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— Abstract —

Background: The aim of this study is to evaluate the hepatic mechanism of fenofibrate
that has the diabetes protective action in rats.

Methods: We chose OLETF rats and divided them into three groups. Fenofibrate (DF) group
was fed with diet and fenofibrate (300 mg/kg/day). Paired feeding (Dd) group and free
diet (DD) group were fed with diet. After 36 weeks of treatment, all the rats were
sacrificed.

Results: The fasting blood glucose level of DF group (8.5 £ 0.9 mmol/L) showed normal. The
fasting blood glucose level of Dd group (22.4 £ 3.0 mmol/L) and DD group (16.9 + 3.7
mmol/L) showed significantly increased than that of DF group (P < 0.01, respectively).
The body weight, visceral adipose tissue and subcutaneous adipose tissue of DF group
were significantly decreased compared to those of Dd and DD groups (P < 0.01, P < 0.05,
P < 0.05). DF group showed significantly increased state—3 respiration rate, ATP synthetic
activity, state—4 respiration rate and their blood S-keton body levels than those of control
groups (P < 0.01, respectively). DF group showed normal morphology of hepatocytes but
DD and Dd groups showed hepatic steatosis with mitochondrial swellings.

Conclusion: Chronic fenofibrate treatment prevents the development of diabetes in OLETF
rats with inhibiting gain of body weight and abdominal adiposity. The hepatic mechanism for
reducing visceral adiposity is that fenofibrate leads to increasing oxidative phosphorylation,
uncoupling and ketogenesis as well as increasing beta—oxidation of fatty acids. Moreover,
fenofibrate treatment prevents the development of hepatic steatosis. (J Kor Diabetes
Assoc 31:63~74, 2007)
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fatty acid-coenzyme A, ToFdZR]AMIE (diacylglycerol) =}
4 Ae] F40] 7HiA 9 JAEAAIPLS sk A

o= ez rf Y.

phosphorylation)®] -F32Q1 Agto] A2 FirdkA=9
S A BAE vl gl mERZEgole] HEouA|s}
(bioenergetics) ol GA] #128 Skl Al wHAE]
3, mEFZEole] uncoupling WA Fo] shi<l
uncoupling protein (UCP)-3+ olUA] A0S 243 <)
A1), o] Tldoe] A28 Frrdiate] IHellA] T
ks Barst AP0, o] dhlAe)] zhas) Aol o)gh
nEZEgole] AohE stk st

PPAR (peroxisome prolieferator activated receptor) &
AR H =T B o] Ex ATE 713 WAl ASS
FeA7IBE JIEAAPIE MAATI= Aoz deA 9l
o2 gk vl uolEl SR gz At
2ekE 717122 OLETE FHdA dizie] whys o
as Aow deiA Afh. A FwvBEo] B lellM
UCP-3de fieslna nEZEe]ole] AEofu#]sl
TAH 7194 E = Ao dEA Qo A Py
o] oiglel glojA FlwevHgo|Ee] 34 7]l ¢
o|x o] glel] disir= A7t wmlgk AAgelck

7

aEE AAEL FwgHyo|Ed| o3k Pl 4
W gk 282AY % el AlEdd thEk F5Ee) =
|3} 3, gt Ae] At Akt S7bE skl 1 A
WA (visceral adiposity) S 7WAA)17]aL 0|2 Q1&}e]
ede] ¥4 A7 2 5247 ey B8] 7)Ed
A= wep A A o] A Foghs 2EjehA] s she 1F
A A% Hefst A9 AoR JPgaich o] A
of BAL G oS sk HwmyH o] S F %
| 3t & elAe] ZEU1He gelEE Blolth

459 A28 G A9EE< OLETFH 30vkE &
=7} AFSAL (BFAR}, AE)olla FFrgic) o] AEs
52 ¥ A Yolgh B8 ARFEA HES skl 105714
719k E4 3 1059 e HE A TR S ey
#olE AT (n = 10, ol3} DF) 2 A HolT (n =
10, ©]8} DD, % 9ol (n = 10, oJ3} Ddw) o2 1}
o] AEE Hast) 7 ko] it AT Al o Aol
FroJ3k zpol7} QIATh Al T BT 49FY HHow AFS
Z743I9ick. DFell A= mAlske swvBeo|EV} sk
o AF 300 mg 41 7HF Feje] Hel , w1 o
£ vt & &S 715l Ddwel A=
S T Ho] 7S Hoitk 24 F 4
TES dlEl=e} AR (200 mg/kg, H7
3k & FARNHE 3I9aL o]ofA 3|
oA mEZ=gols A7) 9] 7S A
o] &3 F iy HE A3 BE i o] B
&= Aloldith A3 fiide] ¥ BE F= ¢

