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ABC: ATP-binding cassette transporter

ACC: acetyl-CoA carboxylase

ANOVA: analysis of variance

AOX: acyl-CoA oxidase

AUC: area under the curve

BAP: biological antioxidative potential

BAT: brown adipose tissue

BSA: bovine serum albumin

BW: body weight

CHOP: C/EBP homologous protein

Con: Control

CPT: carnitine palmitoyltransferase

CT: computed tomography

DGAT: diacylglycerol acyltransferase

DHA: docosahexaenoic acid

d-ROMs: diacron of reactive oxygen metabolites
ELISA: enzyme-linked immunosorbent assay
en%: energy %

EPA: icosapentaenoic acid

ER: endoplasmic reticulum

FAS: fatty acid synthase

FAT: fatty acid transporter

FFA: free fatty acid

FO: fish oil

GAPDH: glyceraldehyde-3-phosphate dehydrogenase
GLP: glucagon-like peptide

H&E: hematoxylin-eosin

HOMA-IR: homeostasis model of assessment-insulin resistance
HRP: horseradish peroxidase

IL: interleukin

ITT: insulin tolerance test

Insig: insulin induced gene

JELIS: Japan EPA Lipid Intervention Study
LPL: lipoprotein lipase



LXR: liver-X receptor

MCAD: medium chain acyl-CoA dehydrogenase
MCP: monocyte chemoattractant protein
MUFA: monounsaturated fatty acid

N.D.: not-detected

OGTT: oral glucose tolerance test

P: pioglitazone

PCR: polymerase chain reaction

PDX: pancreatic-duodenal homeobox

P/FO: pioglitazone/fish oil

PH: pioglitazone-high dose

PH/FO: pioglitazone-high dose/fish oil

PL: pioglitazone-low dose

PL/FO: pioglitazone-low dose/fish oil

PPAR: peroxisome proliferator-activated receptor
PRACTICAL: PRospective ACTos practICAL experience
PUFA: polyunsaturated fatty acid

PVL: pioglitazone-very low dose

PVL/FO: pioglitazone-very low dose/fish oil
QOL: quality of life

SCAP: SREBP cleavage-activating protein
SCD: stearoyl-CoA desaturase

SE: standard error

SRE: sterol regulatory element

SREBP: sterol regulatory element binding protein
TBARS: thiobarbituric acid reactive substances
TC: total cholesterol

TG: triacylglycerol

TLR: toll-like receptor

TNF': tumor necrosis factor

TUNEL: TdT-mediated dUTP nick end labeling
UCP: uncoupling protein

UPR: unfolded protein response

VLDL: very low density lipoprotein

WAT: white adipose tissue

wt%: weight %
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Figure 1. Hypothetical benefits for the combination of thiazolidinedione and n-3 PUFA (EPA-DHA).
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/— Chapter 1 \ / Chapter 2
To investigate the effects of To investigate the effects of pioglitazone,
combination of pioglitazone and EPA-DHA EPA-DHA, and these combination
on ectopic fat accumulation. on pancreatic dysfunction.
} L A 4 . o
+ Preventing an adverse effect of pioglitazone * Suppressing a pancreatic islets hypertrophy?
(subcutaneous fat accumulation)? « Protecting from a pancreatic B-cell dysfunction?
* Suppressing an adipocyte hypertrophy? - Affecting endoplasmic reticulum stress and
+ Ameliorating an inflammation in adipose tissue? ) S apoptotic cell death in pancreatic islets? )
To elucidate the efficacy and mechanism of To elucidate the mechanism of prevention
K combination of pioglitazone and EPA-DHA. / K from pancreatic dysfunction. /

L O

Ve Chapter 3 ~

To investigate the beneficial effects of combination of
pioglitazone and EPA-DHA on elderly obese
and diabetic model animal.

v

+ Exerting anti-diabetic effects finding to chapter 1 and 2 on

aged mouse?
* Reducing in dosage of pioglitazone and enhancing therapeutic

efficacy of the drug? )

2

To elucidate that combination of pioglitazone and
EPA-DHA enhance treatment with type 2 diabetes in

elderly patient.
\ /

Figure 2. Schematic representation of the purpose in this study.
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Figure 3. The hypothetical anti-diabetic effects by the combination of pioglitazone and n-3 PUFA (EPA-DHA).

Table 1. Composition of experimental diets.

Con PL PH FO PL/FO  PH/FO
Safflower oil (g) 8 8 8 4 4 4
Fish oil (g) - - - 4 4 4
Casein (g) 20 20 20 20 20 20
Sucrose (g) 10.37 10.37 10.37 10.37 10.37 10.37
B-starch (g) 51.83 51.83 51.83 51.83 51.83 51.83
Vitamin mix (g)" 1 1 1 1 1 1
Mineral mix (g)° 3.5 3.5 3.5 3.5 3.5 3.5
Cellulose powder (g) 5 5 5 5 5 5
L-cystin (g) 0.3 0.3 0.3 0.3 0.3 0.3
t-Butylhydroquinone (g) 0.0016  0.0016  0.0016  0.0016  0.0016  0.0016
Pioglitazone (g) - 0.006 0.012 - 0.006 0.012
Total (g) 100.00  100.01  100.01  100.00  100.01  100.01
Energy (kcal/100g) 374.02  374.00 373.99 374.02  374.00 373.99
Fat energy (%) 19.70 19.70 19.70 19.70 19.70 19.70

*Vitamin and mineral mix were based on the AIN-93G formulation. Vitamin mix substituted 0.25% sucrose for choline
bitartrate.

acclimatiqn experimental period .
6 7 8 9 10 11 12 13 14 15 week-old)
L 1 1 1 1 1 1 L 1 |
1 1 1 1 I I I 1 1 1
t t t
start OGTT  dissect
ITT

Figure 4. Time schedule of animal treatment in chapter 1.
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Table 2. Total food intake, body weight, and tissue weights in 15-week-old male KK mice.

Con PL PH FO PL/FO PH/FO
Total food intake (g/mouse) 267+ 15 27010 258%9 277+ 14 255+ 3 242*5
Initial body weight (g) 29.8+0.7  29.8+0.7 29.8%0.7 29.8%0.7 29.8%0.5 29.8%0.5
Final body weight (g) 423*1.1  453%*1.8 45.9%1.5 40.8%1.0 42.3%0.8 43.2%0.7
Body weight gain (g) +12.5%0.6°® +15.6+1.28 +16.1%£1.2° +11.0*1.4°> +125+0.9"% +13.4+0.7%
Liver weight (g) 2.54+0.14" 3.85+0.34* 295*0.21 2.18+0.11> 2.77+0.28" 2.20+0.13"
Epididymal WAT weight (g) 1.52%£0.11° 1.14+0.11°> 1.21+0.08" 1.11+£0.08"* 0.94+0.04® 1.02%0.03"
BAT weight (g) 0.32%+0.02° 0.83+0.06* 1.09%0.14®° 0.30%0.03" 0.68+0.07 0.96+0.15°

Data are represented as mean * SE, n = 5. Groups sharing different letters in a row are significantly different: < 0.05 by Tukey-Kramer test. WAT, white
adipose tissue; BAT, brown adipose tissue.

Table 3. The average dose of pioglitazone and n-3 PUFA in 15-week-old male KK mice.

