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The mechanism underlying the hypolipemic effect
of perfluorooctanoic acid (PFOA), perfluorooctane sulphonic

acid (PFOSA) and clofibric acid °
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The influence of the pescxsomal proirators perflorooctanoic acid (PFOA) perfivorooctane sulphonic acid (PFOSA) and
Cloibic ac on pd metabolism in ats was studied. Distary raiment ofmale Wistar ratswith hese three compounds resulicd.
in rapid and pronouncedceducion inboth cholestroland triaeglveerols n serum,Theconcentrationof Iver racygheerols

remedy about 300% by PFOSA. Free cholesterol was increased by both perfiuoro compounds, Cholesient cater was
iedveedso50% oy PFOSA a5 well by dafate. In hepaiocyies rom (cd ras all {he compounds esuled in seduced cholenerol

FOne ant to TSarb Fare a donahes ommelons sid The
ion of palmate was slo Tacresied in ll groups. The perfuoro compounds, bu not clofibrate, used some reduction in
eae thas The acti of ner TMG-Co teductase was reduced 10 SO% or less fn al treatment groups and 3 thie
aer sto of Son hostelSATTATATrssCRCAT)Changes in ines sno related 0 pid

ar metre pica: 31s Sufect tat th Fypolpete effec of these compounds may, a lest par, be
mediated a a common mechanism, impaired producion of ipoproein particles due 10 tedueed synihesis and esterification of
holesierol together with enhanced oxdaion of fay acids n the fiver.

Introduction wisoylglycerol release by the liver (13,14) increased
: Tate of VLDL degradation [6], increased uptake of
Many hypolipemic drugs cause proliferation of per. reduced release of fatty acids by adipose tissue (15,16)

cxisomes and iucrease the activity of the peroxisomal and increased excretion of cholesterol into bile and
froxidaion in rats (1-3). Chemically. these drugs con- feces (17)
itute 2 heterogeneous group including clofibrate, tb Tkeda et al. {18,19] observed that perfluorooctancic
fe acd, niadenate and long-chain sothioacetic acids, acid (PFOA) and perfluorooctane sulphonic acid
liadenol, long-chain thia acids and MEDICA 16 [1-6] (PFOSA) efficiently induced the peroxisomal £-oxida-
Tt has been suggested that the increase in the fay tion in rats that were fed these compounds (002% in
201.Con oxidising system contributes to the hy- the died. Just etal.[20] reported tha theperfluorocar
Dolipemic effect of these drugs (7.5) The dominating bolic acids alter hepatic lipid metabolism and reduce
Tcchanism underlying. reduction of serum triacyl: serum lipid levels showing that these compounds also
Sivcerols and cholesterol by these drugs is, however, belong to the group of peroxisomal proliferators with
Snceriain. Other mechanisms which may be important hypolipemic effect. The perfluorinated compounds are
Tor the hypolipemic effect include: reduced hepatic particularly interesting since they obviously are not
Synthesis of atey acids and cholesterol (9-12) reduced subject to ordinary metabolic modifications. The ef-

fects of these compounds must, therefore, be duc (©
effects of the compounds per se.

Corermondenc 1:0 Spydevol, InsiteofMedial Bochers. Peroxisomal inducers may bring about the hy:
FO ox 1112. Blngern, 4517Ole, ren polipemic effect by affecting different steps in lipid

i. Tetabolism. However. it seems likely that some impor-
aPOA, wn, 1371 sieps in lipid metabolivm ave common wargersfor

ee Tr ted imouenit si, these compounds. The unphysiological character of the
VLDL rym deny poprtes: perfluoro compounds makes it possible that their effect
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on lipid metabolism follows a pattern that would make Preparation of hepatocyiesit easier to understand possite mechanism for the The effects of dietary treatment were studied inTipid reduction effect of peroxisomal proliferators. hepatocytes isolated from rats ed the dicts for 1 week.In the search for a possile common mechanism and for the study of direc effects of the compounds.underlying the hypolipemic effect of peroxisomal in. hepatocyies were isolated from rats fed the sandardGucers. we have compared hepatic fatty acid metabo. diet. Isolation of hepatocyies was performed by perf.tim, cholesterol synthesis and the aciviies ofenzymes sion with collagenase, according to Berry and Friendrelated (© these metabolic processés in the liver of ats (21), with the modifications described by Segien (32).fed perfluorooctane sulphonic acid (PFOSA), perflvo-
woostsnoie seid (PFOAY and dafibrurs. Osidation of palmitate and contersion of labelled sub.

strate into lipidsMethods and Materials Fat acid oxidation was measured according to
Christiansen et al. 23] with 0.5 mM palmitate a5 sub.