=
H37F A9k T8 A ARl wet w3
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2. 280 AHEM 5F

A F 387, 427, 46500 IS ST 2
12A7F 52 & 78] A9s 33 @2 PAE Accutrend
Sensor (Roche Diagnostics, Indianapolis)® =48}t &=
3+ 4650l = MediSense Optium (Abbott Laboratories,
Bedford, MA)& AH8-8te] AEdlA HE} AEAS] 555

St

AL (FFA), & Fal2ElE, 82, et
B FY~EHE, JEY, o2 vE, RS SA4s] st
o] 712] Ao A xd ¥, 4.5% EDTAZ A2|E Algdt]
o] € they —20TCallA B3 3iQlth & S-S
(Infinity Cholesterol Reagent, Sigma Diagnostics), 5434 %+
(Infinity Triglycerides Reagent Sigma Diagnostics), U5
Ak Ze~elE (EZ HDL Cholesterol Sigma
Diagnostics)S aaxEHoz AL FaAt
(NEFA ZYME-S, Aiken Japan)< ACS-ACOD &4
HoZ 481903, UJEHL rat insulin radioimmunoassay
kit (Linco Research Inc, St. Charles, Missouri)=- ©]-8-5}<]
WAgSgHo R SASIGI o2 ¥YlS  human
adiponectin ELISA kit (B-Bridge International, Inc.)<- ©]

83} enzyme-linked immunosorbent assay o2 =7
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31as, JELe rat leptin RIA kit (Linco Research Inc, St.
Charles, Missouri)< ©]-83fo] HAPHAZAHH o 2 A3}

Ak

4. lsBiNeEy

(=]

X
(=]

AW

A 4657 AP dAoflA P Qe wEE S
Ak & v FAE o]&sle] AedAIFgAde] AxQd
HOMAR (homeostssis model assessment of insulin
resistance)S  AXFSIITHY.

HOMAR = 8% E9 (mmol/L) < 3% T Sk (mU/L)
22.5

A F 455 F12vk] H (n = 4, 4 ZolA)E 74
A FE3e] A7let 22 AP o R niFste] A E R
ZP& AFITE 54 AR 48 AAE 271 S8
Y= VEHY] 1 FHE o83l3iaL, uele] 25| &
71A RA 1S =5 SIAL oRE FHEES St
1.5 El&2] MRI (Magnetom Vision, Siemens, Erlangen,
Germany)& AR&sto] H4-o b x|l w3
(coronal view)} APd34) (sagittal view)S 23130t
W 2IERSS WA A& O A 27ie] 5 4l
o] b= viE WellA AlE AT 270 Q74 $1ell MRIel
A2E 203 (Vision VB33D) < o]835te] WA}
y)aAake] BA1GH (region of interest)S =W #A4
o] WAL AsAow ALk

71 Tk sfeel ul Al ARE snkE A of
24 (H & B)o.2 94315th.

7. HXfE0| A

7 221 AAS 3 =A] 2.5% glutaraldehyde®t 0.1 M
phosphate buffer® pH 7.4 Aol A 1A17F 5<F 845
th 4" 7 2HEL 1% 0s04 ¢} 0.1 M phosphate
buffer & pH 7.4 JElolA 117t <t thA] 214 T ot
&2 g@5A)71 v Epon 8120 v AlZth dAl&n] 4
ZAEE $181d Reichert Ultracut E-ultramicrotome (Leica,
Inc. Buffalo, N.Y.)& ¢]83dte] zupduow nhe v
uranyl acetate®} lead citrate® thA] Al Hitachi
H600-3 transmission A" 7 (Hitachi High—Technologies,
Tokyo, Japan)S.2 #2313t}

8. O|EZC=gZ|ofe] £2|

xAe] diES 8 mLe H ¢ (0.22 M

Hao| Moo T —

o

-mannitol, 0.07 M sucrose, 20 mM Hepes, 1 mM
EGTA, and 1% bovine serum albumin, pH 7.2)°l
g2 g sRAYo|HR 51 F=gA E4sie] #43)
sioith S 1,500 gollA] 527 A4lie] st
& 10,000 gellA] 107F ThA] dAlite] siiek M ES
=gjo} pellet °F 250 pLo] ¢ H= AAdgesirzl

