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ACC
ACL
ADH
ALDH
ALP
ALT
AMPK
apo B
AST
ATP
AUC
Bax
CAT
C/EBP
ChREBP
CFS
CIS
CMR
CPT-1
CT
CYP
CYPZ2E1
DEXA
EGF
ET-1
FAS
FAT
FSS
GGT
GPAT
GPx
GST
HAKs
HDL

Acetyl CoA carboxylase

ATP citrate lyase

Alcohol dehydrogenase

Aldehyde dehydrogenase

Alkaline phosphatase

Alanine aminotransferase
AMP—activated protein kinase
Apolipoprotien B

Aspartate aminotransferase
Adenosine triphosphate

Area under the curve
Bcl—2—associated X protein
Catalase

CCAAT —enhancer—binding proteins
Carbohydrate response element binding protein
Chalder fatigue scale

Checklist individual strength
Caffeine metabolic ratio

Carnitine palmitoyl transferase—1
Computed tomography

Cytochrome P450

Cytochrome P450 2E1

Dual energy X—ray absorptiometry
Epidermal growth factor
Endothelin—1

Fatty acid synthase

Fatty acid translocase

Fatigue severity scale
v—glutamyltransferase

Glycerol—3 phosphate acyltransferase
Glutathione peroxidase

Glutathione S—transferases
4—hydroxyl—2,3,—alkenals

High density lipoproteins



HGF Hepatic growth factor

HNE 4—hydroxyl—2,2—nonenal

HOMA-IR Homeostasis model assesment of insulin resistance
HSCs Hepatic stellate cells

HSL Hormone sensitive lipase

IGF—-1 Insulin—like growth factor—1

LCAT Lecithin cholesterol acyltransferase

LCFAs Long chain fatty acid

LDL Low density lipoproteins

LPS Lipopolysacchride

LSECs Liver sinusoidal endothelial cells

MCP-1 Monocyte chemoattractant protein—1

MDA Malondialdehyde

ME Malic enzymes

MEOS Microsomal ethanol—oxidizing system

MRI Magnetic resonance imaging

MROD Methoxyresorufin O—dealkylase

MRS Magnetic resonance spectroscopy

MS Methionine synthase

MTTP Microsomal triglyceride transfer protein
NAD Nicotinamide adenine dinucleotide

NADH Reduced NAD

NAFLD Non alcoholic fatty liver disease

NAT N-—acetyl transferase

NF—«B Nuclear factor kappa 3

PDGF Platelet—derived growth factor

PPAR—«a Peroxisome proliferator—activated receptor—a
SCD Stearoyl CoA desaurase

SOD Superoxide dismutase

SREBP—-1c¢ Sterol regulatory Element binding protein—1c
T3 Triiodothyronine

TBA Total bile acids

TGF—-[3 Transforming growth factor—[3

TLR 4 Toll—like receptor 4

TNF—«a Tumor necrosis factor—a

UGTs Uridine diphosphate—glucuronosyl transferases
VCAM-1 Vascular cell adhesion molecule—1

VLCFAs Very long chain fatty acids

VLDL Very low density lipoproteins

X0 Xanthine oxidase




)
) — HE %o T S TR
® q N Ca
~ He o - H_ME o T o
TR & X
T < o] 5 No
% T o wogn or
E 50 X =~ Yy .ﬂlﬁ
go 0| T N o % u_nﬂ
5 - &5
WP ©E R S VN &
¥ = % T x LT w | >l =
o 2 :
M.U T o) - pi et
™ O o lo M o oy
P R 0 G-
fite) . 0 UT: Ho X
2 O X Noan ® °N
= o el o X i~
~E o SR
o g )
%o g Mol o}
o = ojy N To ol =
w 2 xo I N A
xo 4 X Mo = NN
JJo ) o - ° A
~ X Tl o H o)
= S ASE = (R SR
il > T o m T
T a® ;Lol TP o =
o BN ~ TE T o N2 on =
~ ™ N 0 ™ =
o =0 O_E JH - LlL QE ~J an f =
N N 7o T Q:._._ R ‘m-‘._ X -
AR MmO E K
o) N ‘l....m,._ o 3 R w0 ©
T Cl-C — X o5 o
7A \m% ,.:O z 0 \A_ — Gl
b= = oM T N
_ ) d=F o LEZ®zZag
i = o o2 oE R o
S ® T T TErRo¥a
— o o . ~ B 0 U ow X
, o — YR TR RN

27;7. pii: F1000 Faculty Rev—921, 2018]

#]: Modified from Weiskirchen et al, F1000Res.

=
=

[



A e o

ZHliver)2 Aol A 7P¢ 2 7| o2 F A= Al A152] 1.8—3.1% P21 1.2—1.5kgo|t}
TE2E HH 99 AP eE UHH, o] 4 1 287t A (e ol E: Sl =
FE-5-(hepatic portal) 2+ 2% @l F o] 9l ow o] S E3 (te™ HEw oy

,8. A

Hizyto] 7ho 2 AdHrh 7k A & FAEFe] 10-15% H=s B3}

ol™, °F 1,500 mL/sec®] S dNo] o] gty Zho = 79 AN A Afo] S
S8 F 2 U 91T T AL A} g o 2o] A go o] 3k o] el g
F2H EY O o8] 7he U D Gk tiAL, Bl A, e Tl Ak, Folsa,
b= R Had dE 5 AW it T54 Agde Y = Uk
e
(Hepatic vein) £9%(Aorta) =t

(Left lobe)

-

=]
(Right lobe)

[ =]

(Gallbaldder)
e

{Common bile duct)

2
(Portal vein)

ad 2.3k =

[ZA]: http://www.amc.seoul.kr/asan/healthinfo/body/bodyDetail.do?bodyld=1]
(1) k9] 2 7)%

(7F) 8 J LA A} 715 (Metabolic function)

AF 3 S8t E-2 Aol A 18, S5 o] IHE (hepatic portal vein) < &3 L2}
o7 o FUFHEY, 12 5 EnT S A FAANATFE T4 JES
o

rrow

o
= l
2] S50 T o] gojsh=t] 9 o] ok dla ™ol St gl A



22 Z AT A (glycogene51s) s 5

(fructose), A= E Q2 *(galactose) & 5

4 =
Hd
k1
oft
(o
i

3 ddo] WojxH, s FH] 5= =571 (glucagon) ol 98l A7de Sz zlo] L=
OoR WH3lE Y dF XY w5 FUIAZIY S8 32 EEE SR s s 2o g =
ol=¢|< ¥ (adrenaline Bl (cortisol) &= Q) d5 Lo 0] WS Abg| ol A] 71|

), ZE
A7l =E|szllo] arghd 7ol Aldahell A ol & 1A8ke] 4132 (adrenal cortex) ol A
FEZE]Z(cortisol) 0] #H]HE AL Z78}e] o}n| =2k amino acids), 22 A= (glycerol),

A 4k(lactic acid) &< ©]-&3}

N
o] X =t AlAY A (gluconeogenesis) IS A Xt}

Oll

00| - 2Hamino acid)
=2| Al Z(glycerol)

TG CHALASE A X rb(lactic acid)
(Gluconeogenesis)

22|22 2o

(Glycogenolysis)

LT O A} : , = o2 (glycogen)
(glucose phosphate)

2 & ZHglucose)

=e|aAag
(Glycogenesis)

a9 3. Fhell M o] eaeshe thAt
[EA]: 435 et d 714, 2015]

@ A A gAF
ol A& ol =
Vst sk Ae

gstEo] AW A3k gl Fel2HE o] doju, A
1= E
A U;do] i:}:_g_ Aol goﬂa

2] (lipoproteins )<

0

<_|>L'
ox
ol
ol
£l
Al
:(?L_‘,
o}

|
Y
o
N

P

S
B Zo] EAshs T4 T2 (a4 ®
il w Seate] 9lo] o i Ao RRkE EobErh A ud S d e
k2l Z 2 ulo] 4 2 (chylomicrons), very low density lipoproteins(VLDL),
lipoproteins(LDL), high density lipoproteins(HDL) % &%t}