Con PL PH FO PL/FO PH/FO
Pioglitazone (mg/kg/day) 6.63£0.14 12.76%0.26 6.64£0.12 12.56%0.15
n-3 PUFA (g/kg/day) 1.55%0.06 1.39+0.02 1.31%+0.02

Data are represented as mean + SE, n =5.
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Figure 5. X-ray CT images, visceral fat masses, and subcutaneous fat masses in 15-week-old male KK mice.

X-ray CT images (A), visceral fat masses (B) and subcutaneous fat masses (C). Representative images show X-ray
CT scanned cross-sections from mice fed Con, PL, PH, FO, PL/FO, and PH/FO diets for 8 weeks. The colored areas
show visceral fat (pink) and subcutaneous fat (yellow). Visceral fat and subcutaneous fat are evaluated in abdominal
area between second lumbar vertebra and forth lumbar vertebra. Data are shown as mean + SE, n=4-5. Significant
differences among groups were analyzed by Tukey-Kramer test.
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A7) &> L EPA - DHA OOFRDN, MHEREIC K IE T8 A A BR e 504 T T~ 5
Teol, fE % 7T HBICROMBEARRERE A 2 Y VAR EZ S Z o7, OGTT T
%, BT 0, 30, 60, 120 43HFd X CCTERBREEOEWIZ L 2 HERZITRD b
> 7-(Fig. 6A), F7-, MmpEF#R FEEAUC G FEROFER TH -7, —J5, ITT TiE, ©F4
7 &Y & EPA - DHA Off#ECTéH %5 PL/FO. PH/FO BEiZ. HEREIL TR -1
D3 MLORE & LT A v R Y AR 30 RED G M OIR N3 TH Y . PH/FO B
D 120 4yHpiE, PH B L Bl U CHE ISR TH - 72 (Fig. 6B),
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Figure 6. Oral glucose tolerance test (OGTT) and insulin tolerance test (ITT) in 14-week-old male KK mice.

Blood glucose levels during OGTT and area under the curve values (A) and blood glucose levels during ITT (B).
OGTT was performed by oral administration of a 10% glucose solution (1 g/kg) after 3 h of fasting. ITT was performed
by intraperitoneal injection of an insulin solution (0.75 U/kg) after 3 h of fasting. Blood samples were obtained
immediately prior to glucose or insulin treatment (0 min) and at 30, 60, and 120 min after glucose loading or insulin
injection. Data are represented as mean + SE, n = 5. The Tukey-Kramer test was used for statistical analyses. *, P
< 0.05 for comparison between PL and PH/FO groups; **, P< 0.05 for comparison between PH and PH/FO group.
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%3 H MpEE, HOMA-IR & L O /85 2 —%

IMAFE, HOMA-IR 3 X OUMHE /35 X — % OfE R4 Table 4 (2R3, MBHEIE, T
DR CHBEREILIZH LR T28, A AV Al L O HOMA-IR 1%, Con #f &kt
WLC, B4 702 o5 TH 5 PL, PH, PL/FO, PH/FO # CHEIZIKEZ R L
2o 7T 4 RFX T FAEIE, Con B & il LT PH, PL/FO, PH/FO Bt CAEICHIML .
S HICPH/FO BEZ, PHEEL L THABICHRME CH o7z, MU T o —/ il
1%, Con B & LT, PR TH 5 PL/FO, PH/FO BECTORAEICHA L, PH/FO &t
[T PHEE S L COABIECTH o 7o e L AT 1 — L flid, Con #f & H#E L C EPA-
DHA ##4-L7= FO. PL/FO, PH/FO B CHEIZA Lz, £7-. PL/FO, PH/FO &£,
FO REL L L CHHEEICRMECTH -7z, WEHEIRRAERMIL, Con #f L kit L C PH, FO.
PL/FO., PH/FO # CTHEIZHA L, PH/FO #X PH BE & I L CS BICHEICHD LT,

Table 4. Blood glucose, HOMA-IR, and plasma parameters in 15-week-old male KK mice.

Con PL PH FO PL/FO PH/FO
Blood glucose (mg/dl) 287+ 26 255+ 23 347+34 354+ 54 290 * 30 288+ 14
Plasma insulin (ng/ml) 50.2+11.3" 19.8+3.2° 6.2+1.7"  31.3*7.7* 16.9%3.9" 9.8+2.1°
HOMA-IR 1.00£0.20° 0.36+0.06™ 0.15+0.04° 0.68*0.16™ 0.36+0.10* 0.20*0.04™
Plasma adiponectin (ug/ml) 10.3£0.3°  19.6*1.3"™ 30.9+3.9® 12.7+1.0° 289*24"> 682%5.8°
Plasma TG (mg/dl) 193+23° 146+13%  168+11% 187+11° 116+ 10" 93+ 10°
Plasma TC (mg/dl) 176+ 9* 167+ 7% 163+ 7% 115+5° 86 4¢ 76+ 2°
Plasma FFA (mEq/1) 0.74%0.05* 0.56+0.05® 0.50£0.04" 0.48+0.04° 0.41%£0.04™ 0.28+0.02°

Data are represented as mean *+ SE, n = 5. HOMA-IR are shown as the ratio to the Con group (882.6 + 178.8). Groups sharing different letters in a row are
significantly different: < 0.05 by Tukey-Kramer test. TG, triacylglycerol; TC, total cholesterol; FFA, free fatty acid.
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IX. Con Bf & il U CTHEMI OERIEN % < MR S 7=», EPA - DHA ##45- L7z FO,
PL/FO. PH/FO ## CTli&. BN OERIRITHD Liz, MEO MU 77 tn— a5
IZ. Con A¥ & i LT PL BB L0 PH BETIXAEICHIM L7228, FO BHTAEIHED L.
PL/FO %, PH/FO #£/% Con #f L~V £ THUIAMIHI Sz, S5, PLEE, PHREEL L
L C, ThFho EPA - DHA I TdH 5 PL/FO #. PH/FO BHIAEICIKMETH -
7o HligO#s = VA7 v — /L a &, Con #f & i LT PL EHIEA EIZEN L, EPA - DHA
%# 5 L7 FO, PL/FO, PH/FO BEIZAEICIK T LT,

A

PH/FO

Q
w)

300 12
= = T
o g
2 =
— =
%ﬂ 200 %2 8F b b
£ ]
<, 100 - I c c
< [9)
> >
or= or
H =
0 0
Con PL PH FO PL/FO PH/FO Con PL PH FO PL/FO PH/FO

Figure 7. Liver morphology, liver histological sections, and liver lipid parameters in 15-week-old male KK mice.