& gool Byl HE dlde] ke 40~60

mg/mLo] HEZ &gtk

1) Oxygraphy

nEF=gote] 7157 el Polarography = T-aixith
°F 600 pg] 7+ MEZ=go} vhilae- 0.3 mLe| R ¢H&
M (0.25 M sucrose, 50 mM HEPES, 2 mM MgCl2, 1
mM EGTA, 10 mM KH2PO4, pH 7.4) 0= ASEN3}A]
Ak A ARES 20 mM2] succinate B 30 mM 2
glutamate©l 30 mM<] malateE #7}5l¢] Clark-type?]
electrode oxygraph (YSI model 53, Yellow Springs
Instrument Co, Inc. USA)Z =435It} (27] 5. state 2
respiration). ©]°14 300 mM2] ADPE 715l Ak AR
2S5 S48 (37] 8, state 3 respiration). H=3F 1
mg/mL9] oligomycing #7lste] nlEZ=glole] ATP
synthaseE AN A ki 2weES ADPH7IE] A9 4
A ZHAAFE) (47] 35, state 4 respiration). 37] &5
7} 47] 5F9 vlE ARlsle] 352 GAF (respiratory

control ratios)E -5}tk

2) ATP Mol &3

FFmEZEgol il 20 pgs buffer A= A3}
AL F 800 g2 94l 23l pellet THETE o]
pellet2 buffer A, 0.15 Mm P1,P5-di (adenosine)
pentaphosphate, 1 mM malate, 1 mM pyruvate, buffer B,
0.1 mM ADP7} 28 &He] thr] fAsiA e o] o,
buffer Bl 0.8 mM luciferin (Promega, Madison, WI)2}
20 mg/mL luciferase (Roche Biochemicals, Indianapolis,
IN)7F 3] 0] itk nEE=elolol o] ATP 4340
ohdZke B3 baseline luminescenceZ 217] ¢l&t, ¢
LAS 73k FUSE BB 10 pg/mL oligomycing 3
Fet 2& B2l
£ 715315tk 7
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9. A=A

SPSS 9.0 versiong 0831911, BE to]ElS x| +
EEHAE 3718190k o 7k dlolE] Blaki= Mann—Whitney
U test& ARSI, B AR 22]9] Anella P < 0.05

Q1 AW BATNHOE free] girka WwHsn
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z# 1 + 8 )2 DD (642 + 27 @3 Dd i (671 £ 33 2)9]
AsHe 42 Fo3t 442 Btk (44 P < 0.01)
(Table 2).
1. M= #Hst
2. =5 gt Hst
WE AY 7 5o AFE 4 v Rl
E3] DDe] AFo] DFRY foa 2716192 Dd 36571 2 wi7hA] 7zt o] At g H|silon 1
FHEE 2718190 (Fig. 1). 465914 DF¢] #1% (496 S HolA= Ytk (Ah w] A, 22 oL o]
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Fig 1. The changes of body weight during the entire experiment. All groups showed the increasing tendency of body
weight. The weight gain of fenofibrate group is significantly decreased than that of paired feed group and free diet group.
* P < 0.0001, versus paired feed group or free diet group, respectively.

Table 1. The Comparison of Blood Glucose, Insulin, G-ketone Body Levels and HOMA IR
Index between Fenofibrate, Paired Feeding and Free Diet Groups

Fenofibrate Paired feed Free diet P value
Fasting Blood Glucose (mmol/L) 8.5 + 0.9 224 + 3.0 16.9 £ 3.7 P < 0.017
Plasma insulin (ng/mL) 1.0 £ 0.9 1.6 £ 1.1 2.0 £ 1.0 P < 0.05"
HOMARk 5.5 22.0 22.0 P < 0.057
Plasma G-ketone body (mol/L) 145 £ 0.21 0.63 £ 0.15 0.70 £ 0.14 P <0017

The data represent the mean £ SEM of 10 rats per group. Mann—-Whitney U test.
* fenofibrate vs paired feed.
Tfenofibrate vs free diet.