>
-
:E
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|o
fru
-
oX,
i
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%0,
|o
=
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e
K
4
rlo
4

low density



BNSHE N5A B2 Atel=

" B2 26| En 54K/ Wn Q| e CHAT

100 q

50 1

T4 HIE(%)

L2003 2 VLDL LDL HDL

n=
H

<0.94 0.94~1.006 1.006~1.063 1.063~1.210

® @ YA}

bl A Qo] o] o ik Fawi=t], o] HA A A= 53 R Yo}
T EaEQl an

(ammonia)+ 2 24 ¥ 3] & (ornithine cyclic reaction)2 £l
1

(urea) = Hgte]o] A= A Hr), S Gl Fafl A A== FroEd s dlsshes 98-S
Sho}, 25k 7Rl A = 45w (albumin), & 25 (globulin), ¥ B.2] =2 (fibrinogen) ¥} &<
Y3 dwdo] gt ETh RN 3 U ARk X”Jﬁ] FAANAT= & stn=
27 gFo] Troll A A= o] DFoll Al oF ahv, Zh, TS (bile salts), Y- ~EH| R o] =
TE2ES T 8% 9T s 257 dEd oy 54 (thyroxine) 2 22

(W}) 95 9] (Secretion of bile)
A= A 23S 55 B5(bile)d] AR, S B5 2K bile acids), =4 2H =,
¢1 2] 4 (phospholipids), A3$F ¥ 2] FH1 (conjugated bilirubin) ©] $H4, ¥-1] ¥ +=d Fd]

Ha2 BHs o Aol e wjE o] Agel Lt dol it



(th) AW B35 7] (Protection function)

(D XA o] = (xenobiotics) | A
2 ol A i el gk A A o] = (xenobiotics )& A A 8k= 8 7] ¥olt}, =4 3}o)
T2 A8/ o]7] Wil Eoll =& = jlo] Alej= uj 7] of g, Az

o] 21813 (affinity) o] ol = A x2]of] = dZE 24w of Atir} AW Z el
| A 20 = ATt AYA] o] Eo] 1ol A] tiAbE = A S -

= phase I, phase [[ §+-$-5 A X =), 24 02 A g4 EAEZHES 4

Ho] A EAo wg} Ao} GES Ea A H o)

;

M
rlo

i
=

DS = A
A
r&

)
2

N £ w2
I
BN
M

@ kS (immune response)

A3} 71 AFololl = ‘gut—liver axis 2= o] EA)eH=)|, HEHW o 2§95 = d 7] 70% =
Fol| Al F-d & =2 7+ Aol 2l ¥ W54 (endotoxins) ol A|&54 0.2 w-F4E 4= ATh
Fol W57 A7 2 s vebs 7 o 5539 Al 2 (Kupffer cells) ol E41381= toll—like
receptor 4(TLR 4)°l A3}tsto] w2 A A A= 4= v} A4 H 9 (innate immunity ) |
Holahs 28 RS FAISaL o7 WHjshs A she T W] 7) o] Fol x|
7] o] 7] &= st

ON

B>

|

(2) 3t 7]zl Fefst= =8 Al

rl
Fel

ZFol = 3,0009] 7l o] ake] ME7F A 5=t A A A E(parenchymal cells), = 7HA|E
(hepatocytes) 2} B] A A A 3 (nonparenchymal cells) & v th v A4 AL 2= Z R
W3] A 3 (liver sinusoidal endothelial cells), F-3 A 3E(Kupffer cells), F 43734 3 (hepatic
stellate cells), ¥ X (lymphocytes) 5©] Uttt ofe] Aol up=m 24 A EZ o} v
A S Abo], o= HI A A A5 Aololl = vkt w7 &4 S T3 AlE I AR Ao

=

o] Foj A, o] R AGS Fall It 7ol 2HH= Ao w delA A

(7}) 7+AE (Hepatocytes)

g N9 2}, M A H Y (innate immunity)ol] Tojst= &
_]

T7378 & A shaL ek A7 ubE IhA Lok mpx 0 2 FhAE = A 4 AL A
< AR E = dEYLE F5eHA tEolFH, Ak AEH AU R 2R FdE A
o] & (xenobiotics) el ar Wl HFo] 7} o] Foj x| &= o] 7| & T}



2H4 Z (hepatocyte)
ﬂ'yLﬂqwmwﬁ fwalHuﬁﬂwaﬂ
s v <

9 el
%Q D]kﬂ-ﬁ-ﬂ{ml:rmﬂ““i) Space of Dissé ’
e, * '

% LT toge uuun& &unn: manl u‘u:u&nunn o
‘1

TLR ZH At =
(Hepatic stellate cell) Q
Hepatic
e F M=

S0k Ljm M= (Kupffer cell)
(Liver sinusoidal endothelia cell)

Qo"o LT punE un:u{i’uunn nn:u@nnu unuugnmunwnnngﬂa

N i

7 Nunnagohoongadlaonasaiado il
IR A ,,t[|u,_,|]|| W ||l||,.|| || LJ[||

a9 5. 7ol EA)8k= 8 A|XE. TLR: toll—like receptor

7 . ZHH Z(hepatocyte) ||
’

“a

hl.

[Z*]: Modified from Protzer et al, Nature Review Immunology 12:201—213, 2012]

(W) =29 9 A 3 (Liver sinusoidal endothelial cells; LSECs)
LSECs: t}& ZZol| A8t o Ee} 24 021 753 02 e 2}o] 7} ol

F0 7158 44 AAE] S T G s Aolth gol EASHE FP5o)

] aX]'gl' T‘%‘/‘(—)] %?1%7 Oﬂ% “‘:3‘01 é}"% 1-501‘—%1(1‘ d antlgens)q‘ HLEﬂE]O],7]_ 7]_1?‘1]]] (portal
vein) & €8] A &A 0 & bl 9ol e B3}

3L 7bol| &= LSECs e 25 A 3 (kupffer
ko1

cells)7F EA87] w2l o] 2fjt o4 = o] &3] A|A2 = At

(th) F3 A3 (Kupffer cells)

Zrell EA 8k A A ZZA ARG A F a8t oSS Hdeitt F3 Al
W3} = 52 9F & P (hepatic sinusoid) Wol &3t #o ReR
ol A e uhe ol 5524 (endotoxin) 7F FHE &
}7HE & o (mesenteric blood) & 7} 5L8}A| sF= & &2 3t} A7FSH Ak Lk
o]l 51/@”& el Brelglobd s el &4 02 wE 5] 7] witol Fo A7} thAa
st o] e o AT shAINE AW AEjol = Al W47 F A (intestinal
barrier)el 55’2}5 Fol Fro ' v ] u o] FHAMEE A5 /33t A7t T /‘ﬂi‘:
= 2 U A EZ(LSECs) A 1 21328 (phagocytic, endocytic activity )<
DAt T AEE2 A AN AE 75S & 5 o)A IFf Wyt

N

O:
™

ek )
MN

o,

\/

"
o[o o
N
i
2

)

o

10



T Ath T MEE= WA E 7T Qo= Al ETol] EASh= E2]8-A9] A7 HIA] 4284
(scavenger receptor) & &3l =815 3L =AMH A5 A AL, F|Ea =R o7 B3A|A

ARo] AEPHE U FAF JTL Bk,

(2}) 7+ A AA E (Hepatic stellate cells, HSCs)

