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The e f k t  of a thymid condition on phospholipid fitty acid metaboliSm was 

examineci in Wiatd rat heaaJ panised in Luigeidorffmode for 30 min with [l-14~]oleic 

acid (1 8: 1) bound to albumin in a 1: 1 moLr ratio- A 1.5 fold Q < 0.025) in- in the 

formation of [14~]~ho~hatidylttbrinotrniine was o b d  in heutt âwi -id 

rnimrlr compind to contiols (bu arpnrwd as d p d g  haut). No stltistiany signinctnt 

increases in the formation of otha [14~]~hospholipds wac obsavsd in the heuts of 

hypathyroid orimrls cosapPed to controis. Sinrüu hcmses Q < 0.025) in the hmtion 

of [14c] phosphatidyiethanoiaminc were observeci in heuts b m  hypatbyroid uiimas 

compued to contra@ that wac paaised with [1-1~~]palmitc acid (16:O) and [1-14~] 

linoteic acid (18:2). Howeva when pafiised with [l-14~]uachidonic a d ,  a desmise in 

the fbnriation of [ I ~ C ]  phospbatidyiethanoIsmine wu observed in hearts h m  



hypdlymidi i i irmlscompMdto~Is .  H y p o t h y r o & d i d ~ m - r t t i #  

the fbrniation of [1'k]phosphatidylehmtarriino b m  [ I - 1 4 c ] ~ c  (16:0), oleic (18: 1) 

aad linoleic (18:2) acidsC ïbmver, the fimaion of auâiac [lk] 

phospbatidylebmIlunuit h m  [1-1kJarschidoaic a d  (20:4) was dcaricd by SPA (P 

~ 0 . 0 2 5 ) i o ~ i ~ ~ w a h ~ ~ .  

S i n c t t b t ~ ~ ~ e a t c t r o f u y r O i d c o m d i t i o n i n ~ p a h u s d ~ t h a r t w a ~  

dbcted tawuds phospbatidylcriuaa- the & nmio biosyiithaic pethwiys of 

phosphatidylethanoiauhc wac aummed in hearts panued fbr 30 min with [1,2- 

l*]cthumlaminc or [~H(G)]scz~~. The thyroid condition hd no signifia# on 

Qtba the CDP-abanolatnine padbwiy or the dedmqMon of p b o o p h a t i ~ e  to 

phosphatidylI?riiiuMm in the p d u d  nt hart. In addition, the thyroid condition haû 

littie cSct on the pool &e of phosphatidylethaotuninc in the hem (axpaMed as 

mo1esî'g hcart) or the other ctrdiac phospholipida 

These resuits suggested that the thyroid condition d b t s  the remodeling of 

phosphaîidylethanoismine in the heart. When the fbty acid mole& composition of 

0.025) inaer# in the oleic acid content of hypathyroid animais complnd to coatrols was 

obsefved. H-id ii9milr id a 3W (P < 0.025) in- in the prlmitic acid 

matent of phos~ûat idyiethano~ in the hemt c o m p d  to controls. The inaerred 

oleic acid (18:l) content of phosphatidyihoiamine in hearts &om -id uiimals 

was ükely a c o l l ~ e q u ~ ~ ~ ~ ~  of the 74% iaaeruc (P < 0.025) in the iaMty of microsod 

protein). The increased paimitic Md (16:O) content ofphospbaîidyietbaaolamine in hearts 

fiom hypothyroid rnimils was Wrdy a collsc~uence of the 23% demase (P < 0.025) in the 





1. Structure of the BidogM Menabme 

has a hydrophobic con with hydropbüic dhccs. This cmues a pcrmcability barder 

whicb parnits the cefl to dcctivdy aCCUmJdte ocganio m o l d e s  and ions. Lipids 

mûmdly fom b h p  due to that ampbipathic chancterhticsCS Lipidr have both a 

hydrophüic region ( h d  gmup) and a hydmphobic region (taü group). nie combination 

of van d a  Waais forces and hydrophobic interactions stabilias the biologid membrane 



C. 
'LI. a 



in the mitocbondrial inna membrane (Guidotti, 1972). 

IL Worphoîipidr 

1. Glyctrophosphoüpids 

oIyc4ophospholipids are the major meipbnac compoaeats ofmenibcancs. These 

conskt of a eiycaot backbone with two htty rcid cboo, estaifid at the m-I ad -2 

positions (T'able I). At the -3 position, an aicobol ~ g a i p  b liaLcd to a phosphate thaî is 

esteridid to a variety of polar head groups uable II). 

2. ~ m i l o g e n s  

Plasmdogaw diffa b m  glyceophospholipi& a the ~ l i - I  position of the glycaol 

bacldbone where the fâtty acid is attached via an athar hicage me. 2). PL<mJogens are 

prev8icnt in tissues such as haut and brah (Diagne et al., 1984). 



Table 1 

Some Coaimoa Bb&@d Fmy AQdr 



C H p - O P O - S  
I 
0- 

Nunc  of X-OH Formah of -X NIM of Phoqhoiipid 

Water -H Phorphrlidicaad 
Ethanolamine - C H ~ C H ~ N H ~  Phap~~ylcthrnoIrniint 

Phospiutidyigfycaoi 

Diphosphatidy lgiycerol (ardioüpin) 

Source: BiochemWtry (1990). John Wiley & Sons hc. New York, New York pp.278-290. 



Figure 2 
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ctbuidrmint gly#ropboopholipidr a a a m h g  6x 14.0.30-4 rad 20.7% of the totil 

sbundant. 

Fdlowing ody chob  giucaophospholipids, s i h u i d ~ c s t y ~ ~ ~ p h o s p ù o l i p i &  

are purrit'il.tieiy the mst ikindrnt phospholipids in munmriian tissues. Tberefore, 

t t h a n o ~ p â o s p h o l i p i d s  ure essaitirl compoaents of cd membranes and Iiavs 

aa~rtantrtruchurilniiidioa 

2. FitQ Add M01ecPlu Composition of E~oIriajacrft~phospbol ipidr 

Fatty aci& arc estedicd to the SIEI and -2 positions of the etyoa01 bdcbone. 