Table 2. The Comparison of Body Weight, Fat Tissue Areas, Adiponectin, Leptin and FFA
Levels between Fenofibrate, Paired Feeding and Free Diet Groups

Fenofibrate Paired feed Free diet P value
Weight (g) 496 + 8 671 £ 33 642 + 27 P < 0.017
VAT area (cm?) 10.7 £ 0.8 20.6 £ 0.9 21.4+ 0.7 P < 0.057
SAT area (cm?) 45+ 04 82+ 05 89 + 0.7 P < 0.057
Plasma leptin (ng/mL) 48 £ 35 14.3 £ 102 85 £ 5.9 P < 0.05
Plasma adiponectin (ng/mL) 3.53 £ 0.53 249 £ 0.33 2.61 £ 0.38 P <0017
Plasma FFA (uEq/L) 51 + 34 127 + 39 198 + 73 P <0017

The data represent the mean = SD of 10 (4) rats per group. MannWhitney U test. (4): actual numbers of
adipose tissue area measured rats.

* fenofibrate vs paired feed.

Tfenofibrate vs free diet.

VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue.
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¥ DDv%} Ddwte] ¥ 718l eu DF o] g2
Ao e FFE FASIh

465 54T -5 vwals vl DD 9 (16.9
+ 3.7 mmol/L)¥ Dd ] ¥ (224 + 3.0 mmol/L) &
7k=]o] glglem o)i= A4 dS B2l DF + (8.5 £ 0.9
mmol/L) Bt} fesHA S7FE A oliek (2= < 0.01)
(Table 1).

3. els8® HOMAR

DF 9] €4 91&#9] 5% (1.0 0.9 ng/mL)E DD
ol F=d Hlgke] (2.0 1.0 ng/mL) F-<J8HA 74
19t (p < 0.05). 12]v} DF 7% Dd (1.6 1.1 ng/mL)
- Atelell= frelgh te]7k gIint (Table 1).

DF+2] HOMARE 5.501%1aL )&= DD2] 22.0 2} Dd
a0] 22,051} FoJakA HAEAG (22 P < 0.05) (Table
.

Lo

ol

4. KLk A EA

FE Ak FeE 9A
Al T 5 Apoldls dAE BAE B Utk DF -9
FFA (51 + 34 uEq/L)¥= DD198 + 73 uEq/L)# D
(127 £ 39 uEq/L)ell vlste] st Zra=deh (42 P
< 0.01) (Table 2).

4659l DF9] A% == (1.45 £ 0.21 mol/L) DD
T (0.70 £ 0.14 mol/L)™ Dd+* (0.63 % 0.15 mol/L)el H]
sle] FelsiAl 7= (22 P < 0.01) (Table 1).
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5. of|z4Elat #E

DF9] &% 318l %+ (4.8 £ 3.5 ng/mL) Ddw<(14.3

+ 10.2 ng/mL)°l vlai-= FlskAl dasidon (P <
0.05) DD = (8.5 + 5.9 ng/mL) )3k xlol7h fiick
(Table 2).

DF-e] &% oft]jxylEle] “s=+= (3.53 £ 0.53 ng/mL)
DD (2.61 £ 0.38 ng/mL) Ddsell Hlgle] (2.49 + 0.33
ng/mL) oAl S7FIslY (22 P < 0.01) (Table 2).

-

6. AP|SEIol olgt =5 x|t

DFe] U2 (VAT) (10.7 + 0.8 ecm?)2 DD
(214 + 0.7 cmd)¥} DA (20.6 £ 0.9 cod)el] HI5}e] H2]
A ZAE A (22 P < 0.05). DFe] 3lakxbH 4
(SAT) (4.5 £ 0.4 cm?)< DD (8.9 + 0.7 cm?) ¥} Ddit
(8.2 £ 0.5 cm?ell Hlsle] Felabl ZasAet (22 P <
0.05) (Table 2).

