
- ----
f 
f 
.' 

l 
If' ( 

( 
e 

'.' 

',. 

t 

1 

.., 
J 

;t • 
,v 

THE MET ABOLISM OF POL YUNSA TIJRA THD 

FA TTY tCIDS BY VASCULAR TISSUE 

by 

COLIN D. FUNK. 

A thesis submitted to the Faculty of Graduate Studies 
and Researcb' in partial fu1f1llment of the requirements 

for the degree of Doctor of Philosophy. 

( 

Department of Medicine 
Division of Experimental Medicine 
McGill University 
Montreal, Quebec 

CColin D. Funk, 1985 

, JuIy 1985 

r 
fi' 



1 

/ 
/ , 

( 

-

j 
f 

( 

• 

J 

o • ,. 
~. 

1 • 

81 aad v .. _l. canvtM"'t. .,.achi é:Jani c aci d t.a prostac:ycl i il 
" c • """ 

(PSI.), .. t·ch"is • p~..,tl\\ inhibitc:W- of pl.t.llti: .nrevation 
" 

and thrDMni. for-.. tion. .tlyun_t.ur.t~ fat.ty .cid. (~A) 

cr th.ir .hydrap .... oxy ..t.~lit_ Cart cau_ a r.tuction in 

PSI. production. Th...-ftar., in th. pr-.nt .tudy, th • 

..t.abaU_ af PlFA and th.ir ft~-=t.. an PBI;Z production ,h."e 

bawn inv_t.iQ.t.ed. 

Linol.ic .cid i. ·canv.rt.t by' aart. ta hydrap .... axy 

"MUC_ t.o .anahydraxy product., or éanvwrted ta ..,axyhydraxy­
\ 

actad~..,oic .cida. Th. lat.t.,.. are th.,. hydraiyz.d ta . 

trihydraxy _tabcilit_ by aortie lIpoxid. hydrol..... Aorta 

'.lso canYlll"'ts .icoaat.rienaic acid' ta .i.il.r product."., Mhich 

.,.. far-.d via 12-hydroperoxy-B,10-hept.decadi.noie .cid. 
... .' 

6C-tftI anal yai. i n~i cat .. -~h.t t.~/"'''jcW-' axYGIIn.t.~'· ~A,' 
, . 

Mtabolit.. forlMtd by rat. .nd bavina bload- v __ ls .. a. 6-oxo-

.. t..rified MOnahydraxy and t.rihydroxy .. t..balit .. o~ linal.ie 

.cid ....,. •. d.tectttd, esptICi,~ly in rat . and rabbtt .art ••• 
~. 

Reduct.ion of 91ut.athion. p .... odd ••• ~cti"ity bY .dmini.tr.t.ion 

of ••• 1.niu.-d~ici.nt di.t.·h.d na significant. effect on 
" 

t.h. f.or.at.i an M ..,.y a~ th. abov. praduct.a. 
r 

Th. pr .. ene. ~ .. t..,.ifi~ .onahydroxy and trihydroxy 

PUfA .. tabolit •• in aort.ic· lipid. indic.t .. t.h.t. th.ir 

.st: .... ified hydrop.,.oxy pr.cursar' are pr"lInt. Arr .xc .. _ of 

th ••• products could inhibit. PGI 2 aynth .. is and eont.~ibut • 

.. 
---------------------' 
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L '.cid .... ,..chidaniqu. _t transfcr" .... pros~ac:yc1i,., 

(PSI 2 ) par 1 .. v_i ••• auK\-.nguin •• , C.l1.-ci(~t un pui •• ant 
1 

inhibiteur d. 1" .vvrlftQ.tian pl.qu.tt.ir •• t de la ,fcr_t.ian 
, . J ' 

d. thra.bu.. L .. acid .. or •• polyin_tur" (AePI> au 1 ...... 

1... ~abol i t •• hydrap.,.oxyd •• p.uVllnt -r*dui r. la .ynt:h'" de 1 • 
. ~ 

PSI.. Dan. c.tt ... tud. 9 "au •• van •• ,ua.U ... 1 • .tt_oli_ 
• 

,ortiq,:,. en, Mtabolit .. hYdrap~ox~d_. qui sant ..... ,.it. ' 

soit d ... hyd,.at .. ~ 'c:.=~ostnI oxoïq~, .oit rlktuitl!l lin 

1 ......... ___ ., , '" ~ 

?.-po .... ..anahyd~OMyl" voir. tran.for __ .... CDllPD". 

ltpœyhyc:ir9xyl •• _ C_ dtlrni'!'"'. sant .n.uit.~ hyd,.olytlés lin 

Mtabolt tes- tri hydroxyl". par 1 •• t.ydrol •••• ttpoM.idiqu_ d. 

.. ' 

'), t 
'l'aart... o.w 'produit.. -..blabl_ sont far'" par 1 ",.ort •.• 

,~~i; !I~ 1 ".cid- .i<:.,..t~i ... "iqu •• P.~ 1 "tnt_-;tar. 

" \ '.-cid. 12-hYd~ap_DXY-e.lO-h""~_Dïq .... . . 
L .• n.1 Y •• par chrotaat.graphi. en pha.. gaz eu •• et 

sp~tr~tri. d. m •••• dlttnantr. que 1. princip.l .. tabol:t. 

oXY~~ d~ ,ABPI produit .u niv •• ~ de. ~ai ••• aux .anguin. du 

,..'t .t du "DltUf .. t 1_ 6-oxo-prOtitaol.ndin.-F.«. Par .illeur. 

d •• qu.nti t"~ import..nt •• g. IIIetabpi i t •• monohydroxyl' •• t 

trihydroxyI". li'br ... t~~""ifi •• d. l' .cid. 1 inol*iqu. ont 

, , 
Nou •• vons réduit l'.ctivit* enzymat.iqu. d. la glutathion­, 
peroxyd ••• au IIIDy.n d'un régillle~~liment.ir. dépourvu d • 

... lltniuIII. Aucun eff.t. signi fic.ti f sur 1. formation d •• 

... 

" 
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.... ahyd,.owyl ... t t.,.ihyd,.mcyl .. d,'A6P1 par.i 1 .. , lip1dttt1 

aàr-ti qu.. y SUVV...... la p,. ...... c. d.t prKU,. .... ,.. 

hyd,.op.,.oxyd.. _~ .. î fi... Un lIMe&. d. c.. p"c;MIui te 

~fit. inhib.,. la eynth'" d. là PS'l ll .~ can~,.ibu .... au 
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INTRODUCT ION Il 

1. 1. Hi story 

The group of compounds referred ta as "fatty aClds" were 

50 desl gnated because they were orl gi nall y found ta be 

constituants of animal and vegetable fats and fatty oils. 

Chevreul was the flrst to lsolate fatty aClds such as 

butyric, valerlC, and caprolc aClds as weIl as Impure olalC 

aCld, between 181~4 and 1818 (1). But It was ln 1930 that 

two 1 mportant but seeml ngl y unrelated observations were 

-' 
made. Burr and Burr (~, 3) carrled out detall ed 

Investigations on the effects of fat exclusion from the dlet 

of r-at s. They found that when rats were reared on a fat-

free dlet a deflclency dlsease developed WhlCh had not been 

pr-evl ousl y >desc~ 1 bed. The symptèms I,nci uded: retar-dat-,. on of 

gr-owth, r-eproductlve dlsturbances, scaly skln, poor-

lactation, kldney leslons and excessIve water consumptlon. ~. 

The an 1 mal s al w'ays dl ed at an earl y age, unI ess they were 

fed a curatye dose of fat. Li nol el c aCl d, but not 

saturated fatty aClds, was able ta cure the rats suffering 
~ 

from the low fat dlsease. Th 1 sied ta the emer-gence of the 

ter-m "essential fatty acid", refer-rlng ta those fatty aClds 

, 
WhlCh prevent or- rel>leye the symptoms of fat-def,lclency. 

Fatty aClds contalnlng methylene-lnterrupted doubl~ bonds 

bel ong i ng ta the II nol eate and Il nol enate f amI ~ 1 es came ta 

be known as the .. pol yunsatur-ated fat t y ac 1 ds" and thl s term 

'broadened to 1nclude aIl ahphatlc monocarboxyllc aClds wlth 

two or mor-e double bonds ln any pOSI t}-onal arnangement or 

geometr 1 C conf 1 gurat 1 on. 

, , 

."" 
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In the samf!! year as the di scovery of the essentlal f.tty 

" 
ilclds (1930) 9 Kurzrok and Lleb (4) reported that human 

uterus responded to fr~sh human semen by strong contractIon 

or rel axatlon. 
C-

Subsequently, ~n 1933-34, Goldblatt (5) 9 in 

Brltaln, and von Euler (6), ln 5weden 9 dlscovered 

J. ndependentl y a factor W1 th vasodepressor and smooth muscle-

stlmulatlng actlvlty ln accessory genltal glands and human 

semen. This factor W~Ch had the propertles of a fatty aCld 

... as termed "prostaglandln" by von Euler. However, 1 t wa s 

not untll approxlmately 30 years later that Bergstrom and 

Samuelsson and their co-workers (7-9) éstabllshed the link 

between the earl y studl es of Burr and Burr, and Kurzrok, 

Lieb, Goldblatt and von Euler. They e\ucidated the 

structures of the "classical" prostagl.andins (7,8) and fpund 

that these substances were produced from the essentlal fatty 

aCld, arachidonlc aCld (9,10). It waS the dl verse and 

potent blologlcal actions of prostaglandlns on almost .,.11 

organs WhlCh then stimulated th~ research in thlS field. 

A dl scovery of utmost importance occurred in 1 ~71 wh.n 

Vane (11) found that the blosynt,hesls of pr-0stagl andins was 

i nhlbl ted by asplrin-like drugs. Shortly 

descr~bed an unstabl e pri nci pl e 

af ter, Wi III sand 

Kuhn (12) wh i ch i nduced 

• platelet aggregatlon and was InMlblted by asplrin. At 

- , 
approximately the same time Hamberg and colleagues (13) 

i sol atèd the prost agI andi n endoperox i des .and found. that they 
'. 

were st;.rong i nducers of pl atel et aggrègatl on. - Further ' 

studles revealed that --these endQpero~ides c:ouId be 

.-
• 
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( transfor ... ed by platelets ta an unstable substance w1th 

praaggregatory and vasoconstrlctor propert!es which they 

named thrombox ane A 2 (T XA 2 ) ( 14) • The act! VI ty of TXA 2 had 

been prevl0usly descrlbed under the name of rabblt aorta 

contracting substance by Piper and Vane (1S) ln 1969. 

ln 1975, Vane and co-workers (see 16) .attempted to look 

for TXA 2 synthesls ln vascular tIssue. Although thRy dl d 

not observe ItS synthesls they +ound that lts endopero)<1de 

precursor was enzymatlcall y trans+ormed Into an unknown 

praduct (17). ThiS product., lnltlally referred to as PGX., 

was labile and relaxed the coellac and mesenterlc arterles 

of the rabblt (16,17). They found that 1 t "'.s a very potent 

Inhibltor of platelet aggregatlon and that it was the ma.Jor 

metabolite of arachldonlc aCld ln vascular tIssue. PGX ..,as 

shown to be" the unstable Intermediate in the +ormation 0+ 6-

oxoPGFux., wh1C:h had prevlous.J.y been ldentlfled as a 

metaboll te of 20: 4 by rat '!itomach by Pace-Asc1<ilk and Woi +e 

(18). PGX was shown to be a blCycllc aCld-lablle allyhc 

ether prostaglandln and was renamed prostacyclln (19.,see 

20) .' 

1.2. Nomenclatur •• nd Structure 

1.2. 1. Pol yun •• turat.d Fatty Aci d. (PUFA) 

Many PUFA are known by trivial names., such as 1 i nole1 c 
1 

aCI d and arachi donlC aCJ"d. However, a more exact chem1cal 

( 
nomef)cl ature 0+ PUFA has been developed based on the number 

of carbon atoms and the positlon and co~flguratlon of double 

bonds (see 21). Numberi ng of the carbon chal n starts .t the 
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l. carboxyl carbon and proc@eds toward th@,terminal .@thyl 

group whi le double bond location is not@d by the carbon 

closest to the carboxyl group bearing the double bond. "Most 

naturall y occurrlng PUFA have double bonds present in the 

cis configuration. Therefore, iinoleic acid is known as 

cis,cis-9,12-octadecadienoic aCld and arachidonic acid IS 

re~erred ta as -all-cis-5,8,11,14-eicosatetraenoic aCld. The 

use of systematic names becomes cumbersome, however, 50 

various abbreviations have been developed to ~acilitate 

dlscusslon on PUFA (22) •. When the double bond positions are 

unimportant to the discussion the simple abbrevlations, 18:2 

and 20:4, may be used for linoleic and arachidonlc acids, 

respectl vel y. The first number refers to the number of 

carbons wi thin the compound ..,hlle the second refers to the 

number of doubl e bonds. Thi s notation has the most 

widespread use ..,ithin the literature. 

A vari ant of thi s notati on has develop@d in di ~cuslii ons 

where the metabolic relationships between fatty acids are 

important (22). In these cases the termi nill methyl carbon 
.. 

1 S referred to as the w carbon and the fi rst doubl e bond 

from the methyl group is denoted by counting from the methy.l 

group as number one. Thus, linoleic acid and arachidonic 

acid can be d~signated 18:2w6 and 2014w6, r •• pectiv.ly, 

since their terminal double bonds are b@~ween po.itions 12 

and 13, and 14 and 15, respectively. 

{ 



-

\ 

( 

-~--------------"",,"'.~ .~_. -- ------------

-5-

1.2.2. Eica.a~oid. 

Carey 1ntroduced the term eicosanoid to comprise the 

large number of biolog1cally active cOMpounds derlved froM 

carbon-20 unsaturated ~atty aClds (23). These i nc 1 ude 

prostaglandins, thrombaxanes, leukotrien~ and lipoxins. 

The nomenclature o~ prostaglandins is based on prostanoic 
() 

acid, a 20 carbon monocarboxylic acid contalning a central 

cyclopentane ring. Prastaglandlns have either one, two or 

three double bonds !n the side chà1ns and have functional 

groups wI~h oxygen at carbons 9, 11 and 15 of_prostanolc .,.. 

aCld. The'prostaglandins are classified by thes. functional 

groups by use of a capital letter whlle the number o~ double 

bonds i5 denoted by a subscript. The ~-type prostaglandins 

have an additlonal subscript (cx or a> to denote the 

stereochemis~ry o~ the C~9 hydroxy group. Prostacyclin and 

thromboxanes Az and 8 2 dif~er somewhat ~rom the basic 

prostaglandin structure. Prastacyclin cantalns a 6(9)-oxy 

ring and thromboxàne A2 has a fused oxetane-oxane ring 

system. 

The term leukotriene was' introduced for compounds WhICh 

are non-cyclized, 20 carbon carboxylic aClds, w1th one or two 

oxygen substltuents and three conJugated double bonds (24). 

They are form~d from an allyl1c epaxlde lntermedlate 

<leukotriene A). Leukotrienes with different functional 

groups are distlnguished by capital letters, wher.as a 

subscript denotes the number of double bonds. The peptldo- ' 

leukotrienes ~ontain a glutathlonyl or metabolized 

glutathlonyl substituent at C-6. 



" , 

" } ,. 
" 

" 
The lipoxins, the newest group o~ elcosanoids, contain 

four conJugated double bonds and three hydroxyl substituent. 

in their 20 c,arbon structure (25). Two of the •• ~OIItpound • 
. 

have been described to date: lipoxin A (5,6,15L-trihydroxy-

~1,13-eicosatetraenoic acid) a~d 

trihydroxy-6,8,10, 12-eicosatetraenoic 

1.3. 

1.3.1. General Introduction 

lipoxin 9 (5D,14,15-

.cld) • 

There are 2 major groups of PUFA ~DUnd i~ ..... lian 
, 

lipids. The wb family of PUFA ia derived ~rom linolaic .~id 
1 

U8: 2wb) whi le «-1 inolenie aeid (18: 3w3) i. the precursor o~ 

the w3 PUFA. The mammalian organism is not ~.pable of 

introducing double bonds at.either the w3 or w6 positions/of 

long chaIn fatty acids, sa these fatty .acids must be 

obtained in ~he diet (26,27). Linoleic acid, the principl. 

essential fatty acid, can be desaturated and elongate~ to 

form the "derived" essential fatty'ac;ids, di-homo-I­

linoleni~ acid (20:3w6) aril:s... ar.achidonic ac'id (20:44016), , -

pre~ursor5 of the 1 and 2 ~rie. of prost.agl.andins. 

respectively (see 28). ~oleic acid is found in ~~.t.abl. 
, 

oils, such as soybean, ~~ns~~, corn, and 'safflower ails, 

where it comprises 50-80 Y. o~ the 'total fatty acid content 

(see 2~). «-Linolenie acid, on the other hand, is 

approx i mat..\, y. el even ti mes 1 e55 p'otent than li nolet c aci d in 

reverSlng th~cts of essential fatty acid deficiency in , 

the rat (30) •. It is indlspensible te certain species of 

fi sh (31). It can be elongated and desaturated, primarily 
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in the hver, to 20:5w3 and 22:bw3. Lin •• ed oil cant.ins 

over 50 X «-linolenic acid~ wh.reas soybean 011 comprises 6 
, 

to 8 X of this fatty acid (29). «-linolenic .cld i5 the 

major fatty acid of chloroplast lipids in plants. 

/ PUFA are nor ... al consti tuents of cell ul ar _branes~ 
/ 
maintaining their fluidity and structural integrity. PUFA 

are esterifled to phospholipids primarily ln the 2-acyl 

position (32), and they can also be found e.t.rified to 

triglycerides (33) and choleste~yl esters (34). 

Linole~c acid and arachidonic acid are usually the' most 

abundant·PUFA in cellular lipids, although high 

concentrations of ce~tain w3 PUFA such as 22:6w3, can be, 

found in phospholipids of brain (35) and retinal 

photoreceptors (36). 

Cellular PUFA content çan be greatly influenced by the 

diet. Greenland Eskimos, for example, whose diet is mainly 

of marine origin, have a distinct fatty acid composition 

(37). Eir::osapentaenoic ,acid (20: 5w3), rich in fish oil.~ 

almost completely replaces arachidonic acid (20:4w6) in, 

plasma lipids of this g~oup (37). 

.. .~. 

1.3.2. Control of Fr •• Cellular PUFA 

The level of free arachidonlc aCld, the most abundant 

'elcosanoid precursor, is rigldly corntrolled. ln the resting 

state free cellular levaIs of this fatty acid are extremely 

ION (see 28). A highly speclflc acyl-CoA synthetase enzyme 

rapidly esterifies C-20 PUFA (38). C-18 PUFA are esterified 

much less efficiently by this enzyme (38), and consequently 

.~-~ 
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higher levels of free C-18 fatty acids are found within the 

-
cell. Subsequently y an acyl transferase enzyme transfers 

the PUFA -CoA esters into the 2-acyl position of, 

phosphol ipids (3,9). 

Liberation of 20: 4 from ph05phOlipl d storas can occur in 1 
,~l 

response te a varlet y of stimuli. Thro.-bin (40), bnadykinin 

(41), angioten~in II (42) and adrenocorticetrop~n (43) 
/ . 

stimulate 20:4 release by receptor-mediated mechanisms, 

whereas the calcium ionophere, A23187 (44), mellitin (45). 
, , 

and mechanical agitatîon (46) release 20:4 by les5 specifie 

means. 

A complex series o~ reactions within the cell membrane 

appears ta control the deacylation of 20:4 frem 

phospholipids. Phosphatidylethanolamine (PE) and 

phosphatidylcholine (PC) are hydrolyzed by phospholipa.a,A2 , 

,an enzyme that requlres calcium for its activaticin (47). 

This enzyme seems to be regulated by a number of factors in 

certain cell types (48). Sequential methylatlon of PE, 

locat~d on the cytoplasmic surface of the calI, ta ~C, 

concentrated on the outer membrane ace, can occur upon 

receptor-medlated stimu~ation. sults in a local 

increase in membrane fluidity and con activation o~ 

adenylate cyclàse and calcium-depende t adenosine 

triphosphatase, which initiates the c lcium influx 
1 

responsible for phasphollpase A2 acti~ation and sub.equent 
1 

arachidonate release (48). 

Phosph01hosital compounds reprIse" 

1 

, 
another important 

, ' 

. , 
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clas5 of 20:4-containing phosphalipids. A major component 

of'this phaspholipid cl.ss is 1-st.aroyl-2-arachidonoyl-

. gl ycera-3-phosphol nasi toi (P 1), along wi th 

phasphatidylinosital 4·-.onophasphate (DPI) and 

... 
ph~sphatidyli~o5i~ol 4'5'-bi~phosphate- (TPI> (49,50). , 

PhaSPhollpas~ C 1s capable of hYdrOlYZ~nb aIl thre. of-th ... 

compounds <5U' and ma~(52) or may not (bU requin!! the 

presence of \Càl cium for i ts acti vation. J A number of 

mechanisms for the release of arachidonate from the 

.phasphainostiides have recently been propo$ed~ Lapetina.t 

al. (53,54) clai. that iQ platelets phospholipase C 

activation is the initial receptar-linked event. 

Hydrolysis, primarlly of TPI, by thl. enzyme lead. to 

release of inosital 1,4,5-trisphosphate (IP3 >, Along with 

1,2-diacylglycerol. Th~ latter compound 1. then ~apidly 
" 

phosphorylated by diglyceride kinase and the resultant 

phosl;:lhatldic acid 'and IP3 are tnvalved ln mobilizing calcium 

and activation of protein kinases. This calcium flux in 

turn actlvates phospholipase A2 which result. in releas. of 
_ . . cl 

20:4 fram PE, PC ànd/or phosphatidic acid. Alternatively, 
. ~ 

according to Majerus and co-workers (50,55), the 1,2-

diacylglycerol formed 

raPi~rolyzed by 

liberatlon~f 20:4. 

by action of phospholipase C is 

a diglyceride lipase resulting in 

Glucacorticoids appear ta play an lmpor,tant raIe in 
1 

regulating liberation of 20:4 from'phosphollpid stores. 

These ,steroids are capable of inducing the synthesis of a 

specific glycoprotein via a receptor-dependent mechanlsm 
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{. 
This pratein, knawn a. lipacartin (previously 

re+erred ta as lipomodulin, .acr9Cortin ~nd renocortin) (58) 
• 

displays phaspholip.se A2 inhibitory acti9n, .n~ therefare 

inhibits eicosanoi'd generation by most intact ceUs (Sb-58) • 

. Li pocortin action is further cantrolled by a 

phosphorylation-dephosphorylation ~hani.m (58). . ' 

Phosphorylation results in its inactivation, wherea • 

. dephosphorylation by alkaline phosphatase restar •• its 

acti vity. 

It is obvious that the cellular events'involved in the 

liberatlon of, 20:4 from phosphOlipid stores are complex and 

the preci se mechani sm may vary dependi ng on the typë of cell 

. and the initial stimula~ion event. In Any case, the rap~dly 

liberated 20:4 i5 then free to be oxygenated by various 

enzymes or may be re-esterified into photspolipids., 

1.4. Oxygenation of PUFA 
" 

1~4 .. '1 .. Pro.taglendin Endopltroxid. Synthe •• 

Prostaglandln endaperoxide synthas~ (59) (also kn~ a. 

PGH synthase (bO» catalyzes the formation of the 

J endoperoxides which gi~e rise to-the prostaglandins and 

thromboxanes (slÈ!e b1). ThIS enzyme is often referred ta .s 

fatty acid cyclooxyge~ase (or just cyclaoxygena.e) (13). 

However, this term can be somewhat amblguous bec.usa this 

enzyme contains tHO activities.. The first .ctivity is 

respoosible for the oxidative cyclization of 2014 ta giv.' 

PGG~, whereas the second activity catalyzes the conversion 

of. the lS-hydroperoxy group of PGG2 ta the lS-hydroxyl group 

--
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of PGH2 (61) <s .. Fi.g. 1). 

prastAglandin endoperoxide synthase will be used.for the 

enzyMe ca.prising bath Activities, while the individual 

activities will be referrad to as cyclooxygena •• and 

prostaglandin hydroperoxidase. PB endoperoxide syntha •• i. 

nearly ubiquitous, being found in alma.t,all animal tissues 
{ 

(62). This enzyme i~ located in the microsamal fraction of 

the cell (63), primarily in the endoplasmlc reticulum (64). 

" HetRe is an essential cD'lllptlnent. of fully active PG 

eNdoperoxide synthase (65). 

The detailed ~echanistics of this enzyme have proved 

'luite complex. However, Hemler and Lands (66) have Pfoposed 

a mechanism that attempts to explaln ail of its'properties~ 

Fatty aCld hydroperoxides, such as PGG2 , are required to 

activate the enzyme. The hydroperoxide interacrt ... !1wlth the 

cyclooKygena~e-bound ferriheme ~Q produce a peroxy radical. 

Thi s ra~ical_ then àbstracts tne 13-5 hydrogen atom frOflt 20: 4 .. 

giving rise tà aR activated alkyl radical which subsequently 

react. Hith an oxyg~ molecule at C-ll. Cyclizatiory of the 

hydrocarbon chain en sues and incorporation of another 

MOlecule of oxygen at C-15 ·occurs. The 15-peroxy radical 50 

-formed ends the sequence by abstracting a hydrogen atoM fram 
~ 

the enzyme-bound hydrope~oxlde t~ form the end product, 

The PG hydroperoxidase a~tlvity reduces the C-15 

hydroperoXlde of PGG2 with hydrogens abstracted from a 

hydràgen-donating cofactor via a valency change' of the iron 

moi et y of the enzyme-bound heme. During thlS reduction step 
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lt appears that an ,active 'oxygen speCle5 IS rE!le~5ed which 

can resul t ln destruction of the enzyme. 

When thé cyc 1 oo~ ygenase react 1 on 1 s i nI tl ated by the 

pr.esence of !imall amounts of fatty aCld hydroperoxide, the 

over-all consu",ptlon of oxygen proceed!;i at a rapldl y 

accelerating rate, causl,ng the generat10n of addl ti onal 

act.1-vating fa-tty acid hydroperoxide (67)'. The oxygenatIon 
~ , 

reaches maximal .veloc~ ty and then dacel erates as a resul t of, 

self-catalyzed inactivation untll flnally no further 

oxygenati on occurs. The essentl al control poi nts of th1 s 

complex enzyme seem ta be the avallabll ity of the fatty aCld 

substrate and of the 11pld hydroperoxide acti vator (67). 

The availabllity of fatty aCl.d substrate IS generally 

cong-idered to'be "the rate 1 imltIng step in pras;:aglandln 

synthesis. 

'Fatty aCld hydroperoxldes are requirÈ!d not only for 
~ 

Initiation Dt' èyclooxygenase action but also for its' 

continued' action (67) _ Fatty aCld hydroperQ)(ldes can be 

pr-oduced- enzymatlcally by ll.poxygenases or non-enzymatlcally 

tttrough a varlet y of means. 
1 

The cel luI ar levels of these 

substances are under i ntrl cate control by factors such as 

vltamll'l E and gluta~erOxldase. In normal human 

plas~a, Warso an~ ~ands \68) have 'found a steady state level 

of O.S U'1 hydroperoxlde, by uSlng a new selectIve &:=osay. J' 

ThiS level would be capable of stimulat1ng PB syntheSl!i, for 

exampfe in blood cells and vascular cells. It '15 

Interesting to note that cyclooxygenase., WhlCh produclPs 

hydr-dperOXl,des, aiso requlres hydropêrOxl.de as an actlvator, 

.. 
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whereas PB hydroperoxidase consumes hvdrop~roxid~s. The 

a~parent paradox of th.se·~wo acti~lties residing ln th~ 

same enzyme can bill' explalned'on t~e basis of the dlfferent 

affinitles for hydroperoxide by ,the 2 sites on the enzyme. 
" o 

The hydroperoxlde requlrement for cyclooxygenase (Kp, 20 nM) 

is much lower than that for PG 'hydroper'oxldase~ (Km, 3 j.I1) 
Fi.. ~ 

') 

(69)'. Therefore the latter ac;t.ivity i!? unable to s4Ppress 

cyclooxygenase actlvity. 

Other factors required for the activation of PB 

endoperOxide synthase, such as heme and the oxygen . ,.. 
J 

:. 
substrate are not llmiting factors ln vivo (67). . . 

co-

There are 

many PG hydroperoxldase cOfaetQrs, such as tryptophan (59), 

eplnephrine (70)., phenol (66,71> 'J. guaiacol (72), urie acid 
• 

'(73) and glutathione. (74) which have beén reperted to 

Increase the synthesis 6f prostaglandins ln vitro. The 

lat~er two could possibly serve this functl~n in VIVO • 
t.(' " 

) 

PUFA ether thàn 2()': 4 are 'al 50 abl Ill' to serve as ~ubstrate 

for 'PG endoperoxide synthase. The reactiori velocity of the 

. '\ 
enzyme Wl th 

. ...-' 
di-homo-I-Ilnolenlc aeid <20:3) 1S e5sentially ,.---

~J 
wi.,th 20:4 (75). 20:5 lS effectively eonvêrted 

by purlfled Cyclooxygenase~m sheep,~sicular 'gla~ds t~ 
Co 

endoperoxides of t~e 3 series when suffielently hlgh l~vels 
,-

of hydroperox i de acti vatpr are present < 75) • " 1 t 1"S no1; 

oxygenated under ION peroxide conditions (75). However,w 

recently a prostaglandin product derived from 20:5 was found 
'Q 

.ln human urln~ suggestlng that 20:5 IS capable of---t5êing 

oxygenated ln vivo (76). Certain dlenoieJ{atty acids like 

! 
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18:2 (77) ,and 11,14-eu:osadlenolc aC1d (78) also 5erve as 

substrates for th1 S enz yme. - Wl th these substrates, though, 

cycllzation to endoperoxldes can not occur and monohydroxy 

fatty aClds are the end products. 

Suppression of prostaglandin endoperoxlde synthesls can 

be achleved by a number of means. Antllnflammatory sterolds 

hmlt the avallabllity of fatty aCld substrate via the 

synthesls of Ilpocortln, as mentloned above. Va.rlous long 

chain fatty aClds, such as 22:6 (79) and 20:5 (75), under 

low hydroperoxlde conditions, can bind to the sub!5tra,te 5ute 

of PG endoperoxlde synthase and can effectlvely block PG 

endoperoXlde synthesls. Acetylenlc fatty aClds dlsplay both 

competitive and non-competitive lnhlbltory actions (80). A 

1 ar-ge group of non-s1;erol dal ant Il nfol àmmatory agents are 

effective lnhlbltors. The two most ..,1 deI y l1sed of th es. 

~agents, asptrln and Indo~ethacln, bind competlt1vely at thé 

substrate Slte and addltionally cause Irreversible 

'1 nacti vatl on of çycl oox ygenase actl vi ty (80,81). 

" Ant1pxldant radIcal trapplng agents also markedly affect 

enzymatlc actlvlty. These agents often exert a blphasic 

response, stlmu!atlng cyclooxygenase actlvlty ln hlgh 

hyd'roperoXlde condltlon.S and lnhlbitlng ItS actlvlty when 

the amount of hydroperoxlde lS 10w, by lowerlng the 

effective concentratIon of hydroperoxlde actlvator;, (b6). 

Thus, the flrst step ln the synthesls of prostaglandlns 

from PUFA IS a very complex event result1ng from a fatty 

aCld hydroperoxlde-lnltlated free radical chain reactlqn ln 
/.. 

WhlCh pOSl tl ve feedback aspect"s of product actl vatlon .r. 

-
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countered with negatlve feepback features of self-catalyzed 

i nact 1- yat1 on_ 

1.4.2. Pro.t.~l.ndin Endop.roxide'Metabolizing Enzy~. 

Th~ PGH 2 ' formed from prostaglandin _endoperoxide synthase 

is at a pl~otal stage ln the dIvergent pathways leading to 

the synthesiS-tof varlous'types of prostaglandins and 
----",' j 

thromboxanes. Most of the e,nzymes that uti 1 ize PGH2 as 

'" 1 substrate are lsomera~es which attack the 9,11-endoperoxide 

~ridge of PGH 2 (61). The tissue specif1clty for 

prostaglandin and thromboxane biosynthesis depends upon th~ 

dIstributIon of these enzymes. 

(a) PGE synth ••• <9-oxo isomera •• ) 

The conversion of P6H 2 te PGE 2 1nvolves isomerlzation of 
1" 

the 9,11-endoperoxide to 9-oxo and lla-hydroxyl groups. 
ô • 

This en~o/me has been local1zed in'mlcrosomes of bovine 

veslcular glands (82) and ceronary artery (83), and rabbit 

kidney medulla (84). 6lutathlone 15 an e5sential cofactor 

for the reaction. 

• 1 

(b) PGO .ynth ••• (11-0KO isomer ••• ) 
r 

PGD synthase lS a cytosolic enzyme found in rat lung 

(85), stomach (85), small int~stl ne (BS~', -'skin (85), brai.n 

(86), spleen (87) and mast cells (88). The 9,11-

. 
endoperox1de group of PGH 2 IS lsomerized to 

and Il-axa mOletles of PGD2 " The enzy~e and. 
.. , 

mast cells IS stlm~l.ted bY addItIon of glutat 

the braln enzyme does not require glutathlone. Formation of 

Ô 

r : 
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PGD2 from PGH 2 tan also be catalyzed by glutathlone c 

transoferases ~tIa'd al bumi n (89,90). 

tc) Reduction of PGH ta PGF , . 
The formation af PGF 2Œ from PGH2 lnvolves reductlve 

cleavage of thè 9,11-endoperoxide. This a~tivlty h~en 

reported in microsomes of bovIne and gUlnea plg uterus (91). 

The agent ~at~ly~lng thlS reactl0n 1~.not lnact~vated by 

bOlling 50 it does not appear to be a ~rotelri (91). Non-

enzymat~c conversion of PGH2 ta P6F 2Œ occurs in the presence 

of thiol (92) and catechol (93) compounds. Glutathlone 

bransferases can also catalyze thlS reaction (89). 
; 

P6F 2Œ can be formed from PGE 2 via a 9-oxo reductase '94) 

WhlCh has been found ln.blood, heart, llver, kldney~ braln 

and skln. 

(d) P~D.t.cyclin .yntha.e~ 
PGI 2 is formed by isome~zation' of the 9 9 11-endoperoxlde 

. group of PGH2 into a 6(9)oxy rIng and an 11«-hydroxyl 

>--
group. PGI 2 'IS unstable, especlally et aCldlc pH, and is 

readily transformed into 6-oxoPGF tŒ , a stable but 

'bl0logiçally Inactive product (see 95). Prostacycll'n 

synthase IS found ln mlcrosom,;al fractions of ar t'ttr y , veln, 

hèart, lung, kldney, spi een f stomach, and in macrophages 

" 
(96,97) • In smpoth muscle c-ells It dlspl,ays a blmodal 

distribution, being ~ound on bath the plasma and nuclear 

membr anes (98). Pr~stacyclln synthase IS a ferrlhemoproteln 

(99) that lS readlly lnactlvated by âlkyl hydroperoxldes. 

1 
1 
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The ferriheme mOlety is belleved to play an essential role 

at tne active site in the cleavage of the endoperoxide. The 

factors'regula~ing the synthesls of PGI 2 will be discussed 

ln a later section. 

<e) Thromboxane Syntha •• 

The enzyme whlch produces TXA2 from PG~2 is present in 

microsomal fractions of platelets, lung, spleen and 

macrophages < 100). TXA2 is very unstable and is rapidly 

transformed to a stable, biologically inactive degradation 

product, tl:lrcftnboxane B2 (101). 12-hydroxy-S,8,10-

heptadecatrlenoic acid <HHT) and malondialdehyde are formed 
-' 

."'" 
concomitantly with TXA 2 (102)~ h~hromboxane synthase IS" 

-',> 

~ .. "" 
inhibited by imidazole and varlous' endoperoxide analoques, 

r 
and It also shows decreased .ctivity in the pre~ce of high 

concentrations of salt (101). 

1.4.3. ~ro~tagl.ndin and Thrombaxane Catabolizing Enzyme. 

Since prostaglandins and thromb?xa~es a~e ~xtremely 

pc)tent biologlcal mediato .... s, mechanisms must eX.lst to )iml't 

their acti ons. Prostaglandins and thromboxanes are 

metabolized by the following pathways (see 61); 

1) OXldatl0n of the lS-hydroxyl group by IS-hydroxy 

prostagIan.in dehyd~ogenase; 

2) reduct~oA of- the 13,14-double bond 'of the lS-oxo product' 

by 6 13-prostaglandin reductase; 

3) oxidation of 9-hydroxyl group by 9-hydroxy' prostaglandin 

dehydrogenase; 

4) reductlon of 9-oxo group' by prostaglanain 9-oxo reductase; 
.. -
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5> a-e~ldation of the «-slde chain glving rlse te «-d~no~ 

and «-tetranor compoynds and a-ox~datl0n of the w-chain 

6) w and w-1 oXldation~ 

Metabolism of prostaglandlns and thromboxanes by the 

flrst two pathways lS extremely rapld~ since these enzymes 

are present ln the lung as weIl as many othen t~ssues (101). 

Cônsequently, prostaglandlns and thromboxanes are nct 

consldered to be circulating hormones. 

1.4.4. Lipoxygen •• es 

Llpoxygenases are enzymes ~t catalyze the 

stereospeciflc Insertion of oxygen intà polyunsaturated 

. 
fatty aClds contalnlng the'cis~cis-1~4-pentadlene grouplng. 

Hydroperoxldes wltH a cis~trans conJugated dlene system are 

the -resultant products. Lipoxygenases are widely 

distributed in the plant kingdom, belng found especially in 

the cereals and legumes •• l'1Qre recently,' lipoxygenases have 

been identified in mammalian1tlssues. 

<a' 12-1ipoxygen ••• 

The 12-lipoxygenase syst~m of platelets was the first 

r 

described mammalia~'iPOXygenase ln 1974 (103). This enzyme 

was found in the 100,000 x ~ supernatan. of broken platelets 4 

from a number of specles (104). The oxygen~tlon of 20:4 by 
"\ . 

thl~ enzyme has been shown to lnvolve~ as an Initial step~ 

removal of the pro- (S)' 'hydrogen at C-I0. ThlS IS followed 

by lsomerlzatl0n, of the LI-CIS double bond te a 10-trans 
. 

double bond with ton~Qmltant mlgratlon'of the radical ta C-
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Addition of oxygen to C-12 results in the formation of 
f 

12(S)-hydroperoxy-5,8,10,14-eicos~tetraenoic acid (12hp~ 

20: 4) (lOS). 

12-llpoxygenase activity has also been localized in a 

'number of other tissues, including lung (lOb), spleen (106), 

porcine polymorphonuclear leukocytes (1~7), peritoneal 

,macrophages (108) and mast cells (109) from a variety of 

sp~cies. In platelets the major route for metabollsm of 

> 12hp-20:4 is reduction to 12(S)-hydroxy-S,8,10,14-

eicosatetraenolc aCld. Thi s reducti ve step l'nvol ves the 

action of the enzyme glutathione peroxidase and reducing 

equlvalents from the hexose monophosphate shunt (110). When 

large amounts of exogenous 20:4 are added to platelets or 

.,~~ a glutathione peroxidase deficiency i$ induced, 12hp-
, 

20:4 is converted to ~poxyhydr~xy cqmpounds (111,112). The 

latter are then hydrolyzed to the trihydroxy products, 

8,9,12-trihydroxy-S,10,14-eicosatrienoic and 8,11,12-

~ihydroxy-S,9,14-eicosatrlenoic acid (111-113). 

