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ABCA : ATP-binding cassette subfamily A
ACC : acetyl-CoA carboxylase

ACLY : ATP-citrate lyase

ACSL : long-chain acyl-CoA synthetase

ACOT : acyl-CoA thioesterase

ACOX : acyl-CoA oxidase

ALT : alanine transaminase

AMPK : AMP-activated protein kinase

ApoA 1 :apolipoprotein A 1

Apo CIII : apolipoprotein CIII

AST : asparate transaminase

ATGL : adipose triglyceride lipase

CE : cholesterol ester

CHOP : C/EBP homologous protein

CHREBP : carbohydrate response element-binding protein
CGI : comparative gene identification

CPT : carnitine palmitoyltransferase

CREB : cAMP responsive element binding protein
CYP : cytochrome P450

DAG : diacylglycerol

DGAT : acyl-CoA:diacylglycerol acyltransferase
EDTA : ethylenediaminetetraacetic acid

ELOVL : fatty acid elongase

FABP : fatty acid binding protein

FABPpm : plasma membrane-associated fatty acid binding protein



FAS : fatty acid synthase

FADS : fatty acid desaturase

FAT/CD36 : Fatty acid translocase

FATP : fatty acid transport protein

FGF : fibroblast growth factor

FOX : forkhead box protein

G6Pase : glucose-6-phosphatase

G6PD : glucose-6-phosphate dehydrogenase
GK : glucokinase

GLS : glycogen synthase

GLUT2 : glucose transporter type 2

GPAT : glycerol-3-phosphate acyltransferase
GRP : glucose-regulated protein

HPLC :high performance liquid chromatography
HNF : hepatocyte nuclear factor

IRS : insulin receptor substrate

LCAD : long-chain acyl-CoA dehydrogenase
LPL : lipoprotein lipase

LPK : L-type pyruvate kinase

LXR : liver X receptor

MCAD : medium-chain acyl-CoA oxidase
MCDC : malonyl-CoA decarboxylase

ME : malic enzyme

MTP : microsomal triglyceride transfer protein
MUFA : monounsaturated fatty acid

NADH : nicotinamide adenine dinucleotide reduced

NADPH : nicotinamide adenine dinucleotide phosphate reduced
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Pair-fed : pair-feeding

PCE : palmitoyl-CoA chain elongase

PEPCK : phosphoenolpyruvate carboxykinase

PFCA : perfluorocarboxylic acid

PFDA : perfluorodecanoic acid

PFDoA : perfluorododecanoic acid

PFOA : perfluorooctanoic acid

PGCla : peroxisome proliferator-activated receptor gamma coactivator
PL : phospholipid

POCE : palmitoleoyl-CoA chain elongase

PPARa : peroxisome proliferator-activated receptor o
PPARGS : peroxisome proliferator-activated receptor 6
SCD : stearoyl-CoA desaturase

SREBP : sterol regulatory element-binding protein
STAT : signal transducer and activator of transcription
TAG : triacylglycerol

TLC : thin-layer chromatography

UCP : uncoupling protein

UV : ultraviolet

VLCAD : very long-chain acyl-CoA dehydrogenase

XBP : X-box binding protein
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16:0, palmitic acid (/L 2 T U FE)

16:1n-7. palmitoleic acid (/X)L 2 b A LA LfE)

18:0, stearic acid (27 7 U )

18:1n-7. cis-vaccenic acid (3 A7 & L fiR)

18:1n-9, oleic acid (4 L A %)

18:2n-6. linoleic acid (V / — /L&)

18:3n-3, a-linolenic acid (« -V / L %)

20:3n-9. 5, 8, 11-eicosatrienoic acid (y -V / L L ig)
20:3n-6, 8, 11, 14-eicosatrienoic acid (5, 8, 11-—= =¥ ~ U = i)
20:4n-6,  arachidonic acid (8, 11, 14-— 1 =¥ k U = %)
20:5n-3, eicosapentaenoic acid (77 7 % RN fig)

22:5n-3, docosapentaenoic acid ( K = H-~~ 2 & = L fig)

22:6n-3. docosahexaenoic acid ( R = %~ %= i)
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LT NFa TV ILE X, TAFINAVIEROKERTF22TT7 v R FICER L
CEMORHETHYD . REVEEME LTV T A a T VX, ~L 7 tuT o
V=T a—, NI NAFaT XA RY =R ERNLNTWS, LT F a7 v
XU EEMIZBNT, 7 v RRFORA RN NS TERRBHEENRE WD, KFE—
7 FREAIIIRTE L KB D N m TR A L DFREFEICHANTRETH D Z L, RFE—7
v FARGEE DIBRITIRE LD o 7 U JAFITHARD SN & 7y B LA D5 [H
NN ENZ &2 En | ALFRYLENE, MafxlE, BRI KUK - St Ehoft
Bz H NN == W E 2R T, ZOX D RMEERIH L T LT LA e T
XEEWTa—T 1 7 H BiGALL fixidds KUK - BEmA72R Sfkx s o
[ D% < OREICHWSNTE R [8,79], ~ V7 AFulbEMO—FETH D V7 A
a7 VR IVERICIE, BREREE, MVARF UK E IR VBEE AT AL ONmLN T
Lo THRHDIL, WMBEAETH LT ZLR VBB IO NLRF VLV EEZHET
L9V 7 A a Jp VAR U (PFCA) X HIEA L <, 2004 FRIZH1T 5~ 7 v | A JLIR
CRRDERERTIS KL 3500 h o i 60 IS T D PFCA OERERIT 1 &7 1 150-
350 o THDHEHREINTWD [53,93], BREFIZHI SIS~V T VA v T L F gt
TEMTEE SN THH SN2 b DITMA, fiix D~V T VA b EMOBRETIZEBT 5
B DT ENE 2 BT\ 5 [72,92, 93],

PFCA ITIFIRFBHE DR 50 FHNSBAAET D, KFEHR 8-10 DILEMH THMIZ
ZH S, P THRES DL T VA r AT Z U (PFOA)DOHEN KB 2\ [79],
PFCA (I, 7L V| RISk L TRETHMEM R EIC L 5 E 5 07, BREETIZ
BWTIZE A ERRENI2NT2®, PFOA IZ X DEREEVGYNIELN e E L 7o > TV D
[54], I, W, W, THEER LONKRER AR ElTmA, fJEK, W7 £y 5 0 PFCA Off
G ZEHE ST [12, 30, 42,54, 97], PFOA IZBRBET DR SN 5 1Eh 0 T

7e< . B, B, WILER PoWAERYCE MCETRATVNS [12,30,54], EERENY
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B HLRCK TIL PFOA DOREEHEHEZHIET 28N E->THBY, ARICBNTY
PFOA I3 M P E O M OBLES ORHNC B3 D15 (21T 25 gL P E
WZHRE S 4L, Blfloxtge b 7> T\ 5, PFOA OAEKZEIZE L CiX, o WEICx LT
FFRER, ~LA oY — AHGH, BAME T I X ORI BRI L 5 AR RO F LR &
ZHIZEITZENMONTWD [2,25,32,36,71,90], & MZHOWTh, i 2
RN Z KRG & LT a2 I S v, FRIRBERE AR PR A D U 2 7 LIRNIC
1FES % PFOA & & ORICHBENH D = & A 7RET DAERNHE SN TWD [1, 69, 76],

PFCA OEMREEOFHIL, PEHEDZ N PFOA ZH.0ME STV . PFOA IR
THLMRDB LV, £7o. PFCA IZRBHENR WV, ARBFEMEN & MEA 23 7R ST
%72 [67]. PFOA OREm & LTL Y IRFEHFHEDE PFCA BMEHAIND L 212720 |
INOLOFEMEFHI G 2 < MEIND K 5T/ o7z [55], & 2 ADBREEH & RS & SR
EOEW~ L7 )vAdnm /U (PENA), L 7)vA w5 7 Uk (PFDA), ~L7 /L4 m v
TR U, SV T VAT R g (PFDoA) K S TS [29,78, 86,97, Z D
&0 R RH{ PFCA NEFABMIAN D B S 2 BEHNICIE, TEMICAPES LD PFCA O
RIAER & L TREIZIRA L TWD Z EITIIR., BN TOBMEERE W AR B 2 5

Do —MXIZ PFCA DIRFHEN R 78D L@t 25 [71], #lziX. 7> MIBT
% LDso fiE13 PFOA 189 (175-208) mg/kg. PFDA 41 (34-47) mg/kg Tdb 5., ZAUIHERDH R,
TIHAERA~OZEBEDERIC L > TS TE = [71],

PFCA DAERITKT 2AEMIEZIGIT D725, PFCA 1T~V A o Y — MFHAITE AL
K o (PPARa) ZIEMEALT 2 2 &R EE STV D [65,83], PPARa IZAREHIOHIEIC
BEREEZ2HIOBANZHIETHD [14. EERNICB T DREORAFTZZ A%, FE
DA, o, B L OED /T v A2 X0 HERF S d, IREH O PO ag 2 sl & 5L
7= i T D AFIRIC N A, ik CHE GRS Ok 2 2Rk IC K- TIEI ST %,
PFOA IZNIFEMRBNCRE LB 2 522 Z LN MESN TV D [41,51,89], ATV “IEE D
HICIEEREIER OFE, MIEHREDOK TR EIXPPARa Z T H1EFHTHL LEEXD
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N5bDOHE [41,44,45,49,89], F7=, HHBRTICENEREZEL T 2ERbME SN T

% [43], LxL7an b, REHEDREID PFCA % RN L L 7=AFEIZ 720, 20
L OREFNG, AHFETIE, 1) £/ AR (MUFA) OREHITRT 2 BB A
T, BEAO PPAR a{EMHEALAICH D 7 07 4 7 ) ViR L O ZITV, lAB LW
FERZHOLNITH 2 L aR AT, E6I2, 2) RFEHEDEL D PFCA IZDOWT,
MUFA (it & 0 & LTZIRE R~ OB L g U ARERR M CITE C & 2o W HiE A
WD EERH L, ZOWRIZIBWNT, REHE DR PFDOA IE, 1Ekd PFCA |2
TSI TR NS TEIMBATIE RN 8 D Z & T2 /L L7 T, IgReI x4 2 84
FEAM L. MHPNEREAPEICAHRE L TR RO T AL 5 2 2/ Lz, 72, MUFA R
HWA~OEBEIET 5BV T, MUFA (21X PFOA THMT 5 LD & LWL ONRH
B2 ERML, ERNO MUFA LUL OFETREREIC SV CREMIZA R 21T - 72,

LLEO#IZEZ 8 U T, REMHE DR D PFCA TR ME IR L CAERIER 274
[T 0 T H % O PFCA ICRBEIZMEN ZH T2 Z &M b Lz,
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PR L O ERM R AR EZGISEZ T ENMONTEY [2, 15,16, 20, 60, 67, 84]. ¢l
PEICBI L TE LS FARDNTEY . WHED PFOA £ 51251 ALT X AST 72 EOFfEE~ — 1 —DHY
e BEN OERR LOREMRORMR ERHI SR SND 2 ENME SN TVD [28,84,99],
LA F VY — AHETEANE M LS K o (PPAR) 1ZAEERNIZISIT D =3 L X —(GHFRE . FrlchENI
fRFAENCEAL- U [74]. WIRMWEY 7 N & U CEREIENIER A 2t ) A N, AMRMEY T e LTT o
77— FREYLPFCA B BN TS, VI REFE LIz BITRERELR OG- 230 L, fix
DERRISERIET S B2 6N TWD, 74 77— hO—FThHo7r 747 ) VEEIX. 7 MIFIC
BWTHENIE O3 RICEE T SR DB FREEZ NI L5 1E00 T £/ REafls i
(MUFA)D AR A TS5 Z L | 18:1n-9 BA RIS W25 Z L 03| ST\ 5 [39, 48, 59, 98], PFOA
Horn7 47 ) gL FEERICPPAR0 T =2 N THY | T v MF-ULAF Y — AFHER 2773 [32
90], £72. T v MIFIEICE W T SCD Z25FE LART7 7 F V0l o0 18:1n-9 BZIIMEE L Z LN
HWEIHTWD [41,89], L L., —FHTr a7 47 ) VAT TAG 2 &85 D2kt L [38]. PFOA
(I TAG 2SS L LW o mELH D [43], £ 2 TAMIETIE, PFOA D F v Mt MUFA {UEHHC
KT DB ONWT, 7r7 47 ) UEELFEICH ATV, ZOMEREHAOMNCT L2 L
L7,
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PFOA L7 47 ) UIBOEEL KT HICHTZ0 . Ty MIXI L TEEEZ R IRV L7
DITAREF LOMMEEZHE L, Table 1-1 128 Lo, REIS X OFERAB AR E &2 K & 72 R
DOV, WFE THXHITE & O H SRR EMNRFE0 i,

PFOA L7 7 7 U VRO PPARa 7 A =X MEMZILET 572012, fAFKA72 PPARo EHYE ST
ThbH Acotl DFBLEA I L=, PFOA & L<Z7u7 47V VEEE 7 v FOIFIRIZEIT 5 Acotl
DFRBLEZ Fig. 1-1 1R LT, i & HICHEKFR 72 Acotl ZEELEDINGRD Hiv7z, L)L, PFOA
Lou 7 47 UBEORGENRER LT, —MHIIWE OFFEEN AT 5 2 L TERY, £2
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ZEMBPFOAD N7 a7 4 7Y VLY L PPARAT T =& MERAA/ NS WZ ERH L E 72572,



Table 1-1.

A. PFOA-Treated Rats

Body Weight and Tissue Weight of PFOA-Treated or Clofibric Acid-Treated Rats.

PFOA (% in diet)

Control
0.0025 0.005 0.01 0.02
Body weight (g) 34469 + 8.15% 35657 + 9092 35898 + 1049 33504 + 18.28° 33348 + 12.84°
Tissue weight (g)
Liver 1272 + 0.722 1564 + 0.65° 1827 + 114 1816 =+ 2.37° 18.64 + 2.06°
Epididymal fat 345 + 052 335 + 040 340 + 0.53 298 + 041 285 + 0.58
Mesentric fat 256 * 0.40° 255 + 047° 236 * 0.43® 1.77 £ 0.20° 176 + 0.33°
Relative tissue
weight
(% of body weight)
Liver 369 * 0.17° 439 =+ 0.14b 509 £ 0.19° 541 + 0.54¢ 558 + 0.43°
Epididymal fat 1.00 £ 0.14 094 =+ 0.10 095 % 0.13 089 =+ 0.13 085 *= 0.17
Mesentric fat 074 * 0.11° 071 = 0.13? 0.66 + 0.11% 0.53 + 0.06° 053 + 0.10®
B. Clofibric Acid-Treated Rats
Clofibric acid (% in diet)
Control
0.125 0.25 0.375 0.5
Body weight (g) 34469 + 8.15° 309.47 + 20.07° 31115 + 1442 31032 + 13.45° 30159 + 20.52°
Tissue weight (g)
Liver 1272 + 0.722 1337 + 1442 16.94 + 0.74° 17.27 + 0.93° 18.08 + 273°
Epididymal fat 345 + 0.522 3.06 = 0.33® 270 + 0.31b 271 + 0.41b 236 + 0.17°
Mesentric fat 256 * 0.40° 213 = 0.37® 1.65 + 0.40% 1.20 + 0.31° 1.14 + 0.46°
Relative tissue
weight
(% of body weight)
Liver 369 * 0.17° 432 + 0.34° 545 + 0.14¢ 557 + 0.20¢ 597 + 0.55¢
Epididymal fat 1.00 + 0.14° 099 =+ 0.13» 0.87 * 0.13® 0.88 * 0.14%® 079 * 0.07°
Mesentric fat 074 % 0.11° 0.64 =+ 0.08® 050 * 0.11%® 0.39 * 0.10° 0.37 * 0.14°

Rats were fed a standard diet for 7 days, a diet admixed with PFOA at 0.0025, 0.005, 0.01 or 0.02% (w/w) for 7 days, or a diet

admixed with clofibric acid at 0.125, 0.25, 0.375 or 0.5% (w/w) for 7 days. Values represent the mean + S.D. (n = 4-6). *“Significant
difference without a common superscript (P < 0.05). In the absence of superscript, the means are not statistically significant.
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ACOT1 mRNA Levels in the Liver of PFOA-Treated or Clofibric Acid-Treated Rats. Rats were fed a standard diet
for 7 days, a diet admixed with PFOA at 0.0025, 0.005, 0.01 or 0.02% (w/w) for 7 days, or a diet admixed with clofibric acid at
0.125, 0.25, 0.375 or 0.5% (w/w) for 7 days. (A) PFOA-treated rats and (B) clofibric acid-treated rats. Values represent the mean
+S.D. (n=4-6). O, PFOA; @, Clofibric acid.
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Fig. 1-2. Relationship between Concentrations of
PFOA or Clofibric Acid and Levels of mMRNA Encoding
ACOT1 in the Livers of Rats. Data from Fig. 1-2 were
utilized. Values represent the mean = S.D. (n = 4-6). O,
PFOA; @, Clofibric acid. Relationship between hepatic
concentrations of PFOA and hepatic levels of mRNA
encoding ACOT1, y = 0.1055x + 0.4619 (r? = 0.9926).
Relationship between hepatic concentrations of PFOA
and hepatic levels of mRNA encoding ACOTL, y =
0.3053x + 0.3031 (r? = 0.9990).
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Fig. 1-3.  Relationship between ACOT1
MRNA Levels and SCD1 mRNA Levels in
the Liver of Rats. Rats were fed a standard
diet for 7 days, a diet admixed with PFOA
at 0.0025, 0.005, 0.01 or 0.02% (w/w) for 7
days, or a diet admixed with clofibric acid
at 0.125, 0.25, 0.375 or 0.5% (w/w) for 7
e days. Values represent the mean &= S.D. (n
’ = 4-6). O, PFOA; @, Clofibric acid.
Relationship between ACOT1 mRNA levels
and SCD1 mRNA levels, y = 0.1055x +
0.4619 (r> = 0.9926). Association with
hepatic clofibric acid concentrations and
hepatic mMRNA encoding ACOT1 levels, y =
. , 0.0662x + 1.5119 (r? = 0.9368)

100 200
Acotl expression (relative to control)

[
N
T

Scd1 expression
(relative to control)

200 r 20

10 + ——

Scdl expression
(relative to control)
=
o
SCD activity (min-1)

0 (I 1 1 J 0 Q 1 1 J
0 200 400 600 0 200 400 600

Liver concentration (nmol/g liver) Liver concentration (nmol/g liver)

Fig. 1-4.  Relationship between Concentrations of PFOA or Clofibric Acid and SCD1 mRNA Levels (A) or SCD Activity (B) in the
Liver of Rats. Rats were fed a standard diet for 7 days, a diet admixed with PFOA at 0.0025, 0.005, 0.01 or 0.02% (w/w) for 7 days, or
a diet admixed with clofibric acid at 0.125, 0.25 or 0.375% (w/w) for 7 days. Values represent the mean = S.D. (n =4-6). O, PFOA,
@, Clofibric acid.
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18:1n-9 A& L O HINESE5 Z ENHL N7, 18:1n-9 BOREICH 5T DO 13 FET
LT ENEZDBND,
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Fig. 1-5. Relationship Between
Concentrations of PFOA or Clofibric
Acid and Levels of 18:1n-9 in the
Livers of Rats. Rats were fed a
standard diet for 7 days, a diet
admixed with PFOA at 0.0025, 0.005,
0.01 or 0.02% (w/w) for 7 days, or a
diet admixed with clofibric acid at
0.125, 0.25, 0.375 or 0.5% (w/w) for 7
days. Concentration of PFOA vs
18:1n-9 levels per gram liver (A) or
18:1n-9 levels per liver (C).
Concentration of Clofibric acid vs
18:1n-9 levels per gram liver (B) or
18:1n-9 levels per liver (D). Values
represent the mean £ S.D. (n = 4-6).
O, PFOA; @, Clofibric acid.
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Fig. 1-6.  Relationship between SCD activity and Levels of 18:1n-9 in the Liver of PFOA-Treated Rats and Clofibric

Acid-Treated Rats. Rats were fed a standard diet for 7 days, a diet admixed with PFOA at 0.0025, 0.005, 0.01 or 0.02% (w/w) for
7 days, or a diet admixed with clofibric acid at 0.125, 0.25, 0.375 or 0.5% (w/w) for 7 days. (A) SCD activity vs 18:1n-9 levels
per gram liver. (B) SCD activity vs 18:1n-9 levels per liver. Values represent the mean = S.D. (n = 4-6). O, PFOA; @,
Clofibric acid. Relationship between SCD activity in the liver and levels of 18:1n-9 content (umol/g liver) of PFOA-treated rats,
y = 2.3110x + 10.9918 (r? = 0.8591). Relationship between SCD activity in the liver and levels of 18:1n-9 content (umol/g liver)
of clofibric acid-treated rats y = 0.2386x + 12.3540 (r2 = 0.3309). Relationship between SCD activity in the liver and levels of
18:1n-9 content (umol/liver) of PFOA-treated rats, y = 65.7224x + 125.0071 (r? = 0.8729). Relationship between SCD activity
in the liver and levels of 18:1n-9 content (umol/liver) of clofibric acid-treated rats, y = 5.3208x + 172.6878 (r?> = 0.9923).
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A 18:1n-9 REHIAER N AE L 2 A = X L DIGEE

INETORELY, PFOA X7 07 47V VB LY b SCD FHEAER/INS WA, [l I 18:1n-9
BAFRBEMNSELZENHLNER-72, 18:1n-9 ORFOF T, SRRSO BRI L TiliH s
Bl DWBERIEZLTCWDLZENRBZZ BN, PFOA L7 a7 47U UEEO 18:1n-9 Gt ~D R ED %
RAEPLNTT D201, AHBERE ORI M@ RIT+ 2 2 LIc Lz, PFOA &7 m 7 47
U U FBIE L H1Z PPAR o )BT CTd 5 Acotl & Scdl DI BLEZ HBARFRICHINS ¥, F2mHEIC
B 72MEANRFRD D272, Acotl ORBIETHIIET S Z & CHEDHENAETH DL E S XD,
L7eRo>T, PFOAREL 7 u T 4 70 UEEIFENEN 2 DO G ELZRINL, TR T-HRBEL i L
ToAE % Tablel-2 |28 L7z, W& OB T REA~OFEIITFEL, LT s L Brp 5 SR H iz (Table
1-2), WEBOEREZWMEICT 72012, PFOA 7 a7 4 71 VOB RBA~DORBE AT TF
L. 2a7OEZGBTRLULMERZ Table 1-3 12, & HIZZ ORI R %A 18:1n-9 OREHIREE~L B TID T
fili R Fig. 1-7 (2R L7z, fUEHEES O o T TAG & RkBIEEIs (2B L TREDS RV, 3725 PFOA it
DI BInFREENE < . TAG 2 fEEHEEA I L Tidd £ 0 23 2 W MEm 235580 b7,
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Table 1-2.