7. 2t0] Watpio|d A7

DFie] 7He 44 278 BT (Hws E50g 54

el AEAL wolrk Jeht BE delA 7148 AAe

£ 279 HolAE 99M} (Fig. 2A). D] 7He F944

) Q= THIES0] AEE eI (Fig.
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8. ZIMZ o|lEEcz(ofe| HMAfED|HL

=

DD<e] FHAEelA, tide] mEZ=dols T3
(swelling) &l A}k vEZ=go} 71de] Axdw
(electron density)©= #24:%0] St} Cristaet= oJe] W3k
o8 EqpAsHA uidE o] AL 1 Hol7} FolA] U
w11 A RARE] Ak AlE Yol oy 7] =]

magnification ><200.
A, The liver of DF group shows normal morphology. The hepatocytes have increased amount of eosinophilic cytoplasm.
However, there is no evidence of hepatitis on entire sections of all cases; B, The liver of Dd group shows fatty change
of the hepatocytes; C, The liver of DD group shows marked fatty change of the hepatocytes. This fatty change is severer
than that of Dd group.
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2 Agresol BaTglon ofw A5 Nz g4
gieh, A BeE MEEsest A Ay
= o] 5713 vk 270 wY) (Fig. 3A).
olsh= we] DFwe] AFAAE tite] nEase)
ok Ao Weln o ARl He A e A
2 <ol EojA = Aol #AUL (Fig. 3B).

DF9] 37] &85 (state—3 respiration rate)< 14165 +
17.5 uL/hre]lar o= DD+-9] 225.0 £ 23.0 ul/hre} Dd
2] 239.5 £ 234.5 ul/hrell Hlste] frefabA S7ko] 2
Aok (A2 P < 0. 01) (Table 3).

DF9] 47] 3&% (state — 4 respiration rate) (391.5 +
11.0 ul/hr)& DD‘J—_L (186.5 £ 11.5 uL/hr)¥} Dd+* (211.0
* 4.5 ul/hr)oll Hlgte] frosil S7kEAT (A2 P <
0.01) (Table 3).

DF-9] 3834714~ (respiratory control ratio= 3.6.2
2 o]x= DD9] 1.29} Ddw*e] 1.1 vlgle] folskl 57
A (42 P < 0.01) (Table 3).

7+ H =y B glo]E Fo7} OLETFZ oA
sk A& B °4T91E} 0131&

S5 A (WA 3 g o] Sk ‘4 ]?ﬂ A
Ao Ak ol AT AHEL tE AFAEY A
e} ek A oQTHY, oleld FnH o] E] A%
5 Az oAl A4S e HolRe vl 55 vl
o] (paired-feeding)TlM e HERK] g A0 Hol 4
Hshe Holg Aol flv Ao= Helrh gk o3l
ai= t—éﬂ' e FEE Ado] fle o= EO]"C—H],
3 o= =B olE Fojtela 7 SiE %“FJ}
thz=atell vlste] Q&]e Hawo] 7] “Ht"l‘:‘r AT

2 U2 oA dlev|BYo|Ee] 3 HIRE 2-g-o] Jﬂ.‘f—-’J
BHo|ET} ThellA At AksE S7HAX1 A3 Ato]
thal gk vzt glom g H o]l 9] o|gh A8
H=dHgo]EZ} 214 carnitine palmitoyltransferase
(CPT)-19] 28-S EASAFoR o]Fo] X Z19S el
BN =R

T

;O

Table 3. The Comparison of ATP Synthetic Activity, State-3,4 Respiration Rates and
Respiratory Control Ratios between Fenofibrate Treated, Paired Feeding and Free Diet

Groups

Fenofibrate  Paired feed Free diet P value
ATP synthetic activity (nmol/min/mg) 86.3%+8.6 25.1 £19.9 27.9 + 24.8 P <0.017
state—3 respiration rate (uL/hr) 1416.5 + 17.5 2395 * 2345 225.0+ 23.0 P < 0.017
state—4 respiration rate (uL/hr) 391.5 £ 11.0 211.0 £ 4.5 186.5 + 11.5 P <0.017
respiratory control ratio 3.6 1.1 1.2 P <0.017

The data represent the mean + SEM of 5 rats per group. Mann-Whitney U test.

* fenofibrate vs paired feed.
Tfenofibrate vs free diet.

