcada et al d59), who" 
.. • r ' 

showed that the aortic'Intima was .responsible for "0% of the , 
, , , 

synthetic 'capaclty of the whole aortic tissue on a welght basis 

~(l ng/mg wet' welg~t/5-30 min), ln conJunction wlth tlie assumptlon 

'that,.'lO% of tissue weight 15 protein,. is in good agreement wlth 

these resul t (Table 2). 

2. Comparlson with cu}tured endothelium 

t C~mparl son of the resu Its of prostacy!= II n b i qsynthes i sin 

cultured endothellal cells (219)also shows relatively goOd agree-

ment'wlth that obtained in rat fsolated microvesse.1s. Prostacycllri 

• 
production, as 6-keto PGFl .. ' from arachidonl,c acld was about twice 

1 ., , 
that of PGE2 production, the sec~nd most abundant prostàglandin 

, 
generated. fGf~was quantftatlvely the lowest of the three and 

\ 

~GD2 was not detected. Incub~tlon .... of cultured endothelial cetls 

W.lt~~,H2 ,for 5 min," revealed, ~ conversi~n to' prostaglandlns v'er:y 

s~a~ to that found ln isolated mlcrovessels (Table 5). In 

'. cult'ured endothêlJ,um, of thetqtal ~ndoper~xide converted to PGF2,..., 
. '" 

PGEZ and;-keto-~GF1", ~ 26% was 6-keto PGF1;" whereas ,in fsolated, 

~l.crovessels it was"2"%. V " 

Investlgators' usl'ng cûltured cells al50 reported the.presence 

. 'of PGD2 and HH'fwhen PGH2 was used. HPLC'-analysls of PGH2 metabolites 
. 

ln Isolated capillaries, ch,oroid p'lexus, buffer (Fig B), and boiled 

capl11ary"tlssue (Fig 9)' al50 8indicated the presence of'PGD2, but 
. . 

as ,ln éultured endothellum thls wa5 due to the nQ~enzymatic 
' . .J , l:. 
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l ' ' C~mparlspn of endoperox,lde conyerslon in cultured 

endotheHum and ln ~ soJat~d mlc"'.~~fisae hl ' ' 

.. ' 

) 
,~ 

1 
, 1 

1 
1 

b t Average resul,t of two tncubatfons for 10 min at 37°C with PGH2 " 

A11 resu.l'ts 9pre~Sed as relattve perce~tage of PGI:t2 con'yèrtèd 

tnto ~-Reto-PGF,." PGE2 ~nd PGF 29---' 
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degrad,atlon of PGH2 l'n the presence'?f protein ie. albumin (267), 

1 

. prostaglandin,endo~ero)(ldes. as is weil known, sgontaneously 

decompose into a numb~r of compounds mainl'; PGE2• Fi4-' O2 , and HHT. 
1\ " , 

These studi es in' cu1tdr ndothel laI cells and in rat Isolated 

mlcrovessels also a minute « 1%) spontaneous production 

larger less polar product in the HPle 

probably HHT (Fig 9). 

4 Indicate that durlng in-

cubaHon of PGH2 and choroid plexus. there 
1 1. 

is an ~e ln 6-ket ',- I,~, (in gen,eral larger than that of 

~GF2. ) , _ accompan 1 ed by ~ concoml tant decrease of PGE2 when compared 
l , r , 

to controls. This ,trend,was al50 report.ed for cultured,ardotl1elium 

(219) • Because of 

of the thre~ major 
~ 

the variabl.~ betwe~n experiments ln' the .rrecovery 

prostaglandin~ and the:effect of al,bum,in on PG~2 

breakdown, it 15 not possible from this d@ta alone to decide.whether 

" the .presence of t,he enzymes causes shunt ing of the .endoperoxi~de from 

the ntajor nonenzymatlc pathway or whether enzymatlc conversion is 

superlmposed on, the nonenzymat 1 c one. 