(b) 5-1ipoxygena.e 

The presenée of a 5-lipoxygenase enzyme was demonstrated 

by the isolation of 5-hydroxy-b,8,11,14-eicosatetraeno~c 

acid (5h-20: 4) after l.,"!cubati on of r:-abbi t pol ymorphonuclear 

leukocytes Hi th 20: 4 ,( 114). ThIS activity has also been 

found in eosinophils (115), alveolar macropnages (11ô>, and 

mastocytoma (117) and basophillc leukemia (118) celi llnes. 

r -

Insertion of oxygen into the 5 position of 20:4 gives rlse 

!' to 5 (S),-hydroperoxy-20: 4. This 'lnter'mediate can be reduc;ed 
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• by cell ul ar perox 1 dases to the correspondi ng monohydrox,y 

product or it may undergo a speciflc dehydrase reaetion, 

yielding the unstable allylio 'epoxlde, leukotriene A .. (LTA .. > 

<119>. LTA .. , the precursor of the hlghly bloaetlve 5-serles 

leukotrlenes ean be enzymatlcally converted via 2 spe~ifie 

pathways, the eell type determinin~ the route of metabolism. 

One pathway involves a stereospecific hydrolytic reaction by 

LTA .. hydr~lase to glve 5S,12R-dihydroxy~6,8,10,14-

eicosatetraenoic aCld, better known as LTB .. (120,121). In 

the other pathway a specifie glutathione-S-transferase 

enzyme catalyzes the addition of a glutathionyl mOl et y ontb 

C-~ of LTA .. to give 5(S)-hydroxy-6(R)-S-glutathlonyl-

7,9,11,14-eicosatetraenolc acid (LTC .. ) (117,122,123); LTC .. 

can be further metab91lzed by a membrane-bound 5-g1utamyl 

transpeptldase (removal of the terminal I-glutamyl residue) , 

(124) and a dipeptidase (removal of the glycyl resldue) 

(125) to yleld LTD .. and LTE .. , respectively. Addl tlcn of 1-

glutamic acid (126) and N-acetylation (127) of LTE .. are two 

c 

subsequent metabolic pathways WhlCh give rlse to LTF .. and N-

acetyl, LTE .. , Fespectlvely. 

Alternatively, LrA .. can undergo non-enzymatlc hydrolysls. 

to give two 6-trans isomers of LTB .. (119). 

The 5-lipoxygenase system appears tc exist ln a 

relatively Inactive state an~ thus requlres activation. For 

example, wh en polymorphonuclear-Ieukocytes are Incubated 

with exogenous 20:4 virtuàlly no 5hp-20:4 metabolltes are 

observed (128). However, when the calCium lonophore, 

A23187, Is added slmultaneously large amounts of these 

" 
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,1 
metabQlites are produced (12B.129~. 

1 

Cc) l~-lipaxya.n ... 1 

• 
1 

The thlrd major lipoxygan.se system catalyzes,~h. 

, stereospecific insertion of oxygen at C-15 ta yield 15(5)-
,> 

hydroperoxy-5 98 911.13-eicosatetraenoic acid, (IShp-20:4). 

This enzyme activity has'been found in polymorphonuclear 

leukoeytes (130), reticulocytes (131)9 lung (132) .nd 5heep 

vesieular gland (78). The polymorphonuclear leukocyte 

enzyme is localized within the cytosOI1C fraction (130). 
, 

15hp-20:4 c~n undergo metabolism tiy several pathways. Non-, 

enzvmatlc degradati,on nf 1~hp-20:4 to 15-hydroxY-9 15-oxo-9 

13-hydroxy~14,15-epoxY-9 and 11.14,15-trihydroxy- products 

h.s béen réported (130). 15hp-20:4 can a.50 be converted to 

a LTA~ analogue, having a 14,15-epoxy group instead of a 

5 96-epoxy group (14, 15-LTA.; 15-se~ies 1 eukotrienes) (133). 

The hydrolysis of 14,15-LTA~ results in the formation of 
. 

several 8,15- and 14,15-dihydroxy metabolites (133). 

Perh.ps the mast interesting 04 the lShp-20:4 .etabol~. 

are the recently discovered trihydroxy conjugated tetraene 

compounds (lipoxins A and 8>, formed by human leukocytes 

incubated with ionophore A23187 and 15hp-20:4 (25). 

(d) Regulation of lipoxygen .... 

The mechanis.s for the regulatlon o~ the different 

lipoxygenase actlviti~s are not clearly understood. 

HoweJer 9 recent evidence suggests that llpoxygenase products 
, 

formed by one cell type may'affect lipoxYegenase activity in 
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other types of cells (134). Macloùf and cé-workers (135) 

reported .,that the p,l atel ~12-II'POXy~~nase product," 12t:'p-

20:4., was ~ potent activator of human blood leukocyte 5- . 

1 i pox )tlgenase. 12h-20:4 was inactIve. On the other hand., 

15h-20:4 lnhibited both the platelet 12-1ipoxygenase and the 

leukocyte 5-lipoxygenase (136,137). Its hydroperoxy 

precursor, 15hp-20:4, ",as 4·tlmes as potent an Inhibitor 

(134) • 

Certain drugs can aiso Influence lipoxygena~e activity. 

Vanderhoak and Bailey (138) have shown that ibuprofen, a 

non-steroidal. antlinflammatory drug, stimulates the 15-

lipoxygenase pathway of human polymorphonuclear leukocytes 

while inhibiting the 5-lipoxygenase. They suggest that 

ibuprofen may interact wit:h a phys,iologlcal actIvation 

process in these cells or alternatlvely., Ibuprofen may mimic 

the actIon of an endogenous activator or possibly displ~ce a 

naturally occurring lnhlbitor of the !5-11poxygenase~ 

1.4.5. Other Pathways of PUFA Oxygenation 

PUFA can be oxygenated by enzymes other than 

cycloo~ygenase and lipoxygenases. Llver and kldney 

cytochrome P-450 enzymes ln the presence of NADPH and NADPH-

cytochrome P-450 reductase catalyze the oxygenatIon of PUFA 

to monàhydroxy and epoxy compounds (139,140). Rat 11ver 

mlcrosomes oxygenate 20:4 to the 9-, ~1-, 12- and 15-

monohydroxy products (141 )., as weIl as ta four epoxy aclè:1s: 

5,6-epoxy-8,11.,14-., 8.,9-epoxy-5.,11~14-., 11,12-epoxy-5,8,14-

and 14,15-epoxy-5,8,11-e~cosatrlenolc acids (142). The 
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formation of these epoxy acids by crtochrome P-450 ha. baen 

. referred to as the "epoxygenase" pathway (141). The~e 

products can be ~urther metabolized by an epox~de hydrola$e 

enzyme ioto the corresponding vic-diols (142). 

PUFA can be oxygenated by a variety of non-enzymatic 

means in vivo due to the'ir highly reactive methylene-

interrupted double bond structure. When no known catalyst 

is present the reactlon between molecular oxygen and PUFA is 

referred to as autoxidatlon. Linoleate autoxidation, for 

example~ leads to addition of oxygen to either end-of its 

1,4-pentadiene system giving rise to equal amounts of the 9-

and 13-hydroperoxy products (143). A mixture of cls,trans-

and trans,trans- double bond configurations, results , , . 

dependi.ng :;upon the conditions of autoxidation. 

Hemoproteins and transition metal ions are capable of 

catalyzing the non-enzymatic oxygenation of PUFA (144). In 
'. 

animal tissue, the position of oxygenation and the resulting 

doub1le bond configuration are highly dependent upon the 

environlIIent of thi.s non-specific catalysis. 

1.5. Physiologic.l Raie. of Oxygen.t.d PUFA 

Prostaglandins, thromboxanes and leukotrienes have been 

implicated ln numerous cellular homeostatlc processes and 

pathophysiological conditions. The prostaglandins exert 

pharmacologlcal actions on many tissues. Their 

PhY~Og1Cal roles hav...e been more difficult to de.lineate.~ 
~' However, prostaglandins, are modulators of certain 

physiological actlvitles in the healthy state and in 

• l •• 

o 
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defenslve reactions lnduced by damage and stress. In the 

kidney, for example 9 lt has,been reported that 

prostaglandins have several roI es, ~ncluding modulation of 

~he renln-angiotens~n system, modulation of the effects of 

~allikrein and lnhlbl.tion of the response .to antidluretlc 

hormone (145). Prostaglandlns may be lnvolved in the 

stimulation of pltultary hormone release via a stimulatory 

ef,fect on the release of their releaSing factors from the 

hypothalamus (146). Prostaglandins also have effects on 

adrenal steroidogenesis (147). In the reproductive system, 

prostaglandins appear ta be requlred for the action of 

luteinlzlng 'hormone in causing follicular rupture and 

consequent ovulation (146). They are necessary to promote 

regression of, .th~orpu~ luteu'm ln certain specles '146), 

and they are lnvolved ln contraction of the myometrium 

durlng parturition (1'48). Prostaglandlns are potent" 

inhibitors of gastrlC acid secretion and also e~ert a 

cytoprotective effect in the gastrointestlnal syste~, 

possibly by increasln'g mucous production .(see 149). 
" 

The,se' 

'are only a few examples of the possible regulatory raIes of 

prostaglandlns ln phYSlologlcal, processes. The raIe of . ' 

prostaglandlns and thromboxanes ln vascular homeostasis Will 

be cons1dered ln a later section. 

Leukotrlenes seem to be, involved pr1marlly ln , 

pathophYS1ologlÎ:al processes, such as 1nflammat1'on and 

1mmediate hypersensltivlty re~ctlon~ (150F. LtB .. lS a 

potent chemotact1c and chemoklnetlc age(lt (151,152) 'and 

stimulatês the aggregation of polymorphonuclear leuk6cyt~s 

\ 
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(151) • It also augments the adhesion, of these cells to the 
, ' , 

endothelium and ëliclts thêir m.gr.at1oo from the vascular 

c,qmpartment Int"O den'.'al tissue (153). The'peptido­

l'eukotrlenes, LTC",,. LTD .. anp,L.TE .... ,: ... hl'ch are the compçmen'ts 
" ' 

éf slo ... -r@actlng,5ubstanèe of anaphylaxis, are involved in 
.- . ,,'" 

t"he i nducti on,Of 4sth'ma,. i ncreasi nC) bronchi mucous 
, , 

productlon, causin~ bronchoconstri ct.l on, 'and augmenti'ng 

vasopèrmeab~lity (154). 

'The Ilpoxins have been found to exer.t cer~ain blological 

actions. Lipoxin A cantraçts g':-li'nea -pig lung str'lpS., 
, 

generates sup~roxide anIons and st~mulat~ deoranuiation of 

leukocytes (28, 1~5). Both lipoxin A and lipoxin B inhibit 

. natural kl.Jler cell actlvity (28.,155~. "The extent ta ... hich .. . 
these compounds appear i;' VI vo and ex'er-t physi 01 qgl. cal 

effects, however., is not as yet known. .' 
The physiological roles of the var-ious lipoxygenase 

monohyd~operoxy and monohydroxy products are not clearly • 

understood. Although certain'biologica~ effects have'been 

attributed to these compoup:ds, furt'her É!xperim'ental ~v,ldence 

i5 required to support the1r physl.~logical roles. 

1.6. Met.bolis. of PUFA by V.scul.r Ti •• u • 
• 

1.6.1. Prost.cyclin 

, ' 

Ever Slnc:e PGl 2 was found to ,be an Important met,abolite 

of vasèular tissue by Vane and 'cb-... orkers ln 1976 (17)., 

research has Inten5ified in th15 area. PGl 2 is the ma~or 
? 

" 

metabollt~ of 20:4 in vl.rtually aIl arteries'and veio~ (95). ;~ 
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Pros~acyclin synth~se act1vity, though t appears tb be hlgh~r 

ln arter:J,al- tissues than ln velns (156). In mlcro~ssels, 

however, 20:4 metabolism may d1ffer somewhat from the major 

vess~ls. Capillary ehdothellal cells der1ved from human , 

newborn foreskins prpduce PGE 2 as the1r major arachldonate 

metabollte, (157), while rat cerebral mlcrovessels generated , . 
predom1nantly PGI 2 (158). The profIle ?+' metabol1,t/ 

,-

releas~d by vascular ~lssue can be changed marked~y-by the 
• 

" addit'lon of exogenous -10:4. For example, rat aorta normally 

produces much :more ,Pf3l 2 than- PGs'2 but when the aorta 15 

perfused w1th exogehous 20:4 the ratiO Qf these two products 

1 S r ever sed 11 59) . , - P6I~ 15 synthes1zed ln the greatest 

amounts at the IntImaI s~rface and ItS synthes1s 

progresslvelY- decreases towards the adventltla (160). 

PGi2 was orlglnail y postulated to be a clwcul~tlng 

hormone (~61 >, bel ng cont i nuousl y rel ea..sed by' vascufar 

tissue 'and lung. . '. 
This concept~eemed te he supported by the 

fact that PGI 2 W~5 not catabollzed by the lung (182) as were 

pthe~ prostaglandlns and that there were hlgh _plasma PGI 2 

levels (measured as 6-oxoPGF 1 «) (95). Subsequent studles, 
. 

I~ 
howeyer, have revealed that PGI 2 pla~ma levels.under normal 

physiologlcal conditions are mu~h too lew tç exert any 

apprec:1able blologlcal e-ffects (163,1~4)" 

'~GI2 15 unstable and ItS actlvlty dlsappèars w1thln 10 .. 
mIn at 22 bC at neutral pH (95). In'human blood,and plasma, 

though, 'the half-l1fe of PGI 2 1$ lncreased conslderably, .due 
• 1 • 

to the stab111z~nq effect 6f albu~ln (lbS). 
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(a) Raies of pr09tacyclin in the vascular syst~ 

r \ 
P6I 2 1S the moyt patent known lnn1bltor of platelet 

aggregat10n (17). Appl1ed locally ln V1VO ln Ibw 

concentratlons 7 P61 2 ~nhlblts thrombus formatlon due ta ADP 
~ , Â 

1n the mlcrocirculation of the hamster cheek pouch (·166). 

When glven systemlcally to the r~bblt it prevents 

electrlcallY-lnduced thrombus formation th the carotid 

artery and 1ncreases bléedlng t1me (1~7). P61 2 causes tRe 

dlsaggregatlon of platelets ln vltro and lQ extracorporeal 

circults of cats where platelet-clumps have ~ormed on . ~ 

collagen str1ps (168). It also dlsslpates clrculatirig 
~ . 

platelet ~ggregates and prolangs template bleedlng tl~e in 
, 

humans (169). PGl 2 aIso inhlblts thrombus formation lh a 
~-

dog coronary artery model when gl~en locally or 'systeml ~all y 
\ 

( 170) . 

,PGI 2 exerts ltS antia~gregalory action by' st 

platelet adenylate èyclase Vla aspe i.fic 
)' 

\ 

latlng 

receptor (95). The elevatlon ln cAMP levels enhances 

p 

platelet calCIum sequestratl0n\ thereby lnhlbitlng platelet 
.. "-

-Â­

aC~lvatl0n anô thrombOMane synthesls. 

PGI 2 lS aiso a strong hypotenslve agent and a vasodllator 

of most vascular beds (95). PG~2 does not act as a 

clrculating vasodepressor hormone ~nder normal phYS1010g1cai 
/-.~ 1 .. ' 

COndltlonS (171).} However 7 under certain stressful 

1 
sltuatlons PGI 2 ~ay act alone or ln concert wlth other 

hormones to' adJust local vasomot~r tone. 

PGI 27 when applied locally to the e~~othellum of v~nule~ 

and small velnS 7 causes the release of previously flrmly 

" 
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adhE'rent 1 E'ukocytes (172). • Thus, there may bEl a raIE' -for 

PGI2 l.n prevent1n'g leukocytE' adhes1.on ta vascular . ./\ 
endothellum. 

~ 
(b) Factors a-f-fectlng prO'!5'tacyclln synthesis 

The mechanlsms regulatl.ng PGI 2 synthesl.s are not clearly 

under!itood. Brotherton and Hoak (173) have suggested a roI e 

-for calcIum and cAMP ln l.ts regulatl.on. They found that 

pr~lncubat1 on of cul tured endothell al cell S 1011 {h an 

antagonl.st o-f cytoplasml,c calclum or w1th an lnhl.blt:or of 

CyCl1C nut:leotlde phosphodlE'sterase (1-rtiethyl-3-

lsàbutylxanthl.ne; MIX) blocked PGI 2 relea~e Induced by a 

varlet y of stl.mull.. PGI 2 ln the presence of MIX l.ncreased 

-"'cAMP levels 2-':fold over levE'ls ln the presence o-f MIX alone. 
- ~ 

These results led ta the hypothesls ~hat 1ntraceW'ular­

calCll~tn lS the mediator leadlng to the. syrl,theslS of PGI 2 

-from the 1n1tlal endothellal cell stlmulus (e.g. thrombin). 

The PG 1 2 sa f ormed 1 s then capab 1 e of l. nduc l. ng an 1 ncr ease 

o-f cAMP and 1 eads ta a negat1 ve feedback Sl. gnal tg,- regul ate 

its synthesl.s. ( 
\ 

Another control mechanl.sm for PGI~ prod~ctldr.l may i.nvolve 

2llteratl.ons 1n the er1zymat1c act~vlt1es of cyclooxygenase 

and prostacycll.n synthase vIa hydroperoxy produç:ts. 

Hydroperoxy metaboll tes o-f 18: 2. 20: 3 and 20: 4 are potent 

1 nhlb1 tors of prostacycl1 n synthasE' (174). It has been 

suggested that 1 ncreased i ntracell ul ar hydroperox 1 dE' 1 evel 5 

could selectl.vely black PGI 2 format1on, resultlng ln the 

• 
dl.VerS10n of prostagland1n endoperoxl.des to other products 

\ 
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such as PGEz (175). However, cyclooxygenase can aIse be 

Inhlblted by relatlvely h.lgh concentratIons of 

/--~ , 
hydreperoxl des (1713). 1 n- fact 7 deact 1 vatl on of 

cyclooxygenase rather than prostacycl rn ~ynthase appe"ars to 

be the Ilmltlng factor 0+ PGI 2 synthesls l~ cUltu~ed (, 

vascular endothellum (177), although thlS Qeact-l\fatlon y 
" , 

have occured due to actl ve oxygen spec i es other than 

hydreperoxlde;'. As was di sc:ussed above, 1 0'"' Iev~l s' ~ +atty 

aCld hydroperoxldes (0.01-0.1 J.JM) are r~quired to act'lvate 

cyclooxygenase (69)_ Hydroperax1des 7 there+ore, cotrld be 

Important factors in controÙlng the synthesls 0+ PGI 27 the 

nature of the1r ef+ects belng determlned by thelr precise 

1 ntracellular concentratIons. 

MOd1+ying the fatty aèld content ln the endothellal'cell 

can have a marked e-f;fectr on PGI 2 productIon and may be 

relevent ta the ef+ects 0+ d\et on PGI 2 productIon • 

• Il 
Llnolelc aCld enrlchment of cultured human umblilcai veln 

(178) and bovine pulmonary arter')f (179) endothelial cetls 

cau.sed a 60-75 ï. reductlon of PGI 2 prodLlctlDn up0r:- calcIum 

lonophor~ stImulatIon. Elcosapentaen01c aCld, abundant in 

marIne 0115, has been reported ta exert varylnq e++ects on 

PGI 2 productIon. For example, humans +ed diet$ hlgh lA 

marIne aIl wer~ found to excrete substantlal amounts.,of f'G!;! 

met aboi 1 tes 1 n thel r _ ur 1 ne, apprax 1 matel y equal ta the 
tv 

am..ounts of PGI 2 'metabolttes ln controls (76). At the same,_ 

tl'inè, there was no reductian ln the amo~nts of PG~2 

met. aboI i tes ex creted as a resul t. of th 1 S f,:reatment. Spector 

-4 

0\ 
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5. 
et al. (IBO) found that wh en cultured human umblilcai veln 

endothellal cells were enrlched wlth 20:5 there was a 50-90 

X reductlCln ln the capaclty of these cells to release PGI7" 

when stlmulated ,",lth thrombln, calcium 10nophore or 20:4. 

Thus, 1 t seems that ,cell ul ar fat t y aCI d content can 

substantlally Influence PGI2 productu)O although th~ 

mech an 1 sms 1 nvo 1 ved have nqt yet b~en c 1 e~r 1 y def 1 ned . 

~ 

Hlgh denslty llpoprotelns (HDL) may pla~ a role ln 

stlmulatlng PGI 2 syntheS1S. By measurl ng 6-oxoPGF 1 ex Cilne 

group of Investlgators (181) found that HDL s~lmulated PGI 2 

,"" synthesls 5-fold over 24 h ln cultured porcine 'aortlc 

"\ 

endothell al cel 1 s. Thl s st: 1 mul at 1 on coul d be medl ated by 

prO\ofl sion of the endothell al cel J s '"'1 th - 20: 4 ~ontal ned , J _ 
~lth1-n HDL ln the form of cholesteryl. arachldonate • 

.... 
Low densl ty llpoprotelns ('LDL)., on the other- hand., 

inhlblt PGI 2 synthesls by rat aor'tlc 51 ices (182), 

. 
sU,Jerfused bOVine coronary arterles (182) and plg .. aortlc. 

mlcrosomes (183). 

lnhl&ltIOn., though. 

The source' of LDL may affect th15. 
-.. 

It,has been suggested t~at llpld' 

hydroperoXldes, present wlthln LDL may be responslble for 

It~ Inhlbltory e-ffect on prost~cyclln syntha,se • 

. Seltz et al. (184) oppo,se thlS theory and clalm that l'~ 15 

the fatty aCld pattern and lipld class composition of the 

LDL WhlCh are Important for thelr Influence on PGI 2 

prctducb on. 

.. There appe'ar to be dlstlnct- sex dlfferences ln the 

These dl f ferences' may produt::tlon of P.GI 2 by blood v~ssels. 

be medlated b/\he sex hormones. P6merantz and co-workers 
'j 

-j 

'. :j 
j 
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(~85) have shown a higher spontaneous level' of PG:1 2 

productIon in male rat aorta as compared to the female. 

Ovariectomy increased PGl 2 production (measured,as 6-

oxoPGF ta) by 6-fold~ but castratIon had no effect. 

Estradiol treatment of the ovarl~ctomized females suppre.s~ 
, 1 

PGI 2 production by 50 7. whereas progesterone treatment 

enhanced It by,2-fold. respec~i~ely. Testosterone was 

wlthout effect' ln gonadè~tomized males and females. , , Seillan 

et al. (18b) found that#both estradl01 and testosterone 

stlmulated PGI 2 release from cultured piglet aort. 

endothellal cells obtained from females. In contrast. cells 
, 

obtained from males were unresponslve ta 'sex hormones. 

Another stud.y has foun~ hlgher PGl2 production in ar;'teries 

from Homen than from men (187). 

A host of ether fa~tors ha~e been reported to sti.ulate ' 

PGI 2 prOduction from vascular tis5ue. Seme of these factors 

lnclude: thrombin (40), bradyklnin ~lBB), ang~otensin Il 
" 

(189), kallikreln (190)~ leukotriene C (191)~ calciu. 

ionophore. A23187 (40). AI)P and ATP (192), n~ad'renaline 

(193), interfe~on (194), immunologic lnjury (195), decreased 

extracellular potassIum concentrat.ion (.196), endotoxin 

(197), phorbol este~s (197) and mononuçlear cell products 

(~98)_ Qb.vïously, the factors regula~ing P~I2 productiQn in 

'health and under stress are compleXe The magnitude of the 
.. 

effects of these agents on P61 2 synthesis and the duratlon 

of their actions are dependent on the specifie factor , 

involved and ~ts~hanism of action., as weIl as the type of 

\ , 

) 

.' 
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vascular cell :(endothelial or smooth muscle> in qultStion. 

PGI 2 formation at a sIte of vascular damage and 

hemostatic plug formation could be a controlllng factor in 
\i'~ 

11miting thrombus Slze. Thromb1n lS generated on the 

platelet surface at the ~lte of v~ssel damage, vIa 

Thrombin can b1nd to a 

speci fic endothel i al cell receptor afld can st 1 mul ate PG'I 2 

synthesls, posslbly ~y Hay of phosphollpase activallon, 

Slnce mepacrine, an l.nhibitor of ~hlS enzyme, abol~hes 
\ thromb1n-1nduced PGi 2 sy~thes1s by cultured endothelial 

... ./ 
,/ cei lls (40,199). Stimulation of 'PGI'2 productIon could Ilmit 

the hemostatic p~ug to the site of in jury and prevent 

éontinuat1on of thrombus format1on down the blood vessel 

wall. 

In add1tion to v.scular 20:4 acting as the substrate for 

PGi 2 formation, act1vated platelets could rel~~ 

endoperoxides ~hich could be converted to.PGI 2 by vascular 
,­

\ e 
cells • . The most convi"ci~g evidence in support of this wa$ . . 

\ 

carrled out by Marcus and' colleagues (200). They lncub.ted 

[3H120:4-prelabeled platelets ln aggre~omet~ cuvettes wlth 

thrombln, A23187 or collagen ln the presence of aspirln-

treated endothellal cel l, suspensIons •. [3Hlb-oxoPGF1(x ..,as 

recovered from the;supernatants of the comblned cell 
1 . 
suspensl0hs after stlMulation by aIl three agent!;,. The 

• 
amountsiof platelet [3H1TXB 2 pro~uced were low and platelet 

aggregatlon was lnhibited at a ratlo of 200,OOO,plate~et5 ~o 
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300Q-ôOOO aspirin-treated endathelial cells. At higher 

platelet levels the proportion of ô-oxo~GF~« ta TXB2 

decreas~d and platelet aggregation occurred. Endogenaus 

20:4 or exog~nous' radioactive 20:4 Nere not converted ta 
p , 

PGI~ after addition of thrombin to aspirin-treated 

endothelial cells. Therefore, the endothelial è.ll 

su,pensions ~ould only have used éndoperoxide5 fro. 

stimûlated platel~ts, sin~e platel~~s lack pros~aèyclin 

synthase. 

'" Data from Needleman et al. (201,202) suggest that some 

degré.' of vascular damage woul"d be necessary for platelet-

derived endop~oxid~s ta be used by vascula~ p,rostacyclin 

synthase. They demonstrated that whilé 20:4 could be 

r~adily converted to PGI 2 by p.rfuse~;rabbit hearts and 

kidneys, PGH2 was not réadily transf~med .to PGI 2 • 

Ta what e~tent PGI 2 production is responsible for th. 
, 

inhibition.o~ platelet Adhesion (thromboresistance) ta the 
, 

endothellum i 5 ,debated.. ,Dej .. na and co-worker~ (203) studied , . 

th. effects of inhibiti~ of PGlz synthesis by ~5pirln on 

platelet.adhesion,to thè endothelial lining ~ rabbit 'a~ta 

in' VIVe) ànd in vitr:o.. rhey concluded th,at inhi.biti~ of 

PGI 2 production does not promote platelet Adhesion •. Using o 

another pr~paration Cur~ et al. (204) found th.t,nèither 

treatment of vascular endothelium with aspirln or . .... 

indomethacin' 'nor increasing PGlz prod ... ctlon by .J)ldd,t.ion oi 

20: 4 af.f.eç:tëd basal pl atelet adhereance. On the ather hand, 

platelet Adherence ta transformed vascular e~dothelial cells 

(obtained after viral 'infection), which generated only v.ry 

. - j 

i 
1 
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~ 
.mall amounts ~ PGI 2 , was markedly increased. Addition 'of , 

exogenous PGI 2 partially reversed the incrèased Adhesion. 

Eldàr and colleagues (205), cOhduct.ed experlment.s using an 
. 

incubat.iqp cha~ber to measur~ PGI2 production At. t.he lumin.l 

surface of .ortae. They de-endothelialized aorta and found 
< , 

~ . 
a closely .dherent. layer of platel~s short.ly aft.~r InJury. 

Several days later only a few plat.elets adhered to t.he 

denuded sur,face. Result.s of their experiments revealad that 

de-endothellalized muscular neo-intlma ~ynt.heslzed 

increasing quant.ities·of PGI 2 with time,aft.er inJury and 

that. thi.~ increase correlat.ed ",i th the formation of a neo-

intima' and wlth, t.he,acquired thromboresist.ance of t.he aorta. 

PGI 2 inhlbits pl~telet aggr~gatlon at much lower 

concentrations than those needed to lnhibit Adhesion (206). 

Pl~telet!i., t.hen., may stick t.o vascular t,issue and lnt.er-act 

thrombus formatiqn. Substantiation of t.h~s idea comes from 
. ' 

',a recent invt!'stigat.l~ (2()7). "Shortl y af t.er baH Don de ..... 

endot.helialization of rabbit aortae there IS a c;:losely 

Adherent. layer of plat.elets. A small reduct.ion of adherent 

platelet.s could be observed.ln anjmals receivlng PGI 2 At. '50~ 

100 ng/kg/min (a dos~ sufflclent for complet.e inhIbitIon of 

platelet. aggregat.,ion) but concentrations of 650-850 

ng/kg/min were n~cessary t.o inhibit. this adheslon. 

Varlous factqrs produced wlthin the platelet affect PGI 2 

syritheslS. Plat.elet.-derlved growth factor (PDGF>,* in low . .' 
~ . 

concentrations great.ly enhances PGI 2 release f~om bOVine 

" . 

" 



, 

endothel i.-l cells (20B),. lt ha& been postulAtedlhat: 

released in vivo may increase PGI 2 production as .rt: 
( 

neqative ~eedb.-ck mechanism controlling plat:elet: 

PDGF 

o~ • 

aggregation. On the other hand, e-thrombagl obul in, .another 
1 

protein released frolft plat.Plet ex-granules, 'lnhibit. PGI 2 

production from'cultured endothelial cells (209). 

• Seratonin, a dense gr.nul. plat:elet const:ituent, incr ..... 
1 

PGI 2 synthes!s in culture~ bovine aortic smooth muscle and 

PDGF act. synergistically in this' response (210). Vet no 

stimulation is observed with aortic endothelial cells. , 

It appears, there~ore, that platelet-vessel ~all 

interactions are intimately linked and cArefully regulated. 

PGI 2 , although app~rent:ly not responsible for ail the 
• ~ .. lit.. 

t:hromboresi,atant pr'"opert.ies of. vascular endothttl tu., play. a 

èrucial raie in t:he control of pl.telet Aggregability, 

especially in situations in whieh pla~el~t reActivity .ight 

be enh~nced'due to locàl tissue da.ag~. 

(d) Prostacycl in 

A direct physiological antagonisM exists bet ... een PGI 2 and 
, ' 

PGI 2 15 a potent pl.telet .ntiaggregat:ory agant and 

vasadt l .. tor whi,l e TXA2 15 _ pro-aggregatory and cause. 

vasoconstriction (211). Bath substances are d~ived fra. 

the same substrate, have the sa.e inter.ediates, are 

unstable and their biologieal activity d~.nds on th.ir 'rate .. 
of synthe.ia, since they are not stor.d. The balance o~ 

, ç 

these two substances in vivo has been purported to play'an 

important rool e...,j.P- the control of vascular hOtfteOBta.i. (211). 
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• 
Ther~ is some evidènce in the literature to suggest that an 

improper balance of the PGlz/TXAz ratio may be llnked to the 

vascular complications in a number of diseases~ Includlng 

atherosclerosls~ which will be discussed in the next 

sëction. 

Platelets from patients wlth arterlal thrombo~is~ deep 

vein thrombosl5 or recurrent venous thrombosis.produce more 

prostaglandin endoperoxides and TXAz than,normal and have a 

.hortened survival time (212). Diminished,PGl z production 

.ay explain the microvascular compl~cations present in 

diabetes. PGlz production by b'leod vessels from patients 
, 

, Nith diabetes 15 depressed (213) and clrculating levels of-

l' 

6-oxoPGF1U are reduced in diabetic patients with 

prol i fer-ati ve reti nopathy' (214). The reliability of. this 

latter result is' que~tiona~le~ though, since circulating 

lev~ls of PGlz have been fOUAd to be very Iow as was 

dlacu •• ed above. ,Piatelets fr~m diaQetlc sub~cts show 

diminished sensitivity to PGlz and platelets from rats made 

diabetic release more tXA2 than normal (95). However~ these 

reaults hav'. not been conflrmed ln other stt,Jdies (215~21'b-j. 

One study reveale that in diabetles wlth mlcroangiopathy the 
, ' 

balance between PGlz and TXA z 15 shifted towards PGI 2 (215) 

and in another, data was presented th~t do net support an 

assoCIation between reduced PGI 2 and dlabetlc retlnopathy, 

(216) •• 

The balance between PGI 2 and TXA2 has been report~d té be 

altered in Bartter's syndrome (217), thrombocytopenic 

purpura (21a>~ pre-eclampaia (219)~ hypercholesterolemla 

l 1 7 

.. 
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(220) as weIl as angina (221) • 

.. 
"~ch interest in the pharmacological control of the 

made to find an aspirin dose which would ~fectively. inhibit 

platelet TXA2 synthesis Nithout reduclng vascular PGI 2 

synthesis. These attempts were ba.ed on two in vitro 

findings: (i) platelet cyclooxygenase appeared tQ be more 
\ 

sensitive than the vascular enzyme ta aspirin inhIbItion 

• (222)~ and (ii) the platelet enzyme is inhibited for th~ 

1 i fespan o.f the pl atelet. whereas enzyme turnover permi ts 

replacement of cyclooxygenase in the vascular endothelium 

(223). A ~etailed investigation was carried ou~ by 

Fitzgerald and colleagues (221). Although they'f~und 
, 

gr~ater inhibition of TXAz synthesis'than PGI 2 synthesis 
1 

with chronic ION doses of aspirin (20 and 40 mg/day, for 7 

days); inhibitIon of platelet function was not completé at 

thi 5 dosage. Doses of aspirjn in-excèss of BO eg/day 

, resulted in substantial inhibition.of en~ogenou5 PGlz 

syrithesi s. It was concluded that it Nould be unlikely ta 

find a dose of aspirin which Nould maximally inhibit 
.' , 

thromboxane generation wi~hout reducing endogenous PGlz 

synthesis. More recent studles (235) suggest that slmulated 

slow release of low~dose aspirin (either 1 mg every 30 min H 
\ 

20 or S mg every 2 h x 4) results in a more rapid inhibition' 

of platelet thromboxane formation than acute low-dose (20 

mg), whlle 'at the same time pres~ving the capacity of 

systemic endothelium ta syntheslze PGI 2 -

....... 
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Wlth the advent of thromboKane syntha~e lnhibltors. 

selective Ul.,\ibltlon of TXA2 formation has become pos!u'ble. 

Dazoxlben y QJe of these inhlblto~~y.when admlnistered to 

healthy volunteers ln 51.ngle doses of 25-200 mg, lndu~ed a 

dose-dependent reductlon· of serum TX92 levels and InhIbitIon 

of ex vivo platelet aggregation lnduced by 20:4 (226). 

Endogenous PG,I2 5ynthe51 S was 1 ncrea5ed y pOS5l b 1 Y by the 

donation of platelet endoperoxlde5 to the vascular 

·endothel\lum (226). One potentlal draw~ack ta the use of 

thromboxane synthase inhibltors 15 the fact that platelet-

derived prostaglandin en~operoxldes can still be formed and 

they may exert pro-aggregatory activlty if not converted to 

PGI 2 by the.endothellum. In any casey pharmacologlcal , 

manipulation of the PGI 2 /TXA2 balance appear5 to be possIble 

and may have possible therapeutlc potentlal ln dlseases "'''''1 th 

vascular complications. 

(e) Prostacyclip, lipi~ peroxid •• and atheroscl.roslS 

High concentrations of lipld peroxldes have been 

d~strated 'it advanced atherosclerotlc leslons (227). It 

has been propo~ed that the accumulatIon of ll~ld peroxldes 

ln vascular tls~ue leads ta lnhlblt~on of PGI 2 synthesls, 

WhlCh lS followed by lncreased platelet ~dheslon ta 

endotnellum and release of platelet factors (228). 

Platelet-derived growth factor y anè of these factors, 

induces smooth muscle cell proll~eratlon, an essentlal step 

ln the proce5s of atherogenesls (229). The hndlng that 

PGI 2 synthes19 by human (230) and rabblt (175) 

" 
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,atherosclerotic arteriës in vItro IS lower than in control 

arterles is consIstent with this hypothesls. 
, / \' 

On the other hand., i t has recentl y been repor.ted that the 

amounts of urinâry metabolltes of PGI 2 are actually hlgher 

in patIents with atherosclerosis than i~ normal co~trols 

(231) • ThIS impljes that the total production of PGI 2 by 

the body IS lncreased y rather than decreased in this 

disease. The ln vi tro exp~rlments referred to above wou.ld 

reflect stimulated P61 2 synthesis y whereas the levels of 

PGI 2 metabolites in urln~ would reflect basal PGI 2 synthesis 

wtl1ch IS nor:mally very'low. These results could be 
~ , 

-"econc 1 1 ed y however. PG 1 2 gener at i on mi ght be enhanced in 

t'he presence of platele~ actIvation in atherosclerosls. 

This enhanced PGI 2 formation may derlve from healthy 

vascular tIssue that lS attempting ta minlmize the effects 

of platelet activation, and not from atheroseleratic . ~ 

diseas'ed tissue. 

Szczekhl;<"and co-workers '(232) have reportecf striklng and 

prolonged benefits following intra-arterial infus10n of PGI2 

in S pat i ent s Wl th advanced atherosc 1 erot l C! 10Ner 1 i mb 

peripheral vascular disease. Rest pain dlsappeared y muscle 

blood flow was slgnificantly Increased for at least 6 weeks 

after PGI 2 infusIon., and ulcer's he'itled. A further detai led 

study was carrled out by fhis group on 55 patIents wlth 

advanced peripheral arterlal disease of the lower -, . 
ext.remi tles, 38 of the pat~ents belng dlagnosed for 

, atheros~lerosi s '(233). 1)4 Y: of the patien~s treated 

thera was a persiste~t, 1 9 lasting lmprovement. In 40 ï. 
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of pat 1 ents the i mprovement. 1 ~sted na longer' than 2 months 

whlle ln the remain1ng 18 1. of patién~s'ther~ we"'e y1rtually 

no changes. 

1.6.2." Pro.t.gi .... din. and the Ductus Art.ria.us 

0 .... r1ng fetal 11fe 90 ï. of' r1ght. ventrlcular output passes 

through the ductus arterlosu.5 ta the descendlng aarta (234). 

Sy shunt1ng the blood flow away fr'om the hlgh reslstance . 
fet,al pulmonary'c1rculatlon 9 tatar workload on the heart 15 

greatl y reduced .. Fetal patency of the ductus 1 s act 1 vel y 

1 

mal ntal ned by prostagl andl ns, apparentl y of the E type 

(234). PGE 1 and PGE 2 exert an extremely patent relaxant 

effect on the ductus arter105Us ln Vlt.ro, whereas PGl 2 lS 

apP",ox.lmately 3 orders of magnItude less patent <.23~). 

PSI 2 has been report.ed tQ be the major metabol1 te 1 n 

homogenates and 1 sol ated preparat Ions of fatal ductus 

, 
PGE 2 and PGF 20: ",ere "al sa def:ected. 

Fetal lamb çjuctus was reported ta produce about 30 7.. as much 

P~E2 as b-oxaP6F 101 (237). 

Olley and Coceanl, on the basls of thelr studJ.es favaur 

locall y produced PGE 2 as the prlme medl ator of 
"1 

ductus 

patency. In II ne Wl th th! Si concept 1 s the evl. dence that 

prostaglandln endoperoxide synthase lnh1bltors (e.g. 

lndomethac1n) coostrlct the fetal lamb ductus ln vitro 

(234). Others, ho .... ever, favour 'the hypothesl Si that humoral 

sources of vas,odll ator PGE 2 arè 1 mportant for, duc.tus ~ 

arterloliUS patency, 51 nce they w'ere not abl e. to detect 

enz ymatl è synthesl. 5 of P8E 2 from PGH 2 by 1 sol ated f.etal 1 amb 
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ductus arterlosus (238).) In any case, PGE's are essentlal 

for ductus patency and the y are the compounds of cholce in 

Il< 
the treatment of newborns wlth c~ngenltal heart leslons 

< 

requlring patency of the ductus to maintaln the pulmonary or 

systemlc circulation (234). 