The @or molcllilllit specia oiPE in bovine htM (Table IV) & tht muateci fi#y 

Oa&.n~yest~ed1ttha-IpoSitiond~yuir9rtundfnttymdstotbe~ 

2 positon of the glyaml backbone (Scmid and Takaha!& 1968). Stcaric acid (18:O) ir 

the most abundant huty acid a-ed to the m-f position, whcrcas Mchidonic acid (20:4) 

P the most abunAnnt fatty acid attacheci to the -2 position. Alkenyi a d  akylacyi 

ethanoIsmint glyarophospholipi& possesr a différent haty acid coinp~Biton arh- 



Table IIï 

Choline giyarophospàoiipi& 41.0 total 41.6 total 43.2 total 
diacyl 22.0 39.4 26.5 
a b -  2.0 0.6 1.2 
~~Y~ 16.9 1.6 15.5 

Ethanohmine giycerophoaphdpids 27.6 total 37.2 total 3 1.8 total 
diacyi 14.0 30.4 20.7 - 1.6 1-2 1.3 
~~~~l 11.9 5-6 9.8 

Phosphatidyisaht 3.2 1.7 1.7 
Phosp hatidyünooitd 4.3 2.0 2.8 
Cardioiipin 14-5 15.0 14.4 
Phosphatidic Acid 0.0 0.0 0.0 
Sphingomyelin 5-5 3.1 5.1 

Source: Biochim Biophys Acta (1984) 793,221-23 1. 



Table N 

Source: Biochim Biophyr. Acta (1968) 164, 141-147. 



(Zdhki a d  Caay, 1982). Etbmohhe t rapidly p ~ b o ~  by ATP to fom 

phospboezhanoIluniirr_ in a d o n  cmlyzsd ôy c t b a n o w  k b c .  Ethanoiamiuc 

Onacs U cytosolic aiymc tht bas been puriiied h m  rat kidaay (Wdate et d., 1984) 

and hru a pH optimum of 8-9 and a Km of0.6 mM for etbanoiamine and 1.5 mM for ATP 

(Ishidate et d, 1985). Atrq an ethsnolrrmine lrinut h m  mt Imr bas beaa p d e d  and 

bas a K, of 1.2 mM for ethanohine (Porter a d  ïCent, 1990). However, both of thsc 

ethanolamine kirutse activities contain appreciable choline k h s e  idMFy. M stuclies 

suggtst du prcscaoe of separate a q n t s  responsiMe for the phospborylrtion of choline 



Table V 

Fatty ABd PhosphatidyiethanoIrunint 
Microsornes Mitochondria 

Human (3) Rat (6) HumSn (3) Rat [a 

Source: Cvdiovasc. Rc* (1%9) 3,454 1; Cardiovasc. Res. (1970) 4, 1-5. 

Table VI 

MBjor fktty acid molecuiar specia of phosphatidyichotine in b u m ~  and rat heart 
microsornes and mitocbondria expresseci as a pacentage of the total. Values represent the 
mean (number of sampler). 

Source: Cardiovasc. Rcs. (1969) 3,454 1; Cardiovasc. Res. (1970) 4, 1-5. 



Figure 4 

ETHANOLAMINE 

1 Membrane 

Ethanolamine 

Pathways for the de novo biosynthesis of phosphatidylethanolamxne 



alkenylglycerol (Anseii and Metcalf~ 1971). 

ii. Decarboqlrtion of phorpbitidyîserint 

The formation of PE tiom the decarboxylrtion of PS Fi& 4) wu 6rst rrportd by 

Bremer et ai. (1960) in the rat liwr of animais Lijected with 14c-serine. PS dccacboxylase 





for PE biosyathesis. Furthennom the use of the ethanoladne dm 

. m .  nmmmmg th appropriate nue of PE biosynthesis. Thb mcdunism appan to bc at 

wotk in rat liver as weiî since an hcreast in the ethaaoiamk concentration m the senun 



d e c u b o ~ o n  of PS. The moâuktion of PE biooynthcsr by cth~~Isniiric and Mnc 

may be physiologicaiiy important rince the Qrailrtine levels of ethano-e (0.01-0.9 

tnM) and raine (0.030-4 mM) fluctuate (MMto&Q et ai., 1985). 

ri Rcgiditioa by diylgiyccmI 

DG ir 8 p m r  ofPE thrt may be poduced by the action of phosphatidic add 

pboophatme upon pboaphatidic acid and the hpdrolysir of mcmbrine phospbolipids by 

phosphot'past C. DG is located at the bniieh in the pathmiy betwaeci acidic pboopbolipid 

biooryrithrfr rid neutrai lipid bioyatbair. It has beea postubd tht more thrn one pod 

ofDGa8siswitbmthecdlmdclerilmoDGpools~diStinct~omaastingDGpoolc 

m o w  anâ Kunze, 1985,1987). Thdore, the avaiiaôiity of DG may bc a daammint 

of the nto of PE biosyathesk. Treatmait of bepatocytcs with the phorbol ester, phorbol 

activitcs of CTP:phosphoethmoiamine cytidyîyltransf~ and C D P ~ o l a m i n c :  1,2-DG 

17 



1992). S k  tb DG kva was cechceci in O W c  acid tmrcd bepltocyta by 303C d 

in the formation of DG, the inaeued PE syathcsU mty rcairlly be due to the iiiaerped 

DG accumuWon in vasopmsin t r ~ d  d i s  @occkin~ et d., 1985). 

ûhcagon b 8 polypeptide invoived in the m o b i i o n  of  hepatic glucose. 

ofbcpatocytm to giucagon draerred 14~~hanoIsrnine incorporation into PE 

c~mparrd with wntrob dg'burg et d., 1989b). Howmr, the activity ofthe m e s  of 

the C D P ~ I l u n i n t  pd~way wen d c c t e d .  The inhiiitoty efnd of glucason on PE 





(1960) dacrikd the dcicyirtio~~..rrrcylm'on qcie for the mmddüag of PC. It wu 

i Citibolic Ellzgma 

Phosphoiipose A1 and A;! have rn important role h the Entnhnlism of membrane 

Phosphoüpr# A1 clitrlyas the hydroiysb of the a q i  grwp h m  the sa-1 position of the 

phosphoiipid giycerol backbone to releasc a &ty acid and the comesponding 2-8cyI- 

lymphosphoiipid (Fis 6). Phosphoiipase A2 catdyzes a 3imüat naaion at the -2 

position of the phospholipid glycerol backbont (Fig. 6). Intraceliular phosphoiipw A2 

hiu been p d e d  hrom human U937 ceiis, its protein sequerice d e t d e d  and the &NA 

has been doned m e r  et al., 1986; Clark et al., 1990; 1991). It is a 85 ItDa protein 

that is activateci at phf concentrations of ~ a 2 +  and bas a preference for arachidonic acid 



Figure 5 

I, LPE: acy1-CoA acyftrmisferase 

LYSOPHOSPHATIDYLETHANOLAMINE 
Acyl-CoA Synthare 

H P  

Lysophospholipare 

FATTY ACID 

FATY ACID 
COA-SH + ATP 

GLYCEROLPHOSPHOETHANOLAMINE 

Remodeüing pathway of phosphatidylethanolamine 
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u y l  groupa rt tbe m-2 position rmJI that îinoIeic r i d  (18:2) U d e a d  brta 

thin ünokaic (18:3) or arachidomc (20:4) acid (wadtr et el, 1974). 

mrmmriiui tirUa (zub.y, 1988). EEoweva, dw to tboit qtoiytic (W- lm) d 
urbythmfi gamaiqg propaties @&naid et . 1988). the aWabolism of 