-
3.' Comparison wirh other Isolated mlcrovessels 

Recently otf:ler report's of prostaglandin metabdism by isolated 

mi crovesse 1 s have appea red (250). 
f " 
l!1aurer et al (253) us 1 ng i so 1 ated - . 

bovine mi:crovessels and radio~mmunoassay also .d~tected 6-key>-
. .. 

PGF1~as tuhe major prostaglandin but fou{ld higher levels of PGF2" 

tha~ P,GE2 • In con~rast Ger'ri,tsen et al. (252) found PGE2 1-to be ptte 

major prod,uct From PGH2 when using bovi,ne ml crovessels but pointed 

out that this octurred only'''''w'h~~ the conditions wetae: Ipw tissue 

'rI ... -) 

, \ 
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Ir 

~ 
\ , 

( 



(; 
'. 

o 

. i 
JI 

protein .concentra~ions (-'l mg/ml) and reducM glutathione was 

present. Wl th hi gher proteln concentrat ions 6-keto-PGFI. was 

the major produc t. 1 .'" , 

'Isol~ted ~at'~e~ebral ~icrovesse1s (250) showed a 6 fo·rd 

... e~r i chment ,o~ 6-keto-PGF .... w.he~ comp~red 1! 0 homogenates. These 

..!'researchers also stated that It· was the major prostaglandln f.ormed 
• 1 

1 

followed by PG~.211-'and PGE2• The .only report on prostagla.ndin 

metabolism in'isolated rat cerebral mJcrovessels proposed that ~GD2 

is the major prostaglandin produced from PGH2 in the cytosyl an~~ 

that although there is synthesis of 6-keto-PGF1.,. the~e is no enfich-

il 

\ ment of PGI 2 synthetase in mlcro.ve's.sels when c6mpared to whole 

1 

" 

, 
) 

• ,1 

cortex horoogenate (251). In the same st,udy production of 6-keto­

" " .PGFI4- from PGH2 was less' than PGE2 and PGF21f.r' 
, b 

the discrepancies obs~rved in Gerrit'sen's work both 
" 

using bovlr.e and rat tissue;<! as eompa~ed to the studies (250,253,254) 
" . • 

Jncluding thls one which hs1e shown1the lack' of PGD2 and have 
~ 

unanimously shown·proStacyclin to be the major 'produet, i~ the 

amount of microvessel protein present 1 n the i ncubat ions. 

ln t-his ,study (see methods) 2-10 mg of capillary protein 
~ 

is used whi le Mauter et. al (253) usës 5+10 mg protein and Birkle 

et al (250) 'used miçrov~ssels is.olated fro'm one 'whole cat brain . 

... 
These amounts are ln 'sharp contras~ ~lth those used by 

Gerrltsen in both her studles (5-100 ,..g). The lack of suffie lent 
...... 

prostacycl in syn'thase proteln in the incubation IlIixture, 15 Ilkely 

qsJnee l. the enzymic acti'Ytty and relative enrlchment of y-glutamyl 
1 

'. 
r 
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transpepldase l, low, 2~re 15 no prostacyc Il n synthase 

enrlchment and 3. in the Isame report 6-ketd-.PGf'I4L formation 
• 

Increased slg~lflcantly at proteln concen~ratlons greater than 

50 I-'g and becomes the major p'roduct at 200 ,..g of protel n (25]). 

.' 

ln s\Jnmary,...,prostacycl ln 15 the .major 'prostaglandfn produced 

by cerebral mlcrovessefs obtalned from cat, ox and rat. 

B. Prostaeyclln ,In Chorold Plexus and CSf'. 

Unllke ~st othe.r t~ssues' of the b,ody, manwnalian braln and 
\ i--- l' 

Its vasculature have a very negligible capacity to accumulate or , . 