-The mechanlsm for closure of the ductus arterlosus at 

blrth lS s-tlll nct clearly understood. Hm .. ever, 1 t 1 S 
v 

belleved ~hat thlS contraction is trlggered by the rlse 1~ 

acterlal oxygen tension (p02) that occurs wlth the flrst 

breath (234). One hypothesls for closure of the ductus is 

-that prostaglandlns, SpeCl.fl'cally PGE2 , become less 

effecblv~ postnatally <239~ . Coceanl, Olley and c~lleagues .. 
, \ 

have shown that the relax~\ effect of PGE 2 on the ductus lS 
\ \ ~ , 

dlmlnlshed wlth hlgh p02 (2~~1. A de~ll~e ln the response 

of the duc't;us to prostag\andi\l1s dur:l,ng the last third of 

gestation has been reported (~~1), and ~~lS could represent 
'" 
'\ 

a prlmlng factor fo~ postnataL,ç:losure .. , , Concentrations of 

prostaglandlns ~n the blood" ar~\ relatively high ln the fetus 
... IJI 1 

and f~ll rapldly after blrth (~_2)~ th~refore, thelr 
1 

relaxant effect on the ductus t~1S removed. Closure o-f the 

ductus, ~hen, may be regarded as a wlthdrawal of the 

relaxant actions of prostaglandlns comblne'ét with the 

c~strlctor ~ffect of hlgh p02. Others suggest that 
J , 

vasoconstrictor products"are important for'ductu~' arterl0sus 
. 

closure (24,3). _ TXA 2 produc'ed ln the 'luhgs and conv~yed to 

l , 

tar~et 51 tes 1", the ductus 'by the bloodstream has been 

suggested as thE medl ator> of ox ygen~l ndufied ductus' 
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const .... lctl0n (243) . tff' Contrary to thlS hypotheslS 1$ the 

. 
flndlng that TXA 2 dld not cont .... act the ductus ln vll:.ro (244). 

1.~.3. Other Oxygenated PUFA MetAbolites P .... oduced by Va.cular 
Tissue 

(a) Synthe.! • of thromboxanes by ~scular tl • .6. 

TXA 2 has been .... eparted ta be prod~ed as a mlnor p .... oduct 

of 20:4 metabollsm by vascula .... tissue. In 1976 T~vemo and 

colleagues (245) demonst .... ated ItS sy~thesls by human 

umblilcai a .... tery, and suggested that It mlght be In~orv~d'ln 

1 ts closur-e at b 11"" tl-}. ' SaU:man et al. (246) observed 
a 

synthesls of TXA 2 by Intrapulmonar-y artery str-ips, WhlCh was 
.." 

not attr-lbutable to adherlng lung tissue or platelets. TXA 2 

syntheslzed by the vessel appeared to lmpart some basal tone 

to 1 t. 

Ingerman-WoJanskl et al. (247) have shawn th~t 

thr-omboxane (measured as TXB 2 by r-adlolmmunoassay) IS 

syntheslzed by cultured bOVine aor-tlc endothellal cells but 

not by vascular sm09th muscle celis. The ratio of 6-

oxoPGF 10 to TXB 2 produced by endothellal cells was reported 
6 " 

to be between 5 and 10 to 1 WI th both exogenous (20: 4 and 
1#' 

PGH 2 ) and endogenous (stlmulated by looophore A23187) 

substrates. Human arter 1 al and 'venous segments, obtal ned 

from patients undergolng operations, converted (l-14CJ20:4 

to 6-oxoPGFl()( and TXB 2 ln a ratio of 4:1 (248). In other 

experlments thromboxane production by IntimaI cells was 

negllglble, whereas Its production by media smooth muscle 4 
celis was the ~aln source of thls substance (radloimmunoassay 

measurement) (248). Thl~ flndl ng seems to contradlct 'the 
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above ~esults witn cultured bovine vasculàr cells. 
o " 1 

Woi fe and coll eagues (249), found that synthesl s of TXB2 

from endogenous 20:4 of ~at ao~tlc and mesentary artery 

~l ngs ... as very 10"', at the llml t .of senSI tl'Vl ty o-f th"!lr GC- , 

MS assay (approximately 2 ng/st\lmple>. -b-,oXOPGF lCl was 

- >Ii ' 
present ln amounts 1000 tim~$ that o~ TX82 • They were nDt 

---.0' 

able to detect TXB 2 fram perfused ~at mesenterlC artery 

preparations. Several other Investlgators have f.ll~ to 

~~monstrate thromboxane synthes15 by ether blopd vessels 

(243.~50>'. 

'Ge,nerall y, th"e production of tlhr;-omboxane. ~C?th 1 n VI va 

and in Vlt~O, bY'~S~Ul~r tfssue is :egà~ded as a mlnor 

pathway. Studle~mPIOYlng GC-MS as an analytlcal tool , 

r~veal ,,:~.y small afMJlin-ts ,of thrombox.ane prodùè::'tlon. 
l , 

Exp"'erlment'S wi,th ~,ad~cii.,,",,'unoassaY as the measure Of; , 

throMbo~ane pro~uctlon'ha~e shawn a 51~nlflcant thfomboxane 

ta PGI 2 ràtlo' (247,248) ~hic~osSlbly IS, a resul-t of a lack 

0+ specl-"flc'ify of th,e ass~y. As Héli'; ,cultureq vascul.r , , 

Géll production of thromboxane may net accurately reflect \ . ' 

Its'pr~ductlàn by Intact tissue. 

<b) Synthes,is of leukotrien •• by va.culr tis!lUe 
i 

Slow-react,lng substance of dnaphylaxis (SRS-A) has been 

cha~acterlzed and shawn 'to COn!51st. of, LTC .. /I-TO ... nd LTE .... 
. 1", 1 \ 

,SRS-A was det::ect.ed after Immunologlcal stl l""ulatloo of 9lunea' 

plg ao~ta (251). Pl per and C!~-~~rkers ('252) -re'ported the 
'. 

generatlon of a leukDt~lene-llke substance from porcine 

coronclry and pulmonary. arterles when Incubated ... .lih the 
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d~val@nt cat100 lonophore. A23187, ln the presence of a 

cycIooxygenase Inhlbltor. Further characterlzatloo of thlS 

substance revealed t:hat l~ had all t.he propertles of LTE .. 

<:253) • 

followed by the IntIma. ,ThiS subs~anèe w~s produced ln 

s.aller amount:s in the absence ~f the cyclooxvgenase 

lnhlbltor. however. Other blood vessels released smaller 

amounts of LTE .. whereas no leukotrlene-llke materlal was 

detected from aorta. ln shorter Incubations, prellmlnary 

experlments also reveaied the presence of leukotrlenes C4 

and 04, the precursors of LTE. (253). 

In addl tian te L TE .. a substance Wh1 ch had p~opert:l es ".''''' 

Indlstlngu1Sh.ble fl70m those of LT'. -.... as generiA_ted from the (' 

. pulmonary ar;te:~ (2~/;f. , 

1 .. 7.' Studies in our L&borAtory 

~rlor to thè present, InvestIgatIon. 20:4 metabollsm by 

particulate fractions of of-etaI calf aorta and ductus 

arteriosus was studied ln detall ln our laboratory 
, . 

(236.254) • Pa~tlculate fractions from fetal calf aorta and 

'ductus art.erlDsus converted 20t4 to b-oxoPGF 1Ch 6,15-
, , 

Q 

~l oxoPGF t Ch 12-hydrox y-~, 8., lO-heptadecat:r 1 enOI c ac x d, Ilh-

20:4, and 15h~20:4 (254). The fàrmatlon of aIl of these 

products .... a!!i 'lnhlblt.ed by Indomethacln Indlcatlng that they, 
, --) , . ,- ' 

were ail '~ormed bY' prostaglandln endoperOXlde synthase. No 

thromboxane synthesls was observed. 12h-20: 4, a 

\ 
·llpoxygenase product ..... as also detected ln the pre-sence of 

, , 

," 
p 1 ndomet ha:c 1 n . Its synthesl s .... as presumabl y enhanced due ta t 
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, 
the increased aval1abl11ty of substrate_ Factors 

sti.ulatlng prostaglandin,hy~roperoxldas. ac~ivity 

(epinephrine and tryptophan) stinuJated the formation o~ the 

monohydroxy fatty acids and 6-oxOPGF 1u_ I1ethemogl obin, on 

the other hand, selectlvely stlmulated the forMatIon of 

.1\ 
Ô, 15-dl0XOPGFta_ It appeared that thlS product .as ~or.-d 

by dehydration of 15-hydroperoxyP61 2 or pos5ibly 15-

hydroperoxy-ô-oxOPGF 1u_ At hlgh concentrations of 20=4, 

6,15-dloxOPGFta formation was sUbstantlally,increased with 

respect to 6-oxOP6F tu formation, Slnce the capacity of the 
- d 

particulate fraction te reduce 15hp-PG'I 2 (or 1 Shp-60xoPSF iCI) 

"as exceeded and the excess 15-hydroperoxy cOMPound .as 

converted to the corresponding'15-oxo derivative_ 

hyar-ope-oxy Intert'M!diates ~n tna .metabolism of 20;.4 ~~y be 

i~ortant factors ln regulating PGl 2 synthesis in aarta, 
f , 

sinee prostacyslin synthase is strongly inhibited by 5uch 

cDfDPounds (1 74) • 511 ces of- f etai "cal f aarta i ncuhated in 

physl0logieal medium released ail the .. tAbolit .. -.ntion~ 

above frOflt endogenous s.tor~ of 20:4 (254)_ 
~ . 

/ 
/ Ductu.sarter1osu5 particulate fractions .. t.tJolized 20&4 

\. 

ln essentially, the sa ... anner as fetal calf aarta. 

E prostaglandins SRem to be Important for .. intaining 

duc~us arterlesus patency during fetal life (234). Be.id .. 

20:4, 20:3 15 anether possible source ef E prostaglandins in 

fetal bleod vessels. Although 20:3 lS present in cellular 

llplds ln eonslderably s.aller a.eunts th~n 20:4, it cannQt 

be converted to PGI 2 due to the absence of the 5,6-daubl. 
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( 
bond. Instead, the maJor product of PGH~ aetabollsm by 

was reported ta be 12-hydroxy-8,10-heptadecadlenalc aCld 

02h-17:2) (255)_ It IS possible that ln fetal blood 

vessels, the .. t~oll~ of prost~glandln endoperaxldes 
, 

derlved frce 20:3 could be diverted froe prostacyclln 

synthase to PGE ISOMerase (If thls enzy" IS present ln ~hl. 

tissue) _ 

Partlculate fractions and homogenates from adult and 

fetal bOVine aorta were found to convert 20:~ to the 

followlng llletaboli tes: II-hydroxy-B, 12, 14-elcosatrlenol-=' 

aCld, 15-hydroxy-B,11,13-elcosatrienolc aCld, 12h-t7:2 

(_ajar product), 12-oxo-8,10-heptadecadlenalc aCld (120-

17:2), lO,11,12-trlhydroxy-a-heptadecenalc aCld , B,11,12-
. - -

trlhydroxy-9-heptadecenolc .cld (2 ISOMerSJ, PGE t and PGF ta 

.(256) _ Wi th the éxceptlans of 120-17: 2 and PGE t , aIl of the 

above product'S ......,.-e shDMn 'by gas chrOlltatagraphy-""'!is 

spect:.,..a.etry ta be for~ frOfti endogenous substrate aft.,-

Incubation cif slices of fetal calf aarta ln ~hyslologlcal 

. ·r 
-.dlu.a. Prostaglandlh endqper-oxide synth.1"'~eared to be 

requlred for.~he synthesls o~ aIl of the ~ove products. 
1'- . n 

small amounts of 12-hydro)(y-8,10,14-elc~s~trt.nolc aCld and 

Il, 12, 15-tf.-ihydrOxy-8, 13-elcosadlenolc aCld were al 50 

detected (257). The 17-carbon products were aIl derlved 

frotn 12hp-17:2. 
) 

( Kethemoglobln IRcre.sed the formatIon of aIl products 

e~cept PGE t and PGF 1Œ by about 50-100 1. above the control. 

AdrenalIne stlmulated the formation of the monoh7drOXy fatty 
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AClds by 5 to,b-~old and that of prostag about 10-

fol d but had no ef ~ect on the 

decer'loic ,acids. '/ 

At the onset ~~ the present study 5ub.tAntial in~or.ation 

MAS known .about 20: 4 fM!tAbcii i sm by "ascul ar ti _sue. . Th. 

study of 20:3 .. etabolisflt had be*" 1nltiated, but th~ 
. 

.-chaniS" ~or tne for.Ation of the tri hydroxyheptAdecenoi c. 
J 

acids "as not known. Ne proposBd that the trihydroxy 

products are formed Via epoxyhydroxy int:ermediates. 

Therefore, an Investigation to further characterize this 

reaction ".as lnitlated. 

18:2 15 an abundant cellular PUFA, often found in 

quantities equalto, or exceeding, 20:4. It had been·· 

rep~ted to inhibit PGI 2 production ln cultures of va.~ular 

endothelial cells (178,179). We po5tulated that 18:2 could 

be oxygenated by ~ascular tissue ta give rise to hydroperoxy 

1nter-.dlAtes./ These intereediates, if not metabolized 

rapidly, could then cause an inhibition of prostacyclin 

synthase. Alternatively, 18:2 could compete Mith 20:4 for 

the substrate blnding site o~ prostaglandin endoperoxide 

synthase and thus b,lock i ts conversion into PGI 2 • 

There~ore, 18:2 met.bolisfIt by vascular tissue Mas studied, 

as weIl as the mechanisllt of it~ è~~èct on 20:4 v~.c~lar 

metabolism. 

Foll,owing the characteri.zatlDn 0"-. the ... tabol1s .. of ~ne •• 
~J 

PUFA Me decided to establish an as.ay for measuring the 
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substrate by yascular tissue. Previous worK frOM our 

a' var~'~ty of fatty acid labora~ory ha. delftonstrated th 

hydroperoxld~ are' formed durl 'the met,abol i 51ft of PUFA by 

,aorta (254,256,257>. As - di scusslfd ~~~!;' prodl,Jcts 
/ -', 

could have inhibitory effects on PG 2 By 

'_a.uri~g the .onohydroxy' 4nd 9rihydroxy derlved 

from fa~ty acid hydroperoxides~ a reliab 

their a .. ounts wlthl:n vascular ~l!5SUe may be obtainlfd. ln 

the pas~, l'i pi d perex ides h.ve usuall y- be~ .. asured by 

deter~inin~ the amount of thlObarbiburic aCld-reactlvR ~ 
material present in the sample. However, thlS lS n~t ~ 

entirel y satisfactory procedure' (258) _ There.forl! _a.ur...,.~ 

---o-f - the tnOnohydr-Ox:y- -..and _ trihydr:;.oxy prOc::tlict;.s' r_Ç!"esents .., 
~ .. ,r ---

-
alternative and much .ore sp~Cific approach. 

An impair~ent in the Metabolislft of 'hydroperox. fatty 
{ 

acids te hydroxy f.tty acid. by peroxidase. in vascul~ 

~issue-could be reflected by • dlfCréased PGI 2 synthe.1. and 

-an inérease in othér hydroperoxy'metabolltes, such as 

~rihydrexy produ~ts_ One cellular. peroxldase enzy .. , 

glutathione peroxidase, requires selenium as an essential . 
c omponent (259). B~ feeding rats and rabblts a selenlum-

deficient dlet, we a~tempted to lnduee a deflciency ln t~lS 

enzy __ 
"easuremen~ of the oxygenated PUFA Metabolites 

formed from endogenous substra~e5 by aorta was then carrled 

out to determine whether an alteration ln the profile of 

thes~ metabolites would result. 
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ttATERlli'LS lAND l'tETHOoS '- . 
" . 

2 ... 1. Mat...-i.l. 

Bovin. blood v •••• l. were Obtained ~ro •• lde.l . 
sl.U:9ht.,-hous.. Th.y....r. pl.ce on le. i ..... i.t.ly .~ttr 

dl •• ~t.ion and t.hltn tran.ported ta th. labor.t.ory. 

, . 

"al. New Z.eland Whit. rebbits ...,.. purchei5ed from F .... _ ., 

Cunicole C .• L~eon.,.d. Inc., St •• SchoIA.tique. Qu".c:. ...1. 
Sprague-O.wley rats ...,.. purchesed fra. Chari .. Ri.v __ , St. 

Constant, Quebec. .... 

2.1.2. Di.ts 

For the .eleniua d~icïency study ~anlin9 r.ts and 

rabbits were ~ed .d libïtu. spec:ially prep .... 1td diet.. frc:=-

------f-l"-tI.~k kd., -t1adi-son, WI. t as-shown in --Tabl. -1-.- Ali Ani .. 1. had 

~r.ë acces. ta Mater. 

, . 
PGE.1 , PGFul; [3,3.,4,4-2HlP6E2 and 6-a)(a[3,3t4,4-.2HJPGF1G~ 

wer. kindly provlded by Dr. J.E. ,Pike af th. Upjohn Ca •• 

Kal&Mazoo, l'II. In~ometh.cin Na. obtained from Dr. C. 

Glaason af Merck, Sherp. and O~iHant,..eal, Qu.,ec. 
Unlabeled ~ .. tty .. ~id. ~e pu,,:,chased fram NuChek prep. 

Inc., Elysian . .,· t1N., whare •• [1-1~Cl~8:2 (54.7 Ci,lmal> , [1-

14C120:3 (55.1 Ci/mal> and [1-.14C120:4 (55.4Ci/afoU .,.,... 

abtalned from New Englan~ Nuclear Can.da, Lachine, Guebec. 

These compound. -,r~ purified by normal-ph ••• high pr.~sur. 

11quid chromatography (NP-HPLC) imme~iately prior ta us. (254). 

.. 

l 
l 
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Co.pas1tion of Rat and Rabbit S.leniue-Oeficient and ContraI Dt,t, 
.... 

RAT (Teklad tI7069) 

Toruh 'fust 

, ~t",-

\ 
1 , 

Sucras. \ 
Lard " tocapherol-Itr l~,d 
,hner.1 "lX, Hubbell-"_n,del-'W.k ... n ( .. 70790) 
Thll.un Hel 
Rlbofh,yin 
Pyr 1 dOIll ne HC 1 
t.IC1U. P.ntoth.n.te 
Nt.cln 
Blotln 
Folie Acid 

\ 
\ 

Vit •• 1n 8 12 (0.11 tntur.tl\an ln l',nnlt()ll 
Chal ln. Chlorlde \ 
Dry yitUln A P.lllt1h (500.000 U'/9) 
Dry Vlt.lln O2 (500,000 U/9) 
Dry Vlt.lln E Acet.t. (500 U<9) 
"en.diane 

9 /k 9 
300.0 
598.2967 

!SO.O, 
50.0_ 

0:0004 " 
0.0025 
O.OO~ 
0.02 
O. 1 
0.001 
0.002 " 
O. 1 
1.0 
0.028 
0.0064 
0.44 
0.001 

-.-The nlem"u. con-tr-o-l d' .. t ~-lD8-3466' hn • IO~-- ._~-
, IIhnl te-suero .... lX (0.0445 X N~2'Se03) .dded .t ~. 5 g/kg dut 

.nd the lucrolt concentr.tlon 1 .4jult.d to S9~.1961 ;/k; to 
b.l.nce the forluJ •• Thl. dit li ~tll~ntd ta glve 0~5 PP" 
nl.nlUI. 

RASSIT {T.kl.d .TDB4156r 

Torul. V,.st 
DL-"ethlonlne 
Sucro.-
Corn 011 
Faber-(c.llulole. 
l'hner.l "lX. Ihllu.I-BrrlJQI (1170 10) 
C.IC1UI C.rbon~te 

, Vlt.l1n "IX, AI"-76A J.40077> 
Cholln. 81t.rtr.t. 

g/kg. 
320.,0 

~.O 
441.7 
50.0 

130.0 
35.0 

7. 7 
10.0 
2.6 

• Th. ulenlU. control dll~t nekhd, h •• lodlUI ulen\h 
(N. 2 SeO,.5H,OI .dded 1 at 0.0017 gifkg • d th. lucrOI~ concentr.tlon 
11 decre.ud ta 441.6~98~ g/kg. Th. -c ntroî dut"contllnl 
ipproxll.tely 0.52 pp. ,el.nlul, 'Mhef •• s th. lelenluM d.flCl,nt 
dut 11 ntl •• tJd L ta cant .. n 0:02 PP. é1,ntul. 

------'--~-----~~--~-,- - -

-
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'.. . [~3H]PGFla wa. syn~he.iz~ by r.QUc~ion of PGE~ 

Ni~h sodium boro[~H]hydride (260)~ 

Soybean 1 ipoxygenase (Type 1, 152,200 Uni ~./mg) • 

.. ~h •• oglobin, Adrenaline bitartra~e, guai~~ol, 

nordihydroguaiare~ic ac~d and glutathione reduc~ ••• (Type 
1 • 

Ill, 160 Units/mg> Nere ail pur~h ••• d froe Sigma Ch .. icals, 

St. Leui s. 1'10. .. 
Pierce Chemical Co., Rackford, 'IL., supplied N--.thyl-N-

trimethlysilyltrifluoroace~a.id., Tri-Sil Z reagent 

(trime~hylsilylimida~Dle in pyridine) And .-thoxy)-.ine 

hydrochloride. 

The following chemiqals were purcha.ed from ~he indicated 

companies: platinum(IV)~ioKide <Alfa, Denvers, ~.), n-

bu~ylbaronic acid and 2,2-di.ethoxypropane (Supelco, Inc., 

Bellefonte, PA.>, Diazald (N-.. thyl-N~itroso-p-

toi uenl!$ul.fonami de> (Aldrich Ch.mical Co., ,..iINauk_, WI.) 

'and purified,pyridine (J.T Baker Chemical Co., 

flhi Il i p,sburg., NJ>. 

AlI other chemicals were analytical r~agent grade quality 
! • 

and Nere obtalned through local suppliera. 

2.1.4. Solvent. \ 
-

Sol vents used far HPLC were HPLC Qr4lde and WItr'. purchatHtd 

from Flsher Scientific Co • ., Fairl_"", NJ. Kethyl far.ate, 

practical grade (Eastman KOdak, Rochester,NY.) wa. di.~illed 

prior ta use. Sol vents used for other purpo ••• Nere -

reagent -gr Ade. 

Formula "147 and ForlllUla 963 aqueous l'iquid acinti,llation 

\ 
, -
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countlng cocktails were obtalnep from New Englan~ Nuclear 9 

Boston 9 MA. Ready-Solv "as obtalned from Beckman 

Instruments Inc. 9 Fullerton 9 CA. 

Water "~S always delonlsed and glass-dlstilled prlor to 

use. 

2.2. l'IIt,thad. ,. 
2.2.1. HPLC 

4' 
InItial studles were carrled ou~ uSlng a Milton Roy 1 

'. Muplex ffllnlpump wlth a Valco InJecter,and a Berthold 

radloactlvlty monitor (Munich, Germany). Subsequent ... ork 

was performed Wlth a Waters HPLC system (Mllford 9 MA)9 

conslstlng of two M-45 pumps9 a model oao gradient 

control 1er and a Lambda-Max Madel 481 spectrophotometer. 

Columns of 5 ~ Partlsll (elther 350 x 4.2 mm or 350 x 4.0 

mm) and phenylsulfonate bound to slllCIC aCld (RSIICAT, 5 um 

partlcle Slze) obtalned from Alltech Associates, Deerfleld, 

IL.v, were used for NP-HPLC and argentatlon HPLC, 

respectlvely. The cation ex change column ... as treated wlth 

sllver nitrate be~ore use (201). RP-HPLC was-performed on a 

column (250 x 4.2 mm) of DDS-sllica (5 ~ Ultrasphere) 

obtâlned from the Beckman Instrument Co., Palo Alto, CA. 

Unless other ... l se stated the f l'ON rates for NP-HPLC and RP-

HPLC Nere 2.p ml/min and 1.5 ml/min, respectlvely. 

2.2.2. GC-MS 

GC-MS was carrled out elthèr at the 810medlcal Mass 

Spectrometry Unit of McG.Il University on a L~B-9000 

~'l 

t 
1 

.. 
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instrument (10nlz1ng voltage~ 70 eV) w1th a column (0.003 x 

2 m) of aV-lOI (17.) on Chromosorb W-HP (100-120 mesh) at a 

hèl1um flow rate of 35 ml/min, or at the Cllnlcal Research 

Instltute of Montreal on a.Hewlett-Packard 5985B Instrument 

(10nlz1ng voltage, 70 eV) wlth ~ column (0.002 x 2 m) of 

SP22S0 (37.) oh Supelcàport (100-120 mesh) àt a hellum flow 

.. 
rate of 30 ml/mln_ 

2.2.3. Oerivatlzation Procedùres 

Samples were converted to thelr methyl esters by 

treatment with 0.5-1.0 ml ether.eal dlazomethane for either 5 , 

min at room temperature or 30 min at 0 oC. The samples were 
f 

then dr1ed under a s~ream of nitrogen and taken up ln the 

approprlate solvent. TMS der1vatlves were prepared by 

treatment ~1 th E!! ther 15 .ul of N-methyl-N-trl methyl Sil yl-

trlf"luoroaCetamlde (30 min, rOCJm temperature) or 16 j.Ù of 
v' 

Tri-Sil Z reagent (5 min at 60 OC). 

Hydrogenations were performed ln methanol (0.4 ml) , 

contain1ng 1.3 mg platlnum dlox1de. After bubbllng hydrogen 

through the Methanol - plat1num dl0xlde mixture for 30 s, 

the sample was added ln 100 j.Ù of methanol. Hydrogen was 

bubbled for an addltlonal 90 5, and the sampIs was passed 
, 

through a column (1 x 0.6 cm) of slllC1C aCld (Bl0S11 HA, 

BIOR~d Laboratorles, Richmond, CA) r-th

--

and eluted wlth a 

1.5 ml methanol. 

a-methylox1me derlvat1ves. were 'formed by addition of 1 mg 

methoxylamlne hydrochlorlde lh 100 j.Ù pyrldlne to the dr1e~ 

sa{ftpl e. After ,heat1ng for 1 hour at 5S oC, 2 ml of dlethyl 
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( ether were added to preclpltate exC95S reagent. The 

preClpltate was removed by centrl*ugatlon and the ether 

> 
supernatant was evaporated under a stream of ~ltrogen. 

n-Butylboronate derlvatlves were prepared by treatment 

..-
wlth a mixture of n-butylbordnlc aCld and 2.2-

dlmethoxypropane for 2 min at 60 oC < 262) . 

) 
Samples were brought to 15 % a~eous ethanol by addition 

of elther water or ethanol and then were aCldlfled to pH ca. 

3 by apdltlon of 1 N HCI. They were loaded onte pre-wàshed 

ODS slllca Sep Paks (Waters Assoclates, Milford. ~A) uSlng 
t 

20 ml glass syringes. Subsequent washes wlth 15 % aqueous 

ethanol (20 ml), water (20 ml) and petroleum ether (10 ml) 

~e perfarrn.ed (F1g.o21. ,~tlon. praducts were eluted fram 

the Sep Pak wlth 10 ml of methyl formate. 

N~w Sep Paks were washed prlor to use wlth 20 ml ethanol. 

followed by 20 ml of water. Used Sep Pàks were eluted wlth ... 

80 % aqueous ethanol (20 ml) prlor tO the other two washes. 

Ali Sep Paks ·were dls~arded after belng used flve tlmes. 

Unless otherwise stated aIl ex~ractlons were performed by 

the above method. 

2.2.5. Preparation of Standards (see T.ble 2> 

<a> InternaI Standards for GC-MS 

14-Hydroxy-lO,12-nonadecadlenolC aCld (14h-19:2> and 

trlhydroxynonadecenolC aCld (th-19:1) were prepared by " 

Incubation of lO,13-nonadecadlenolc aCld wlth soybean 

llpo~ygenase ln the presence of gualacol (cf 263>. 
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Flg.2. Scheme for the eKtrActlon of oxv~enated PUFA usin~ 

octadecvlsilyl (OOS) .ilic.~ 
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NonadecadlenOlc aCld (3 mg) was dissoived ln 0.019 M 

amm,on i um h-ydrox 1 de (O. 15 ml>, and added ta a ml x ture 0+ 

so,ybean llpoxygenase (90,000 Unlts) ln 0.1 M ~lum borate( , 

b~ffer, pH 9.0 (30 ml) c:ontalnlng gualacol ,(20 mM) at ° oC. 

(1. 
The mixture ... as stlrTed at ° oC and the addition of enzym~ 

.. / 

'--I l and '6ubstrate w~:, repeated after 15 and 30 min. The 

;. r-eaction l'las termlnated by the additIon 0+ ethiJnol 45 min' 

after the initIal addltion of substrate, and the I?roducts 

... ere ex tracted US1 ng Sep-Pak cartrl dges contalni ng OOS 

slilca as qeserlbed above. Hydroperoxldes were reduced with 

sodIum borohyê::lrlde (1 mg) ln methanol (0.3 ml), +or 20 min 

at olile. then 20 ml n at room temper-ature. 12 Y. aqueous ........ 

ethanol (9. 7 ml) was added, the ml x ture ae 1 dl f 1 ed, and the 

products 

min) and 

were extraet('d Hl th ODS .5111 ca. 14h-19: 2 (t R , 

l th-t9:1 (t R , -46.5 mlrtl) were purl+led 
( . by NP-HPLC 

10 

u~lng a mobile phase conslstlng of hexane:n-propanol:aeebc 

aCl~ (98.75:1.25:0.1> for the +lrst 30 mIn, followed by a 

llnear qradlent over 25 ,ann ta hexane:n-propanol:acetic aCld 

- (70:30:0.1). 

Tbe l.dentitles of the purl.fied products were conflrmed by 

The mass spectrum (FI g. 3) 0+ the methyl ester.. TMS 

ether den vat 1 va 
/, 

o 

at mÎz 396 (M), 

of 14h-19:,2 (C-value, 20.7) had maJdr Ions ... 

~81 '(M-15)" 325 (base peak, cleavage betwaen 

C-14 and é-,lS) , 225 -and 1'29. 

The mass ~pectrum (Fi g. 4A) of the TMS ether derl vat i va 

àf 'the mathyl ester of th-19: 1- (C-val ue, 23.4) t'lad maJ or 

Ions at m/z 559 (M-15), 474 (M-IOO, 1055 of hexana!), 401 

-

\ 

.. 
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~~~~~~~~ 
200 

m/z 

" 

• L • 
1 

300 

. ',. 

325 

M 
'396 1 

1,_u:-~;~,~, -.J, 
~oo 

Flg.3_ Mass spectrum 'of the trlmethylsllyl ether derivati"e 

of the methyl ester of 14-hydroxy-l0,12-nonadec:adtenoic 

aCld. ~,,--

• 

. . 

.' 

\. /' 
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A 

173 

B 

173 
"1 

" 1 1 

>- j CI 
C 

. 1 CI -C . 
' .. ~ 

CI 
> " ! -.., 
CI 

1 a: l, 

~I • III 
.0( 

30 , 

173 
TMSO 

TMSO 
401 
173 

TMSO 

_ ,4-

OTMS 

+ 
• 273 

OTMS 

mil 

273 

0....... /0 
B , 
nBu 

nBu , 
/8, 3'21\ o 0 

m/z 

M-100 

474 

tJi- 15 
559 

M- 15 

483 

(J 

.0 

Flg.4. Mass spect,..a of 10911914-trlhydroxy-12-nanAdecenoic 

~ 0 

aCJ.d and 10,13 9 14-trJ.hydroxy-ll-nonadecenalc aCld afte,.. (A) 

conve"'Slon ta thel,.. t"'-lmethylsllyl ethe,..-, methyl ester 

derJ.vatlves, and (B) hyd,..ogenatlon and conve"'-Slon ta thel,.. 

t"'-J.methylsllyl ethe,..- 9 n-butylba,..-onate, methyr"j esters. 
) 
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Boss of 173, cleavage betNetm C13 and C14), 311 (401-

1II1xtur~ of 10,13,14th-19:1 and 10.,11,14th-19:1. This ..... s 

confirlll~d by the mass spectrum of the but yi boronate 

d~lvatlve of the methyl ester o~ the hydrogenated 
/ " 

derivatlve of th-19:1 <Flg.4B), Whicfi ha~ __ ma.Jor IonS at ./z 

427 <1'1-71., loss of C-15 to C-19) ,. 337 (427-90), 327 (loss of 

L 

the ions at m/z 327, 237, and 273 ta those at ./z 427, 337, , . 
and 173 suggests that the ratio of 10,13, 14th-19: 1 to 

10,11,14th-19:1 was approxlmately 1~25:1. 

Bot~ 14h-19:2 and th-19:1 were quantitated by g4S 

chromatography USlng stearlc aCld and PGF1Œ' respectively. 

as internaI standar~s. '/ 

(b) Pr~paration of l'Ionohydroxy 20:4 Compound. 

Monohydroxy 20: 4 campounds were prepared as descrïbed by 

Boeynaems et al (264). 20:4 (5 mg, 2.6 x 10" cpm) and cupric , 

chloride (10 ~ol) were dlss01ved in methanol (2 ml) and the 
\ F 

.pH was brought to 7 by addition of 0.2 1'1 Tris bu~fer, pH 8.5 

(approx. 0.5 ml). Hydrogen peroxide (0.36 mmol, 40 ~ of a 

301. solution) was added and the reaction mixture was stirred , 

for 30 min at room temperature. The concentration of MeOH 

was adjust.ed to 15 'l. by addition of water, and the mixture 
~ 

w(-extracted wi th DOS sllica Sep-Paks~ Th~ hy~roperoxldes 

friz-,.then reduced wi th sodi um borohydride and re-extracted 

as descnbed above. The reactlon .praducts were' purified"by 
~ # 

.. 

" 

J 

~ 
:~ 

e 3j 

i 
j 

1 
• 

--' 

1 
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Standard 

12h-J7:2 
12h-17:3 
th-17:1 

9h-18:2 
13h-dB:2 
th-lB: 1 

14h-19:2 
th-19: 1 

Sh-20:4 
Bh-20:4 
9h-.20:4 

11h-20:4 
12h-20:4 
Uiti'-20: ~ 

InitlAI SubstrAt. 

20:3 
20:4 
20:3 

18:2 
18:2 
19:2 

19:2 
19:2 

20:4 
20:4 
20:4 
20:4 
20:4 
20:4 

• 

... 

-bl-

f~t.l c.lf .ort. p.rtlcul.te fr.ctlon 
porCine pl.telets 
fetal c.lf .ort. p.rtlcul.tl' fraction 

to •• io, Ilpollyqen •• e Ctrude homoq,n.te) 
50ybe.n Ilpoxygen.se 
fet.L_~lf .ort. part'lcul.tl' fraction 
.tnd III ce" 

loyb,.n Ilpoxygen.5. ~ gU'I.col 
soybe.n 11poxygen.s. ~ gU'I.col 

porCine polymorphonuclear leukocytes 
CuC1 2 + H!!02 

_ CuC1 2 + H:!02 
C U C 1 2 + H 2 0 2" 

porcine poly.orphonuclear leukocytes 
~oybe.n I1pOllygl'n.I • 

'­, 
• 



.. 
1. 

1 
\ 

--------------------------------------------------------------._---,--"-'--'~'!~-------

-62-

l'lP-HPLC employing a mobile phase consist'lng of hexane=n-

propanol:acetlc acid (98.75:1.25:0.1>. Ilh-20:4. 9h-20:4 
''\ 

and Bh-20:4 were subsequently quantltated by GC uSlng 

stearie aC1d as the internaI standard. 

(c) 13h-18a2 and lSh-20a4 
~ 

13h-1B:2 and 15h-20:4 were prepared by incubation 0+ 18:2 
, 

<5 mg) Dr 20:4 (5 mg>. respectiveIy, with soybean 
! 

1 iPoxygena~~ (72,500 r Uni ts>, in 3 ml 0+ O~ 1 11 sodium borate 

buffer, pH 9.0, at ° oC (265). Addition of enzyme was 

repeated after lS min and incubation was continued for a 

fur~her 15 min. 'Ethanol was then added to giv~a final 

• concentration of 15 7. and reaction p,roducts were extracted 

with ODS silica Sep Paks. 'After reduction of the 

hydroperoxides the products were purified by NP-HPLC as , 
/ 

described abova for monohydroxy 20:4 isomers. 

(d> 12h-17:3 

Porcine blood (2 1) was mixed wifh 6 X p'extran T-SOO 

(Pharmacia Fine ChemieaIs, Uppsala, Sweden} i~ 0.9 X NaCI 

(0.2 vol). A+ter 45 mi~, the upper layer containing 

leukocytes and platelets was removed and centrifuged at 

x ~ for 10 min. T~e pellet (1 eukocytes , see below for ., 

. preparation 0+ 12h-20:4) and ~upernatant (platelets) were 

'separated and -the supernatant was centri fuged at 750 x, 9.. for 
o -. . .,. \ 

,,25 m1n. The pellet was re'suspended in ,0.14 M NaCI-O.>OI H- 1 

Tris-HCI-I.S mM EDTA (pH 7.4) and re-centri+uged at 750 x ~ 

+or 20 min. The wash was repeated and platelets ware taken' 
, 

up in 20 ml o~ calcium-free pho;'Phate buffered saline; .,PH

I ... 

, , 

'1 
1 

~ 
1 
i ; 
-, 
f 
1 

1 
i 
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7.2. 20:4 (2 Mg y 2 x 10. cpm) was added and the mixture was 
J 

shaken for 10 min at 37 oC. Two,volumes ~thanol were 

added and the reactlDn products were extracted as descrlbed ~ 
~ 

~ above. 12h-17:3 (t Ry 28 min) was pu~ified by RP-HPLC uS1ng 

a mobile phase conslsting of methanol:water:acetlc aCld 

(72: 2B: o. OS) • 

The pellet conta1ning porcine polvmorphonuclear 

leukocytes (see abov~) ~as resuspended in 0.15 M NaCI and 
/ (~ 

the mixture was 141yeréd over Flcoll-Paque (Pharmacla) and 

centrifuged at 400 x ~ for 30 min. The pellet was 

resu~pended ln 0.135 M ammonium chlorlde ln 0.015 M Tris-

Hel., pH 7.2, and incubated __ for 10 min at 37 oC. l), . 
was centri fuged and the pel lit' washed twice by 

centrifugation in 0.15 M NaCl at 200 x 9. for 10 
, (,.j 

The mixture 

min and 
$; 

resuspended ln phosphate buffered'sal1Ae. 12h-:,20:4 was 

synthes~ed by incubation of 20:4 wlth porcine 

polymorphonuclear leukocytes in the presence of the dlvalent 

, c'ation ionophore, A23187 (10 .tI'I), f~ 10 min at 37 .0C and 

was puri f i ed by RiiJ--HPLC. 

(f) 9h-18: 2 

, A firm y .red tomato was peeled and, after the seeds wera 

removed, xhe flash was dlced and washed in water at 0 oç. 

Th~' sllces (10 g) were hëmogenl~ed- in 35 ml of 0.1 M sodium 

,acetate buffer y PH):S. 18:2 (5 mg), was dissolved in 0.019 

~ M ammonium hydroxide .(0:25 ml) and added to the homogenate 

-~-------~ ._----
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and the mi xture wa. shaken for 20 "'i.r at 25 0, (26'6). 