tysophospboiipib must be tightiy regdami in aü tusues and apeaally the heart. Tht 

lysophospbolipid product of phospholipasc A activity may be rrsynthcsizcd (sec IV. 1. a) 
or airrhr curboiized tbtough the action ofa iysophosphoüpase. in fhct, the LPC l d  in 

rat and guinea pig heut microsomts appears to k regdateci by the ietivay of the 

microsod  iysophospbolipasc (- et aï.. 1986). Lysophospholipase A1 hydroiyEes 

aqI groups ban 8 l-acyi-, iad ryoOpbooQholi~(~~ A2 h m  8 2-loyi-iyrophospbolipid to 

dease htty acid ancl a giy~~l01=3-phorphate cornpouid with its conespondhg brrc 

attsched mg. 6). Lysophospholipasc rnMty that atîadced both LPC and LPE w a ~  f%st 

demonstrated in rat liver by Dawson (1956). Lysophospholipases have ken show11 to 

exkt in both the microsornai and cytosolic hctiotu of heart tusue (Gnwr and soba. 

1981). L~phospholipase was pirineci h m  rabbit myocardiai cytosol and wu ~ W I I  to 

have a molccuiar wQgbt of 23 kDa ( h m  .ad Sobd, 1982). This cnqme had a Km of 

10 pbf for 1-acyi-WC and 8 pH optimum of 7.5. It did mt show any pref'érence for W C  





Figure 7 

Diacyl Phospholipid 

Resynthetic enzymes 





dcmoiirrntcd nibstuiiirl turnover of hepatic PE tad PE daired k m  PS dccarboxyîaîion 

(Schmid et d., 1991; Samôonki and Vliia, 1992). Uihg nt b q a o q t a  iiiaibated with 

6th- 14G&œd or ~ ~ 1 8 0  it hs ken  rbown that to synthesize the -*or fbüy rQd 

Spocies of PE. (18:O-20:4), ït is ncceyyr for runoddbg ramions to occur at both the 

sn-1 and -2 positions (Schmid et d., 1995). The main PE fâtty .Cid comb'ion 

daivsd b m  the & now pathway (16:O-225) undergoes rrmodeiI@ to produce the 

p- d d b g  products (16:O-20:4; 18:O-226) and thea Mer nmoddbg of th- 

nsuhs in the 6 d  the stable reconby rcmoddiiq p d u a  (18:û-20:4). 

PE madc by the CDP-ctholsminc pathway is dcgmdcd rapidly in nt hepatocyta 

(Samborski et d.. 1990). This may ocair shm m i c m s o d  LPE must compete with LPC 

for acyi-CoA LPC is m a t e c i  at a bigba mte t b a  LPE, lcming LPE exposcd to 

hydrolysis by microsmai lysophosphoiiprcc in nt üwr @id et ol., 1984). 

In the heW, LPE AT lamty is mrinly located in tha microsornai hction (AithUr 

et ai., 1987a), howmr LPE AT ltctivity U aiso pnsent in cardiac rnitochondria (AdW et 



of lyrapbospholiipQ or pborpbdipids that contain an inippmpriidt htty rid 

coqmdion. T b  ducidation of the regdatory mrdianian. udedybg pbolpbolipid 

remoddhg wouid the probdm as to how the bidogicai rncmbrane p a a ~ ~  a 

raktiv$y constant iipid compositioa auci physical propaties. 

L Effkct of membrane eavironmeat on the azymes invoiveü in phospholipid 

nmodaüng 

Tbe lipid emiimnmmt auroundiqe membrane baind enzymes an inthiam thcit 

octivites (Kimdkrg. 1957; Coletnan, 1972). Both phosphoiipase A2 rad the 

acyitraasf- WC tbe menibnne as th& midencc as weli as th& substratcg The 

influeace of the iipid CIIViCOmcnt on these ez~zymes could play an important rds in the 

miintemm of optimrl membrane Ouiâityg For aomplq b e r  pbospholipid btty iQd 

composition was chmgcd by f d g  rats diets that cornrinecl Mctenf saturaîed lipids. 

This J t d  Imr p h  rncmb~c fluidity and consqatlltly changed the d t y  of 

phospholipase A2 @lomchilova et d., 1984). 



depuxls upoa the hay rcid composition o f h  s u m d b g  phosphoiipi&. Modification 

is necesmry for both ofthese enzymes to respond to the physicai stw of thQr ~~~~r )mding  

membrane environmua, sina th& hctioa involves the rernodeîiing of membrane 

phospàotipids for the maintenance of o p W  structure rad fiandion of the biological 

membrane. 

ii. Regdation of phosphoiipase A2 



bhibihg paOapblipam A .  a m d y d  arachidodo acid (20:4) rd- (Amba et al., 1995; 

Krrma et al., 1996). 

Th aormrlty cytosolic phosphoiipue A2 U O a n s l m  to the dl membrane 

upon cdkilu advation in the prrscl~oe of pli4 conccatdo~~ of&+ ( C i d  et ai., 1991; 

intafPoJ bhâhg site, sepamte fiom the active site that is rcsponsible for the 

translocation and usoQuion of the etlzyme with phosphoîipids in the c d  membfant- Riit 

iiver phospboiipase A2 1CfiVity towards mitochondriai PE showcd 1 lctivity plteui upoa 





beut (Knvubmii et al., 1986). Chronic admhsmion of the badmcrgic agoaiq 

achtuk there is t n i m m a l W W  bllly>vct of pborpboiipid unmumai fhtty 

rQdr. The hormone, bndylriata crn reguhte tbis eEed tbrough sidation of 

phospholipase A% foliowed by an incrcase in acyît,ra&hw lctivity (Stain-SpcPaie et al., 

1989). S i y ,  the cytokine interinilin-la hs the ability to stimuhtc phospholipase 

A% H e  at the same t h e  s h u h h g  tcyitransfi  &ty ~~o ad Scdor, 

1992). In vaciow rat tissues a c y î ~ e r a s e  .Ctinty has been shown to be inhibiteci by 

detergents and inhidors of cydic nucleotidc phosphodicsttfa~t (Shier, 1977). Since 

phosphatase trcatment of human nnitrophüs daxcascd rcyitransf'ersse activity, it b s  beai 



g r o l Q s b , c b a i r n t b i L & ~ ~ r n d p b o o p b o l i p i d r a v l l t a ; r i P g ~ ~ I t ~  

nwl (SoiiiPid rr d, 1995; et 41, 1097)- Tbem pooaar mut be ti@iy 

~ i o t b 8 t t b y r r m r i n ~  



the most ikmdinr Eorm in the saum at a coaantntion of 100 nninIdL whaar Tq u 

Thyroid bonnones are initlllly on the n'bosomes of the mgh 

cadoplaaiiic reticuiurn withti thyroid glaPd fouide cdls as the prohormone, thyroglobulin 

(McNabb, 1992). This protein is glycosyhtd within the dopkoms rdculum and itta 

undergoiugproaroiag aiitbia the Golgi apparatus, it is traasported witbin QIOCYtOtic 

vdcles to the foiiick ccü lumen. Tyrosine residues ou thyrogioôuiin are iodin8ted withiu 