'/ 

eatabollze prostaglandlns (140). No evldence of metabollc trans­

formation of 6-keto-PGFI~to. It5 15-keto-analogue, 15":keto-13, 

14-dlhydro analogue, or the 6-keto PGE I compound was f?un~ ln elther 
, . 

bra'in homogenates or cerebral ..glood 'vesse1s (ln~ludlrig ~horoLd ' 
1- - t Jt ~ , 

~Iexus) of the rat (146). Oue'to ihe htgh blosynthetic rates of 
" , 

prostaglandlps, especially 02 and F2~ln brain parenchyma and prosta­

'eyel in in bra ln blood véssels a,pd the lack of "the pi"ime pathways 

for their Inactivatlon,'a dy~àmic neut~~iz~titIO'~i's~ operable 
~ ; II~ • 

ln ~ has, been proposed. The ,s tab 1 ~ pr,os ta91 a\nd i ns and the, 
,# - \ , 

Inactive products ~rom the labi1e.eicosanoids ie~ .6-keto-PGfi", . - \ , 

and TXB2 are not taken uP. by neurons or glla (159'~ but are eleared 

fran'the extracellular fluid by ~n active tran;por,~\ system across 
. \ " 

ehoroldal (158) and extra-choroldal (159) c.~m~onen~s of the 

fluidand blood-braln-barriers. \ 

acldlé liP4ds are naturally occurring corstituents 

1 CSF and appear in perfusates of the cerebral cortex (136) 
, 

from which they reach the venous circulatioh of the brain ahd then 

systemlc organstobe metabolized. Ranwell (196) initlally 

detected prostaglandin-Ifke activity ln C~F uslng bloassay. 

\, 
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prostaglandlns-F
2f

, E2' 02,.6-keto-F14 (200) and thromboxaneB
2 . 

(201) have been meas\lred ln human CSF from heal thy and i II persons. 
c 

The most abundant pro~taglandin was 6-keto-PGFI4- (120-1500 pg/ml) . 

-
and p,rostaglandin O2 was below the limit of detection '-C50 pg/ml) 

\(~Od).~PGE2 is also normally 10wor undetectable. Thromboxane 82 

1 s present "'In a concentrat Ion of about ~OO pg/ml (ZOl). The level of' 

PGF2f' in healthy human subjects Is usually less than 100 pg/ml (197) . 

The existence of 1 ipoxygenase products such as hydroxyelcosatetraenolc 

... 
acids and leukotrlenes has not yet been demonstrated ln CSF • 

.. 
, The assumption that the orlgln of 6-keto-PGF 14- in CSF was 

the choroid plexus 'was based on prel iminary observation of 6-keto-

tJ , PGF1", synthests by this tissue (170,.). Quantitative",measurements 

of prostaglandins including prostacyc1 in synthesls by isolated choroier 

plexus has'not been documented. In this study rat chorold plexus 

-
Incubatèd for 10 min ,synthesized 6-keto-PGF1~ ,'PGFZ4-' and PGE2 

ln amollnts of 36.8 ng,' 2.6 ng and I:Z ng per mg protein, respectively 

(Table 3). 

The oecurrence of ch9ro i da 1 PGF2., ~s the sécond moSt, abundant 

prostaglandin and"the 10wer amount of PGE2 as weIl as the absence 

of PGDZ i s consj,stent wi th the, reports of the trends these prosta-

glandins exhlbit in CSF. The dlscrepancles in magnitude of PG's 

ln choroid plexus versus CSF ar:e oost probably a resul:t of dilution 

and i~ i~reasonable therefore to assume that human choroid plexus 

" would be capa'b)e of synthesis ln the "nanogram range. In one early 
. -

study of PGF2;. a~d PGE2 CSF content, i t ,was, repqrted that on the average 

men had 51 ightly hig.her PGF2~evels than women and tha't there was a 

1. 
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§.lgnlficant'correlat,lon between CSF PGE2 and the age"of 'the m~n 
<:JI> , , \ 

and CSF ~GF2~ and\ ~he age of the womeo (198)., The fundamen~al 

defect of the co~clus ions reached by these investi gators was that 

s~e o~sed i n th~t study was from (Jpat l~nts aHl i ctéd wi th 

CNS pathology. In the 1 ight of more recenf evldence of prostaglandln 

levels in pathologlcal CSF samples, thls previous study should be 

viewed with skepticlsm or probably'completely discounted. 

