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Abstract of Ph. D. thesis
Studies on the effects of perfluorocarboxylic acids with different carbon chain lengths on biological systems
-The effects on lipid metabolism and brain function-

Degree applicant: Kohei Kawabata
Perfluorocarboxylic acids (PFCAs), species of perfluoroalkyl acids, are fatty acid analogues where every
hydrogen atom bonded with carbon atom on the alkyl group is replaced by a fluorine atom. Because of their
unique properties including insulation properties, lubricity, water-repellency and oil-repellency, they have been
used for multiple uses such as coating agent, antifouling agent, insulator, water-repellents and oil-repellents.
However, environmental pollution with PFCAs have been a serious problem because of their stability and
persistence in the environment. PFCAs have become a focus of public health concern due to their widespread
presence in wildlife and humans. Among PFCAs, perfluorooctanoic acid (PFOA), which has eight carbon atoms,
have been extensively studied for their biological effects since PFOA have been shown to be the predominant
PFCA in humans and wildlife and are the most abundant in the environment while biological effects of PFCAs
with more than 9 carbon atoms remains to be solved. Therefore, information on the biological effects of these
PFCAs is indispensable to assess the risk of these chemicals on the wildlife and humans. Thus, the aim of this
study is to estimate systematically the effects of PFCAs with different carbon chain lengths on the

monounsaturated fatty acid (MUFA) metabolism in the liver and the brain function.

Chapter 1: The effects of PFOA on the MUFA metabolism: Comparison with clofibric acid.

It is reported that both PFOA and clofibric acid induce the gene expression related to MUFA synthesis and
increases hepatic 18:1n—9 content in the liver of rats through the activation of peroxisomal proliferator-activated
receptor o. (PPARa), a member of ligand-activated transcription factors. In this chapter, the effects of PFOA on
MUFA metabolism were compared to that of clofibric acid. Both PFOA and clofibric acid induced the hepatic
gene expression of Scdl, a key enzyme of MUFA synthesis, and Acotl, a major target gene of PPARGa, in
dose-dependent manners in the rats. A positive correlation was observed between Scdl and Acotl irrespective of
chemical species in the liver. By contrast, a positive linear correlation between stearoyl-CoA desaturase (SCD)
activity and hepatic 18:1n—9 content obtained from PFOA-treated rat was not correspondence with that from
clofibric acid-treated rat. Analysis of the gene expression of enzymes and proteins that responsible for 18:1n—9
metabolism revealed that PFOA more strongly induced the gene expression related to triacylglycerol (TAG)
synthesis compared to clofibric acid. These results suggested that PFOA more strongly activated TAG synthesis
compared to clofibric acid, resulting in an increase in 18:1n-9 stored as TAG in the liver of rats.

Chapter 2: Comparison between PFCAs with different carbon chain lengths of the effects on TAG
metabolism.

Next, hepatic TAG contents were compared between PFOA-, perfluorodecanoic acid (PFDA)- and
perfluorododecanoic acid (PFDoA)-treated rats. When hepatic TAG contents were normalized by PFCA
concentrations, a mild TAG increase was observed with PFOA and PFDoA while a significant TAG increase was
observed with PFDA. Then, the effects on the expression of genes involved in TAG metabolism in the liver were

compared between these PFCAs. Among them, the expression of Dgatl that catalyzes acylation of diacylglycerol



to obtain TAG was strongly induced by PFDA, weakly induced by PFDoA and not significantly altered by PFOA.
A positive linear correlation was obtained between Dgatl expression and TAG content. It is suggested that the
effect of PFDA on hepatic TAG is different from that of PFOA and PFDoA on the view of TAG synthesis, and
these difference are due to quality addition to quantity of PFCA.

Chapter 3: Comparison between PFOA, PFDA and PFDoA of tissue distribution, disposition and the effects
on the brain function.