Oxygen W.5 bubbled through the mixtu~e for 15 s every tNO 

.. inutes • Ethanol ... as added te stop the react i on and the 

. products Mere then" extrilcted using DOS 'si lica. 

Hydroperoxides were reduced ... i th sodium borohydride and 9h-

18:2 ... as purlfied by NP-HPLC'using a mobile phale of 

hexane=n-propanol:acetic acid (9B,. 75: 1. 25:0.1). 9h-18:2 had 

il t .. of 23 min • 

.cg) th-lB: 1 
~ .'\ 

th-18: 1 ... as prepared either by incub .. tion of 18:2 with a 
'!t 1 

fetal calf aorta particulate fraction in 0.05 t1 Tri's buffer, 

pH 7.5, or by incubation of fetal calf aorta slices in 

Krebs-Ringer Tris buffer, pH 7.4, for 60 nnn at 37 pc. 
' .. 

Aorta slices were homogenized in chlorofor",/methanoi (2:1). 
f 

The homogenate "as filtered through a sintered glass funnel 

and the. fil trate was evaporated in a rotary evaporator. The 

residue was dissolved in 0.28 N potassium hy.droxide in 95 X 

EtOH and hydrolysis of üpids was carri.d out for 45 min at 

S5 oc. After hYdrOlYSis,/the-"'~ "'pIe was extracted with ODS 

si 1 i ca. The pr,oduct s o~ai ned rom the two procedures were 
"'"--.. 

combined and the th-lB: 1 (t R between 34 and 37 ",in) 

were puri f i ed by NP-HPLC u~i ng a 1 i n,ear gradi ent bet:ween 3 7. 

and 0100 'l. sol~O\t B (toluene: ethyl acetate: acetoni tri le: 

methanol:acetic acid' <30:40:30:2:0.5» in solvent A 
) 

(hexane:toluene: acetie acid (50:50: 0.5» over 50 m1n. The 

th-lB:1 iS0Il!t:rs were combin~d and, after solvent 

evaporation, were further purified by RP-HPLC employing a 

: ' 

. " 
: ' 

• 

) 
1 
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.obile phAse of ac.tonitril.:water:~ceti acid (35:65:0.05> • 

(h) 12h-17: 2 and t.h-17: l , 

'The standards 9 12h-[14CJ17:2 and th-[l~ ]17:1, used as 

markers for the monohydroxy and trihydroxy ~eglons9 
\ 

respectively, on NP-HPLC 9 were prepared by l~cubation of [1-
\ 

14C120:3 (35 x 10. cpm) wlth a bovine aarta P~ticul:te 

fraction (4 ml), containing 10 ~ methemaglObl~for 60 mln 

'At 37 oC (256). After extractl0n, 12,h-17:2.(t", 22 mln) and 
, 1 

th-17:t (t", 62-65 mln) were purlfied by NP-HPLC mploying a 
... \ 

mobile phase consisting of 97 1. A and 3 x· a over 30~min 

followed by a linear gradient over 50 min between 3 Y.\and 
\-

100 ;. solvent B in solvent A. 12h-17:2 (t", 28 mln) was re-

chromatographed by NP-HPLC using hexane:2-propanol:acetic 

acid (98.8:1.-2:0.1) as the moblle phase, whereas th-17:1 

(t", 11.5 min) was re-chromatographed by RP-HPLC using an 

acetonitrile:water:acetic acid (30:70:0.05> system~ 

2.2.6. Me.sur.ment of PUFA Metabolite.' Formed from Exog.nou. 
Subst.rat. by Ho~ogenat •• and Particulate Fractions 

<a) Pre ar.tian of homo enates and articulete fractio 

Aorta and ductus arteriosus were cleaned and the 

advent~tia remeved. The remaining tIssue Has mlnced in 0.05 

M Tris-HCI, pH 7.5, (4 ml/g tis~ue> and homogen~zed ln an 
1 

ice-water bath with a Vir-Tis homogenlzer (6 x ,10 s with 50 
~ , 

.s in ~etween te allow for c:ooli~g). The homogenate Ha~ 

either incubated with radioactive substrates or centrlfuged 
\' '" 
L 

at 400 x ~ for 10 min at 4 oC. The supernatant was filtered 

through one layer of cheesec:loth and the pellet HaS 
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. 
r.suspended ta the or1ginal volume of the homogenate by 

addition of Tris buffer, and rehomogenlzéd with a Vir-Tis 

homogenizer (3)( 10 s)_ Th1s homogenate was centrlfuged for 

10 min at 400 ~ ~ and, after filtratioh, the two fllterad 

supernatants were combined and centrifuged at 100,000 x ~ 
~ . 

for 60 min <àt 4 oc in a Beckman model L-B ul trac'entri fug •• 

The pellet "as resuspended in Tris buffer (0.25 ml/g tissue) 
, 

~ch, in so.e cases, contained either methemoglobin (10 ~) 

o?' adrenal i ne (1 mI"'I). 
, . 

(b) Incubation procedures. for; .• ,ubc.llular 'f.ractian" .. and 
hO!!OQ~.t.. ,'. .' 

Homogenates or 100,000 x ~ supernat~nt or particula~e 

fractions from aorta or ductus arteriosus were incubated 
, 

/ 

with mixtures of unlabeled and' 14C-~abeled IB:2, 20:3, 20:4, 

13hp-lf3:2, ~9,10e-llh-lB:l, or isomers of Il,12e-l0h-17:1 -for 
" 

variou$ times at 37 oC • Incubations were terminated with 2 
./ 

volumes of ethanol and the products were extracted Wlt~ CDS 

silica. For experiments in which the products were to be 

qu~ntitated, ('fI3-~H]P6Fi.CX (approx. 1 J.Ig, 5 x 'lOS dpm) .was 
,) , 

added before extraction as an 1nternal standard to monitor 

recovery. 

(c) PurificAtion and guantitation of products 

Theproducts in the methyl formate fraction, either , , 

untreated or in sorne cases methylated by treatment of 
, . . \ ' 

d~a,omethane,' were analyzed by NP-HPLC. Products were 
i 

quptï tated by measuri ng the radioacti vi ty infractions 
" /' " 

~(éaCh collecteg .fo~ period of 1 min) by liquid 

.. 

.. 
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SC1ntiliatiQn count~ng after the add1tlon of 3 ml of Ready-

,Sol v or Formul a 949. Ali values were corrected for recovery 

on the basls of the percent recovery of [9B-3HlPGF 1U' 

In some experlments the total amounts of 14C-Iabeled 

oxygenated metabolltes formed from the cor~espondlng 14C-

labeled substrates were measured by separati~g the 

substrates from thelr more polar oxygenated metaboiites by 

chro.atography on open-columns of slllCIÇ aCld (0.5 g). The 
-""' 

dried meth'yl formate ext.ract was dlssolved ln 

hexane/toluene/methanoi/acetic aCId' (95: 5: o. 002: 0.1). 

Unconverted substrate was elut~d wlth 22 ml hexaneYdiethyl 

ether/acetlc aCld (98.5:1.5:0.1). The ox ygenated 

metabolites were then eluted as a single fractIon wIth 8 ml 

methyl formate/methanol (9~). After evaporation of t~e . , 

so~vent under nitrogen the radiqactlvity was measured by 

liQUld sCIntlllatlon counting. 
.1' 

2.2.7. M_.surement of Products Formed from Endogenous 
Substrate by Slices of Aorta 

<a) Preparation of tissues and Incubation conditions ~ 

1 
Rat and rabbit aortae were rapldly removed, cleared of 

." 
adherlng fatty tissue, and placed in a modlfie~ Krebs-Ringer 

'" mM NaCI, 5 mM KCl, 1.27 mM MgS0 4 , 1.27 mM 

mM CaCI:z, and 5.5 mM glj.1Cose'}, ccntainlng 15 mM 

T~is-HCl, pH 7.4, ~t 0 oC. Bov1ne blood vessels'were 

cleared of adhering fatty tIssue, and in sorne cases 

sec~io~ed into inner (intima and 10ner med1a) and outer 

(oûter media and advent1tia) 1 ayers , before belng placed in 

Krebs-R~nger Tris medium at ~ oC. 51ices of aorta or duct4s 

. , 
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.. 

arterlosus (0.3 ta 1.0 g) were lncubated for 20 ml~ at 37 oC 
., 

ln Krebs-Rlnger TriS media. The medlum was then removed. 

and the amounts of varlOU5 oxygenated PUFA metabolltes ln 

the med~um and the tissue were determlned as descrlbed below 

and lilustrated ln F1g. 5. 

(b) Extraction of oxygenated PUFA .. tabolit •• and 
hydralysis of lipids 

The me~la obtalned after lncubatlon of sllces of blood 

vessels was dlvided into two parts ln a ratlo of 3:1. A 

mixture of the internaI st~ndards, (3,3,4,4~2H]PGE2 (200 ~g) 

and 6-oxo(3,3,4.4-2H1PGF 1Œ (200 ng), was addèd to the) , 

smaller part (fraction A), whereas a mixture of 14h-19:2 
• 

~ (200 ng) and th-19:1 (200 ng) was added ta the larger part 

(fraction B). Both mixtures were extracted using ODS s111ca 

as descrlbed above. 

The tissue sllces from which the mediu,\ had been removed 

. were immediately froz~ in llqUld nltrogen and were kept on 

dry l~e.~ Within 3 h of the incubatlons, the frozen tlss~e 

was pulverized uSlng a tissue pulverizer (Thermovac 

r' • 
Industries) which was cooled in an acetone-dry ice bath. 

The resulting pow~er was homogenized at -20 oC ~n a ground 
. 

gl~ss hamogenizer ln chloroform:methanol (2:1) containlng 

"'-- ' 0.05% butylat~d hydroxytoluene, 14h-19:2 (400 ng), and th-
\, 

19:1 !>.. '. (400 ng), which had been bubbled wit~ argon. The 

homogenate was rapidly filtered throûgh a sintered glass 

funnel, and the filtrate was concentràted nearly to dryness 

in a rotary evapor.ator. Chloroform:tnethanol <2:1) .(6 ml) 
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Tissue 

! 
Incubate 20min/37° 

/' \ 
Medium • Tissue 

~ 
C/M· . 

cl ~ 1 ~ hydrolyze 

ODS-Silica " y ,,\.C.D 
RP-HPLC NP-HPLC' 

1 \ / \ , 
) 

monohydroxy trihydroxy 

_.~-'~ 

Flg.5. Scheme for the purl~lcatlon and analysls by Ge-MS of 
, . ~ 

oxygenatIon products of 18:2 and 20:4. * The InternaI 

( 
standards were added at t~se POl6nts . 

C/M~ chi oroform/methanol (2: 1). 

., 0, 

'. 
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was then added, and the mlxture was dlvlded lnto two equal 

parts. One part (fractIon C) was extracted Immedlate1y wlth 

ODS slilca ta glve an estimate of the amounts of free 

oxygenated PUFA metabolites contalned wlthln the tIssue. 

The solvent was evaporated from the other part under a 

stream of argon, and the residue was dlss01ved ln 0.28 N 

potaSSIum hydroxlde ln 957. ethanol WhlCh had been degassed 

and bubbled wlth argon. Hydrolysls-of 11pids was carrled out 

in thlS solutlon for 45 mIn at 55 ~C under argon. ~fter 

hydrol ySl S, the samples were 

material ln the extracts was 

extracted 

dlssœlved 

wi th ODS 511 :~. The 

ln toluene co~t\lnlnq 
butylated hydroxytoluene (0.05'~and s~ored under argon at 

-20 oc. This fraction (fra~tl0n D) was used to determlne 

the total amounts of free plus esterlfled oxygenated P~FA 

metabolltes pres~nt ln the tIssue. 

) 

(c) Purification of oxygenated PUFA metabalites by HPLC 

thelr deutéra\ed analogs were - pb,....lf1E~d from fractIon ~ by" 

RP-HPLC using a 11near gradient between water:~cet~nltrl1e: 

acetic aCld (75:25:0.05) ~nd ~ater:acetonitrlfe:a~etlc a~id a 

(55:45:0.05) over 25 min. (?B-:JHJPGF2oc (/10 5 cP'"; t R, 22 min) 

was added as a marker. 
1 _ 

The m~~als ln fractions B, C, and 0 w~re methylated, 

, ,\ - -separated by NP-HPLC into 2 f~actl0ns contairllng (i) 
.. 

. 
monohydroxy PUFA (tR"s between 11 and 17 min) and Cii) . / \ 
trlhydroxy produGts CtR's between 43 and 44 ~ln). TPe 

... 
mobile phase cànsi~~d of hexane:16àpropa~01:aceti~_acid 

r ~~ 

. .. 
• 
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(99.5:0.5:0.1) -for thE! -fÙ"st 25 lIIin~ foll~ by Alinear 

gradient to hexane:isopropanol:acetic .cid (65:35:0.1) ov.,.-

2S min. ln arder to help determine WhlCh fractions to 

combi,\e, 12-hydroxy-8~ lO-U-S,"Clheptadecadienoic acid /2500 

cpm; tR, 15 min) and a'~-11,12-trihydroxy-9-!1-j,04C]heptadecenoic 

acid (4000 cpm; t R , 44 min) Nere adc;jed as marker$ for the 

ftlonohydroxy and trihydroxy -fractions, respe~9--vêi,-

Cd) Quanti t.tion of praduct. by GC-t1S 

Prostaglandins were quantitated as their methyl .. ter~ 

TMS ether ~ O-methyl ox i mE! der i vati ves usi ng an !?p2250 col umn .. 
at 250 ac. Ions ",ere mont tared at m/z 598 and 602 .for 6-

ox~PGF,« and lits tetradeuterated analog tt 1h 1.8 min), 

respective1y. Ions at m/z 508 and 512 ..ere manitorl!'d for 

PGE2 and d ... -PGE2 (th 1.8 min), rE!spectively. 

Trihydroxy-1B: 1 (t", 2.3 min) was quantitated •• the TJ1S 

derivative of its methyl est:er by comparing th. intensity a-f 

the ion at m/z 259 ta tl:lat -for the internaI standard, th-

19: 1 (t", 3 min) ~ at m/z 273. Ions at ",/z 173 (both 

, ". 
èompounds) and 460 (th-18: 1) were also. ",onitored ta provide 

"further evi dence for the structures of the s~bst.ances being 

measured. The calumn temperature wa9 225 oC -for 1 min, and .. 
then increased at a rate of 10 oC/min. 

~ l"Ionohydr-oxy derlvatives of 17:3., 18:2, 19:2, and 20:4 

were hydrogenated and converted t.o thei r ftlet.hyl ester, TI1S 

ether der i vati ves and anal yz ed by GC-MS. The column 

temperature was 203 oC for one minute, and was then 

increased at a rat.e o-f 2 aC/min. Three sets a-f ions were 
~ 

1 
J , 

,t 
1 
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1ItOni tOf'"ed for these praduèts AS sh~ in TAble 3. The 

... ount. of each o.f the ,Abave products N.~ deter.ined by 

determining the ratio o.f the p.ak area for their sPeFif'ic 

ions 9 ta that at iA'7z 329 for the internai st.ndArd, 14h-

19:2. 

The a..aunts of released monahydroxy and trihydrolCY 
~ 

praducts Neri! cal culated frDfll the sum of the praducts 

.fr.ctions B (released inta medium) and C (unesterihed 

products present in the tissue 

a.ounts of esteri.f i ed products 

after the ~ub.tiOn). 
Nere deter\.i nttd by 

in 

The 

\ 

~btr.cting the iiUllounts of products in fraction C· frDfll thdtstl!!­

i~fraction D (total content of products in the tissue, 

aft~VdrOIYSiS) • 

2.2.8 .... .urHltnt of Fatty Ac:id Content O'f Aort. 

Sections of .artae (50-100 .. g) were h~.nized using a 

grbund glass hOlt09enizer in 20 volU11N!!5 of Co 

chloroform:..ethanol (2: 1) containing 100 ".g .rachidie acid 

•• .n i ntern.l st.ndard. The ho.ogenate .... 5 fil t.red and 

the sol vent removed frDtft the .f i 1 trate usi ng a rotary 

evaporator • The residue ..... subjected ta basle hydrol ysi s 

.. s deseribed Aboye. Non-saponifiable materials were then 

extracted Ni th hexAne (2 x 5 ml), and the sample ... as then 

aeidi.f ied and the .fatty Aeids extracted ",i th hexAne (2 x 5 

... 1 ) • After removal of the hex ane under a stream of 

nitrogen, the m.terial in the residue ",a. methylated with 

diazoaaethane and analyzed by gas chro ... tography on • 10% 

Silar "IOC COlUM (2 x 0.015 m).. The temper-ature ",as 

-
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TA8LE'3 

auanU htt on of "onahydraxv PUFA ",tabaU tlt br ac-:1tS 

.1'" 
~ 

Th. lonahydroxy fatty .cid fr.ction fro •• orta, containin9 th. internai 

standard, 14h-19t2, wu purifitd .kIy NP-HPLC. Th. praducts in thh fraction 

.. tr, hydroglPnattd end .c:onvertld ta thllr .ethyl •• hr, T"5 ether derivetf!'vtl 
t 

priar ta andYlil bv 6C-"S as dflcribld in th. nethodl section. 

173 
259 
301 
315 

Ionl .~~ tar.d 

----.,-------

173 
259 
301 
329 

Set 3 
<3.9-S lin) 

173 
287 

, 301 
343 

product u.) 

12h-1710 + 13h-18aO 
9h-18cO (2.7 ain) 

12h-1710 (2.2 ain) 
13h-1810 (2.-8S lin) 

14h-19: 0 

15h-2010 (4. '7 ain) -,J 
llh-2010 (4.~ 
12h-20: 0 (4." Ii n J 
ISh-2010 (4,7 lin. 
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incre •• 1Id .,t • r.te of 2 aC/min,., frc. 150 ac ta 210 OC. 
r' 

2.2.9. Slut.thiarie P.roxid ... AsSAy 

Glutathione peroMid •••• ctivity N.~ •••• y~ ~y couplinV 
r 

the r •• ctian to the Dxid.tion of reduc~ nicotin •• id. 
/ 

.dlll'1in. din!:lcleotide phosph.t.. (NADPHl in t.h. pr • ..,,~. of' 

glut.thione reducta ••• nd _ •• urtHllmt of the dÎlc:r •••• in 

apt.ic.l ~ensitY~ .t 340 nnl (267). Th. caupled r •• ct.ian is 

illust.rat.ed (n Fig. 6. 

Rat or rabbit aorta (0.05-0.1 g) N •• chopped inta •• all 

piec:es ~d ho.ogenized in 2 ml ice cold 0.05 M Tris buffer, 

pH 7.55., cant.aining 0.1 mM EDTA. The hamogenate Nas 

'\ cent.rifuged for '1 h At. 100,000 x 9. and t.t) •• upermat.ant Na. 

removed. Aliquot.s (100-400 Jd) of the 100,000 x Q 

supernat.ant Nere a.s.ayed far activit.y in 3 ml of bulfer 

cantaining 1 mM glut.athiane, 0.2 mM NADPH, 1 U glut.at.hione 

reduct.ase and 0.25 mM hYdrogen peroxide. Ali components of 

the assay, except. for the hydrogen peroxide, "ere 

preincubat.ed for 2 min at roam t.emperature prier t.o t.he 

addit.ion af sub.t.rat.e. The conversian af NADPH ta NADP+ N •• 

lallaNed by continuausly recarding the ab.orbane. af the 

syst.em at 340 nm between 1 and 4 min afte,. initiation 01 the 

reaction. Since glutathiane can be axidizad non-

.nz y.Ati cali y by ai r., the rat.e of bx i dat i on of NADPH i,n tH,e 

ab.ence of the 100,000 x 9. supernatant Nas measured and 

subtraeted from t.he total rat.e'in the presence of t.he 

100.,000 )( 9. supernatant • 

.. 
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gluta~hione reductas~ 'or glutathione peroxidase 
1 

c 

Fig.6. 'Assay of glutathione (GSH) peroxidase act.ivity by 

coup! i ng t.he react i on ta t.he ox idati on of reduced . 

nicatinamide adenine dinucleotlde phosphate (NADPH) in the 

".. 
presenc~ of glutathlone reductase. GSSG, oXldlzed 

glut.at.hione; H2 0 2 , hydragen peroxide substrat •. 

"­
'--\ 

, 1 

,~ , 

.. .. 
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2.2.10. Cell Culture 

Ca) Endothel ial cell. 

Bovin@ aorta .ndathelial cell. were cultured accardi~g ta 

the .. thod of Mac.rak et al. (268). Calf thorAcic aarta. 

(20-25 CM' ".roe i .. ",ediAtely placeci in ice .cald Dulb@cco'. 

pha.phat.-buffer.d saline (PBS) supple-.nted with glucose (2 

g/l),..:.penicillin <100 U/ml)., streptamycin <100 ug/ml) and 
,. 

.. ycostatfn (100 U/",l). The .arta. were washed with PBS and 

the .dhering fat was dissected a"ay tô frite the intercostAl • 

f~e~ie5. 
afta was 

the lumen 

,. 
These small vess@ls Nere tied and ane end of the 

clamped and the callagenase disotributed throughout 

by inverting the cl."'ped vessel several ti ...... 

The vessel "as then aIl ow~d ta i ntubate for 40 mi n at r:-aam 

tempera.ture. Fallowlng the incubation periad the. 

allag@nase solution was discarded and the aarta was'washed 

four times with 10 ml of culture medium (MedIum 199 
, 

supplemented wi th 20 1. f~tal bovine serum., peni ci 11 in (50 

U/ml)., streptomycin (50 ug/ml) and mycostatin ·(50 U/ml». 

The medium from th@ wa.he. was paol@d and evenly.dlstributed 

in tissue culture dishes <100 x 20 mm style, approx. 10' 

ml/dish) . Cell s were cul tured at 37 oC 1 n a humi di f 1 ed 

atmo.phere of 5 % carbon dlQxide ln aIr. Culture medium "'A. 

changed af ter 24 h and subsequent 1 y every 48 h _ Ail 
.-

l 

experiments were carried out on primary cultures that had 

·reached conf 1 uence (5-9 days). Cell s exhi bl ted a 

characterl stic ':~nolayer., "cobblestone" appearance py 1 ight 

microscopy. 

" . , 

.. tF 

'. 
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" . 
(b~ SMaath ..... .:1. c.U. . .. ~ .. \~ 

h!1) 

Smooth must:le cells ....,.... grown from intimaI s~,..ant .. 

Capprox. 1 mm2 ) abtained from calf _arta (269). ~ive' t~ 
'""= 

ten 

segments were placed in dry tissue culture dlshes (100 )( 20 

_ style) and were aUotoHKf to adhere to the bottem of the 

. di.hes. After 10 mIn, culture medIum (Dulbecco's Modified 

Eagle's medium supplemented with 10 'l. fetal bov~ne serum, 

penicillin (50 U/ml), streptomycln (50 J.Jg/ml) and mycostatln 

<:50 U/ml» ... as carefull y added to the di shes 50 as not to 

dislodge the ~issue segments. The di ~hes were then pl aced 

in an i ncubator at 37 oc Wl th a humi di f 1 ed atmosphere of 5 'l. 

carbon dioxjde ln cur and ..,ere left undlsturbed for 3 days. 

Culture medium ..,as replaced every 72 h. The cells WhlCh 

grew from the expl ants were nearl y confluent after 

approx i matel y 3 weeks. At thi s tlme the cells were 

sullcultured by trypsl'01zatlon (trypsiri/EDTA (lX) wlthout 

calcium and magnesium; Gibco, Grand Island, NV) for 5 min at 

37 oC. The cell s released due to treatment Wl th trypsi n 

were split in a 1/3 ratIo and subcultured. Subcul tured 

cells gre.., rapidly, reaching confluence withln ane week and 

t1\en grawing Into mul tIpI e overlappi ng layers. 

2.2.11. Incubation of IBI2, 13h-le.2, and th-le. 1 with 
Endothel i al and Smooth Muscl e Cell s 

Conf luent endothellal (8 pays ln cul ture) and smooth 

muscle <4 passages) cells were incubated with either (1-

1 "'CJ18:2, 13h-[1-14C118:2, or th-[1-14CJ18: 1 (7.3 x lOS cp",) 

-for 4 h at 37 oC. The medIum was then removed and the cell s 

were washed once with medIum <5 ml) prlor ta extractIon of 

/ 

, 

• . ' 
1 , .. 
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, 
Il, 
II, 
l 

Mt.,. rlNlQval of the .edtwa, ..th.nol (2 1111) .... _ 
• l,I • ~ , 

( ''Il 

" t· , 
the culture di.he., anc:t\,\the cella Mere r..av.d by-

, 

. " st:,.aping Ni th\a rub,b-:- POl,\i~_"'·\i Chlar';~ar,. (, .u 0 ..... 

addjd. and after .ixing Nith a Pa.t.u,. pipette,' ~heo.ixtur. 

-

.. 

, 

NA. fil t.,.trd. 
,\. -

Th. aolv.nt ..... r~v~ under a .~re~m of 
-i.. '. <- ; 
~ nitrogen,'and the re.idû. di •• olv~ in chlorofar. (3 .1) and 

of. 

, , 

P ••• .rc. through a colulln of ,silicic acid (0.3 g). Th. colu ..... 
/ 

1<> 
, 1 ) ... 

"NAS eluted Nith a further- 7 .. 1 chlarafor. ta giv. a fraction 
. 

eontainiog neutra1 lipid.: Pola,. lipide w.re than e1uted 

"i th _thanol (4· ... 1)," fo11 owed by methanol: tlfater ( 1: ~, 2 

.1). Neutral lipids were ahalyzed by RP-HPLC ù.ing 

Nate,.:tét,.ahyd,.ofuran (24:76> at a fiON rate of 0.7 ml/Min 

as the mobile phase. Pola,. lipids we,.e analyzed. by NP-HPLC 

with ~cetonit,.ile:methano1:sulfuric aC1d (100:6:0.0,5) at a 

of 1 aN rate of 1 ml ~mi n as the :Dbi 1 e phase. (/.'\" 0 

f' 
,. 

" '. ' 

. '. 

" 

r· 

k • 

.. 
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Di-bomo-l-Iinaleniè acid (20:3), precursor af the .anawn. 

prmataglàndin-;:i. present in consid.r.ably ... 111.,,,, "ailaunts 

in lip~ds of ani.al ti.sues tha" araçhidanic ~id (20:4). 
, 

In va.cular ti •• ue 20:3 cannat be canverted ta PGlz due.ta 

~h • .âbsenc~ of th. 5~6-doubl. bond •. 20:3 had b ..... - shawn in 

au.... laboratory ta be ~onv.,..:ed prèda~i na~ y ta pradUc~. 

der(ved from 12-hy~rqpero)(y-S, 10;-hep tadecadi,\naic acid 

(256). 10,...1-1, 12-trihYdroxy-B-hept.adl!Cenoi·eO:::-"'aèid and 2 
~ . 

isomers of 8,11,12-trihydroxy-9-heptadecenoic acid were 
. 

identified by Ge-MS, but. the precise mechanism for t.heir .... 

\ 

• 1_ formation had not. been worked out.. "'e proposed t.hat. t.h ••• 

·product.s are formed Vl.a epoxyhydroxy int.ermediat.es. 

• 

3.1.1. Ident.ification of 11,12-ep~-lP:hydro~y-B-heptad.cenaiC 
acid 

Incubat.ion~of 20:3 wit.h a part.l.culat.e fr~ct.lon from fetal 

CAlf aorta for 5 min resulted in t.he formation of a 

considerable number of product.s <FIg. 7). In addition t.o 

the major product <tR, 20 mIn), WhlCh was previously , 

ident.ified as 12h-17:2 (256), t.here were a number of more 

pol ar products (!!. ta ~). Compound ~ had previously beeR 

~dent.ified as lO,11,12th-17:1, whereas compounds d and e 

were sterèolsomers of 8,11,12th-17:1 (256) • 

(t ll , 39 mIn) and b (t R , 4-2 nl1n)., which had not. previously 

been ident.ified, were only present in large amounts when ' 
1 

incubations were carrled out for short times. Analysis (­
\ " 

. , 

.' 

.' 
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Fig.7. High pre •• ure liquid radiachra..togra. of t:he products 

far"'.d .fter incub.at.on for 5 .. in .t 37 oC Of\ P.rt'lCUl.ate 

·f .... cti~ (2'.5 ml) from fet..l c.alf .ort.' wath Cl-14C120:.3 (2 

incubAt.ion w.s termln.ated with .th.anol (5 ml) .and the products 

were eKt.r"cted uSlno ODS silic4iI: The res1.due front the eKtract 

.. as .n.1 Y,zed by NP-HPLC uS1ng .a mobile ,phase consi sting of 

37. solvent 8", ·(toluene:ethyl acetate:4ilcetonltrlfe:meth.anol 

(30: 40: 30: 2> > in sol vent Am (heKane: toI uene (50: 50» for 30 

and 10~7. solvent 8", ln solvent Am-

.. 

1. 

l, 

"" 

.... 
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~-~/, "" .' 
'-

" , ( 

th_ cCHlpf?Und.· by. GC-f1S indic.tH that they h .. d idantical· 

C-values (19.9) and -.. .p.ctr.~ suggest.ng that: they w .... e 

ster-eoi tlCMlef"s. Th .. ... 111. .p.c~rum of c~nd b (Fig.SA) 

ha •• ajar of".9...,t iDns .t ./z 3b9 (1\1-15), 3'1.3 U1~71), 285., 

211 (cle .. v .. ge b.t ........ i.paxy~ THSO ".ubsUtuen,t') and 255. 
, ~ 

"r .~ .... t ~ '%- N 

Thi .. is. quit •• i.il~ ta the lIa~s spactrulI of the 1"I'1S ether 

C 

deri vati ve of t:.he aethyl est.,. of 12, 13-epo)Cy~11-hydroxy-9-
"l 

l , 

act~ltnoic .. cid (270) except th .. t lIO.t of the .bove ions 1 , 

. 

, . 
accur .~ ./z values 14 unit. higher in the ..... spectrum of , 

. the octadecenoi c aci.d deri va~i ve. The .... spectrUftl· of th~ 

TI'tS derivative of the ... thyl •• t.er- of compo,:fnd·b a.ft:.er 
, 1-

hydrogen .. t:.ion (Fig. SB) h ...... jar of,..g~t ions at, ./z 371 . 
(..-15)., 297., 273, (cl •• vAg. b.tween ."oxy and Tf'ISO .. 
substituant."." 257 and 169. This is .. nalogous ta t:.he maS5 

sp.ct,.w. of: 12~ 13-.poxy-11-hydr.oxyoct .. decanoic .é:id rltPorted . 
in th. 1 i t:..,. .tu,.. (263). 

th.t c ..... OW'Id .. ~ and !! M"~ .. t ... ..,i~. cri' 11.12"'":"1?"17'1: 

3:1.2 Ti ___ Cour: •• for t:.h. Conv ..... ion of 2013 to Epaxyt;aydroxy 
and Wihyd,.oxy Product. -c 1 ; Î' 

l. incubated for va,..ious t,i __ "i~h [1-1 4 C120:3 in t~e absence 
\ 

of Any added ctif.ct.ar • ., and 
~". . the produc~e~ ... ~~r.d ~~ 

HPLe (Fi «) .'9). . Al théJugh the 2 ster.oiSCMNt,..s of 11., 12..-tOh-

17~ 1 (!. -.nd~) were for_d rapictly during the .i~~tial 
- , .... 

'per i ad oof the i flcub .. t i 'on t the ""'Ount's of thesl! prod,uct!L 

,..~ .. ched •• xilla at about 10 min a .... d thtm decl ined. On .the 

other h~d, only s .... ll .",ounts of ,10.,il t 12t.h-17(:1 (!:.) .~., 
'l' 

• 

.. 
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271 A 
1 CIO -
10 C02 Me 
~ 

>0 10 10 
'- -

, '. '"II 
C 0 

• 10 
l' ~ ,-

C 
~ 

• ,. 
oC! -• 'JO 10 

• a: Je ) .. M-15 
'0 

<ft 

313 369 
0 • lIIIO -m/z 

27,3 B' 
, ~., , . 
., C02 M e 

,.,10 • 
~ .. ~ -• JO 

C 
! _,10 

(M:386) ',E 
WI .. 

.0 .. . " ,. 169 - OC! .. 
!! M-t5 

( 
JO c. 

• 257 
287 a: Je 

.. 371 
.. -

'0 

0 
, 

• •• 100 .. 
~ m/z, --

Fig.B. "'''SS spect~a of ,the trimethylsl1yl ether derivatlves 
1 

of the methyl esters of Il, lZ--S:POKv-!10-hYdrOXy:"'B-hep t a d,ecenoic 

At:id CCaA1P~;J,d b) ~efore (A) .nd after (8) ''f,ydrogenation • 
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0 
-0 20 60 \ . , 

:. , , . TIME <inin> 
l ' 

~ \. • "':l, • ' • ~ • ; r~ "" 

con~er-si on· of' ZO: 3 -ta èompound ! 
, • • h 0 i. 

~:. C 
.~ (II; ,li:; 12e- 01. <D; '11., 12e,-1 Oh-; lr7 : 1- 9 

10h-17.:,1., second~ ISqfl'er) " campoun c: 
, . ' 1. -

. and compoU~ds f!. + '!j! ('0; 2. i ~mer~'~ 
(. ; ~. 0" 1 1 9 12t h -1 7: 1) ~ 

'" ...... H v;" 

8" 11 , 12,th':') 7: 1 ) • 
'1 

Particu'lat.e fractions (0.5 ml) -From fetal cai.f' aorta were 

f· 
lncubated in the absence of added cofactors a~ 37 oC wlth 

1 \ i 
(l-t~C)20:3 (390,000 cpm,' 9.'8 nmol)~, At the desired tl'me . 

~ . 't 1 • '" \:' ~ 'J __ ~\'J ' lt, 
~. ~.. --

~ j [ • .. q 

intervals" IncubatIons w~re terminated -Wl·~ti "1.0 ml etq.anol,. 
, " '.' " 0, ~J . 

C9a":" 3 HJPGF 1oc' (5 >$ 105 dprtl,' l ,J.II1) '~as added' to ~d, .mlx1rre 
li < Go 

ta serve as an 1 nternal standard ancV the: produèts v were 
"'- . . • e 

extr·acted uSlng ons sil'lca •. The resldue fro:m e'ach extr~ct 

..,as then anal yzeq py normal-.,phase HJ;'.LC • 1 he vàl ues cire 
. 

means" of dupl i cates and have be~n corrected for recovery. 

, -
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d~tected lnltlally, but the formatlon of thlS product wa~ 

nearl y 1 i n@ar 'up ta 60 mi n. Thi S 1 S ln contrast wi th the 2 

stereoisom@rs of 8,ll,12th-17:1 (d and ~), sinc@ the, amounts 

o-f these products di d not increase after 40 mIn. These 

resul ts suggest that the epoxyhydroxy compounds il and b are 

Intermediates in the formation of product ~. 

3.1.3. Metal;)Olism o-f l1,12e-l0h-17:1 

The 2 st@reoisomers of Il, 12e-l0h-17: 1 were synthesized 

by Incubatlon of [1-2.4CJ20:3 with ,a partlculate fractlon 

from 'fetal cal f aorta. 1 ncubat i on of compounds a or b wi th 

either a pal'"'ticulate 01'"' 100,000 x 9. supernatant fraction 

from fetal calf aorta resulted in the fOl'"'mation of a product 

with a t R in each case ldentlcal ta that of 10,11,12th-17:l 

(c). Th@ 1 somers of c deri ved from a and b had the same t R , 

even when cochromatographed using lsocratlc conditllons. In 

order to confirm the ldentltlties of these products, ~ (13 
• 

.ug, 5"'ô, 000 cpm) 

separat@ly wi th 

and b '11 -t 
) 

a 100,000 

1.Jg, 42,000 cpm) ..were 1 ncubated 

x 9. supernatant fraction (2.5 ml) 

from fetal calf aort'a for 70 min at 37 oC. Th@ product 5 

wer@ extracted, purifled by HPLC al)d. analyzed by GC-MS aftel'"' 

conversion to the TMS @t-her derlvatives of thell'"' methyl 

estel'"'s. Both products had mass spectra 1 dentlcal to that 

which was prevlousl y reported for the corresponding 

derivatlve of 10,11, 12th-17: 1 (256). 

The tlm@ COurse for the conversion of 1 1 , 12ë- 1 Oh -1 7: 1 

(isomer~) ta 10,ll,12th-17:1 (c) is shawn in Fig.10 • 

., 
Nearl y 80 X of compound ~ was metaboll zed by e,ch of these 

. r 

• 
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TIME (min) 

Fi .... 10. Conversion 04 compound!. (11,12e-l0h-17:1; 0,.,6, 

and A) ta compound c (lO,11,12t.h-17:1; 0 and.) in t.he - ~ , 

'/ 
presence of par t 1 c'ul at.e (_ ;. ,.) and cytOS~ll c ( ••• ; 0,0> 

No conversio~ 04 compound 
,. 

a was observed ln the presence of bOl1ed partlculat.e <.) or 

cyt.osolic (Al fractions. (1-1~C]-labeled c.ompound !. (15,000 

cpm, 0.15 nmol), prepared as descrlbed 'ln the text., was 

L. 1 ncubated Wl th the above fractions for var 1 ous tl mes at· 37 

oc ln the absence of added cofactors. The products were 

extracted and analyzed as descrlbed ln the legend to Flg.9. 

The proteln concentrations of th.e partlculate an~ cytosollC 

fractions were 4.1 and 1.'7 mg/ml, respectlvely. Ali values 

\,-'/ 
are means of dupllcates and have been corrected for recovery. 

- .. 
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Rl Rl 

l «~R2 PG hp Pros'acyc'lIl ~R2 ~ ~ 

synthase syrllh:lse 
1 

'R 
OOH 

2 OOH 
20.3 

,PGG] l2hp-17:2 

~ 

i 
R'\ OH Rl 

î 1) /OH 
[pOlude \/\ ( )"n ..... 

hydrolase R2 
( HO ' 2 HO 

10,11,12th-17:1 (c) 1 1, 1 2 e- t Oh-17: 1 

(a & b) 

Fig.ll. Biosynthesis and metabolism of Il,12-epoxy-l0-hydroxy-8-

heptadecenoic Acid (compounds ~ and b) by Aorta. 
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fractIons after 60 min. There were corresponding increases 

in the amaunts of 10,11,12th-17:1 formed during the 

Incubations_ No metabolism of compound ~ was observed after 

incubation with boiled particulate or supernatant fractions. 

Similar result. were abtained with compound b. Thes. 

results lnchcate ,that praducts ~ and ~ were enzymatically 

converted ta product ~, presumably by an epoxide hydrolase. 

The mechanism for the formation of epoxyhydroxy and' 

trihydroxy products from 20:3 is shawn in Fig.ll. 

3.2. Ketabalism of Linoleic Acid 

18:2, found abundantly in 'Many cellular, lipids, ha. bRen 

reported ta inhibit PGI 2 production in c~ltures of vascular 

endothëlial cells (178,179). We postulated that 18:2 could 

be o~ygenated by vascular tissue ta give rise to hydroperoxy 

intermediates. If not metabolized rapidly these 

intermediates could cause an inhibition of prostacyclin 

synthase, since this enzyme is inhibited by hydropero~ides. 

Alternatively, 18:2 could compete with 20:4 for ~~e 

substrate binding site of prostaglandin endoperoxide 

, synthase and thus block its conversion to PGI 2 - Therefore, 

we undertook an investigat~on of thé metabolism of 18:2 by 

vascular tissue, as weil aS~he mechanism of its effect on 

20:4 vascular metabolism. 