Animals sate. Fairy acids and cholesterol synthesized. from‘Male Wistar rats were used, They were divided into radioactive precursors were extracted from. the cal
five groups. One group was allowed normal food ad Suspension ater 90 min incubation. The reaction was
tibitum (control rats). Three other groups were given Stopped by the addition of 5% sawrated KOH in
food which contained 0.3% clfibric acié, 002% per. <thanol and the mixture was heated at 90°C for 1 h.fuorooctanoic acid or 0.02% perfluorooctane sul. The nomsaponifiable lipids were extracted with
phonic acid, respectively. The diets were prepared by petroleum ether. The suspension was then cidificd
soaking standard food (in pellet form) in diethylether with HCL. The extracts were evaporated to dryness and
in which the compounds had been dissolved. The fith the radioactive lipid residue was dissolved in 100 1§roup was resiriced in food intake to that consumed hexane. The lipid extracts were chromatographed withby the PFOSA group. The siock diet was used for hexane, diethyl ether acetic acid (80:20:1) on silica
these paired feeding experiments. The average body gel thindayer plates. The spots corresponding toweight when the experiments stated was 269 g and the cholesterol and faty acids were idenified by standards
average daily food consumption per rat in the diferent and were then isolated for measurement of radioactiv.
Sroups were; control: 23.7 3, clofibrate: 23.1 8, PFOA: i.
2275, PFOSA: 2005

Enzyme says and measurements of DNA, protein and
Materials lies

. [2 *CiMevalonic acid, [1-“Clpyruvic acid and [2- Pyruvate dehydrogenase was estimated by measur-
MClpyruvic acid were from New England Nuclear, ing the “CO, liberated when hepatocytes were incu
(1-#Clacetic acid was obtained from Amersham (UK). bated with 5 mM (1-*“Clpyruvate for 30 min at 37°C
Clofiorate was from Fluka (Buchs, Switzerland). Per. Acetate thiokinase was measured 3sdescribed by Jonesflvoroocanoic acid was puchased from Aldrich: and Lipman [24]. Liver microsomes were prepared
Chemie (Steinheim, Germany) and Perllvoro-octane according to Easom and Zammit [25], and HMG-CoAsulphonic acid was from Fluorochem (Old Glossop, reductase was measured according to Drevon et al.
UK). Other chemicals were fom Sigma (Si. Lows, (26. CDPcholine: 1.2-diaolglycerol _cholinephospho-MO, USA). transferase, EC 2.782 and lysolecithin acyltransferase
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(EC 2:31.23) was measured us described by Parihasar- 0 — 7
Gi 1 41 [7] ACoA: chaleserol acuanderase 2 | i
(ACAT) was measured according to Rusian etal. (28) © 1s pb Pa
und the wnthesis of phosphatidylserine, phos: 1 3
phaidvihanclamine and. shosphatdvchorne. was 3 | 1
Peasured a5 deserved bs Vance (91 Other snaymes iCyasset ever Oy ogy IEE
measured by the method of Labarca and Paigen (31) © 3 ©3 iorTn protein as csimared by the buaret mechod of bY 4 :
the method of Lowry et al. [32]. oo, & ol

Liner lipids wire exiraced with chloroform rT ETmethanal (3:1. v/o). Trucghcerols was derermined of come, PEO 106 PFOA8 em ts.
directly on the dried extract With 3 Kit method (NYCO. (35 Chtegutos tb Hgltbeusheo. oed 035 SotoOo, Norwav). Free and esterified cholesterol was 001% FEOA.a. 008% FROSA, Totdo seven resnindermined by Nycotest kit method for cholesierel orem
(Neo) afer separation of the exact on thin layerchromatograph, Serum cholesterol and Tnacsigivesrols
Vas measured disecly by the kit methods. Fig. 1B shows the effect of clofbate, PFOA and