Effects of PFOA and Clofibric Acid on Gene Expression in the Liver of Rats

PFOA (% in diet)

Clofibric acid (% in diet)

Control
0.005 0.01 0.25 0.5
(relative to control)
Lipogenesis
Fas 1.00 + 0.21* 095 + 031 083 + 0.33 146 + 0419 171 + 044
Accl 1.00 = 0.23% 128 =+ 0.20° 191 + 045° 144 =+ 0.13¥ 142 = 0.1%
Gépd 1.00 + 0.24* 097 + 0.25 138 + 0.33 154 + 0.3 156 + 041
Acly 1.00 = 0.282 125 = 0.342 216 + 0.54° 121 = 031 099 + 0.29
Mel 1.00 + 0.23% 469 + 070° 1133 * 3.32¢ 1285 + 252 1349 + 4.67Y
Gpatl 1.00 + 0.23* 1.04 * 0.22 118 = 0.35 085 + 0.15% 069 + 0.2
Gpat4 1.00 + 0.25% 164 + 0.14° 185 + 047 1.03 + 0.30% 059 =+ 0.2V
Dgatl 1.00 *= 0.12% 192 + 0.20° 270 * 0.78¢ 219 = 0.27 215 * 0.53
Dgat2 1.00 + 0.19% 076 =+ 0.23 092 + 023 070 = 0.4 030 =+ 0.11°
Lipinl 1.00 %= 0.45% 1.03 = 0.16% 234 + 0.65° 225 = 077 260 * 0.90¥
Lipin2 1.00 + 0.24% 140 =+ 0.16° 214 + 0.31° 163 * 0.36Y 168 + 032
Lipin3 1.00 *= 0.15% 116 + 0.082 155 + 0.26° 145 * 0.30¥ 1.02 + 0.28"
Fatty acid modification
Scdl 1.00 *= 0.48% 415 + 0.57° 6.13 + 1.50° 774 + 1.0V 973 + 245
Fadsl 1.00 + 0.21% 1.60 + 0.46® 211 + 0.66° 194 =+ 0.58 164 + 0.54%
Fads2 1.00 * 0.24% 335 + 0.64° 436 + 1.20° 456 = 0.77Y 375 + 0.53
ElovI5 1.00 £ 0.32 099 * 0.40 116 = 0.35 116 £+ 0.22 070 = 0.13
Fatty acid trafficking
Fat/Cd36 1.00 + 0.36% 454 + 0.42° 6.30 + 1.05° 11.27 = 2.04Y 1219 + 3.03
Fatp2 1.00 = 0.23% 215 + 0.63° 3.63 + 0.42° 317 = 0.7% 396 + 0.93
Fatp4 1.00 + 0.15° 1.05 + 0.218 1.88 + 0.61° 121 £+ 0.13 1.07 + 021
Fatp5 1.00 = 0.27 1.04 + 043 1.02 = 0.32 062 = 0.25 054 + 031
Fabppm 1.00 + 0.20% 1.68 + 0.46° 202 + 0.36° 190 + 0.7V 190 £ 0.60Y
Fabpl 1.00 = 0.12% 186 * 0.63° 248 + 0.520 417 + 1.06Y 395 + 113
Acsll 1.00 + 0.17% 207 = 0.37° 262 + 0.48° 237 = 049 189 =+ 054
Acsl3 1.00 *= 0.28% 342 + 055 494 + 0.74° 528 + 1.56Y 501 + 157
Acsl5 1.00 + 0.23% 096 =+ 0.25° 163 + 0.36° 088 =+ 0.24v 053 =+ 0.2%
Lipolysis
Atgl 1.00 + 0.16% 2.65 * 0.68° 391 + 0.90° 439 + 172 536 + 209
Cgi-58 1.00 + 0.31% 149 =+ 0.35® 173 = 0.37° 170 = 0.44v 184 + 0.61Y
Cptla 1.00 + 0.30% 215 * 0.45° 298 + 0.75° 298 + 092 261 £+ 0.7V
Mcad 1.00 = 0.21% 259 + 0.70° 332 + 0.76° 255 + 0.64 278 = 0.7%
Lcad 1.00 + 0.24% 3.03 + 0.36° 2.86 + 0.84° 289 = 057 273 £ 0.63
Vicad 1.00 + 0.08* 247 + 0.17° 3.02 + 047° 299 + 047 267 = 044
Acox1 1.00 + 0.33* 1130 +* 3.04> 1513 =+ 2.65° 1835 + 5.26Y 2255 + 6.94Y
Ucp2 1.00 + 0.31% 201 + 0.320 191 = 0.27° 154 + 0.33 185 + 0.24Y
Mcdc 1.00 + 0.09% 270 = 0.32° 2.86 = 0.40° 316 =+ 057 288 £ 0.53
Pgcla 1.00 + 0.37* 140 + 0.36° 350 + 1.27° 352 + 0.8 490 + 1.21°
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Table 1-2 (continued)

Lipoprotein metabolism

Apo-C 1 1.00
Mtp 1.00
Lpl 1.00
Apo-A 1 1.00
Abcal 1.00
Nuclear transcription factor
Srebp-1c 1.00
Chrebp 1.00
Ppar o 1.00
Ppar ¢ 1.00
Creb3I3 1.00
Foxol 1.00
Ampk 1.00
Lxra 1.00
Hnf4a 1.00
Statl 1.00
ER stress
Grp78 1.00
Chop 1.00
Xbpl 1.00
Glucose metabolism
Gk 1.00
Lpk 1.00
Gbpase 1.00
Pepck 1.00
Gls 1.00
Glut2 1.00
Irsl 1.00
Irs2 1.00
Others
Acotl 1.00
Cyp4al0 1.00
Cyp7al 1.00
Fgf21 1.00

+ + +

I+

+ + + + + + + +

I+

+ +

I+

+ + + + + + +

I+

+ H+ I+

I+

0.19%
0.26%
0.26%
0.22%
0.262

0.32x
0.22%
0.22%
0.19
0.28%
0.34%
0.262
0.24%
0.20%
0.15

0.24
0.182
0.22

0.33%
0.32%
0.282
0.362
0.332
0.30%
0.13®
0.26%

0.18%
0.06%
0.27

0.31*

0.70
1.74
2.06
0.50
0.33

1.37
1.54
1.58
111
0.85
2.20
0.39
1.39
2.74
0.82

0.88
0.90
0.83

0.75
1.63
0.47
1.79
0.40
0.24
0.75
2.18

40.80
14.78
0.69
2.24

+ + +

I+

+ + + + + + + + 4+

I+

+ +

I+

+= + + + + + +

I+

+ + I+

I+

0.14°
0.22b
0.89%®
0.19°
0.13°

0.40
0.42%
0.36"
0.18
0.23
0.43°
0.12v
0.24%
0.57°
0.03

0.11
0.132
0.23

0.142
0.57

0.01°
0.40°
0.13°
0.05°
0.118
0.77°

5.20°
1.12°
0.35

0.752

0.57
2.38
2.73
0.56
0.31

1.22
2.02
2.44
1.15
0.87
2.40
0.40
1.54
3.27
0.90

1.19
3.14
0.77

1.74
1.65
0.31
231
0.44
0.23
1.29
2.56

51.05
18.01

0.84
35.08

+ + H+ H+

I+

+ + + + + H+ H+ H+ I+

I+

+

I+

+ + + + + H+ +

I+

+ H+ +

I+

0.21°
0.73°
0.81°
0.26°
0.08°

0.45
0.49°
0.43¢
0.26
0.20
0.58°
0.09°
0.36°
0.81°
0.24

0.30
0.99°
0.22

0.44°
0.47

0.06°
0.56°
0.10°
0.05°
0.33°
0.82°

9.12¢
413
0.38

6.69°

0.35
1.83
3.10
0.58
0.99

1.70
2.08
1.83
0.97
0.82
1.65
0.78
1.52
243
0.87

1.00
1.01
1.34

0.36
0.33
0.94
0.87
0.77
0.55
0.93
2.47

92.21
24.96
1.26
0.90

+ + +

I+

+ + + + + + + +

I+

+ 1+

I+

+= + + + + + +

I+

+ + I+

I+

0.04Y
0.38Y
1.08Y
0.17v
0.17

0.35Y
0.50¥
0.42Y
0.13
0.15%
0.20¥
0.26
0.45%
0.59¥
0.21

0.31
0.19
0.30

0.10¥
0.11Y
0.13
0.22
0.23
0.2%Y
0.39
0.65Y

8.82Y
4.47Y
0.25

0.46*

0.23
1.60
5.25
0.24
1.26

2.19
2.42
2.24
0.77
1.30
1.82
1.01
1.72
2.75
1.09

0.90
0.89
0.98

0.23
0.30
0.96
0.90
0.68
0.50
0.87
3.04

125.31
33.11
0.96
2.37

+ + H+ H+

I+

+ + + + + H+ H+ H+ I+

I+

+

I+

+ + + + + H+ H+

I+

+ H+ +

I+

0.09¥
0.36Y
1.637
0.137
0.27

0.42Y
0.53¥
0.58Y
0.18

0.32Y
0.29¥
0.29

0.47Y
0.5
0.19

0.14
0.18
0.40

0.12Y
0.12Y
0.21
0.42
0.14
0.24Y
0.29
0.77Y

15.167
8.90Y
0.29
0.43Y

Rats were fed a standard diet for 7 days, a diet admixed with PFOA at 0.005 or 0.01% (w/w) for 7 days, or a diet admixed with
clofibric acid at 0.25 or 0.5% (w/w) for 7 days. Values represent the mean £ S.D. (n = 4-6). *©Significant difference without a

common superscript (P < 0.05). *¥Significant difference without a common superscript (P < 0.05). In the absence of

superscript, the means are not statistically significant.
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Table 1-3. Difference of the Effects on Hepatic Gene Expression of 18:1n-9 Metabolism between PFOA and Clofibric
Acid-Treated Rats.

A. Lipogenesis E. Lipoprotein metabolism
Gene PFOA | Clof | Score Color Gene PEOA | Clof | Score Color
Fas 0 +1 -1 Apo-C T -1 -1 0
Accl +1 0 +1 Mto +1 +1 0
G6nd 0 0 0 Lpl +1 +1 0
Acly +1 0 +1 Apo-A 1 -1 -1 0
Mel +1 +1 0 Abcal -1 0 -1
Gpatl 0 0 0
Gpatd +1 -1 +2 F. Glucose metabolism
Daatl +1 +1 0
Daat? 0 1 +1 Gene PEOA | Clof
Lipind #1 [ +1 ] 0 Gk e
Linin2 1 |41 ] 0 Lok Y
Linin3 0 0 0 Gpase -1 Q
Pepck +1 0
. L Gls -1 -1
B. Fatty acid modification Glut? 1 1
Gene PFOA | Clof | Score Color Irsl 0 0
Scdl +1 +1 0 Irs2 +1 +1
Fads1 +1 +1 0
Fads2 +1 +1 Q G. Nuclear transcription factor
Elovl5 0 0 0
Gene PEOA | Clof | Score Color
. o Srebp-1c 0 +1 -1
C. Fatty acid trafficking Chrebp +1 +1 0
Gene PEOA | Clof | Score Color Ppara +1 +1 0
Fat/Cd36 +1 +1 0 Ppard 0 0 0
Fatp2 +1 +1 0 Creb3I3 0 0 0
Fatp4 +1 0 | +1 - Foxol +1 | +1 [ 0
Fatp5 0 a1 w1 | Ampk 1 0 1
Fabopm +1 +1 0 Lxra +1 +1 0
Fabpl +1 +1 0 Hnf4a +1 +1 0
Acsll +1 +1 0 Statl 0 0 0
Acsl3 +1 +1 0
Acsl5 +1 -1 +2 _l H. ER stress
. . Gene PEOA | Clof | Score Color
D. Lipolysis Gro7s 0 0 0
Gene PFOA | Clof | Score Color Chop +1 0 +1 H
Atal +1 +1 0 Xbpl 0 0 0
Cai-58 +1 +1 0
Cptla +1 +1 0 I. Others
Mcad +1 +1 0
Lcad +1 +1 0 Gene PFOA | Clof | Score Color
Vicad +1 +1 0 Acotl +1 +1 Q
Acoxl +1 +1 0 Cvp4al0 +1 +1 0
Ucn2 +1 +1 0 Cvp7al 0 0 0
Medc +1 +1 0 Faf21 +1 +1 0
Pacla +1 +1 0

15



> FFA <

Hepatocyte White adipose TAG
T A G th o Fat HTGL Apo-c I/
Sy eSS e o |
Fas M | Fabp1 || Fabppm |
acetyl-CoA — 5 160 18:1n-9 = > acyl-CoA
e
¢ NS\ —
18:0 / gly
malonyl-CoA ucleus [ Gpat4 | phosphate
1-acyl-glycerol-3-phosphate
oxaloacetic acid ~ —~y | Ppara | [ Pgcla |
/A malic aci | Ppard | | Creb3I3 v
- Srebp-1c | [ Foxol | phosphatidic acid
\_ A e | (ot [z |
CoA ADPH Chrebp | [_Ampk D\AG
citric acid pyruvic acid l
Mcd
-_c c | \L - Mtp
T pyruvic acid . TAG
TAG degradation
citric acid LDL
Mcad \ Acoxl m %& VLDL
N
[ Cgi-58 | Lpl_]
acetyl-CbA < CRIREDA S
mitochondria
. . . . - Score +2
Fig. 1-7. Difference of the Effect on 18:1n-9 Metabolism between PFOA and Clofibric - Score +1
Acid-Treated rats. |:| Score 0 (PFOAD)
core
|:| Score 0
[ ] score0 (PFoAy)
|:| Score -1

16




558 NS

PFOA DAEMRIEIZEIT 20k DM T m MR I E R 2 Y T b oL < TSI T NN
AT L CldsiE 23722y, —J57 T, PROA IR N oW THE M| 2 9 PPARa Z iEPEL S
L2 ENMbNTERY, IEMRRREITS L TEL RMET 2 LA PS5, PFOA L1H L < PPARa
OF7 F=AMEAZ b 2707 47V URE IRICB O TR ET 2 2 0 mon T,
MUFA &R &2 TUHET 2 2 E ST\ 5 [39, 40, 48, 56, 59, 62,98], 7 17 1 7 VU &I MUFA &
FROAHEFR T D SCD ZIEMHALT 2 Z & T 18:1n-9 A MM I 573, PFOA IZIXFEROIER 3 & 5
DPIFRHATHD, 2T, WML PPARe 7 =R N CThLHr 7 47V UEekbigkig s L, PFOA
S MUFA RN NT o7 n 7 4 7 U UliRE EDO XD ICHE R > TV L& 60NCT 5 2 &L TIMUFA R
HHxt3 5 PFOA DD iRt % 7k 7=

PFOA L7 m 7 47U LRI L HIT, Acotl JEBL &, SCD DR In TR B &I L OVEMZ LA S 7208,
PFOA D5 ik E/EMIT/N &> - 7= (Fig. 1-2, 1-4), PFOA @ SCD FEEMA /NS W20, 18:1n-9 D
HIMER & /hSWZ TR INIA, ITIEICIR T 5 18:1n-9 EDOHNMEM X PFOA OJ7 3R E o7z
(Fig. 1-5), SCD IEMEDTLHEIZ & b 72 ) 18:1n-9 EDHENMEMIZE L TH PFOA DN KE N7 &
5 (Fig. 1-6), PFOA # 5.7 v MFTIL, SCD ZIZ U ¥ &35 MUFA & RGRUAN DTN 18:1n-9 D
FEIHCREE L TS 2 ENEZE 2 6N5, kT 2B EOHREIR 1 & L Tix, BhEak. B
Be i, MEMIERDORRE ~D B, JEMIEE DA ~D 53t L O G DA H T Hivd, b o
KFoHT, 7r7 47V gL PFOAIC X DHRENICAHENE U T\ 535G, ‘PFOA D3 SCD DOF
BERPNEWIZHED LT, 18:1n-9 EOHIEA N RE W LW FEEZHHTE 2 2 &NTFRIN
%, PFOAREL 717 ¢ 7V VEEERIZH\WN T, 18:1n-9 R B ELE 1 DR B2 MR RT L7125 %
A L72 L 2 A, PFOA I3 TAG S RBEE(n F O3B 2 LR SEL Z LW LMN o Te, T b,
PFOA (37 17 47U Ul & i LT 18:1n-9 DEREEITRN B DD, 18:1n-9 & TAG ~LHUVIAAT

HPHe T AR R =, FER L LT 18:1n-9 BT ERITA Uk o o aTREMES /RIB S vz,
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B 1FEICHBWT, PFOAIZPPARe 7 =X MEMZA L. 7 v MIFIZEWT MUFA &%k & TAG &
R E & BITTUET 5 2 L2k 5T, 18:1n-9 % TAG IZHTiT 578, FEIAEED BB LA TLHET 51
LD HT 18n-9 GERAMNT L L E2RE LT, —FH, Z7u7 47 U UEEIT PFOA kRIS
PPARa Zi&H ML L. MUFA & kds K OVENIRER B Befb 22T 2 & DD TAG & UEENEH 2 & 7272 e
B, 18:1n-9 FEMNEDTH LD LEEZ BTz, PFCA IZRFEHENEWIE EER~OERRZMENREL 72
HDEMDR DD Z b, IRFEHEDORRD PFCA TEOBEMENELR DFRILE L U CTEEMEICREK T
2HD0THY, HRIIIFRLTHLIHDEBEZ LN TET, PFOA LV b RFEHROR NV T VA1
/F W (PFNA) < PFDA [T TAG FREEANHE STV oo [46], i b HFE#E D PFCA
RIS LG 30, & 2 TARFETIL, PFOA XV b RFEHE DR PFDA L1 PFDoA
IZFHFH L, PFOA LH#T 52 & & LTz, TIIIZS % D PFCA % 0.01%DE|IE CEEHZIRM L, Tl
DRI E T ORI & % #Ft L7z (Table 2-1), MUFA ([ZiEH 3% & xHREEL HE~T PFOA BETIZ
18:1n-9 R OB FRD HAL, F£7-. PFDA FER L U PFDoA BTl PFOAREL 0 &3 LIS
bz, ZORERIE, PFCA THIRFBHEN R D ENREICK T OBNRRD 2 L 2R LT D,
EEE, T TAG ZRMEM IR EHEDOEV PFCA IZBWTHEN L [46], L LR, ZANTFE
FPEDEW, TRbOHLRICERT 500, TR E BEREWIZED bDRDNTHL N2> T
2N, Z 2 TARETIE, PFOA, PFDA 1 X O PFDoA DOfif TAG fR#HCKk 5 FBE A LT 5

ZEaAME LK,
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Table 2-1. Effects of PFOA, PFDA nd PFDoA on Fatty Acid Profile of Hepatic Lipids

Fatty acids Control PFOA PFDA PFDoA
(mol %)

16:0 2765 + 3.40 26.67 + 3.08 2897 + 260 2833 + 253
16:1n-7 181 * 0.56® 152 + 027 264 + 0520 201 + 0.25%
18:0 16,50 + 2.13» 1780 = 0.718 1342 + 0.79° 1298 + 3.37°
18:1n-7 404 + 0.63° 266 + 0.28° 269 + 0.24° 309 + 047°
18:1n-9 1023 + 1.61° 1469 + 1.80° 19.17 + 2.10° 16.21 + 3.46
18:2n-6 2139 + 1.192 1324 + 0.78 1646 + 1.35° 19.73 + 2.55°
18:3n-3 039 * 0.05° 0.09 + 0.02° 021 + 0.04% 0.33 + 0.10%
20:3n-9 011 =+ 0.02% 023 + 0.128 0.08 + 0.04° 0.08 + 0.03°
20:3n-6 0.68 =+ 0.152 233 + 042° 238 + 0.35° 176 + 0.39°
20:4n-6 13.08 + 3.19%® 1776 + 1.652 1133 + 1.07° 1184 = 4.27°
20:5n-3 0.66 = 0.09 037 + 0.24° 045 + 0.09® 052 + 0.14®
22:5n-3 090 =+ 0.312 0.48 =+ 0.22° 0.46 =+ 0.09% 0.68 =+ 0.12%
22:6n-3 256 * 048 217 + 0.31%® 173 + 0.12° 247 + 0.26%
Total 12397 + 14.24 13532 + 17.39 13341 + 16.36 12886 + 17.99

(umol/g liver)

Rats were fed a standard diet for 7 days or a diet admixed with PFOA, PFDA or PFDoA at 0.01%
(w/w) for 7 days. Values represent the mean = S.D. (N = 4-6). Means in the same row without a common

superscript (a, b, c) are significantly different (P < 0.05).
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FLE R

PFOA. PFDA I X Uf PFDoA Z 72 5HIE& CHREHIIRIM L T L EMBBBAEI Y, Z0OREL KL
720 EED PFDA (0.01%35 X 1 0.02%) 5 L OV PFDOA (0.02%) #EICHWTC, EAROIKT., AEOM
DRH b (Table 2-2), WT 41D PFCA ITH M EIKAHRIFIERIER AR D Hiv, £ O/EMIE
PFOA T b8 <. PFDA & PFDoA OEHIZIAIFEE DRI Th - 7= (Table 2-2), —J7. K HJE AR

FRCBE L Cidm & (0.02%) ® PFDA BED A CHEXTE E L OHIMAFR D HivTe,
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Table 2-2. Body weight, Food Intake and Tissue Weight of PFCA-Treated Rats

PFCA (% in diet)

0 0.0025 0.005 0.01 0.02
Body weight (g)
PFOA 34272 + 894% 356,60 + 9.10% 359.00 + 10.50* 328.15 + 19.71> 33350 + 12.80%
PFDA 34272 + B8.942 34713 + 7.62° 332.08 + 8.97° 309.60 + 3.80° 24813 + 9.87°
PFDoA 34272 + B8.942 34255 + 1153* 34372 + 9.20° 34468 + 5.69° 303.63 + 9.37°
Food intake (g/day)
PFOA 2470 = 111 ND ND 2262 + 1.08 ND
PFDA 2470 + 1110 2315 + 048 2160 =+ 0.44° 1981 + 1.16° 11.89 + 2.62°
PFDoA 2470 = 1112 2090 + 1.07% 2123 + 0.29% 2286 = 1.61%* 18.09 + 1.33°
Liver weight (% of body weight)
PFOA 365 + 0.17° 439 + 0.14° 509 =+ 0.19¢ 546 + 0.58¢ 558 + 043¢
PFDA 365 = 017 423 + 0.18° 466 + 0.26° 461 + (.25 422 + 0.19°
PFDoA 365 + 0.17® 357 = 0.24° 381 + 0.22% 404 + 0.11%® 406 + 0.32°
Epididymal fat weight (%)
PFOA 112 + 0.142 094 + 0.10® 095 + 0.13%® 093 + 0.06® 085 + 0.17°
PFDA 112 + 0.14?2 110 + 0.22° 133 £ 0.17® 1.03 + 0.05° 162 + 0.25°
PFDoA 112 + 014 1.03 + 0.03 111 + 0.06 1.02 + 0.13 1.06 + 0.18