3.2.1. H.tabolism of 18:2 by Particulata Fraction. fro. 
Fatal Cal f Aorta 

Particulate fractions (7.S mg pratein/ml) fram fe~al calf 

aorta Nere incubated with Cl-14ClI8:2 (2.0 uCi, 57,~) for 

J 

1 

1 

1 

1 

i 
1 

1 

1 
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fe~al CAlf (A) or adult (8) AortA (1.0 ml, 7.5 mg proteln) 
v 

were incubated for 40 .in .t 37 OC with (1-'·ClI8:2 (2.0 

~i, 57 it1,. A homagenate (4.0 ml, 6.7 mg pratein/ml) a4 

fe~a,1 calf .aor~.a (C) was also incubated with (1-I~C]le:2 

under similar conditions • 

• ethanol (2 vol.) and the products were extracted uSlng ODS 

-salic.. The residues from ~he eKtr.acts ..,êre analyzed by 

'NP-HPLC using a mobile phas~ consistlng of 47. solve~ 8 m 

(toluene:ethyl acetate:aceionitrile:me~hanol (30:40:30:2» 

i~ solvent Am (hexane:tol~ene (50:50» for 30 min followed 
.J 

'>by ;il 1 inear ,gradient over 50 min between 41. and 1007.. sol vent 

Sm in solvent Am. The more pOlar th-lB:1 lsomers (I.e. 

fractions f and 2) fbrmed a~t.r incubation of (1-'~C]18:2 

with. a particul.ate fraction from fetal calf aorta were 

chromatographed as their free aClds (0). NP-HPLC was 
~ 

carrled out uSlng a llnear gradle~t between 4 7.. solvent B 

Csolvent 8 m wI~h 0.5 Z acetic aCld) and 100 'l. solvent B ln 

50lvent A (501vent Am with 0.5 'l. acetlc .cid) over .50 min. 

Ci 

1 J <, 

1 

. ' 
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• 40 min a~ 37 oC. The NP-HPLC profile of the methyla~ed 
4.. 

products (Fig.12A) indicated that 18:2 had been conver~ed to 

a large number of more polar metabolltes (fractions ~-~). 

The large peak with a ~ft of 3.5 mIn was unconvert~d 18:2. 

"-~hemoglobin (10 ~), WhlCh can stimulate the decompdsi~ion 

of hydroperoxides, increased the amounts of aIl the ( 

Me~aboli~es by abou~ 1.5-2 fold, w~th.a preferential 

stimulation of ~he more polar products, ~-~. Adrenaline, 

Mhich can ac~ as a peroxidase cofactor, on the other hand, 

stimulated the forma~ion of ~he components of fractions b 

and c by 2-3 fold, but had little effect on the forma~io~ of - , 

~he o~her products. 

<a) Identification Rf Produc~s 

In order to identify the components of fractions ~-~, 
1 

particulate fractions from fetal calf aorta (40-100 g) were 

incubated with (1-14CJ18:2 (1.4 UCl, 500 ~) for 40 min at 
, 

37 00C in the presence of methemoglobin. The products were 

methylated wlth dlazomethane and purifled by NP-HPLC as 

shown ln Flg.12A. Each product was then further purifled by 

argentati on HPLC or a Sv step of N,P-HPLC. After 

conversion to thelr Me3S1 ether derlvatlves they were 

analyzed by Ge-MS. 

Frac~ion a 

The radioactive materlal in fraction ~ (t R , 24 min> was 

further purifled by NP-HPLC using 1 Z solvent Bm 
.. 

<toI uene: ethyl acetate: acetoni;trll e: meth"anol (30: 40: 30: 2) ) 

in solvent Am (hexane:toluene f50:50». "ThiS product did 
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(Fig~ 13> wi th major fragment ions at m/z 308 .(M) , 277 <11-

31), 237 (M-71 9 1055 of terminal penty!.group) 9 185 (+cO-

., 
'- . 

~Lafferty rearrangement) and 151 (base peak 9 105S of 

The ions at m/z 151 and 18S o were formed by 

cleavage on elther~~~ of an oxo group, indlcating 'that a , 
is 9-oxo-I0, 12-octadecadienoic acid (90-18:2). Except for 

variations due ~o the position of the oxo group9 thlS mass 

spectrum 15 similar to that reported in the literature for 

the methyl este~ of 13-oxo-9,11-octadecadienolc aCld (271"). '\ 

Fractions band c 

F~actions ~ (t R , 13 min) and c (t R , 15 min) were purified 

further by argentation HPLC using methylene chloride:methanol 

<98:2> at a ,flow rate of 1 ml/min as the mobll~ phase. The 

Me3S1 ether derlvatlves of the two compounds had slmllar C 

values (19.9) and mass spectra (FlgS.14A and 15A) wlth 

major fragment' ions at m/z 382 (M), 367 (M-1S), 351 (M-31), 

311 (M-71, 1055 of terminal pentyl group) and 225 (M-157, 

The base peak ln the mass spectrum 

of b was at m/z 311, whereas that for c was at m/z 225. 

Hydrogenatl0n of band c revealed that each compound had two 

, . 

't· 4 
double bonds. The base peaks for the methyl ester-Me3S1 

derlvatlves of th~ hydrogenated products were at m/z 173 (b: 

, 
(FlgS.14B and 15B). These spectra are slmllar ta those 

reported (272) for ~he correspondlng derlvatlves of 13-

o 
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" . hydroxy-9.11-octadecad~enoLc acid (13h-18:2) 

hydroxY-l0.12-dctadec~dienoic acid (9h-18:2) (c). ~ 

F,..ct:ion d 

Fraction d "&5 fu,.ther purified by NP-HPLC (t", 19 mifl) 

using a gradient f,.o. 3 to 40 1. solvent Bm in solvent ~m 

Dver 50 min. The mass spectrum (Fig.loA) of the Me3Si 

ether, methyl-ester derivative of this compound (C value. 

20.7) had ,_aJor fr.gment lonS at m/z 398 (1'1), 383 (1'1-15), 

285 (cleavage b~tween the epoxy and Me35iO substituents of 
1 

,12,13-epoxy-l1-hydroxy-9-octadecenoic acid (12. 13e-l1h-
1 

1~;1». 241 (~-157, loss of (CH2)7-C02l~3 from 9,10-epoxy-

I1-hydroxy-12-octadecenoic acid (9.10e~11h-18:1» and 199 
u • 

,(base peak.' cl~avage bet""een the epoxy and Me35iO grbups of 
. 

9,IOe-l1h-18:~). 

A+te,. hydrcigen"tion. the methyl ester. t1e3Si deri ~ati.ve 

of d had _ajar fragment ~ons at ·m/z 385 (1'1-15). 301. 287 

" (c:leavage bet:ween EtPoxy'and l'1e3SiO groups'of 12.13e-llh-
., cl" ~' 

" 18:~). 257 (cleavage bet"een carb~ns.7 and 8 in 9,10.-11h-
... 

18:0), 215 and 201 (base peak, cleavage bet"een epoxy and 

1"Ie3 5i 0 groups of 9, 1~-l1h7'J,8: O.) (Fl g. loB) • 

The mass spe~trum 0+ the ,nonhydrogenated derivative of d 

is·similar to that reported in the literature (~73) for,a 

.~xture of 12, 13e-l1h-18: 1 and 9, 10e-Ùh-18: 1 obta.lned-after 

incub~tion of a 4:1 mixture of ~3~hydrop~oxy-9,11-

Qctadecadienoié a~id (13hp-18:2) and 9hp-18:2 wlth 

. Fe3 +/cysteine. The base peak in the mass spectrum of the 
• .p.. ~ 

.. bove mixture "as at m/z 285,~ndic:~hng that 12,13e-l1h- p

• 

.... 

.C:! 
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• • ,1 
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18: 1 was the major component. The rat10 of the Intensi ty of 

the fragmept Hi th m/z 199 ta that wi th m/z 285 was about 

10: 1 for fraction ~9 however 9 Indicating that aorta converts 

18:2 predomlnantly ta the 9.,10-epoxy isomer. 

Fr-actio') e 

Fraction e was purifled fur-ther by argentation HPLC (t R , 

17 mi n) USl ng a mobll Et phase consi stl ng of methyl ef'le 

chloride:~ethanol:ace~tomtrile (90:9.75:0.25) and aflow 

rate of 1 ml/min. The mas!:; spectrum (F1g.17A) of the 

methyl ester, Me351 ether derlvative of- ~ (C value., 22.4) 

had major fragment Ions at m/z 560 (M)., 4?O (M-90)., 361 
( 

(cleava.ge bEttween Vl ci nal Me3510 groups at carbons 10 and Il 

of 9,10, I1-tri hydroxy-12-octadecenolc,-1'aCl d (9,10, Il th-18: 1) ) , 

301 (cleavage betw~en vicinal Me3Sl0 gtoups at carbon 9 ... and 

10>,,271 (3ql-.9(»)9 259 (M-301), 211 (301-90) and 199 (M-

361). Thi s mass spectrum bears some si mll ari t y to that 
. ~ , 

reported f-or a mi xture of 11,12, 13th-18: 1 (ma.Jor component) 

and 9,10, I1th-1B:"1 (mïntJr component.) obtalned after 
, 

hydrolysis of the epoxyhydroxy compounds formed from a 

mixture of- 13hp-18:2 and 9hp-18:2~ by soybean 1 ipoxygenase . , 

(263'). Frachon e contalns very little, If any, 11,12,13ttl-
r 

18:·1, however . 

. The mass spectrum of .the methyl ester, Me;JSl ether 

-
deri vatl ve of ~ after hydrogenatlon ha(j..,maJor fragment ions 

at m/z 547 (M-I5-), 531 (M-31), 457 (,M-90-1:;=i)., 361 (cleavage 
" 

between vi CI nal Me;J5l0 gr.oups at carbons 10 and Il), 271 

(361-90)., 259 (base peak, cleavage between vicinal Me:J510 

< , . 

n , 

nn 
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groups at carbons 9 and 10) and 201 (1"1-361> (F1g. 178). 

These results a11 ind1cate that. e 1S 9.,10., I1th-18: 1. 

FrAction. f and 9 

Fract.ion f ",as further purified by argentatlon HPLC <t .... 

16 min) as described above for fraction e. The ma55 

spectrum (Fig. 18A) cf the methyl ester., Me3Si ether 

derivativ~ of :t (C value., 22.5) had. major fragment. ions at 

in/z 545 (M-15)., 460 (M-LOO, 1.055 of hexanal "'1 th t.ransfer of 

an Me3Si group ta the carboxyl group)., 455 (1'1-90-15), 387 

(cleavage between the vicinal Me3S10 groups at car-bons 12 

and 13 cf 9,12, 13-trihydroxy-l0-octadecenoic aC1d 

(9.,12,13th-1B:l»., 301 (cleavage between the vlcinal Me:rSlO 

groups at carbons 9 and 10 of 9.,10,13-tnhydroxy-lt-
Q 

octadecenoic aC1d (9., 10, 13th-18: 1»., 259 (M-30!)., 211 ('301-

90> and 173 (1'1-387>_ 

The mass ~pectrum of the hydrogenated deri vati ve of f had 

m~jop--fragment ,10ns at m/z 547 (11-15)., 531 (11-31) ~ 457 (M-

90-1,5)., 441 <1'1-90-31)., 389 <'cleavage between vicinal l"Ie3SiO 

groups at carbons 12 and 13 of 9,12.,13th-18:0), 303 

(cieavage between vi clnal Me;JSi a groups at c:arbons 9 and 10 

mainly cleavage between the vicinal Me3S10 groups at carbons 

9'and 10 in 9.,10,13tb-18:0), 213 (base peak., 303-90) and 173 

The mass spectra of the methyl ester, Me351 ether 

derivatives of !., bcth before and after hydrogenat.l0n., are 

similar to those reported in the literature for mixtures of 

/ 
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173 
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441 1 547 
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m/z 
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11 

of th ... ethyl esters of 9, 10, l~-tri hydroKY-ll-octadec.noic 

acid ~nd q,12,13-trihydro~y-l0-octadecenoic acid (fraction 

.~) bafcre (A) .nd .~t.r <S> hydrooenation • • 
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,10,13th-lB:l and 9,12,13th-l~:1, isolated .ft.~ incu~.tiDn 

of mi xtures of 13hp-lB:'2 and 9hp-lB: 2 wi th ei ther soybean 

lipoxygenase (263) or FeC1 3 /cystelne (273). Thus, !. would 

appear to be a mixture of the above two isomers, with the 
p 

9,10,13-trihyd~oxy isomer predominating. 

Fraction ~ was further purified by arg~ntation HPLC (t R , 

lB min) as described above. The mass spectrum and C value 

of the methyl ester, Me3Si ether derivatives of ~'bo~h 

• be+ore and after hydrogenation, were identical to those of 
"'v-

f. Thus, ~ is also a mIxture of different stereoisomers of 

9.10,13th-lB:l and 9,12,13th-lB:l. 

In arder to learn more about the relative amounts of the 

trihydroxyoctadec.enoic acid isomers present in fractions f 

and ~, the n-butylboronate derivatives were prep~red. In 
t ~ 

this case, fractions f and g were chromatographed inîtially 

as the free acids (Fig.12D), giving four peaks of 
. . 

The màterials in each 

fraction were methylated with d~azo~ethane, 'reduced with 

hydrogen in the presence of platinum dioxide and converted 

to thelr n-~utylboronate derlyatives. The n-butylboronates 

were then converted ta thei r Me3Si ether der 1 vat'i ves and 

analyzed by GC-MS. For comparison, the corresponding 

deriv~tive of 9,12,13th-18:1 was prepared by lncub~tion of 

[1-14CJ18:2 with wheat flour (274). A mixture consis,ting 

predominantly of 9,12,13th-18:1, along wlth a smaller a.ount of 

9,10,13th~18:1, was also prepared by treating [1-14CJ18:2 

wlth soybean lipoxygenase in the presence of gualacol (26~). 
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1 , The "ss sp.ctrum 01 the hydrogenated n-butylboronate 

deri~tive of 9,12,13th-1B:l (C valué, 24.0; Fig. 19A) 

obtained from wheat flour had major fragment ions at ./z 469 

~H-15I, 453 (M-31', 327 (M-157, 1055 of (CHz )7-C02 MeI, 259 

.r (l'te;:sS'iO+-CH-(CH2 ) ,,-C02"e', 237 (327-90) and 129. The .... 

spectrum of the product from aort. "as similar (Fig.19B>, 

except that additional fragment ions Nere observed .t ./z 

413 (11-71, 1055 of (CH2 )4-cH;:s), 323 (413-90) and 173 

. "'" 
(Me;:sSiO+-CH-(CH2)~-CH;:s). ~he mass spectrum of the soybean 

lipoxygenase product NAS similar to that of the prod~ct from 

1 

aorta, except that the ions at m/z 413, 323, and 173 were 

le~s intense than those at 327, 237, and 259. respectively. 

Each trihydro~ypctadecenoic acid is~ gives rise to 

three major fragment ions after methylatian and 

hydrogenation and conversion to its n-butylbaronate, "e;:sSi 

ether derivative. The ions are derived from cleavage on 

either side of the Me;:sSi group. For the derivative of 

9,10,13th-18:1 major fragment ions are obtained at rn/z 413, 

323 (413-90), and 173, whereas the corresponding ions for 

the derivative of 9,}2,13th-18:1 are at m/z 327, 237 (327-

and 259. The ratios of the surns of these.ions will . 
an approximation of the relative am~nts of each of 

these isomers in the mi~ture' (see Table 4),. Using these 

criteria to distinguish betNeen 9,10,13th-18~1 and 
;., 

9,12., 13tho:-18: 1, aorta fractions !.2 and 9.2 contained rnbctures 

of these isomers with the former product predomlnatlng. 

Wheat flour conversio~ of 18:2 resulted in exclusive 
" 

syothesis of 9,12,13th-1B~1. Treatrnent of 18:2 with soybean 

, , 

-
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and conversi on ta their > trimethylsi l.yl ether, n-butyl boronate" 

Methyl ester deri vati ves. (A) 9,12. 13-tr ihydro~y-l0-

octadecenoic acid formed by incubation of, 18:2 with wheat 

flour -
(8) th-lB: 1 isomers (9,IO.13-trihydrox y -ll-

octadecenoic acid + Q.12,13_trihydrOxy-l0-actoildecenoiC: acid) 

formed by incubation of 18:2 with a fat.l calf .arta 

p.rticulate fnlction (compound [2)· 

<C) th-18: 1 isomers formed by incubèltion of lB: 2 wi th 

soybean 1 ipoxY9~nastl! and guaiacol. 

" 

• 1 

... 
• 

, 
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" 

" 

TABLE 4 , . 
j 
, 

wh.lt flour, .~~ •• n II~oxyg.n.l' .nd f.t.1 cl1f tortl Il ' -. 
dest:ribed in th. tut. Afhr •• thylltlon Ind hydrog.nltion, the 

trihydroxy co.pounds .. er. conv.rt.d ta th.ir n·butylboro"lt.-".~Si 

• for this d.rivativ. of 9,IO,IJtH-18rl Ir. It ~/z 413, 323 Ind 173, 

wherus the corrltlpOndlng 10ns for 9,12,13th-l'S'q .r •.• t aIt 327, 

237 .nd 259, respectlvely. The rdios of th. lU ... of th .... ion. 

":will'give ln I~pro~lm.tlon of th. relative aaountl of 'Ich of 
, > 

-
th.st i loau'-l n th. ai x tur •• 

9,12,13th-18:1 (whut flour) 

9-, 1 0 , 13 th -1 e 1 1 + 9, 12 , 1 3 t h -18 J 1 
(soyb.ln IlPoxyg.n'I') 

-f.2 (aorh) 

9.2 (aorh) 

C 
valué 

24.0 

24.0 

24.1 

24. 1 

Raho of' ioh 
i ntrnli ti es of. 
( 9 , 1 0 ,1 3th -1 B t 11 
9.12,13th-18:U* 

0.03 

0.50 

2.40 

3.00 

• Th. ,sua"of int.nlïtî.s of lonl at al; 413, 323 and 173 

" . 

(9,10,13th-lB:l' ••• dlVidld by the lU. of th. Int.nllti.1 of ionl 

It a/'l. 327,259 and 237 (9.12,lJth-1'8:1)' 

, . 

. 1 

.--

i 
1 
1 
1 

j 

Î 

i . 

-\0 

1 
1 
1 

, 
l, 

'1 
J 
1 
! ' 

1 
1 
1 
1 



-
.; 

... 

-104-

9,12,13t.h-1B:l, .long ... ith ..... ller .ftIDWlt. of' 9,10,13th-

18:1. The .mount.. a~ materials in fractiqns ft and,~1 were 
1 

in,.u';:{icient -to obtair:a good •••• spectr.. HOMever, on t.he 

b •• i. o~ the rel.tive intenslties of the fr.gment ions .t 

./z 173 and 259, fract.ion ~1 appearpd to consist,.ainl~ o~ 

9;12, 13t.~-1~: l ""' ~ereas fraction ,9.1 appeared ta consi.t 

~Of 9,lO,13th-1B:1. 

3.2.2 "-tabolis. of IBI2 by Homoqenat •• 

,Homogenate. of fetal c.lf aorta in the absence of Any , 

added cofaètors converted [1-14C1IB:2 to produc~ similar ta 
o 

thD~. lar-.d by particulat.. fractions, exèept that the mer. 
polar product. (~-9.) Nere fqrmed i~ rel.tively small amount. 

(Fig. 12B) • 

3.2.3.-~t.&boli •• of 1812 by Other 8100d V .... l. 

(a) Ductutt .rteriosu •• 

~ A chrama~ographic p.ttern .imiler to that shown in 
, 

Fig.12A wa. obtained after incubation of [1-A4ÇllB:2 ... ith 

particulate fraction. from fetal calf ductus arteriosus, 

except thet the a.ount.. of 13h-1B:2 (b) and 9h-lB:2 (c) were 

_pout 1.5 times greater thari· ... ith aorta. 

(b) Adul t. .art.. 

Particulate fr.cti~. (7.5 mg protein/ml) ~rom adult 

l bovine aorta ... ere le.5 active than those from fatal aorta in 

converting [1-14C1IB:2 (2 uCi, 57 ~) ta oxygenated pro9Hcts 
" .. ' IF • 

under identical condit.ions (Fig~12C). With adult aorta, 90-
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18:2 .... nat dlttllCb.d, wh-r~. th. AlllQUnt. of 9h-1B'c2, 1311-

for .. tlian of th. products in frActions d (lft~inlYl9~lo.-1~h-

18:1) and ~ (.ainly 9,10,11th~1~:1) by .dult aartA Na. 

reduced to al ........ ext..,t th.n th. other product •• 

3.2.4. , Ti_ Cour-... far the Far_tian of OxY91M1ated 
1812 ... tabalit_ 

, / 

incubated Mith [1-'.Cl18:2 far various ti ••• in the absence 

frAction. wer. farlftRd, and it "AS not possible tà 
o ' 

quantitAte it very aecurat.ly. The amounts of fraction b 

-( 13h-lB:'2), Ë (%-IB: 2) .. nd. f+g, (9" 10, 13th-1B: 1 and 
·c, • 

9,12,13th-lB:l) incr.a.ad n •• rly lin.~ly with ti .. up ta 5 

.'c •• 

.in. Th. rAtt~. of for .. ti~ of these produ~!I then 'declined' '\ 

and .f~er 20 Min their concentr .. tion chang.d~ly slightly. 

The .. teri.l in fraction d ( •• inly 9,10e~11h-la:l) ",a. - , , ,. 

for...:f MOre rapidly in th. e.rly .t.g' •• o.f the r ... ction, butl 

i t. 'cancentr~tion dacl inl!d, .'fter 10 min '(Fig.20, in •• t). 
, ' 

Product e (9,10,11th-18:1), on th. ather hand, "a. for..ct ,- -

very slowly initially, but its concentration incr.Asad 
Q • 

, 
lin •• rly with time up ta 20 min" .nd continuecl to incr ..... , 

Although more slowly, up to 60 'min. lnes. re.ulta sugg •• t:. 

that product ~ i 5 a pr.ec:ursar of product !!._ 
~t ri 

Fig.21 shows the ti_ cour •• f'or. oxygenAtion of 19:2' 

In thi. experiment, 'the, totAl 

r_ 

/ 
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Fiv.20. Ti .. cour ... ~ar the ~or .. tion of b (O. 13h-1812). c 

(e, 9h-i9:2) , !! <A, 9.10.-l1h-18:1>,.! (a, 9,10,llth-ts:1> 
. .. 

and f+~ (A. isolfters of 9,10. 13th-18: 1 .. nd 9,12, 13th-18: 1) ; 

from 18:2. Product a wa. not formed in sufficient amount. , 
, 

for quanti~ation. Parti~ul.te fractions (0.5 .ri) from f~~l 
.. 

calf .ort ..... erl! incub.ted at -37 oC with [1- 1 "Cl18,2 (O." 

,.ci. 30.0 omal) for v .. riou. time periods. ProducQts we-re 

I!Ktracted' and analyzed as described in the legend to FiO.12. 
- -

Th. r.d~,oactiv'1ty in frac~ion. collt~cted every minute w •• 

d.teFflli ned by 1 i qui d sc i r:'t i II at (on couri, t i n9. AlI val ue. 
p • 

hAve been corrected for recovêry .nd are the ... ans of 

dupl iC:tiiltes .. Thé i nset shaws the ti me coursefi for: the 'Q 

-formation of the polAr ,prçducts (!!-9.) to illustrate the 

probable precur,or-product relations,hip between pr-oduct d 

<'9, 10e-lln-19z1) and pr-oduct e (9,10, Il th-l8: t) • , . 

f 

) 1 

• 

---

T 



, ~'""'.---- ~ ---"- --~",----..-.-

FiQ.21. Time courses for th4! formatIon of -total '18:2 (., ,and 

20: 4 (0) metabolltes by fetal calf aorte part.lcult1lte. 

fractions (0.5 ml). After prei~cubatlon of the partlculate 

fractions for 2 min at 37 oC, elther [l- 14CJ18:2, (0.5 J.L19 

9. 1 nmol' or (1-14Cl20:4 (0.17 UC1 9 10.3 nmol) was added and ... 
Incubations were co~tlnuèd for V~10US tlme lnt.erva1s. 

"<il. _, ç 

Incubations were terml nat.ed Wl th ethanal and (9B-:JHlPGF 1 01 

(500 9 000 dpm, 1 ~) was added. Product.s were e~tracted 
.' 

using OOS slilca and the residue/w~s dlssolved ln 
" . 

hexane/toluene/methanol~acetic t1lCl~ (9S:5:0~002:0.1) and 

_ IJ' 
appl1ed ta an open column CO.5 g' of slllCIC aCI.d. 

Uncanverted substrate was eluted with 22 ml hexane/dlethyl 
ü • ., 

etherl acetlc aCld (98~5:1_S:0.1)_ 

, 
The ox.ygenated 

..1 ....... 

metabol'ltes were then elute~d olS a Single fraction wlth 8 ml 

methyl, formate/met.hanal (90: 10)~ After evaporatlpn of the 

solvent under nitrogen the r~didactlvlty was measured by 
1 

.r llqUl-d sci ntlll à"tlon countl ng. AlI values are the means 04 

..." 

dupllcates and have been corrected for rec~very. 

'~ 
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1.C-labeled oxygenated metabolites formed from the 

corresponding I.C labeled substrates were measured. The 

substrates were separated from their more polar monohydroxy, 

epoxyhydroxy and trihydroxy me.tabol i.tes by chromatography on 

an open column of silicic acid. The formation of products 

from 18:2 was linear with time up to at least 5 min, wherBAs 

the formation of products (mai.nly 6-oxoPGF1CX and 6., 15-

di OXOPGFI ex) from 20:4 was linear for no more then 15 s, 

presumably due to the more rapid formation of inhibitory 

peroxides or hydroperoxid.s from 20:4. As shown in Fig.21 

20:4 is a much better substrate for prostagland1n 

endoperoxide syntt;tase th.n 18:2 (appraximately 10 time. more 
. 

oxygenated products formed after 5 min incubation). 

-~ \ 

3.2.5. l''Ittc:hAnis ... for th. For_tian of Ox~.tltd 18.2 
ttetabol i tes ' 

, 
Fou~ main tyP.s of products .ra synthesized from 19:2 by 

, ., 
.orta. -They are: oxo, monohydroxy, epoxyhydroxyand 

.trihydroxy products (Fig. 22). Presomab'l y aIl of these 

products .ra derived fro~ hydroperoxida intermediat •• , 

formed enzymatically by either cyelooxygenase or 

lipoxygenase. The ensuing metabolism of the hydroperoxides 
~ 

to oxo., monohydroxy., epoxyhydroxy and trihydroxy product5 

ft 
rnay be the result D~ enzyma~ic an~r non-enzymatie 

proee55es. 

(a) Conversion of IB=2 to hp-1B:2 

- < . ' . " 

'ln order to determine t~e nature of the enzyme catalyzing 

the initial oxygenation of 19:2 to the putative.9 and 13 
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Fi9.22. Het.~ism of 18:2 by particulate fractions from 

aorta. 'The products enclosed'in ~oHes were isolated and 

i dent i fi ed by GC-f'fS. ep:, endoperox ide.o 
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hydroperoxy intermediates, particulate fractions containing 

Adrenaline (1 mM) were pre-incubated for 2 min "ith 

nordihydroguaiaretic' acid, a lipoxygenase inhibitor, or "ith 

acetylsalicylic acid or indomethacin, prostaglan~in 
{ 

endoperoxid~ synthase inhibitors. C1-14Cl1B:2 (9.2 ~) "a. 

then added and the incubations were continued for a further 

20 min and the products anal yzed b.~ pNP-HPLC. Under th ••• 

condi~ions, 9h-1B:2 and 13h-1B:2 accounted)for 93 X of th. 

o~ygenated products, whereas epoxyhydroxy and trihydraxy 

products made up the remaining 7 X. The amount of 9h-1B12 

and 13h-1B:2 formed should therefore reflect the amount o~ 

the corresponding hydroperoxy products initially formed. 

Similar incubations ~ith [1-14C120:4 (9 UM> in the pr.s.n~e 
, -... , cil 

-and absence of inhibitors "ere carried out for comp.rison. 

, 

Preincubation of particulate fractions with indomethacin 

-inhibited the formation of both 9h-18:2 and 13h-18:2 (IDso , 

approx. 10-7 M), as weil as 6-oxoPGF 1G (IDso ,'4 x 10-7 H), 

in a dose dependent fashion (Fig.23>. Acetylsalicylic acid 

also inhibi~ed the formation of ail three products but wa. 

much less potent (Fig.24). On the other hand, 

nordihydroguaiaretic acid had no effect on the formation of 

either the two monohydroxy metabolites ~f 18:2 or 6-

oxaPGF1~' except at very high concentrations (10- 4 M), when 

~h. formation of ail the products was \nhibited quit. 

_markedly (Fig.25>. 

The form.tion o~ trihydroxy products fram 1B:2 was al.o 

inhibited by indomethacin and aGetylsalicylic'acid •. Sinc. 

th~ amounts of these-products formed under the conditions' of 

-' , 
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Fig.23. Effec~. of inda..thacin on the formation of 6-

\-. 
oxoPGF1G (~, 13h-18:2 (e) ~nd 9h-1B:2 (0) by particulate 

fractions from fetal calf aorta in the presence of 

adrenaUne Cl .... H). Particulate fractions (0.5 ml> ... ere 

preincubated far 2 min .t 37 oC ... ith 2.5 I-ll of ethanol 

containing various amounts of indomethacin • [1- S "C1IB:2 

.... 
(0.25 ,.ci, 4.6 nmol) o'r Cl- 1 "C120:4 (0.25 ,.cl, 4.5 nmol) .... s 

then added and the 'incubations ... ere contlnued for a further 
, 

20 .... in. The products ... ere extracted and analyzed by norm.l-

ph.se HPLC using 41. solvent Bm ln ~plvent Am for monohydroxy 

IB:2 .etabolites and 601. solvent B in solvent A for 6-oxoPGF sa• 

The fla ... rates ... ere 2 ml/min. Ali values are the mean of 

dupl ic.tes and have been corrected for recovery., The amounts 

of radioactivity ln the control incubations ..,eré as' fol1o~s~ 

6-oxoPGF1U, IS8,000 dpm; 13h-18:2, 4300 dpm; 9h-lB:2, 13,700 dpm. 

• 
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Fig.24. Effects of acetyl •• licylic acid (ASA) an the for.ation 

of 6-oxoPGFt<x (Â), 13h-18:2 (.) and ,9h-18:2 (0) by 

partlculate fractions from fetal calf .orta ln the presence 

of adrenaline (1 mM). Particulate fractions (0.5 ml) were 

preincubated for 2 min at 37 oc wi th 2. 5 ~ of ethanol 

containing various amounts of ASA. [1-1~ClI8:2 (0.35 ~1, 

6.4 nmol) or (1-S~C120:4 (0.20 UCi, 6.1 nmol) was then added 

and the incubations were continued for a further 20 min. 

Extraction and chromatographie conditions were identical tQ 

those described in the legend to Fig.23. The amounts of 

radioactivity ln the control Incubations were as follows: 6-

oxoPGF ta , 179,900 dpm; 13h-18:2, 16,300 dpm; 9h-18:2, 50,750 

dpm. 

.. 
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Fig.25. Effects of nordihydroguaiaretic acid (NDGA) on the 

formation of o-oxoPGF 1Œ <Â), 13h-!8:2 Ce) and 9h-18:2 (0) by 

particulate fractions from fatal calf aorta in the presence 

of Adrenaline (1 mM). Particulate fractIons (~.5 ml) were 

preincubated for 2 min at 37 oc with 2.5 ul of actetone 

contai ni n9 "'ari pus amounts of NDGA. [1-14ClI8:'2 (O. 14 JC.I, 

2.5 nmol) or '[1-14Cl20:4 (0.14 ~l, 2.0 nmol) was then added 

and the incubatIons were continued for a further 20 ml.n. 
) 

Extraction and chromatographic conditions Here' identical ta 

those described ln the.legend ta Fig.23. The amaunts af 

radioactlvity i~ the control incubations Here as folloHs: 6-

axoPGFIŒ' 105,700 dpm; 13h-18:2 y 8,100 dpm; 9h-18:7y 28,00~ 

dpm. 
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the experiment were qu'it.e 10w (due ta the presence of l 
adrenaline and the low substrate concentrations) it ~,. 

';1-difficult to quantitate th .. accurately. 
, ' 

Indamethacin (10-5 H' inhibi~ed the forma~i~n of bothl , 

eonohVdroxy pr.oducts (97 X) and trihvdroxv product. (59%" by 
. 

particulate fractions which Nere incubated, Nitb [1-~.C~lB:2 

in the presence o~ methemoglobin '(10 ~). . ; 
!> 

(b) "-taboli •• o~ 13hp-1BI2 

The ... tabolism of the trydroperoxy inter_diilt •• formed 

from IB:2 was investigated, but the results Nere rather 
" 

inconcl'usi ve. In one .xperiment." 13hp-[ 1-14Cl1B: 2 (2 x 104 

" 
cpm, 10 ~), prepared fro. ~ovbean lipoxygenase, wa. 

incubated for 2 min at 37 oc under varying conditions. 

Incubation in th. presence of a particulate fraction frOtn .. , 
f.tal calf aorta, without Any è:ofactors, resulted if) 

1\ 

èonver.ion 
, 

to 13h-1B:2 (,..jor product) and 130-18:2, a. .... 11 

as epoxyhydroxV and trihvdroxv products (Fig.26A). A p.ak 

<approximately 15 ~ of added substrate) .lûted in th. 

position of 13hp-18:2, on NP-HPLC, which .. V repre.-nt-------- \ unconverted substrate. The chromatographie profil. 

(Fig.26B) obtained after incubation of a boiled particulat. 

frac~ion with 13hp-Ll-t4C11B:2 was almo.t identical, 

Since.meth •• 09lobin had been üsed in same 

incubations (see 3.2;1.) its affect on the metaboli •• of 
. 

'l3hp-1B:2 was ~lso investigated. HethemoglQbin (10 uM), in 

/ 

o 

, ) .. 
&uffer" in the absence of a particulate fraçti.on, c:atalyzlfd 

the formation of axa, monahydroxy, epoxyhydroxy an~ 
1 

, , , 

, 
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13hP-18~2/partlè:ulat. frectlon 

eh- 18 1 
Ih-18 1 
t-·' 

13hp-18:2/boU.d 

partlculet. fracUon 

13hp-18:2/meth.moglobln (10pM) 

.. 40 

TIME (min) 

13hp-18:2/buffer 

·60 / 
80 

/ 

~i9.26. "-tabali •• of 13-hydraperoxy-9.11-octad.cadienaic 

acid. 13hp-[1-~.C]lBc2 (0.011 UCi. 32 n.al) wa. incubated 
/ , 

at 37 oC for 2 .in with (A) a fet.l calf aarta particulate 

fr.action. (Dl a boiled fetal calf aarta particulat. 
" 

fract;.pn. '(C) buff.r cootainino 10 û"I' .... th.IIlQQlabin. and (0) 

with buffer alone. The incubatians were terminated with 
1 

ethanol (2 vol) and products ~e e~tracted U5in9 DOS , 

nor.al-phase HPLC usinQ a ~il. pha •• consistino of 4% 

• 
,.501 vent B in .olvent A !or 30 .. in fallowed by a .} ill.ar 

.. 
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1:rihydraxy produo1:s from 13hp-lB,:'2 CFi,g.26C). The prof,ile 
: 

of pr~uc1:s'"as quite ~iff~~en1: from 1:ha1: of' P4rticulat@ 

fraction, ,howe~r, with conside~.bly larger amounts,pf 

.p.oxyhYdro.x,~ 1fan~ 1:rihy~r:DXY ,prod~c~S. being' for",ed. t\ 
, 

cantrast, ~~en 13h~~le:2 was incubated ~n buffer alone 

(Fig.26D) ver;-y l'itt..le degradation occurred. Most: of 1:he 

hYdrOperbxide (àt X) was recàvered, inta~~ _ftér incuba1:ion 

and extrac1:ion. Thus jt would appear that 13hp-lB:2 can be 

'conv~rt.d non-enzymatically.1:o axa, mon~ydroxy, 

epnxyhydroxy and ,trih~r6x~ ,products by particula1:e 

fractions from aorta~ Ho"ever~ Ne cannot rule out the 
• "D~ 

possibility)"that 50,,", of these reaction.s also occur 

.. . 
exalllple, prost~glar:td'in -.ndoperoxidé syn1:hase, has per.ox.iü.se 

ac:1:ivi,ty, and could be partially respDnsible for 1:he 

conversion of hp-lB:2 ta monohydroxy products. 

(c)'Canversion of eh71Bll.to "th-lei 1 , 
. 4 

ln èJrder- to invl!5tigate the mech~is. for the CQt'lversi,on 

• of epo~yhydroxy produc1:s to tr~hydràxy products, 9,1~11h-
/' 

[l-:l A ClIB:"l was synthesized by incubating [1-:l4Cl.18:2'with 

particulate fractions from fe1:al caif aorta.' 9, l~-l1h-['l":' 

~"Clle~l was then in~ubate~ w1th ei~her 'boiled'or ~nbQil~ 
" . 

particulate Dr' loO;06~ ~ ~ 5upernatant fractions tr.om f.tal 

.. 

talf aarta for various ti_s (FiQ:'27) •. Bath ~he partiç~i.t!! 

(6 pmol/~/mg protè~n) .nd the superhatant (?7 p.al(h/Mg 

'9 protein) f"'acti~"s c;onv~t~ 9,10e-llh-H~:1 t'o 9.10,11th':" 

, , 
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> 
i=,' .~. . . OH. u 
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.. 0 
ëi 
ct 
a: 

0 

HO _ ft2 
. . 

0 

19,10,11~th-18:11 

0 
0 15 30 45, &0 

JIME (mIn) 

ta product,!. (9'tld,11th-1È1~I;Oand •. ~ '~n 'the'prelienc:e of 

partic;ulate ( ;ej.> and cyt.osollc (---;0;0) 4=ractlons (0.5 - '. . . ' .... .; . '. 

ml) from fetal c.lf aorta. No conver510n'o~ product ~ was 

obser:-ved Ih .t,he prese'lce of bOlled partlculate. <.>- or 

cytosol!.c (A) fractIons. 9,10e-l1h-(1-14CJI8:1 (4100 cpm, 

57 pmol>, prepared as described ln the text, was Incubated 

\.. .) 

wl,th the above fract~ons for varlOUs t1mes, at ~7 oC. The 
, 

produc,ts wer,é e\tracted, ahd anaJ.yzed 'by norn:al-phare HPLC. 

~he proteln con.çentratlons o4=·the par.tlculate and cyto~oltc • fraétions were 4. 1 and LJ mglml, respectl vel y. Ali-values 

Are .ans of dupl ic.tes and have been cor'rect.d for r'ecpvery. 
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incubë)ltion " however, 9, 10e,-11h;"J,.B: l ,was" not, metabol i zéd, 

suggesting t~at its ~onverSlon to 9,,10,11th-18:1 is 

'1 catalyzed enzymatica,lly by an epo)(id,~ hydl""olase in aorta. 

AC 

~.2.6. Effects of Substrat. ~onc.ntration on th. Formation 
of 18:2 Metabolites ~ 

• At low concentrations (18 UM) of 18:2, the amounts of 
/-

products formed were ,in the order, ~ (9h-18:2) > b (13h-
o 

18:~) ,> f+9. (9,10,13th-18:1 + 9,12,13th~18:1> > ~ (9,10e-
" , 

I1h-18:1) = ~ (9,10,11th~18:1) (Fig.28). The proportion of 

18:2 cOhverted to each of the products declined ~ its 

concentration was raisèd •. Some products were -more aff'ected 

-than otHers, however, and at higher cOAcentra~ions of 18:2 

(125 ~) the amounts of products formed were\~n'the order, c 

'_r' 
> f+9. > ~ > ~ >~. Raising tne concentration of 18,2 from 

Ç), 
, 

18 to 125 ~ increased 'the~ombined amount of epoxyhtdroxy 

and trihydroxy produ~ts from 23 to • of , 
yproducts. _ This'may be presumably due to saturatipn 

peroxidase component of prostaglandin endoperoxide synth 

~result4ng in decreased conversion of Çhp-18:2 and 13hp-le:~ 
.. •• • 'f! • 

to monohydroxy products, and Increased formation of 

~poxyhydroxy, products (Fig:22). 