Cerebrospinal fluid Is unique rn lts diagnostic potentlal 

concerning diseases of,both nervous and vascular tissues of the 

CNS because of'its easy. accessibillty and varied cOntent. Most 

subs,tances produced by the bra i n ego biogeni c ami'nes and thelr 
; 

metaboli tes can be found ln the CSF and mi rror to sorne extent the 

bralnls state of health. ' 

Changes Jn CSF content of varlous p'rostaglandins has been 

observed 1n,a varlet y of neurological dlsorders, 

Large tncreases of PGF2~ have been documented ln pat i ents ' 

with epf1epsy~ inflanmatory conditions such as'meningltis and 

,menlngoencephal itls, and c'erebr"al trauma from accident and surgery 

(197), Vascular disorders of the CNS such' as cerebral and sub-
1 

arachno i d h~morr::hage (20~), cerebrâl i nfarct ion and i schemi a (1 9~) , 
'1 

and hydrocephalus (197) are a1so assoclated with variable increases 

of PGF 2"'. and PGE2 •• 

.The ImpllcatiQn of. prostaglandins of the E series ln the 
, 

g~nesis of fevèr is based on a number of related observations. One 

i 5 the hi gh PGE content of CSF observed after pyrogen or endotoxi n 

induced fever (202). Other supporting facts are the antipyretlc 

'J 

actlvity of powerful prostaglandln synthesis inhibitors such as 
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aspjrin and tne pyretic effects of PGE's when administered 

intraventricuJarly or iontophoreSed into the pt:eoptic-antei-ior ~~; 
\ ~'i' . ~. 1~ 

hypothalamus (13~). A (direct cause and effect ,relationship ,.,1,';+' 
, ' , ,A ~r" 

.' JI, _. 

between prostaglandins and fever, however, has not been proven. 

'" Cranston et al' (203) contends that augmented levels of PGEZ ln 
,. 

CSF i s not essent i aIl nt-he genes i S o,f fever ~ut, mere 1 y a 5 i'Cie 

effect of the pyretic agent. Further studies of prostagland-in 

1 in pathogenesÎs of fever are clearJY necessa'ry. 

'7 

Another unRroven association involves an increase of the PGE 
) 

concentration in CSF of patients wlth cl inically di'agnosed schizo-

phrenia (201). It is of interest in this conditionthat pheno'" .. 
.J 

thiazines, and severa1 other psyclïotropi c agents inhlbi t the prosta-
1 

glandin synthetase system (20S). These researches also showed no 

change in TXB2 1 eve 1 s of sch 1 zoph ren,i cs wh en compared to "con t ro 1.s 

and stated that their data are inconclus·ive and more experl~en_tal 

evidence is reqûired'. 

Only very recently has human CSF been re-~amlned for the 

presence of 6-keto-PGF1~' Extremely ,high leveJs of thls ~ound 

have been "measured by Ge-MS in patients who have intracrallJ.fl1\ 
~ 

hypertension (200). Prostaglandin 6-keto-FI~ status in CSF of 

patients with other cerebrovascu"ar d'isorders 1 ike 5AH resulting 

From ruptured aneurysms and ln patients with cerebral stroke has 

~ not . been eva 1 uated • Con 5 i <!rer i n9 _the 1 oca J i 2at i on of th i s compound, 

to the vasculature, inc1uding the choroid plexus, the levels of 

, 

1 
\ 

this stable end product in CSF would act :~deal1y as a general' indica~o_r 
--.~ 

\. 

of the rnteg;'ty of al1 the cerebral blood vesse·ls. This would complement 
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1 

, a s imi lar funetlcm for PGF2" wi th 
. \ " 

respect: , to the bra ln parenchyma: 
~ 

1 
o 

When olie interprets and compares quahtitatlve data of 
\ 

prouaglandin levels, ln CSF it must not be Iforgotten that; 1. 