Rats were fed a standar diet for 7 days or a diet admixed with PFOA, PFDA or PFDoA at 0.0025, 0.005, 0.01 or 0.02% (w/w) for
7 days.ND, not determined. Values represent the mean = S.D. (n = 4-6). Means without a common superscript (a, b, c) are
significantly different (P < 0.05).
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280 IRFBEREN /D PFCA OJIF TAG £RE1EA

PFOA. PFDA 35 XU PFDoA DJIf TAG & E~Di28% Fig. 2-1 1277 L7z, PFOA |3IT TAG & &ITIZ
ENEREBEEB T o708, 0.02%0 PFDA 35 XY PFDoA I/ TAG & B4 B ICHM S H /-
(Fig. 2-1), =512, PFDA & PFDoA Z i+ % & JIT TAG ERIEM I PFDA O 3T 5 M KRE WD
ENRBDBNT-, EHE (0.01%3 LT 0.02%) O PFDA (ZIFFEEEOIX FIEMA RO Si-7-% (Table
2-2), BREOK T TAGEEOHMEZZIEL L TV A AREMENE X bR D, £ 2T, ER&E% PFDA
0.02%#t & = A % 7= pair-fed BEIZ DWW T TAG &A1= & 2 A, kL L [FFRE CTh -7 (Fig. 2-2),
L7223 > T, PFDA IZ L 5T TAG EHITEEEOK NMCERT 2 D TiZ/e <, PFDA HEDRET

b5 ZEBHLNE ST,
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Liver TAG (umol/g liver)

X
30
+ Fig. 2-1. Hepatic TAG Content in PFCA-Treated Rats. Rats
g L % were fed a standard diet for 7 days or a diet admixed with
7 % o 0 PFOA, PFDA or PFDoA at 0.0025, 0.005, 0.01 or 0.02%
(w/w) for 7 days. Values represent the mean + S.D. (n = 4-6).
0 L L /\, Control; O, PFOA; X, PFDA; B, PFDoA.
0 0.01 0.02
PFCA (% in diet)
A B
30 r 60 -
a = b
= T 4
B =
E (@]
2 S
Qo IS
% 15 | b 2 30
= b o
-§ 7 é a a
7 [ ] %
0 0
Control PFDA Pair-fed Control PFDA Pair-fed
0.02% 0.02%

Fig. 2-2. Effects of Food Intake on Hepatic TAG Content in Rats. Rats were fed a standard diet for 7 days, a diet
admixed with PFDA at 0.02 (w/w) for 7 day, or standard diet which volume were adjusted to PFDA treated rats for 7
day. (A) Food intake (g/day) of control rats, PFDA-treated rats or Pair-feeding rats for PFDA-treated rats. (B) Hepatic
TAG content of control rats, PFDA-treated rats or Pair-feeding rats for PFDA-treated rats. Values represent the mean +
S.D. (n =4- 6). %" Means without a common superscript are significantly different (p<0.05)
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53 JFhRIZ I D PFCA O FE

PFOA T, PFDA 45 U8 PFDoA BED TN T2 31 % PFCA &% Fig. 2-3 1R LTz, WTFNORETH
R BRI PFCA OFERN RO H LTz, PFOA FEIZEI L TiX 0.01%LL EOFEZ I W TEEE O N
R BNz, PFOAREL ZH 72V | PFDA#EFR XU PFDOA B Tl 0.02% % T, FEMKIFAIIC PFCA N E

FE LTz, PFDA & PFDOA %% L A ERAITRD b o iz,

1400

%
% Fig. 2-3. Hepatic PFCA Concentration in PFCA-Treated Rats. Rats
E 200 * were fed a standard diet for 7 days or a diet admixed with PFOA,
< PFDA or PFDoA at 0.0025, 0.005, 0.01 or 0.02% (w/w) for 7 days.
Q 3 Values represent the mean + S.D. (n = 4-6). A\, Control; O, PFOA,
a 5 o X, PFDA; Hl, PFDoA.
-

0 L\ 1 1

0 0.01 0.02

PFCA (% in diet)
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%41 PFCAIZ X5 TAG EREM Otk

PFDA B£45 L OY PFDoA ETid, HEERFIICHT TAG O, & 5T PFCA EREOHIMN D
SN7=DT (Fig. 2-2. 2-3). IT TAG & & & Jif PFCA BRI 25 <7= (Fig. 2-4), PFDA 0.02%7%F % & <
PFOA #f. PFDA Ffds L U8 PFDoA BEIZBI L Tid. IT PFCA & L IT TAG & & & ORI RAF /2 FHBERILR D3
W b7z (Fig. 2-4), % Z T, PFDA & PFOA 3L % PFDoA OME DEWZE T 57201, T
TAG & L JIf PFCA &4 ERIZ L T2 7 A ¥ —fiilr %17 > 7= (Fig. 2-5), PFDA 0.02%#E0D 7 7 A X —|35%

DOTRXTOREERIRD 7 T AZ =T/ LTNDZ ENPLMNE 72T (Fig. 2-5),

600
5
2
E
3 300
:
= B "’Zbd ———————
e S
- | L 2
0 .
0 ° 10 "

Liver PFCA (umol/liver)

Fig. 2-4. Relationship Between Concentrations of PFCA and Contents of TAG in the Liver of Rats. Rats
were fed a standard diet for 7 days or a diet admixed with PFOA, PFDA or PFDoA at 0.0025, 0.005, 0.01
or 0.02% (w/w) for 7 days. Values represent the mean + S.D. (n = 4-6). /\, Control; O, PFOA; X,
PFDA; H, PFDoA. Relationship between hepatic concentrations of PFCA and hepatic contents of TAG
except for PFDA 0.02% group, y = 8.5344x + 127.7596 (r? = 0.6495).

25



Control

Control
Control :_
Control
Control ]—

Control

- ]
Pair-fed
Pair-fed]

Pair-fed

Pair-fed ;_

Pair-fed

Pair-fed
PFOA 0.0025%
PFOA 0.0025%

PFOA 0.0025%
PFOA 0.0025%

PFDOA 0.005% =
PFDOA 0.005% =
PFOA 0.0025%

| Se—

—_
PFDOA 0.0025%
PEDOA 0,0025% mmmd] |
PFDOA 0.0025% ]
PFDOA 0.0025%
PFDoA 0.0025%:—'_
PFDOA 0.0025%
PFOA 0.0025%

PFDoA 0.005% !

PFDoA 0.005%:

PFDoA 0.005%

l—
PFDoA 0.005%

PFOA 0.005%
PFOA 0.02%

PFOA 0.02%

PFOA 0.01%
PFOA 0.02%

PFOA 0.02%0 me——
—_—

PFOA 0.01% }

PFDo0A 0.01%

PFDOA 0.01%:'—,7

PFDo0A 0.01%

PFOA 0.005%
 E—

PFOA 0.005%

PFOA 0.005%
PFOA o.ozomh

PFOA 0.005%0 s——
JR————

PFOA 0.01%
PFOA 0.01% l_li

PFD0A 0.01% }

PFDoA 0.02%

PFDoA 0.02%
[.—_——

PFDoA 0.02%
PFDoA 0.02%

26

Fig. 2-5. Results of Cluster Analysis.
Dendrograms of hierarchical clustering
of hepatic contents of TAG and PFCA
were calculated on the basis of the data
from Fig. 2-4.



5T FFIRICI T D TAG R BHEEAR 1 O 5 BLAHA
IR0 5 TAG ORI IX % Fig. 2-6 1278 L7, PFCA DRFHENE2 D & TAG LHH X
LTHRRDEEAE 25 L0 RBEINTZ/2, PFOA, PFDA ¥ XU PFDoA BEDFETIZHIT 5
TAG B EE R T ORBLEZ X, ZOREE% Table 2-3 (277 L7z, Fas, Gpatl 3 L U Gpatd D3
TV o PFCA & G5HHICE W TH 2T b no7-, —J7, Dgat2 OFEEITWT oD
PFCA #HREICBW T H FABIRIFEMICED L=, o@EE T (Accl, Acly, Dgatl, Cptla, Atgl, Mtp 38 L O
Fat/Cd36) DFEHEITHRKFNITHM L=, PFCA DORFZHEDOE VP BIEFRABICKTTEZED
ZEPMEIZT 272012, fllx DBIsFD mRNA BBLEZZER E LT, 7 7 AZ —fiffrz{T>7-, Fas,
Accl, Acly, Gpatl, Gpat4, Dgat2, Cptla, Atgl, Mtp 33 X ON Fat/Cd36 (2 DWW CIERE S Bp b 7 T AL —%
R Z &ixTcEhedolz, Dgatl IZOWTHEHT L7z & 2 A, PFDA 0.02%RED 7 7 2 & — 350 OFt
ERPDBTTAZ IR LTNWDZ ERIH BN E 75T (Fig. 2-7), % ZC, Dgatl O 73 EE &

TAG & & OMEZR~T L 2 A, BIF72MEINGRS 57z (Fig. 2-8),

FFA
/ _—
acetyl-CoA FFA Fat/cd36 Hepatocyte

Fas Acsl
m acyl- (y glycerol-3-phosphate
malonyl-CoA | Gpatl " Gpat4 |

citric acid 1-acyl-glycerol-3-phosphate

Agpat
phosphatidic acid
Lipin
DAG

[ Dgat1 || Dgat2 |

Atg I
[cptia |

Lipolysis VLDL secretion

Fig. 2-6. mRNA Encoding Enzyme and Protein Associated with TAG Metaboslim in Hepatocyte.
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Table 2-3. Effects of PFOA, PFDA and PFDoA on Gene Expression in the Liver of PFCA-Treated Rats

PFCA (% in diet)

0 0.0025 0.005 0.01 0.02
(relative to control)

Lipogenesis
Fas
PFOA 1.00 = 0.29 081 + 0.23 095 + 031 083 + 0.33 119 £+ 0.36
PFDA 100 * 029 0.68 * 0.35® 0.67 * 0.21® 054 * 0.20® 024 * 0.15°
PFDoA 100 + 029 082 + 019® 082 + 0.16® 089 =+ 0.15® 049 = 0.14°
Accl
PFOA 1.00 + 0.23 1.03 + 0.17° 129 + 0.20°¢ 191 =+ 045° 1.68 + 0.34%
PFDA 1.00 + 0.23 1.09 + 0.27° 153 + 0.28° 163 + 0.30% 263 * 0.59°
PFDoA 1.00 = 0.23? 118 =+ 0.122 131 £ 0.24° 260 + 0.17° 222 + 0.64°
Acly
PFOA 1.00 + 039 087 + 0.228 125 + 0.34*¢ 216 =+ 0.54° 1.75 + 0.38%
PFDA 1.00 = 0.39 092 + 031 1.08 + 042 141 += 0.18 093 = 033
PFDoA 1.00 = 0.39° 1.08 + 0.21° 083 + 0.242 153 + 0.18® 224 + 0.56°
Dgatl
PFOA 1.00 = 0.182 118 + 0.08° 192 + 020° 270 + 0.78° 167 =+ 0.52°
PFDA 1.00 = 0.182 139 + 0.36° 18 =+ 0.23° 192 =+ 0.18 578 + 1.66°
PFDoA 1.00 + 0.18° 127 + 0.052 111 + 0.41° 228 + 042° 295 + 0.54°
Dgat2
PFOA 1.00 = 0.22 0.67 = 0.17 076 + 0.23 092 + 0.23 065 =+ 0.17
PFDA 100 + 0222 051 * 0.12° 035 + 0.05° 0.24 + 0.05° 040 = 0.10°
PFDoA 100 + 0222 0.61 *= 0.24° 051 + 0.11° 072 + 0.14%® 052 =+ 0.08°
Gpatl
PFOA 1.00 + 0.36 068 + 0.20 1.04 + 022 118 + 0.35 087 + 025
PFDA 1.00 + 0.36 064 + 0.16 056 + 0.15 059 + 0.06 094 + 031
PFDoA 1.00 = 0.36 086 =+ 0.36 066 =+ 0.16 081 + 0.19 093 =+ 045
Gpat4
PFOA 1.00 + 029 082 + 014 164 =+ 0.14° 1.85 * 0.47° 112 + 0412
PFDA 1.00 = 0.29 130 £ 0.29 122 + 0.29 112 + 0.32 148 + 0.39
PFDoA 1.00 = 0.29 116 + 021 094 + 0.18 143 + 0.32 132 + 045
Lipolysis
Cptla
PFOA 1.00 = 043 297 + 0.57° 215 + 0.45° 298 + 0.75° 312 = 0.67°
PFDA 1.00 £+ 0432 3.95 * 1.41° 438 + 0.94° 3.95 + 041° 701 + 1.36°
PFDoA 1.00 £+ 0432 3.90 * 1.46° 558 =+ 1.66° 6.61 + 157° 6.54 + 1.86°

(continued)
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Table 2-3 (continued)

Atgl

PFOA 1.00
PFDA 1.00
PFDoA 1.00
VLDL secretion

Mtp

PFOA 1.00
PFDA 1.00
PFDoA 1.00

Fatty acid trafficking
Fat/Cd36

PFOA 1.00
PFDA 1.00
PFDoA 1.00

+ H+ I+

+ H+ I+

o+

I+

0.152
0.152
0.152

0.182
0.182
0.18?

0.242
0.242
0.242

2.07
3.85
3.13

1.62
2.48
1.53

3.23
3.90
2.12

HoH W H oW

+ H+

I+

0.62%
1.26°
1.292

0.17%¢
0.54°
0.25%

0.74P
1.12°
0.63%

2.65
5.59
3.19

1.74
2.05
1.81

4.54
3.32
3.25

H oW HoH W

+ +

I+

0.68™
2.00%
0.612

0.22%
0.47°
0.38

0.42°
0.87°
1.11k¢

391
5.43
8.41

2.38
2.22
2.30

6.30
3.78
6.19

+ + +

H oW

+ +

I+

0.90°
0.82%
2.35P

0.73
0.51°
0.27¢

1.05¢
0.63°
1.44¢

3.66
7.88
8.22

2.03
5.47
2.14

6.68
8.49
4.98

+ W 4+

+ H+ I+

+ H+

I+

1.07°
1.49¢
1.31°

0.22%
0.90¢
0.37%

1.50°¢
1.81°
0.84¢

Rats were fed a standard diet for 7 days or a diet admixed with PFOA, PFDA or PFDoA at 0.0025, 0.005, 0.01 or 0.02%
(w/w) for 7 days. Values represent the mean + S.D. (n = 4-6). Means without a common superscript (a, b, c) are
significantly different (P < 0.05).
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Fig. 2-7. Results of Cluster Analysis.
Dendrograms of hierarchical clustering
of Expression of mMRNA Encoding
DGAT1 were calculated on the basis of
the data from Table 2-3.



60

Fig. 2-8. Relationship between Expression of
mRNA Encoding DGAT1 and Contents of TAG in
the Liver of Rats. Rats were fed a standard diet for
7 days or a diet admixed with PFOA, PFDA or
30 r PFDoA at 0.0025, 0.005, 0.01 or 0.02% (w/w) for 7
days. Values represent the mean = S.D. (n = 4-6).
A\, Control; O, PFOA; X, PFDA; B, PFDoA.
Relationship between hepatic concentrations of
+§ »%j PFCA and hepatic contents of TAG, y = 8.1524x -
X

1.3116 (12 = 0.8073).

Liver TAG (umol/g liver)

Dgatl expression (relative to control)

e /NG

PFOA (34 DAEMIEM 25 EE T2 ERMHTEY [1, 2,20, 25, 32, 36, 47, 69, 71, 76, 90], =D
TEF D &3 PFCA DIRFZHHFIC L > TELTHZ L bE BTV S [46, 67], PFOA % PPARa ZiEE
LT MUFA &ifcRZ G L, 181n-9 B4 HINSELH 2 L4 % 1 HICBWTH LT LA,
18:1n-9 EDOHYIMIEMIZK L T, PFCA DRFHEDENNKELZKITT L BN, THRIFE
HORERAEE ST 24T - 7455, PFDA 35 £ 0% PFDOA [I/IFlElZ 3\ C PFOA £V < 18:1n-9 &% 4
MERDZENHBE 727 (Table 2-1), 18:1n-9IIAEEDOH TH EIZ TAGIZHVIAEN TN D720,
PFDA 3 U PFDOA (T & % 18:1n-9 EDOHIINE, ATEIZI T 2 TAG GEDHINITER S 25 AlsertE b &
LEEBEZ, ZORERBLE,

PFOA. PFDA ¥ X U* PFDoA OJIf TAG £REfEHZ ik L7z & Z A, @M &ED PFDA IZB W TIT TAG
BOFELWEINAGRD bz (Fig. 2-1), FFlET o PFCA OERIMEZH~7-& 2 A, WI o PFCA T
A RIKEA IS E OB EZS Hiz7-% (Fig. 2-2). PFOA LV % PFDA 35 X 0" PFDoA @ J7
DRI~ DOZRMER BV LA B 7572, I PFCA & LT TAG & &OMBBIR Ot LU
T AL —FRNT OFERD S m AR PFDA 7% PFOA, PFDOA 3 X OMEAE D PFDA &3 #7251 %
FroZ LRSS (Fig. 2-4, 2-5),

PFOA 5 KX UV PFDoA & LE~T, @D PFDA 1T TAG FREIEA 2 E L < RE WA, JHIBIZI )T

TAG BZHEIT 5K+ & LTIE 1) TAG &%, 2) TAG 5fiE%. 3) TAG Hilb%i D3 ONHIF b5,
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TAG B RRD LI, TAG ROl b L < 1% TAG 2w diiil, 2@ 3 >DOWT O % PFDA 734
LTWDZENBEZLLND, £ I T, TAG GGR, TAG 7kt LU TAG 73b A O B s+ D%
HEZMIZEZAH, TAG GBI 5% Dgatl OEfs 1R ED PFCA FEKFHIZ MRS 5
AL7- (Table 2-3), %512 PFDA 0.02%#f? Dgatl xR EIIMOBEHZBIT 2 BEEL YV bEL, 77
AL —fRHTOFRER LD MMOREL B2 D Z L)VRES T (Fig. 2-7), & B2, JIf TAG & & Dgatl DiEx
FREEDOMHBZTTRER, RGRMEENRO b2 Z LD (Fig. 2-8). PFDA I3/ TAG &R %
JLEET D Z L TIF TAG B2 HIINSE L2 EABKRENZ Larahiz, —F, TAG kB LV TAG
SIWFHR DOBIEEAR OB EIL, WD PFCA BEHEIZHE W THEBIMENIEED b o o722 &
B, TAG 7RI X OV TAG 40is % DHIHNINT TAG mOHIMOJFIA & L TIEH 2 HAL7avy,

ek, PFCA OEMKIER O SITFREMEDORSITER T 5 L B2 b T&E 7 [62, LaL., PFDA &
PFDoA DJiTlisH DB ITIZIEFFEE TH 2 DIkt L. T TAG #REMIL PFDA vk E < if TAG
A RGROTLENER & PFDA K E VN, RE TR LIZAERIL, PFCA OAEKIER O8RS IXFRBME T Tk
72, il % D PFCA DAMKER DB S I HERT D Z ERHLNE o,
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% 3FE  RABR DR D PFCA DRI X OMMERE ISR 2 502

X

5 2 TIZHW T, PFDA $5 LU PFDOA (X PFOA &3 572 0 Mg Ic MBI BT 2 2 L 2 b
(2 L7z, — 9728 & LT, PFCA DRFHENR  2DIZ o0 T HREEE AR 2D & sh
TVWDER, ZNHOHET=V~ AR IIZXEZHAN LD THY [63,82], A CTIHIRFELL 10 LLFD
PFCA IZIRONLTHER Y . KFEH 12 D PFDoA Difflifk oA ks KON A i B -2 B9~ 2 A 132, £
ZTCAETIE, £9. PFDoAS0mg/kg Z#% 1 & 0 BRI G- U, Mk A0 36 2 ONI i B - Jey] 2 54 L
7oo S HIT, PFDOA 23fiD PFCA & LTI~ EBAT LT W ENH S E 7> 72728, PFDoA O
B REIZ X9~ % s A Al L 7=,

% 11 PFDoA DAk A

PFDoA #% 512123 1F 2 R H I L O EE O/ k4% Fig. 3-1 |27~ L 72, Control £ & -~ T PFDoA
PR CIIARERINE O E 2 B L O EEROFEREINMAFEO Hivl-, KRIZ PFDoA #45-5 H
BB A, Mg & O T  PFDOA OREE% Table 3-1 (277 L7z, HHikT > PFDOA JEE L ifiif
BRE DT~ DM D LT SOFEIE & 72D, FFIROEIX 7.925 & ORI LN THE L& EZ
RLTEZ LD, PFDOA [T~ OBATHER EW 2 E AR ST, IRICHA D L/ SN 0D it
L7 O~ BIT LT W ERH N E o T,

PFDoA OFFEBATIEZ 2 E TICHE STV % PFOA [50] 35 &L UNPFDA [101] & ks 5725
JFi, BN, M. AL AERARARROIMTE & DR % Table3-2 (IR Lz, CO#fk%E A TH PFOA B LW
PFDA & [h_"C, PFDOA (TS EN 2 E BB B E 2R o7z, FRIZ, PFOA 35 L O PFDA Tl

BATHENIF & A EFRO LI o To s L OMEHRRIZ IV T, PFDOA ORATIRS HiT-,
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%'6 6 1 . Fig. 3-1.  Changes in Body Weight and Liver
g i L . N Weight After an Oral Administration of PFDoA.
S o 4 1 ¢ ¢ o @ ; Rats were received an oral gavage of PFDoA at a
£8 °© o i dose of 50 mg/kg. (A) Body weight and (B) liver
- \2 ) weight was monitored up to 70 days after dosing.
< | Values represent means + SD for 4-5 animals for
each point. * Difference compared with control
0 T T T ! (P<0.05). ** Difference compared with control
0 20 40 60 80 (P<0.01). o, Control; e, PFDoA.
Time (day)
Table 3-1 PFDoA Concentrations in Various Tissues in the Rats 5 Days After an Oral Dose of PFDoA.
Tissue weight Tissue weight PFDoA conc. Ratio to PFDoA
(9) (% body weight) (ug/g or mL) serum (% dose)
Serum 771 = 0.322 - * - 3330 = 277 1.000 206 = 0.17
Liver 1423 = 199 561 = 0.78 26394 + 3294 7.925 29.63 + 547
Kidney 264 = 021 104 =+ 0.08 5592 + 943 1.679 116 += 0.17
Lung 200 + 0.12° 079 £ 0.05 39.79 + 475° 1.166 0.63 + 0.09
Heart 0.86 £ 0.07 034 = 0.03 1737 + 254 0.522 012 = 0.01
Spleen 044 £ 0.04 0.18 =+ 0.02 4396 + 451 1.320 015 =+ 0.02
Brain 192 + 0.03 0.76 = 0.02 33.85 + 340 1.016 051 = 0.04
Testis 251 + 0.08 099 + 0.06 1951 + 112 0.587 039 + 0.04
Adipose tissue
epididymal 225 £+ 0.30 089 == 0.12 952 =+ 119 0.286 0.17 = 0.03
mesentric 122 + 0.23 0.48 + 0.08 2098 + 4.26 0.630 020 + 0.01
subcutaneous -+ - -+ - 880 =+ 0.62 0.264 -+ -

& Serum volume was calculated as 3.1% of body weight.
b, Tissue weight is higher than correct values due to perfusion.