B39 1.4 %S A 5= A E2Z AA AHo A= T2 #E] 0] E(retinoids) A7l

JJroi sho}, SEA|GE 3 EA4Fo] A& E = A S A st o A B AIE (myofibroblast) 2
ke =, Arste P 2FdA SAA o2 Yelhus x4 Q1AHE (connective
tissue elements), = =&+ 4 (collagen), A &F~¥l (elastin), 7% T 2 (structural
glycoproteins), Z =2 H 2. 28] ZH(proteoglycans), ] ¢FE2F hyaluronan, hyaluronic
acid)S &, RN = Tk whebA] 1F A A o] A8 3 AR R S Esle T
A3 (Kupffer cells), ZFA|3E (hepatocyte), = 5% W3] A 3 (Liver sinusoidal endothelial
cells) 7k A5 2-g-ol oJal) 22d =, thakst 3741 AH growth factor), A X7+ (chemokines),
g4 Ak A F (reactive oxygen species) 5ol &3] w7l E T} o] & w7l AAE T, F A
2 8k A2 2} (transforming growth factor—B, TGF—R), & 2382 A &<l 2 (platelet—
derived growth factor, PDGF), 91 & H-FAF &<l A} (insulin—like growth factor—1,
IGF—1), d =& & —1(endothelin—1, ET—1), @3 4| i 3}8-7-21 52 92 (monocyte
chemoattractant protein—1, MCP—1), hepatic growth factor(HGF)7} 7+ A AA 3£ 9]
g, w3t A% Al Helstes T8 QAo th 53], TGF—B+= 1 4327 <A
BAERE B3ty = AS A stete] AlEZe] 714 (extracellular matrix) &4 S A=131H
fridataL, B 3E S AlstE 88 Aol E7FR] (cytokine) & 2 A A AVE &

Tk 2 ArEkel Braste], 1 A 2 T Ao} AAIste] THAEES] Aol = ke
g}, 1ho] EAEH, of 8] A 5ol 1hel| A FA| A O = A|AFE] =), o]l (hol| EA) ek

A ES(FH A, 3P AGAE o] &/d3tE o] TNF—aft IL-62] A4 o] 7.
Al FE e =R E larlo] ] E W, Aol A} AR M = A&V A| EES4] Q1 (epidermal
growth factor, EGF), ¥4l (adrenal gland)ol A+ =29 3 4|3~ H (norepinephrine),
WA o A= T3(triiodothyronine ), F 23734 X ol A = HGF (hepatocyte growth factor)
sol HLHlHEH. o] & Al & A ANETF IHAE Y] DNA F8 3 54 F =3
O ZH MR MAEFVE A P TGFol 9l ¢ A&+ 7HA| 322 DNA 4 S
AABFE R T E FA 0] F g Al7]oll= A-g-o] AhE v, I A A 2Hg o) mh-e]

AEZE BA] FA 7= Zot7kor & Al7lel= 7150l 35

=

K

B
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5 % VREO. = o’} ARo] o] HAH H(F=

o

T

[e]

=

&= 1]

=

71573 H7} 7hel

(7B

Aol A vhep}

ATk Hl&

‘o atel g o] 2}

P
T

il
ofy
YA.O

H,

a9 e A A5,

g http://health.mw.go.kr]
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z22

= 4T TeF da’ol o3| thakg ol A]

(£ 20440

(free fatty acid) +=°] S7Hat}h 32| U] = A

Sh= 3t A%
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T
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HG AE7E A ST o] 2] gk Aol A= XA oA & =

(hormone—sensitive lipase) €43 O] St o] A EA o] Faf7F X E WA Ao w

frel A sEE uS S < s

]’\1 el Aake] wi7bE A o w2 FE = ] AT s Bl
Ak o2 F i APARS w48k B—oxidation) S S

o] &d Tk di, THAAYOE Moo (ko] H4E = YA

(hyperinsulinemia) ¥} 328 % (hyperglycemia)©] %<2 7 9-o| &= X9kl AFs} 7} o A &) a1

FAA A o] =R =, 7Hol| A sterol regulatory element binding protein—1c

’

(SREBP—1c) ¢} carbohydrate response element binding protein(ChREBP)©] &4 3}
H o AA A S FXIeks FAA Edo] S, AP EA SR A E s 2Red
—CoA(malonyl—CoA)7} carnitine palmitoyl transferase—1(CPT—1)2] 285 <] A 5}¢]
N EF =g oto| A APEAt WE =48t E ZHAAIZI T kA AAE ARskE A H WA 4
A el agk Aate]l A|EH 02 FFEHUA U AEA o] X H = Zlo|th

ol K e
(hyperglycemia) 1 acetyl-Co
Acety| CoA carboxylase
o | aoER "E . 1t malonyl-CoA
A (hyperinsulinemia) Fatty acid synthase

Stearoyl CoA desaturase

t e Kl

T BRI B

125 SgAY

% 7. G B, Q4w A b ) AWE A
HSL : hormone sensitive lipase, ChREBP : carbohydrate response element binding protein,
SREBP—1c : sterol regulatory element binding protein—1c, ATP : adenosine triphosphate,
CPT—1 : Carnitine palmitoyltransferase—1, VLDL : very low density lipoprotein
[Modified from Browning et al.J Clin Invest. 114(2):147—15, 2004]

o] 2 Aol A AMP—activated protein kinase (AMPK) 7} 7+ W] A HF& 4 of o 3k
T A0® BaE A vk AMPKE Al XY olUA] =& A8k 88 ohe i 24
ME U oA AxFeFo] A% obd| =4l 1914 adenosine monophosphate, AMP)
o] SR A kA W AMPKZF 279 3hEit &7 kel AMPK= At sjep-4keks
RN 71 A g dAlsk=], o] =4 I Wl XA a5l wisol
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AMPK 27d& SN2 5= 9= 45
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olt] 39 ¥l (adiponectin) &= {Foll A dojub= thekst tiA} o] 353 Aol e, %
olt] el =7} A A F= vkl #Alo vkl Bare vl lvh 5ol = vk
Bapeko] ofr) L Ulelo] EA k=), o] F A} olt] LU Elo] A ETA 07 = 1] FAo)
=A™, TNF—a(tumor necrosis factor—a) 9] @& 3} #1] 21835 A A sto 24 Q&
NS FEA7I = Aoz el A . W & TNF—a& o}t 2|l o] W3 7} 21 &
AA R FEA DA A IF W ot YRl o] m|EF = gjolol| A o] FolA| = HEt-4FstE

Z218}31 SREBP—1¢c 52 7FA2A 71 2. 24 AMPK, peroxisome proliferator activated
receptor a(PPAR—a)E &4 3} A 7] 12, nuclear factor kappa B(NF—kB)Z A A 7] =
Ao 2 Yelyt) ueba g3 ojt]z e o] 71 A-5- 1 U] Ake] 2 o] oA|E 7gAd o]

0]
2R

N

(|

£
S
=
>
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~
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03

B g
(inflammatory infiltrates), =2}l % % (collagen deposition) 52 2 <13+ M -F3}7}
7vE
U A A o] & A7 AEE A dEnbso] xlaE = dlel] thaEl ‘two hit’
2 d 24 & A HA A (first hit) o] 2}
Ef vty A&E 49 e g d5usolgt s
it)oll o] 7FsHAl feh. = A BpA ol A 4bst ~E | 2~ Ao

&5 kv, olef 3t B4 o] A% Hw

| o] nEFZEglo}, A3l A (peroxisomes),
nho] 3% % (microsomes) ol A A AES] 4Es17) dojdth, Aol 7k AA] @48 A Ak v E
F=glo}ol| A AkstE X gk A o] 7} 71 X WkAkel ong chain fatty acid(LCFAs) 2} very long
chain fatty acids(VLCFAs)<= #HabataA e} who] A2 &l A 413k o= i), " o] 7}
AL ISt A A o mho] A 2 Gl A Atk of o7} oA, n EF =] ool A grobxl
ABARE $H 3] AbsiA 7| B R m| EZ =g ok XL AFStel| A ob 5= = 3 7] dtol e} &

7H o] A A e AR A A Fe] BolAW, nEFE=go}

o

% o
7t o, A o g nEFZ =g olol| A dojub= HEF—4tst )
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3
=