the lumen djaccat to the apical membrane (ekhoim, 1981). PcrorCi&sc a t d ~  the 

coupüng of two düodotyrosine molecuies rbrougb the dimiiution of M rLiUoc ride chiin 





THYROXINE (T4) 

3,5,3; 5'- T ETRAUOOOTHYRONIN€ . - ..  . 



thyroidbormoasrtoboUucr 

2. Mccbutm of  thymid hormone adion 

Thyroid hormone actions arc mediitcd by iiltcndiiig with specific raceptor~ in the 

miclnu and mitochoncbia (ûppmheimcr et d, 1987; Sterling et cil., 1978). Mer b i g  

to these zcccpto~ thyroid honw,nts c o d  the acaamkion of rpcQfic H A  

m a I d e % t M c o d e f P r t b e r y n t h e s U o f ~ c p m ~ ~ d b y t b c b ~ ~ ~ ~ ) ~ .  The 

deçirboqîadon of nullite to pmduœ pymmtc and carbon dioxide. in the h, T3 

induces an i n ~ r e 8 ~ 0  in d c  cnryme production Using &NA probtr. it wu denrostrated 

that the Cnéct of Tj is pratnaslrtiod and T3 induces an 11-14 fold increase in d c  

aizyme mRNA cons- ( W i  et ai., 1983; Back et al., 1986). T3 Jlo inaeared 

malic azyme mRNA content in heut and kidney (Niikodem et d., 1989). 

InitiaMy, thyroid hormones are taken up by thymid bonnone msponsive cdLs by 

endocytosis after b ' m ~  to cd suxfkcc p r o t h  (Halpca and Edcie, 1982). En- 





Figure 10 

T4 T3 responsive gene I exmession I 
Blood Vesse1 

Thyroid homone action in the ceil. 

T4 , L-thyroxine; T, 3,5,3 '-triidodthyronhe; 
THR, nuclear thyroid hormone receptor, 

CTBP, cytosolic thyroid hormone binding protein 



Figure 11 

1 TRE 1 

Model for the regdation malic enzyme gene expression by 3,5,3'-triïodothyronine 

T,, 3,5,3 '-triiodothyronine; 'ïHR, nuclear thyroid hormone receptor; TRE, thyroid 
hormone response element; TRAP, thyroid hormone receptor awriliary protein. 



Changes in cdhilu üpid composition rad metaboh are oaly one of the divcrsc 

deds of rhaed tùyroid states. It ù wcii rccogdzed that thyroid bonnones do rcgulate a 

nimkr oflipid metaboiking enzymes (Hoch, 1988). For cmmpk, hart microsomal@- 

CokstycaOl-3-pbospûate ioyitrsnsf~ (Dang et 45.. 1985) a~ ~ C U  a~ heut ~ ~ C X O S O ~  

and iysosorrmt pbosphatidate phosphohydroiase wtivity are -cd by thyroid homones 

and Pattemon, 1975; KaLo and Liu, 1974). 



i. Wkct of thymid hormona o i  phoophoïipid composition 

The tayroid atate of M animal mfhKDCCr the phospbdipid conte of certain 

thymid rrspomiva tùsuer Tbe nnt ~ ~ m p l e  otthyroid hamoaa r f f i  pbqW@d 

content showai tbat br viim T4 dahktdon to ~ f l  iBEiCLPtd tk tOQl pbOdpbDEpid 

conmt of the nt compMd to coattoIs (@Won ad Wsou, 1963). Lta. 

mitochondria oompami to controis without rfaciine the content of other pbospbolipids 

(Patadies et rd., 1994). RcIaitly it was shown tbat hypedymiidum induced by Tq 

treatmeat of rats iacrraPed the CL and PG c0ntu.ü in hcart mitochoadria (c.0 et d., 

1995). Treatumt of rats with either Tj or T4 inaeued the PE antent uid deagPed the 

PC coatait ia rat bnin mitochondria (Bangur et d., 1995). Thae chang~ ~ a e  

siepinaiit aiaigh to arue an inasrt in initocbondcial mEmb~llllt fluiday* LMr 

mitochondrir h m  hypotbyroid ntr hd double the Paaint of CL, Whgty PC content 

was süghtly d u n a d  md PE content uncbaugcd, cornpend with controis (Hoch et al.. 

1981). Howcver, hta arpamia s h o d  that hypothyroid rats ùaû h c m d  PE and 

d- PC content in iiver mitochondzia (Riiggïen, et ui., 1984). In &eart mitochoadria 

fkom hypothyroid rats, the CL ad PE ment was d d  and the PC content wu 

inaeiued comparai to controls (Paradies and Ruggicro, 1989). Howeva, later 

arperiments showed that in heart dochondri. fiom hypothyroid nts. ody tht CL content 



signihdy d&nrPcd cqmmd to the coutsois (Putdies et al.. 1993). Tj trrrtmmt of  

s t d c  (18:O) d am&donic (20:4) );Qd content rid deammi PpLaitiO (lm) rad 
linolac (18:2) acid comcao, coiiiptrrd to cunsroIs wu obaaMd (Faas rid CarterB 1981). 

CompPcd wah controis, linolac (182) 2) rnddodc (20:4) acid conte  incrrrrcd and 

paimitic (16:O) 0) oleic (183) acid cocoatea d e a c w d  in kart srcotemmnil awi 

hypatbyroid rabbi- (Szyrminrh et d., 1991). Linoleic acid (1 8:2) content was iaaeared 

and the arachidonic acid (20:4) content was demascd in liva mitochondrh d 

microsoma of hypothyroid rats compared to controb (Hoch et d, 1981). Thh 

o b d o n  s u g g d  that the c o d o n  of iiaoleic acid to d d o n i c  rQd ir d e f i  

in the i h r a  of hypothyroid Iiiimria. The pabïtîc (16:O) rnd afacbidonic (20:4) rcid 

conte& were incmad wbatu thc st& (18:O) iid liao1eic (18:2) add coatcsdr wao 

deatased ia the mitochondriat of hypothyroid ntr compued to controis (?&es and 

Ruggim~, 1989). A tw~fold Uicttlwc in the linoleic acid (18:2) content and a deaas t  h 

the rncbidonic acid (20:4) content of mitochoadriril PE in 1Mr fiom hypotbyroid 

WU oôavcd (RaederstocEet d., 1991). Compared with controh, phitic (16:O) ird 





phospholipids. Tht rcguiation of phosphoiipid t z m O d e  is important to prtveat the 

accudation of membrane pnMb'hg iysophosphoiipids (Zubay, 1988). Furthemore, it is 

important for the establishment of the appropriate tissue speàfic phospholipid fatty acid 

composition (HOM and Kuksis, 1978). Thdore  the objective of this study is to 

bvestigate whether the remode& ofa major cardtc phospholipid is regdateci by tbyroid 

hormones in the heart. 



METEODS AND MATERIALS 



2. Heut Tirnue Prepantiow 

i Pedbion of  isolatcd nt h m  in Iangei~dorlTmoâe 

Mde Sprague Dawiey rats wae d c e d  by decapitation The hart was q@clcly 

nwmd and cmmil.icd via ?he aarta using a modifieci syrinsc nadle (18 gauge). The 

remahhg blood in the comnary circulation wu maoved by qecting the hart with 5 mL 