Liver morphology (A), liver histology (B), liver triacylglycerol levels (C), and liver total cholesterol levels (D).
Representative macroscopic liver images and tissue sections from mice fed Con, PL, PH, FO, PL/FO, and PH/FO
diets for 8 weeks. Sections were stained by H&E and examined under a microscope at 100-fold magnification. Data
are represented as mean + SE, n = 4-5. Groups sharing different letters are significantly different: P< 0.05 by Tukey-
Kramer test. TG, triacylglycerol; TC, total cholesterol.
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%56 AT EE T EEAB L O Ny HRER

NEERFNCB 5T DT OBIE 3B A2 Y 7V Z A4 L PCRIE, oV EREE V=
2B Tuy METHEL, R OkiR%E Table 5 & Fig. 8 (IRnd, NFHEGHCREEHR
BIR OG- Tdh 5 SREBP-1c ® mRNA L~LiE, Con fEE HHE L CEA T Y 2
vE#S5 L7 PL, PH, PL/FO, PH/FO B CHEIZIL T L7z, mifE SREBP-1 ® % >/
7GR, Con FEL LB L TTRTOFFETIERT L, F#IC FO BETEAE Th - 7228, (MR
SREBP-1 O % /37 EHHIL, T XTORETRE RZ{ITeh > 72, SREBP-1 OfEH)E
T 5. NENLEEA RIS fatty acid synthase (FAS)? mRNA L ~LE, Con #f & Lk
LT, PL BB LW PH B CIXAERZEITR)>7223, EPA - DHA O 5#TH S FO,
PL/FO, PH/FO BEIIBAEITIE T L7z, FAS O ¥ "7 /E% 8l mRNA L~ L [RIEROE
M %2 LT, BERGEERAZFEEESE CTdh 5 stearoyl-CoA desaturase (SCD)-1 ® mRNA LX
Ui, Con B & bl LC PLEECH BN L7223, FO, PL/FO, PH/FO B3 BIIET
L7z, F7=. PL BECTAHOLNEINA, EPA - DHA 20fH9 % Z & ¢l &7z, SCD-1
DH L N7EFBX, Con BEEHEG L TEA TV Z Y v ORGIZEVEFELIEM U,
mRNA L~y L [AERIC EPA - DHA Z0Ff4 25 2 & Tl Siviz, NRIAREG R oo BLd i 5
T& 5 acetyl-CoA carboxylase (ACC)®» mRNA L~ %, Con Bf& i L C PLEF CHE
I L7223, FO, PL/FO, PH/FO BHIFA BIIK T Lc, ~LA %o Y — A DNENIEE B 1
{LE23% T 5 acyl-CoA oxidase (AOX)?® mRNA L ~LiE, Con B & il LT PL, PH,
PH/FO BECHBIZHM L=, —FH. AOX DX X7 ERBUL, €47V 2 IR GRE L
g L, BT ASTTHEINLE, S hary RUTolEEL L RI7ETHY | = LF—
H 2259 % uncoupling protein (UCP)-2 ® mRNA L%, Con £t & bl LT PL,
PH, PL/FO #TZ N Th 2.5, 2.3, LML, TN TORM THERZETITA2
572, 2 b KU T 0B ER{LIZES S 9 % carnitine palmitoyltransferase (CPT)-1 3 X O
medium chain acyl-CoA dehydrogenase (MCAD)?® mRNA L ~Lix, T _XCOREFTHE
AT LN o T2, BENZ R Liver-X Receptor (LXR) DIEREIE - CTéh 5 ABCAL,
ABCG5 5 X TN ABCG8 @ mRNA L ~yLiX, Con #f & ik L CTT X TORR TARE R ZIX
Y A WA
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Table 5. Liver mRNA levels in 15-week-old male KK mice.

Con PL PH FO PL/FO PH/FO
Lipogenesis
SREBP-1c 1.00+0.13* 0.55+0.07° 0.51+0.06° 0.73%£0.12®" 0.52+0.12° 0.43%0.09°
FAS 1.00+0.10° 1.60+0.32® 1.18+0.18 0.12%0.02°> 0.20%0.03* 0.25+0.11°
SCD-1 1.00£0.07* 1.58%+0.11* 1.31%0.13®® 0.18£0.02° 0.30£0.06° 0.28%+0.03°
ACC 1.00£0.09* 1.41%£0.23* 1.00%0.16° 0.40£0.05° 0.52%£0.10° 0.40*0.05°
Fatty acid B-oxidation and energy consumption
AOX 1.00£0.06° 1.64%0.06™ 1.73%0.17° 0.97+0.04° 1.22+0.11° 1.58+0.08
UCP-2 1.00£0.04 2.53%*0.29 229+0.88 0.78+0.08 1.87+0.77 1.09%0.11
CPT1 1.00+£0.12 0.93*0.07 1.00%0.13 0.84*0.09 0.64*0.06 0.85*0.09
MCAD 1.00+£0.06 1.13%¥0.07 1.21+0.17 1.13%*0.07 1.04%0.13 1.26*0.14
Cholesterol homeostasis
ABCA1 1.00£0.03 0.87£0.08 0.86%£0.08 1.09%£0.07 0.94%*0.17 0.86%*0.11
ABCG5 1.00£0.23 0.75%0.08 0.97+0.12 1.65%+0.13 1.19%0.30 1.49%+0.32
ABCGS8 1.00£0.09°* 0.65*0.07° 0.83+0.04" 1.22+0.04* 0.88%0.16°> 1.16+0.14*

Results are expressed as the ratio of the obtained value to that of the Con group.

in a row are significantly different: < 0.05 by Tukey-Kramer test.

A
Con PL PH FO PL/FO PH/FO
SREBP-1
B
Con PL PH FO PL/FO PH/FO
mature b - b -I
mature g (S
C
Con PL PH FO PL/FO PH/FO
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Figure 8. Liver protein expressions in 15-week-old male KK mice.

SREBP-1 expressions in membrane (precursor form) (A), SREBP-1 expressions in nuclear
(mature form) (B), FAS expressions (C), SCD-1 expressions (D), and AOX expressions (E).
The livers for each group (n = 5) were pooled. All protein expressions were detected by

Western blot analysis.
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A7) &>k EPA - DHA OOFRIC X%, BEMGHAR O AERAIZ 3 2 il 2h 5 2 7~
% 7= Bl SLE P A B D) A 2 H&E Yea L CIEMIE DT Re 2T 2 5 Z 72 -
T RA& Fig. 9 (7, NEMIMEO A mfE L, Con #f & ik LT PL BB LV FO ## T
IEBRAETIA DN o724, PH, PL/FO, PH/FO BHIZAEICEA L=, 7=, PH/FO
BEX, PHEEE IR L CEDICARBICHED Lz, AGIEIMIREREO 5%z A5 &, Con B
I% 6400-8100 pm?2 OEE 2 H % <. 8100-19600 pm?2 O ELEGH KT DO AEIHHINE t MRS <
N7, PLEEY Con #f & RIBEOM M %27~ L7, PH T 4900-6400 pm2, FO #£13 3600-4900
pm2 DENE MR Z - 7225, 8100-19600 um2 OEIHIE bR S N=, —FH., B4 7V
%' & EPA - DHA Of0fRETH 5 PL/FO #£8 L OV PH/FO B, 2500-3600 um?2 O Lt
A N DRI DFIG 23 & 26 < | A OFE & ELi L T 8100-14400 pm2 @ § O DOEIE 1T
Wiehoto, £z, 14400 pm2 LL EOERAL U7 IEIAMIIZIE & A ERER S iv7e o7,

A

100 um | ! ’ >

Con PL PH FO PL/FO PH/FO
& 9000f . 20p
i a S —e—Con —O—FO
Z a a — g
3 a2 b L | —4—PL —A—PL/FO
5 6000 f 2 —s—PH —O—PH/FO
8 E
B C C % 10}
3 B
:.g" 3000 2
® & s}
g 2
S °
= . N N < L& =

o
Com PL PH FO PL/FOPH/FO ﬂ@ LG g ,f@i’ $$§£

Figure 9. Morphological analysis of epididymal white adipose tissue in 15-week-old male KK mice.