=
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I # A FFe] Iatksla A (H0,) 71 /3 Tk o] = Al of S 4ka 2 A E 2kstrt
S7tE o] nEZEole] 7]wo] =4 o k. nEZE o] At 75l a5 A4 %_“é
(mitochondrial respiratory chain activity)©] <=/% ™ 324 A o] B2
w3l A A Yof] X Hkatoe] 4, 3akst A 9F A ¥ A (endoplasmic reticulum) ] /\111:_
AR AEsEF S 7bE of IpitskavE B o Abstab ol A B E = A E dkskE, =
4—hydroxyl—2,2—nonenal(HNE), 4—hydroxyl—2,3,—alkenals(HAKs), malondialdehyde
(MDA) 9} -2 s == A 4 0% 5405 7HA]aL Qlom, Al 3 BFO = A5 7] S4he o
He = A FTo7HA] Faks = 7 At SRR} L8| =7 Akt ~Ed A5 A A
old|:=Al 3214k adenosine triphosphate, ATP)¥} nicotinamide adenine dinucleotide
(NAD)®9] 312, DNA<9} whullal 2= 3138 = FEFX| 2 (reduced glutathione) 224 5
E3l AlXEAPE (cell death F=3tch T3k 21954 Aol E7Fl (proinflammatory
cytokines) A4S XA =

A3 0.2, Bk} A

Y2
g o
of
l
Ho
k1
ol
o
fr
=X
folr
o\
iy
=
2
S
=
P
_>|i
8
>,
N
)

w,
al
=
toh
it
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2
>~
>
(2
il
o
S
o,
0.>"
PH
=
D
o
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o
28
@,
&
¢}
@)
@,
E
il

A7) AL, Zepall A denkeS SXIAF =M 7 ﬁ%ﬂ% e = o dutb4
O R IMAFTS T e g ddo] A ET A 3] o] 7k 7 Al
R G 1B (fibri) 2 73 H ), 24 (nodule)> B4 ¥ o] YA ek SR M5
o] HkE-A o 7 x]&E]H A E 2] 7] A (extracellular matrix) 7] 22FA S crosslinking) ©]
Z7Veta Ado] YA = H7FF A<l MM e R X

A _, elgEl _, DSE _, hor <« sz

29l Med s
.

AR, falxdit 4

Hf|ERAFSHB-axidation)
—_— , —_—
MiaE :
x|zt CHYEY
opo|A2E, HSAF N b |

o|E2=2|0} o4k

A0 £72l(Cytokines)
TNF-a, IL-6, IL1

a9 8 Wt aed AR Ast A EY A

[Modified from Yang et al.Nutrients 11:872—908, 2019, World J Gastroenterol.
21(41):11552—-66, 2015]
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%= Aol A TIALE ] Lo A] 109 AP ) SR8 Al 2
9%, B 5 o AR ME AT S48 el gyRe gol A tiale, =, 5%
SN ez o] tiALEILE zhel u]Ehel v)$ Aol Bhsl).

(TETEES
(microsomes)

NADP+ H20 ~OH

NADPH + H’
+ 02 H0 /ﬁ
O E2Lc 2|0}

(mitochondria)

I \
HEE . G
J 2
(eyrosol) | . Lo i . N
H
7 ofes].

o= >
(ethanol) X OFA|
NAD NADH + H* (acgfaldehyde) 0
CHzC\
N — H
oHetetaA| Ot E At
(peroxisomes) (acetic acid)

H202 H20

2% 9. ol o) ol A 3 E oA}
CYP2E1 : cytochrome P450 2E1, ADH : alcohol dehydrogenase (&2 &g ),
NAD : nicotinamide adenine dinucleotide, NADH : reduced NAD,
ALDH : aldehyde dehydrogenase(&u|s|= &8 4%)
[Z3]: Alcohol Res Health 29(4):245—254, 2006]

(7h) 2+ W &3 tiAEA
AF&S A sk gl A T EF(simple diffusion) ol 2] &) W2 A] S50 F2
A G-} A Bl NS 55 o7 o5 UH2-8 ol ELH|S] = (acetaldehyde),
oA El o] E(acetate) & =24 0. & AMStA T A oA H Ol E= I FE E0HH 2x
Z2 0| A o]atslel el B2 HF AstETE 7F 7]5 0] HAA QI AlEE Q] A g-of = Tl A
T2 YA o] =2 37K @47 Fojsl=H|, 7P T 8% 8 AT uER A E A of] E4)
'6‘}% &3-S &3 4 (alcohol dehydrogenase, ADH)Z 117150 47421 AlsHE2] 45
2 o] givol| ofaf ehsigo] At dFg AbstE Q1) oA E L8] =2} A= (ketones) ©]
3/‘3%‘:} d31-go] A = F HA 7 2= vho] A2 (microsome)ol] EA) e ¢S

o
2




Ab3} A ~ " (microsomal ethanol—oxidizing system, MEOS) ¢l H], & 52-5 3}k A %
S wol vk s Hth =2 CYP2E1(Cytochrome P450 2E1) 0] ¥ 3}= 2
A o ® HE Sk 5ol e @/l T Unk Al A Lang 4hs H 2= oA
(catalase) @0l o3& =R H T} o] @4+ 2] Z2] oA I4ksk A (peroxisome) o]
A sk, ale thAtel] thEk 7o e - Y o] A7EA] ARE Fal AR E oA E
e8| == 7 Y] n Ef=g]olo| A &Y 8| =¥~ 4 (aldehyde dehydrogenase, ALDH) el
ol&l t] AkstE o ofAH O] ERE ¥gkE T

o

IS (OlIEHE)

irii ez
=H0|L}
ung AWo= iy
| TSN

OpHIE Uit

L — WHEE
[ e
[

I ' l ]

Of &k}
xjghet iy

Fyios Hatgjo) afos Wy =go= vy
ol /X

I3 10. AR A o] da-E A}
[ZA: = 7FA 74 ¥ X9 http://health.mw.go.kr]
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(W) ¢d3Ze grtE: dHELH =
° ¥ A(ER)2F mEF=gol G492 AEIE  P450
o} NADPH7} & w ol ELH S| =2 thALE a1, o]

dFIES FHAES] A
A

2E1(CYP2E1)el ¢Jsf Ak ol
ol EH o] EZ thAtE T CYP2EL w7l &3s tirbe &3E Abste] oA 4 Zolm
k-

LN EQUE s =0 73}

y

U 4FE Avlo] 93] FEHEU(ZE 16).

Drugs andfor xenobiotics — metabolites (toxic)
Retinol and/for retinoic acid — apoptotic metabolites

Procarcinogenics —+ carcinogens ]4 Liver injury

b

(D —— () — )
¢ Protein r{ 4-HNE + deoxyadenine J—=( edA
L( MDA + deoxyguanasine }—={ M,dG

‘-—*[_Ht:mlin: stellate I:.I:I.L\-_)
=)

a9 16, ¢F3e #d Ui A=

[Z*]: Modified from Seitz et al. Nat Rev Dis Primers. 4(1):16. 2018 [50]]
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Eddo] YelHA 3 2 A (gluconeogenesis) sl Ak LS S
o AWk 3 S A AEEd A (fatty acid synthase, FAS), ofME a4
A 2B 2 8}o} A (acetyl CoA carboxylase, ACC), ATP a4t HEa A (ATP
citrate lyase, ACL), stearoyl CoA desaurase(SCD), malic enzymes(ME)$} o]
A Adel wojshs a4 wd SRR 4 3tk ol FAlel NADH/NAD
HlE SR AT el Bas S¢AlE 3-91%t (glycerol-3—phosphate) 2]
BRE S7HERE W A A" 9k CYP2ELel of&] gzl 4t
sty = HAHoNA BAE = et ~EdaE AEY] 3 AE (redox state)E W
SIAIA HEZ =g ol A o] FolA|= HEt-4tstE A A o® oA v A

2 A Akt ST ZHAE A, HlE-4ksle AL S7HAY. HTole &

FEgo] PPAR—aE T3l AWl Absle] gk

(o

10}
rot

U

S
A

=R

J
i)

[m
&

o

N
i)
o

¢

_U

ge)