The amount of e (9,10,11th-18:1) formed àoes not increase' -- , ~ 

/-'~ 

when the concentration of }8:2 is'increa~ed from_'12S tO,374 • 1 

., 
~, whereas the amount of its precur~or, ~,~contin~~s to 

• 
increase. This is probably due to saturation of the epoxid~ 

, hydrolase which converts d to e. 
.J , 

) The k}m and Vmax valltJes for the conversion. of 18:2 and 
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Fig.28_ Effects of substrate concentration on the formation 

of 18:2 metabolltes. Partlculate fractions (0.5 ml) from 

fetal calf aorta were lncubatéd at 37 oC with [1- 14Cl18.:3-
/-

(0.48 ,.LI) and varylng amounts of unlabeled 18:2 fc{r 20 IIlln. 

The amounts of products were determl ned qy NP-HPLC ~ 
descrlbed ln the legend ta FIg_ 12. AfÎ values are means of 

dupllcates and have been corrected for recovery_ 

/ 
/ 

, 
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20: 4 to products were deterlllined from Lineweaver-Burk plots' 

(Fi g. 29> • ln this e~periment the total amounts of polar 

metabol i tes formed from each substrate ... er:e 'lIleasJ~. It 

was possible to use a longer incubation tlme for -18:2 -0.5 

min> than for 20:4 (15 ~), si'nce the,rate of oXYfnation ff. 

18: 2 remained 1 inear for a tnUch longer period of ~ (;ee 

1 

Flg.21). The apparent Km values obtained for the 

oxygenati'bn of 18:2 and 20:4 were 442 and 48 1i1", 

respectively. The ;apparent V~~x for 18:2 was, 0.61 

nmol/mln/mg pr~eln, whereas that for 20:4 was 2.7 

nmol/mln/lIlg proteine 

3.2.7. CO!I!petitive Inhibition of 1812 and 2014 Oxyg.n.t,ion , 
Enrichment of: endothelial cells with 18:2 has beeo 

0\ 

reparted to result in inhibition of PGI 2 produc~ion by these 

cells <178,179). In arder to determine ... hether 18:2 ~ould 
ÇI 

compete ... i th 20: 4 for prostaglandin endoperoxide synthase in . ~ 
aorta, [1- 1 >4Cl20: 4 (0.2 J"Ci, 13.8 1i1> ... as incuba~ed ... ith· a 

particulate fraction fro .. fet,al calf aorta in the presence 

of various amotÏnts of unlabeled 19:2 (Fig.30>,:' Under thli'!se 

conditions, 18:2 ... as not a very potent inhibitor' of the 
Q 

~ metaboll sm of 20: 4, the highest concentration (357 JJI"I) 

\) , 

resbl ti ng , in 43 'Y. i nhi bi ti on of the formation of 6-oxoPGF:I. cx. 

'0" the other ~and, 20:,4, CID$-o , 10 J,#t) was',a much\mor~e potetl.t 
, , A 

inhi bi tor of' the formati,on of 9h-18: 2 and 13h-1B:: 2 froft) [1-

. , 

1 ~C] 18: 2 (1 5 ~)_ lhe formation bf the trihydr9xy 18:1 

i-somers was inhibited to 'a much lesser- extent, prob.bly due 

tG the s~turahon If peroxidase by PGG2 !Bnd ,15hp-PGI:! for*ned 

, 
," 
" , 

" 

, ' 
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F1C~.,29. Lln ..... ave:r-Burk plots for th~onversl,on of 18: 2 (e) 
LI: . 

.and 20: 4 (0) to 0)( ygen<iilted metaboll tes by parti cul ate 

fl"a~tJ, ~hs froc;n't,Jetal cal'l aort.a •. The t'otal, amounts of 

metaboll tes, forIIIed from each substrate. were determlned as 

Qescr 1 bed • n the 1 egend ta Fig _ 21. . The 1 ncubat 1 on ( .. mes 

wer.e 15 s for 20: 4 and 1 .. 5 m1n for IB:2w ! 



Il 

FiO.30. Effects of 19:2 on ~h ... ~abolis. of .[I-t4Cl20:4 and 
• p 

of 20:4 on the metabolisM ~~ [1-S~Clle:2 by particulate 

fr .• ction~ fram fet.d calf .art •. -[1-1~Cl1S:2 (0.41 ,.ci, 7.5 
\ 

n.al> alon~ with various a~ount. of unlabeled 20:4 (.,.) or 

[1-14C120:4 (0.20 ~i, 6.9 nmol) .long wit~ varlou~ .moun~s 

of unl.beled 18:2 (0) Here incubated "i~h particul.te 

fr.ctiQns (0.5 ml) from fet.l calf aarta for ·20 min at 37 
, 1 .. 1 1 

oc. \ . , 

6-oxoPGF.« (0) wa~.mè.sured by ,NP-HPlC ~sing a linear 

gradient between 4~ solven~ B in solvent A and 1007.' sol,vent 

B over 40 mIn. The monôhydroxy (~+~,.) an~ trihydroxy . 

~+f +.9., .) metabali tes, of 1 B: 2 wer. measur:ed by NP-HPLC .5-
.~ , 

. described in, the legend ta FiCJ.12. AlI valués have, belen 

corrected for recovery using [3HlPGF.« as an iriternal 

st~d ~nd ~re the ~e~ 
metabol i tes formed Î'n the 

The. amoun't ~ cH 

contrais ~ere: ~-axoPGFt« (1.0 

nmol)! monohydroxy metabolites of' 18:2 (0.17 nmol) and· 

trihydroxy .... t.bol'tt •• 0"'-1'9:2 (0.011 riftlOl). 

" 

. ' 

-_. 

, , , " 



, : 

. .. 

(' , 

, ' , . 

-122-

, '100 .­
...... 0 ....... ;. , .... . ........ ' '. 

. '0....... ..... . ,"" . 
1 

..:.J 
,0 
a: 
1-z 
0, 

1 
l, . , 
• 1 ~ 1 ~ 
1 

........ 
, ··· ........ ~-o x oPGF 1 d. 

....... '\ 

'. 

o 

, 
1 

, 1 
1 
1 

- " fi. 50 1· 
. ''-', .,' 

.. 1-" ',. ~ , . 0' , ' -, 
. ~ - ~" 

" . ...,.. \ '. 

Q \ .: 
o \ 
0:.' . . k, . 
""-- ..... 

-.. ....... .... ....... ........ 
l "~ '" •••• 

, ...... - , .... _.' 
. ',---_______ , h~ 1,8,:2 . . , ..._--..... 

··• .. 0 

, , -----~ ...... 
::. ,'. 0 L....-_--r-----,.--------Ir-----.,---I 

, ' 

.0 ", 100'~, 200 300 

, , 

. .. [t 8:2 or. 20;4] (}JMi 
, . , 

.' 

.. ' 

Fig.30 •. 

. . . . 

• • t 

.'.400 



" 

(. 

" 

. - . 

( , 

' .. 

. -

-123-

fra. 20:4. Thu •• a. the concentration of 2014 Na. 

incr •• sed, th. proportion al 9hp-1B:2 and 13hp-1S12 

- •• tabolized ta th. carr .. ponding ,.onohydroxy products 

d.cr ••• ed, r •• ul ting in div.rsion ta th. epàxyhVdroxy-

trihydraxy p .. thw.y (see Fig. 22) • 

3.2 .. a .. Id..,tification of ttetabolit_ fer'" fra. EndaatInGU. 
1812 R.l .... by 911c:_ of F.tal calf Aort .. 

Slic.s o-f fet.l calf .art ... ...,.. incubated in Krebs-Rinv.,..-

_diu., cantaining 15 ..... Tri.-HCl, pH 7.4, with [1-".ClI812 

(2.6 ~i, 0.048 J801) f.,,- 60 .in at 31 oc. This AfIIdunt of . " 
r~dio.ctiv. substr.t .... ~ not .ufficient t.o int ..... f.,.. Nith 

" 
the ...... spectra of product •. for-.d fra. endogef1ous 

'unlabeled 18:2, .. nd ,..de it possible to det.c:t th. 18:2 

-...taboli,tes during HPLC. Th. r .. dio.ctiv. product ......... 

eX,tr .. c1Mtd and puri-filld by nor .. l-ph._ and arg.nt:..tion HPLC 

•• d •• cribed above for prDduc:ts iaolatlld -frQfll particul.t. 

fr .. cti ons. Each fraction waa conv.,-ted ta i ts _thyl est.,- • 
• 

1 

"'3S1 ~the,.. d.riv.tive ,and analyzed by GC--t1S uai.ng ........ l.tt 

Pack .. rd 59858 i natruMent. Nhi ch repeti ti v.l Y.scanned the 

column effl,u,.nt. As shOlolln 'in T.bl. 5, ail the praduc:t. 

isol.ted fro. particulat:.. fractions, with th. exc..,tians of 

90-18: 2, 12. 13e-l1h-18: 1 and 9.10e-l1h-18: 1, ...,..e identified 

by ~-"S. ·The •••• spec::t:.ra of. -t". pr~uct s 0 con-f i,..-.d th.t 

tt'le carbon. of the.tr carboxyl groups ....... pri • .,..i Iy lZC 

. ' 
fram endogenous substr.t. ,.ather than froa the nevlivible , , 

.Mount of [1-.... C1IB:2 add_d (o-f whic:h th. carbon of ,the 

,carbo)(yl group w •• nearl y 100 'X 1 .. C). ln .ach ca •• the I)a. 

.' 1 
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TABLE 5 

O!YI.aat.d ".taboltt •• of Endog.nou. 18.2 Synth •• iz.d by SIte •• 
of F.ta1 C.1f Aorta 

Slien of ht.l qlf .ort. ... r. incub.t.d ln krebs-Rlng." Tru 

-t'lIt. Th. produeh ... ,.. pu,.ifud by HPLC and ld.ntifud by 6C-"5 • 

Product . ' 
e/% v.~ues of •• Jor lons 
d.hcted • 

13h~19:2 (b) 192,~q,22S 

9h-18:2 C;) 382,367,~S~t3119225 

9,lO,llth-19:t (!.. S:O,HO,361.'.E!.,2S9,113 

9,rO,llth-la:l,+·9,12;13th-l~:1 (f.. Ir. g) S45t460,397,301,~59fI73 

• The b.s, peak 11 und.rl1n.d. 

. ' 

1 

. '-

'" 
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Ion monitored 
(m/~) 

\ . 173 
>-

2'59 J--U) 

30'1 Z 
'W 

460 
J-
Z - .. 

TIC 

1 2 3 4 5 
TIME (min) 

FiO.3t. "a •• frag .. ntogr .. of fraction' Q (9~lO.13th~1,lt. + 
, 

9, 12. 13th-1B: 1) farftNld 4rOfft end.,genous .ubst:ra1:_. 
. ; SI ic •• of 

fetill calf .a~t.a (20 9) were incubat...c:t ,Nith [1-S"C119:2"<for " 

60 min .t 37 oC' in I<reb.-Ringer Tr'is medl.um. The products ' 

were purified by HPLC ~d.an.lyzed by Ge-MS using a ~l.tt­

Pack.ard 59SSB instru..nt. TIC. total ion cur~ent. 

'.., 
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chromatographic profile of the major ions of each o~ the 

compbunds in Table 5 )howed' a peàk with • t~ identical to 
. 

that for the corresponding compound formed from exo~enous 

substrate. This is-illustrated by. Fig.31, Whlth shows the 

pro~iles ~or ions with m/z values of 173, 259, 301 and 460, 

as weil as the total ion current for the methyl ~ste;-, Me3S,i 

ether derivative of the material in fractIon g,'which was 

formed from endogenous substrate. The 1dentificaticn of the 

endogenous products as a mixture of 9,10,13th-1B:l and 

9,12,13th-18:t was further supported by the complete mass 

spectra which were recorded at 2.4 and 2.6 min. 

Dxygenated metabolites fcrmed from en~ogenous'20:4 and 

20:3 by aorta have pr~v16usly been det~cted in our 

laboratory using a similar method (254,256). 

3.3. Quantitetion of OKY9en.t~ PUFA Metabolit •• R.l ••• ~ 
_ , i 

by Aorte ~ 

Previous wOr"k fr.om our latloratpry (254,256,257) and data 

pre~nted above have demonstrated that a variety o~ ~atty 

acid hydr~erOxides are formed during the metabol1sm of 'PUFA 

by aarta. \hese products could have inhlb~tory effects on 

the synthesls of PGI 2 , 1f net rap1dly metabol1zed. Sy 

mea~uri~g the monohydroxy and ~rihydr~xy products derived 

~~om fatty aC1d hydrope~oxldes, a rel table assess~ent of 

the1r amOt.lnts, within vascular tissue may be obtained. " 
. , 

It was-not poss1~le ta quant~tate the endogenous 

monohydroxy and tr1hy~roxy products described above by GC~MS 

because appropriate lnternal standards were not availabie. 
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To this end, we decided to est&blish a suitAbI. ac-MS •• say 

for quantitation of the major OKygenated Metabolites Qf 

20:4. 20:3 and 18:2 produ'ced froln' shices of vascular tissue. 

Tc attempt ta measure appreximately 10 different 

oxygenated PUFA Metabolites fro .. a'sinC}l~ inc'ubat.ion of 

vascular tissue slices ln a reprcducibl~ manner poses quit. 

a f ornl! dab 1 e task. Obvi ousl y, there are many ways of 

approaching this prob~em., The Assay sy~tem that has been 

developed here has fried ta minimize workup and aoalY!'ls 

time white at the same time attempting ta maximize 

sensi.ti,vi.ty· and ,specificlty and te minimize potential 

~ources of interfer~è:e • 

3.3.1. Develop.."t of a l1ethod for- the. Quantitation 
of_~Y9.nat~ PUFA Metabolite. 

Aobrief step by step procedure of the assay is'outlinad 

below (see Methods and Fig'. 5 for further detai 15) • 
<. 

, 
1 ) 

2> 

3) 

4) 

incùbation of vascular slices in pttysielc)C}lcal' medium 

removal of 
, " 

medium' a", di vision lnto pàrts A ànd B in a 

1: 3 raÙo 
(~-

addl tion of InternaI standards to part A (deuterated PGEz • 

th-19: 1) 

extraction of samples with 

part B~~19:2, 

ODS sil ida' 
5) methylatlon of carboxyl i~ aci~s in part S' 

b) HPLC separation of products in part A (PGE2 and b-

oxoPG~,«) and part B (g~oups containlng (i) monohydroXY 

and (i 1)' trihydroxy products) 

7) derivatization ,of samples 

8) Ge-MS with aselect~d .ion moni~orinC} \ 

'. 
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Quanti tation of the products from 'Part A (6-oxoPGF ~CI and 

PGE 2 ) was qUlte stra~ghtforw.rd,'since the approprlate 

deuteri~-labeled Inter~al standards were a~ailable. ~ The GC 

sta~ionAry phase (SP2250 3~) used in these studi~s was not 

'capAble of separat:~ng b-oxoPGF tq and .PGE:z.. Therefore ..... a ~p-
.-

6 
HPLC step was reguired to separate these prostaglandi ns 

pri or td GÇ-MS anal vsi s. ~fter sui table derl vatlZat~ on 

(m@thyl ester, Me3Si ether, O-methylo~~me derivatives> ions 

.. ~ M-31 were moni tored for each compound (598 and 602 for 6-

oxoPGF~G and its tetrad.uterated analogue (Flg.32A); and .508 

and 512 for PGE2 and d~-P~E2 (Fig. 328». -. PGE 2 eluted as two 

peaks (svn .and anti O~thvlDxime isomers) ~pon GC"ana1vsis , 
~ 

(275). The second larger .peak was used for quanti tati on 
" 

purposes. 

3.3.3. Quantitatian of PrcKtucts in f:>art B 

} 

In arder to quant~t.te monahvdroxy'and trlhydroxV. PUFA 

.. tAbol i tes in part B., correspond! n9 analogues synthesi zed 

from nonadecadienoic acid (descrlbed in Methods> were used 

as internaI standards. 

NP-HPLC was used to separate monohydroxy and trihydroxv 
.. 

'products Into,two groups (I.e. resolution of Indivldual 

products was'not-optlmized). At the same time enough 

separation of the monohydro~v products from the solvent 

front and·early eluting centaminants (e.g. frae fattv aClds 

-'and BHT) h.ad ta be malntained. "" 

: L. 
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( 
) 

B 

A=113 
A =30 13 

602.1 
... 

v 512.1 

~ 

."... 

• 6-oxoPGF1 ci. PGE2 
• w' 

~ A=450 

A=113 
1 508.1 

5"98. 1 

1 2 3' 1 2 '3 -, 

lïME (min) 

Flg.32. Selected Ion çhromatograms of the trlmethylsilyl 

ether y Q-methyloXlme, methyl ester derlvatlves of <A) 6-

J 

oxoPGF ta and <B) PGE 2y alDng wlth tMelr tetradeuterated 

analQgues • 
.) 

, . 
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\ 

--t-.Itt MOl')Ohydroxy PUJ7A met.bol i tl!'!I - , 

The products analyzed and quant1tated from the 

monohydroxy reg10n (tR·s between 11 and 17 m1n on NP-HPLC) 

were: 12h-17:2, the major oxygenated metabolite from 20.3 ln 

. ~ \ 
bov1ne aorta,. 12h-17:3, 9n-18:2. 13h-18:2., 1:J-,h-20:4., 12h-

20:4 and 15h-20:4, along with the 1nternal standard., 14h-

19: 2. These products were hydrogenated and pa~t1ally 

separated by gas chromatography 'dur1ng analysls by GC-MS 
. ~ , 

(Flg.33) • .As a result of the hyd,,:,ogen.-taon there was little 

- , 
or no interference between the dlfferent hydroxy-20:0 

lsomers. or th~ hydroxy-1B:O lsomers. For each c;;ompound a 

pë:!ir of major lonS compatible with a fragmentatlon on either 

si de of the carbon atom bearing the OTI'1S substl ~uent, 

resulted. The only problem was that '12h-17:-2 and 12h-17:3 
'" 

could not be dlstingulsh~ from one anether by this 

procedure. In prelimlnary experlments, ln Whl~h the 

mon,?hydroxy fatty ac:;,i ds were not hydrogenated., the amount of 

12h-17:2 was estlmated by the Intenslty of ~he molecular 10n 

at m/z 368, af ~er subtract ï ng the' cal cul ated 1 ntensl t y o-f ... , 

the M+2 peak at m/z 368 for 12h-17: 8. In thi s ..,ay. the 

ratio of 12h-17:2.to 12h-17:3 was determlned to be about 1:~ 
• 

for fetal calf aorta, and about 1:8 for rabbit aorta. AlI 

data presented i: n thi s study represent a cpmtu ned total of 

12h-17:2 and 12h-17:3. 

(b) Trihydroxy PUFA met.bolite. 

The trl'hydroxy r~ion (t,,'s be~ween 43 and 44 m1n on NP-

HPLC) cont~lned th-IB:I and the internaI standard~ th-19:1. 
~ 

l 
i 
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'SElECTEO ION CHR'OMA ~OGRAMS' O~ 
O~R·I.VATIZEb. MONOHYOROXY F~TTY ACIDS '.'. 

STANDARDS 

14~-19 0 

A:4' , 5 

PROOUCTS RELEASED FROM 

'DUCTUS ARTERIOSUS Ion 
mOOitorcd' 

.-' 14h-190 

&:5482 , 

~ ______ -- '-________ 329,2~ ____ ~~ '-------•. -

. , 

f 

, 
13h-t80 

A:2762 

9h,- 18'0 
f 

Ac,591·5o'2-

l2h:.11.0· . 

4 

&:250' 
'---- 34 3.2 ~_--__ ~ 

lt"-200 l1h-20'O 

A;:6 2:'8 

2B12~~ ________ -J .~---

3152 

259 2 • ..."---,,,-.J \.-"'-___ .... 

J 2h-17'O 
i.~.h,-20'O 

&:1285 

, ' 

173 2 """", -..j~-O_~ ..... ....L:lIt---. 
5 _ ~ 6 4 ~ .. 6 

lIME (min) 

. . 

Fig.33. Sele(;ted iQh chrom4t.ogra-.s·'of dftrlv.t.lzlj!d (hydrogenat~ •. \ 
~ l', ' -

tr~methylsilyl ether. methyl ester) .onohydrbxy I.t~v .cid •. 
.. . , ,'. /, 

A mi _loure of stànd .... ds <I~ -~~ ~~- ... ~t1;, l"ft Sid .. i-d 
monohvdroxy products rel~ased fro. an incubation Q~ f.tal 

, l" ca-If .-.orta ductus .rt~l~suS sllces (rlght,slde), .1,on9 with, 
, " \ . 

, 
j 

the '1 ntern~l standard. 14h'719:2 (200 ng). are displ.yltd. - 'A," " .. , '. 
' . 

peak area. 
, . . . 

. , 
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{ 
{ 
\ ' 

Th~ th-l8:l which was measu~ed was actually a mixture of 

-9,10,l~th-l8:l and 9~l2,13th-18:1, while the InternaI 

standard was cl mixture of 1()~ ~ 1, 14th'--19: 1 and 10,13, 14th-

19:1 (approximately 1:i.~5) (FI~ .. 34). The th-18:1 employ.d 

for the standard cu~ve waè syn~hesi%ed from fetal bovine 

aorta and contalned.9,10~13th-l~:1 and 9,~,13th-18:1 in a 

ratio èf approximately 2~5:1. For th~sé studies, It has 

been assumed that this ratio remains falrIy constant. If 

syntheslS by aorta differs·signifièantly from the 2.5:1 

ratio of' 9,lO,13th-18:1 to 9,12,13th-18:1 there could be. 

signiflcant errer ln the absolute amounts calculated since 

the fragment with a m/:z value of 259 IS much more abund,-nt 
" ,-'4A 

for 9, 1~,13th-18: 1 thao 9,12, 13th-18: 1. F"" example, if ( 

muèh more 9,10, 13th-18: l ,is ~J~theslzed thao 9,12, 13th-18:, 1, 

the ratio of the Intensity of the Ion at ~/z 259 to 273 is 

i~creased wltb respect to the ratio obtained from the 

'standards used to oonstruct the standard curve, and there 

will be, th~efore, an overestimation of the th-18:1 
1 _ 

products synthesized by aort4_ Preliminary experl~nts 
, , 

Indicated th.t bovine and r_bblt aortlc lipids contained an 

- "-
çproxl .... te 2~5:1 ratio of 9,,~O,13th-18:1 ta 9,12,13th-18:1. 

90th th-l'8: 1 and tH-19: l' gave sotaewhaf. assymetrlcal peaks 

3.3.4(" Standar.d Curv .. i~ Quantit.tion of PUFA .... tabolit .. 
, '. 

~tand~d Curves 'weré constructed after analyzing .ixtur.s 

'of Internai standard (200 n9) .nd (bff~ent a.ounts (0-200 
~ 

ng) of elth.- lftOflohydroxy (F'lg. 35A>, trlhydroKY (Fig. 35B) 
t 
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SELECTED ION CHROMATOGRAMS OF 

DERlVATIZEO TRIHYDROXY FATTV ACIDS 

STANDARDS 

th-19: 1 

A:4652 

273.2 

th-18:1 

A:9609 ~ 
259.2 

1 
173.2 

2 3 

A 

PRODUCTS 

RELEASED FROM 
RAT AORTA 

A:3145 

273.2 

259.2 

173.2 

1 2 3 

TIME . (min) 

PRODUCTS FOUNO 

.J\ IN O,",ctus 
ARtERIOSUS LlPIPS 

A:3972 

1 2 3 

Fig.34. ~~ted-ioo chra..togr ... O~ derivatized (tri .. thylsilyl 
/' 

ether ~ _thyl I!StV) trihydroJCY fAttY'Acids. Left s,id.: 
\.. 

st.ndard t"'-18: 1 <,200 og). Centre: trlhydroKy products 

released frem aorta. Right slde: trlhydroKy products in 

:fetal calf ductus artl!riosus after aU(Aline hydrolysis of A ~' 

chloroforml.ethanol extract. Thé InternaI 'stAndard th-t9:1 

(200 ng) was Added to e.ch .A.ple. 
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o. '18:2 and 20:4 Ily GC-t1S uSing selècted ion 

(200 "g) and dlfferent a.ount. of 9h-19:2 (.4---..." 13h-19:'2 
l ' 

1 l~ (e--1." llh-20:4 CM Je', 12h-20:4 (0-0>, 15h-20:4 (A,-.6,) 

and ~T (~--It were treated a. 'descr1 bed ln FIg.S. The • 

ratio "of' ,t.he area" fat;' the IonS 

l , , 

(1:$fl-18:2'. 297 Cllh-20:4)'. 301 

At .1% 259 (9h-la:2), 315 
\ 

(12h-20:4>. 343 C15h-20:4' 

and 301 (HHT) to that for the ion at ./~ 329 (14h-19:2) ~e 

plotted agAJnst the a.aunts of .anohydroxy 1a:2 or 20:4 

1 

prOducts ln e.~ of the sampl~s. 

(S) Standard curve for the quantitatldn of th-la:!. ".xtures 
, '.~ 

of the Intern.1 st.nd,;ard, 'th-!9-:1 (200 ng), and dlfferent' 

• .aunts of th-la:1 (syntheslzed uSlng fet.l calf ~orta) were 
'\ ' .. 

• 1 
treated as descrlbed ln FIg 5 The ratIos of the lntensitles 

of- ttte;i0 sf~t ",/z 259 ,(th-~B:'l:) to those at fft/~ ';7~ (th-

19:1' e plotted agalnst the ..aunts of th-Ia:1 ln the 

mIxture. 

" 
, .... 

.. 

• J 

r' 
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rttgular • .,..ples ta ,C.on.fir:fII that thi.'. st'." wa. reproduCtible. 
. . 

Standard' curve ..... re 1 in.ar av"" t.he rAtujJ. t._t.1Îd (0-200 n9 

.far .anahydroxy and t,-ihydroxy prodw:t.. and 0':"500 n9 .for 
"' ~ ~ t 

6-axQPGF~a). Peak are.s Nere eomput.ed using th. Hewl.t.t.-

Packard computer and the ratio of MOnOhydroxy prqduct. 
, .. ~.~, 

, ' 

trihydroxy product or PG t.a internaI, standard Mas c.alculated 

and plott.ed against t.he aMOUnt of added .onohydroxy. 

trihydroxy or PG ~tandard. 

3.3.5. Quantitation o.f Ot:h.,.. PlFA ... tabolit._ = 
ln preli.inary .xp.ri-.nts wi~h slices of rat, rabbit .an~ 

bovine aort.a, an at~empt was'.ade ta detect and to 

quantitate ot.her oxygenat.ed ~~ •• t.abolites a.f 20:3 and 

20:4, in addit.ion t.o.the afor..entioned ones. Th. 20:4 
, . 

,metabal'ites sought. ....,..e: 5h-20:~, Sh-20: 4" 9h-20:4 and ,th-

20:3 (bath 11~12,lSth-2013 and, l1,14,lSth-20:3).' The , , 

.. etabali te. of 20:,3 whic:h were ",ea.ured .,.,.. PGE 1 and th-
r 

17'~ 1 (i .onters o.f S,Il, 12th-17: 1) • 

. In Qrder ta quant.i tata 511-20: 4 produced by rat. aortie 
~ . ~-..",.."""'. 

slice., octadeuterat:1!d 5h-20:4 wa. u'Sed as an internaI 

standard. The 4eut.er.ted .n~ non-deut.erat~,Sh-20t4 Ma. 
then puri.fied by NP-HPLC. !he ,_thyl ester, TMS ether 

derivat.iv •• NItre for.ad and ions at 30S and 313, 

eorresponding t.a Sh~2014 and deut.arated 5h-20:4, 

.respectlvely, were'monitored~ The a.aunt of Sh-20:4 
. , 

praduc~ by rat aort.a was bala ... the li.it~ of the GC-"S 
t 

.. 
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, To quantitate Sh-20:4 and 9h-20:4,produceè by,rat and 

rabbi t aort~ ~l i.c"" lOh":'19~'2 (pr;ep .. r"d a. de.criblKl in 
" 1 

"-thod. saètion for" 9h-1B:2) Na ... dded a. an intern .. l 

-
.t .. ndard. A fr .. ction corresponding to this group of 

.,.,ahydroxy product. ....... obtai:ni!d .fter NP-HPLC ... Ion. at 

. 
• /z 255" 265" Àn~ 396' ~e lItoni torecl far t.he _~hyl e.ter, 

1"5 ether derivatives of 9h-20:4, Bh-20:4 and lOh-19:2, 

r.spectively. Bh-20:4 (2-5 ng/9 tis.ue) N"S det~ted' ln 

SOMt sa..,les obt.ined f·ra... rat)bit .. art .... ' 9h-20:4 Nas not 

In' our laboratory, both 11h-20:4 and 15h-20:4 had been' 

previ ous1 y fàund ta be synthesi zed fra. endogenous 20: 4 by 

f.tal calf .. ~ta (254). 'Their putative inter .. ecUates, I1hp-

20:4 and 1.5hp-20:4, r.lIPecti~elYt "lght .1150 dttgrade to th-

20: 3 _tabol.i tes. . TherefQre an .. ttèalpt Na. .. .. fit. to . ' 

deter.in. i~ these trihydroKY prbducts .. r. synth.sized'by 

aorta. Incub.tion of slices of rat, rabbit and bovine aarta 

and NDrkup of • ....,,1 •• Ner. carried out as de:scribed in 

1· SttCtions 3.3.1. and 3.3.3. (b). Ions at m/z 173 and 273 

<internai st.nd .. ~d" th-19:1)" 173, 283 (11,,12,15-trlhydroxy-

5 .. 8" 13-eicosatr'lenaic acid and 11, 14. 15-t':'ihYdroxy-5,,8. 12-

.icasatrienoie· acid) and 211 'and 301' Ul, 12, 15th-20: 3) ...,. ... 

" eonitored. Durihg' GC-I'IS arwa1ysis no peak cOl'"responding to 
. 

the _thyl. est.er. t"5 eUter derivat'ive of either 11.'12.15th-

-
20a3 (ions at .. /z' 173 .. 211, 2B3, 301) or 11,14,15th-20:3 - , . 
<ior's at ./z '173, 283) Na. otuserved .t .a C,-v.alue b.tNeen 24 

and 25. Mhere these products Woù1d be e~pect.d to 
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chra.atpgraph. Sine. Ne ,did nat have Any standard th-20:3 

then, th.t .ort. synth .. i~ .. littl., if Any, th~20:3 frDM 

.ndogenous 20:4. 

S~a~l .mounts (2-3 ng/g tissu.) of trihydroxy .. tabolit .. . . 
of 20:3 (iso..r. of B,11,12th-17:1) were det.cted in 

incubations frqm fetal bovin •• art. slices. Th ... isa.ers 

.-re i sol"ted in the •• _ .. anner .s th-l B: 1 i .a.ers and ions 

at 173 .nd 446 NItre lKHlitored. The r.tio of the ion .t 446 

(th-17:1)· ta 273 (th-19:1 internaI standard) Ma. cDMputed 

. ' 
and ca.pared ta a standard curv •• Standard th-17:1 wa. 

! , 

prep.red from fet.l bovine .art. particul.te fractions 

incubated Mith exogenous 20:3. 
, , 

We were unab1e ta det.ec::t PGE t fr'oal incub.t.ion. of slic .. 

of fet.al bovine ductus arteriosûs, and rat .nd rabbit aorta 
, 

.. lice incubàtiQflIi (c;let.ection li .. 1t5, ~. 10 nQ/s....,I.). 
1 

ions .t: 474 and· 301 wer. -ani,tored for the tetradeut.,..at.c:t 
1 

, . 
PGE t (Upjohn Co., Kala .. zoo, "1) InternaI standard. 

"Sinc. the .. tabolites .entioned .bove Mere eith.,.. 

undetectable ar were found in very .... 11 ' ... ount.' .ppro4aChi~ 
the limits of Assay sensitivity ~t wa. decided nat ta pursua 

their quantitation in further experi-.nt •• 

3.3.6. Validation af Assay 

TMO major prabl .... had" ta be d •• lt Mith b.fore • routine 

anal y.i. of oxygenat.ec::I .PLFA ... t.abal t,tu frolft v~scul ~r ti ~.u. 
1 

slices could be initiated. The fir.t prob~em "as t.a a •• ure 

( 1 
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• reliable and r.producïble: ••• ay and the .econd "as to 

dete,r .. i'ne the extent of auto~i\dation durlng salnple -workup 

The reproducibility of th. Assay "as tested as follaws: 

fetal ~alf aorta .lices (6 g) Nere Incubated for 20 .in at 
; 

37 OC in Krebs-R'ln<Jer Tris m.diwn~ The me~:bum "'.s separat.d 

fra. the ~~55U. slices and-sepàrated into fractIons A to D 

~. shown in Fig.S. Fractions A (PGs-.. dium)~ B (monohydroxy 
l 

and trihydroxy p~oducts-.edium) 9 C (monohydroxy and 

trihydroxy productso-free _"1 th1f~ tl ssu.) and -D ·( .. onohydroxy 

and trihydroxy products-total products within ti.sue) w.re 

. -
each further divided into 4 equal parts befQre extraction 

with ODS silica SepPaks. Ali 16 fractkons were carried 

separat.ly through the workup procedure (extractiDn~ HPLC 

.~ar.tion. derivatization and ac-MS analysls). Since ail' 

fraè~idns-~e dêrived from a single tIssue slice 

po •• ible •• 0 differences in. the final values should 

accurately reflect intra-assay varia~ce.and thus the 

reproducibility of the a.say_ Table 6 shows the amounts of 

products rel ••• ed lnto the medium, .s'well as the amounts of 

free and total (free + esterified) products 1n the tIssue 

slices. Virtually ail values fall "'lthln a range of ±10 7-

of the Mean. Indicating rèproduclbillty from a 

.. thodological standpolnt i~ qulte satîsfactory. 
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TABLE 6 

.. ü.'ctl on." AlI 16 frActIons .. ere t,hen c.,.rud through the 

tusue (a .. n ! ,S.E.".)' 

~12h-17:~ 
9h-1Bf2 

llh-18:2 

1Ih-20:4 
. '. 

12h-20:4 

15h-20:4 

th-lB: 1 

6-0IlQPGF 1 « 

"edlua 
"roduch 
(Frachons 
A and 8) 

246'!l 

SH1 

2S!O.5 

Il7±6 

8. ltO. 3 

2B!0.5 

3312 

6030t95 

Free Tusu. 
Products 
(FractIon C) 

31H8 

80t2 

4St1 

230!5' 

15.tO.2 

SO!2 

1912 

Tohl huue 
Products 
(FrAch on Dt 

:S86!8 

371t2 

164!7 

lS9!5 

43!1 

96!1 

~.b8!4 

l 
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measurement of oxygenated PUFA metabolites contalne~ within 

• the tissue sllces. These measu~es lncluded: 

1) fr~zing the tissue sllces ln llqUld nltrogen 

lmmediately after Incubation prl0r to workup 

2) pulv~rizaton of the 511ces uSlng a tissue pu~verlzer 

.in an acetone-dry lce bath 

3) homogenlzation o! the resultlng powder at approxlmately 

-20 oC ln argon-bubbled chloroform/methanol (2:~> 

containlng the antloxldant 9 butylated hydroxytoluene 

(0.05 7.) 

4) carrying out the hydrolysls step ln an àrgon 

. 
atmosphere ln 95 7. EtOH that had been degassed 

and bubbled wlth argon 

5) storage of ~amples at -20 oC ln toluene contalnlng 

0.05 7. BHT 9 under argon 

6) extractldn an9 purlfylng the products by NP-HPLC as 
~ 

soon as pOSSible (3 h maximum tlme before ,extraction 
, ~ , 1 

and hydrolysls; 48 h before NP-HPLC). 

The procedure was valldated by measuring the amounts of 

monohydroxy and trihydroxy metabolltes of 18:2 present ln 

rabblt aortlc tissue ln the presence and absence of 

.exogenous 18:2 <1 mg)7 added prlor to homogenlzatlon of the 

ti5sue ln chloroform/methanol <2:1) and hydrolY~ls. Slmilar 

amounts of mono- and tri-hydroxy metabollte5 of 18:2 we~e 

detected ln ~he pres~nce and absence of exogenaus 18:2, 

indicating that it was not substantlally autoxl'dlzed durlng 

th~ workup pràcedure (Table 7). Wh en 18:2 (1 mg> alone, ln 

the absence of tissue 7 was subJected to the above workup 
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TABLE 7 

Totll A.ount. (free +'e.terifiedl of 1Q.2 O~yg.nltlon Product, ln Rlbbit 
Aortl in th. Pre.enc. Ind Ab.eoce of Exog.nou, 18.2 • • 

frozen ln llqUld nltragen, elther I.~edl.t.ly or after l~ubatlon 
~ 

ln Krebs-Rlnger Tris buffer for 20 _ln at 37 oc. fhe frozen tIssue 

, 
O.05~ butyi.ted hydroxytaluene, and the'lnternal stand~rds, 14h-

19: 2 and th-19:1, and, ln so~e cases, 18:2 ( 1 tl9) • The tlaterlal 

the utract 1". s hydrolyzed and the oxygi!nated 18:2 Illet a-b 0 lit e s 

quantltated by Ge-MS. The values .r .. lIeans !S.E.t1. The numbers 

5alllples are 

Sup 1 e 

18: 2 

Aorta 

Aorta 

Aorta 

K , 

(4 ) 

( 3) 

+ 18,: 2 

(7 ) 

glven 1 n brackets. 

j 

Inct.lbatton 
t IIl1! (m 1 n) 

0 

0 
'!l' 

(3 ) 0 

20 

, 
,/ 

ProdlJct Cng/g tissue) 

9h-18:2 13h-18,2( 

" 
77H2 58!8 

27'08 ±75 1993!35 

, 2357t359 1929!66 

2391!423 1995!302 

j, 

1 n 

werfl 

of 

th-18: 1 

41 ! 10 

S23!68 

5"b3!57 

509!bl 

1-
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p ..... ocedu ..... e, onl y small amounts of produt::ts were detected by 

~ 
Ge-MS. 

3.3.7. Oxygenat.d, PUFA Met_baIl t •• Form.d by 51 ic •• ' of 
V.scul.r Ti .sue 

< 

The methads desc: ..... i bed above were used te determ1 ne the 

amounts of 0')1 ygenat.p6 metaboll tes of 18: 2 and 20: 4 produced 

by sllc:es of adult rat, rabblt and bevlne aorta, as weIl as 

fetal bovine aorta and ductus a ..... terlesus. 

(a) Oxygenahon praducts of 18: 2 and 20: 4 formed by 
..... at aorta 

l 

Sllc:es of ..... a'l.,ae ..... ta we ..... e Inc:ubated ln Krebs-Rlnger Tr1s 
........ 

medium, and th~ products were quantltated by GC-MS (Flg.36). 

In some cases, the, samples were, prelncubated for..30 mln 
( 

at 0 oC with indomethacln (1@.4 M) ~c:ross-hatched barlij). 