Epididymal white adipose tissue histological sections (A), mean adipocyte areas (B), and adipocyte distributions
(C). Representative sections from mice fed Con, PL, PH, FO, PL/FO, and PH/FO diets for 8 weeks. Sections were
stained by H&E and examined under a microscope at 100-fold magnification. Scale bar, 100um. Data are represented
as mean + SE, n = 5. Groups with different letters are different at < 0.05 by Tukey-Kramer test.
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FTHE AGIEIHR T ES T

Al SEHLE P B AR OB FRBLA Y TV 2 A 5 PCRIETHIE L, #iR% Table
6T, A A RFMUEDNREET DT T 4 AV A NI A T D adiponectin O
mRNA L~ULE, T XRTORM THERETA N R o7, £lo, lBBED N T AR
— X% —Td 7% CD36/fatty acid transporter (FAT), VAR X7 EHO MY T N7 Y&
n— Loy iRIZ B840 5 lipoprotein lipase (LPL)®D mRNA L~UL | ¢ R COREM CTHE 274
X BN o T, —J5, RIEWEY A A > T&H S tumor necrosis factor (TNF)-a @
mRNA L~Li%, Con #f & btz L C PL, PH, PH/FO B CHEIZIL T L. PL/FO BRIZIK
T (P=0.0685)73 & > 72, [/ U < RIEMEY A F A o Th % interleukin (IL)-6 ® mRNA
LoULid, Con B & bl L €. PL, FO. PL/FO, PH/FO B CHE/RK T, PH #f T T
\(P=0.0898) % /< L7z, HERAE(LIES > /7 T 5 monocyte chemoattractant protein
(MCP)-1 ® mRNA L%, Con #E& B L T, T RTOMTHEICKTF L,

Table 6. Epididymal white adipose tissue mRNA levels in 15-week-old male KK mice.

Con PL PH FO PL/FO PH/FO
Glucose and lipid metabolism
Adiponectin 1.00£0.19 1.13*0.38 1.68*0.15 1.17+0.31 1.39+0.28 1.68*0.31
CD36/FAT 1.00£0.14 0.57+0.11 0.74%¥0.12 0.70*0.10  0.68*0.10  0.75*0.10
LPL 1.00+0.18 0.62*0.15 0.92*¥0.19 0.65*0.18 0.63*0.10 0.77%0.09
Inflammation
TNF-a 1.00£0.17* 0.37+0.08" 0.29+0.08" 0.78£0.21*" 0.49+0.07 0.38+0.06"
IL-6 1.00£0.33" 0.13+0.02° 0.38+0.18" 0.30*0.11° 0.15+0.03"> 0.12+0.03"
MCP-1 1.00£0.16* 0.08%0.02° 0.08+0.01> 0.20£0.08" 0.09+0.01° 0.08+0.02"

Results are expressed as the ratio of the obtained value to that of the Con group. Data are represented as mean * SE, n = 4-5. Groups with different letters
in a row are significantly different: < 0.05 by Tukey-Kramer test.
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% 8ffi n-3% PUFA (EPA - DHA)DOGFIIC X2 €4 7Y # ¥ o ORIVEMEE K OVEL
AR DIERAL, & FIENZ KIAE TR ORFHI BT 2 B

FTV UV UEORIER & UTHRERMAEZ 5 2 &%, BRRDE & 8hislB ol 7 ©
O TEY, TOERKO 12& LTHE FREOMNSHE T 5 20,2150,
AFRIZBNTH, FTY VP UETHIEF 7Y Z Y oM 5.c k5, B FIE&E L
KEOHEMAHER SN0, 2 b O EPA - DHA 20ff+ % Z & Tkl &z, F
TP UEIIARMIF ST A EEA RO b TR Y . Uk, RO PPARY &
TEVE(L L, BRWGRER 434k & RERG O Rikhe & TUtE S &, PRI R U 72 RN & B T REIGHA AR
BT 2720 ThHhdEEZLNTND 2, LinL, AR TIIEA 7Y &V & Bl
b Lo~ U ZDOMgIC % < NN OEREEN A v, Higo N 77 ) e —/E
%, Con BEL LB L C PLEEE PHEEZENLZN T, M 2.2 M 1.6 fFmfiTho7z, £z,
JFfid D ARG A KBRS ORI AT L 2 A, BA T U XY oREIZE D, SCD-
1DZ R EBIOEGFREAMEML TWAS Z L 2R LIZ, 26D b, B F

70 &2 % MSHT DIRIITFSE R WA STV 503 1219 | KEF7E TRV KK

HEPE~ o ZA Ol CIE SCD-1 HEL A B S &, 52 B(L S 87- 2 LR &7z, SCD-
113, ACC BLXUFAS I L W &&=/ L FUBE(C16:0), F7-1%. NENmehERES
Elovl6 I L W EEAE S NT=AT T U VER(C18:0) %, TNZEh VUL hA LA VEE(C16:1), 4
LA vgCI8DIC AT 2 RfafifbBERER CThH O . Z b o — i A fd Fo i i 52
(monounsaturated fatty acid, MUFA)IX bV 727 Ut r— L&D ERIVE L7825 5
ZL T, HigcakIhz R 7oA Ve —iE, VLDL IZHY A F i CHEIAHA R~
WkENs 29, ZOZEns, EFT7Y 2 oREICX 0 R TIRERSHEM L= A A
=XLD 1 2L LT, OB AR OTTHENEE G LW 5 e % 2 b7z, PPARy
IEIERARIC BB L CWB 2 &b, PPARYy 7 I=A N THHEA T U XV o DFME
REALIIIRARRRE CH D LB 2 DTS, LarL, oblob v A, KK-Ay v 7 A7 K DE
iifi - 2 BUFEIRISE 7 L~ 0 A%, B350 5 PPARy OFBLAHIN LTV, PPARy 7 =
=R NEBRGT D EIRFAELT 2 2 EBRRES TS 5159, KEFFETHVE KK ~
U A - 2 BERISDET N U A THY . EA 7Y XY RO PPARy (25 < E
U, ORI A BCAMIERE S VT fE SR, IR 2 50E L7 & B 2 Hivlz, 21 H OFT R,
A LA 27U 2 3 ifige PPARy (Z/ERMT 2 2 & CRRIITSEER & 55 <t 5
AREMEA R L TR Y . EPA - DHA ORI X 0 FFEO IS ARSI S s = X, I8l
FaETHTH5ETCHEEET LVEE LN,