of Krebs Hcasdcit bufb @bebs ind Hhsdeit, 1932) using a 10 cc m e .  BSéf  was 

prcpad âesh by c o m b i i  100 mL of solution A (con3aiaed 70.1 #L sodium chloride, 

21.0 gh sodium bicarbonate ad 9.91 gh deximse), 10 mL of solution B (contJiinrA 3.55 

@O mL potassium chloride, 2.94 gl100 mL magaesium dfhte, ud 1.63 dl00 mL 

sodium phosphatt, mo~~obasic), 5 mC of sohition C (cormineci 3.37 Jlûû mC calcium 

chloride, dihydrate), a d  double distilleci watcr was added to a b a i  volume of 1 L in a 

voLmretric fiasic. Immeûiately i&a. the hart was piaced on the perfùsion appintuo (!3g- 
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M~onswacpafonnedat37OCwithaflow rateof2.S mIlmin_ Theviabiiof 

the hCPt uada tbese conditions d d  be mainhind for up to 4 h of paauion ( A d m  

rnd Cby, 1984). Subseqmt to gcrfiuon, 10 mLoflirwas qd into thehaut to 

remove the miduai Rdioictive or non-radioactive padiuate that rrmmncd in tbe ooronary 

araiktion and tht hearts hzea in iiquid nittogen. The hauts wae âcae dried 

ovemight. 

ü Radioactive iabding stadies rtudics in the bdited perfiiued hur t  

To shiây the &èct of thymid state on phospholipid remoddiag in the isoiated 

pedùsdrathuut, M w a e p a d w d E w 3 O n i i n w a h 1 2 . S m L m ~ O . O 1 - O . l  m M  

[1-14c] rnchidonic, palmitic, iholeic and okic ad& (0.4 p C W )  bound to bovine 

senun albiunin in a 1: 1 mok ratio. The coM.Rntratioas of tiitty acids used thughout the 

experiments were representative of the physio10gid plesma concentration in humam 

(Shimomura et d, 1986). In the acperiments to deterxnine the effea of the thyroid state 

on biosynthesis in the isolateci pernised rat h e ~ ,  hearts were paftised for 30 mis with 

12.5 mL Krebs Henseieit M e r  containhg [1,2-14~]etbanolamine and ~[3~ (~ ) ]se r ine  

(0.4 bCi/mL). The perfiiyite was sanuated with 95% 02 1 5% Ce. 

iiî. Subceiïahr f'ndionation by diffieetlltiil centrifogitioa 

Cnide sub-ceiiular kations wae prepared for u ~ a y  of a q m e  actMties. The 

animai was d c e d  by decapitation and the heut was quickly removed ad blood 

remabhg in the coronary circulafion was removed usiag 30 cc of homogeaizstion buffer 

contsining 10 mM Tris-HCt 0.25 M sucrom, 2 m M  EDTA, pH 7.4. A lû% homogenate 

was p r e p d  by homogeniPIlg the h m  @olytron 20 sec burst) in homogemzing buff*. 



andrgain~gedat12WûXgtbr10mia. ïhe~tbgpdletwasceJIupcII<Iedin1 

mLhomoaeiiiriiigkiaawithatigùt~damcetuaiehomogw~ ThirwuusaSas 

the saircc of the mitocriondtial w o n  for -y. The ~-miuxbondri8l 

supemUantwasceatrifbgedfor6ûminat 1100000 Xg@eckmanUtncemXugewith 

70.1 Ti rotor)- The remhg pdiet wu rcsuspded in 0.5 mL ofhomopizhg bueCr by 

15 stfokes ofa tigh fit- hand hdd dounce tissue h o m ~  and urod as the soucc of 

the mic~osomai M o n .  The supanrtriit was used as the source of the cytosoiic M o n .  

AU subceîiuiar M o n s  wae aüquotted into 1.5 mL aiicmfûge tubes and ~ZCI I ,  Miwker 

aiyme iaaspS rwealed that the mitochondtial M o n  was contluninated with 1% 

r n i a o d  partictes and the microsornai fiaction with 5% mitocbondrial particles (IWch 

and Choy, 1987). 

3. Pnp.irtion and koiation of Lipids 

i. Lipid extraction 

Subseqpent to perfusion, &eae bied hemi  wae weighed (typically 0.074.2 g) 

rad h o m o g ~  by a 20 sec burst of a Polytron Homogenizcr (Kinanatün, Lucerne, 

Switdand) in 5 mL of chlorofom:methanol (2:l v.v). Tissue remahhg on the 

homogallzer probe was removed by homogenidon with another 5 mL of 

chlor0form:methariol (2:l vh). nit two 5 mL homogemtes were combined and 

centriftgai at 61L speed fbr 20 min in a h c h  top ca@ifbge (Mode1 HN-SI& Fda 

Scientific, Edmonton, Alberta) to pliet debrin Afta ceatrifiigation, the homogenate w a ~  

deamteci into a 16 X 12s mm screw cap tube. Addition of 5 mL of 0.73% sodium 



chloride to the hoaiogauüc d e d  in the formation of o@c and aqueous phases. 

For lipid smplcs obtained brn parnucd rat hairy 20 X 20 un th lrya 

cbromasognp& phtes trrrted with 0.4 M boric acid and &id wem used to rcsohm 

individuai phospholipid species* Plates wae spray& with a 0.4 M solution of b r i c  rcid 

overnight (Poorthius et al., 1976). Before application of the lipid sample, the thin layer 

plates wae  heat activatecl for 1 h at 145 OC. The thin layer plate was dowed to cod 

W o n  the samp1e was applied. The dned o@c sample was remspeded in 100 pL of 

chlorofommhaaol(2:l vhr) and 25 pL of the rraignded lipid sampk was applid to 

the plate. in addition, a 5 aüquot of the sarnple was takca for detaalnaton of total 

radïoaciivity msociated with the rpmple. The thin laya plate wu subjected to a two- 

dimemionai solvent system consmtiag of chiorotomcmethanol:ammonium 

hydrox ide ta  (70:30:2:3 vhr) in the first dimension and at 900 to the firsi, the sccond 

dimension wasisted of cbloroform:rnethanol-water (6W 5 5  vhr). The thin-layer plaie was 

dowed to dry between dimensions The separateci phospholipids were visualizcd by 

acposing the plrue to ioâine vapor. The two dimensional solvent system has a 

characteristic phospholipid pattem @g. 13). Radioactive phospholipids wae removd 
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phoapbatidyicboiiae; PE, pbospbatidyIethi io~ F& phorphritidyisiyc&i; PI 
pbosphatidyiioositoi; PS. phoopbatidyisuine; S spihgomyeiiq LPC. 
~pbosp) iat idyicho~.  





inabeachtopcemifûgetorcpmadieaqu~rndorganîcpbases Tbeuppaaqueous 

layerwasâiscarded, T h e b w a o ~ c l a y a w a s w a s b â t w i c e w i t h 2 m L  

m~.wtu(l:lvh~dtha~lryawrrdirardedI&rachwuh Simples 

werestomdundanbgeainthcfiieezer. 

3. Rtpation of fatty add methyï crtui 