In this chapter, the distribution and disposition of PFDoA in various tissues after an oral dose were determined
and compared with those of PFOA and PFDA. When rats were orally administered with PFDoA at the dose of 50
mg/kg, PFDoA was mainly found in the liver followed by Kidney: the distribution pattern was quite different from
those of PFOA and PFDA. PFDoA was found to distribute in the brain and adipose tissue, while PFOA and PFDA
hardly distributed in these tissues. Biological half-life (T1.) of PFDoA for serum was calculated to be 56 days.
The values of Ty for other tissues were comparable to that of serum. Neurobehavioral effects of PFDoA were
evaluated by behavioral tests. Cognitive deficit was observed in PFDoA-treated rats but not in PFOA- and
PFDA-treated rats with the novel object recognition test. The magnitude of cognitive deficit was dependent on the
dose of PFDOA and the concentrations of PFDOA in the brain. Thirtyone days after the treatment of PFDoA,
PFDoA level in the brain decreased to approximately 30 pg/g, and cognitive deficit was still observed. These
results suggest that PFDoA distributes in the brain easier than PFOA and PFDA, and causes cognitive deficit.
Chapter 4: Mechanism of regulating MUFA proportion, particularly keeping 16:1n—7 level low in the liver

MUFAs are synthesized from 16:0 in the liver. 16:0 is initially elongated to 18:0, which is subsequently
desaturated by SCD to yield 18:1»n—9, or 16:0 is initially desaturated to produce 16:1n—7, after which the 16:1n—7
is elongated to 18:1n—7. It is recognized that SCD catalyzes the desaturation of 16:0 and 18:0 at largely the same
rate in the liver, implying the abundance of 16:1n—7 plus 18:1n—7 is similar to that of 18:1n—9. Nevertheless, the
proportions of 16:1xn—7 and 18:1n—7 were markedly lower than that of 18:1#—9 in the liver of rats. Both PFOA and
clofibric acid enlarged the imbalance of n—9/n—7 MUFA. In this chapter, not only synthesis but also degradation
was focused to obtain a clearer understanding for low proportion of 16:1»n—7. Estimation of MUFA oxidation rate
ex vivo revealed that both PFOA and clofibric acid similarly up-regulated three MUFAs. Therefore, clofibric acid
was employed instead of PFOA for further analysis for the mechanisms. Fat-free diet, which upregulates MUFA
synthesis but not fatty acid oxidation, was also employed to understand the role of fatty acid oxidation. Fat-free
diet increased the proportion of three MUFAs while clofibric acid increased only 18:1n—9 proportion in the liver.
Both clofibric acid and fat-free diet caused upregulation of the gene expression, protein expression and enzymatic
activity of the enzymes responsible for MUFA synthesis. By contrast, clofibric acid caused up-regulation of the
gene and protein of the enzymes responsible for fatty acid degradation but fat-free diet did not. The rate of 16:1n—
7 oxidation was greater than those of 18:1n—7 and 18:1n—9 in the liver of control rats both ex vivo and in vitro.
Clofibric acid increased the oxidation rates of three MUFAs equally while fat-free diet did not. These results
suggested that fatty acid oxidation plays a key role in regulating the MUFA profile and is crucially involved in
maintaining low 16:1n—7 levels in the liver.

Conclusion: The present study showed that the biological effects of PFCAs with different carbon chain lengths
are different in the view of MUFA metabolism, TAG accumulation and the effects on brain function.