¢, Tissue concentration was underestimated due to swollen during perfusion.



Table 3-2.  Tissues Distribution of PFCA

Tissues PFOA?Y PFDAP PFDoA
(Ratio to serum)

Liver 1.52 3.72 8.81

Kidney 1.38 0.15 1.86

Brain 0.02 0.00 0.83

Lung 0.31 0.05 2.84

Epididymal fat 0.06 0.02 0.29

Rats were received an oral administration of PFDoA at a dose of 50 mg/kg body weight.
Blood samples and tissues were collected 3 days after dosing. Values represent mean + S.D.

(n = 4-5). a) [50], b) [101]
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Fig. 3-2. Time Course of PFDoA
Concentration in Serum, Liver, Kidney, Brain and
Adipose Tissue. Rats were received an oral
gavage of PFDoA at a dose of 50 mg/kg. PFDoA
concentration in (A) serum, (B) liver, (C) kidney,
(D) brain and (E) epididymal adipose tissue were
monitored. Values represent means =+ SD for 4-
5 animals for each point.



Table 3-3 Toxicokinetic Parameters for PFDoA.

i Half-life Cmax Tmax
Tissue
(day) (ng/g ormL) (day)

Serum 55.3 5424 + 450 5

Liver 493 42986 + 53.65 5

Kidney 52.4 91.07 + 15.36 5

Brain 57.1 56.56 * 4.49 7

Adipose tissue

o 49.8 1581 + 215 10
(epididymal)
100 -
€
2
[<5]
w
S 10 A ...0 e o o PY [ ) )
[<5]
-% Fig. 3-3.  Time Course of PFDoA
> Concentration Relative to Serum in
= OP0 Q o ™ PY Various Tissues. Rats were received an
5 1 - ot ¢ 3 * ¢ oral gavage of PFDOA at a dose of 50
B * mg/kg. PFDoA concentrations relative
= o o to serum was calculated by dividing the
3 <><><><> o <o o <o mean concentration of tissue by the
S mean concentration of serum. Values
O represent means for 4-5 animals for
01 T T T ! each point. e, liver, o, kidney; @,
0 20 40 60 80 brain, <, epifat.
Time (day)

%5 31 PFDoA DTN 2 7EH]

PFDOA #5-7 H1% ¥ LV 70 H1£IZ351F % PPARa JSZBI5F (Acotl, Cypdall, Acoxl)DFE Bl &% Fig.
3-4 TR LTz, WTNOISEBIG T OREE L PFDoA B C EH Lz, HEEH 70 H#ICH  ug/g liver
7 PFDoA 238 L, HE7: PPARo OIFMHALARD Hiviz, #1459 BHZICBT 2 MiETO ALT XL
AST fEIE., XHEREIZISV T 23.01+3.64, 8.58+=2.19 karmen unit T&H - 7= D2k L. PFDoA Tl 26.31

+3.98, 10.32+3.31karmen unit TH Y . FEETAE L T RWVWEEZ BT,
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Fig. 3-4.  Expression of PPAR « -Target Genes in the Liver of PFDoA-Administered Rats. Rats were received an oral gavage of
PFDoA at a dose of 50 mg/kg. mRNA revels for (A) Acotl, (B) Cyp4al0 and (C) Acoxlwere determined at 7 and 70 days after
administration. Values represent means = SD for 4-5 animals for each point. * Difference compared with control (P<0.05). **
Difference compared with control (P<0.01).

94 E ATEHIEHEERERIC X D PFCA DM HE ~D BT Af

PFDOA (% PFOA 35 KUY PFDA & FHR7220 | MICBAT L CERT 2 Z LW LMNE RoTz, ML
WKk DB E 2103 < [14, 37, 58], PFDOA 23HMFEEEI 3 L T D82 R L TV 5 ]
REMEN B X BN D, MEEREIZ X 2 B OFHIIZIE, FrE DR BE IO OB RE 2 24t 9~ 2 A b
AOREAMTE & BEBRBY A OO X B0 B B & ST 3 2 BERE 2 A0REE S & 5, ABFZEClE, PFCA OfiiaE~
DB T D510HT20 . X0 S ER Ml 21T © 7201, ITEFEERZ1TI 2L & LT

ITENIEBEFAER X PFCA £ 5-6-9 H HIZE i L 7=, PFCA &5 L7=7 v b5 10 H H ORE, Hiik
HEF LU PFCA ORI % Table 3-4 {27k L7z, {KE I control Ff & bt L C PFDA BE CREZ 12/
72< . PFDOA BECTHHE T Do tz, £z, EO PFCA ##:5 L72A I bAFIE RS Hiviz, MLifk
P ORREEIL PFOA F LT PFDA @573 PFDoA XV &<, TR OMREIL PFOA XV & PFDA B LV
PFDOA D J5 3 Eh -7z, PFDOA OMPNIREEITMIETIRE LV b &o7z, —J7. PFDA OMPNIREE T
4.7 ng/g brain &K< PFOA (I HHBRA (0.2 pg/gbrain) LLF ToH -7z,

PFCA DIMERE~ DB 2 LT 5 72012, £, Hrar iR IRFER & 320 L 72 (Fig. 3-5), Hrarik
REARBRITIENETF N—2 9 RBICRB T 208 29 28 BiE TH 5, #ABRIZ, information
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phase IZBW TR UMK A, AIZT v baEfiSE7-, 20L&, PFOA, PFDA. PFDoOA Wi o5
BE S RTRRRE & [FERIZ 2 DO A [RIFREEIC SR L7z (Fig. 3-5A), 24 &Sk A% B (Frarik) 12
B L CHEZR X H7- (testphase), Fig.3-5B (2”7 &L 912, XHREETIE B OWR~DOERKRREF N EL 2o
72. Z % discrimination index & L C Fig. 3-5D (27~ L 7=, Testphase {23V T, PFOA #£¥ L U PFDA Ef
TlX B ~DOFEEM 23R 20> 72728, PFDOA BETIX A & B ~O#EflEFM 23 FFLE CH - 7= (Fig. 3-5B),
Discrimination index MOffi% bk L7z & = A, control £ & LT PFOA BEIZIZZEN 2V D% L, PFDA
BECITA TR L, £7-. PFDoA B CIXBAE MK T 235589 bi/z (Fig. 3-5D), Test phase (23T, A
& B ~OEMEFHOGFHE, WThORERETH TR0 -7 (Fig. 3-5C), PFDOA (TR X 225258873
HHENTEDT, 575 ERIC K534 S L7z,

7 v MORZIREZ T T 5 72 DI @A Ak iR 4 i L7 (Fig. 3-6), NREEDIEIETH
DA =T T — LT OMFERE 7Y PFDOA BECAHEICHIM L TR Y . PFDOA BHIARLVER 24 2 &2

IRIBEINT=, — . Y TREREBR, A —7 7 0 — FikBrE L O KK ER Cix PFDoA IZ X 58

Pr

BIIFRO b7 o 72 (Table 3-5),

PFDOA D527 4 fir b LU L 78 ar IR PR R FBRIZ TLPFDOA D28 & & B IZREMIC A L 7=,
PFDOA O EMRIFIEEZ MG LizE 2 A, #5520 mg/kg Z 8% % & discrimination index DX T 23558
HHTZ (Fig. 3-7B), ZD & &, BLEWIE A LHTFWIE B ~OERIFH OAFHIITR BT bt/
M7z (Fig. 3-7TA), PFDOA O 5 EIZHFI L T, MigFs L OWKIZIS 1T 5 PFDoA IEE D EH 23580 Bt
72D T (Fig.3-7C), PFDoA DX & discrimination index OFHEI 2 FH~7= & = A, MR E2Y 20 polg
brain i 2 % & discrimination index 2MK 42 Z L 23 572 & 72 o 7= (Fig. 3-7D), RIZ. Hrarisges
ABRIZH 1T D PFDOA O HE MK FYEFH OFpelt 2 it L 7255 B % Fig. 3-8 (27 L7z, PFDoA #:5-30
HZIZBWTH, FEHENDIKR TR Hivlz (Fig.3-8B), A & B ~OHEMUIFH DG FHIIXZENTRD
N72hro 7= (Fig. 3-8A), #4531 HZIZH T 2 MiEH K OMMOMNIREAZRIE L 2 A, 510 HH
IRBITDREDL LZ 710% THh- 7= (Fig. 3-8D),

PFDOA DJHN 534 % Table 3-6 {275k L7z, MINIZISIT 2 FEHBAL D PFDOA JEE A II7E L7243, AL

TOEBIIZBO LN hoTz, ZDOZ LM, PEFDOA TN —FRICH AT D Z ERH LM E o T,
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Table 3-4.

Body Weight, Tissue Weight and PFCA Concentrations After an Oral Administration of PFCA.

Vehicle PFOA PFDA PFDoA
Body weight
Initial (@) 2611 + 26 2548 + 1.2 2599 + 1.9 2580 + 29
Final (@) 2940 + 29 2886 * 0.9% 2393 + 4.4 276.4 + 3.8°
gainwe'ght ) 3229 + 15 339 + 13 206 + 41° 184 + 33°
Tissue weight
Liver (9) 1122 + 0.26%@ 1713 = 0.87° 1565 =+ 0.69° 1547 + 0.60°
(% of body weight) 3.82 + 0.09% 593 + 0.30% 6.52 + 0.21° 558 + 0.17°
Brain (9) 196 = 0.02 192 + 0.02 192 + 0.01 194 + 0.02
(% of body weight) 0.67 £ 0.018 0.66 =+ 0.01% 0.80 + 0.01° 070 + 0.01°
PFCA
concentration
Serum (Hg/mL) - 333 + 4.4 430 + 1.3° 244 + 10°
Liver (ug/g tissue) - 58.7 + 8.12 2877 = 114> 2477 + 98°
Brain (ug/g tissue) - ND? 47 + 04 444 + 20°
Brain/serum - 0.000 + 0.000* 0.109 =+ 0.008 1.821 =+ 0.059°
Liver/serum - 1774 + 0.124% 6726 + 0.301° 1032 + 0.545°

Rats were received an oral gavage of PFOA, PFDA or PFDOA at a dose of 50 mg/kg, or vehicle alone. Blood and tissues were

collected on day 10 after dosing. Values represent the mean + SEM (control, 12; PFOA, 4; PFDA, 7; PFDoA, 7). (-), not

determined; ND, less than detection limit (0.8 pg/g). ¢ Means without a common superscript are a significantly different
(P<0.05). In the absence of superscript, the means are not statistically significant.
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Fig. 3-5.

Effects of PFOA, PFDA, and

PFDoA on the Novel Object Recognition
Test. Rats received an oral gavage of PFOA,
PFDA, or PFDoA at a dose of 50 mg/kg, and
the test was performed on days 6-7. A,
Exploration time of object A and object A’ in
the information phase. B, Exploration time of
object A and object B in the test phase. C,
Total exploration time in the test phase. D,
Discrimination index. Values represent means
+ SEM (control, 12; PFOA, 4; PFDA, 7;
PFDoA, 7). * Difference compared with
object A (P<0.05). ¢, Significant difference
without a common superscript (P<0.05).
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Fig.3-6.  Effects of PFDoA on the Elevated-
Plus Maze Test. Rats were received an oral
gavage of PFDoA at a dose of 50 mg/kg, and
the test was performed on Day 7. A, Time
spent in open arms. B, Percentage of open arm
entries to total arm entries. C, Distance
traveled in overall maze. Values represent
means = SEM (Control, 6; PFDoA, 8). *
Difference compared with control (P<0.05).

Table 3-5.  Effects of PFD0A on Y-maze Test, Open Field Test and Forced Swim Test

Control PFDoA P value

Y-maze test

Alternations (%) 655 + 56 757 + 51 0.194

Total arm entries 164 + 16 140 = 20 0.362
Open-field test

Distance traveled (m) 203 = 23 165 + 15 0.189

Number of crossings 3991 + 321 3222 + 364 0.131

Time spent in center region (%) 167 + 023 144 + 031 0.566
Forced swim test

Immobility time (s) 1659 =+ 219 156.8 + 116 0.718

Rats received an oral dose of PFDoA at a dose of 50 mg/kg. Y-maze test (n=8), open-field test (n=10)
and forced swim test (n=8) were performed on Day 8, Day 6 and Day 8-9, respectively. Difference was

not significant.
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was performed on Day 6-7. A, Total
D exploration time in test phase. B,
Relationship between dose and
discrimination index. C, PFDoA
®brain ¢ concentrations in the serum and the
Oserum brain on day 10. D, Relationship
between PFDoA concentration in the
P brain and discrimination index.
0.3 1 Values represent means = SEM
b (Control, 12; 5 mg/kg, 5; 20 mg/kg,
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Fig. 3-8.  Effect of PFDoA on the Novel Object Recognition Test on Day 30. Rats were received an oral gavage of
PFDoA at a doses of 50 mg/kg, and the test was performed on Days 29-30. A, Total exploration time in test phase. B,
Discrimination index. C, PFDoA concentrations in the serum and the brain on day 10 and 31. Values represent means =
SEM (n=5). * Difference compared with control (P<0.05). # Difference compared with thw value on Day 10 (P<0.05).
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Table 3-6.  Distribution of PFDoA within the Brain.

Section PFDOA concentration
(Hg/g)
Cortex 5851 + 3.28
cerebellum 60.55 + 1.47
medulla oblongata/bridge 68.06 + 4.02
mesencephalon 65.2 * 4.88
hippocampus 60.01 + 1.43
hypothalamus 69.89 + 213
corpus striatum 65.63 + 1.07

Rats were fed on a diet admixed with PFDoA at 0.05%
(w/w) for 7 days. On day 8, brain was obtained from the rat
which had been perfused with ice-cold saline. Values in
each section were not significantly different (P>0.05).

558 NG

92 mOME LY PFOA L% & PFDA 35 LU PFDOA O JF BB~ DEREIER R\ L 2P 5

ZLl7z, ZDZ &id. PFCA DRFHEHEN R D & ARITKT HERIEN R D &0 ) kO &

—$4 % [55, 67, 69], PFCA DARERIMEICHET H0EROWE TIL, PFCA DRFEHENDREL D &,
PRI R < 72D T ENHALNTe>TEY | HEET » OMmIEIZI T 5 PFOA 16 L U PFDA 0
BEZNZN 56 HIBELTV39.9 HTHD [67], AEDOKRLY ., T v FOIMIFIZIIT 2 PFDoA D
JBdAI% 55.3 H & HH Sh7-72® (Table 3-2). PFDoA DA {AZ ML PFOA 3 L TNPFDA LV b2
EMHBMNE ST,

PFDOA [ZERPIZ BN THFIEA~OBATIE . s < L BFIE O i T BEE L9 % e b R Ak & b LT
B2y o 7= (Table 3-1), PFDoA D#if#k/74fi % PFOA 35 X OV PFDA & [bifi9-% & . PFDOA X451k ~D
1TPEDNE < o BRI J & OUIMIZ &2 0> PFDOA 23k S 4u7= (Table3-3), Z 4Ll PFOA <° PFDA

WALV E WX D, RFEBHE DR D PFCA THBBATYEN R 2K & LTiE, 772

DK LRI EEOBFIEDE N, TREMEOEN E W T2 E OEWRH T HiLd, PFCA OIRFEH
ENEL72513E BSA L oBfMENE< 785 2 & [62]. IRAEMEDOIETH 2 5 ER B OEREL 725
ZE Bl Y. D OMEOE OO T IZHFEGLTWHEEXLND, L, IR
LD BEA~OBITHENENZ ERBOLNTTD, TIVT I 2 & OREGRESIGEMETS T TRATIEDE
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WZEFT 5 Z LN TERY, ZORICEL TR, S 6RMEDNETH D, €K, PFCA [TEICH
PRI BEIZE T T D D TR, ME, BRI oM T 0 & B X B TE 20, PFDoA 134 < 5722 % oA
T ZERRHLMNE T,

PFDOA % PFOA 35 LU PFDA &ITERZR YD | ~DOBATHRD BT, 2D LiE, PFCA Dmttd L
TIHFE AV EBE SN T IR TP D B LR T D5 b D TH D, FEEE. ARV TTEHE
REJI DI T 73 PFCA OMNIREEIIKAFT D LWV 9 BiTe il 2457, E£72. IMMIZ PFDoA 78 & & E -
TWDIRY | FEHENRTREHET 5 2 L bR Lz, PFCA OMEREIEICEAT 2 EI1TH D3, WTh
OHEL T v FOBHFHL L ITHEICB W TPFCA i FHMEEZ R T LWV S Z LICESEZ Y TTE
v [11,21,22,35,72,81,91]. WERDOERTIX, PFCA IZRIAKT v Mk L ClIthiEtE 2 R S 2o 7
[10,23]. 725 AUA T » M Tk L T PRCA 23R 2 AT & 9 FnSLIIAIIZER WO TTH D,

LLEDOFER X V| PFDOA X PFOA X° PFDA L 13&< B 2842 RT 2 L2 L - T, FRCH~DH

WBATHED T2 DI E MR T 25 SR I LW ) fim e 157,
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HA4E T O MUFA FLERIZR Y 2ME T D A =X A

FBLIETHRLEZL DI, FFIEIZBWT MUFA 1 16:0 b AR E NS (Fig. 4-1), 18:1n-9 (% 16:0 A3
R AP REESE PCE (2 L 0 R S 72412, SCD (IC L » TR Rfffb SN s Z & TElk SN 5,

F[E

F7-. SCD I 16:0 ® 9 it % Rfafifb. LT 16:1n-7 & L, #i\ T PCE F 7213k FHM EREFR POCE 12 &
LM EIZ L - T 18:In-7 BEMLSIND, 16:0 LV 18:0 IZxd 5 SCD D FE R BN IXIZIZFFRE C
b5 Z EDBHI BT > TN DD T[18,34,57], IHEIZHSIT 5 18:1n-9 O F &L 16:1n-7 & 18:1n-7 D&
FHEIFIERRBE TS L LD L TN D, RFSEICEBWT T v MNFRIBE IR 2 IGEE A Z i~ T
L2 A, 18:1n-9 OEIEN 10.35% T D DITHI L, 16:1n-7 & 18:1n-7 OEIEIXZ T 1.84% & 4.01%
THV ., n-7 FD MUFA A7 L TH 5.85%IC L7257, SCD OIERFEMD O TR SN DD -5
LRy, AREE TR, AT O MUFA fLERAS -9 RICIR > TWAH Z LICER L, TDA D =R LEHED

ZEERAE L,

ACC
Acetyl-CoA —> Malonyl-CoA

FAS

PCE
16:0 —— > 18:0
scD
SCD
Fig. 4-1.  Pathway of MUFA Synthesis.
18:1n-9
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5 1H PFOA IIAFIRIZ 1T 5 MUFA LR OR V) &k &5

E® 7 v FORFIEIZIW T MUFA OEIE 1T -9 58705 n-7 RD 2 f5 L R&E > TWoH Z &IFBRITHE
N7, B 1 FEIZEBWWT, PFOA ## 57 % & SCD O# a1 R ES L OEENE L EF L, 18:1n-9
DEIGBRIEZ D2 L am L, ZNHOREND, PFOA 25925 & 18:1n-9, 16:1n-7 33 LU 18:1n—
THVTIGEINT S Z LR TRIND, PFOA KHIZLY 18:1n-9 [TFAE TN L7=DIZxt L, 16:1n—

WEZEAER 72 <, 18:An-7 13T LA L7z (Table4-1), 4725, PFOA K512 XV n-9 F~D MUFA
DRV IT N> ZEIPER LT (19 5%, ; 14.69% ; n—7 5%, 4.18%), ZiLHDFEFR LY. MUFA FEL DR Y
AT DIRAE, FHBICI1T 2 3 O MUFA OfF/EEIE 13 SCD, PCE 36 X U POCE (2 X - THllffi &
NTWD LT D, ERDEZ T TITHIITERNE D TH Y . MUFA FLEL DO Lo player’ 23 fFTET
L2 LR HDTH D,

EARHERE R Y DIFEERIE, FICARE DRDONRT U AL > TIREEN TS EEZ DN TWVWS, #
Z T, MUFA O53 %12 B LT, IFBICIIT 2 16:1n-7, 18:1n-7 35 K TN 18:1n-9 O /s B D b |2
BT 2EOHAZME LD, METELHREITRLTORroT, 22T, AT A XA EZHWT ex
vivo TIN5 3FEEEO MUFA O B ER(LEFE 2 Lbi#k L7=, Fig. 4-2 (23 X 912, *REEHCRS W T 3D
MUFA Zt~72 8 24 16:An-7 13 18:1n-7 B LN 18:1n-9 L b~ THMS TN ERH BN E 725
72 E£72. PFOA K EIZ L - T, ZH 6 3FHD MUFA O B L3 1 TM XTI K& S 2 1RIE -T2 %
FEATLZEPHLNE R ST, ZOREIT, HIBICEIT 2 MUFA & &OFRENICIEEEO B BRLR D
< GO REREL IR T 50D TH D, £Z T, MUFA LNV O Z S HIZFHELIHND 2 & &
L7z, 787 47V VI PFOA E[HERIZ PPARa 7T =A R LTHIOBNTWD, Z7a7 47U VR
Be5-Z v MZERWT MUFA FHERES LTV MUFA O B BR{LIEE~DO B LT L 2 A 1ZIZRBREOE
2338 a7z (Table4-1, Fig.4-2), %3 2% K 912, AFETIL MUFA MR Y 34T D A =X A
HIRNTT Y — L& LTPROAICEA T/ r 7 4 7Y VEBERWD Z L & Lz,
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Table 4-1.

Fatty Acid Profiles of Hepatic Lipid.