PFOSA on triacylglycerols in the rat serum. None of
Resuls the compounds resulted in significant changes afer 1

day of treatment, After 7 days, cofbrate and PFOA
Table 1 shows that 0.025% PFOA or PFOSA in the resi in reduction 10 show 60% of sontrl value

diet rested in 3 lower body weight ater 7 days of and no further requction was Gbiained ath forthe
feeding 3s compared with the contol group. The dof reatment. PFOSA 7educed. wiaciheerals fo aboutrae et (035) id mot afect the rat weight. The 30% and 20% of como valut afer 1 ang 2 weeks of
si0up with restricted food intake that of the PFOSA treatment. The significant reduston obtained by fast
group had about the same weight as the PFOSA group. ing for 2 days was as expected. In the rats fed stock
Al the compounds resulied in a 40-60% increased diet but restricted to tht consumed by the PFOSA
five weight, Similar cifet on the vr weight has been group, the serum (racigyerols was 2.43 £013 mM
observed earlier in rats fed clofibrate [9,10,33). after 1 week of treatment (not shown) which is not

Significant lower than observed in the control ouChanges in serum and lve lids by clofibrate, PFOA. {ie stock diet 3d itu),
ani PFOSA “Table I shows that PFOSA increased the liver riFig. 1A shows that all tree dis significantly e+ aolghcerols content 10 moe than 3.mes th como]
duced serum cholesterol. Tn all eatmen: groups, value, This Siect of PFOSA on riachcerol was
cholesterol was significant reduced (1o S0-70% of clearly in contrast to theffect of loibate and PFOA
Control) after 26 h. Dietary treatment for 2 weeks which did not affect the content of triaylghvcerols and
resulted in further cholesterol recucions by 0% or clearly indicates that PFOSA inhibits the excretion ofmore. In agreement with ther observations, lasing for triaclycerols om the Iver. Both PFOA and in par2 days did not bring show significant cholesterol ticular. PFOSA. increased. the Iver content of nonChanges. esterified cholestrol. In contrat 1 ths, a Significant
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TALE TABLE IV
Conserim of pel bras io “Clad funy ace ang Coneerion of 1: osc in C.laed on: ods and ch,dann of [0“Clpalmttc by Aco of ets Jd fferen esserl.Ppasocs nersencof petye iona Th concenration of 1-*Chcerute wa § mM and the ncobatinsTe cnceniraions of compounds ne diet nd th concenirations 1h cued 10 ma hans Enc etton Tok mse sonyof 1-*Claceite and [2 *Cloyruvate vere as described in Tule 1. cell protein 04 13% avumin in 3m Rosh Hematon vientToe concemraion of (U-Cloairtuc was 05 mM. Valuer are baller. The concenaton of moolpems soma mer masTEm=SE There wer 4 Shenutions in cach rows. Fars 7 Vales we means SETore aie fosbenanons nso smlacs are given» £< 00% + 7 <001 vy. comet rp Fibers 7 values re Shen ++ P <001 comer oun
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‘ment reduced lipid synthesis (not significant from pyr.reduction (10 approx. SO%) in esterified cholesterol in vate in the PFOA group). No reduction in fatty seidthe treatedrats (PFOA treated rats not measured) was synthesis was found in hepatocytes from clofibraie.found. treated animals. The table further shows that the per.oxisomal inducers, as expected, resulted in an. in.Contersionoflabelled substrates into cholesterolby hep- creased rate of palmitate oxidation (although PFOAatocyiesofrats fed different dies did not result in a significant increase). The experi.Table II shows the incorporation of labelled carbon ments do not exclude the possibility that intracelioloratoms from differently labelled acetate, pyrwvate, content of the tested compounds might have a diveetmevalonate and hydroomethylglutaric acid (HMG). (reversible) effect on fatty acid and cholesterol synthe:The major point emerging from this table is that the sis in vivo. Such effects could have escaped our detec.rate of cholesterol synthesis was significantly reduced tion since the compounds might have been washed outfrom all substrates which are proximal to the HMG- during the cell isolation procedure. To test possibleCoA dehydrogenase sicp in all treatment groups. In direct inhibitory effects of these drugs, the synthesis ofcontrast, cholesterol smihesis from mevalonate was fatty acids and cholesterol in hepatocytes with addinot reduced in any of the groups. tions of the compounds to the incubation medium wereTable II shows the synthesis of fatty acids from performed (Table IV). The table shows that 1 mM ofpyruvate and acetate. Both PFOA and PFOSA treat-  clofibric acid. PFOA and FPOSA inhibited the choles:
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al. [34] was also confirmed. Clofidric acid reduced the Table VI shows that acyl-CoA: cholesterol acyltrans-esraucous tern nyany chose earsbt ee ooa mer dre ferme (MCAT)rosstant Soundb 2me sed oy ON heed Soprano hs, Compote FESS, whch tad he roman
eo ot 8 betmE ne ALTE ih heeearn on oma he reaction of Isr cholocr(Tale)Theble
aoeedeeerCon Tao
iog tarineshombomamteneoenenC10 oad,ever momar ed nthe rsfday of rema Han oF Se MTree Dplaemic tayTheatiof shophataeineTo rey ei ei hemo smibse anes 0 unallErma ler 0 th gts ofsett ond foStepn its of exes led to ghorgholtd sombessinEe ews ase detroges, cirwe a of xe aedcman sere Et a RF I A cote aid hata aoe os23 03 mtdreacid tagaT gis amon ATE Je st on aeofte coos ined in there os Fe cy he ay ol,i mesora nied bybothene analy oO Toey Peuotinned, Smpounts FEO ad 3 panierma ASP great ros oanSeson proshtssin amine ayon remain pateAssomes PEO PEO a raneofnormal wih 05 mMeeofpe FEOTESha SongsIbi eftontheEA eg Es nobel helices.
ame oy a ne somone Sopy Tamale hanclanis Shas hh vere reduced foee aga 0 2 mil, rpeciely with 03TeFo ty ldSale TH FEOSS fos reemvien01m)hepeea ep ornated compounds vere