F ~ t t y . Q d ~ e a m w a c p r r p e n d ~ t o t h e m e t b o d o f T P d i e t d  

(1992)- Lipid samples wae dried unda &mgen. Subquedy,  0.5 mL BF33nethm1 

mgent wac added to the saew capped tube. mixecl and sonicated b M y  to â k o b  the 

lipids, Thc~cappedtubawaeconredwitbtefiontapcandcappai~ombeing 

placedina100OCwaterbrthfor5nim. A f € ~ t b a t u b c s w ~ a o o l e d h i œ a a d O . J  

mCofantawasadded 'IiikrwacrhtLaiweiitnd 1 .5mLofpetml~c ibawas  

a d d c d a u x l t b e t u b u ~ ~ t h o m g b l y ~  Phaseswenwprntedby~gationfor 

2 min in the bench top centdÙge. The upper phase was r e m o d  into a dean racw cap 

tube and aaother 1.5 mC of petrolaim etûer was added to the lower phase, mixeci and 

centrifûged as d e s c x i i  previously. Aftemdq the upper phase was removed and 

combincd with the tint. Tht pooled uppa phue was washd twice with 1.5 mL ofwatc~, 

cen&ïfbged and the lower phase was discarded each the. The upper pbnoco were dned 

unda nimgen aud dj_QMived in SI00 pL of heptane prier to injection hto the gas 

chromatograph Typidy, 10 )rL otsample was idtc(ed hto the Sbimadru GC14A g â ~  

chromatogcaph usiag a 10 pL Hamilton synDee. 

5. A d y t i d  Methodr and h y s  

L Determinition of iipid phoaphorous 

Phospholipid phosphorow was determinad rcoopdllie to the mdhod of ROUS et 

d (1966). Phospholipid rüica gei samples mped  b m  thin kyer chromatograpIry plates 

wae placeci in clean test aiba as weli as 5 ofthe total organic sample h m  the beart- 



nt heart m i a o s o d  W o n .  The t e ~ y  mixture containeci 75 mM Tris-HCl, pH 8.5.150 

nmok of LPC (cgg), 64.4 pnolc of 01coyKhA and 50 pg of protein h m  the cnde sub- 

d* M o n  in a total volume of 0.7 mL. Labcled [ I - ~ ~ c ] o ~ ~ o ~ c c ~ A  (90,000 

dpmlhiba) was used in the assay and h addition initiated the teaction Incubation was for 

30 min at 25 OC in a shalriDg mer bath. The nsciioo was stopped by the addition of 3 



mL of c b l o r o & r m = ~ l  (23 vh)- This wrr foliowed by the addition of 0.8 mL 

PO tassium doride (09 94 wh)  to fidiate phase sepadon iad ths tubg werc vor- 

aIdnrntrifiiged~bullrpccdinabeiicbtopoilntiititge. T h e w p i e a u ~ o n w u ~  

by aiction md tk orguiic fiaction was dried imda nitmg= gas. Sairll10 X 10 cm 0.4 

M bric acid M e d  thin kya chmmatography plates wa uscd to rrsdve the iidniidurl 

pbosphoiipid ipeQes. Bdore application ofthe iipid simple, the t h  kya plrter wae 

heat adhata& as &re The dried organk simple was mmpdcd in 25 of 

chiorof0~11:mdhan01(2:1 vhr) and 20 pL ofthe rcsu~pcllded lipid riimple wu applied to 

tâepiate. ' ï b p h t e w a s n i b j e ç t c d t o t h e s a m e ~ o n a l d v e a t y r t 4 m d t h e  

radioactMty isroaated with phospholipids of intarit were detamined as h i k d  

p d a i d y  (g.3.P). 

iv. Asrry of  1 - a ~ c t r o p h ~ o l c t h a n o i a m i n t  aqitnartèrut 

Acyi-Cok 1-acyigiy~é~~phosphoethanoiamiue acyiaansfw rctMty was 

determineci in rat hart microsomal, mitochondrial and cytosolic hctions according to the 

optimum conditions dctermined by Anhur et cd (1987a). The assay mixture containeci 75 

rnM Tris-HCI, pH 8.5.150 mole of LPE (egg), 64.4 mole of oleoylCoA and 50 pg of 

protein fiom aude sub-dular M o n  in a total volume of 0.7 mI, Radioactive Il- 

1 4 ~ ] ~ 1 ~ y l ~ ~  (90.000 dpm/tube) was used in the assay rad its addition iaitiatcd the 

d o n .  Iaaibotion was for 30 min at 25 OC in a 3hslong mer bath nit d o n  was 

stopped by the addition of 3 mL of chloroform=rnahanol (2:l vh) and thm 0.8 mL 

potassium chioride (0.9% wh) was added to fhc%tate phase sepamîion. The aqueous 

M o n  was removeci ôy aiaion and the o@c fhction dried uada h g e a  gm 

Individu81 radioactive phosphoiipids were sepamteci and do8ctivïty asdated with 

these was determineci in the same manner as d e s c f l i i  for acyi-CoA:l- 

acy1glycelphosphoch0line scyltransfenise. 



Tnioa k100, 5 mM ditbiotbrQtol, 150 mM poEusium chloride, 15 mM m g d u m  

chloridq 10 m M  ATP, 0.6 m M  CoA and 50 pg of pmt& bom crude niicrosod d 

mitocbondrial -011s in a total volume of 0.2 mL. ~ c m c t i v e  [ï-14~101eic acid 

(20.000 dpmmibc) was usal in the usay and its addition iaitiated the mution. Iiinibaton 

was for 5 min at 37 OC. The d o n  was terminateci by the addition of 2.25 mL of 

kopropnokhamclM dibric .cid (40:lO:l vhr). Thii 1.5 mL hemne and 1 anter 

w a e a d d c d t o c a c h ~ 1 t a n d ~ u p p e r p h u e w u r e m 0 v e d  Thelowaphscwu 

washd twia to remove the unestdeci fatty acids. The radioactMty of the wa!cf soluble 

praduct, labeled [1-14~]oleoyl-c0~ wss counîed on a BecLnuui M d  LS 3801 lipuid 

scintillation amter. 

vi. Assay o f  phosphoîipue A 

Phospholiipew A d v i t y  was determiad as descriibed by Cao and EWch (1995). 

The assay m b r c  cordajaed 50 mM Trio-HCI. pH 8.5.5 mM calcium chloride and 100 pg 

of protein b m  cmde micmsomaî, mitochoadrial and cytosolic fhdons in a total volume 

of 0.5 mL. In some ucpcriments radioactive phosphatidyi[l ,2-14~]ethanolamine (90,000 

dpmlaube) was used as the substmte and in others [1-14~]1-~ala1itoyl-2-~0fl- 

phosphatidyicholine (90,000 dpm/tube) was used. The d o n  was initiatecl by the 

addition of radioactive substrate and incubated at 37 OC for 30 min. The d o n  was 

terminated by the addition of2 mL of chloroform foiîowed by the addition of 1 mL 0.1 M 

HCI in mettumol. To fiditate phase separation, 1 mL of NaCl (0.75 % whr) was added 





pmpatie~ of hypthymidism end hypothytoidism in this Speaes. 

LL Effect of thymid condition on i~corpomtion of radioiabded fatty adds into the 