Control PFOA Clofibric acid
(mol%)
16:0 2801 * 3.66 26.67 + 3.08 2801 + 184
16:1n-7 184 =+ 0.62 152 = 0.27 173 + 034
18:0 16.13 = 2.16 17.80 = 0.71 1775 = 1.08
18:1n-7 401 + 0.70? 266 + 0.28° 214 = 019
18:1n-9 1035 + 1.76% 1469 + 1.80° 1641 £  1.30°
18:2n-6 2148 + 1312 1324 + 0.78 1004 = 0.54°
18:3n-3 040 % 0.05° 009 =+ 0.02° 007 £ 005
20:3n-9 010 + 0.012 023 + 0.12° 128 + 008
20:3n-6 0.67 % 0.16° 233 + 042 295 =  022°
20:4n-6 12.68 + 3.39 17.76 + 1.65 15.63 =  1.26®
20:5n-3 0.68 = 0.09%® 037 + 0.24° 075 = 0.20°
22:5n-3 0.99 + 0.24° 048 + 0.220 050 =+ 0.08
22:6n-3 266 * 048 217 + 031 274 = 036
Total (umol/g liver) 12536 *= 1546 13532 £+ 17.39 11535 + 8.88

(x10° dpm/30 min/g liver)

Rats were fed a standard diet for 7 days, a diet admixed with PFOA at 0.01% (w/w) for 7 days, or a diet admixed
with clofibric acid at 0.5% (w/w) for 7 days. Values represent the mean = S.D. (n = 4-6). #¢, Means without a

common superscript are significantly different (p<0.05).
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Fig. 4-2. Oxidation Ex Vivo of MUFASs in
Liver Slices. Rats were fed a standard diet for 7
days, a diet admixed with PFOA at 0.01% (w/w)
for 7 days, or a diet admixed with clofibric acid at
0.5% (w/w) for 7 days. Liver slices were
incubated with [*C]16:1n-7, [**C]18:1n-7, or
[}4C]18:1n-9.  [**C]-Labeled  acid-soluble
products were extracted and the *CO2 produced
was trapped. The rate of fatty acid oxidation is
presented as the sum of acid-soluble oxidation
products and CO2. Values represent the mean +
S.D. #¢, Means without a common superscript are
significantly different (p<0.05).
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A=A LT LV T2 2 L2 HE Lo, REOFEABZENRT 272 DITHEOT A
TROL SR LRE LT,
O gz dsT % SCD iEMEIXmE < . IENIEE B BTG I ZIE R £ 7213 < . REFH R ORENIER A T O i

FAEBFARIC B L 72 WET VT v ARV S,
@ OOEFNT v hOJF SCD &M L FFEE D SCD iEME%A PFOA #5012 L o TR T v hT»o
<Y,

@ XHRE, OB L V@D T v MTOWT, MUFA Gk, EIEEHLR S K OV MUFA 23 il B % FLis %,
OOAFRIEIX, 7 v MEELRZEREE 5 Z & THEITE -, —7F, PFOA Z&AIZ 0.03%I1x
T, JTD SCD O ik A7z 73, BAENT TR T » F D SCD IZPLEiT % 5 & 0 SCD DR LR IR A4 FE8L
T2 EETE D o7z, EHIZ, PFOA0.03% 5 Tlx, HMERBLOBIELA R, &2 TARETIE
B1ETRLIZLIIZ, PFOA LM UK PPARa 7 Z=A N THY | hOo@hndkwr a4 70 V%
PFOA OOV IZT D2 DY — ) LTHWA Z & & L, RFRETIE, /v 747 ) Vb %
PR =V L—va 0 METREE T RRE v =L —Ya E LT, 2029
DV =tz b— g rOHEAITIIBICIE N T MUFA BGR A2 TUET 2 2 & Th 5, gL, IR
BEIUCIIERHR ORI R O B2 R TE 22 L, 7 v 7 4 7 U VRGN R %
T 20, WIS EEECIEPEMELRZTTHE L2 L Th D, dHEEZED., 2 b 3FFZFEMICIH
L. NI 2 161107 & ROFEIIS T DIENR AR OEEEZA LT 5 2 & & Lz, AR
B EEVERS IO a7 07 ) VEEREORE, I & RNk O X R4 Table4-2 (R L7z, IKE
ICRERZERIIRD N7, 7 a7 47V BT FE RO, AR AR Tl
NENHEA% B S DHIN 5 8 & 7z,
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Table 4-2.  Body Weights and Organ Weights of Experimental Rats

Control Fat-free diet Clofibric acid
Body weight (g) 326.05 + 21.76% 346.96 + 27.04° 305.14 + 19.702
Liver weight
(% of body weight) 362 + 0.31° 3.79 + 0.292 6.05 + 0.48°
Epididymal fat weight
(% of body weight) 0.88 + 0.072 154 + 027° 0.74 + 0.04?

Rats were fed a standard diet for 28 days, a fat-free diet for 28 days, or a diet admixed with clofibric acid at
0.5% (w/w) for 7 days. Values represent the mean + S.D. Means in the same row without a common superscript
(a, b) are significantly different (p<0.05).

B3H MEVRHE 70T 47 ) VEREFICE T DT MUFA S OTTHE DT R LSS

HIE RS L O v 7 07 ) UEHCRBW T, T MUFA R L2 & 72 & IR & 72 2 20 1A%
(BT D H A1 5 72l NG D de novo & RKIZEE 53 23 Th % fatty acid synthase (FAS). acetyl-
CoA carboxylase 1 (ACC1). ATP-citrate lyase (ACLY). malic enzyme 1 (ME1). glucose-6-phosphate
dehydrogenase (G6PD) I3 . O" L-type pyruvate kinase (LPK) DiEfs DRI EZ T L= (Fig. 4-3A), =
o OFRBLEITEIE B CHARIC LA Lz, —J ., Fas, Accl, Acly 33U Gépd DFBLEILZ v 7 ¢
7V VBRI B DT LTS, Mel ORBEIZEF L-b oD, Lpk ORBFEEIIK T L7, EEHA
FETIXFASTEPE, FAS & L RV B R BLETR L OVACC ¥ /X7 BRBLEN ER Li-olicxtL, 7m7 «
7 URRRECITE AN S o 7= (Fig. 4-3B-D), kIZ. MUFA & 6kiCB % SCD, PCE., POCE
[ZOWT, B FIEER L OWEREEMEZME L7z (Fig. 4-4), Scdl. Scd2 3 KN Elovle D3 H &34
R BB L O v 7 7 U VEERET EA- L. Elovls OB EIXEBE B COLDLT N TIEH L0 E
A L7 (Fig. 4-4A), 216 OB FOFE LA PHEREEIZEH G L TN E I NEERT D121l
RIEMEZ T~ Tz, SCOVEMEITIE BB L7 a7 0 7 VB CE L JUEL, Y ~=t' =
L—3 3 UIC k5 SCDIEMED ERIF REEN~ = al—Ya L2k b b0 L HhFERETH-o 12,
PCE &3 L OV POCE 4 & iHE TILENFE O ATz (Figs. 4-4B-D),
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Fig. 4-3.  mRNA, Activity, and Protein Levels of Enzymes Related to De Novo Fatty Acid Synthesis in the Liver.
Rats were fed a standard diet for 28 days, a fat-free diet for 28 days, or a diet admixed with clofibric acid at 0.5%
(w/w) for 7 days. (A) mRNAs encoding FAS, ACC1, ACYL, ME1, G6PD, and LPK. (B) FAS activity in the hepatic
cytosol. (C) FAS protein in the liver; visible bands represent FAS and B-actin as indicated. (D) ACC protein in the
liver; visible bands represent ACC and B-actin as indicated. Regarding (C) and (D), immunoblotting was performed
on liver extracts (15 pg of protein each). Values represent the mean + S.D. (n =5-6). P ¢ Means without a
common superscript are significantly different (p<0.05).
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Fig. 4-4.  mRNA, Activity, and Protein Levels of Enzymes Related to MUFA Synthesis in the Liver. Rats were fed
a standard diet for 28 days, a fat-free diet for 28 days, or a diet admixed with clofibric acid at 0.5% (w/w) for 7 days.
(A) mRNA encoding SCD1, SCD2, ELOVLS5, and ELOVL6. (B) SCD activity in hepatic microsomes. (C) PCE
activity in hepatic microsomes. (E) POCE activity in hepatic microsomes. Values represent the mean £ S.D. (n = 5—
6). P Means without a common superscript are significantly different (p<0.05).
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B4 H MARRIRREEE 7 v T 4 7 ) VEEREC IS T DRI O K & AeiE

FFlgIZ 35 0F 2 ¥ i5E ONEREE LK % Table 4-3 |2/~ L7, XHPREETIX 16:1n-7, 18:1n-7 35 X1V 18:1n-9
DEIGITENZ 1.84, 401 5LV 10.35% T o 7=, 3FHIHD MUFA DEFFE 100% & L7z & =, 16:1n-
7. 18:1n-7 B LN 18:1n-9 DEAIZZTNEH 11.2, 249 B LU 63.9% Tdh - 7= (Fig. 4-5A), MESHHAE
T & = TR O MUFA OFIG 38 LT, 16:1n-7, 18:1n-7 35 LU 18:1n-9 & & (T e 4Lkt
FERED 9.25, 1.88 3510 2.90 f#i2H4/N L (Table 4-3, Fig. 4-5B). 3 FiJHD MUFA OA&FF% 100% & L7
& &, 16:An-7, 18:1n-7 B LN 18:1n-9 OFIAIEEN 4 316, 14.0 B LN 54.4% Th > 7= (Fig. 4-5A),
a7 47 ) UEERECITRRIBREIC S0 5 18:1n-9 OFIEB L OEENSEM L, 22t BEto 1.59
BLONLAT (FITHIM LT3, IR BREOS G L1380 | 1617 2B L T RO T, *
72 18:1n-7 DEIE B L OVE B3 L7 (Table 4-3.Fig. 4-5B), 7 1 7 ¢ 7' U VRt CTlE. 3 FilH D MUFA
DEFHE 100% & L7- & &, 16:1n-7, 18:1n-7 B LN 18:1n-9 OEIAIFZNZ 9.5, 11.9 B L 78.6%

T 7= (Fig. 4-5A).
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Table 4-3.  Fatty Acid Profiles of Hepatic Lipids

Fatty acids Control Fat-free diet Clofibric acid
(mol %)

16:0 28.01 + 3.66° 3949 + 224° 28.01 + 184
16:1n-7 184 + 0.622 1228 + 0.82° 173 + 034
18:0 16.13 = 216 998 =+ 161b 1775 = 1.08
18:1n-7 401 + 0.702 538 + 0.94° 214 + 0.19°
18:1n-9 1035 = 176 2135 + 375 1641 + 1.30°
18:2n-6 2148 + 1318 241 + 056° 10.04 + 054
18:3n-3 040 =+ 0.052 0.00 + 0.00° 0.07 * 0.05°
20:3n-9 0.10 = 0.012 1.20 + 0.25° 1.28 + 0.08°
20:3n-6 0.67 + 0.162 052 =+ 0.192 295 + 0.22°
20:4n-6 1268 + 3392 554 + 158 1563 =+ 1.262
20:5n-3 0.68 =+ 0.092 011 =+ 0.06° 0.75 = 0.202
22:5n-3 099 =+ 0.24 0.00 + 0.00° 050 =+ 0.08
22:6n-3 266 = 0.48 174 + 0.49° 274 = 0362
Total (umol/g liver) 1254 + 1552 1753 + 11.9° 1154 =+ 8.9
Total (umol/liver) 1495 + 188? 2320 + 3310 2216 + 117°

Rats were fed a standard diet for 28 days, a fat-free diet for 28 days, or a diet admixed with clofibric
acid at 0.5% (w/w) for 7 days. Values represent the mean + S.D. (n = 5). Means in the same row without
a common superscript (a, b, c) are significantly different (p<0.05).
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Fig.4-5.  Changes in Proportions within MUFAs and Contents of 16:1n-7, 18:1n-7, and 18:1n-9 in Hepatic Lipids
by Fat-Free Diet Feeding and the Clofibric Acid Treatment. Rats were fed a standard diet for 28 days, a fat-free diet
for 28 days, or a diet admixed with clofibric acid at 0.5 % (w/w) for 7 days before being killed. (A) Proportions
(mol%) within MUFAs (proportions of 16:1n-7, 18:1n-7, and 18:1n-9 in the sum of these three fatty acids);
cumulative chart bars were calculated on the basis of data in Table 4-3. (B) Contents (umol/g liver) of 16:1n-7, 18:1n—
7 and 18:1n-9; cumulative chart bars were calculated on the basis of data in Table 4-3.
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5 IS 5 16:1n-7 OS2 5y iR

16:1n-7.18:1n-7 33 L 0 18:1n-9 (2 OW T JIFARE V% — b & AW T B L3 E % invitro THfE L 7=,
Invitro IZ317 5 b= FU 7O BB IX, 16:1n-7 > 18:1n-7 = 18:1In-9 DJATH >7=, 16:1n-7
DO BMLHEEE 1 L35 L 18:1n-7 B LW 18:1n-9 1TZ N Z41 045, 0.62 Th -7 (Table 4-4), 7 v~
47V UBEEREICEY I hary R TICEBIT5 16:An-7 @ B L3 EIIEEIC LR L-owiexk L, iR
HEIERUC X 5 HBERZ(CITRD bhvenolz (Table 4-4), I b= RUTIZBITS 18:1In-7 BL W
18:1n-9 @ B FLiEME b 7 v 7 4 7 U VBB ST K > T 16107 ZHE L LG E L RBEEO LA NR
D ohilo, —h, EIEMEEIUZ L > TWTho MUFA 26T 5 BEAMELIEEIC b A ERZUITEO b
2ol (Table4-4), FEFE LT, BMEHESI NI v 7 4 7V VEEEHCE T % 16:1n-7, 18:1n-7 1
X OV18:1n-9 @ B EALHE ORI EIE, ®IRRE L IZIER U Th -7z, W2, IBIERD B BR{LIZ B 2 8%
FlIZOVWTHRFLE, T hary RUTICBT2EM®BE p MB{boFfHERESR CTh 5 camnitine
palmitolytransferase 1 (CPT1a) IZ. mRNA L& (Fig. 4-6A), ¥ ./ 7 'E38l& (Fig. 4-6B) & 12

T4 TV VBB THFICHEM LW, 7a 707 ) UigiE, £/, S har RUT7To L
DHFEEESE TH 5. medium-chain acyl-CoA dehydrogenase (MCAD). long-chain acyl-CoA dehydrogenase
(LCAD). very long-chain acyl-CoA dehydrogenase (VLCAD)?» mRNA FH & LM S W72, X512, 8k
Fels LiE 5 a1 DR EFHENIAR D 2 lipinl & peroxisome proliferator-activated receptor gamma coactivator
la (PGCla)® mRNA HHIIIL T\ e, —J5, MASHI & TiX CPTla BB FOFRELE FWIT bbb
53, CPTla ¥ > /37 FBICELITE O bve> 7= (Fig. 4-6A, B), MCAD, LCAD, VLCAD i#f& 1
OFEBEITENEH BRI L 0 B L) > 7= (Fig. 4-6A), RIZ, ~LA X Y — A0 BELRIZOWN
THETZMA T, VA F Y — L0 B RO FIFEEEF Td % acyl-CoAoxidase (ACOX1) @ mRNA (%,
rna 7 47 VRS K o THEFIM L (Fig. 4-7), -4y Y —40 B BRLIZHIT 5 16:1n-
7, 18:1n-7 3 L U 18:1n-9 DIEEIRIEICEE T D HITIT L A L2, £ 2T, 2O 3FEHD MUFA O
coenzyme A TATLELE L LT AF T Y —L40 B BbiEEEZLELZE Z A, HEHEOBE T
16:1n-7 CoA >> 18:1n-7 CoA = 18:1n-9 CoA T > 7= (Table 4-5), 16:1n-7 CoA % 1 & L7 & Z OFE%}
IEMEIX, 18:1n-7 & 18:1n-9 IZx%f L TENZE4, 0.66 3L 10 0.64 TH-7- (Table 4-5), 3 FEFHD MUFA
IZX T D UL AF v Y — b B IR O E R RMEIL, AR RREE 7 n T 4 7V VEEBHICBW T HITIERA
CTChole, ~ILAFT Y — 20 BEALTEMEIZ, WTHo MUFAIZH L TH 7 7 4 7 U VEERGIC &
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STHELLS EF L Invitro 12815 hay R T LA %Y — A0 2 O B B LI DORE R
5. 16107 13 18:1n-7 2 18:1n-9 L 0 b RSN D Z L AR ST,

B A LIEMEIZ X9 D MUFA O VB SR MER L OSSR PRY | REFHI V=2 b —Ta UK DB
DWTHFARE R — M &AWz in vitro DRIERE R Z MR T 572012, FFAT A A% T ex vivo 128
F 5 B ELIEEE A T, HBBREIC T 3 D MUFA OISHSEE B BbsEE 1L, 16:1n-7 > 18:1n-7 =
18:1n-9 Toh > 7= (Table 4-6), 3 fid> MUFA OFHXHMEIL, 16:1n-7 # 1 &3 2 & 18:1n-7 5 XU 18:1n-9
EB L LIGAEIZ, TZE1 046, 050 Tholz, XFREEICIHWLT, exvivo IZBIT DHERIT, ITARE

— R ZHWW 2 in vitro TOREFRE LX< —E L Tz, Exvivo I281F % 16:1n-7 @ B BELH X,
JEMABEER LY v 7 4 7' U VEEREO WIS T b e FREE & [FERIZ, 18:1n-7 <° 18:1n-9 DIEIFE 2 fi%
Zor Uiz, BARIFERECIWVT, 16:1n-7, 18:1n-7, 18:1n-9 @ B MALIGHEIZW T &t IREE X 0 (Ko
Tre — 5. 707 47 ) UEERETIX, 16:1n-7 & 18:1n-7 @ B FR{LHE 235 FREEIC GBI E o T2,
sna7 47U UBRRECEBIT D 16:1n-7, 18:1n-7, 18:1n-9 @ B ER{LIEE X, MBI R L D &, Th

Fh. 454 1%, 457 %, 5.94 fFE 0> T,
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Table 4-4.  Mitochondrial B-Oxidation In Vitro of MUFAs in Liver Homogenates

Fatty acids Control Fat-free diet Clofibric acid

(nmol/min/g liver)

16:1n-7 301 + 62 249 + 37 831 + 36
(1000 + 20.6) (827 + 12.3) (761 + 120)
18:1n-7 135 + 29% 132+ 249 348 + 58
(1000 + 215) 78 + 17.8) (2578 + 43.0)
18:1n-9 187 + 359 164 + 129 439 + 8~
(1000 + 187) (6877 + 64) (2348 + 4.3)

Rats were fed a standard diet for 28 days, a fat-free diet for 28 days, or a diet admixed with clofibric acid at 0.5%
(w/w) for 7 days. The mitochondrial oxidation of 16:1n-7, 18:1n—7, and 18:1n-9 in liver homogenates was
estimated in vitro. Liver homogenates were incubated with [**C]16:1n-7, [**C]18:1n-7, or [**C]18:1n-9 in the
presence and absence of KCN; [*“C]-labeled acid-soluble products were extracted and the **CO- produced was
trapped; the cyanide-sensitive part of oxidation was taken as mitochondrial oxidation. The rate of fatty acid
oxidation is presented as the sum of acid-soluble oxidation products and CO2. Values in parentheses represent a
percentage of the control. Values represent the mean + S.D. (n = 4). Means in the same row without a common
superscript (a, b) are significantly different (p<0.05). Means in the same column without a common superscript (X, Y,
z) are significantly different (p<0.05).

Table 4-5.  Peroxisomal B-Oxidation In Vitro of MUFAs in Liver Homogenates

Fatty acids Control Fat-free diet Clofibric acid
(nmol/min/mg protein)

16:1n-7 589 + 0.46% 425 + 0.52% 96.63 + 8.66™
(100.0 *= 7.8) (722 + 8.3) (16406 + 147.0)

18:1n-7 386 + 0.37% 255 + 0.04% 5491 + 0.83%
(100.0 %= 9.6) (66.1 + 1.0) (14225 + 21.5)

18:1n-9 3.75 = 0.10% 261 £ 0.01% 5541 + 1.51%
(100.0 %= 2.7) (694 + 0.3) (14776 £  40.3)

Rats were fed a standard diet for 28 days, a fat-free diet for 28 days, or a diet admixed with clofibric acid at 0.5%
(w/w) for 7 days. The peroxisomal oxidation of cis-palmitoleoyl-CoA, cis-vaccenoyl-CoA, and oleoyl-CoA in liver
homogenates was estimated in vitro as the NAD™ reduction rate. Values in parentheses represent a percentage of the
control. Values represent the mean + S.D. (n = 4). Means in the same row without a common superscript (a, b, c) are
significantly different (p<0.05). Means in the same column without a common superscript (X, y) are significantly
different (p<0.05).
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Fig.4-6.  Expression of Genes Encoding Enzymes Related to Mitochondrial —Oxidation and of the CPT1a Protein.
Rats were fed a standard diet for 28 days, a fat-free diet for 28 days, or a diet admixed with clofibric acid at 0.5 %
(w/w) for 7 days. (A) mRNA encoding CPTla, MCAD, LCAD, VLCAD, lipinl, and PGCla. (B) CPTla protein;
visible bands represent CPT1a and B-actin as indicated. Immunoblotting was carried out on liver extracts (15 pg of
protein each). Values represent the mean = S.D. (n = 6-10). 2 ¢ Means without a common superscript are
significantly different (p<0.05). In the absence of a superscript, the means are not significantly different (p>0.05).