>

=

o

rlr

i

=

=

fri

i

[

k)

o

©

d

S

[

fru

h

w

A

pig

24 50
rlr
N
o
l
o
=
)
32
2o

X
A

of
ok

&3l TNF—a
. TNF—a &7}

a & A7 3
# o}t] vl (adiponectin)
o HIHI g

o g AANE AL
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< PPAR—aE "i7lE 3ol AWito] A=
v, 4328 A% AFHZ YME TNF-a7} oft) Y
2 olgfEar Uk o] ek, IS AW FHZ microsomal triglyceride

transfer protein(MTTP)o] #&d 4L 7FsAo] Att. MTTPE= TAA W3} o}EX

S
o
(M 12 i
2
ol
uls
S

o U

oL
N

=

a2 B(apolipoprotein B, apoB)S VLDLE W= o] #odls §402 45728
AFSHA | MTTPe] &/do] Aste o] FrolA gHdd FAA o] 3+ 24 9=
WEEA Xetr= F l Aol HAE 4 Utk Ao IS AT Al SRA
2HJS WELUoR HIANAFE= a4 F Ul HELd FAHax
(methionine synthase, MS)2] 2Ao] JA|Eo] T HA|AH Qe HE 2oz A
=7 oA YXIT} olo] dF TRAXHQ sLR7F FUFetE AERALHJEF
(hyperhomocysteinaemia)©] 22 4 9o TRAAHAIZES SREBP-1¢c &

S SR OEZA 3 W ASA
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Hepal — ﬂ*‘“ﬂi}ﬂ
F El A A

T Acetaldehyde + Adiponectin i

T LPS and 2-AG + AMPE

T Complement L SIRT1 T Acetaldehyde
I ER stress + S5TAT3 + Adiponectin T Adenosine

I Adenasine L H3K9 T ACC activity 1 AMPE TCYPZEL
T NADH/NAD methylation 1 CPT1L activity 1 Zinc T NADH/NAD
i

EBFlc FA synthesis 1—- Alcoholic fatty liver L PPARG
TsR T FAsyn ¥

{T F5P27 T Lipid formation ) . Y 4 FA f-oxidation

Alcohol ,——————
a9 17 SRS AT

* Gut microbiota
R Fol FAY AEE wAYS
[Z3]: Modified from Seitz et al. Nat Rev Dis Primers. 4(1):16. 2018 [50]]

—_—

daed 2HE 29 88 A9 @A 1c(SREBP1e)S ah7 AW A4 #Fd#
=
o

of 43 2HE B3l AHFA) FAE ST dE B9, 3L oMAE
g3 =, AHGGF(LPS), 2-ol|Exd M E(2-AG), BA, AXA(ER)
2E# 2, ofdlical @ NADH/ NAD+E S7HA71AY oftjxdel, 5'-AMP &4
stE oAt o= SREBPlcE &A43tsit}t. &3S ofg 22l £dE &3 ¥
2AE F2002 A3 =84 -a(PPARa) 2 &5 B-AHE fHxe] Ba4ss
3l FA B-AtstE AT o & 50, ¢3S oMAELH S| =, ofd4l, AlE

A% P450 2E1(CYP2E1) % NADH/NAD+¢ &S B EE oltxvw,
AMPK 9 o}d $=39] o412 Z3] PPAReES A5t dmeo AMPKE A8t
I o]% ofAlEl —CoA ZFEEA A (ACC) A< i

EYERaTAGA 1, 3 o] 2P (CPT1) 42 gAY daee AW =3 %

o ] 7o 2 FA9} XA o]5S X}

(2h) &L A= Qg AbstA~E s 2 ASug S

das Al HAA AP FIEe] S AE AdS A7, A
st e 5 Aot AxTs E4r7IL Axoles Aswed (MlR3tE &
N7 e gHsl=E AAES et =g SN SR W gHbst
gate 3 stdd FFEFX 2 (reduced glutathione)o] ZA%HA d4ksls
o] A=A Hrt. FFEA| S dlFE Az Y nEZEg ok} nlo]
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Hep 898 FREAes] B8 4AE
&

=1 [e]
AN A mEZE ot *XHO}L FERA S Agdor H4A7H, TNF-a
4R s Ao wanw sl oleAl QAL TAL A0
(BIEEC2(0t
2z
A R
D+ NAD+H ;
L ADH T NAD*
‘ . . ALDH |
o R — T L TS
(Ethanol} (Acetaldehyde

(Acetate)

N

CYP2E1
N {!i§

% 18, dEE Akt &4k A
NAD : nicotinamide adenine dinucleotide, NADH : reduced NAD
[Z*]: Modified from Ramadori et al. cancers(Basel)9(10):130—151, 2017
[55]]

i
-

o= g daE AFHE 5 Wsi(endotoxin) 0] TV = WEA
o

g% (endotoxemia)S FEAIZA F U&= 7|Hdo] Aty At WEAhe] AEH
A Eol A&t A (lipopolysacchride, LPS): 3 Ao £A)3t= TLR 4 2

FE=d, o2 954 ANEEEAA NF-«BE 4317 2 23} Alo] BTk
W st FARIAE e et dents e JA(TNF-a, TGF-B, IL-8,
IL—1, IL—6, eicosanoid, PDGF)¢] @d-& F7HAZIt}, Tt sEo|U 3 A3x7}
o2 Aoy 55, =+ TLR 49 ©

2 Q% EF(ET obvey] dojask F7F ASAEY] &, XY A =

4 5)o] fuEA e Ao i vk
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(3) A A o] & (xenobiotics)ol &8t ~E ¢~

A A o] & (xenobiotics) 2 F-olA] CAZ FYFHE RE 9

2 Ao FdE FEl AAeoless A= F 7 da1Z= A 0]
ol &ated o)A walE o] dUARE AMEE AN WA EetaE Y 2
tUE AAolEs2 w4 et d T2 T2 A4l wEel &

| 5 F flo] AR wjdE
(affinity)o] 3=
g} A oA EHlE otk AAEA] A giAbEE RS vlg B A
#H o] ¥-S = phase I, phase II ¥-$8 Ax&=d), 2ydo=
T84 EHE WSEo dx 5 wep AWely @ES E3 s ¥ Phase
I FAd A= 2ksl(oxidation), 7F5E3) (hydrolysis) 59 HFS-

o
=
= O FE8AH0E WA o] oA kAol wig- A3 &

2

s
N
=)
M
2
N
i
)
ol
N
»
2

1

==

=7t A} AFE(reactive electrophilic intermediates)o] A5 +=d], o =
DNA, @¥ld} 22 AEAE g4ste] &4 & 5 Utk o #AHol| #ost=
3t gAaRs A¥ A EA8F= cytochrome P450(CYP) superfamily”Z} At}
Abgre] A9 5F9 CYP 47t EAlsk=H(CYP1, CYP2, CYP3, CYP4, CYP7),
A ABA o] AAst=Y S83 A4S FAgrh WA phase 1T Aol A=
Hk-S-(conjugation) 59 &= 7] (detoxifying mechanism)S 53 phase I
HA A AAE FHHAIES FE402 HF HIAA Aoz ajdE & e
= 3}, = g BEE ghARE FFEXL S—ddYE A(glutathione

S—transferases, GST), uridine diphosphate—glucuronosyl transferases(UGTSs),

ol rr

i
o

xanthine oxidase(X0) -&©¢] ATk WA phase [¥} phase 1T 7roll A& AU HH
S A8k 2ol Fastth wHoF phase 11 ¥Hgell 9 BE 7]le] dgatA] ¥&
el A ¢ | <]

dES I AFHE A5 phase Io oaf A wkeA thababE
Ll

& Aks} 2EHA7E S7bEo] DNA &4 55
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ﬂﬁﬂ_ﬂl‘i Phase I Phase II *EME - fg -
SRl 51 (Oxidation) CRRSIM suifation (+8d) B/,

28 (Reduction) . Glucuronidation
7t+2 8 (Hydrolysis) : Conjugation
Aedtylation

4 &

178 20. 7F W AAolE AA A ZE(detoxification pathway)
[Z*]: Altern Ther Health Med. 21(3):54—62, 2015 [78]]

=24 AAClERENEH AWE HIst] g Ao] dAE FHug o= =9
FolAa &=, olgd HEv]o] e Ao] A= AA 27HA] FHE U
ot} St} phase [ phase [I1E BAld EA3tA7]+= +
(bifunctional inducer)©]al &}Fui= phase IIRF Aex o=z SAstAl7]= TbE
o ° o