there are specles dtfferences In prostaglandin synthesis, 2. the 

anatomlcal site wliere CSF is obtained (eg. ventrlcular, eisterna magna 

\ 
or 1 ~lJ1bar portion of the CNS) 1 nfl uenees the concentrat ion measureG 
~, 

(202),3. the dlfferent assay methods employed, parti.culary radio-
1 

fmmuno~ssay, radloisotope dilution and gas-chromatographle-mass 

spectroscopy, each have their advantages and disadvantages, and 

mo~t importantly 4. very strlngent and rel jable critéria must be 

employed ln selecting and deflning pat/ients or experimental animaIs 

wlth these var/ous conditions as weil' as their representatlve controls. 

ln the reviewof CNS dlseases associated with changes of 

. these autacoids in th~ CSF It is evident that although no specifie 

dlse~~e entlty can be directly linked with increases or deereases 
. - ~ 

of' one 15r"'more partlcular prostanold It will a't least narrow and 

direc~ our concen~atlon to a specifie component of the CNS. 

. , 

C. Possible Phys 101091ca1 Roles of Prostacycl in in the Cerebrovaseular 
• 

,and, Cerebroventrleular Systems. 

The possible contributions of ,the classica' prosta~andlns 

ln the functlonlng of the nervous system have been' Investlgated for 

sorne tlme (136). The roles of prostacyclln Jn braln have been 

'confJned tc? the cerebral circulation (140) particularly regulàtion 

of vascufar hemodynaml cs and prèvent lof' of thrombos 1 s. 
~ 

, " 

Prostatyc11 n mSy functlo~', as a "protect i ve hormone" oln regards 

to cerebral thromboge"lc and thromboemboJic insult (214). Similarly, 

1 
1 
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pr?duction 01 prosta~ycl in by choroid pl~~ may serve 

to Inhibit thrombosis ln the cerebroventricular syster (170). 

It may also ad as an antihypertenslve agent ln the CNS 

slnce its production is increased ln humans with Intracranlal 

hypertension (l40)anclls·aHo elevated ln spontaneously hypertensive , 

. rats (206). 

-
. Prostaglandins F2,'and É2 constrl.ct cerebral vessels (J46). 

, 
The development of migraine headaches may also involve PGE2 (J82). 

• ,1 

Thromboxane A2 forme'd by platelets, but not, cerebral blood vessels, 

is the most potent vasoconstrlctor influencing the cereb~al 
........ 

vasculature (r76) and has been regarded as the prime, but not only, 

candidate ln the genesis of cerebral vasospasm subsequent to apoplexy 

and subaracpnoid hemorrhage (49). Stable prostacyclln analogues as 

weIl as specifie thromboxane Inhibitors may be of invaluable 

therapeutlc use ln thèse lethal conditions. 

Prostacyclin may have a definite role ln cerebral blood flow 

regulatlon and prevention of Ischemia. Flndlngs whJch add credence 

to this hypothesls is that PGI2 Infusion increases CBF by 71% (184), 

and . 1 ndomethac r n lieduces cer ebra 1 b 1 ood fI ow (166) and the on 1 y 

prostaglandin producing vasodllatlon ln cerebral blood vessels /s 

pros t~~yc 11"n (140). PI ckard and hl s assoc 1 atei (190) have accumu 1 ated 

evldence ~ vivo that PGI2 Is requlred for hypercapnla to produce 

thorough cerebral vasodllatlon. Prostacyclin synthesis in the 

microclrculatlon where the major/ty of the vascular reslstance 0Scurs 

may thus provide a means of malntaining capillary patency thereby 

control1lng reglonal ce~ebral perfusion as well as cerebral blood 
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pressure. The potency, short biologlcal half-life aryrrne site of _ 

synthèsis make pr0stacyclin a frrm contender for these physiological 

functions. 