Table 4-6.  Oxidation Ex Vivo of MUFAs in Liver Slices

Fatty acids Control Fat-free diet Clofibric acid
(x10° dpm/30 min/g liver)

16:1n-7 163 = 0.20% 048 =+ 0.12% 218 + 0.33%
(100.0 + 12.3) (294 + 7.4) (133.8 + 20.2)

18:1n-7 075 = 0.10% 0.28 + 0.04% 128 £+ 0.19%
(100.0 + 133) (373 % 53) (170.7 + 25.3)

18:1n-9 081 =+ 0.47¥ 017 + 0.07% 101 £ 0.02%
(100.0 + 21.0) (210 = 86) (1247 + 25)

Rats were fed a standard diet for 28 days, a fat-free diet for 28 days, or a diet admixed with clofibric acid at 0.5%
(w/w) for 7 days. Liver slices were incubated with [1*C]16:1n-7, [**C]18:1n-7, or [**C]18:1n-9. [**C]-Labeled acid-
soluble products were extracted and the *CO: produced was trapped. The rate of fatty acid oxidation is presented as
the sum of acid-soluble oxidation products and CO.. Values in parentheses represent a percentage of the control.
Values represent the mean + S.D. (n = 4-6). Means in the same row without a common superscript (a, b, c) are
significantly different (p<0.05). Means in the same column without a common superscript (X, y) are significantly
different (p<0.05).
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%68 BEAKIZIIT D MUFA OBRYEIZET 2 rREME L2 A9 5 E OMORE

3 MDD MUFA DATIEE 7 7 A ~D43Aii Z i~ Table 4-7 |27k L7z, Table 4-7 Dfif%a b &I
Fig. 4-8A |ZI1E 3 fED MUFA O EZFE 7 7 ARl L, $£7-. Fig. 4-8B (21X, 3D MUFA ZiLEi

DIRE Y 7 A~DGAEIG ZR Lic, MRT > FOFIBIZRB N T, 2L A ED 16:1n-7 1% TAG (64.3%.
0.98 umol/gliver) & U U fEE (PL. 28.2%. 0.43 umol/gliver)iZ434fi L TV 7z, [AIFRIZ 18:1n-9 3 & LT
TAG (70.9%. 7.44 pmol/g liver)& PL (23.0%, 2.42 pmol/g liver) 124345 L CW /=, 16:1n-7 %> 18:1n-9 & #
720, 18:An-7 | L LT PL 243 L (66.0%, 2.95 pmol/g liver), TAG ~D43Ai DEIAITD 72 1=
(30.5%. 1.36 pumol/g liver), A EABIT 2 &, 3O MUFA EiXW v b L7 (Fig. 4-5B),
ZoE &, 16:An-7 13 E L LT TAG (78.2%. 14.23 umol/g liver) & PL (16.4%, 2.99 umol/g liver) (2434
LT\ /= (Table4-7, Fig.4-8), [FIEKIC 18:1n-9 %, 3= & LT TAG (80.7%, 27.64 umol/g liver) & PL (14.3%,
4.89 umol/g liver) (25541 L CU /= (Table 4-7, Fig.4-8), —Ji. 7 u 747V Viga&R5+ 5 L. IFlED
18:1n-9 BN BREEIC R THINT 2 D% L, 16:1n-7 & 18:1n-7 D &I L= (Fig.4-5), 7 07 4
7V UEEEEIZ I D 18:1n-9 D PL ~D AT ENHIINT 5 DTk LT (76.7%. 12.84 umol/g liver), TAG
DA EIIEA L7z (20.5%, 3.43 pmol/g liver),

ZD Xz, 16:1n-7, 18:1n-7, 18:An-9 INFE Y T A~DNAAN R D Z L BRI REERB L0 v

T4 7 VR IR L L RD EIRE Y T ANORY 3T b b T v x U 2770 MUFA EOFRHI
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(CHEBT HAREENZ 2 DD, EBE BIBO 7 ) v alfE~D= A7 /Ubo 7 vt 2%, RO
GRS BEHEIZBED TV HDEZEZLNT VD, £ T, EROF vV » 7IZBET 28R D
B IZOWTHET 2 A 7=, Acyl-CoA synthetase (ACSL)I%. fENifit% coenzyme A & DF AT AT )L
WS DR THY | PRI & LTRBLL TV 5 Acsll, Acsl3, Ascls OFsHi &% H~7- (Fig.
4-9A), F7=., 7'V Eu[REAKIZEES5-3 % glycerol-phosphate acyltransferase (GPAT)., DAG (Zlg/ifi % &
A3 % diacylglycerol acyltransferase (DGAT) Digfs - CTd % Gpatl, Dgatl, Dgat2 D¥EH &% 7= (Fig.
4-9A), HENENRIZ LY Acsl5, Gpatl, Dgat2 OIEEL &K L7z, Acsl5 (X, FAS & ACC IZ X > THRK
SH7z 16:0 % 16:0-CoA IZAHAT 5 Z LIZ &k » T, SCD X° PCE [ZHE A e 2 &H 2 H > TW\D Al
BUEREZEZXOND, —FH, 7r7 47V UBREIZED Acsll, Acsl3, TAG 2K g 2EE Th %
adipose triglyceride lipase (ATGL) Di#{s1 Atgl OFELE ML T\, b0 ACSL & GPAT O
A YT & — DTN A R DR ICEAT 2 F vy ) U VIG5 T 5L EA N TWHDOT, #
NEMiBRE L /a7 4 7 ) VBB TR DT A Y 74— LADORENET 5 Z &3, IFEG T ~DIRY 55
FIZBELTW b LR, £, 707 47 U VBBV T ATGL B FR IO 37 B
DOFRBENBINL, EEN EF L THD 2 £ 5 (Fig. 49B), W o72A TAG IZHLY A F L= AENHER A
KGR S0 B ERLIZEER STV D et b E 2 B D,

mPL BTAG ODAG OCE mPL BTAG ODAG OCE

16:1n-7 18:1n-7 18:1n-9
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Fatty acid (umol/g liver)
Fatty acid (mol %)
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Fig. 4-8.  Distribution of 16:1n-7, 18:1n-7, and 18:1n-9 among PL, TAG, DAG, and CE in the Liver. Rats were
fed a standard diet for 28 days, a fat-free diet for 28 days, or a diet admixed with clofibric acid at 0.5 % (w/w) for 7
days. (A) Contents of the three MUFAs in PL, TAG, DAG, and CE. (B) Proportions (mol%) among PL, TAG, DAG,
and CE.
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Table 4-7.

Fatty Acid Profiles of Hepatic Major Lipid Classes

Lipid classes Fatty acids Control Fat-free diet Clofibric acid
(umol/g liver)

PL
16:0 13.36 £ 0.68% 1343 +£1.01% 27.04 £3.32Y
16:1n-7 0.43 £ 0.08* 2.99 + 041 1.30 £ 0.222
18:0 1844 +2.21 18.71 £ 2.49 19.13£2.20
18:1n-7 2.95 +0.51* 455 + 0.64Y 2.08 +0.08?
18:1n-9 2.42 +0.04* 4.89 + 0.58Y 12.84 +1.287
18:2n-6 12.55 +0.63* 429 +0.23 9.23 +1.167
18:3n-3 0.12 +0.08* 0.03 +£0.03 0.02 +£0.02Y
20:3n-9 0.03 +0.02x 2.37 £0.55 1.09 + 0.25?
20:3n-6 0.88 £ 0.09% 1.22 +0.14% 291 +£0.76Y
20:4n-6 18.60 £1.74 14.26 £ 0.63 17.08 £4.21
20:5n-3 0.63 £ 0.06* 0.21 +0.08Y 0.71 + 0.26~
22:5n-3 0.71 £ 0.04% 0.11 +0.03¥ 0.37 £ 0.14%
22:6n-3 3.35+0.38* 5.80 £ 0.43 2.88 £1.09%
Total 74.47 £ 2.96% 72.84 £3.57% 96.69 £ 7.25Y

TAG
16:0 10.04 £ 1.74% 47.07 £5.25Y 257 +0.717
16:1n-7 0.98 £0.18% 1423 £0.72Y 0.37 £0.15%
18:0 0.54 £ 0.15% 1.89+0.23Y 0.21 £ 0.047
18:1n-7 1.36 £ 0.23% 5.96 + 0.56Y 0.18 + 0.062
18:1n-9 744 +1.11% 27.64 £2.29Y 3.43+1.12°
18:2n-6 9.59 + 1.90% 0.56 £ 0.21Y 0.71£0.19
18:3n-3 0.33+£0.07% 0.04 +0.04Y 0.03 £ 0.00¥
20:3n-9 0.01 £0.01* 0.06 £ 0.03Y 0.01 £0.01*
20:3n-6 0.14 + 0.04% NDY 0.03 +0.01Y
20:4n-6 0.58 + 0.16~ 0.21 +0.1%Y 0.10 + 0.03¥
20:5n-3 0.36 £ 0.11% NDY 0.03 +0.01Y
22:5n-3 0.85 £ 0.24% NDY NDY
22:6n-3 1.73 £0.43% NDY 0.03 £ 0.02Y
Total 33.94 £ 5.59% 97.67 £7.12Y 7.69 + 2.247
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Table 4-7 (continued)

DAG
16:0 0.69 + 0.04% 2.09 £0.38Y 0.54 £0.01*
16:1n-7 0.04 +£0.01% 0.50 + 0.09¥ 0.06 +0.01*
18:0 0.23 £0.05 0.25+0.07 0.21+0.03
18:1n-7 0.11 +£0.01% 0.28 + 0.06Y 0.10 £ 0.01*
18:1n-9 0.26 + 0.05% 1.07 £0.19Y 0.37 £ 0.04*
18:2n-6 0.62 + 0.08* 0.17 £0.07Y 0.41 +0.047
18:3n-3 0.01 +0.00% NDY NDY
20:3n-9 0.03£0.01 0.04 £0.02 0.04 £0.01
20:3n-6 0.02 +0.00% 0.04 +0.01Y 0.06 +0.01*
20:4n-6 0.09 +£0.03 0.09 £ 0.04 0.07+£0.01
20:5n-3 0.01+0.00 0.01+0.01 ND
22:5n-3 0.02 + 0.00% 0.01 +0.00% NDY
22:6n-3 0.02 + 0.00% 0.02 +0.01* 0.01 +0.00Y
Total 2.14 + 0.24% 4.56 + 0.64Y 1.86 +0.11%
CE
16:0 0.89 + 0.22% 1.08 +0.14% 0.34 +0.06Y
16:1n-7 0.07 £ 0.03% 0.49 +0.10Y 0.02 +0.00%
18:0 0.42 £0.12% 0.51+0.17% 0.34 +0.06Y
18:1n-7 0.05 +£0.01* 0.17 £ 0.04Y 0.01 £+ 0.00*
18:1n-9 0.38 + 0.06* 0.64 £ 0.10¥ 0.10 +£0.017
18:2n-6 0.33 £ 0.05* 0.08 +0.02Y 0.02 + 0.00*
18:3n-3 0.01 +0.00% 0.01 +0.00¥ NDY
20:3n-9 0.03 +0.01% 0.05+0.01Y 0.03 +0.00%
20:3n-6 ND ND ND
20:4n-6 0.13 £ 0.03* 0.17 £0.07¢ NDY
20:5n-3 0.01 +0.00% NDY NDY
22:5n-3 ND ND ND
22:6n-3 ND ND ND
Total 2.32+0.37% 3.21+0.21Y 0.80 +0.12*

Rats were fed a standard diet for 28 days, a fat-free diet for 28 days, or a diet admixed with clofibric acid at 0.5%
(w/w) for 7 days. Lipids were extracted from the liver and separated by TLC. Methyl esters of fatty acids were
measured by gas-liquid chromatography. Values represent the mean + S.D. (n =5). Means in the same column
without a common superscript (X, y, z) are significantly different (p<0.05). In the absence of a superscript, the means
are not significantly different (p>0.05). ND : less than 5 nmol/g liver.
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Fig.4-9.  Expression of Genes Encoding Enzymes Related to the Channeling of Fatty Acids towards Glycerolipid Synthesis
Pathways and that of ATGL in the Liver. Rats were fed a standard diet for 28 days, a fat-free diet for 28 days, or a diet admixed
with clofibric acid at 0.5 % (w/w) for 7 days. (A) mRNA encoding of ACSL1, ACSL3, ACSL5, GPAT1, GPAT3, DGAT1,
DGAT?2 and ATGL. (B) ATGL protein; visible bands represent ATGL and f-actin as indicated. Immunoblotting was carried
out on liver extracts (15 g of protein each). (C) ATGL activities were estimated as [*4C]triolein hydrolysis in the cytoplasmic
fraction of the liver. Values represent the mean + S.D. (n = 5-6). P Means without a common superscript are significantly
different (p<0.05).
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BTHE NE

PEXR, JTTED MUFA ORI TR FEH R & A faffbic X - TR S v, T A fafifbns 2725
ERIETEEBZOLNTE [27] 7 1Y — 20 ) 6 R L7z SCD % T 18:0-CoA & 16:0-
COA (ZXI3 DM 2 bt L 72 0k DAFZED> 6, 16:0-CoA (2% 9 2 1EMEIL 18:0-CoA (2% A1 THED 46~
86% T DI EMN/RINTWND [18,34,57], L L722v s, FHEEONFIKD MUFA #ik % 7.5 & 16:1n-
713 181n-9 KV biTDNnITDR, L AN EROMENDIT IO XD e EREL L b 25
HINZFT 2 2 LT TE R o7z, MUFA SRIENE & EBEO MUFA A &L OB OFJEZ#HAT 572
DI, AT TIEIRIGEE B BALAY MUFA MR OFRENCBI S92 & W O RELZ N CTln, ARFEIZEBWT,
16:An-7 R ha v RU 7 &~ F XY — LD FITENT 18:1n-7 38 LV 18:1n-9 L V) H 0T B
it a2 05 Z ENRHLMNE o2 Enn, 16107 X702 E MR TE % (Fig. 4-10A), 16:1n—
7OEE BBLOMEMICE L TERIMAEZBLT-OIC, 7y M L TERBFN~v=Eal— 3
vOEIEAEER) BLOEHPH~=t 2l —Y gy (a7 7 ) VgkE) O 2 O~ ==
L—ya U ERIToT, Wi &b MUFA G RGR, FFIC SCD A RIBREICHEE Le, —F. BB ORIX
s 7 47 ) UGS E 0 ITUET 208, B RFETIITE LRV, Lo T, WMEZLK TS Z
LI K-> T BMbDOEFN 2 I TE 5, 72, T MUFA MU EEHZ 2> IR 2 iERIC L > TK
L EAEND, EBE o lrEHOERESE (CE-2, HAZ 7)) (21X 18:1n-9 73 19.7% (w/w) & %
NDHDIZH L, 16107 B LV 18:An-7 1TZ N2 2.0 BL T 22% LovE AT, ko H MUFA
BT 5 2 L DO MUFA LRI S8 2 ATREME A2 BEBR T~ 2 720113, BRI RN E L T\ 5, K
BN~ =E a2 L— 3 U2 Ko T TIE MUFA @ denovo & EIC B 5 BE R {5 1 DOF%E  MUFA
ARG HBERBER T OFHEL LONEEO EAPEO bz, —JF ., BB R RO 585712
DO BT, £72. exvivo IZRBWTIEMIBR S fRITHINH S v Tune, b 0BG, MlEick
WC 3FEIED MUFA 39 _RCHIINT 5 Z L 2 L <@ TE % (Fig. 4-10B), & 6|2, EH PN ~=t =
L—v 3 X 5T MUFA SO TLERTLE L T2 I2H 20 53, 16:1n-7 B L OV 18:1n-7 12134
MEERD N2 ote, —Fh, lBVREO BEEICEAL T 2MEOBFAHEIND & & biT, B
D BEALIGEPENR TLHE L TV 3 FFHD MUFA Z thik§ 5 & 7 a7 4 7 ) VB GHEICEB N T S 16:1n-
713 18:1n-7 X° 18:1n-9 [T THI 2 5 DM THfE S 1D Z & A3, in vitro 35 KX OV ex vivo DFEFRIZ -

TRENT, 77 47V V52 K-> T, MUFA S TS 5 — . b i L, T8 16:1n—
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7 PRSI D T & DY MUFA MRS S S 41, 18:1n-9 DARITEEMNRFRBD HALD &9 fERIC
molzbdEFE R B (Fig. 4-10C),

AWFFETIE. MUFA ORI Z DG RUIEN Y Tl R K - TR 2500, R E LT 16:1n-7 28
RSRIZND Z &R LT, 61T, IBIIEED TAG X°PL 72 EOIRE S FIC= AT Mbaid, 50
X B b EZIT D L) B DRIKITEAT DY /717 b MUFA ML Z FAETT 5 K7 CTd 5 AraetEDs
TR ENT, 2 O =al—ra  ilBWT, IRV SFICEET 2R R R L EEE2 7T &
BB E TR oT2h . MUFA R DR ENT T 2B DOFEM A2 I 32T 572121, B DHFEM %
HThDd,

ITAE, 3D MUFA RN Z N ENRHBR R APBERELZ O 2 & WB L BN H D Z L 2 ERIiE S
NTWsk0 [4,31,87,88,94], FCH, 16:An-T7 XV RB A > & L THEENT RO CEE NS 42 R
T ENHEINTWD [7,9, 13,17, 26, 64, 96], AEDFER LV | 16:1n-7 [TAEENICBNT, £DFH
BLRRIENATWDZEEZHLNC LT, ZOABRERICEAL TUIH2ICHLNICT L 2 &1
TETWRY, JEIEEO S RIC K > TEBEM.Z O 16107 OEFEEZR RO LT, ZOEM M
fil i L= 2 v —REEHE T Tns 2 b B2 b b,

KET, 70747V U BEFNATLZLICE > THLMIT LIZ, 16:1n-7 & &4 1T TR < B
HilX, U< PPARa 7 T=A FTHDHPFOAICBL THHTEED LB BN D, T72bH, PFOA #
5.7 v FOMIRT 16:1n-7 FEME AR T2V TV D ERIE, PFOA (2 X o TILiE L7z R 43 fif % 03
16:1n-7 Z BRI DT 52 LICL 26D TH D, TNHD I Lins, PFOA ZMTIED 16:1n-7 & &%

EEISERNWZ &2 LT, B, S0 —REOME I T 2 v EERE 2 b d,
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Fig. 4-10. Proposed Model for the
Metabolic Regulation of the MUFA
Profile in the Liver. (A) In the livers of
control rats, the proportion of 16:1n—7 was
maintained at low levels due to 1) the
higher rate of oxidation of 16:1n—7 than
those of 18:1n-9 and 18:1n-7 and 2) the
conversion of 16:1n-7 to 18:1n-7 by
elongation. (B) Upon the feeding of a fat-
free diet to rats, the formation of 16:1n-7,
18:1n—7, and 18:1n-9 is increased by 1)
up-regulated FAS, SCD, PCE, and POCE
and 2) the unchanged or rather suppressed
oxidation of 16:1n-7, 18:1sn-7, and
18:1n-9. (C) The treatment of rats with
clofibric acid increases the proportion and
mass of 18:1n—9 by up-regulated PCE and
SCD; 16:1n-7 also appears to be
generated by the induced SCD, whereas
enhanced fatty acid oxidation degrades
16:1n-7 more extensively than 18:1n-9.
The process of the incorporation of 16:1n—
7, 18:1n-7, and 18:1n-9 into complex
lipids, in particular TAG, may also
influence the MUFA profile in the liver.
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[1-%4C] /XL kA /L CoA (60Ci/mol) 1% Moravek Biochemicals CK[E) 7236 AF L7z, [2-%C] v =
=/ CoA (55Ci/mol). [1-%C] 16:0 (56 Ci/mol), [1-%C] 18:1n-9 (55Ci/mol) F L T* [1-C] Fefe (55
Ci/mol) (X American Radiolabeled Chemicals Inc. CKE) 7B AF L7z, [AARFNUC] FUAA L
A > (108.8mCi/mmol) % PerkinElmer CKE) 725 AFt%, TLCIZTHR L7 b DA Lz, 27T
2 A /L CoA, 7SV hA L CoA, 7L hA LA AL CoA, v =/L CoA, 4IiE7 /L7 I (bovine
serumalbumin, BSA. essentially fattyacid free), /~1/ 7 I b ka¥T F _¥ET747I7—L Ja 7y
TV, TR F=r RAXF U T UFNRA L RAT 7 F Uzl (phosphatidylcholine, PC

(UREEHsk)) . RA T 7 FP)A /¥ h—/L (phosphatidylinositol, Pl (KEZHK)), MU AL A
BrMDMC % Sigma-Aldrich Japan 2> S A L7z, T ATGL ~ 7 AE / 7 u—7 /L IgG Hiik, $i p-Actin ~
U AE ) 7 a—F b 196G HilEB L Ui~ 7 2 1gG HRP #& & Hi{A1% Santa Cruz Biotechnology CKE) 725
JEA L7z, FLCPTIA v DU AT/ 7 u—7/LIgG fifk, H#LACC V¥ FE /7 u—7 /1 IgG fitlk, HT FAS
UHRE ) 7 m—F )L IgG HilklL Abcam (f F VU R) MHEEA L=, Hiv 7 % 1gG HRP fE&HIAIE Cell
signaling Technology CK[E) 75 A L7z, Nicotinamide adenine dinucleotide reduced (NADH) 3 X
nicotinamide adenine dinucleotide phosphate reduced (NADPH) &4V = Z LEERENGIEA LT, ~U b
v X-100, B A XTFUBIORTRAEF ATT I ITAT A7 LOWA LI, /T /A48, av
AT YVNANT BT )T — b BEIRNI T XTI /A % Nu-Chek-Prep Inc. CKE) . ~7 % T 71 Vi
AFIATHOAEE LENBIEA LT, XY 7 4 7V VBB IO v 7 4 7 U URidisssm UM LT,
Z DA OFRIEIT AR T O Rl 2 51 L7,

i
it
M
&
&
§

AT A )L —4E BEA U= 1EME Wistar ST 7 v &2 BB ER ., EW 2@ EE2EHL7Z, 73

TOEYFERIT, WEFO [FZREWMOETE L OREFICET DEAE) (ZHE 5 & & b, AUFZERE O
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W2 BT K D HFAERE RITIE S W RAGE 215 T [ RAF B REBREUE ) 126> T L7z,

(1) Wistar ST 7 » k OfdE
Wistar ST 7 M 8 s £ 7213 10 s CEBRICH L7z, 7 v MIIXEEEE (CE-2, HAZ L7 4t)

BLUvkzHHERS T,

(2) 7+ 77— I, PFCA IRfi# 5
a7 47V UERIE 0.0625%. 0.125%. 0.25%. 0.375%. 33 & T8 0.5% (W/w) . PFCA [ 0.0025%. 0.005%.
0.01%33 LT 0.02% (wiw) DENE T CE-2 By REEHZIES L, Wistar ST 7~ M2 7 HEIAK & i H HE

REH, ¥ XTOT v ML 10 @i TEBRICHE L7,

(3) PFCA #2 M# 5-

PFCA (50 mg/kg body weight/2 mL corn oil) % Wistar ST 7 ~ NIV 7 & AW THMNICHEREE LT,
7 v MZIE CE-2 3 L UVKZ HHEE S, #1455 A% X0 BRI L7=, PFDoA OIRNEHRE A fEE S
LHESIE, #5 3 B L0 BRI L7z, 8 3 FEICH W T PFDOA O 5B % 5o TEBREIT - I-BRITIE,

PFDoA Ot H. &% 5, 20 & L < i 50 mg/kg body weight/2 mL corn oil & .5%- TH 5 L7z,

(4) SN REA

RSy 2 B 7= OYC 248 AIN-93G FyRfakl (AU = Z VEERE) % 28 HIE. Wistar ST 7 » MK

CHCHEEREE, TTOT v MI 10 @i TEBRICHE L -,
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Table  Nutrient composition of CE-2 diet

%

Moisture

Crude protein

Crude fat

Crude fiber

Crude ash
Nitrogen-free extract !
Total

8.9
24.9
4.6
41
6.6
51.0

100.0

"1 consisting of carbohydrates, sugars, starches,
and a major portion of materials classed
as hemicellulose in feeds.Values of nutrients are
provided in the catalog of CLEA Japan Inc.