3 ; 3 : . s
Fig 3. Electron mlcroscopu:al findings of the hepatocyte in DD and DF groups.
A, DD group. Most mitochondria (M) are swollen. Their cristae show varying degrees of disorientation, shortening and
reduction in numbers. Lipid droplets (L) are large, and sometimes aggregated (two lipid droplets in the upper left comer).
A close contact between the lipid droplet and mitochondria is demonstrated (arrows); B, Fenofibrate group. Most
mitochondria appeared normal and only few small lipid droplets were scattered in the cytoplasm. (Bar, 2 uM. N: nucleus).
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2ol FeFHyo|Eol ok At Aks)l 2Hg-o] STt
o] 71 o= CPT-Iol tigh 27gd2Ql 2871 <ol 1H
2 v 7HE EARte]l ueiAltk Acetyl CoA
carboxylase (ACC)+ acetyl CoA<S malonyl CoARE #g+
Al71E4] o] malonyl CoAS CPT-IE A3t} 31 o}t
el AMPKE @43t Al7]1aL ACC & efAlsh=t o
23k ACCY A= A= FolA Awike] Jlsls
Z7P7IE A 7 el Hev]ueo] Ev) ul o]
ACCE dAletEs Aubrte] AH8lE Z7pA7)= Aow &
=

ATAELS o] Aol FlwedHyo|Ert 84 oltx
H‘EIJ FEE TTHIPIE Zﬂ% ‘3—:} ’5‘}" 7l AT

ACCE ‘-ﬂxﬂf\] 7Bz XWMB] *@P—E‘ =E
RE& FoR FAHIGLE
Heo]E7} ojd A &7 ofr|x Rl =53

7M7) Al obA dEiA JA Gk d% O}Qi@l 219]
T W Al v, AE Bas Swahd
oft]xu¥le] v} FUIRITHE AT AFEe B AT
o] AFQl AT B o] Ed| Fojof] A HA ofr]ary]
glo] F7pt dlgB ol o og WA E AF
ol i S ANIE AP ol A=
oltjazdigie] F7P7) Flw=|H o] o] Al a3 4
T gloeng &9 olg Yl Ade] Fasith

Agike] et AkskE AEH R Fiesh] flEiAE A
ik Akste] 3 giAER] acetyl CoA 9] A3t Awr}
o F&dith acetyl CoA2 A8l IASKAER),
uncoupling, 71& @43} AAS 91ste] ARe APy,

o] A7+ Al oJshH HIHYo|E Foj= ATP
synthetic activity$} S 213} Qlxlzle] S TS Lehll=
371 BFES T/MIALE olYd A dlnvHge|E
o7} ATP synthase FO complex®} ATP synthase F1
complexZE A xdsl= thE g7t 2o}l Rgtsh= Ao

E]—Zl)

OPF
mm

i

H =y Be#o]E Fofi= uncoupling activityS 2v]sh= 4

7] 358% Z7MZI UCP-12 A|9)3k UCP-2,32] A2
Al 7)e2 oFA 2 ¥is|A] 94| Btk UCP-3+ PPAR a
PAe) B FlA SR A, Wistar 9] 1F
Aol ALk delA Y. AaRse] Mg A
off eahd (HAF5), Al HaolER Fofd A5 A
st 27gellx SA4T AN Al (tellM UCP-3 o] of
Zre] Azl wlste] frelabl S7kH o] QIRITk oleld

Ao FeIBelEe osle] oA AR IdH
UCP-37} uncoupler 715& 7H4al -8 AAFSHE Ho]
ok 1y o] ATl AT A At vhe} o] Hxedn

Hao| Moo T —

o

dolE ozt ksl QNS SRS ¥ olE
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Fig. 4. Oxygram of isolated mitochondria from the liver in each group of OLETF rats.

In fenofibrate group, the oxygen consumption was sharply increased after addition of ADP (state—3 respiration) but this
change was not observed in paired feeding and free diet groups. This meant that both group had marked deteriorations
of ADP phosphorylation in their mitochondria. The state—3 respiration was terminated when oligomycin, the inhibitor of
oxidative phosphorylation, was added. After that uncoupling process (the state—4 respiration) was induced. The state—4
respiration also decreased in both groups than in fenofibrate treated group.
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Fig 5. The summary of possible hepatic mechanisms for prevention of diabetes by fenofibrate in OLETF rat.
Fenofibrate reduces fat burden on liver via increasing G-oxidation of fatty acid and promoting catabolism of its
metabolites at multiple subsidiary sites, where oxidative phosphorylation, uncoupling and ketogenesis are increased.
Fenofibrate also prevents hepatocyte injury, such as mitochondrial damage (ballooning) and steatosis. The changes of
adipocytokines (adiponectin and leptin) induced by fenofibrate also do beneficial actions on fat burden and injury of the
liver. (The findings in this study were presented as bold character) muf#, mitochondria, BW, body weight
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