Far,more 6-oxoP6Fl~ (59ÔO ng/g tissue) was released by ..... at 

80rta than any other PUFA metabolite (open bars). Relatlvely 

small amounts of PGE 2 and 12h-17: 3 were al sa detected. 
""-

Si nc:e 

12h-17:3 was measured after hydrogenatibn ta 12h-.17:0, the 

o ~mount shawn ln F"1 g. 36 represent s the sum of 12h-l 7: 3 and 

12h~17:2, wlth the former p ..... eaomlnatlng (see set:tlon 

3.3.3. (b) ) • 

. The .Major h-20: 4 metaboll te rel eased by rat aorta was 

" 
llh-20:4 (332 ng/g tlssue)~' Release of botl),,,the 11- and 15-

hydroxy"metabolites of 20:4 was inhlblted by ind,?methacln, 

" 
suggè:,ting that they .... ere formed by c:yclooxygenase. Only a 

.'. 
relati~ely small amaunt of the lipoxygenase product~ 12h-, ' 

~O: 4, was detected. The formation of this ~rèduct was nct 

... 

'-' 

, 

l 
1 
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Fi g. 36. Acnounts of oxygenated products of lB: 2 and 20: 4 

synthesi zed by r-.t aorta. Slices of rat aarta were 

lncubated in Krebs-Ringer-Tris medium for 20 min at 37 oc 

and the products were analyzed as described in Fig.5. 

Products released from rat aort. in the presence (cross-

hatched b~..r:s,)-· and absenc~ (OPfi!O b-.rs) of lndomethacin (10-") 

and esterifled metabolites (solid bars) are displayed. T"e 

abbrevj.ptions are: 13h, 13h-18:2; ~h, 9h-18:2; th, th-IB:1; 

HHT, 12h-17:3 (the values for HHT also include sorne 12h-

17:2, as dlscussed in the text); Ilh, '1Ih-20:,; 12h, 12h-

". , ! 

1 
r 

c.. 

<& 

• 

, 

1 
i 
, 
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affected by indDtDethacln. The allounts of .aonohydroxy· 

.-tabolltes derived froat 18:2 were conslderably larger than 
, \ 

~, 
those derl~ed from 20:4. Rat aorta released approxlmately 

equal amounts (ca. 500 ng/g'tlssue) of 9h-18:2 and 13h-18:2. 

Smal1er amounts of th-lB: 1 (ca. 122 ng/g tIssue) ... ere also 

detected. 
,'-

rn addltlon to tne 9- and 13- monohydroxy metaboiltes of 

18:2 detected by GC-"'~ After hydrogehahon to the 
.......... , ' . 

corresponding hydrèxystearate derlvAtives, ... e .also detected , .,. .. 
12-hydroxystearate *" these mIxtures. Approximately equal 

atnOunts of thi ~ product and 9-hyttrox ystearate were present 

"'!'z 
in the fraction of'PUFA metabolites ~eleased by rat aorta, , 

whereas the fraction derived from esterified products~ 

contained about one-quarter as much 12-hydroxystearate as 9-

hydroxystearate. Similar results were obtalned with rabblt 

aorta. rndomethacin did not have Any slgnificant effect on 

the relêàse of Any of the monohydroxy metabolltes of IB:2. 

Huch larger amounts of monohydroxy and trihydroxy 

metabolites derived from 18:2 Nere found esterified ~o 

1 ipiçls (FIg. 36, ~h~ded bars). Smaller 'amounts of 

monohydroxy-20:4 isomers were present in thlS fraction, 

~hereas_prostaglandins and 12h-17:3 were virtually , . 

undetectabl e. 

(b) Oxygenated PUFA metabolites formed by rabbit aorta 

Rabb-it aorta)released mu~h smaU';":--'àmounts of 

cyclooxygenase products than rat aarta (Fi g. 37, open bars). 

Only about one-tenth as much 6-oxoPGF 1 oc was released by,., 

/ 
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,01 
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o '--...L..I __ ..... 

13h 9h th HHT 11 h 12h 15h E2 Go-Fla 
, . 

18:2 metabolites't! , 20:4 metabofites 

Fig.37. Ameunts of oxygenated products of 18:2 and 20:4 

synthesized by rabbit aorta. Incubations were carried out 

as described in the legend te Fig.36. Products released ~ ~ 

from rabbit ~orta~hown bY open bar.s and esterified 

products by solid bars." 
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r'abbi t aorta compared t~ r.t aarta. l"Iuch 5 ... 11.,- ._'t'nts of 

the cyc)oo~ygena5. products, PGE2, 12h-17:3, llh-20:4, and 

lsh-20:4 Mere also detected. Productlon of the lipoxygena.e 

pr~uct, 12h-20:4, ... as also less in'rabbft aorta than in rat 

aorta. On the other hand, comparable amounts of oxygenated 

.. taboli~es of 18:2, both in the free and'esterified (sh.ded 

bars) for.s, were produced by aorta from the t",o species. 

tc) For .. tian of oxygttrlatMl PlFA _tabolit .. bl bovin. 
blood v __ ls 

; 

. Adul t bovtn. -.art. 

Adult bovine aorta Was div,ided into two approximately 

equal layers; an inner layer including the intima and inner 

~dia, and an out.r layer, including the outer media and the 

advent~t~a. Our results confirm previous findings (160,276) 

that the inner part (open bars) of the aorta is more active in 

synthesizing prostaglandins than the outer part ,(hatched 

~ars) (Fig.38Â). Approximately twice as much, 6-oxoPGF.« waS 

released by the inner layer of the aorta camp.red to the 

( 
outer layer.' Simllar results were obtained for PGE2 and. 

8lOnDhydroxy metabolites of ÂO:4 formed, ,bv. cyclooxygenase •. - , 

aDvine aorta exhibi ted very 1 i ttl'e 12-1 ipoxygenase acti vi ty. 

~nlike ctclooxygenase products 'derived from 20:4, equal 
, 

or gre~ter amounts of both free/(Fi~.38A) .and esterified 

". (Fig.38B; solid bars, inner layer; striRed bars, oùter . 
,iayer) o~ygenated 18:2 metabolitès' were formed by the outer, 

," 1 

layer. -&f' bovine aortà., comp~red with the inner layer. This 

r:1,so tru~ +or esterified products derived +rom 20,4, 

l which were probably no~/formed by the actlon of 

, 
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2000 

A 

1250 

500 

250 

18:2 metabo!ites 20:4 metabolitcs 

2'000 r-----.......2,..----;'------~---__, 

B 

1~50 

500 

250 

" , 
1 

, . 

o~~~--n-~~~----~--~~-A~--.. ~--------~ 
13h 9h ,HHT 1·1tl 12h 15h 

1. \1 

18:2 ",etabolites 
" ~ 

~, 20:4 metaboUtes 
i ... 

1 

/ 

Fig.38. Amounts of oxygenated products of 18:2 and 20:4 

synthesized by adult bovine aorta= Incubations were carried 

out~as described in th~ leg~nd to Fig.36. (A) Products 
.,;. 

re~éased from the inner (open bars) and outer (hatched bars) 

segments of adult bOVIne aorta. ,Ca) .Esterified products 

deteC;,t,ed in the inner (solid bars) and outer Cstrlped bars) 

segments of .dul t' bovine aort 

, 

•• \. h 

li 
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cyclooxygenase. l1uch .maller amounts 0.+ oxygenated 

metabolites Qf 18:2 were formed by bovl~e aorta CO~.d to 

rat and rabbit aorte. Unlike rat and rabblt aorte, the.major 

esterlfied 18:2 metabol1te detected ln bovine aorte was th-

18:1. 

.' 

Fatal cal f aorta 

~etal ,calf aorta was considerably mo~e acti~e than aduit 
\ 
aort. in 

tiltes as 

comparad 

forming CYClDOxygenaserrOducts (~ig.39). ~bout 5 

much 6-oxoPGF 1G was;r.~~ ased by fetal aorta 

to adul t aorta. 4'reat r amounts of other 

cyclooxygenase'products Here also synthesized by fetal 

aorta, but the difference was not as great as with 6-

,> 

~)(OPGF1«' As with adult aorta, thecJnner~layer Copen bars> 

produced .bout ewice the emounts of CrfloOXygenaSe-derived 

metabolltes as the outer layer (hatched bars). Althqugh the ~ 
C·..! 

amount of 12h-20: 4 was somewhat greater tha,:, i' n"'adJ . .t1 t: ~orta, 
" 

1.2-lipdxygenas~ctlvity was still very low. The amounts of 

released oxygenated metabol i tes of 18: 2 were 'about the samé , 

for adult and fatal aorta. Similar amounts were produced.by 

the inner and outer layers,l#of" the ";'or-ta. Ti'le amounts of 

esterified products present in fetal calf aorta (data not 

shown) Here the same as in the ductus arteriosus (see beJow, 

Fi g. 40, 'sol id bars) ànd soltlewhat greater than that found in 

the outer por,tl0n of a~ult aorta (Fig.38~) • 

, \ 

, , 

" 
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1 

Fig.39. Amounts' of bHYgen.~ed pr~uct. of 19:2 and 20:4 

5ynthesized by fatal calf .or/.. ['CUbatiOnS _ .... C ...... ied 

out as described in the lege~d !-o .36. ,Products rele •• éd ........ -
from the inner (open bars) and outer hatched bars) s~gm~nts 

of 'fatal calf .ort. are shawn. /'" 

( 

, • • ~f, 
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F.tal calf duc~u. ar.~.riOsu. 

The alltOUn~ s of 20: 4 and 1 B.: 2 "'.Ybàh ~.s ntl ••• -.d by the 
, , 

duc~us ar~eriosus (which was no~ f:hvi'ded into inner and 

out.,r layers) ",ere' in~l!r.edi.a~e betwel!n the inner and outer 

l.yers of fetal calf aorta (Fig.40). As with fetal aarta, 
\ 

~ly a relatively sma11 amaunt of PGE2 
t->\ ~ ..r~ 

(94 ng/g ~is5ue) ",as 
, 

,.el.,as~. Thit is only about 2-31. t!"e 
, . 

d.t.,c~ed. The aMount. of esterified,monohydroxy .•• tabalit •• 

a~ 18:2 in ~he ductus arteriosus ",ere .i~il.r t~ tho.e found 

in adult bovine aarta, but a's~all.,r amount of th-1B:1 a •• 
l C '\. 

detected in the lipid fraction of ductus art.,rïosus. 

3.3.8. Fa~~y Acid Cant.nt of Aor~a. 

There ",ere considerable species differences in the 

relative amounts of 18:2 and 20:4 metaboiites rèleased by 

rat, rabbit, and bovine blood ves5els. In arder ~o d.termine 

whether these differences could be related ,to the tissue 

"-
content of these PUFA, ",e measured the total amoun~s (free + 

esterifi~~) of,18:2 and' 20:4 in aortae from these three . . 

species y as weIl as in fetal calf ductus arterlosus (Table 

S). Fig.41 shows the fatty acid profil~s from fetal ~alf~ 

rat and rabbit aortae. The content of 18:2 in rat and rabbit 
r- _ ' 

aarta (2-3 mg/.g tissue) ..,as about 10 times that in aault and 

fe~al bovine aorta. Rat and rabbit aorta also had about 2-3 

times .as much 20:4 as bovine aorta. If the total amounts of" .. 
oxygenated esterlfied 18:2 metabolit~s are expressed as 

percent ages of the total amounts of 18:~ ln the tissue, 

similar values are obtained for aorta~ from aduits of the 

11 li -

" 

" 
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8000 

(::,. .. , - • 
50QO 

2000 J 

1000 

~ \ ;: 

500 

o 
13h 9h./ th 

18:2 me-tabolites 

HHT 11h 12h 15h E2 6o-F1a , 

~mefabOlite~ 

1 -' 
Fig.40. Amounts of,Dxygenated products Qf ,18:2 And 2014 

synthesized' by fetal calf ductus arteriosus. Incubations 

were carried out as described in the legend ta Fig.36. Open 

bars reprJ:!sent released prDducts and soli~ bars est,erified 

produc~s 'from f.etal cali ductus arteriofius.,. 

• 1 

. : 
, . . , 
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T,ABLE 8 

Total A_ounta of 1812 and 2014 and Thelr E,terlfled O.yoenatlon Product. 
ln Aarta and Ductua Art.rlOIUt 

the •• tract "oiS hYdrolyzed "nd 18:2 .nd 20:4 lII.r. qu'.ntlt.hd by 9n 

ln internd st.ndird. The, valufS for 18:2 and 20:4 ir' .t.nl !S.E.". ' 

y.lulU for h-18:2 (9h-lB:2, 1'3h-tB:2 •• nd th-IB:t) .ncJ h-20:. (11h'" 

20:4, 12h-20H, .nd 15h-20:4) .er. c.lcuht.ô fro. tht' doit. ln FIg'. 

36-40 for the tsterlfltd 18:2 .nd 20:4 •• t.bolltes. The nu.ber. ln 

, 
/ 

h-20:4 

0.34 (0.0267,) 

0.19 (û.û20ï.) 

0.086 (0.020ï. 

0.12 (0.0317,) 

0.17 (0.041ï.) 
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FA TTY AGIO PROFILE OF TOT AL AORTIC lIPIOS 

FETAL CALF RAT RASSIT 

182 

182 1 

1 
.' 

) 

204 
204 

204 

0 10 20 3~ 0 10_ 20 30 0 10 20 30 
'<, 

-J 

T1ME (min) 

" .. 
1-

~ 

Flg.41. Fatty acid pro.file o.f total aortic: llpids from fetal 
"" 

caif (left side)., adult rat (centre)., and adult rabbit 

r 
Aortic ltpids were extracted as described in 

l' ... ,~ 

(right si de,> • _.-
the Methods section, • .--'An aliquot of the extrac:t 

t 1 

by gas chromatograp y on a 10Y. Silar 10C column 

was a(\al '1fed 

" 
(2 X 0.015 

'----m), employlng a t~mperature program from 150 oC to 2~O oC at 
~ 

2 oC/min. 

• 

.. 
), 
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thr-ee specles <0.14 to 0.217. of 18:2 oXldlzed). Slmllarly, 

the percentage of total aor~lC 20:4 WhlCh IS found ln the . " 

form of oxygenated, esterifled metabolitèS lS Slmllar ln aIl 

three specles (about 0.02 to 0.031. of total 20:4). However, 

the percent of 20:4 ln thlS form lS much less than the 

percent of 18:2 WhlCh l~ oxygenated and esterlfled. The 

percentages of estêr 1 f 1 ed 0)( ygenated PUFA metaboll tes were 

about 2 to 3 tlmes hlgher ln fetal bOVine aorta and ductus 

arteriosus than ln adult aorta (Table 8). 

3.3.9. Mecharti sm of Formati on of Ester i fi 
and Trihydroxy Products 

The ester1fled mono- and tri-hydroxy metabolltes could be 

formed elther by direct oxygenation of llplds, or by 
j. '1 

incorporation of \oxygenated products into Ilpids. For 
1) 

) . / 
example, 5-hydroxy-6,8,11,14-el~osa~etraenolc aCld 15 rapldly 

incorpèrated lnto llplds in neutrophi Is (277). In"brder to 
) 

determine whether thlS could also be thw/cas~ for t~e h718:2 

~pd th-18:1 metabolltes under invest1gatlon, both vascular 

endothellal and smboth muscle cells were in.cubated wlth 13h-

[l-1 4CJ.18:2 and th-[l-14C118: 1 for 4 h at 37 oC. For 

comparison, Slmllar Incubations wlth [1-14CJ18:2 were 

carr 1 ed out. The lip18s were then extra~ted from the cells, 

separated lnto neutraL and polar fractions, and analyzed by 

HPLC. • 
18:2 was wél! incorporated into both the neutral (Fig.42A) . / 

and polar lipid fractions from endothellal cells. The 

profile of neutral lipids into which 18:2 ",as incorporrted 

consi ste~ of v.nous. uni~:i fi ed triglyceri'des (t.' s t~33 

1 
l 

j 
1 

, .. 

i" • 

1 

\ 
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1 

Flg.42. IncorporAtion of 18:2 and 13h-.18:2 into 1 ipids froln 

endothel ial and smooth muscle cells. [l-a"'C118:2 <7.3 )( 105 

cpml CA and C) and 13h-( 1-14CJ 18:2 <'C7.3)( lOS cpm) (8 and D) 

were i ncubated for 4 h at 37 oC Hl th cul tured endothel i al 

cells CA ând BI or smooth muscle cells (C and 0). The 

~dlUlft ... as removed and the cell 5 were ..,"shed once ..,i th 

.fIUi!diulft And the llpi ds Here extrActed as described ln the 

Methods section. Neutral llpids were analyzed by reversed-

phase HPLC uSlng water: tetrahydrofuran (24: 761 at a fla ... 

rate of 0.7 ml/min as the mobile phase. Polar lipids ... ere 

analyzed by NP-HPLC with .acetonitrile:meth.anal:sulfuric aCld 

(100:6:0.05) .t .. flaw rate of 1 IIIllmin as t.he lIIObile phAse. 

--~-~~---- -

, 
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i 

min) and chole.teryl linol~ate (t~, 3B .in). Vi rtuAll y no 

13h-18r2 war incorporated into neutral (Fig. 429) or palar 

(not. shown) lipid fractiohs fr'Qft'I endothelial ceUs. Si_ilar 

result. Nere abt.ained with th-lB: 1 (data nat .hawn). 

Smooth muscle cells also incorporated IB:2 v.,-y weil inta 

the polar lipid fraction (Fig.42C). "18:2 ... as incorporated 

pri mari 1 y into phosphatidyl cb61 ine (t R ., 17 .. in) as ... a. the 

case for endothelial cel!'.. A small ~nt of [1"C118:2 ... a. 

lncorporated into a praduc't:, ... ith a t R of,l1 min, pr.ab.bly 
1 

phosph.ti dylethanola.i ne, although this phaspholipid ... a. not 

-..'i' 
completely resolved from phasphatidylserine. Incorporation 

of IB:2 into neutral 1 ipids of smooth muscle cens ... as • 

very minor path .... ay under the candi tians used (not shawn). A 

small alIIOunt of 13h-[1-."'C1IB:2 ... as incQrporated into polar 

lipids (Fig.42D)., but this lWas anly about 11 X the amount 

of [1- 1 "CllB:2 incorpor.ted into this fractiorJ. There "a. 

na detectable incorporation of th-lB: 1 into 1 ipids 
.\ 

smooth muscle cells (data not shown) • .. 

3.4. Effect of S.leniu. Dtt-fichtncy an the Production pf 
Oxy911natect PUFA .... t.bo1 i te. 

The synthesis of PGI 2 , the major 20:-4 met..bolite 

in vascular tissue, can be inhibited by fatty acid 

hydroperoxides (174). Peroxidases are important enz.ymes 

involved in the reduction of these hydroperoxidlt. t.o the 

corr-esponding 'hydroxy fatty acid., which do not. affect PGI 2 « • 

formation. An imp.irment in peroxidase activity could 

result in inhibition of PGI 2 synthesi. and might very,w.11 

.J 
f 
il' 

" 1 
~ 

t , , . 
f l , 

i 
! 

, 
! 
1 r 
1 
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be r.fl~~ed in ~he accuMUla~ion of non-enzy •• ~ic • • 
decOMp~i~ion praduct. of hydraperoxides, such ~s ~h-1BII. 

~ ~ 

Gluta~hion. p.roxida •• , ~e of ~he.e pero~'da •• enzv-es, 

eatalyzes th, br.akdOMn of hydrogen peroxide and a "ide 

vari.~y of organie hydroperoxides (278). Reduc.d 

glu~a~hione is its specifie hydrogen donor .ub.tra~e, b.ing 

eontinuously supplied by glu~athiane reductase and the 

hexose ~ophosphat. shunt (110). Selenium is • tigh~ly 

bound, integral component of one form of ~his enzyme "i~h a 

.toichi~try of 4 g-ato •• selenium/mol of glutathio~e 

peroxidase (259). The availability of this trace el .. ent, 

therefore, determine. the ac~ivity of this form of glutathione 

peroxidase. 

In arder to test the hypà~hesis that a reduction in th. 

ability of blood vessels to metabolize fatty aCid 

hydroperoxides via glutathione peroxidase mi9h~ result in 

\ 

decrease~ PGI 2 synthesis~ the effects of a selenium-

deficient diet on. the synthesis of free and esterified 

oxygenation products of PUFA by rat and rabbi~ aarta Ma. 

inve5~i9ated. Male Sprague-Da~ley weanling ra~s and male 

New Zealand White rabbits (6-8 weeks of age) Mere fed a 

selenium-deficient basal diet or a diet supplemented with 

0.5 ppm selenium for S to 7 Meeks. After thl. time period, , 

animals'were sacrifleed and aortic glutathione peroxfdase , 

aetivity, as weIl as the production of oxygena~ed PUFA , 

metabolites, were measured. There ~as no signifieant 

differenee in ~eight gain between the control and selenium-
\ 

deficient groups during .the stu~y (Table 9). 

• 
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.. 
Aar~ic glut~thian. per~id ••• aci:iYitv ... virtu.lly 

ab.tlnt in the •• lllni.u.-deficittnt group of< r.t. (Table 9). 

On the ather h.nd, rabbit aortie gl~.thian. per~ida .. 
• 

~tiYity ..... inhibit.cl by an!y 44 'X. in th ••• leniu.- _ 

deficient group ....,." ca.pared ta control •• .ftr 7 ..... k. of 

Figs.43 .nd 44 shaw the ..aunts of rel •• s. and 

.. trified axyglln.ted PLFA _tabali't •• prDdUè:1Id 'by control 

.nd .eleniwn-defieient r.t .nd r.bbit aort •• , ,..spectively • 

• 
The profil. a1 praduet. rele.sed fra. r.t 'earta (Fig.43; 

open and crass-h.tch.cl bArS) i.· Yry INch si_Uar ta what . 
.... pr .. ented in Fig.36. The synthe.i. of 6-oxaPSF tCl , the 

•• jar axygen.ted PUFA .et.bolite, ....... rgin.lly reduced in . ' 

" the s.lenium-deficient group (5300 ng/9 tis.u., crass-

h~tched bariS,) ... hen catltp.red ta the control group (:seoo ng/u 

tissue; open b.r.). This differ.nce ..... nat .t.ti.tic.lly 

.ignifie.nt, though. Th. other o~yg.n.ted .. taboltt.s of 

• 
1812 and 20:4,r.I ••• .cI b)C sliees of r.t .art. "ere not 

.ffeeted by s.l~iu,. defieieney. The prafi le of •• tri-fi.cl 

products (shaded and '.triped b.rs) i. somewh.t diffrent 

frem that sha ... n in Fig.36. HaNeyer, th.,. .... as na 

'.tatistically signifieant diff~enee in the • .aunts of 
" 

•• terified p'r~NItItn the control (sh.d.d bar.) and 

.elenium-def ieiant (stripttd b.rs) groups. D 

The profil~,af rel •• sed (open .nd ero.s-h.tehed bars) and 

.st.rified (shad.d and striped b.r5~ a~ygen.t.d PUFA 

.. t.bolites from rabbit _arta (Fig.44) is •••• nti.lly th.' 

, . -

( 

. . , 

.,' 
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TABLE 9 

"'\ 
,Jody VelaMt Ind' AorUe 61utlthion. P.roKida .. AtU vi UII of Control 

and Sel.niu.-D.Uctlnt ftah Ind Rabbi te ~ 

• , ")'"1-
ftats .nd r.bbi ts N.r, f.d 1 control or "lenlul-d.fI clint: di.t: 't •• Table 

l) for" 5-~ Muks, Ifhr Nhith tu, lortit 91utathlon. p,roxadlll .chvity 

(niaI NAOPH Olll di ud/.l n/19 prottin'. wu ••• sund .s ducrl b.d ln th. 

ftethod. section. Rat wllghts .r, ln 9rll' and rlbbl t IIlightl irt in kilo-. . 

t 

1 

RAT 

raI 

S.leniu-
Deficient 

J'. 

RABIIT 

Control 

Sellni u.-
DeflclInt 

.. 
. 

InHlIl Body 
Wtight 

58t2 
Cn-17) 

1.44t0:07 
(n-6) 

1. 49!0. 06 
(n-6) 

y 

, 
S.E." • 

Final Body 
Wli ght 

,) a, 

/ 

180!13 
(n-18) 

2: 57tO ... 08 
(n-6) 

2.5010.13 
(n-6 ) 

GSH Ptroxldase ACtlVlty 

1. eto. 7 
(n-7 ) 

, . 
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13h 9h th HHT l1h 12h 15h 60-Ffo 

• 

18: 2 metat;>olites 20:4 metabolites 

Fig_ 43. Aillaunts of DMvgenated products 04 1812 and 2;;;'" \ 

1 
deUcient diets. Incub.-aUons were' carri ed Dut •• describec:l 

1 

in the legend' to Fig.36. Products rele.sed frCMlt aart •• of 

contrai (open bars) and s~\'enium.~ .. fici.nt. (cross-hatched 

bars) r~ts. Esterified praducts frOftl aart •• of control 

(sol id bars) and seleni um .. def ièient (stri ped b ..... ) rats are 

, . 

, 1 
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" 1 

, . 

J.. 
2000------------------~~--~~~--------_. 

~ . ; 

';0 . 

1000 

o 
13h 9h th HHT 11 h 12h 15h 

18:2 melabolites 2~etabolites 

., 

Fig.44". AItounts of oxygenAted products of 19: 2 and 20: 4 

synthesized by rAbbit .art. of r.bbits fed control and 
, . 

.. leniu.-deficient diets. Incubations Nere carried out as 

described in the legend t,ÇJ Fig.36. Product.s releasad from 

.. art •• of control (open bars)" And selenium-dlPfici'ent (cross-. 

"atched ~ar.). 'Fabbi ta .. Esteri f ied produc~s f,.om .ort. of 

control (solid bars) and .el~ium.deficient •• triped,b.,.s) 
~ .. ~ 

rabbi t. are also ShONn.· 
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, ' 

6-axaPSF t« .ynthtnlt. .... 
'" . -,..lICIuctid by 10 X (nDt .t.tisticall,y .ivnificantl T-t_t) in -

, 

bar.r ..... ca.pat-ed ta the control vroup (7:56 "9/9 tl .... ' ' 

aptIft b ..... ). AlI ather ,...1 ...... praduct:., ... 1 th th. exctlpt.1an 

of the .tnOf" lipaxyvena_ praduct, 1211-20 •• , ...... not: 

" .ffllCt1Id by _l8ftiUM dttfici.ncy. The lattllr. praduc:t .... 57 X 

lCMlll'" in th ... ll111iu.-defic:i..,t vrnun "'1111 ca.p.at-lid ta th. 
'F " --

, • Il _ 

, control vraup-/ Th. a.aunt. of _terifilld praductti 0-1 r_bit 
~ ,. ...' 

. ... 

'!t 

\ 

-, 
" 

• 

acr~a .Ira., th. cOfttrol 9~ (.~~dltd bars)"'..".,._ nat . 

.tati.tical1y diff.,. ..... t frCMt thé _141niWl-dafi~lII1t vroup 
, ~. ,~-~. 

(.trip.d bah,'. - \",.' ;", 

) '. 
, 

; 

" . '-
~ . 

111 

, . 
.' 

, .1 

" 

" 

.' , 

" 

" , 

1 
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DISCUSSION 

p,.."."ting or 1 i .. i ting the fOf""lftati,on af i:h,.a.bi And .. V be 
! . ' • 

partially r .. pansibJe +cr the th"b~ar •• i.tant p,.aperi:i .. 0+ 

v.scul.,. tlndat.he1iulft (95). Th. cant,.al of i t. synth .. i. i. ~ ." .. .. \ ... 
Hyd,.ap .... o)C y PlFA can th"'ef~e" &n •• .."Ù.l ,.equirement. 

.. 7;' .. f .w 

.It ..... th.': activiti •• of the enzy .... th.t synth •• ize PGlz ' ... 

f~OM 2014 by vaseula,. ti.sue (174). - Althaugh fai,.ly 

• ext.,...i ve knowl edg8 0+ 20: 4 .etabal i... e)C i stlKl -.t the anUP1: - . 
of this .t.udy (1980), much 1 .... wa. k~,*", about. th. 

_taboU .. of ether PUFA ta hyd,.apttradde.. At. that t.i_ a 
~ " -" ; 

"ttpért. .app.a,.ed in the liter.t.u,.. d..an.t.,..ting th.t 1812 

cauld inhibit PGh for .... UIm in cult.ured endath.U.l ce~,l,. 

supp1-.nt.ed Mit.h 18:2 (178). Thi. ,.UItC.t cauld h.ve b..n 

,duit ~o cOftlPetitian wit.,h 20:4 for PG endop",oxi~e syni:h&_ or . \ 

pas.ibly t.a inhi~it:ory hyd,.opèr"~y _t.balite. of 18:2, 

.ynthesized via lipo)Cygen ... ·ar PG endopera~ide .ynth •••• 

" Sine. 18:2 is found in cellul.r lipi~s in qu&ntiti ... i.il.,. 

DI'" IfJCceeding tho ... of 2b14~ 'we decided t.o inve"ig.te ïts 

•• taboU •• in vaseul.r Ussue tu th a vi..,;' of t&rifYi~9 it. 
inhibitor-y effect on PGI 2 for.ation. 

4.1. "-taboU .. of 18.2 br P.,.Uculat. F,.ac:tians f,.a.a 
80vi n. Aort.. 

Our- titudy d..,nstr&tect th.t 19: 2 is •• t.bol ized ta ~xa, 

lIQnahyd,.oxy, .paxyhydraxy And t,.ihyd,.aKY praducts by 

p'a,.ticula~. fraction. f,.a. aor-ta. AlI ~ these substances' 

a,.. deriv.d fra. the putative interlMKliat •• , 9hp-19:2 .nd 

\ 1 

pL 411 
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13hp-18:2, Mhich 
r 

synthesi zed fr.CNIt 19:2 by PG arl! 

endoperax i dt! synt.h ase "-(Fig.22)- • The .... jar path..,.y of 

.. t.abolisM of ~he hydroperoxy intermediates is reduction to 

t.he carrespanding hydroxy cotnpounds. Thi s .tep Iftay be 

. . 
'l'nt."a.e or, by enzyMI!S present in t.he ~ytDSolic fr"act.ion, 

as disc:uss.cf below. "However, it. ",a~/ ab!l~vl!d that. this 
-' 

reductian st.ep cauld take place even iln the presence o-f 

boiled particulate fraction (section 3.2. S. (b), Fig.26B), 1 • , 
'ndicating t.hat it could be catalyzed b-,. a factor in aDl""ta 

Nhi ch i. not. an enz yllle (cf • lac t.er in uterus responsi b 1 e for 
( " 

reduct.ian ctf PGH2 to PSF 2cd section 1.4.2. (c». 
\ 

.... 2. ",,"cihydraxy 1812 ...,t:abolit .. fra. Oth .... li • ., •• 
Linaleic .cid i s also conv...-ted ta IftOnchydroxy " ~ 

.et aboI i tes by some other- malll •• 1 i 4n tissues. Mi crosomal 
. /""""\. 

fract.ions frcm sheep seminal vesicles (79)/ and hDfllogen .. te. 

af YX2 carcin ...... tissues-_ (272) conv .... t 19.2 tD W:-19'2 .1~1l 
r' Nit., a smaller- amount of 13h-1B:2. 1 n the case of VX2 

carci.na.a tissA ,halltOgenates, t:.~!' formation of t.he t",o 

IIIOnohydroxy campounds ",as inhibi ted by indolleth.ëin in a 
• 1 ( .. ' 

.. ~nner similar t.o PGE2 , suggest:.ing that PG .ndo~~ Q)(ide . \ 
i 

synthase "as rl!!lponsi bl e· for t.hei r formAti on. 'Ra6bi t , . 
peri t.oneal ti ssue has al sa been reported t.a convert 19: 2 to .. , , " 

a mixtur~ of '9h-18:2 and 13tl-1B:2 ,(279.290) :- Only the . ' 
r 

formation of 9h-1B:2 ",as clearl y ,d!!pehdent on p.? 
" , . , 

endoperox i de syntt-ase acti vi t.y. L.i pox ygeriase (s) .PPl!ar~ ta 

be partI y responsi ble far the -forlllation: of 13h-1B: 2 (280)., 

'-

, \ 

' . 

, 
i 

, ' 
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13h-18:/~- was t.he major product hrm~d by poÇ,e leukoc;t:es g ~cin 

incubated wi th exogenous 18:2 (281), wherl.a~\9h-lB: 2 di d not 

appear to De 'forilied. Bot.h 13h-19:2 and 9h-18:2; with the 

former product predominat.ing, have heen found in psoriatic 
.') 

escale .xtracts, (282). 

.. • I.J • The b1010gical activity of the monD!'ydroxy 18:~ produets ~ 

15 unknown. They exhibit ho c~emokin.tic aetivity as do 

soma 1 i poxygenase metabol i tes 04= ~O: 4 , su ch as S-HETE and 
\ 

LTB .. (151), Perhaps theie- hydraperoxy ,-'ècursors possess 

bi,ologiea! acti vi ty. 

" F 4.3. Epoxyhydroxy PUFA .... taboli t.! 

In addi tion to the formation df monohyd .... oxy met aboi i tes, 

9hp-18:2 and 13hp-1B:2 can be converte~ by aorta to 

epoxyhydroxy products. Thi s conversion may not be catal yzed 

enzymatically, sinee epoxyh'ydro1ty products were formed 
, t 'l • 

• ;fter incubation of 13hp-1B:2 whtt a boiled particulate 
'1:; \ •• 

f;".ction ~r,'1"~al ,calf aorta (Fig'~f6B) a-;"ë::t these products 

~ have been ;eported to be fcrmed non-~zymatieally by a 
, 1 

nuMber of syst.e.s, such as ferrous iOf'ls (273) and hemoglobin 
J 

(271). The lat.ter 
Il / 

agent: convert 5 ?hP-l~: 2 mai nI y to 

12. 13e-9h-18: 1 and 12, 1I3e~,11h-18: 1/ (271). 

" 1 
The _Chanis ... pf format.ion of fhese epoxyhydroxy produets 

, . ,-
frOftl their hydroperoxy precurs~s was not investigated. 

This would ha~e requ'ired det~'iled 

~x yg~n. However, a naechan i 5 has 
J • 

that provides a rationale f~r'" the 
\ 

, ~ 

studies employing labeled 
li 

... 
recentl y been proposed 

• 
conversion of fatty aei d 

o 

hydhoperDxides to sueh products in mammahan- tissues. Dix 
l " 1 

• 

• 
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and Marnett (283) have studied the reaç:tion of f.atty acid 
. , 

hydroperox i des w~ th hemat in., the pr-esthet i c groü(i of. 
, , 

~ prostaglandin endopero~ide synthase" ewhic;h hàs 'perox{d.tse .. 
activity. They reported that hemat4n catalyzes the .. 
rearrangement 'o-f" 13hp-18:2 to 12,.13e-9h-lli1:1 'and 12,13e-l1h-

, . 
lB: 1, in ... hic'" both the hydroxyl and epoxide oxygens' a're 

'derivl!d -from the hydroperoxide g~ot1p. The apparent 

mechanism'for this transformation involves an oxygen ~ebound, 

whereby the iron-containing hématin complex reduces the 

hydroperoxide group te an alkoxyl radical and'transfers one 
~ ... . ~ . , , 

, , 
of the' hydroperoxy ox ~gens to an i ntermedi até, car'bon-centred 

radical generated by ~l k.,ox,yl radj cal c:yclization' ,(Fi g. 45) • 

T-his mechanism has been inv,oked to '~~plain the formation of . 
• 

" ~ 

1 epoxyhydroxy products dari ved frpm 20;,4 a'1d 12hp-~?: 4 formed 

by SuhC:~ll ul ar -ff\"acti.olls of ,rat 1 U~g (?~\) ~ , 
, , 

, ' ( 

We have also shown that epoxyhydroxy compo~nds are formed r ' fi ~ ~ ~(l ~ 

frOM 20: 3 b,y aort~. Fetal calf'aorta cdnverted 20:3 to two 
<' 

stereoisomers of 11~t2e-l0h-~7:1, which were lsolated and 
\ 

identihed by GC"':MS. 
, . 

'The biological activity of the vadous • epoxyhyClroxy " 

A~achïd'oni~~i d products ~ynthesized by aorta is unknown. 

~ epex'ides fermeQ via the epoxygen~se pathw~'y are selective 

~ 
st i mul i for' th~ in vi irro rel ~ase of suc::h pept i de. hormon~5 (ltl5 

II! _ l • 

. 
luteinizing hormone <f85>., somatost"t~r't (286);,inS~~,~ ard 

glucagon (287). However, these epoxy~~nase ~roducts' Iac~ 
"-

the additional hydroxyl group~ 
f' 

11.,12e-8h-20:3 Ctermed 
• 'p 

Hepox i li n A) and 11, l;.2e-l0h-20: 3 (Hep'ox i 1 in B) are formèd 

'\l 

, 
1 
! 
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from 12hp-20:4 by ~at pancreatic islets (288). Hepaxilin A 

dose dependently enhanced the ~elease of lnsulin during 

glucose (10 mM) stimulation of per~fused islets (120 ! 51 7. 

at 0.5 )( 10- 60 M and 282 ! 58 1. at 2.1 )( 10- 60 M). 
,r-

I 
.v~ 

4.4. Trihydrox't PUFA l'Ietaboli'tes 

9hp-18:2 and 13hp-18:2 can be converted by aorta ta 

tr1hydro)(y products via epo)(yhydroxy intermediates (Fig.22). 

Thls\~thWay becomes significant at high substrate 

conce~ations (Fig.28) or in the presence of other 

polyunsaturated fatty acids, such as 20:<4 (section 3.2.7., 

F'g.30l. HYdrDPerO"~es derived from 19.2 and 19,3 are alsD 

converted to trihydroxy products by varlOUS plant ~ 

lipoxygenases. Soybean lipoxygenase ln the presence of 

gua1acol has been reported to convert a mixture of 13hp-lB:2 

and 9hp-18:2 to 9,10,13th-1B:l and 9,12,13th-18:1, along 

with a number of other products (263) (see Fig.19C). 18:2 

and 18:3 are converted by enzymes in wheat flour prinClpally 

to their 9,12,13-trlhydroxy metabolites, via the 

intermediate 9-hydroperoxides (274) (Fig. 19A). Negligible 

amounts of the 9,10,13-trihydro)(y isomers are formed (Table 

4). The major products isolated after incubation of a 4:1 

mixture of 13hp-18:2 and 9hp-18:2 with ferric 

chloride/cysteine were 9,12,13th-l8:1 and 9,10,13th-18:1 in 

a ratio of 3: 2 (273). 

Although, as in wheat flour, 9hp-18:2 is the major 

inlt1al product of 18:2 metabollsm by aorta, the major 

trlhydroxy product is 9,10,13th-18:1, which is accompanled 
\ / 

\,-; .. 
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; 
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by a smaller amoun~ of 9 y 12 y13th-1B: 1. Jhe ratio of 
/ 

W-:-=»h ..,- 'tW 

9y·l0y13~h-1B:l to 9y12,13~h-18:1 (2.7:1'> 15 siml1ar to that of 

9h-1B:2 ~o 13h-1B:2 (see Flg.12)y raislng the p0551bllity 

that 9hp-18:2 15 the precursor of the 9,10, 13-trihydroxy 

isomer, whereas 13hp-1B:2 is the precursor of the 9,12,13-

trihydroxy isomer. 

We isolated 3 stereolsomers of each of 9,10,13~h-18:1 and 

9.,12,13th-1B: 1 (section 3.2.1. (a) fractions!.. and 9.). The 

9- and 13-hydroperoxy precursors of ~hese compounds are 

probably each mixtures of D and L lsomers, slhce Hamberg~and 

Samuelsson (289) found that PG endoperoxlde synthase from 

sheep seminal veslcles converts 18:2 to a 4:1 mixture of the 

Land D forms, respectlvely, of 9h~IB:2 and 13h-1B:2. 

AdditIon of oxygen to the hydroperoxides could glve a total 

of four possible dlastereoisomers for each epoxyhydroxy 

product. Hydrolysis of the epoxide could yield addltional 

stereoisomers. 