EPA - DHA Of#ffI%, 0.006 3 L 000.012 wt% DWW HBEDO EA 7 U &V & HIZ L DIF

o

il s V77 ) o —LEBOBINEAEIZHHE L, HIE~OIEHEREEZHWE, S5,

EPA - DHA 1%, Il ACC B FDORBZIL T 1, FAS & SCD-1 (Z¥ /X7 EHEB LW
B TORELKRTSES Z LT, IIROIGEE G R 25 < #if L7z, Eak L7z X 512, fF
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gD RENGEA A RO TLHEX, IRk~ N 7o 7 ) vu— L OFERFBMEE L, IEN O
WN&EsI &k 29, Liza-> T, EPA-DHA OOFANE A7) &V 2 X 5 K PRI 0%
FECAREEEMZ WS L7z A =X 2L LT, EPA - DHA 2MFlgONIGER & Ak 2 #1] L. AT
fEA~DRENEREZ T 5 & &bz, B~ Y 7 o7 e — gk 2 KT &
W enBE2 BNz, £7. EPA-DHA X, ©F 27V % VA2 X AIHEO RN A RO IT
WS L, K0 EENICEIT 2 88T 5 araetEr sz, —7% . EPA & DHA (IiF
> PPARa 15 L, £ DEREEFThH AOX, UCP-2, CPT-1 72 & DB 7E
NS, BN B Bl & =X L X — B Z LT 5 Z R HI TN D 25,2655, L)
L, AETIZ I b OBARFORIEINTZED b e oTe, £lo, €47V 2V O
B2 XV iTlEiC k1T 5 AOX @iﬁ{fﬁ%%i()“/}’ YRy B E UCP-2 O s 5Bl 0
L7zb®d, EPA - DHA OOFMIC X2 BITRO 6N o7, Lieh-> T, e - 2 7
BEPRIE T VB D KK ~ 7 A 2% LT EPA - DHA OFR N & 72 & 3 AR A O il
TERMIZ, IFIROREIES B B biZBI G- L TV W2 L AR sz,

A7V E AR, A A RO UE AT & LTROBEIRIFIE TH V| AT T
LA TV Z o mRG LT RTORT, A A MEE A R ARG DRI
TohbH HOMA-IR DMETF L7z, LU b, FEAMREO M EZENIC I ENRD bl
T A AT CAMICEK 5@*)‘%‘{%‘0)1&?%) vA 7Y X721 EPA - DHA O H# 5
FETIEEBD bNeh o To, Zhud, AHETHRE L2 0.006 38 LT 0.012 wtneD EA 7Y
B AT A R ARG AR ST D D +/\7L£ﬂ§%’(“§>of:75§ MAEA > 2V A ITAK
HRELTEL (BB —fkEREECHE L 15 Hinkkt: C57BL/6 ~ 7 A2 0.6910.12
ng/ml) . FEAMIREE LA 2 U CARIRFHICIPHEZ K T S D ITIEEL P o772 T
bHEEZDN, £T2, b FERE LIZWE T, RO SERENA R ) ARGk
FULSEDHERD 1 DO THD I ERPEALMNTR-ATND I ENG 0, AIFFETHLE AT
B AR DB SRS A R AR O BRI LR D, —F
T, B 7Y %V 2 EPA - DHA Z0FH L72REX, fOBEE LT A R Y ARTREO I
PO F AR, AR THWE 10 en%? DHA EfEfili(n-3 %2 PUFA 1.31~1.55
mg/kg/day)i, £ > AU VRIS EZ KT T HETIE 2o 7228, FFIgIRRG E5E 2 i)
THZLETEA TV E LA A ARPIMESCEER 2R L2 2 &R STz,

NEMIBR B RGR & a2 L AT v — VS RE s DGR Ch % SREBP-1c 1L, =L AT

7 — L DR ENRRE T/ Ma AR T SREBP cleavage-activating protein (SCAP). insulin
induced gene (Insig) & —fEAZ R L, A & L CIEMERNHE S TS, —F, #illg
Na L AT a— DR TFRA AU AERICE Y, Insig 2MFEE L CRIEFR SREBP-1c &
SCAP @ " &#ARD AN IIR~FEITT S L site 1 protease & site 2 protease DX (2K Y
2 BMEDTaty ezt h, ZbOWRIZ X VIR & 722 572 SREBP-1¢ 725
~BATL., EREL D7 1 E— X —fHikIZH 5 sterol regulatory element (SRE)IZHE &
T5HZ LT, INEBEFOBGEREST S 50, ZHETOMIIZLY, EPA - DHA F721%
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EPA - DHA %% < &Eefailin’, fFlgo> SREBP-1c B3 4@ nF £/ 2GR 2 7 B L
LT SED E LI, EREE T THh D FAS, SCD-1, ACC 7 EHENRE G R D&
BPREZIRT S, IBBAREZMET 5 Z LR LIS TND 2558, oL, K
#FFECi%. EPA - DHA O#58T FAS, SCD-1, ACC OEfaFIHENHL MUK F LT
W2 b B9, IEMER SREBP-1 35 &L O SREBP-1¢ O m R EUTL T LT
72, FAS, SCD-1 7 £ O 5HiEE & pk BB R - DO BLIX, PPARyY X° SREBP-1c DIz,
ENZHFEARO LXRa IZ X > THHEEZZ T T\ D Z MG STn5 39, LXRa ® U A
YRELT, ab AT — VOB THLA X AT o — LRFEEZIINTEY 60, EPA -
DHA 058 THh 5 FO, PL/FO, PH/FO #EIIMFE#R = L 27 v — L B & A BEITIEE T
bolZ tnb, XV AT B — L ORI XV IENEEG RBEEE T OREME T L
ZEMHEE SN, L L, FU< LXRa DEELEFTHY ., a2 L AT o— LRI
5.4% ATP-binding cassette transporter (ABC)®> ABCA1, ABCG5 £ X * ABCG8 ®
mRNA L~ULid, g a L A7 m— L& & LB LT o7z, DHA IE—# O x5 R
FATK LT AR BB FO T ' — ¥ — I~ OF A ZHET 5 2 &, S HICIEGH%OER
HNHIFPNZVER L ClEB - RBLZHIET 5 2 EBRHE S TnD 60, RIFFED, €47
% 2 EPA-DHA %09 % 2 & THIBRONENEE G iR DT 36 L OFIER O A3
flEn A =X 00E, ZhE THRE STV EEER SREBP-1¢ DX F=° LXRa # /1 L
LD TIERWNWI ENEBEZ B, R A=A LI L TUIESE OB METH D,

728, EPA B X O'DHA 1%, BASWHMIIED 1 >Th s LAKIZIER L, MbErsLrE
> T 5 glucagon-like peptide (GLP)-1 O3 2NN S 2 Z & N HE ST D 62 63,
GLP-1 1%, MUHHEAEANCIE B JIN S DA o 2V A5 a et U, 25 o MU E 1 2 f8)
K LEZLNTWAN, I a HIfRS D7 VT T4 WIMEIER ., TR 2 L2
EIHIER. BYoRE R HIEZELEER R E OO B O MNIZR > TnD 64, KAFIEIC
BWTH, EPA - DHA ORI KK ~ 7 20 GLP-1 i &2 BN S H, Bz k 518
BV X -8R TFTE2b72b L, B4 70 %Y A X 2R X OB TR O #m
ZHNHIT D AREME 2 AT L=, L2sL. EPA - DHA OB & BB OB A RICAE
ZX 70 < BEMEHB OB XL X—ORDITE L TR ot Z b, GLP-1 43
WOEBIIINEEZBND,