av
J

! cocoms 1%



®
Tame we in addin t educion of the sey of some enzymener ofes et 0pdsnhe ye. ot compo mS STEMSim Shores. Sa Sr of aro of aberCosmetons1 fcci PEON nd PFOSA routon ens 10.90 om 21%350EISTIMTT SS TT Hoverlo itionToST ros adc Sameamountof sure DMSO. The Lich Increase obseried afer feeding pesivorianes3 ol hecorn.bswei pe SOMpOURds. However. tris probably commun hcmeme menSele Se a nigiugsTeieb. redunton wer cago Snes 0TTT CmRIT ees feos ne eehfi e-x eh wit sacle hes on perma SorelaresAcy-CoA Iysophosphatidyl (35.36).

SO stoi et res Cholesterol and fay acid ssnihesisrope WY ned alway Cetami vom denSE cn laneed ibrar os wa enepr 0 zs mas mr of HMOCO reve meen ond etemone 1 WE BERD 00SO edu eben in hs study.aroa 0h reduce step were reuion hom mevalonate was en ressThe fect of the compounds on the civ of he nesimen poops Lonmin ofonACAT was esed only a 100 ANE and with his com asc lin yarn pe of HMG-CoA reduc.entation the ACAT aciviy wis unsfecied by tne ions Do 30) Ev mo mnAhrblera.Compounds (ot shou) in his Sty Teduce the EMC-Con some seco(hi sec my no be» Shacssbie af oi:Discussion ml induces, MEDICA 16: smoes emp ssFrou, Goes not att wa an enve n isReduction of the scadysate eves of serum lids (1335, bog her hts me cons cemay oe isaloed a5 he res of downregulation of a ep aia NIG Se mene OfcholestrolTidsynthesis o incessed clessncs om pda, The dons th Satie aC Focus, OUT bier:aim of this study was to evaluate the effects of three obtained by Azarnoff et al. [10] who found that choles-ferent peroxisomal prolifersors on 3 series of em. terol ened ran mo gcund a chilesmes Ives in hepsi smc The rom Ta of meimsarant oberon: with 31 ree compounds wes in como sok aeion afc of MEDICA 16downregulation of HMG-CoA reductase, the rate. on ATP-citrate lyase (39), clofibric acid, PFOA andlimiting enim of choestera hess and of hoes, PROS had suena or dhe PFOAandKer eterifcnion ename (ACAT) The stretment vos ot bn co nen, recon ATP-SrteSecuccn the Sbsered siratons in the coves ac segue te emp sceynS188 down:tes and. production of cholestrol 3nd iden Insc Slt mas wom ne rey amiTsron.ThisIver cell provides some suppor for (he sscumption terol or ame se coe hess of choles:hat such cnnme measurementsdo reac real anges pansy ofshearer1the mainin mecha acy in ihe imac oan and shed Hehe Long ap a nsa Sess Is neron the mechanism of he hale cects of he NABPH sentrapromorsLesueedoneof thesents vesiaied in is sto. Tose compounds do. eroptrsts wh foie heSIMONE de76 show 3 Correlated <fTect on he open nd wo onchasend, eds cer iSrotese (NADP)Sholesterogenic pathways in he In wo Grperimens ton can clr para Tanfo VADPH generaTo in vir experiments indica ta there ie dee om erpresumably reversible, ies on thes panes Thest Tre syhevt of (cy acids fom acetate or prvsteeffect are iferem han those absiroed afer dieary es not seduced in pave eee OF ATEaipultion The lar prohasly represent anges fs Cane 1sotBoolecrime concemraions snc, 1 lak, tn changes nsomy vo 1 Poe peed1th bec:RE SholeseroBenc pathway ar sonclaed wih the 00 ramen hy SEA ies 2ofTayChanges in FO-Con mano roby mot ried to sedseron in nen etThe perfluorinaied compounds wized in this study Bpeeros. nr 16 PRON. she ats mereons loca tans, The mame acions ould of tes hence on woSeCumultion50 0 Tepurdcd 5 mare une od sie se 36d smn hs rn ee aeton of ft