ML EEOEREOES

ST A VR R (PFCA) SIET A FIVEDKER 22T T v RBREFICEBR LT~V 7L
a7 VX NAFBEO—FETH D, PFCA IMEFEMZHLEWFRINCHLETH D Z LI, Mk, Mg
PER L OMEK - it O =— EEEZ AT 5720, a—T 0 U 7H BilGAIL fkkikEs J O
K- BEMA 2 ERE A BT SN TE T, Lo L, BREETICHEH Sz PRCA 130 S 727z,
PFCAIZ KX D BREEIHYDIRA I L 72 > T D, FTH, REFEE 8 DT A wuF 7 # i (PFOA)
DFEREN R HZ L, BET»DLOBRBFILZ V., BEEMBL O 2D LRSI TEBY, B hD
R~ DOREPRIFRIND LT oTc, AREEBIIETIME DL AFEL, B MIBWTH
BEAETDHZENRBRESNTZRENDH S, ZNDLOREIL, FAERLOCERET D OREENREZ N
PFOA IZERZY T b DNRE, LorL, PFOA ORI 5T, LV RFHEDOE W PFCA TH D
RFEFL0 DAL T A aT Ul (PFDA) RmFEE 12 D~L 7 )vAa KT i (PFDoA) %5 6 BREE
HPLRRHINTND L OWRENRDH L, L, ZhDOAEEREEICET I REIRITE AL, JIH
IIX, PFCA OAMKEEIZEI L T, IRFHE DR D PFCA % RN IR L2 R TH D &5
Z. AWFFRICB W CIREHE DR D PFCA O/ RAFIEEE (MUFA) U~ B2 5 X OMMEEAE
DL ZFHNCHAL NN T E 2B E L TR EITo 72,

#H1E PFOA DOfFIETE / FEFIIEEE (MUFA) RBICXT2EE —ru7 47 ) VBRE DHB—

IHNETIT, A F Y — LEFEANEMALZ A o (PPARe) (ZAEMRIZISIT 5 =L — R,
BB RFAEIC B S- L, AMRAME Y A RE LTI PFCARB LT 4 77— FREMENH D Z L0
WhEINTWD, 74 77— REVO 1 FETHDH7 a7 47V CERIZIRNIEE - iR BERESR 12N 2.
MUFA & kB EEE OB G R E2 BN SE, 18:1n-9 B2 BINSE 5, —J5, PFOA ® MUFA X3
(ZXkIT 5 BT RE U CREI e s 3 22 e IIRIEAR®E C Z oG 21T o 72, £ OfE%E. PFOA 1%
sna7 47 UEEEEHICRYE THEME Wistar 27 v MBS E72E 24, HlRIZHE W Tl 1L PPARa
FER)E AR - Acotl ZEBLE, MUFA &k OALHEEE SR T 5 stearoyl-CoA desaturase (SCD) Didtfxs 7R EHlL &I
L ONEM AN S B2, ZOFEERIL PFOA O HFA/NSWZ ERHA L, S5, IF18:1n-9 &
BT 2B A T 5 & SCD IEMED EAIZHED 18:1n-9 EDOIIEM X PFOA O F R KE N7,
MUFA &GRS O FICB W CHE TEERH 5 L& 2, IFIRIZET 5 18:1n-9 {CHBI# 5 1 D%
Bl % MERAICHIT L2 & 2 A, PFOA OB N KD 77 Ut a—/(TAG)A kBB R 7 DI Bl
B EAIELZENHONE RS, UL ELV)IAKIE, PFOA X7 07 4 7 U Uk Lt~ T TAG A5k
ZUHESE L5720, 18:1n-9 Z TR T 2I/EMA R E W & W DR LA 157,

H2E RBHERDOARD PFCADIBRINY 77V u—AREICKHT 208

JIARIIAREICB W TIE, B2 5 RFEHE D PFCA Oif TAG ER1EM 2 RN L 217> T
W%, PFOA. PFDA 3 XU PFDoA % EEIZIRYE CTHEM: Wistar 587 » MBI EH- L2 A, BHED
PFDA 33 L OVPFDOA 13/ TAG fEZ I S, & SIS EICER T2 Z RN E o T2,
F72. PFDA & PFDoA (I ICFRRREERT 223, T TAG &EHE/EMIL PFDA O LB RE W & AR
D HiTe, —7 . PFOA IIM TAG EZ ¥ T, HlE~O&EHEME S /NS 2o 72, TAG B EER 1

s



DREBREZR-L 25, TAG BRICBIS-4 % Dgatl DOIEH &) PFDA BECTORIAE I FH L=, PFDA
1% TAG ARkRZTUHE L, I TAG BIIMPER A K& Wz, fthod PFCA L1357 0 iT TAG &% JA% 1Y
MEED EOMBEET,
HIE REBHEF DR D PFCA DEKNSAER L OMEREIC 3 38