It is not clear whether aIl the steps in the formation of 

~rihydroxy metabolites from polyunsaturated fatty aClds in 

aorta are enzymatically ca~alyzed. The mixture of stereo 

and positional lsomers observed for ~he trlhydroxy 

me~abolites of lB:2 could be interpre~ed as an Indication of 

a~ least some ~on-enzymatic steps. However, as dlscussed 

above, it must be kept in mlnd that the flrst step ln the 

metabollsm of 18:2, which is catalyzed by PG endoperoxide 

synthase may result in the formation of four lsomerlC 

products (l.e. the D and L forms of 9h-18:2 

1 n a 'recent repor~, lsomers of 9, 10, 13th 
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9,12,13th-lB:l were isolated from onion bulbs and were found 

to exhibit prostaglandin-E like activity, detected as 

vA5cuiar smoath muscle relaxing and non-vascular 5mooth 

muscle stimulating activity in a cascade superfusion systeM 

(291). These products, though, were three orders of 

magnitude le5s potent than PGE2 • They did not inhibH: . 
plat~let aggregation in concentrations up to 10 ~/ml. It 

may very weil be that trihydroxy PUFA products repr.sent 

decomposition products of their hydroperoxy precursors and 

they may serve no speclal cellular function. 

Incubation ~f Human platelets with 20:4 (111-113) or 20:3 

(290) also has been reported to give rise to epoxyhydroxy 

and trihydroxy products via 12hp-20:4 and 12hp-20:3, 

respectively. Rabbit polymorphonuclear leukocytes convert 

". 20:4 to epoxyhydroxy and trihydroxy metabolites of 15bp-

20:4, whi.ch is formed by a lipoxygenase in these cells 

(130). Therefore, in addition to.its frequent occurenc. in 

plants, the conversion of fatty aCld hydroperoxide5 to 

epaxyhydroxy and trihydroxy products al50 seee. ta be A 

common feature of many mammalian cell types. 

4.5. ~.boli •• of Epoxyhy~roxy Product. ta Trihydroxy 
Praduct. 

• 
The two stereoisomers of 11,12e-1Oh-17:1, formed from 

20:3 by aorta, were shown to be enzymaticallY,converted ta 

10,11,12th-17:1 (Fig.l0). Since there are tHO stereoisOMers 

of the epoxyhydroxy compound, ane would expect at least two 
, 

stereoisomers of the (oiresponding trihydroxy product. 

, . 

, 

, 
.' 
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Presumably the chromatographic system used in ~his study was 

incap~le of resolving th_se isomers, since we only obtained 

a singl,e broad peak U!ilng isocratic conditions. 9,lOe-l1h-

18:1 was converted to 9,10,11th-18:1 by an epoxide hydrblase 
1 

in a manner similar to 11,12e-1Oh-17:1.-

The rates 0+ metabolism of 11,12e-lOh-17:1 and 9.10e-l1h-

18:1 by fetal calf aorta are relatively slow comp~red to the 

rates of metabelism of similar compounds (e.g. 11,12-epoxy­
Il 

'i 
5,8.14-eicosatrienoic acid and 14,15-epoxy-5.8,11~ 

eicosatrienoic acid) by microsomal fractIons from rabbit 
.. 

live~ and renal cortex (142). This could be due to the 

proximity of the hydroxyl substituent, which could interfere 

with the access of the epoxy group to the active site of the 

enzyme. It is net clear whether the other epoxyhydroxy 

intermediates, 9,10e-13h-18:1 4 and 12,13e-9h-18:1 (see 

Fig.22), are cenverted enzymatically te the corresponding 

trihydroxy products. These allylic epoxides may ùndergo 

rapid non-enzymatic solvolysis. On the other hand,· 12,13&-

9h-18:1 was the main product iselated after incubation of 

13hp~18:2 with hemoglobin in buffer, "hile very little 

9,12,13th-18:1 was formed (271). This suggests that 12,13e-

9h-18:1 is fairly stable chemically, and that our failure to 
;i 

isolate the two allylic epoxide intermediates could be due 
.. 
te their rapid metabolism by an epbxlde hydrolase. These 

,. . 
substances could be metabollzed at a faster rate than 9,10e-

I1h-18=1, since their hydroxyl groups are further away from 

the epoxide group, permitting a greater degree of 

interaction with the enzyme. 
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The partially purified epoxide hydrolase from rat lung 

cytosol was able ta cOMpletely convert both 11,12e-l0h-20:3 

and 11,12e-Bh-20:3 ta the corresponding trihydroxy products 

in 20 .in (284). This enzyme may, therefore, be more active 

or .ay be found in larger aMOUnts in the lung than in aarte, 

although direct conclusions cannat be for.ulated since the 

extent of purification of the enzyeeJupon a.monium sulfat. 

precipitation .as not given. 

Current data suggest that epoxi~e hydrolases in nuclear 

and microsomal liver f~ctions are similar (292). 
\ . , 

Mitochondrial and cytosolic liver epexide'hydrolase 

activities differ from that found in microBomal fractions 

with respect ta pH optima and substrate specificity (see 

293~. However, both the microsomal and cytosolic epoxi~e . 

hydrolase enzymes exhibit a fairly broad 5ubst~ate ~ 

specificity (293,294)~ It is quite likelY, then, that the' 
" 

aortie eytosol and micro~omal epoxide hydrolase activiti .. 

display a wide range o~ substrate speci~icity and repr ... nt 

different forms of the enzyme~' 

Epoxide hydrolases seem t~ operate by a common mechanism 

(295). They generally display low enantioseleetivity and 

high regiospecificity. Their action involv.s specifie 

activation of water, probably by means o~ general base 

cetalysis, fol1owed by nucle~philic attaek of hydroxide .t 

the less hindered epOxide carbon, giving ris'~ to the threë 

1,2-diol. Elucidation of the mechanism of action of the 

aortie epoxide hydrolase ~nzyme w~s not possible sinee è 

! 
. ~ .. :~ .. --._~-~~'~ 

-
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Ne did not inveS:igate the stereochemistr\' of the 

apoxyhydroxy and trihydroxy products, or study the 

incorporation of labeled oxygen into the epoxyhydroxy 

mètabol i tes. 

Liver microsomal ep.oxide hydrolases are thought to serve 
.. 

a protective furction by eonverting ehemically reactive 

Ilf 
epoxides formed in situ by eytoehrome P-450 monooxygen •• es ta 

lees toxie 1,2-dio'ls (296). Wi thout this conversion th •• 1f 

8poxides are capable of irreversibly binding to nucleaphilic 

sites present in tissue maeromolecules and may initiate 

toxie or careinogenic reaetions. It is possible that the 

aortie enzyme(s)~ay serve a similar function on blood-borne 
1 

/ 

epoxides or epoxides formed locally withi'n the aorta. 

of' 

4.6. Effect. of 19:2 on Prostac Pl"'oduet ion· 

It was originally speculated 18: 2 Dr i ts hydroperoxy. 

metabolites might in~erfere with the synthesis of PGlz by 

aarta (ef • ref. 178, 179) but th i 5 was not suppor ted by 

competition experiments in the present study (Fig.30). It 

is possible that if the metabolism of 9hp-18:2 and 13hp-18:2 
(' 

to monohydroxy and epoxy~ydroxy products is diminished in 

some circumstances these intermediates could accumulate, 

resulting in inhibition of PG endoperoxide synthase Dr 
, ' 

prostaeyclin synthase. However. the rate of oxygenation of 

18:2 is much slo..,~r than ~hat of 20:4 (Fig.21), 50 that 

hydroperoxy intermediates sueh as PGGz and 15-

hydroperoxyPGl z (254), derived from 20:4 itself, might be 
J 

more important in regulating PS1z synthesis by vascular 



• 

~at& earried out with particulate'fractians. An intact 

. cellular structur. may be required ta abserve.this 

inhibition. 18:2 cauld alter the lipid .icro-.nviran.-nt a4 

CYCloaxygena~ and/or pra.tacyclin Synjha'" 

their activiti". \ ,1 thU5 affecting 

4.7. tbcY911natlld PlFA fttrtabalti .. 8ynth!!iztICI by Va.cular 
81ic_ 

Once the .. ajor pathways af PUFA met_al i Sil by aarta and 

ductus arteriosus had been elucidat.~, the ne~t .tep Ma. ta 

quantitate the major PUFA Metabolite. synthesized frOM 

.ndogenaus substrat. by vascular tissue. A .. thad Nas 

thar.fare develop~ to ... asure the .maunts of these products 
0~ 

. 
synthesized by .lices of blaod ves.els incubated in 

physiologieal .. tium. A4ter preliminary investigations to 

scr,l!tH1 for th. f.a.ibility of quantïtating various 

.anohydroxy an~ trihydraxy PUFA produets and prostaglandin. 

a Ge-MS assay Mith .elected ion monitoring Nas •• t.blished' 

'ta measure same of the .. jar PUFA produets. 

'Routi~.ly, 9 produets Mere quantitated. Three Nere 

V ' 
derived from 18:2 (9h-18:2~ 13h-la:2 and th-la:l) and six 
. .. 
were derived fram 20:4 (1~-17:3, llh-20:4, 12h-20:4, 15h-

2014, PGE2 and 6-oxoPGFta). The production of these 18:2 

and 20:4 .. tabolite. by .orta Has investigated in three 

different species: rat, rabbit and bovine. Differences in, 

the production of these products in fetal and adultobovine 

aorta were a1so investigated.: 

~.J .' 
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4.7.1. 2014 ~abolit .. 

. Althaugh th...-e .....-e considerable q·u.ntita~ive diff ..... ru:es 

between speci es , th •• ajar oxygenated PUFA metabplite 

released by aarta wa., in aIl caSI!5, 6-oxOPGFt «_ Rat aorta 

produced very large amount. of this product, wher.a. rabbit 

aorta rel ea.ed anl y about one-tenth as much" Adul t bovi ne 

aarta' produced an vediate amaunt of 6-oxoPGF .. cX• Much 

.. al)er amounts of PGE2 'and 12h-17:3 Nere detected in ail 
,~ 

, "-
cases. 

Fetal calf .arta was much more active than adult bovine 

aarta in producing 6-oxOPGF t « and other cyclooxygenase 

products. This cannot be expl,ained by .. higher ratia of 

endothelial cells ta tissue weight for fetal aarta,.since 

the outer layer ,(auter media + adventitia) cf fetal aorta 

al so had l'luth hi gher cyc 1 oox ygenase Act i vi, ty than ~he outer 

layer of adult aart... It i~ possible that the increased 
, .. c 

production of PGI 2 'could serve. some special function ~_n the 

fetus, far ex~mple, decreasing pul.anary vascul.r resistanee. 

therlt Has very little 4ifferenca-betNaen the aMOUnts of 
> - ~ (j 

axygenated IBl2'and 20:4 metabolitas formed by fatal calf 

aorta and the ductu,s arteriasus. The ductus arter:fosus 

produced about 4200 ng 6-ox,oPGFu [/g tissue," compared to only 

about ~tit ng PGE2 /g tissue. T~is relatively small amount of , 

PGE2 could be quite 'important, hONever, sinee PGE 2 has' very, 

pqtent v"sodilato;'y effects on the ductus, .nd .ppears to Da 

nece~sary for l'Iaint.ining i~s pateney during fetal life 

(234). PGI2. on th. other hand, i5 '. much weaker 

r Il . -

o 

J 
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v •• odil_tor Mith respect to the ductus~ and is over.' 1000 

times less patent than PGE2~ at feast in the s~ep (235). 

The major monOhydroxy 20:4 products released by ~ljCeS~ 

of aarta and ductus arteriosus Mere I1h-20:4 and 15h-20:4, ~ 

which were previously identified, but na~ quantitated, after 
o 

incubation of 5lices of fetal calf aarta in physiological 
\ , . 

Medium in the absence of exogenous substrate (254). These 

praducts have also been identified after incubation of 

cultured smooth muscle cells from rat (297) and r.bbit.(29S) 

aJrta Mi th ex'agenous arachidonic acid. 
fil'. 

Incubation of rabbit 

aarta,smoath muscle cells with 20:4 also led ta the 

fo~~.tian of S, S, 9, and 12 monahydroxy metaaolites (298). 

Ne, were able to detect little or none of the former three 
-'" . 

produc;ts ,afte,." incupation of rabb~i·t aorta in ~alo~~cal 

.. diu~ In the three species we investi gated , 12-

,'lipoxygenase activity~ although it was always ,detectable, 
Q \1 

was very low. This could still be important., .however, since 

12h-2914 has been reported to be an extremely patent . 

'chemokinetic agent for vascular s.ooth Muscle cell. (299). 

4'.7.2. 2013 "etabolite. ) 

Aorta formed only small ~mJunts of 20:3 met.bolites. 

major product formed, from exogenous 20:3 by particu1ate 

fractionw from adult and fetal bovine aorta Nas 12h~17:2 

The 

(256). Epoxyhydroxy and trihydroxy metabolites derived from-

12hp-17:2 were a1so formed, but only small amount. of PGE. 
A. 

, and PGF tŒ Mere detected (256). ln preliminary experiments 

only small "mounts (2-3 ng/g .tiss~e) of 8,11.,1'2th-17:1 fram 

. , 
i 

, 
l 

- 1 
j 
j 

l 

~ 
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fl!tal cAlf aorta cOI.lld be detl!Ctl!d.· L.arger .MOunt. of 1211-

,. \ " 

but in subsequent 'I!xperiments, the cOMbined ..aunts of thi. 

product and 12h-17:3 were .easured. 

4.7.3. 18.2 "-~.boli~ •• 

(a) R.I ••• ed Products 

Substantial aMounts of the 18:2 -.tabolites (9h-18:2, 

13h-18: 2 and th-18: 1) werl! found ta be ;"1!1 eased frDftl aart., (S . L, 
especially frô. rat and rabbit aortae, which contain large 

amounts of 18:2. In contrast to particulate fractions, PB 

endoperoxide synthase was not required for the formation of 

~ the •• products., since their for.ation was not inh~bited by 

indatnethaein. It is possible thatjthey could hafe b~e~ 
formed by a lipoxygenase from free 18:2. HONever, 

~ 

., lipoxygenAses are quite specifie in theïr formation of a 
, ' 

partieular isomer and in thesl! studies appro~i.ately equai 

a~ts of both the 9- and 13- iso.ers were producea. .' 
Aiternatively" the 18:2 metabolites could have been released 

by the hydrolysis of liPids\containing oxidized forms. . . 
The 12-hydroxystearate detected in the hydrogenat~d free 

·t 

and esterified fractions from aorta could have arisen from 

'12..!hydroxy-9,13-octadecadienoic acid (12ttl:..18:2), whieh is a 

singlet oxygen derived metabolite of 18:2 (300). 

Alter~at~vely, 1~-hydroxystearate itself could have been 

present ln aorta~ Various hydroxystearate lsomers, 

synthesized by microoganisms in the gut, have been detected 
" 

i~ human fecal lipids (301). Another possible source is 

il 

.. 
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ricinoleic aci'd (12-hydroxy-9-octadecenoi"c açid), Nhich is 

th~ _ajar ~atty acid in castor bean S~$, and has been 

shown to be incorporated into triglycerides from rat fa~ 

pads after administration of castor ai i- (302). : . 
j 

A product , 
which gives rise ta 12-hydroKystearate after hydrogenatian 

has also been reported ta be releas~d fram rabbit peritoneal 

tissue (281). Although this product "as asaumed t~ have 

been derived f~om 12h-18:2, this "as not supported by Any 

experimental evidence. 

/ 

The major p .... oportion o-f oKygenated lB: 2 _tabol i tes ....,... 

present, in the esteri~ied form in lipids. ,These OKygenated 

p,roducts did nof appear ta be.synth.sized te a large extent 

during the 20 min'incubations, bu~ Nere present in the 
, , 

tissue p'rior ta incubation, as shown in Table 7. AI thauOh 

the absolute amounts o~ 9h-1B~2, 13h-1B:2, and th-lB: 1 

varied ~onsiderably fro. ane species ta anéther, they 

represented abaut the SAme proportion (ca. O.2X) of total ~ 

18:2 in aarta from adults of ail three species. 20:4 

metabolites (11h-20:4, 12h-20:4, and 15h-20:4) were also 

present in aortic 1 ipids, but in much '5ft1all~· 'quanti ties, 

which, in aduit aortae, amounted to only about 0.02-o.03X o~ 

t~tal aortie 20:4. 1his could possibly be due to dif~erent 

distributions af 19:2 and' 20:4 in different lip~d fractions. 

We have not as'yet determined'the type of lipid Nhich is the 

source af;the oxygenated PUFA metabolites. Cholesteryl 

hydroxylinoleate has previously been identified in sa~les 

1 
, ... 

1 

·1 
1 

1 

1 

" 
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1 
J; 

of atheroscl erotic human aor-ta (303)'. It ... as not detected 

in normal aarta. however, but the method used ",as not very 
~ 

sensitive. Esterified hydroxy-PUFA have also been detect@d 

by HPLC in liv@r phospholipids after treatment of mice ... ith 

carbon tetrachloride (304). 

There are several possible mechanisms·for the forMation. 
: ' 

of the esterified oxygenated PUFA. One possibility could be 

that free 18:2 and 20:4 were oxygenated and then 
o 

incarporated into lipids in a manner similar ta the 

incorporation of Sh-20:4 into lipids in leukocytes (277). 

Free 13h-1B:2 and th-lB: 1 ... ere not ... ell incorp~rated into 

eith~ vascular endothelial or' smooth muscle cells, however, 

50 it seems much more likely that it ~s the esterlfied 
.. 

fatty acids whic~ Nere Oxygen~ted. These oxygenated lipids 

are unlikely ta have arisen by the. action 6~claoxygenase, 

since ~hey are n~t substrat~s. for thi s en,zyme (305) .. 

MQreover, indometnacin did not affect their formation. The 

oxygenated products could have accumulated in lipids either 

due to autoxid~tion in vivd, or ta the action of an enzyme 

similar ta the lipoxygenase in reticulocytes (306) .which has 

been reparted ta convert estécified 18:2 and 20:4 in rat 

liver mitoplasts ta manOhydroxy and trihydroxy metabolites 

(307,) • 

The precursors of the monohydroxy and trihydroxy lipids 

in aarta are presumably hydroperoxy lipids, ... hich may be 

enzymati calI y or rton-enzymath:all y .. reduced to the 
, 

correspondi~q hydroxy lipids. If they are not reduced 

a 
... 
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rapidly enough, they could have toxie effects, and could 

inhlbit paI 2 forma~ion, a~ do hydroperoxy fatty'acids and 

thair methyl esters (174). Às weIl as being\re~uced 'to 

hydroxy lipids, the lipid hydroperqxides could' be convert.d 

nonenzymatically to epoxyhydroxy products. In situations where 

" lipld hydroperoxides may accumulate; as they may do in 

atherosclerosis (228), there could be an increase in the 

relative' amoànts of the trihydrox'y metabolites ?f these 

epoxy~rdroxy compounds. 

4.8. Reduction of HYdrop.roxid •• 

The cell has developed a host of factors to de~end 
/ 

~ " against harmful 1 ipid hydropel"'oxi.des. As was discussed 
o , 

"earlie:, selénium-de~ndent glut~thione peroxidase catalyzes 

~he reduction of hydroperoxides to th~ir corresponding 

hyd~9xy derivatives. This enzy~e resides in the cytosolic 

frac~ion and acts upon a ,wide variety of free organic . 
hydrope~oxides, but i~ ~Dt reactive towards phosphalipid 

o 

'hydroperoxides (308). Another selenium-dependent 

glutathione peroxidase, recently isolated from pig liver 

(309), heart (310) and brain (311), acts uppn these latter , ') . . 
products, and has been termed "peroxidation inhibiting 

f-. , 
protein" (PlP) or "phosp~ol1pid ,",ycfroperox'ide ll glutathione 

peroxidase (312). The ~~ount 01 p~ospholipid hydroperoxide 

a • 
r.educed by PI'? i Si stoi chi ometri calI V equi val ent to the 

amount of oxidized ~lutathione' that, ts fo~med (309). Non~ 

selenium dependent glutathione peroxidase is present in rat 

liver cytosolic f~actions (313). This activity has b~en 
/ 

" 

" 

1 . 
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, , 

identlfied as two glutathlone transf.erases <B and AA) (314). 

Nan-selenium dependent glutathlone peroxidase actlvity has 

aIse been ~emonstrated in rabblt liver (315) and kldneys 

from rat (313) and rabbi t (315). 1 n c:ontrast ta the 

selenlum-dependent form .. non-selenIum dependent glutathlone 

peroxidase only reduces organlc hydroperoxldes and shows 

( 

Il ttle acti VI ty towards hydrogen peroxlde (316). 

The .. peroXldase component of PG endoperoxlde synthase, 

localized in the endoplasmu: rebc.u1um, catalyzes t;)1e 

r-eductlon of PGG z to PGH 2 • This enzyme could aisa be very 

important in reducing ether PUFA hydroperoxldes. 

Other Important cellular agents, such as vltamln E, 

asc:orblc acid and glutathlone, by way of thelr antloxidant 

actIon, influence hydroperoxlde levlrts. Superexlde 

di smutase and catal ase wi Il have a raie to play't as weIl. 

4.9." Effect of ,Selenium Deficiency on the ProductiQn 
af O)(ygenated PUFA Met.bali tes by Aort. SI ic •• 

Fatty acid hydroperoxides formed dunng the metaballsm ef 

PUFA by aor~a, 1 f net. ra.pidl y metabol lZed, 1 nhl bl t PG 1 2 

productIon. A reductu:,n in the cap.ablhty of vascular 

ti ssue ta rèduce hydroperdxy PUFA coul d resul tIn, decreased 

synth~sls of PGI 2 , and increased metabollsm of 

hydr;operox 1 des VI a the epoxyhydr.oxy~trlhydroxy pâthway. As 

mentioned above, one mechanlsm of reducbon of cellular 

hydroperoxy PUFA IS by selenIum-aependent glutathlone 

pérox 1 dase. We attempted to determlne whe'ther a deflciency 

in thlS enzyme would result ln dlmlnlshed vasc:ular 'synthesls 

, , 

1 

.1 
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Aortlc glutath10ne peroxidase activity was virtually 

campI etel y i nhlbi ted ln rats a-fter 5-7 weeks on a seienium­
(" 

deficient diet (Table 9). This degree of inhlbition is in 

agreement wi th studies from other groups (112,317), who 

found marked lnhibition ~f glutathione peroxidase olctivity 

in platelets (112)" liver (317) and erythrocytes (317). On 

the other hand, selenlum deficiency only reduced rabbit 

; 
aortic glutathione peroxidast! acbvity to 56 'Y. o-f contrdl 

values after 7 weeks of -feeding. After having started thlS 

experiment a few reports were found in the litera1;ure 

indicating that rabbits are unresponsive ta a diet deficient 

in selenIum and have a lower selenium requirement than other 
, 

specles (315,,318). Thi sis conSl stent Wl th the small er 

effect of sel enium defici e'1cy on peroxidase acti vi ty in 

rabbI t compared to rat. 

The production of peI 2 (measured as 6-oxoP6F 1 oc) and th-

18:1 were nO,t significantly altered by selenium de,ficiency, 

in bath the rat and rabbi t (Fi gs"'. 43 and 44). The obJect of 

thi s study as stated ab ove was desi gned on l:y to test the 

effect of' decreased seleni um:--dependent gl utathione 

perox i dase acti VI t Y on if.e producti on of ox y~enat~d PUFA 

metabol i tes . The lack o-f difference in production of PUFA 

metabolites between control and seleniulil-d~ficlent group? 
, 

~oul d seem to i nd i cate that th i s enz yme I s not very « 

i mportaht for the reducti on of hydroperoxy PUf4\ to t.h'ei r 

corresponding hydroxy compounds. This lS probably' 

accempl i sh~d by ether mechanlsms as di scussed above. 

" 

f ' 



, 

( 

-183-

The results repor-t,ed here tend to differ from similar 

studles carrled out in other laboratories. Masukawl et Al. 

(319) found that. aort.ic rings taken from a selenlum-

deficient. group of Wistar rats released slgnificant.ly less 

PGI 2-li ke bioact.i VI t.y t.han a cont.rol group. Thelr resul ts 

were expre$sed as the percent inhibition of ADP-induced 

plat.elet aggregatlon (selenium-deficlent group: 16.45:!: 

3.28, n=8 ; cont.rol group: 31.93 ± 6.21, n=8). Theyalso 

found that. the malondialdehyde level of the aorta (an Index 

of lipid peroxide levels) was signiflcantly higher in 

selenium-deflcient rat.s 0.77 ! 0.15 nmol MDA/mg proteln., 

n=7) than selenium-supplemented rats (1.34 ! 0.11 nmol f 

MDA/ mg protei n) _ 

Doni et. al (320) investigated t.he influence of selenium 

administrat.ion on PGI 2 production. Adult male Wlst.ar rat.s 

were divided Int.o two groups. One group_ had sodium selenite 

added to it.s drinklng ~ater for 80 days, corresponding ta a 

daily Int.ake of 0.3 ppm/rat. while the ot.her group's drinking 

wat.er had no supplement. The rat.s were fed a standard diet, 

presumabl y containing selenium. 

then assessed, py an aggregometric assay <ADP-induced 

platelet aggregation), from sllces of aorta, vena cava, 

lower lung lobe and heart apex. They found a 90 ~increase 

of glutat.hione peroxidase actlvit.y ln erythrocyds of the 

seleniu~-supplemented rats. Aorta from this group released 

44 X more (p < 0.005, n=12) PGI 2 -like actlvity. However, 

selenium supplementat.ion had no effect on the production of 

PGI 2 -11ke activity by other tissues. They also reported 

; 
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with a glutathione peraxidase inhibitar (3-a.ina-l,2,4-

triazole> resulted in a 90 7. reduction of PGI 2 -like 

synthesis. 

In another study (321), it was abserved that seleniu., 

when added to culture medium of confluent pig aortie 

endothelial cells, enhanced the ability of these cells ta 

produce PGI 2 (measured by radioiaaaaunoassay o-f 6-axoPGF1Or) 

when stimulated with 20:4 or thrombine Concoaai tant with 

this increase in PGI 2 ,production was a time-dependent 

increase in glutathione peroxidase activity. 

The three studies mentioned above tend ta sup~ort a role 

for selenium and glutathione peroxidase in controlling 

aortic synthesis of PGI 2 • The data s~ggest that glutathiane 

peroxidase is capable of reducing the levels of cellular 

hydroperoxides, thus protecting prostacyclin synthase fram 

their inhibitory effeet. The reasan for the apparent 

discrepancy between their data and that presented here is 

unknown. It is possible that the method of Assay could be 

an i aaportant factor. The use of GC-MS with selected ion 

monitoring is a very specifie Assay. whereas aaeasurement of 

PGI 2 -like bioactivlty by platelet aggregometry is lacking in 

thlS respect. VarlOus differences in the experimental 

procedure (e.g. incubation cqnditians, stimulation o-f 
"- ' 

1 tissue) could account -for the divergence in results. 

Alternativel~t the strain a-f rat (Sprague-Dawley vs Wistar) 

m~ght b~ a factor. 
/ 
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addition to the studies performed with aorta~ severai 

studies with platelets have been performed. Bryant and 

Bailey (112~322) found a decreased glutathlone peroxidase 

activity and an altered profile of lipoxygenase products 

(incubation with [14C120:4) in platelets from selenium-

deficient rats. 
o 

12hp-20:4 was increased sevenfold~ and its 

trihydroxy degradation products (8,9,12th-20:3 and 

B,11,12th-20:3), 3 to 4 fold. 12h-20:4 synthesis was 
. 

marginally red~ced (8 y.) in one of their studies (322) and 

reduçed by 20-30 X in tQe other (112). Jhese reports 
Il ~ 

support a role for platelet selenium-dependent glutathione 

peroxidase in the enzymatic reduction of platelet-produced 

12hp-20:4. In a slmilar invèstlgation (323), it was found 

that selenium-deficient platelets produced larger amounts of 
. 

tbromboxane B2 compared to control platelets. However, in 

contrast to the decreased finding of Bryant and Bailey,. 

ther~ was no difference in the production of trihydroxy 

metabolites ol 20:4 between sélenium-deficienf and control 
\ 

groups. These results suggest that the activity of the 

cyclooxygenase pathway is increased (increased TXB2 

formation) in selenium deficiency, possibly due to increased 

hydroperoxide activator levels. 

No change in the amounts of esterified oxygenated IBr2 

metabolites was seen between the control and sel~nium-

defici~nt groups in the present study (Figs.43 and 44) • . 
Selenium-dependent glutathione peroxidase is not capabl~ of 

reducing ·hydroperoxidized phospholipids or lowering lipid 

peroxida~ion in rat liver microsomes (324). Onlyafter 
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treatment of phospholipids or micro.omes with phasphQlipa •• 

A2 ,OUld this enzyme reduce hydroperoxides (324). In 

~rast, the selenium-dependent enzyme, PIP or phospholipid 

hydroperoxide glutathione peroxid •• e can reauce phospholipid 

hydroperoxide.. If this enzyme is present in rat aorta and 

reduced in a state of selènium deficiency (results which 

have not been reported), a dif~erence in the a.aunts of 

esterified oxygertated metabolites might have been expected 

between the control and selenium-deficient groups. HONever, 

factors such as vitamin E May be capable ~ handling an 

increased oxidative stress in the absence of this enzyme. 1 

The present study, tharefore, has raised a number of 

questions regarding the control of aortic cellu~.r 

hydroperoxide levels by peroxidase. and other non-enzy .. tic 

means, and the regulatian 0t PGI 2 synthe.is by th.se 
, 

factors. Further invest:.igafiOn into the intrica:t.. contrâ1, 

.. chanisMS of aortie PUFA ~taboli.m is definitely requir~. 

1 
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SU1ttARY AND CONCLUSIONs 

The metabolism of pOlyunsAturated fatty acid. by va.cular 

tissue ha. been s'tudi.d. Particulate frActions from fetal 

calf aorta converted 20:3 to two stereoisomers of 11,12-

epoxy-l0-hydroxy-B-heptAdecenoic aCld, which are present iQ 
/ 

relatively1large amounts af'ter short incubation periods (5-

10 min). Their amounts slowly.decreased after 10 min due to 

metabolism by epoxide hydrolase(s) to 10,11,12-trihydroxy-B-

haptadecenoic acid. 

Linoleic acid is metabolized by particulate fractions and, 

homcgenates from aorta and ductus arteriosus to oxo, 

monohydroxy, epoxyhydroxy and trihydroxy products. The 

products identified by GC-MS "ere: 9-oxo-l0,12-

octadecadienoic acid, ~roxy-l0,12-octadecadienoic acid, 

13-hYdrOXY-9,11-octadecadi~noic acid, 9,10-epoxy-l!-hydroxy-
.. 

12-octadecenoic acid, 12,13-epoxy-ll-hydroxy-9-oc'tadecenoic 

acid, 9,10,11-trihydroxy-12-octadecenoic acid, 9,10,13-

trihydroxy-l1-octadecenoic acid and 9,12,13-trihydroxy-l0-

octadecenoic acid. The latter two trihydroxy prqducts· eaeh 

1 1 

coosisted 'of mixtures of at least 3 s'tereoisomers. The .. 

• 

initial oxygenation of 18:2 to 9hp-18:2 and 13hp-lB:2 by ~ 

ilorta particulate fractions occurs via prostag.landin 

endoperoxide synthas~, sinee inhibitars af/~his ~nzyme, 

and acetylsalicylic acid, blhcked the synth~sis . indomethaein 

of 9h-1B:2 and 13h-1B:2, the'm~jor products formed under the 

incubation conditIons. Subsequent transformation of the 

hydroperoxy intermediates appears ta occur by a mixture of 

enzymatie ~d non-enzYlliatic steps. Metabalism ta oxa ~nd 

$ 
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epoxyhydrOKY praducts is lifcely' .. non-anzymatic proc •• s, 

wh.r.as reductian to hydroxy praducts .... y accur ei th.r 

enzymatically, by th. peroxidas. camponent o~ pro.taglandin 

endoperox ide syntha •• ,'" or non-enz ymat i cali y. 

EpoxyhydroKyoctadecl!noic acid. are converte by epoKïde 

hydrola.e(.) t.o the corresponding trihydroKY product •• 

18:2 is not. a very patent inhibitor of the metaboU ... of 

20:4 by fetal calf aorta,particulat. fraction •• In 

cont.rast., 20:4 markRdly inhibits the formation of, 
. 

monohydroxy metab~lites of 18:2. The formation of, t.he 

trihydroxy 18il isomer-s was inhibited to a much les..,. 
,1 

eKtent, probably due to competition with PGG2 and/or lShp-. 
PGI 2 for the per'odda.e component of prostaglandin 

endoperoxide syntha.e. 

Incubation of slices of fet.l calf aorta in Krebs-Ring.,. 

Tri s medium resul ted in the' synt.he.ia. of 9h .. 1B:2, 1311-19= 2, 

9,10,l1th-18:1., 9,10.,13th-18:1 and 9,12,13th-t8:1 -Fra .. 

endogenou!S substrat.e. A GC-t1S Assay using •• lected ion 

moni tari ng was developed ta quanti t..te .11 of the _bave 

products (e)(cept for 9,10,11th..-~B:l), Along with the ... jar 

oKygenated metab~lit.es of 20:4 formed byaorta. b-OKoP6F sCII 

. was the major -oxygenated PU~A metaboU te produced by rat and 

bovi ne aorte and fetal cal f duct.us art.eri o.us. Much small.,.. 

amounts of other cyclooxygenase products (PGE2 , HHT, llh-

20: 4 and 15h-20:4) were formed. Substantial amounts of free 
, 

and esteriHed monohydroKY and t.rihydroxy 18: 2-deri ved 

metabolites were det.ected, e.peci.ally in rat. and rabbit 

.... 
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, 
aar~a.. Indo.e~hacin did not inhibi~ the for .. tian of ~ese 

oxygenat.ed lB: 2 lIIetabol i t ... Nlti ttUtr eJe09enaus 13h-18: 2 nar 

th-18: 1 MaS incorporàted ta a large ext."t h~to lipids from 

vascular endathelial or ~th .uscle cells, .ugg .. ~in9 th.t 

the esterified 1812 oXY9.na~ion products had arisent .. tnly 

via direCt oxygenation of 1 i pids. " 1 . 

F_lnv rats .. ,.lentwO-dai'ictllnt di"t for 5-7 tk. 
inhibit~ aortic glut.~hione perexidase activity by 97 X. 

Selenium! de4iciency, h~ver, did net si9nifi~antly alter 

the form~tion ef.6-oxoPGF1 « cr Any other oxygenated PUFA 

metabolites by rat aarta. Rabbit aortie glutathione 

peroxidase activity Ma. inhibited by 44 X after feeding"a 

s.len'iulft-defiéient diet far the .... ti_ periode Only th. 

for.ation of the minor lipoxyg.na •• prDduct, 12h-20:4, Ma. ' 

si9ni~icantly reduced during incubations of rabbit aorta in 

Krtlbs-Ringer Tr-i s lIIedi WII. 

. 
Th.' ;faet that PUFA are re.di! y oJeygenated by vascular 

tissue ta potantially harmful hydroperexy inter.ediat.s 

~.veal. the'need for ..chani ••• te contrel their 

/-' intracellular l"vel •• {n Si~uat~DnS Mhere lipid 

~YdrDperOXides may accu.ulate, as in atherosclerosis, there 
......... ' 

could belan increa •• in the relat~ve ameunts of hydroperaxy 

_tabo1i tes" sùch as trihydroJeyéctadeceneic aci ds. 

~ Sterified monohydroxy and trihydroxy PUFA metabolite~ found 

'thin aortic lipids raise the possibility that esterif.iéd 

hyd operoxy precursors are pre~ent Mhiçh may inhibit PGI 2 , 

5ynthesis'as do free hydrQperoxy PUFA. Further study is 

necessary ta define the intricate control of hydropera~ide 
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CLAUIS TO ORI6INAL. RESEARCH 

1) Bovine aarta particulate fr~ctlon. conv.rt 20:3 ta two 

.tereoisa.ers,af 11,12-epoxy-l0-hydraxy-B-heptad.cenoic acid 

(ll,12e-lOh-17:1), which Nere identified by GC-MS. 

2) Il,12.-1011-17: 1 i li convert.1td t.a 10,11·, 12-trihydraxy-a-

heptad.cenoic .cid by ~DXid. hydrolas.(.) pr •• wnt in both 
, 

cy~a.olic and ~rticulat.. fractions of aart •• 

3) Linoleic acid is converted by hCHIDgenat •• and 

particulate fra1:tions cf' bavine aarta and ductus arteriosus 
, 

ta DXO (9-axo-IO.12-octadecadi.noic acid)., manohydraxy (9-

hydro)(y-l0.,.12-octad@cadienaic .cid and 13-hydroKy"':'9,11-
, 

actadecadienoic acid), epaKyhydraxy (9,10-epaKy-l1-hydroxy-

12-actadecenoic acid and 12,13-epaxy-ll-hydraxy-9-

actadecenoic .. cid) ·and trihydroxy (9,10, I1-trihydraxy-12-
,p 

octad.cen9ic acid, 9,10.,13-trihydroxy-l1-octadecenaic .cid 

.. 
4) For.at-ion of th. Dxygenated _t.abal i te. of 18: 2 by 

endaperoKide synthase inhibltars (indomet.hacin and 

acetyl salicyl ic acid) ,in a dose-dependent filshion .. 

., 
5) 9.,10e-l1h-18:1 is conv~rted ta 9,10,11th-1B:l by 

epoxide hydrolase(s) in cytosolic and particulate fractions 
fl' , '" 

of aorta. 

t 
, , 
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1 
6) 20: 4 i s a IltUch be~~.,. sub.trat. for. prostavlAndin 

endqpClrr"oxid. synth ... th." 1812 and i~ a patltflt .inhibi~or of 

oxygen.tion ~f the-l.tter ca.p~nd. ln contra.t. 1812 i. not: 

.. v",-y potllOt inhibi,tor of b-oxoP6F t « production froa 20:4 

by aortic partic:olat. fractions. 

• 

7) A GC-ttS •••• V ... ith _Illet" ion ltCnitorinlJ' h •• b ... 
.. 

daveloped for the qu.nti t:atiQt1 04 .t l •• st: nin.' cncyg..,at.1td 

PUF~ .. ~.bolit.s>(b~OX~i«. P6Ez , 12h-1713, 11h-20.4, 12h-
, 

20:4, 15h-20:4~ 9h-18~2, 13h-1S:2 and th-1B:1). The • .aunts 

of th ••• prDduct. far.ad froea endogenou •• ub.trat. by f.t.1 

c.lf aorta and ductus art.ariasus and &duit bov~n •• rat 'and 
. . 
rabbit _art •• wer. d.ter.ined. 

S>- Sub.tAJ1tial ..aunt. of ~r_ and 'HtttrifiH ,-anahVdroxy, 

and trihydroxy _tabolit .. ~f 18:2-....,.. dat.ected, .sp.c.ially 

in rabbit and rat aarta.. Th ... terified. prâduct.. wer. 
pr.sent in the ti •• ue ev .... :blriOra incubat:i~of th.' ,tis"'_. 

The •• product. had n~t b.en previouslv detllC~ .in nor .. l 

.. 
1 

9) Seleniu. deficierlcy dotts nat ait.,. th. pr:aduction of _ 

oxvg..,atect PlJFA .... tabolit •• fram r:.at .aarta. ,Only th •• 1ner. 

lipoxYgana •• product, 12h-20c4, wa. significantly reduc~ bV 

" 
.elenium deficiency in the rabbit. This SU99 •• t. tha~ 

glutathion. p.roxid ••• ~.y oot be v-ry important for the 
~ 

reduction of hydroperoKy PUFA t.o:rtheir cor,..,sponding hyd.roxy 

compbunds. , 
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