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conc in lid meholism must ne mor onl for reduce release of ids from [ver was probaly anhe oii Tomi os 41 fond recs Shen of BEBE ALOT Ihe va prbaty anSmt Of ips om scien ra (8 Soft sed cron os aesbo So irnd ho in ro 6a he vers ovens hohe com esas an risers by bout208%inpound WY-14.643. Since interference with the synthesis of cholesterylcnr my use edoned hago ahteSos of cheer str an prota Tra be oncinded he eduenon n renrs 12Lc Coors ics to over gsr mary 1s VLDL Soon aon ItShleserl ameparicies Tn dation. 10 spoiperrotine. Am Co seein un gn Soumeguiaton ofHMG.Shcichs and tee cholesterol he paces on a 2 aso 1 phenedninly of eseried chalenrol and phosphor | CoB sek nel or fects catedbyFics diced hepaic thes of hess componens| penis Tos me doce VID peaonned comigh e301 reduced arabesof es Hom ve, eh flo» cao3h enBle"Th hepatic conten of hasten ses was reduced lomererenie pent fe pearl hysn ofbrace nd FEOSA fed us (PFOA fod rot bon ems Fano ring which he lveCart ot teed) vn where (rs cheered wis0aSenn one a Idsose,TEGictd (Table 1) Siar sick wis obained Oy Avi. by sig he re pepedrmy csTan eal 8) wih he lnc drop ERS warShesof othe peRees cholesent coer pevbocson mor rsTen of Gommmealion of he ACKT meres sch Acknowledgementsa tered mal ese on awhiehiors sft on he ename by te Compounds + Financial supp was received from Nomeginprokay of les mooranc ance 10051 of ie co Coun CorpoTSS LomNorwegianPounds id not Ae the sntyme SEI hgh con. Fenian tor seam DesAndersJaresGontaions re not teed) Vance [5] mich Toe on oof Scene, Norway, andSess of shosphlscs may oe mink of Ipopre. Br Rep renege,Denmark, We thankCen Syne hs us we ve nor Shr Des om forhelp]discussionomen of erpag Seed nyaban of hosp We pie some oy RetrenesTall ree aff ofof acd on tons enIC sccm Thal DOuEver, tht seduced rosso 1 Lamon. £5.97Sc 197 st
synthesis plays a role in the lipid-reducing effect of the 2 fgLor X pe RTs and Lahani, N.D.perfluorinated compounds, since these had direct in. a roeFito iec on seers impor ensymes, BeAK. 120 Sie Ook 058) Been ramaPahari <a (27) Suess hom het Suds + Soa 0 ne pe 5. 19 mn ns mahae inion of Phosphate wo pr SotoIeis ane win, $ Lie.pe, 1nd chr, 4 0
paonsdies n tewniy inWBhderi pis, We found hth arse wo mg ©DH ab.Pncrately inhibited by the perfluorinated compounds. We 7 le, T. Oke. 1. ané Susans M. (1982) Metabolism 31 No. 10),es ohied ht his ome wos senen le To

by 0.5 mM (Table VII) and also by 1 mM of clofibric 8 Sirtori, CR. (1981)Lancet ii, 1362.aid This agrees wih the aia reporied by 9 AOR. Sum EA smd oul, RG. 09K) Lid ReParthasaraihy et al. (271. Our data do not support the 1g 257% 1 ae 0. and Bam, 569 otisones ha reduced seis of psec sng 10 Aosterase pias 3 comral Tole in ne mpelponic 11 bitinME (15 8 co. te, ssseffect of the compounds we have tested. Inhibition of 12 Bar-Tana, J. RoseKahn. G. and Srebnik, M. (1985) J. Biol.her caomes of ohsphol sss may py 3, Go phones
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