üpi& of the bevt  

To determine whether the incorporation of radioiabeled f i t ty acids iDto cardiac 

neutrd and phosphoiipids anis af&cted by the thyroid condition, rat htans were panised 

h Lnngeadorff mode &mgeadoe 1895) mg. 12) for 30 miii in a contirmou pulse 

labelhg aipaimart. The pafiisate contained [l-l'k] long chah htty acids bound to 

albumin in a 1:I m o b  ratio at concentrations that wae physiologicaliy n o d  in the 

blood saum (Shimomura et al., 1986). The usecl in tbW study indudeci palmitic 

acid (16:O), okic acid (189). linoleic acid (18:2) and &donic acid (20:4). These wae 

selected as being npresentative of the major fatty zrcids presented to the heart in blood 

~aum Subscqil- to patUsion, harts wac immcdiatdy âozen in liguid nitmgen and 

f?eeze dned. Thai hearts were homogenized in 10 mL of cbloroform:m*hud (23 vlv). 





alPo decmsed the labeîing of d a c  TG by 66% compareû with con~tols, ho- tbis 

change tuas not statbticaiiy signifiant (P = 0.05). Labeling of DG was not Pignificantiy 

af&cted ôy the îhyroid coaditio~~ 

2. E f f i  of t h p i d  condition on incorporation of 0.1 mM [1-14q oleie icid hto 

i n d i i d  neutrd and phoophotipids ha the perfiwed rat heut 

In hyperthyroid ui;mai. the iabehg of di neutml anci phosphoiipids by [1-14~] 

01Qc acid in the pabised nt heart, with the notable exception of PE. was unchaaged 

cornparcd with controIs fiable Xiïï). The Iabeliag of PE wy i n d  1.5 fold Q < 

0.û25) compareci with 00ntmIs. Hypoti iyroi~  did not 3igaificllirt.i~ the Lbdiog of 

PE by [1-14~] oleic acid. However, hypothyroidism did sigdicrntiy increase the labdiag 

of PC 2 fold (P < 0.025) and PA 1.9 fold (P < 0.û25) cornparcd to controls. The Iabeîing 

of aU 0th- cardiac phospholipids wcis not sigiiificantly a h t e d  by hypothyroiâism. The 



Table IX 

E f b t  of thyroii condition on incorporation of doadvi ty  into cardiac orgauic d 
wcow hctions in btaitr pafiised for 30 nim. in Langedorff mode with Krcbs 
EEcnsdeit b&ii coiiEIùMg O. 1 mM [ I - ~ ~ c ] o I ~ c  add (18: 1). Values repnacnt the meaa * s iadad  devïation of at least three hearts. 



Table X 

Table YU 

Wect of -id condition on incorporation of radiorctivity into cardiac organic rid 
aqudocw M o t a s  of k m s  pafiised in Langedofl mode for 30 mia. with Krebs 
Hewka kiffa wntaining 0.01 mM [1-14~]arachidoaic acid (20:4), VJues tepmat 

themean*~deviationofatteastthrahearts, 



Table XII 

LiPd Coatrol Hypartbgmid 
dpm x 1 6  I' 

~ypotlymd 

k z e  dried w d c i e  









Table XV 

Pm- 
* * *  

32û + 0.62 3.56 + 0.74 3.55 * 0.26 

PhoapW&c Acid 0.26 2 0.07 0.14 k 0.06 0.24 + 0.03 



IIL E f f i  of thyrold condition on phosphoiipd pod ahes h the hcirt and the 

micioromli and mitochondrfrl hcüons of  the hemk 

To detamine whebr the ti&d condition dBctaI ardi.c phosphoiipid 

phosphoms mur. nt hearts were homoguhd d the pboopholipid crmctcd b m  the 

~ l e b a r t , o r à i o t h a ~ â o m a r d i a c o i i ~ ~ ~ ~ d a a d n i a O C h O n d r i a l ~ o n ~ ,  

and th pbospholipid phosphorus ddamined The tail phospholipid pboopbonu content 

of the beart was dacmiiiicd to be MS42O f 5636 1~0Idg cona01 beze dried heu4 

65,162 f 10,523 nmoldg -id heze drxd haut, and 59,789 f 5,692 d g  

hypothymid hczc &ai hein TbaefOrt the total pboapholipid phosphorus content of 

the hsrrt wm mt sigdiantiy &d by the -id condition As seen in Table XVI. 

there were no signifiant changes in the pool rizes of the major phospholipids in the beact. 

The total pbospholipid phosphonu content of cardiac microsornes was d c t d e d  to be 

3,%3 f 93 maddg conîrol wet heart, 4,007 f 862 nrnold g wet hypQthyroid anirnai 

heart, and 5,363 f 1,962 nmoldg wet hypothyroid animal heart. Theréfore the total 

phoapholipid phospbonu content of rat heart microsornes was not siepincantly aitered by 

the thyroid condition. In addition, the thyroid cundition induced no ~@8- Jisnga in 

the pooi riza of auy of the major microsod phospbdipids in the heert uable XW). 

The totai phospholipid phosphonu content ofcrrdiac mitochoadria war d d d e d  to be 

2,643 f 850 nmoldg wet control heart, 2,423 f 497 nmoldg wct hypathyroid animai 

heart, rid 2,810 f 243 mnddg wet hypothyroid rPmiil heart. Therefôre the total 

phospàolipid phosphorus content of rat heart mitochondria was not affiected by thyroid 

condition LiLcwise, the thyroid condition had no sigmficaiit & i  on the phospholipid 

p h o s p h  mass of the major gidirrc phosphoiipiâs in the mitochondria (Table XVILI). 





Table XVIl 

Table XVIII: 



2. Dearbo.Jlrtion o f  phoaphatidybcriae 

The &éct of die thyroid condition on the dccarbonylraion of pbospbstidyiJaioe 



Figure 14 

Effect of thyroid condition on the & novo biosynthesis of phosphatidyIethanolamine- 

Rat hearts wae perfbd in Langendorffmode for 30 min. with Krebs Henseleit buff 
containing A) [1,2- ethan ha no lamine or B) [)H(~)]~tfint. 

Vertical bars represuit the mean I standard deviation of at least three karts. 



Table XTX 

EBia of thymid coiditioa on tk & m u  biooymhsir of p b o a p h o i d y l ~ O  Rat 
& u t r W a p a a i s c d i n ~ ~ g a ~ t 0 r g m 0 d e ~ 3 0 c a i n . & & ~ b r H ; e n r d e i t k i & r  
CO- ~1.2-1"q a h a f l o w  8nd the ~ o o a M t y  mcoqmnted in0 rpucau 
ctbano~contahhgcompambmeaSufcd~ V J u e s q w e s a î t h c m a i i f ~  
deviation of at laut tbra bcmts. 

Table XX 

=Cd of tiiyroid coadirion on the dk mmu bioQyathesis of phosphatidyiehnolamine. Raî 



MA gir clmktoBIIiPh The average retention time of lhio pertocuku systan f9t paimitic 

m d  (MO) wu 24.6 ah, d c  acid (18:O) 29.9 min., ol& acid (189) 30.9 min., 