(2009).

Table  Fatty acid composition of CE-2 diet

mol %
16:0 23.23
16:1n-7 1.95
17:0 0.22
18:0 241
18:1n7 19.70
18:1n-9 217
18:2n6 42.01
18:3n-3 3.59
20:3n-9 0.04
20:3n-6 0.00
20:4n-6 0.16
20:5n-3 2.86
22:5n-3 0.26
22:6n-3 1.34
Total 100.00
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Table  Nutrient composition of fat-free diet

%

Corn starch

a-starch

Sucrose

Cellulose

Casein

Vitamin mix (AIN93)
Mineral mix (AIN93G)
L-cystein

Choline bitartrate
Total

46.75
13.2
10.0
5.0
20.0
1.0
35
0.3
0.25

100.0




2 H MK OB & e O fE H

T—T VT 7 v hO T REIRD & MK 2 BB L | LT ds L OSE B PHABNG Z fi i L 7z,
1M 1E 4 °CCRERE S B 728 & 900x g T 165 43 Wi 0oy Bl U C I iF 2 157 o i 3 A4 B At K Cokig 4.
EEZIE L, DAY 5T RIRER T THESE, —80 CTRAF LTz, —#Z&MH L THFIEA 7 A
AEAER LTz (%3R), 7% 0 OFFT A B A K TR LM L2, 227 vy —AFHfUc AV (1
i),

PFCA OF#FETIRE ZRIET 55615, Mk A2 R I DIE L 0 AR REK 2 28 ([T iR S TR
Wi U7c, 20k, BTN, B, A, ClE. PR, M. S2Ruds I OMBNGAAR (RS B JE BHAE
&R BERERS . B2 FRERA) A Uiz, #AfkE & A2 HEHZIZ—30 CTRIEL T,

B Y

H
it

&
5

JFA T A 2D 1R

fifid) T BT g O — 2 Krumdieck Tissue Slicer (Albama Research and Development, K[E) % Fu»

T, EHR8mm, JESHI400 um DA T A A AEAERLIL 72,

W2 v ny—iaoifil

JFlE D EEIZx LT 4 f5&ED 10 mM Tris-HEREFEE#E (pH 7.4). 1 mM ethylenediaminetetraacetic acid
(EDTA) Z &1 0.25M ¥ afiRifaz, 770 REeV T A V=20 THREY R — M LT,
REYVF— % 4 °C, 18,000 x g T 20 /yfiim. L (KUBOTA 778011 = —# — : RA40), o7z Bk
EHOFRBEOSRMECEL L, 20 kg% 0°C, 105,000xg C 1 FEflE L L7 (Hitachi CP8OWX w1 — 4

: RP50T), 15 G V7 ikl % 10 mM Tris-SE etk @R (pH 7.4), 0.1mMEDTA 2522 0.25M 3 = FEATK

R L, BOREEROEMCL LT, 5672 ibE4 10mM Tris-HEEefe @ik (pH 7.4). 0.1 mM EDTA

ZETe025M ¥ 3 BEATRIC RS L (]9 50 mg protein/mL), JRIAZEHFIC CHki%. —80°C TR LT,
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17 uY—LROR R EET Lowry HOFIEIHEWVRIE L7 [61], fEEWE L LT BSA

7’9—
—o

953 ARk E Uk — b O

NEMGER 3T D ARE V3 — NI, IO/ AICEREIZS LT 19 580 10 mM Tris-HE iR (pH
7.4)., 1 mM EDTA #5112 025 M ¥ a Bk &E M, 770y REV AP =2 HOTHE L, —30C
THRAIE L7z, PFCA 3T O ARE Y 32— ME, RO/ RICERICH LT 9 580 10 mM Tris-Ha 4 1% &
& (pH7.4), 1mMEDTA #5172 025 M ¥ a BRIk &Nz, 770 U REDFA =2 T L,

_3OOCVC\\,f%ﬁ L/?LCO

WAL FA NS ORI

TAG MK EETEDORIEIZH =0 . Wu BL O Soni 5D IFEIZHES T, FHIEN SO A Y VO
fA4T-7- [85,95], —80°CTILRAE L 7oA OC TR L, 4 5RO KT VA Xi%EiK (0.5M
> a B, 1mMEDTA, 20 mM Tris-#Efig (pH7.4), 1mM YF A=Y RU h—/b 20 ug/mL 17 A X7 F
Y.2ugmL Ty F NS, 2 Tpugml RTAXF ) A% Dounce FRE VT A F—E AWVTHRET A
Ak, 4°C, 1,000 x g T 10 /3Rl L7z, 0.25M, 1.5M ¥ afis I OGEY X2 — o LiE (05 M &~
a B &AW CREGBEE AR Z>< D, 4°C, 100,000 x g T 3 Kz L7z (CS100GXL AW (>
m—#— : S55S8-1106, Hitachi), /7L 7= 0.5M = BERIRZ VA NV VY & Lis, Z 2R 7 BEiT
HEHEY)E & L C BSA % T BCA JEIZHEWETE L7z,

FAS{EMEDRIEIC HT2 D . BFE & 1352 2 FIETHIRO A b ViiHE &1 T > 72, s 1.5 &0
U U —EREE/N Y 77— (pH 8.0) 2 TAHREIFA XL, 20,000x g T104MEL Lz, Eikg

& 512105000 x g T 60 yfdliE L, €D EifE)A b Vs & L,

73



FL1H HAREIUR— I OOREOHM

R E % — F 226, Bligh-Dyer £ THRE Z#fit L7z [6], A L7- 5% HFAEYR—F 1.6 mL
12, PR LA E LT 0.02% 7F ke Raxy Mook ) —)Vigik%z 50 uL Mz 7z, ZOFE, HA
I~ N 777 4 =GO DREBHTIINEREME L LTa Vv AT UAATZ TN )7 — kb
NTRTFN A R NATz, AZ ) —)L4mL, ZaoakLh2mL ZMATIERE 5 Lz, Z0%. 0.1M

Wel 7 nuRLsazg2mL $oMx T, 2EICHBEL, 600 x g T5 oMz L#%, 7okl AExr
SHLTz, KEZ 24mL O 7 oo RV ATHMH L Tk ra@rabt, Son-7 ook
JVABIZZ aa RV A ) —/V01M Yl (3:48:47. viv) & 32mLINx T3 gL 5 Lz, &
DL, EEEZERYBRWETRBICERIMERES AT, WHABELEE, JunfRLv A/ A2 ) —L

(L1, V) ImLIZEELTRIEE & L, —30CTHR1F LT,

WIEE NS &2 B L., U7V G 7 L—Fbk (No5721, Merck, KA ) EIZAKR> FL, n-~
¥l F T —T VIEEEE (80:30:1, viv) TRERT S Z LIZXkY TAG., DAG, PL, CE ¥ LT FFA
ZHBELTe, T — M ARSI, 0.001% Y AV W (T bk (41, viv)) ETEZE L, UV
(265nm) FREHZ LW HARy vEBRE L, YU B FLTL— N EEARy haenh&E D, 0.02% 7
Fb RaXy MU H J— R SOUL B L O aa i)V A A% 7 —/V[0.1M g (4:4:1, vIv)
EMZ T, 8CT—BufkiEk, mIc LD v B Va5 L, 0.1M g 3mL 2%, 3oMiIEL 9

BEO L, BEEERY RV, U B FAnE O OES, DAG, FFA, PLIZIZNEMEREYE & LT~

TRT AT N EINZT,
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H3H FAL

FHlEDFAEE . DAG 3 LU CE DR B OB Z B 5 L, 10% KEE{bH U 7 L/90% A & ) —/ViE
A 1mL ANz T, 80 CT1MMPIGS Sz, MIGHKAZRRIZE L, K 4mLIBLOANFH 2 4mL &
Mz, 34MiRE S%ELL, FEEZRYERWZ, 6 M HfE2 1 mLINx TERZBIEIC L, ~FP v
ZAmLINZ, 3R E H#hmi L, FEESER L, FEZ 4mL O~V THEMHBLT, 2R
HONF Y U A GO, ERXIRERE AT CBREEAEE LT,

6HAE NEIEED A F AL,

Q) TRV TAARXY REHWAENRERD A F b

TAG BLWPLIZ0OSN 7 U T AARFT R 1mLZ1ZT50 CT 10 /0L Sz, 22657
WElE 100 uL 2002 T, MMIRIEE L2, K AmLBIOAFTV 2 4mL 2012 T3HMIEE 9
HOLTAFHUEE ST LI, KEgz o THEME LTI E2GbET,

(2) HALKRFZ A Z 7 — Nz HWTZEEED A F Al

Tl DFAEE . CE 3 LU DAG % iF Adlk L TR 7ZJIEIIER, FFA 12 5% Hifb/kE A Z /7 — Vs 0.5mL
ZMMA T 100 CT 2 KO STz, 25m%, K 2mL BEOANFH 2 3mL ZhNx T 3 ks
B, EOLLTAFHUEESR LT, KEEx~FHh o THEMB LTI EAabE T, B, WIFE
BILOCEXATFMEDRINZ ) FT 5 7 A VEEHE NI & L CTNZ 7,

BE5HEN HAZu~ NI T T 40—k DRENIEE DS HT

A~ N7 7 4—IT1%, GC-2014 (SHRAER) 2 H Wiz, ZBECiZF Yy TV —H T A
SUPELCOWAX10 (£ 0.53mmx 30m, f%/Z 1.0 um, SUPELCO. X[H) %, MHEHIIIKFER A 4
bt EFRA Lz, Sx VT —HALELTAY T aEANE, REHEARB L OB IEOEE X

255 C. 7T LIEFEIZ 230 CE L7-, F7-. 18:1n-7 & 18:1n-9 O4FfEICIZ. v 5 U —H T A SLB-
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IL100 (N2 0.32mmx30m, FEE 0.26 um, Sigma-AldrichJapan) % FV>, 5UEHE AR L O HEROIR
JE1X 220 C, 77 MR 120 CE L7z, EEWE ORFFIRRE & OHBRIC L > THE—7 ZFEEL, N
WIEEDE CHD ) FTT I A VBETIFIAT ZT I BOATF N AT )V LB OEIEE A TV

TATNOE—7 EELE»bAIENRE E&E L. [33],

it
A

68 TAG D

TLCIZ &L 0 orBft%. fhi L7 TAG O —#DIREE %2, ERKMAERESFFITEEL, Z7rak/L A 10
UL B ETN10% b U b X-100/ A Y 7 asX ) — VIR 90 uL iR, 1% NV 7 V874 NE-T

AP a—2HNTERLEZ, MEHRIT M)A LA TIERLZ,

B o HRHAER ) i FE ORI E
HA1HE AT A A% exvivo REIEES fREEEE ORI E

Friedman 53 X OO HEEZSEZIC L CHIE L7 [19, 100], 1 fii% “C TR L7 16:1n-7,
18:1n-7 3 LU 18:1n-9 & AN EI DRI DFUHIER L TV 2 b O & N % | #2825 L7z, 1assay
bl K ) —V% 20 uL % THESH721%., 6% BSA KK 0.2 mL # 12 CHERIR E Lie, [1-
“C] 16:1n-7, 18:1n-7 & L < 1% 18:1n-9 OIEENE (0.25 mM, 0.30 mCi), 0.6% BSA B LU 1% =¥
J =)V G KRB RREK 2mL & T AL TV AN, AT A R 24 & %, KFH% 95% 0,—5%
COiCEH L, BIMALT, 37 CTIRE ) SHA U Fa— kL, 30 /9%IC 0.6 M IEBHEFREAIAR 1 mL
EHEALCRIGZELESEZ, ST ARNICEY NLTED vy I AT I Redd RN 02 mL &iE
AL, | T4 e 5> S8, AR LI YCO 2 A T Ik Xy RICEIE, ZONAT
Tk Radxy REEILL, ks F L —4%— (EcoLite, MPbiomedicals, *K[E) % 8mL iz, ik
rFL—Ta Ay —ITTEHEEERIE L, RIS TH, KSR EIFA T A4 ZA%&BEIL, 7
TR EVTA P —EHNTHREYR— &R L7z, FEYR— 4 800xg T 10 /rfilizl LTk

Hamol L7, RIHIC5MKOH Z3imLTHFL, & 5I23 M FREEfZERL (pH 7.4) 0.7 mL Z N x T
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pH % 4 L L7z, ZHUZA=—7 /v 5mL 12 T 5 EHHH L, RIGHOELE 2R\, B ohizKE
DO—Hh%mE L, Wik > FL—4%— (1L HIZPOPOP0.33g B L U'DPO4g #&de kL= /U kv
(2:1, V) 8 mL Z#Nx CTHRIE> > F L —a v 0 o 2 — 2 THENEMEEZRIE L=, 30 43T CO,

B KO AIERE DA R 2 Ko . IRE MRS EE & L TR L7z,

28 AETr—bEMHWinvitro JRIRE SRR ORE (X b= B U T & D IRIER )

Mannaert & D {EEZSHFBIC L THIE L [62], 1 fii%x “C THE# L7 16:1n-7,18:1n-7 & L <X
18:1n-9 &, TN ZENDAENIIE DBEHEFR L TV b D a2 Nz, wla 8 E L7-, 1lassay H7-2 0 4 mM
NaOH 100 puL & 7.2% BSA A 200 L 00z CHERIR E Lz, [1-4C] 16:1n-7, 18:1n7 & L <X
18:1n-9 D EEHHK (0.4mM, 0.3 pCi), #liliEE % & te KHB FEEHK 2.0mL & 5 7 A4 T /W A, %
B B ORNCHRRL L7 5% E YR — bk 0.5 mL ZMZ, KtH% 95% 0,—5% CO, IZiEH#H L, L7,
37 CTIRE 9D SHA v FaX—bL, 3 0HKIZ 0.6 M BHEFERIFR 1 mL 2FEAL TRISZE RS
oo NATIANICEY LTy FITNAT I Rua®o R 02mL ZEA L, |IE T4 HREIEE 5
SHEAERLIEUCO2NAT I FRF Y RICEGESEL, ZONAT I Frfy REREILL,
Wik v FL—2—%8mL A, EIKS v FL—ar By Z—CCHRENEEZRE LT, RS
T, BUSHE A 800 x g T 10 rfiE O LT RiEA IR L7z, BiFIZ5 M KOH ZiRiNL THFIL, &5
Z3 M FFEEREMER (pH 7.4) 0.7 mLZMx TpHZ 4 L L=, ZHiZaT=—7 /v 5mL 2% T5Ia
L, RREOEEZBRW -, BonKEo—#E2 5L, Kk F 1 —%— (1 LHIZ POPOP
033gBLUDPO4g #ETe hb /R Y Ry (221, VIV) 8mL Z A TRy > FL—ra v oy

(2 CHETEMEZIE Lz, 30 43T D CO2 35 K O rIVAMERE D ARl i 4 R 6D | NENGIE 53 fif s B2

ELTCHELT,

B3 AT — NEHWZ invitro JEIIEE R OWE (~L AT Y — M K D ARG i)

Lazarow & de Duve D J7iEE25EIC L CHIE L7z [66], ~ULA % Y — A2 X B AENHER Y iR A7

72 NAD*OIETTHEZHE L, A Fy Y — A K DRI g & U CEHli L7z, 20% AT A€y
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F— M2 16:1n-7, 18:1n-7 L < (% 18:1n-9 D a3 = oA 5 A =27 /b NAD*$ LTV KCN 112 T
ISR Z TR L, 37 CITTA ¥ a—a > Uiz, 340 nm 28T 2O HINEE 2 E L, e

il oy i & L TR LT,

3

e EERIETEONIE

SCD {EMEDHIE

&
s

Oshino & D HIEILHE > TRIE L7z [73], SCD IEMEIZNADH IC L ViE e sz 7 n Yy —LHo s b
7\ b5 BWATT AL CoOA AL F CHEML SN 2HELZRETHZ LICK VRO, v hrrA
b5 DAL T 424 nm & 409 nm DFZEDWICERC ZFLEkT 5 Z LIZ K VRO, RISRITEER &
LTIy —hZ 78 1.2mg BLON0.1 M Tris-HaFFEEiR (pH 7.4) ZA3EE I E V| BEA
B 3mL & L7, 30C T2 7 LA ¥ a_— b Lz, NADH2nmol 0Nz, B eE R Uv-
300 TRidka Pl L7z, I 7 v Y —AICHEND Y M7 v A b5 ORITLIGN BRI T L7, 20 nmol
DATTrA /L CoA ZNMz., 2 nmol NADH Z#I L THOY k27 1 bs OWRSGEZA LA Gk LT,
BT N7 v A b5 ORLOEEERE AT T ua AL COAFET (k) EIHFET () BN TER
ZIRe, SCD ORJSHEES () 1%, " =x—x ICLVEH L,

% 21 Elongase i&EMEDHIE

Kawashima & Kozuka @ FIEIZHE > THRIE L7z [40], BOGEHRITAIREE T 200 uM [2-4C] v m =1
CoA(20nCi), 2mM NADH, 2mMNADPH, 1mM > 7 A1t U 7 A, 0.1 M Tris-#aFEFREL (pH 7.4).
I/ v Y —25 200 £721E250 pg X U N EEEH, A E% 05 mL & L7z, PCE IEMEIZIE 30 M
7L b A JV-CoA %, POCE {EMEIZIZ 30uM 7SV b A LA A /L CoA ZHE & L THW=, MIGKE
37 CTAMA Fa— b Lictk, 10% KEE{EH Y 7L [90% A% ) —/VEHK 1mL ORINCEY
St A5 1k S 7z, 80 °CC 30 AL, RONRZERICKE L, 6 M HlEEZ 1 mL Iz THIR & Bk

L7z, K ImLBLONFH Y 2mL 2z, 30iRE S&kiEL L, Bzl Lz, Zo#Ex 3
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B L, BONA~FT AREKIZK 4 mL 20z, 3oMIEE >H=Eo L, FEEsmLz, &
EAEEL WAL FL—2— (LLHIZPOPOP0.33g B L' DPO4g & &de b /R Y by (2:1,

V) 8mL &M%, s v FL—3a vy 2 — 2 TREHEMEZRIE LT,

3T TAG MK s

Wu & DF5iEx2 —HEZE LT, TAG IR &2 e Lz [95], AEIX, [HvARF-4C] b
UFdA LA 296 mg (3 uCi) FEEHENE 0.9 uCi/umol), F L TYPC/PI (3:1, wiw) 300 pg ZiRA L. %
FRFEREMNT 725, BIE T CIHEBEAZEELE, 01M U UL U 7 AREENE (pH 7.0) 1.5 mL %0
Z. BT ALEE (Astrason ultrasonic processor XL2020; Misonix Inc., *K[E) CTHEIEALFLEZ1T - 72,
0.1M VU R U v MEEMHR (pH 7.0) (2% L 7= 20% (wiv) defatted BSA0.5 mL /1%, 95< i L7z

[SIASCEk], BOSIE, FEEH 100 pL, Y~ Y ULESY 50 uL, FEEE Q0 mM U b U oA, 1
MMEDTA, 1mM YF A=V VU h—/135 LT 0.02% (w/v) defatted BSA, pH7.0) 50 uL Z &4 L, 37°C
T 60 3fEliTo7c, = hr—L & LTHA MY VBEGENA IRV S [RRFICAT o 72, 7 maRL b/
AL =) (12, VV) ZemL Nz, RISEEIEL, £+ U7 E LT, 18:1n-9(56.4ug/=% J — /LK
) B L ODAG (1242 pg/= % 7 —)VIRIR) Z Nz, IEE O 21T o 72, #MIEEO—HAmI L, K
K F L —F— | THINEMEZRE LT, £72. 780 ORIEE b —#Z 0 E L, TLC THEEL 72
DAG, CE B XU FFA IZ 2\ T b [AERIC S 2l E L7

WAL FAS IEMEDOHEIE

Nepokroeff & & F{EIZHE - THIE L7z [66], FAS {1772 NADPH OfE{l L 2 HIE L, FAS 1M &

L7z, Acetyl-CoA, malonyl-CoA 35 TN NADPH % & Lp B TRIRIZ YA Y V&2 T30 CTA v Fa

NR— 3 L7, 340 nm (2B 1T 2 WOV EEEE 2 HIE L, FASTEMEE L TR L,

79



BIE sn7 470 U EBROME

Abe L3S L7 HiEE WA LT, 747V VBROMHEITo 7 [3], BMBREICA X/ —L—K
R (90:10, VIV) (ZIRfR LT-NEBIEHESE (Y7 ¢ 7 ) Uik 2nmol) &Nz, RS F Ol 2%
EL7, HROAETR— K (10mg FHY) ([ZKZMATO05mL & L, S5HIZ05M g 1mL 2%
THEL L2, n-~FH = F /1 (85:15. viv)3mL # Nz, L<#EL H L7z, 3,000 rpm, 10 %yfEE
D, AHEESIL, KEZHEME L., Son-aEZAEDE0IM U VBAKER M) U A
2mL 2z e 5 L, mofk, AEEZRE L, 750 OKEIC05M iR 2mL 22X TEPEIZ L,
PR U2, n-~F U U lE=F L (85:15, viv)3mL 2Nz, IRE 5 L7z, =%, AEEEZ0E L,
KEZFEM L, AbEAMEICERRMERE T, B2 E LT,

W2HT w7 07U U EEO BIMDMC IZ X A E KL

WM L7er a7 070 UERIC BZERE LT RS Y 7 A 1mg, 7 b= K U LIZEEME L 72 18-crown-
6-T—F /L 62.5ug/100 pL. 7 & ~ AZEEfE L 72 BEIMDMC 250 ng/100 pL Z %, fE#EELR L. 70 °C
T60 MR Uiz, RIS TH%, 7' b= U7 b2 (L1, viv) Z 200 ul N THRAR L., ke s

. Millex®-LH 7 ¢ /L% — (Merck Millipore, KA ) TAi L, HPLC (2 X 2041 IV,

% 38 HPLCIZX 2 BrMDMC #FiEis{br a7 4 71 VRO ERE

HPLC IZ L 2 5#7i2id, AR 7" (LC-20AT. 74 v — :DGU-20A3, ¥ A7 L= hr—7— :SCL
10Avp, HOEMHSER 1 RF-10AXL, 7 m~ b3y ZHi55#  RF-10A (T X CTRERERN 2wz, o8
717 1% YMC-Pack Pro C18 (100 x 4.6 mm, K7 7% :S-3 um, 4L :12nm, YMCCO.) #fH L., &
T LIEEE 40 CL Lz, BEHIZT & b= b Uk (4357, viv) & v, #EEE 1 mL/min & L7z,
R & 340 nm, HOGHE R 425 nm TIT o7, O EHT HPLC IZIEAT ZRENZAB L, A