GG A > TIERAE L 72BN MR C I B ER (LR MCP-1 OPEAEIN L, RIEME~
7a 7y —VORENFEIND & BN RIERENS X Z I b, RIENAE U
BEAAE 2> 51X, TNF-a, IL-6 72 EORIEMET T 4 RV A R A 88 LN FFA O53 b hHEN
T2, BRI, 7T 4 RR T F Ui EOFIRIENET 7 4 WY A NI A L ORI T % 65
60, X512, FFA (3~ 7 17 7 — toll-like receptor (TLR) 4 ® VY H> K& 720 TNF-
o DI EFET 5 68, 2D X9 RRIEREOE(bIX, FHMDOA RV v TR EE
PR L CA v A AARGEZ AR T 5720, FERFEOIER 4% 2 5 1 B o e X1k
RRIEABESE D Z LIFEE L 25, F7 0 VT, KSR &/ NUEE
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AROEEINZ X0 T T 4 R 7 F U DOEALE @D, RIEWT T 4 R A NI A L DOFEA%
KTF&EE5 22, £/, BHMBEORIESE~ 2 087 7 —VOEAEZRD S8, RIEET T«
RN A DA DOFEBUR T2 LTERIEE b S ST 69, —J5, EPA - DHA %
BHEOWFICS AT, ~71n77—0 TLR4 OIEMWALZMNHEIT % Z & 12 K D HIIENE
MM % 7070, KEFZETIE, 0.006 wt%D 427U % £i=i% EPA - DHA O Hh# 5
X, BB DOV A RIZKRE B h RIF S0, b 20T 2 2 & /R HifE
EANL, 0.012wt% D42 ) %' & EPA « DHA Z0FH L2841, /NI #IE 2
ELIHMLTZ, £/, 427U %YL EPA-DHA (. & &ICIEIMIRO SIEME T T ¢
WYL MA L OBEFHREAZIKTIE, MRIEMFETNZRE LT, 2602 b, B
7'y %> & EPA - DHA OO AIE. IEMMAD BRI 2 Zh Rl 35 & & bz, Hidk
FEAEFIC L0 IERIB AR CTE 2 Z LR LT o7,
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%5 9fi  DHA Bl OB+ 5 5%

AHFZEZF VN TIX, EPA - DHA Of##G7H & LT DHA JBfEfima3R L, 7 7 U —iH
DOHZEMAEIR & L7z Con B, %7 7 U —ijli & DHA iEfiEfifi 2314 L7 FO BRZ~—RI(Z,
AT Y2 RRINT S 2 L TAEREEI AT L, IRERFEEOIREIEE LTHEM
ENTWS n-3 RIEMMEANI=F L= 2T LD EPA - DHA Th5 Z &b, [FHRA
WCEZ CTRIMAZMEH L CEMIFRZ B 272 056, T b7 & BB D E
DRIFTREZZE LR TUIR 6720,

BT ALFEEDOBENNIONWT, AMICEENS EPA-DHA X, 7V ko — Ltz RT
WFEE LI R T v 7 ) ea— Loz L > T 5, lE8IT 5 &, /NG THREY ]
—BIZ& 0 2 0 FrOWEEEREEE 1 51 DF ) T AT U e — UKy v, B
fe b I ZA L CMME ERGla~RIN S D 1, —F, = F /L= 27 8O EPA-DHA
. BEY A= LV IKG A 2T 72, Sl ko EPA - DHA & [RIEROEHREIZ L D /)
W BRI~ &5 & B 2 H T 5 ™, EPA - DHA oIl KON+ Y 7 oov
7Vt —/METERIZ, =F A= X7 AR w1 KU T v s ) a— LB T 0
ICBWTHLMZENTWD, F72, =F LT 27 L0 EPA - DHA™.80 & fji 7179 D45
BUL, eI G R o sl & 5 8 b il 23842 Z Ll s
THEY, JFERHUEENB L OZD A D =X LAORISERFEH S TWS, LEzR-> T,
AKWFGE a1 272 ) B TLFEE D E )Y EPA-DHA OSBEMEICE B A 5.2 5 Z L13T L A
EhwnwkEz o5,

WAZ, RRIAEERARR DI DWW T, IR N < D Z N T 55,
RENREFNENIRTH D VI F UL, B B MDA AV iz Wi+ 2720 T
7L WElgds JOVERS A O TLR4 ZIGME LT 2 2 & TREMRRIELZFHHB L, 1A v
EHME A2 ER TS Z e ST A 388182 Z D2 L2vh, EPA - DHA OfEfETRE L
T DHA Efsfaa Vs ET, fAailifsko L I F U Blc Lo Tt 0B L 3 FE S
L AREMEDN RS S LT, ORISR L, AHICE £415 EPA - DHA I3RSV FUBBORY
Bah blElo>TA A Y UIPIMESENREZ T 5 2 LN TITRSN TN D 8389, R
(2, Table 25 |27~ L7 fEEEFHER 2> & . DHA JRHMEFAINIC S 2 < OOV I FUBR g
FNTND I ENER I, AFZRICBWTHRMIC L DA AU S EHMEDOEIX
RIS, ATV EZ Y OA A SRHUESGENR BT DIHI NS Z &b enoT,
LEERo T, A AU ARS8 4 27U %2 & EPA - DHA O RIZ, FEBR
FRID 7OV I F UBRE A RO ZEN A LT nIRB IR &I L7,

EPA - DHA O=F N2 7 V& HWTHIEZ 3 27 9 56, s R & 722 5 F2BRfak: &
[A CIMARTIR 2 2R 9-4U1E, W35 EPA - DHA DA ORRIAEEIZ K 228 % L Br< Z &N
T& 5%, LaL, EPA - DHA OfftfalR & L CTRIMAE HWD 2 & T, MARIRDS Hrigxf Bt oo fi
B & 7 o 72350 FEERETEIO IR 2 5234 U T EPA - DHA OfgeME23 E L < 3
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i CEARWAREMEAN B 5, n-9 5% MUFA OA4 LA “ ., n-6 % PUFA ©V J — )Lk % %<
G OBRIL, & IS AV ARPIER XL ORFIRO B SRR T ERIZBHIE/E
A5z @GSN TG 8580, KIFFRZBINCTHE. LA VEBBIOY / —/LEER
Con XV FO BIZZLEENTCWEEA, 47U ¥V XD IHEIEN S5, & T
Mk L OMEEIMC T2 FO BROMENRITA VA v EEE U 7 — A BREEs LT s Al
BEMESH Y, EPA-DHA ICX2bDTHDH LTV L2 b, ZOREICK LT
FURRIEEHZ E ENE A LA VIREB IOV 2 — VgD, BRI OB L 0 b 7e 72D
L O IZIHEE L T 5 de Castro & DAFFE 8 Z2REB|Z LT, T772bbH, A4 TIL FO D
FrA e ) ) —ABOEHEEN Con BRELV Db X )ICEHEIZREL, oo
JENGEY EPA - DHA OfRERHUCEERICEE LW X 9 ICEE Lz, EEA72 Con £
& FO BONEMBEHRIE, EBROEBICEH LY 7 7 U —iili & DHA B &M O 5Bk
MOEH L, Table 26 (Z/x LTV 5,