b l ac  rQd (182) 32.8 min.. and d d o n i c  acid (20:4) 48.0 min 15). T'he peak 

uargeaartedwaeuscdtoquantitytheper~gcofbtoEdfittyrQd. Itwasfkmd 

thit hl hypaihyrold th- M 8 4% < 0.025) hl O~UC &d 

(189) CO- ofcdac PE, compared to controls Oable m. Changes in the other 

.jar fbty rdds of PE were wt sipinsCant in hypothyroid rats, then was a si@cant 

1.3 fold hacw (P < 0.025) in the pairnitic acid (16:O) matent of PE compafeâ to 

controIs. T k e  were no signifiant changes in the other @or fàtty aci& of cudirc PE 

h m  hypothyroid mimais compated to controis. Intacstinsty, the thyroid state did not 

aignXcrmUy i f f i  the fitty acid m o 1 ~  composition of PC VabIe XXiQ PI (Table 

XXDQ, PS (Table XXIV), PG fiable XXV), nor DO Pable XXVII). Hypathyroiâism 

si8iiificantiy increased the oleic acid content of CL by 1.5 fôld (P < 0.025) comparecl to 

controls without si&~~ihaiiUy cbanging the wmposiîion of i ts othcr fhtty aci& fiable 
XXVi). Hyparttiyroidism also signincantiy increased the & M c  ucid (18:O) CO- of TG 



Gas Chromato~fapbic Scpuitioil of Methyiestcr St tmkds  

Hcptltoe Solvent 
8:O 

1o:o 
12:o 
l4:O 
l6:O 
l8:O 
18: 1 
l8:2 
18:3 
20:4 





Table XXlI 



E f f i  ofthyroid condition on faay acid a q d t i o n  of carâjac phosp~*ayiinOaitoI. 



Table XXIV 



Table XXV 



othat ND. ND. ND. 





Table XXVIII: 

F i s y  
Acid 

Pg#atF~tty Acid 

20:4 7.1 k 2.8 3.4 f 1.5 ND. 













h o ~ ~ a i t h t l l a n t i w o f ~ ~ l i p i d 0 0 ~ o n i r ~ ~ i ; J i r u i ~  

1988). Previaisiy, ithaskcnshownthttT3 trrrmv~t sigpifiapiflydccrrwdtbateiivily 

of Rt liW mkosomal LPC AT by 2û% compartd to controis (Dang et d, 1985). 

H y p o t b y i o ' ~ ~ n t k m i w ~ 0 d L P C A T r t i v a y b y 1 4 % d t h U ~  

ooiitnkite to inaartd proportions ofuntrtiintcd fitly aci& fhd in tbe phospbolipids 

h m  the of hypotlryroid Rts @ane et cd, 1985). Therefi,re cbauges in the actiVitics 

of acyltransfinist aiymer mi th& regdation arc important for estabmg the fàtty acid 

co-011 of8 pacticuhr phospholipid. 

The rearlts prrsented m this study d e  demons~rated tbrt the incorpontion of 

01Qc rQd hto cardirc PE was d m e d  m Iiypathyroidism. WC have oboaved tbat the 

phospbolipid phosphorous mass of PE and rk nmw biosynthesis of PE in the heart was mt 

signincady rffeacd by the thyroid condition of the rat ( T l e  XVI). This was in 

m e u t  with previous finâiogs in the heart tbat showed that the phosphom rnass ofPE 

was unaffkted ôy the thymid condition ofthe rat (PlVBdies et al., 1993; 1994). Ho-, 

the fatty acid composition ofcadhc PE showeâ a Ogeincint 4Ph haease in its oleic acid 

content Fable m. In addition, thae was a signinant 5W hacue in the 

incorporation of [l-14~]01uc rQd into PE in the isoiated panued rat hart (Table m. 
These agrœ with findiags in the hem of hypathyioid rats tha showed a 68% inaeu# in 

the olek acid content of PE in iivers h m  hyperthyroid rats (RaederstorE et al., 1991). 

The mddiiig of PE is an important proass sincc oaly a limitai nimba of its molccuhr 

species were synthesized dnai* the àk novri pathny (Schmid et d., 1995). The 

r n e h n h  for the hcnued oleic acid content of PE was Eeiy a consequence of the 74% 



incotpomtion of [~-~'k]p~imitic lcid into PE in tbe isoldad pa&#d nt bcrrt pabk 

hypothyroidrrtrflab1eYODC). E ~ ~ i t h r r b e e n s u ~ t h a t d w m t n c d h i b r  

ieyi-CoA c o ~ o n  piays an important rols in dctcrnilliiqs the Bitty acid compwition 

of PE (Arthr et al., 1987a), wc have cbonio tbat the .ctNity of btty @-&A ryatbauo 

wu d e c t e d  ôy the thymid coidition Fable YDUX). This mdicned that the aqL&A 

concentdon might not k chariged by the -id condition. The ictMty of cardiac 

micmsod and cytosolio phospholipasc A t o d  PE war d ' i d  by the thyroid 

condition fiable suggesting that the concentmtion of LPE in the heart was aot 

devatai due to the thyroid condition. 

The hding that h w o i d i s m  dcvdfed LPE AT adivity, d e  hypothyroidkm 

d e a c r r c d L e E A T a c t i M t y h t b e f i r a ~ ~ ~ 1 1 ~ 1 e s b o w i p e t h i i t P E d ~ m r y b c  

mgdatecl by thyroid hormones in the hart. The sïenificance of this finding msy hart 

implicaiions towads dersfilllding the p w t h  and difkdaion of mammrt;ni cardk 

h e ,  riiioc the rrgulrtion of these eveats mmh poody WLderstOOd. Embryonic Pl9 

tetratocarcinom d i s  bave the a b ' i  to differentiate into citber ~ I I S  or cardiac and 

skdetai muscle ceiis when pmvided with the appropriate stimulus (McBumey et al., 

1982). It has b e a  sbown th cardiac cWmntMon of Pl9 œiis couid bc induccd by T3 



Jtemtion ofits fatty acâd composition couîd &a the mqm&mas of mmkPit bound 

rcccptors as wdi u tt.ji;trrc more mpid addition ofmembrrpc lipid tbrough  cations 

of i ts htty r i d  composition to d o w  th membmc to k more M d  PgbrW thyroid 

hormones act as signais that cvenhially lead to changes h the contest of oleic ova 

parnitic a d .  Increasiag the content of unsiitunted âtty d d s  would iaaeiw manbrant 

fluidity, th- permithg more rapid growth of cadkc membranes, wheteas h d g  

the contait of loatutzlted &y acids wouid in- membrane rigidity, t h e  slowing 

growth of cardiac membranes. At the same t h e  aitentions of membrane fluidity wouid 

influence the acthity of vdow membrane assodatecl aqaus md reocptom. Smœ the 

induction of dinaentlltion of Pl9 ceils by T3 is aocompmiied by expression of cudllc 

speafic genes (Rodriguez et cil., 1994). the LPE AT gaie msy be one of the mets for 

thyroid hormones. 
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