, 
As ln aIl blol6glc~1 systems the ultimate outcome of normal 

and pathol~gicai 'responses to internaI or envfronmental stimuli 

Is a result of innumerable complex fdctors. Prostacyclln most 

probably lnteracts with and complements other vasoactive a~ents 

such a; C02, anglotensins and_kinins etc, in fulfillment of its 

biological effects ln vivo. Contlnuing research with more speçific 
J ---

pr"ostacyclin ynl1ibitors and stable prostacycl"in mimetics will, 
R l iii: q 

undoubtedly cJarify the posttron of this potent vascular prostanoid 

in the cerebral clrculatlon~ 

. 
D. future Considerations .. 

Wlth tfie availa6illty of metabollçally active ISoJated 

cerebral mi~vessels and Isolated chor~id plexus, which both 
, (.: r 

demonstrate an active prostacyclin syntheslzing system, It will 
< 

be possible to study brQchemlcal and physlcal fact~rs affectlng 

PGI2, synthesi s .l!!. vi tro. The effeéts of various cardlovascular 
" . 

drugs •. nitrc1g1yce-rlne. Verapamll etc •• orr prostaglandln biosynthesls . . 
in mlc.rovessels would be Rartfcularly ·'Interesting. Conversely the 

~ , 
effect.of prostreyclin or stable anaJog~es on othe~ biocberoica_1 _ 

par~eters l!l ~terovesseJs couJd 1re in\(estI9at~d. ' ' 
, ,"- t 

The 'Lpact'ty to produce or metaQol Ize llpax.ygen'ase products 

~h as the hydroxy fatty acids and, le.ukotrlenes could be studled 

in these preparatlons. ThIs seems a reasonable proposition since 
~ 

12~hydroxyeieosatetrâenole acld'has been shown to be present ln' 
, . 

gerbtl braln (49), leukotrlene C can ef.fect ,cerebel1ar Purkinje 

neurons ( 49) and enzymes Involved .In,.'synthesls (Glutathione-S-

1 
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transferase) and degrada~ion (y-glutamyl-transpeptidase) of 

leukotrlenes are present ln differen~ amounts in mierovessels. 

Subeel,l ul ar fract ionat ion <;>f contponents of mi crovesse 1s has 

already be~n aeeo~lished and studles using the membrane fractions . '" 

have revealed dJfferenees ln the enzymology of the lumlnal versus 

the ablumlnal endothelial rnembrane5 (23g). With purified membrane 
'~ \0 

fracr-t'Ori's receptors for peptide hormones and vasoae,tlve drugs tan 

be examined. Prostaeyclin, and possibly leukotrlene receptors may 

be dlscovered on the endothelial membranes of mierovessels. Insultn ( . 
reeeptors on mierovessel membranes have been demonstrated,(239) and 

the usefulness of these .In vitro systems ln understanding the - . . 
etiology and treatment of mleroanglopathy aeeompanying advanced 

diabetes is ready for assessment. Estrogen receptors are known to 

exist in endot,helial cells (21~) and with thesl m~cr~vessels pros~a­

evelin-hormone Interactions can be probed. Basement membranes from 

microve~sels have also been analysed (225). The potentlal of isolated 

mierovessel preparations in ,the study of the'anatomical and biochemical 

functlons of the blood-braln-barrle~ is unllmlted. 
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Clalms- to Ori5linal Research 

• l 

Prostacyclln was shown quantltatively to be the prlnclple 

prostaglandin produced endogenously and from exogenous PG endo­

peroxide by rat cerebral mlcrovessels and chorold plexus. It 
!il 

was a1so d}scovered that prostaglandln E2 was the second major 

prostanoJd produced Jn mlcrovessels, a result wht.ch is ln 

agreement wlth data trom cultured endothellal tells. ~rold 
(j 

plexus however demanstrated greater amounts of P~F2~ whlch is 
~ "-

also consIstent wlth the nlgher -levels of PGF2,... versus PGE2 

detected ln CSF. ProstagJandin D2 was not de~ected ln elther 
f 

tissue. 
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