E ¢ 2 (monofunctional inducers)e|t}. B2 2o] AA&

=
45 245 2-e= AoR Basa g

—
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liver

WA & (metabolic  dysfunction—associated steatotic

dlabol

°F 30%¢°] o©]

Eis

disease, MASLD)o] A &3}t F-A}

~

O

S xAFEE A3} 20003 o] 3o = B
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7 At

F8 who) oA

£ 2. trleldez Q8 FHHE AWe=ERE 3t BE 7S B8] A% violernA

=4 5% 73

714 B}o] @ wlA — —
in vitro | in vivo | human
olm ;=M o] & A: ALT(Alanine
aminotransferase),
O @) O
AST(Aspartate
F 715 #d aminotransferase)
as
GGT(gamma
O @) @)
glutamyltransferase)
ALP(alkialine phosphatase) O @)
7% AR T4t @) @)
ol +ze3, CT, MRI, MRS o
giArol A 7F 2w o A3 AN EEd S
g | TE | AgE | AT 4, FAAEY
O @)
A %4 ek H&E 249
2] 3%
HAF A A (FAAE,
N O @) @)
2y 2¥ =, HDL, LDL 5
AWstd e 5 #d 54
O @)
2| W) A (FAS, FASN, ACC, AMPK)
g e B 34
O @)
AAFIAF (SREBP1c)
oltj 9=l O @) O
Abo] E7}el (Interleukine,
ASHkS chemokine 5), fragmented O O @)
CK-18

26




338 A 4 (HbAlc), uric acid,

O
ol&E YA A homocysteine
HOMA-IR O
AeEdANTAGE , ,
PR — ol & 49 (pAkt, pGSK
pFoXo)
A A 72k sHE (MDA),
ok o) 218 A3t & A4 (SOD, catalase, O
GSH &)
PR E AE Apoptosis  pathway
Yy 28 FSS(Fatigue
severity scale), CIS(Checklist
Qg NA individual strength), O
VAT 2SS AT
(Chalder fatigue scale)
REw A, BMI, s&gl=d, AAYEZ,
Z
v wke - N R BRG] R O
K ApA) 25 2
A3E A F A FLI (Fatty liver index) O
Rt EEER O
A ol &
d Detoxification Phase I 9+2&4(CYP1AL, 2 %)
Hj A O

e W 2

Phase II W& A(GST)
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71574 Bt 7hol=

£ 3. QLT AF 1 75 AE Bohelr) AR vhol 2w
3 71se dF 73
71 Hho] @ vhA
in vitro | in vivo | human
olm ;=M o] & A: ALT(Alanine
aminotransferase),
O O @)
AST(Aspartate
& 7ls wd aminotransferase)
axr
GGT(gamma
@) O @
glutamyltransferase)
ALP(alkialine phosphatase) O @)
kz=53 CT,  MRI, MRS,
QI .- N ) @)
7F A4k A3t A e S AH)
T A AWt A, SR LA,
@) O
ey H&E 949
A w4t PPAR—-a, AMPK, CD36, o o
A3t NAD+/NADH
] w4
| H} _ SREBP1c, FAS, FASN, ACC O O
S 314
<43 oA} <) eyl
e 7 ) VLDL (Z48A%) O O O
A of| L %]
NAD+/NADH ratio O O
e
AbolE7Fel(IL—1a, IL—18, IL—6,
AERE IL-37, TNF-a %), NK-kB, O O O
TGF—-p1, CD14, CD571
A A 72k sHE (MDA),
gAts)2k-g ksl a4~ 24 (SOD, catalase, O O O
GSH %)
THAIE AL Apoptosis  pathway O O
=S bil=kaiey FSS(Fatigue
severity  scale),  CIS(Checklist
AFEANA ©
individual strength), %Y=
Z3t AF(Chalder fatigue scale)
A, BML, ez, AALE,
HIWEE | AAAS | SRS, S5EU3R =, O
AR5
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1}, mpol omkA 473

7h 3t 7 B 54

@D o}v]=A o] &4 (transaminase)

=

aav (HAEAG dsboly 3 2e 1 Heke §RE 58+
AT T Aoy, el ofv| = o] g A (Alanine aminotransferase; ALT, ¥}
A= GPTZ E9)9} ofA2EAL ofu] = o] g A (Aspartate aminotransferase;
AST, 719l GOT=Z &3 AAle] AlZol £Xsh=t ALTF F2 A2
Aol EAsk= o W, AST+ A4, 1 &, A%, A8 A=x4dy
EZegole E gt ALT9F ASTE 7 diel Zh2F 39 7,000 23,0000
of EAet 3+ &4 A 93 lz Fev2v. wEkd A2 G Hd 95
E7F S7FekA HEE ZIAE FAbe] AR ol &t 53] ASTe A$ A%
- = =

(¢}
5, A AE Sol= EASARE, ALT= bl SAsk=, A

A=)

off

=5 X 5olF a4
o] 7] wjZel ALT® A5 (X 548 AA R gidett, 18y ol& a4
of FF+2 Wele] v|Ho] Aty ulio] & AlHAA o] TIFEATE A
WO 2= diAloldd ke AW FA oFE W AL 7 givk oA 1
AsA A 7hssd, 1 &4 MeAS AN FRE de SAHH a2 Jdu[79].

@ GGT (y—glutamyl transferase)
v—GTP (gamma—glutamyl transpeptidase)} =2]7]%= 3&tH, A4 o o7F 9l
o ZF oA A%, v, A A 2 H 5 oy e EAEAR @4 GGT

of GRS R B GAATAA FaPh Gl o8 FEH
u

o
oz 7] F4 BA} IS E AFE Ysid, A Wite] = A5 GGT7F UF
7] ZAFe] A Folm, GGT7F =& A% A28 Wi Aol 98 olxz z&3t

Bk &
I wol A fraj| Aol EEAl £AE s A% ALP Aso] FHHY

% shed, QKo S HEst AN S as dtel FrhEe] ut




el
T
I
A

~

)

7 kAL A
54

J ALP7} =
ulA

8

Bt o

=

[e)

. wek ALPZY 91 A

13
=]

k]

=

F(Total bile acids, TBA)

A
pul

=

=]

=
j=3
=4

.

Hd ot "Jdeld A=,

(h) 7715 A

H

wol o
@

A

i+

=0

H

(th) 3ol A

I 7 el o]&Hth

[

at7] 4l

=2
=

A
=3 (computed tomography, CT)

3} (liver ultrasonography)

-
s

] %= (specificity)

Eo
=

7+ % (sensitivity ) <}

kil

o

31

(magnetic resonance imaging, MRI)
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71573 H7} 7hel

FAY CT 2919

NS

m 2}7]-FHEF(magnetic resonance spectroscopy, MRS)

AT A ALgo] vl

o)

3]

‘m_wﬂo

il
oF
g

N

—_
fife)

7O
<z__l
i

controlled attenuation

S48

ek,

KeR
-

parameter (CAP)

HH (Oil-red O staining)

o X
=

. A
Oil Red O

A g do] 2 diazoAl

-
T

oA HepG2 MAEE CCl4 &= 9

Ay
-

”

All

g A-g-E T

4% AAjshe

i
=L}

.