B2 EOMELY, RFBMHEDOR/ D PFCA 130T TAG Bkt L TR DL KT Z L2 L)
IZ L7z, PFCA DRFHENR S RDIT OV TEBKREMNR L 72D & SN TS0, PFDoA OEIREIC
BT 2 # I3 eVD T, REIZTRFZIT o7, HEME Wistar 527~ M2 PFDoA % #% I Hi R FE 5. LRk
AT AT L 2 A PFDOA [3iTEds K OB MIC 2% < i Lz, E£7-. FHEERKIZISIT 2 PFDOA JREE
O I RFIFLE T - 72, PFOA 1 LT PFDA O#f%A0 & Heied 2 & . PFDoA 14 T Dk~
DOBATHERE <. S 5IZ PFDOA O AR & IM~DBATEFBO T, B~ L AT L7= PFCA HNt%HE
A RIFT 2 R TRINZT20, JIDREIIATENEFEERIZ LV PFDOA DIMEERE~ D8 4 Tl
LTW%, PFDoA #h5 5-6 HZICIHWT, BRI CHERNOK TR bz, o
PFCA & it L T PFDOA DA JHE R IMNBATIE & FE R IR T 37880 bitlz, S HIZ PFDoA Db
Y LIEREG LT bR A2 2 THRET L 72 /55, PFDoA OIMNIREEIZIR U T ERE /I OIK T A35]
IERZINDHZEEHENE LT,

FEAE BT O MUFARLRICIR Y BELC D A =X A

FFIBIZ 35T MUFA 13 16:0 20 B &S LD, 16:0 23R S 721212 SCD (2 & - T 9 (s R eafifb
SN T18:1n-9 NEREND, £7-SCD X, 16:0 D I &2 AAFL LT 16:1n-7 & L, THMNEHEMEIC
Lo T 181n-7 NEMSND, 16:0 & 18:0 IZxT 5 SCD OIERRIITIZIZFRE CTH Y . FFicE
75 18:1n-9 DEEIT 16:1n-7 & 18:1n-7 DEEFEFRRETH D & THREND, LnL, 7 v MFRIEE
FOARISERF R A2 TR~ & 18:1n-9 OEIGIL 16:1n—7 & 18:1n-7 DEF D 2 FRETH D, KREIZBW
TIHERIL, MUFA #EEAY n-9 RICRH> TWHZEICER L, DA D =R LORGEEIT> TV 5,
PFOA % SCD DiEf{rF8liEis L ONEMEZ TLET 2 00D, 18:1n-9 BTN S5 DITxt L 16:1n-7
& 187 ORI S 2o 72, —FH MUFA O3 f#ICE B9 5 & 16:1n-7 1% 18:1n-7 B L WV 18:1n—
9 LERTHMEINSCT W EEHLMNZ LT, PFOA IXEMTH D20, A D= X LENT DT DY
—/E LTRHRILL PPARe 7 Z=RA N ThHhLH 707 4 7V U EHOWTREROBRF 2{To7c L 2 A, 7
0747 U UL MUFA OERGREDERZ & BIZTLEL, 51T 16:1n-7 BRSNS T 0z,
MUFA FLEIZR D 3L 5 2 L 2B BT Lo, ARV TIAKIL, MUFA ORI E DA RUT)
D TR L > THLREI 22T, MR LT161n—7 OEMES RN D Z E2H LN E LT,

L b IR IEARFIEIC BV CTRFHE O B 72 % PFOA, PFDA 1 X OF PFDoA OAMRIER & (KN Fi
i L, 2D 3FEED PFCA TR B VR HFET 2 2 2 H0C L, &I, PFCA O
RAERNIFREPETZ T T <, fllx D PFCA DO IICERK T 5 Z L 2O MM Lz, T b 4HF
TR NTEL OFHRAEMR I Z LIC KV ZRBERAE L B 2 biv, AFERHZS WL TR
IZE DRt GERT) OFMEREGT HIET 560 LT 2,