F7o. U= EBHLAEMREINTZT 77X RUVBIIRIESBIEO A 2% /7 4 RORIEIMA
Thy., U/ —NBOBRUIENORIEREABIEDL ZERRESNTND 8, 20
72O, FORIZEEND Y 7 —NWREREN Con B LV D74 DHA RHERImE 5
LKVWX;mbgﬂt#KEWQﬁ\%nﬁk%&TU/*W@@§W%ﬁ9ﬁ#ok

EITERE L TW D REEMEDRE 2 bz, 7272 L, C57TBL/6 ~ U A% W -#F5RIC
)/~w&ﬂ%%mmm®m%utéﬁbém)/~w&ﬁ%4 AR SE-5E8D,
g FS L OB DIIEITFHE S NN ERH LN TEY 89 ”%‘/EE%H%%:
L THALDFEREEIOY ) — L igE A EOAERIL, EPA - DHA IZ X 5HIEEMICREL
RN LRI S LT, EBICAIE T, B A2 Y # Y  L DHA EfEfm 2 fER RS L
Tov U RIZHRNT, HE - IREAMSED R, BV O RIENR B HER I, 2 b
EPA - DHA AL TS EBRTE 5,
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BI10H NE

W1 ETIE, 7T EEOENE KK ~ 7 22427 ) 2 L EPA - DHA % 8 BB &
. EA TV Z Y CORWERTH B RERMAIGEI S b0, £ LT, IBisRo B
PRIEDMEIH S 45 0MREt L7z,

ZORER, ATV EZ kDA R ) UHEbMER G E S, EPA - DHA #0495
Z LT BT DR A I 2 R s L A B = XA X0 | RO IR S E MK
T2 Ll bz, K FIRHOERES G Sz, 2k, FIROIBIER A A IIH] S iz 2
& C. VLDL %4t L CHENGRERR A~ S LD BB S LTc b Th D B2 bid,
INHDORERNL, ATV Z ) AL DFEYIRFREZB 2R ORI, = v¥—ar ha—
WA+ THh->Th, EPA-DHA ZflT5Z2 L TEA TV Z Y kDA 2 ) UK
PECEN R AR L, S DI, BWER® 1 ©TH 2 TIRIGSHEZ ££ 5 RERIN 2 K8
TED I LIRS, o, BRI RS, ©4 27 Y 2 L EPA-DHA O
OFFIX, PIRIR AR xr L CHRRGIR O AERAL & RAEIZ BRI AER 95 2 & 2387 &2
(272 - 7= (Fig. 10),

IEDRERIZE D A7V 2V AT KD FWIENHR %23 272 5 LT n-3 RIGNRERGH O
OEIZ LY . B IC ARG S EERIENMIE TERWEBFITH LT A A U A REE
WEDRERDD ZENTE DT LRSI, ARG O m R, FERIE O 7= 722354
RIRE TR0 T VAL LTHRATOD EEZLND,
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Figure 10. Proposed benefits by the combination of pioglitazone and n-3 PUFA (EPA-DHA) on liver and white
adipose tissue.
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HoE A4S UKL n-3 % PUFA (EPA - DHA)DSEENROMEEEMEER - RIT T 280
FREt

H1ETIE, 427U &Y L n-35% PUFA(EPA-DHA) Z /14 % Z & T, EPA-DHA
DO RE LA & G ERIZ X 0 g L ORI~ OISR L, 471
B AT K DT HEMETE & AREEIMAIH TE 5 Z LR a Tz, <A T, JENERED
fENTRE R 5. EPA - DHA OOFFIIARIAAIIE O ABRAL 2 0 AN INHI L, RAEIRRE 2 (K
TELHZEBRMALMNE T, — 7 FHREERFEIC L &ilpE- @A 2 Y RER < &
i B HERN CIZERE A P L AB L OVIMNEE A R L AR L, 4 VAV VAEGROKT, i
B AR T R b — ANFIE R I D 40, T XD REEROMEE R4 & I 8 Mia o
X, BERIB ORIE & B LA Z LD, B MO L T OBREZ HERF S & D 2 LR
ORI E R 279 ETHETH 5 (Fig. 11),

ZFITH 2 ETIE, B4 Y ZY L EPA - DHA DSEIBIC KT8 A KEd 5 2 &
T, H1ETHLNI R84 27 ) & & EPA - DHA OOFIC L DHERIFIEHESN RO
AN =R N BIROMEEERFOBLE N DAL NS T D 2 & & L, 2 #iX, ERfikls
FOERBOLELZIRE, 5 1 BETXTAFFOERR L L, FEBRfEHT, EHR 1 &
kD= fr—/L B THSD Con B, Con BIZ 0.012 wthD A7) Z Y o ZiRMLT- P
(pioglitazone) &, ZiL 5D RELD 10 en%% DHA B CE X # 2 7= FO (fish oi) &,
P/FO (pioglitazone/fish oil) & % {#l L 7= (Table 7)., =1 5 Ofkt 2~ v A (25 % Con B,
P #. FO &, P/FO BEDE 4 BEZ 7T, Fig. 12 \RTEREEIZN > T 8 BB OB 2
ot
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Figure 11. The hypothetical effects by pioglitazone, n-3 PUFA (EPA-DHA), and their combination
for prevention on pancreatic dysfunction.
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Table 7. Composition of experimental diets.

Con P FO P/FO
Safflower oil (g) 8 8 4
Fish oil (g) - - 4
Casein (g) 20 20 20 20
Sucrose (g) 10.37 10.37 10.37 10.37
B-starch (g) 51.83 51.83 51.83 51.83
Vitamin mix (g)” 1 1 1 1
Mineral mix (g)” 3.5 3.5 3.5 3.5
Cellulose powder (g) 5 5 5 5
L-cystin (g) 0.3 0.3 0.3 0.3
t-Butylhydroquinone (g)  0.0016  0.0016  0.0016  0.0016
Pioglitazone (g) - 0.012 - 0.012
Total (g) 100.00  100.01 100.00  100.01
Energy (kcal/100g) 374.02  373.99  374.02  373.99
Fat energy (%) 19.70 19.70 19.70 19.70

0.25% sucrose for choline bitartrate.

*Vitamin and mineral mix were based on the AIN-93G formulation. Vitamin mix substituted

acclimation experimental period
6 7 8 9 10 11 12 13 14 15 (week-old)
1 1 1 1 1 L 1 1 1 |
1 1 1 1 1 T 1 1 1 1
t t
start dissect

Figure 12. Time schedule of animal treatment in chapter 2.
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1 BRE ©4 7Y Z YL n-3 % PUFA O 1 HEG &, KR L OEHRK

BERE, RORRE, REAL, MERR X OWEHIENmfE% Table 8 (2, EAE LK
\ENLEH LAY XYL n-3 % PUFA O 580 HH7-9)% Table 9 |T/R
T, EAEIL, Con & i L T RCORME CHREARZIITA Lo T, REIRER
L OMKEHINEIX, Con BEL B L CEA Y XY U A HMEE LZ PR CHEICHET
Bbo7=28, EPA - DHA O#%5#TH D FO, PIFO BETIE, AEAREMEICITAR SR T2,
Fz, FHBETH D PIFO BEO Z D D/RT A—F X, i P & & ik LTI MR
(P=0.0896)FB L OFEERIK T 2R LT, BIsEAEF A AR &L, Con AL i L
TTRTCOFETHRITHD Uiz, X CT A% ¥ N X D IEERIEREOWEE B Z o7
LA, NIEIENEREIL, Con #f & bl L C P #EC{X FEA(P=0.0508), FO, P/FO B
BERIETZxR L, R TEWmEMEL, Con BEEHE LT P BHETOLAEICHM L2,
P/FO BEIX Z OB A B AH] S huiz,

Table 8. Total food intake, body weight, tissue weight, and abdominal fat masses in 15-
week-old male KK mice.