)

m A I

] a
B

ol

s H&E (hemotoxylin & eosin)$ A

ol % (eosin) 9

W=

[e]
g

H_ o
T

7152 2 (hematoxylin) 2

-
s

il

ze)

w0
A

s

i)
-

il
BH

bl

"
B

3} A

1!)
S

39
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)

’

(2}) Aot
O dsAATFE
e Ao g Bl A dojue T8 Alolvh wEbA F el &
AZF A& A5 AdWAd FF o)Al vEbE & Ut EH/‘}OVLQE Zrel Aol
29 45, €% HDL-FHl="HEe| #asta AL FZE=HE T35
7t = Ao® HuHEa v & FU2HE Fol S ﬂ 71-E obA
SA = FAN, AR AFAEd Ys) FrelA wrEolX= &AS lecithin
cholesterol acyltransferase(LCAT)? AA K=oz F8 FU2HZE  (free
cholesterol)o] S7t%+= Ao 2 AdEH Aot IHE o= dF FAHAW]
7 = AL A 2] AR5 g A (lipoprotein lipase) 7} ZFoll A 2 A EH R F3}
7l &Y Uk 53] tiatoldom Fhe| Aol HA4¥ A9, da¥ AFA,
Hgh "t zd Ao o] Rk e 457 B7] v dF Adys A
ARE A Edel= Ho] dubdolt), HF FF @ H E(total cholesterol)
HDL—-Zd 2H =, VLDL-Zd2HE, LDL—”—EﬂiEﬂE dEE AH SA-sE
5tal, LDL/HDL—Z# 2HE H&, HDL/ZZHA~HE v& 58 Atstd wgs
T gQle= gy g Hwx x]%}&zﬂﬂ]/ﬂﬂ A Fee skl #1E
g3 FaAW1k(free fatty acids) 52 A 4T = Aot
@ A Fd = 2El ¥E a4a
m AW ol #ofdteE A
A ¥abebAd @ 4~ (fatty  acid  synthase, FAS), oMHEZRa LA 7282 oA
(acetyl CoA carboxylase, ACC), stearoyl CoA desaurase(SCD), glycerol—3
phosphate acyltransferase(GPAT) |9 Ao Tl a4 B S
54 + o
m A AE Abst @R AR oA o] A Fafo] Hofshs aa
mEZeg ool A dojibs AL kst A Fagh 93-S S carnitine
palmitoyl transferase(CPT), A|®WAF A 9ja A (fatty acid translocase, FAT) wd&
Fre SAT 7 Aok T3 ded Aol e AF Z=2E A ARV
%3 &4 (hormone sensitive lipase, HSL)9] &Ao] F7lH Bz Awbz2] u @
Foe SA¢E ojm St

ot



®m Adenosine monophosphate—activated protein kinase (AMPK)

AMPK:= Al W olvix7F Ad3id w] &4t o] A o ouA] Aits S7H]

Faolth AMPKZE 2489 AW 4o welsts ael BHE A5

Ak *PﬁrOﬂ eroi st a4l 4L T7HEh AEd Aol = HepG2

408 £EL 54T 5 da, BRIAE 1

4 w 24 AT As A3 248 Aased A ol
1 -

M S s sl
.<|_3[_

7]

rr

(0=

A A B el o ARl o 24" 4 Qv SREBP—1ce A
W ALE 2dske AARIALRA ABAE B SR d8E FRARoEA
Wy AH =4S =7 st Aox d#A 9tl. CCAAT—enhancer—binding
proteins(C/EBP) o= WAXW A3} ZAXWz oA W E = HAARRIAE
C/EBPBS} C/EBPS= AAE E3tabde] ZridAel &de] F7FE o] PPAR—v]
S fFX38tH PPAR—ve] ¥ F7b= C/EBPad] AEAEZ &3 $7]9 4d&

r
jar)
=
2

)
oy

ety AMAE =23 dud W% Fxlo] #Fojdth PPAR—aE FloA W
A5, FAA] ¢3S F4A7]aL, HDL-F A~HES 57HA171th ChREBPE
A S 2R G429 PR 99 HARIAE AE 2 EE wdof
=74 7FeskARE, QA Aol A E Aol "Basty] wiel HyE A s A4
ste] di- HARRIALY] F A wdS Rl E gk

@ A&AN

ot
il

g 2 A harel g F23F olyA 7S xﬂﬁ%}%
T F 84 gHRANYA(R)E 438ty | I
7 2e gd 71" offEE QAT 3% Bl 2 A0 Odﬁi}% IRS
FEE AT A el A RS AT I F PI3KE FE Akt/PKBE &
dslate] QlEd 75 ollA Fast 988 ¢ty &A43tE Akt GSK-3 JAE &
ol Fe=A ¢S FEstal, mTOR 2 &9 2425 T add A4S

ar, of e 7HA] M EAPE A (Bad, FoxO AAF 1A, GSK—-3 % MST1) 9A&E &
3 AE AES FE8h Akt FoxO AAF A5 datsletar JAsHe] iAbet

[e]
a1
pzs

]

Xl

_I::, N

_1

=

-

=

o o

o
=0

>
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= wks), AMPKE Fox03E %dala AAl &5S
st o deA St dEd 4s A A2+ Akt mTORC1el <] 3|
i AMPKel| 93] &43t5E= ULKL 7|UAIE 8 ArFEAS oA st <
GLUT4 AXE HIE o2 HHAMA S5H AWM XM XY FTE
PI3K/Akt =<} IR w7l CAP <l4ksl, CAP:CBL:CRKII

sHA dAdo]l ¥gtEth T3k <Y 25 HAEe CREB/CBP/mTORC2 AgHe 3|
ste] 7oA EEFAATAAS A= 9SS S

(mh) AAE Abstet 44

2ol SREBPlct: Zdl2HE gHAoll #odslal PPAR—ax AWAE Rafo] 2o
s}, 7Rl Al Kbk Fd 3 Bao] #oIstE st mRNA @S real time
PCR= 5430}, 579 %i%*éﬂ%ﬂow—t— Zroll NAD+/NADH nB]&ol oJsix A
Wk Aol dFgs Wwon® o] Hl&S FA= 3] Tastt

(AF) ol =] ZAH

@O NAD+/NADH ratio

Ysglolnfol = ol tho] 52 S Efo] = 9] &ﬁ} 2 3d Fe d43S
NAD+/NADH H|&o]2}al gtk NAD++= NADH= %3t
Seta o]y ek M3 AE AuAE A g NAD+9Jr NADH®] H|&2 &34
o= ATPE A F AEAE vedl= FAo71% strh A4 defe] A
AZA ] NAD+/NADH H&2 oF 700:1%, 33 H[&S 2kst whgo] frElsta
[44, 45], Yo7} EWA NAD+<9} NADH®| H]&& ZAa



@ Fragmented CK—18
A% A¥E F fragmented CK—182 thAto] A X W7kl Hvhe)] B4 =S v

S T AU AR

() @akshatg-

O AAItsh=E

ozA g gEERmsautel  @yidad s Asldel  A4E=
4—hydroxyl—2, 2—nonenal (HNE), 4—hydroxyl—2,3—alkenals(HAKs),
malondialdehyde(MDA) 9} £ A d3itsl=s  de] AT Ao
HepG2 M EolA F4 7bestH, sEREH A x4, 94, J85 oA =

4
AT 5 ok Aol A9 APt AATNA Sk o] Ak olrt

satsl @4 5 HAEEE Al A &4 (superoxide dismutase, SOD), ZFerg}olA]
(catalase, CAT), glutathione peroxidase(GPx) &2 A4S X ol HP oA

qai A7) Bk SEATANE AxAdA @idd ase wed A

H g A% gakst A 5 3938 FFEFX|2(reduced glutathione) T+ 4
SAsY, SFERA 22 A e A= 3709 obv]:=AF(glutamate, cysteine,

=
34 egonyEe e F3A 4BL 8

glycine)o] A3 ¥ HEeloj=2 Ak

= g A kst Edent 53] 3 &R, &% Fol @wol dhfrat A9
oA Ast-8k S frAske 8% 4EAES sta Ak S, delA] b
strE 2T fd e FdE SFEAZe] Abst 28-S 9] fsiA AAE
Agdonr kst AEHAE AANEH. SFEAZLS GPx7l #ofsh= dAtst



A 28-S 98l Z2est dAXE dogH, WAool A fuZ(free
radicals) S A Ast=E I9&S 3w, %2 #}A3}H(lipid peroxidation)?] o= =

ol Al RHeM= F2 HepG2 Alx Wl s S4s7e stal, o= 22

AL A ) g =t 9% F22 SAaIE v AL 24 o
% Z7o] ofd7] WEel WE $ES ZASE Ao Aol Y FFEA
23 5y 2RHA LS W SAs] 5 FREAL B W ohe HAY
48 W g TevlE Bt