10 UL % 53HrakkEl & L7, BIMDMC iisikibr v 7 4 7 ) VIR IRI ST, BT LE AR ) —)L
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(1.5 mL/min) T 30 e Lz,

% 8% PFCA DEE

Ohya & D 5 {EIZHE - T PFCA O L OVER%Z1T-7- [68],

B EIREEEN) B O PFCA Ol

Mg s L < ITHEMERE T R— b (10%, WWITHEUKZ N2 TaE% 1.5 mL & L, ZAUTWNEEEY
B % 2 nmol iz 7= (PFOA OWEMEEMEIZIKELL 6 D~V T )L m~F 4 e PFDA O NHEAEY)
'B1X PFOA, PFDoA OWHMEHEME L PFDA), S HIZ 1M fKEET N U 7 AESHK (pH 10), 0.5M 7 K7
TFNT =T LEIR (PH10) 24 ImL Al K< HEPRICBEE AR Z 10 /M T o7z, ZHic
X UIFEBET TV (L1, V) ZAmLINZz, 3MHIIRE %10 HEE L, b O —E I3 nHiIEE 5
L7, 800xg T57ffiE L, FEEZRORBREICE Lz, TRICHE n-~X ¥ U FEHE=T /L (111, i)
ZAmLINZ, ;REHDBRIEOLLTLEA L 28EZ 2MRVIRL, EEEZEOLD EEDET,

28 PFCA OapeikE(k

i U7 PFCA IRIRICEF 2R XA CIRIE 2 5 LTz, ZHUZ BrAcMC %% (2 mg/mL acetone) %

1mL Nz, FEERZIZ 70 CARIB T 25 M6 S, KIS THRICEBIZHEIL, -30 CTHRIE LT,

l

¥ 3 HPLC IZ X % BrACMC #HE(K{L PFCA DE &

HPLC IZ X 2 04TI2i%. AR 7 :LC-20AT. T4 v ¥ — :DGU-20A3, v A7 ALz hr—F— :SCL
10Avp, HEMHES (RF-10AXL, 7 v~ h/Nw 7 5508 - RF-10A (T X CTEERER) MWz, ok
717 2% YMC-Pack Pro C18 (PFOA 5 L UV PFDA 1% 50 x 4.6 mm, PFDoA (% 150 x 4.6 mm, ki F£%

um, FHILES 112 nm. YMC CO) AMEM L. #F AEEA 40 CL Ui, BEWIZT & F= Uik
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(PFOA 3 L U'PFDA % 140:60. PFDOA % 350:100, v/v) % V>, i ix 0.8 mL/min & U7z, M3
WK 366 nm, #IEIEE 420 nm TIT o7z, O3 BHE HPLC IZHFE AT ZRIICAIE L, AR 10 uL %
SrRrREE LT,

9 mRNA OJE &

—80°C CHUFEIRAFE L T - =il o> /N2 Quiazol (Quiagen, KA ) ZMz. AR U b THfkE.
RNeasy Mini kit (Quiagen, N1 >) % HW T RNA 24l L7, ¥ RNA OE &L, HMHROWCE %
B R 260nm THIET 2 2 LIC K VAT -7z, WHEAGSUSIE RNAPCRKit (AMV) ver2.1 (% 715 /31 7)
% v 7=, RNA PCR #Effiifi. 5 mM H#ift~ 2 %> 724, 1 mM dNTP mix, 2 U/uL RNase inhibitor, 2.5
ng/uL random 9mer, 0.05 UpL AMV W5 EEFR IS LTV 0.5 ug DF8 RNA & AL, IEAEED 10pul 12785
£ 912 RNase-free /K& Nz 72, 30°CT 104y, 42°CT 304y, 99°CT5%y, 6°CT 99 /il sz,
17 complementary DNA (cDNA) XfEf3 2% £ CT—30CTHRAF L7, MRNA OEEITIZY T /LH A
A PCREZ Wz, RGIE SYBRPremix ExTaq (#1754 F) ZHW, Table (TR LI/ T T4 ~—
T FORKEIREEN 200 nM 12725 X 5 ICHHEL L 72, PCR & ifRi#RO1ERKIX,. Step one plus Real-Time
PCR System (Applied biosystems, kK[E) &M\ T1T7e o7z, ORI 95C, 10 B TEM S &, 1 VA1
7 VH 95 CT 58, 60°C T 34 #a 50 VA 7 VB S W7, HfifL IR, BfF i & (R L. B—/Epd

ThoHZ it L, F8EFOFRBLEIX comparative Ct £ % H\WTHET L 72,

%5 10 Western blotting

Ried & D JEIZE > TTT -7 [80], RIPAlysis FEM@K (25 mM Tris-Halz, 150 mM HEfk)- h U 7 A
1% NP40, 1% FAF a— g R U 7 A, 01% SDS. pH7.6) (X 2/ B ER (77
nF=> 2ug/mL, RAZF L 138pg/mL, 7 A ~XFF L 10pg/mL, <7 A X F > 5ug/mL, AEBSF 250
pug/mL) ZMNz., BE T A AR E Uiz, —80°C THRAT L T - SRS AT A8 € ) 4 iRk %
Mz, RY ber RT2100 AETF A ¥— (Kinematica, A A A) ZHWTHETT A Xk, K ET30

SrERE SH 7, 10,000xg, 4°CT 10 iz, oz BEEFHE=EOL, REEalle, 2ok
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HBhoZ 7 BRI, EEYE & LT BSA VT, BCAIEICHEWRIE LTz, Z v/ 7 EREZ2E
L7242 PBS CAIRLCI0pg/UL & Lz, X o0 8 u Gt Fia. 5% (Viv) 2-A)V A7 =X ) —
JL. 2% SDS., 6% (viv) 7'V tr—/ 0.02% 7 0E7 </ VT —% T 0.063 M Tris-#i % (pH 6.8)

(ZVRARE L C X L7 IREEDS Lug/ul OVE % 500 uL L L, 98°Co b —F ¢ > 77 a » 7 T 5 43
B, JKkEN L E LTs, ACC & FAS O ¥ 37 BBLE IRitd 2 B81% 7.5%, ATGL & CPTL ¥ v
N BEBERFT D80T 10% DRV T 7 VLT I RFVEFER L, 7 Vvo7 77 4 & 15 ug
proteinfwell & L7z, 7 Va7 77 A %IZIKEVZ B L, 20mA EER CKEIL7Z, EI FF7 (471
v T 4 7 4EE (BioRadInc., K[E) Zf#fH L. PVDF i (GE Healthcare, #%[H) |Z#:5 L7-, PVDF &
X7y X TRER (5% AF LIV EBLON1%BSA 5T TBS-T (0.1% Tween 20, 25 mM Tris-#
e, 150mM HifkF R U DAL 26mM b U A pHT6)) ITRLTLBE4 CloTrry ¥ Tk
7oz, 70 v F 2 71IZPYDF %z TBS-T T3 [EIVEH L, 71 v o ZREiE CHAR L7z 1 IkEUAE
#KIZ PVDF %12 L C, RES RN ORI TGS Ee, KIGGFHEIUTO LB ThDH, FAS:

PLFAS U ¥E ) 7 m—7 /119G ik 1000 {5 A FREE K, 1 K¢f] ; ACC : HLACC V%€ /) 7 m—F )L
IgG HifA 2000 (A7 IRIAWG ., 1 BEfE ; ATGL : HT ATGL ~ 7 ZE / 7 1 —F /L 1gG HifA& 600 {475 BRIATR .

2 ] ; CPT1A : Hi CPTIA ~ 7 AE / 7 u—J /L IgG Hifk 1000 {5 A BAIE ., 1 BE ; p-Actin : HT B-Actin
~ U AE /7 vu—F 119G Fifk 1000 AR, 1 RFE, 1 kUK & BOG S B 7%, TBS-T T 3 [ElEH
Licth, 71y % o JHEEIR CAR LTc 2 IRBUAREIRIC PVDF A2 LC, & S 20 b ERICTK
IR ST, FOSSRIHTLL T D LB Y T D, FAS, ACC : H1L7 3 =F IgG-HRP #tA HUIA 2000 575 BRIAH

1 FF[ ; ATGL, CPT1A. B-Actin : i~ 7 A 1gG-HRP Hi{A 2000 574 R, 1 KR, 2 Pk & Kis &
H7-#. TBS-T T 3 [E¥E#4# . ECL Prime Western Blotting Detection Reagent (GE Healthcare, Z%[E) & <

Jis S, LAS-1000 (GE Healthcare, #[E) Z MW TH X7 B0 ZIT -7,
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511 ATENREE R

TRLDFATHE > THTENREBERAER 2 T L 7=,
Table  Behavioral Tests Employed

Test Estimation Test day
Novel Object Recognition test . 6-7 (29-30)
recognition memory
Y-maze test 8
Open Field test locomotor activity 6
Elevated-Plus Maze test anxiety 7
Forced Swim test depression 8-9

FA1E A—T 74— R

7 v N OEEER X ORLEIERZ T 5 -0l —7 > 7 ¢ —b RikBr& £ L7z [24], 7 > b
ZHEE (70 cmx 70 cm x 40 cm) (ZE &, R & ZRATEN A RREEICEIZR U, EEE, XEREY) Y B X
SRR ] 2 E L7z, 2SR ORI~ ER AR WIZ EARL 2R C TRV LT L, 5 &
1To7,

LRk AR

&
»
)i
S
)
BE

v b OEB R L ORLRIER 2 7l 5 72 OIS B Rk B & 0 L7 [24], BED e
open arm & /& S 40 cm OBEZ £ enclosed arm 72> 5 72 5 HFRROIEEIC T » b A E X BEIHUR A R
FICElZE, & arm ~OHEARRL, WERRZHE Lz, A —7 27— A~OiE NEEE L OWER A
RBWEZERZEE TV BT L, B E1T -7,

o 3 HT G AR UKEER

7 v b DD ORRIER 2 RIS D 72 D IS SRR PR & 20 L 72 [75], /KIR 25em (272 % & 512K &E A
N7 7 YNVROMEIZT v e Afv, BEERFE kP TEin2n, b LU ERWE S B D7
ZE LTV LHEEH) Z2E L, BERRHARWIELE 5 SERIERZ R L TWD Ll L, sHliz1T-
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7 v b OFERRD) H TGS D T2 DITH A IR TRR B 2 520 L 7= [24], 30 cm %25 cm x 18 cm DK X
SOT—VICTRBREZIT o7, LHAIC 2 ORI CMEAB LGN ZRE L —YNTT v 255
MR S /7= (information phase), 24 IRFfEI2 ICIXBEEIR A Z a7k B ICEH#HL L C 5 RER 217D
. 2 ODOYIKRA~DOREAEEM Z T L7- (test phase), Test phase (28175 A & B ~D M5
discrimination index ZH i L, FEEEOFEIEE Lz, 3725 discrimination index DEA /NS WM EE

FHEHBAPMET LTS LT LT,

CHT AT 1R B ~ DA —ER R A ~DHRfIR )
BIATR B ~ DI H]

Discrimination index =

s

Z v NOFEEI AN T D7D Y TREERABR A2 LG L7 [24], &S 20 cm OEEZ O Y FHRIO

_<
4

k=i

55 i
3ARDT —LDOHFRERCT v hHEE, HHERSE, £7 — L~ AEE R ONER LT3 DOHRLR
ST —LEBRIR L2 & 2o CIEfR L T2 BRAIASEATENR 22 L7z, B RBAATRITEIR MKW

2 L EBREAME T LTV B LI LTz,

o B R AR T B
BRI TENE = — —————
H FE AR TEI=R et 100
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F12E HLIEICBITDPFOA L7 n 7 47 U ORI FIHBL R~ DD DA

H1EICBWTPFOA L7 a7 ¢ 7 U UEEOD 18:1n-9 R H B E(m F R ~DHE DO E L fEIZT 5
=9I, BETRAE~OEELZaT7 L, 2AaT70OEZGTRATAZ LIZLE, AaT7TOBEHE
IETieDERBY ThHD,

Clof ®%x=7 | PFOADRIT é%i%ﬁ) &

L 0 0
LA 0 BELS +1 +1 ]

FEET -1 -1
4L 0 -1
HRERER +1 HBRER +1 *1
FEET -1 -2
L 0 +1
FHTFET -1 FELEH +1 +2
FHEET -1 *2

PFOABF DAY PFOAB D7 A

HEEHEL REEHLF

] | [ [

AT DFENO & 7D r— AL PFOA B & Clof FE B 3BT R L CRIBED 2 KIZTHETH
V. W CEEFHEAENEL L WES,. B FRAENEMT 2560 L < I3E B T3 E0
DEBHEEDIB/Y D —ANEZBND, TNENDr—AZk LT, dHliEZ LT EBYICE
7,

i) Wi TR TFRAERNZ(LLRWVEE

2 a7 OEEZ O TRETRICaGE L,
i) Mt CEEFREAENENT 256 (51 D5EA)

W 1T DARRE IS T DO FEBL & & Acotl DFETLE TR L7112 50 23 U /-l & ik L7, PFOA
BB 220N 7 07 ) VEBFEL D b 25U EEWESIE ) T WE L 7 B TRREOSE
TARBE L,
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i) W CEa TSI TT5256
MR 1T DIER)E AR DR BLEIZ Acotl DR EL &% 3 U7-112 50 Thr L7 % ki L7=, PFOA
FEICBITAFOEN a7 4 70 UEBREL D & 1R LA TOREITIRE., T oS iTat s Lz,

F 13 ¥ Fate
2 BER O Hel X, FRREIC L A BT 0%, Student d t iR iEE W CTIT - 77, 3 BELL Ebelsix, 4y

AT (ANOVA) IZd - T, AEMENED SN2 5E . Sheffé DL EILKIRE 2 WV TT e - 72, fER

%A AR L LT,
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Table  Sequences of primers used for real-time PCR

Gene Primer (5'—3') Accession No.
FAS F: CGCCGACCAGTATAAACCCA M76767
R: GTTGTAATCGGCACCCAAGTC
ACC1 F: AACGCCTTCACACCACCTTG J03808
R: AGTCGCAGAAGCAGCCCAT
ACLY F: AAACTGTATCGCCCAGGCAGT J05210
R: GTAACGCAGCACGTGATCCAT
ME1 F: ACAATACAGTTTGGCATTCCG NM_012600
R: AGGATTCGCTCTCCATCAGTCA
SCD1 F: TCACCTTGAGAGAAGAATTAGCA J02585
R: TTCCCATTCCCTTCACTCTGA
Elovl6 F: AGAACACGTAGCGACTCCGAA AB071986
R: CAAACGCGTAAGCCCAGAAT
Elovl5 F: ACCACCATGCCACTATGCTCA AB071985
R: GGACGTGGATGAAGCTGTTG
Fadsl F: TACAGGCAACCTGCAACGTTC NM_053445
R: GGTGCCACCTTGTGGTAGTTGT
Fads2 F: GCCACTTAAAGGGTGCCTCC BC081776
R: TGCAGGCTCTTTATGTCGGG
DGAT1 F: CCGTGGTATCCTGAATTGGT NM_053437
R: GGCGCTTCTCAATCTGAAAT
DGAT2 F: ATCTTCTCTGTCACCTGGCT NM_001012345
R: ACCTTTCTTGGGCGTGTTCC
Lipinl F: AGGGAGGGAGATGGTGGTTT NM_001012111
R: CTCTCCGGTATTGTGGCCCTT
Lipin2 F: ACCCTGTTCCCAGCCCATCAG NM_ 001108236
R: GGTGCTGGCTTCTTTTGTGA
Lipin3 F: ATCCTGAGTTCTCGTTGGTC NM_ 001014184
R: GATCTCAAAGTGTCCACGCC
GPAT1 F: AGACACAGGCAGGGAATCCAC AF021348
R: AATTCCCGGAGAAGCCCAG
GPATA4 F: TTGGAGTCCTGGAATTTGCTGA NM 001047849
R: GGCTAATCCCTGTGAATGCCA
FAT/CD36 F: CGAAGGCTTGAATCCTACCG NM_031561
R: TGTTGACCTGCAGTCGTTT
FATP2 F: TTCAACAGTGGCGATCTCCTG NM_031736
R: ACCGGAAGGTGTCTCCAACT
FATP4 F: CCTGGTGTACTATGGATTCCGC NM 001100706
R: GCTGAAAACTTCTTCCGGATCA
FATP5 F: TTGCGAACGTACGGCAAGTAG NM_ 024143
R: AAGGCGGTCTCGGAAGTAGAAG
FABPpm F: TCTGCCAATCCTATGCCAA NM 013177
R: CACCCTTTTGGCTTCTTC
FABP1 F: CGGCAAGTACCAAGTGCAGAG BC086947
R: CTGACACCCCCTTGATGTCCT
ACSL1 F: TCAGAGCAGTTCATCGGCATC NM_012820
R: GTCGGTTCCAAGCGTGTCATA
ACSL3 F: GGTGGCCAAAATGTGACAATG NM_057107
R: AAACTCTCCAATATCGCCAGT
ACSL5 F: CAAACATGGCTGCTTTCCTCA NM_053607
R: ACCCTGGACAAGCCTCTCAAA
Acotl F: ACTACGACGACCTCCCCAAGA NM_031315.1
R

: TGGCCACGCAGGTAGTTCA
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CPTla
MCAD
LCAD
VLCAD
ATGL
CGI-58
PGCla
Acox1
MCDC
UCP2
apoCIIl
MTP
LPL
apoA I
ABCA1
LPK
PEPCK
G6Pase
GK
GLS
GLUT2
IRS-1
IRS-2
SREBP-1c
ChREBP
PPAR«
PPARS

CREB3L3

: AAGGCAGCGTTCTTCGTGA

: GTCAAAGCATCTTCCATGC
:CTTTGCCTCTATTGCGAAGGC

: TCCGAAAATCTGCACAGCATC
: TGTATTGGTGCCATAGCCATGA
: CCCAGACCTTTTGGCATTTGT

: ACAGCTTTCGTAGTGGAACGGA
: CTGGCACCTTGACTCCATCAA
: TCACCAACACCAGCATCCAA

: TCCATCTCGGTAGCCCTGTTT

: TGCATAGATGGCAACTCTGGC
: ATACACATAATGCCCTGCCCC
: CGATGACCCTCCTCACAC

: TTGGCTTGAGCATGTTGCG

: TTCGTGCAGCCAGATTGGTAG
:CGGCTTTGTCTTGAATCTTGG

: CGGGAAATGAACGGAGTGCTAA
: CAGCCTCACAATCGCTGATCTT
: CAAGACCATTGCACGAGAGGA
: CAGTTGACAATGGCATTTCGG
: GACAATCGCTTCAAATCCCT

: CGGCTCAAGAGTTGGTGTTG

: ACGTGGTATTCCCGCCTCA

: CGTCAAAGCATTTCGTTCTCG

: AGCGCTCCATCCATCTCTTCAT
: TCAGGCAGAGCCCTTTCTCAA
: GGCACCGAGCTTCACAAAAA

: TGATCGCTGTAGAGCCCAAACT
: AGATGCCCTACCCCTGTTATGT
: GCCTCCTTCTCATACACAATGC
: TGTGTACCACCGCCAGTTGTT

: AGCACTTGAAGGAAGCCTCCA
: TGCCTGGATGAAGTTTGATG

: GCCCGGAGCAACTCCAAAAA

: CAGCCTCTTCAAAAACCTGG

: GAGCGACTTGCGGAGTTCTC

: TGTCACCGACTGCGACATTG

: GCATGCGATTTATGACCCCA

: AATCTCCATGCCACATACAAGG
: CATACCTCCCAGCAATGAAAAG
: CACACCAGCACATACGACACC
: ACTGCAAAGCTGGACACAGA

: TACATCCCAGGTGCTACCAT

: CCAGCCGAGTGAGTTCTCTT

: TGCTACAGCTCTTTGCCCCG

: TTCCAAAATCCGACCCACAG

: GGAGCCATGGATTGCACATT

: AGGAAGGCTTCCAGAGAGGA

: AATAGAGGAGCTCAATGCT

: CCCAGAACTTCCAGTTGTGC

: AATGCCCTCGAACTGGATGAC
: CACAATCCCCTCCTGCAACTT

: TGAGTTCTTGCGCAGTATCCG

: GATGGCGGCAATGAAAAGG

: AACCCTAAGCCCAACCATAGAA

89

NM_031559
302791

L11276
D30647
NM_001108509
NM_212524
NM_031347
NM_017340
NM_053477.1
NM_019354.2
NM_012501
BC012686
NM_012598.2
NM_012738.1
NM_178095.2
M17685
NM_198780
137333
M25807
AF346902.1
NM_012879
NM_012969
NM_001168633
AF286469
AB074517
NM_013196
NM_013141.2

NM_001012115.1



FOXO1
AMPK
LXRa
HNF4a
STAT1
GRP78
CHOP
XBP1
CYP4A10
CYP7A1
FGF21

B-Actin

ATMOTMOTOMAOTOTOT OO0 0D

: CTCTCTCCAAGAGGACGACAGA
: TCCTCGAACCAGCTCAAACG

: GAATGCACATCCCCATCCC

: TCTGGAGCTGTGGTGTTATCCT
: AGTGGCAATAGAACGGTTGAGA
: CCACAGCTCAGCCCAGAA

: GGCGTGACTCGAAGTCGGT
:CATCTTCTTTGACCCAGATGCC
: CATACTGCCGGTCGTTGATGT
: GTACAGCCGCTTTTCTTTGGAG
: CATCTGTACGGGATCTTCTTGGA
: CCACCAGGATGCAGACATTG

: AGGGCCTCCACTTCCATAGAG
:CTCTGCCTTTCGCCTTTGAG

: ATAGGTGCCCCCAATTTCATC
: ACACGCTTGGGGATGAATG

: CCATGGGAAGATGTTCTGGG

: GAGGAACTGCATTGGGAAAC

: GTGGGATCTGGCAGTAGCTCA
: GAATTGCCGTGTTGGTGAG

: AGGTACGGAATCAACCCGTTC
: TCTCTACACAGATGACGACCA
- CTTTGAGCTCCAGGAGACTTT
: TGCAGAAGGAGATTACTGCC

: CGCAGCTCAGTAACAGTCC

NM_001191846.2
NM_023991.1
NM_031627
NM_022180.1

AF205604

NM_153307
NM_012942
NM_1307752.1

V01217
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