Con P FO P/FO
Total food intake (g/mouse) 28110  290+7% 299+ 107 266+ 5"
Initial body weight (g) 26.1£0.7 26.1%£0.6 26.1+0.6 26.1+0.6
Final body weight (g) 38.0£0.4> 42.2*1.4* 36.6*0.7° 38.8*1.0°
Body weight gain (g) +11.9%0.6° +16.1*0.8% +10.5£0.8" +12.7%0.5"
Epididymal WAT weight (g)  1.34%0.04* 0.97+0.05> 0.91£0.04"° 0.83%+0.05"
Visceral fat mass (cm®) 1.59+0.13* 1.17+0.13** 1.07£0.07° 1.04+0.07"

Subcutaneous fat mass (cm®)  0.44+0.02° 0.82+0.04* 0.40+0.03° 0.57%0.03"

Data are represented as mean *= SE, n = 4-5. Groups sharing different letters in a row are significantly different: P<
0.05 by Tukey-Kramer test.

Table 9. The average dose of pioglitazone and n-3 PUFA in 15-week-old male KK mice.

Con P FO P/FO
Pioglitazone (mg/kg/day) 14.14%0.11 14.01£0.16
n-3 PUFA (g/kg/day) 1.69+0.05  1.46*0.02

Data are represented as mean * SE, n = 4-5.
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B2 mpEE, HOMA-IR & L O /8T 2 —%

A, HOMA-IR £ K OUMHEF /$F A — % % Table 10 (2773, IMAEEIL, Con #f & Lt
WL TCPREOHAEITHIM LT, A > 2V Ul L HOMA-IR 13, Con & iz LT FO
FIABEREITA DN o Te i, P B THERIKT, P/FO # T TEM(P = 0.0565,
0.0569)% /R LT=, 7T 4 A% 27F X, Confift &bl LT PEB LI ONP/FO BETHEIC
WML, PIFOREIZ PREL B L T, S HICHEITHEM LT,

Table 10. Blood glucose, HOMA-IR, and plasma parameters in 15-week-old male KK mice.

Con P FO P/FO
Blood glucose (mg/dl) 161+ 20° 243+ 32° 144+ 3P 144 £ 5°
Plasma insulin (ng/ml) 15.0 £ 4.4° 2.7%0.8 9.0+1.8%" 5.1%0.6%
HOMA-IR 1.00£0.30* 0.26+0.09® 0.57+0.11*" 0.32+0.04%
Plasma adiponectin (ug/ml) 9.1*1.3° 37.2*4.1° 11.9+0.7° 68.0£8.5%

Data are represented as mean *+ SE, n = 4-5. HOMA-IR are shown as the ratio to the Con group (147.1 + 44.3). Groups
sharing different letters in a row are significantly different: < 0.05 by Tukey-Kramer test.

93 HT WENROMM RIS L TR RRER AT

H&E Yeta s fi U 7= e T » 7 v~ o R B ORARRARNT & SRR, 7 v 7N A O
f&% 10000 pm?2 2 X5 L, S#BHICE ENDEE OO0 % Fig. 13 1R T, 7274
> ABOFEEREIL, Con #f & HE LT, AEARZ(TIEZR WA P R, FO #. P/FO # T,
ZIEI 68%. 79%. 51% (P=0.0948)F T L=, £/, ConfEL ik LT, 427V
X2 DEFGRETH D P EE, PIFO BEIL, 50000 pm2 LA LD Z > F oy 2R OEIG 03 VD 72
<. FO BlE, 50000 pm2 LA EOEIA 1 Con #E & RIFRETS 72 DD, 10000 wm?2 A D
T UTNN RGN CTW e OEHBETH 2 PIFORED 7 > 7 o~ A By ifE X, 50000
pm2 Pl EOEE N R B . 10000 pm2 Kl OEA DN K b o T,

WIZ, TN A e A VA U ORIEGAE R 2\, Y amfbs o Miad 5018
HIR O EFEN T o 7N A B D EFEIC 5D 5 EIE (%) D) 2 H i U= (Fig. 13E, F), 1%
o MR OHEFEIX, Con AfL L L C P BERS LU FO BECH B RBIMMA A ST, 1 B il
OIFEIX, Con BEL WL CTTRCORETHEM LN, b OB THERZEIT /) -o
77
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Figure 13. Morphological analysis of pancreatic islets in 15-week-old male KK mice.

Islet images of H&E staining (A), glucagon immunostaining (B), insulin immunostaining (C), mean islet areas (D),
percentages of a-cell area (E), percentages of B-cell area (F), and islet area proportions (G) in mice fed Con, P, FO,
and P/FO diets for 8 weeks. Magnification, X200. Scale bar, 100um. Data except for (G) are represented as mean £
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SE, n = 4-5. Groups with different letters are significantly different: P< 0.05 by Tukey-Kramer test.
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C/EBP homologous protein (CHOP) ® %)% % {4 & | TdT-mediated dUTP nick end
labeling (TUNEL) Y44 % Jifi L 72 BEROALRAEAZ FHWNT, Z o F v R EO/NMafkA k
VALT R M=V A0l A B 2720, ZORER%E Fig. 14 (IR, T T ANV AT
» @ CHOP FHHEIE D 5 2515 (%)1X, Con BEL I L CTT R TOMTHRIZIK T L
2, ZNHORE TITAEERZIL D> 72, TUNEL iRl ®l &1L, Con #f & Eg L
T, BAERETIE WA PRETHD L7z, EPA - DHA Z# 5. L7 FO Bt LV P/FO #£ T
I%., TUNEL FGERIRL B HH S av7e o 72,
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Figure 14. Endoplasmic reticulum stress and apoptosis assay of pancreatic islets in 15-week-old male KK mice.

Islet images of CHOP immunostaining (A), TUNEL staining (B), mean CHOP positive ratio (C), and mean
TUNEL positive ratio (D) in mice fed Con, P, FO, and P/FO diets for 8 weeks. Arrows indicate positive nuclei with
CHOP or TUNEL staining. Magnification, X200. Scale bar, 100um. Data are represented as mean + SE, n = 4-5.
Undetected apoptotic cell in all islet are expressed as not-detected (N.D.). Groups with different letters are
significantly different: < 0.05 by Tukey-Kramer test.
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RIEIZBI 5T A OB TR AE Y T2 A 5 PCRIETCHE L., &% % Table 11 |
T, RIEMEY A NI A T D TNF-a. IL-18 3L O MCP1 ® mRNA L~L L, &Rt
I CHEBERZLIZA LT, Toll B BIRD 15 Tdh 5 TLR4 ® mRNA L ~UL$ [FIBED#E

RThHoT,

Table 11. Pancreatic mRNA levels in 15-week-old male KK mice.

Con P 