@ Apoptosis pathway

m Caspase

Caspaser= @z Hagiro] dFoz A ¥AH
Caspasex= initiator caspase(—2, —8, —9, —10)¢} effector caspase(—3, —6,
—7)2 2FF 2 U¥ ™, initiator caspasei= WA A O 2 A EAPE Al o&] 4
Ao FA3}E Y o] effector caspase® A&7} AEEc) weba Al A E

2]
HS shelsty] 98ko] caspase &4, caspase/ cleaved caspase Tz wkE
s =3

1)

PN
ETX_—]]?_. Qﬂﬂ

m&"
m (]
ot
v}

I
>
>

oZi

®m Bcl—-2, Bax, MAPK(p—JNK, p—ERK, p—p38 protein) &

Bax(bcl—2—associated X protein)< TFZ4<l W3S AAH MIEATES F
g, o]2 <l3] mEFZE=goloA Alo]EAE C(cytochrome c¢)9F A|EZAE
oA ") Bel-2 familys AEAPZS F8 ARE Aold: 8% JTL& I
th mEZEgete] 9w Fo] AgHow FEFxHo] glom, wEFE=gole Jw
ZHE T3l AFEANE S AlofEth Wb Bax/Bel—2 HlEo] FmobA Al HW AL
Apdol F7bekAl H=Hl, Bax/Bel-2 H&S SAFe=N sd 2A4E ST Al

A oA ERE BRE 5 Atk
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el

4

3|
LR
skt
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< E
Til—l
o]

inventory),

==

o

fatigue
(C—peptide), 23&

F kA9 oA

R
=

o

s
a

ofe] 74 thAb o2 thAle]

sl B

IRE Q1o A, thAto]

R

o] &
FAF(BMDSL Abell Hls) 57 57}

7} (glucagon), C—3E}o]

13H(MASLD) 7}
Z~(HbAlc), 8%F(Uric acid), S EA]Z~~H 2l (Homocysteine)

4

2 9] 2 2 = (multi—dimensional
7

FSS(Fatigue severity scale) A%X], CIS(Checklist individual strength) A%&A],

18- (MASLD) 3-2¢] 90%7F A o)

=

-
R

T2
Z_]-z

L

HAAN7A] v A7k J] 2 e
St A F-(Chalder fatigue scale, CFS)o] glom m=z=z <3t Al

2 ohAbeld Ay

[e)

o},
o

-
A
°|

T

9
pA

17 =
(W) H
dAkel 4 A

A7 A S (MASLD) 3 A7) =] Q)

¥ @) ABEA o] 2.v}A o)
gomz Yol goE Qg

A3 (MASLD) 9]

ATt
o] 2]

5]

9

—
o

Alr

]
E

174 B~

o EE %
Sk
=

e

0

AIr

!

jang
TH
™

—_—

0

o

C-Hetol =g %7

1
s

-

I 3 THoR A

o
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A

1

2=
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22k

7}s

HEHIR-B) M EFR ]

AS1609] ¢

=

[€)

b, o= @
ot

]
=~

-
e
=]
s
)
=

5}

<]

o] m]
st7] o

7}s

3}H(IR—a)

=

[e}
=
T JTH93].

o}

MASLD$}

-

T

T 22k ol
A WlEF B FY(IR-B), AKT2

HL—-1 A3ZoA IR

ol

H

PN
-

=i}

=

s}
=

Fol M A

]

o AFEE AN @ 9o MASLD$:

ZFA AL QITk[91].
o 2 A2~ H 2l (Homocysteine)

bl 234}
32 HepG2

°©
s

=
=

°©

1

!
90].

HOMA —IR(homeostatic model assessment of insulin resistance)

7hshe

=7
e

A

i

ol
N

<

file)

ajo

el
Plo

ol Au[95]. olet dis Het

(FEosdsA(microU/L) x 3EES(mmol/L)) / 22.5

(2h) Azt 4
@ FLI (Fatty Liver Index)

74 MAFLD
S 0.009%NA 0.14% = Z7FA
AA 7roll W]

HOMA-IR
71 #

< ol A

o

=0

H

1

o] = AH96, 97].

puze)

il

Atel
w A

a

X
{Jn

) Aze 63

9|

dl,
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4 wjol

1

°
=3

13

8

el
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(H) &d=ZE A dHas
@D Cytochrome P450 2E1(CYP2E1)

G377 Lo PAEE F WA AEZE mlo]A 24 (microsome)d] EAlsHE 4HE
Akal A 2~® (microsomal ethanol—oxidizing system, MEOS)OLH], IS A
AHPE wo] 7Hs¥k. 2 CYP2Elo] #ojdted, 432 wAHor 33

= Aol 2ol Sk o vk

@ d7FZEEIA a2 (alcohol dehydrogenase, ADH)
ADHE vehe, oehe, Yeuis Ree Sof dmgdx oddsl=ze) tsts
S0

sk adolth. ADHE o8 /7Y 55 ai(isoenzyme)7t =], o &
k18

[e)
g% A5, o] &aie] A W #xE= 95%7F 1holal, B

7N1AE AMgete] E4S SHE H
A7E AR, A, 18, ¥, gk SollA okgke]l o] yEld Wolal ThA|XE
NM = Al EAgTE gk 1Fe] A Wl 2xE FAEYTAY 29 T4
2 7k

@ 45| =e&<44 & 4 (aldehyde dehydrogenase, ALDH)

2 LI PFR(80-90 %) FHAIES] ADHAE Ao 93 olAE
drstel =2 Al ¥ 5 ALDHEZC o3 Absh#els= #4s 7
ol EAte] gdH F olxtslgrAaet BERE JhgweEe] et BaHAS AXA
2=

F

(4) A ol= ¥d 29l

(7F) WA=
@ 2] 54 (bilirubin)

40




W) £ A28 Ao A 35 ¢F 250-350 mg BAAEY, o]F oF 85%7F &
WS ek Hd3r) gy EE AR gIAREER GE5AkaE g A E e V)

[e)

©

itk Ad g2 A= HYFHE vegAdel g Uy
bilirubin B¥ unconjugated bilirubin) 2 X IR FYEHo] EIHA
(conjugation reaction)= A & 849 23 L] FHl(direct bilirubin HE+=
conjugated bilirubin) 0.2 W3ty o] Gyto w7 wjAdHTE A E £4o] g7} Ty
of AZE A A 8F W AR WEeae] SvkEt. 44T syrt St
=
=

A4
b e TN A o) ARl Sk AW, AAdE A el ERle] 3
= dl AV A, ellA 2gage] ddetA] s v A Wl A
FR o]l 7k 4 Aok T AP FN 2 tiAbel e A 4 8
Ae AF W3 A%t O}HX]”J e Axsd A SAFeRA T 42
WMol el 2 5 Sl
(L) AA ol& #d 3 54

m Aol EFE P450 1A2(cytochrome P450 1A2, CYP1A2)

CYP450& hemeell XE3tE o] 9l A o]o] el fejollA] Urbsteiiol A3
5ol F4 ~HERS BHYo=EH 11 o]Fo] FHHAY. FE A&
3}% thAH(oxidative metabolism)oll #ojgto=x olg &Ho] Awoly HFoR
A wMdE  JEE A5 AR A8A CYP4502 thet subtypes 7}
A3l JE=Y 1 F MROD(methoxyresorufin O—dealkylase)s= CYP1A2 type<
subfamily & 7}#It}.

o
>

o
[

m N-opA 8 7] Aedai(N—acetyl transferase, NAT), xanthine oxidase(XO)

NATE= g 545 x3ste] st A ol&dd EAlske WES ol
& (aromatic amines)< o} E3H(acetylation) Al 7= &A4olth. X0+ AU FHA
(purines) T+ 37 " YA (pyrimidines) =& thA}o] Tojdl=d zHg& 1A oA
dgakaTE AT

@ Phase I8 &4

HEA QL phase I W& FEARA, FFEAE S—#9 a2 (Glutathione—S
transferase, GST)& FAwnlt} E¥x = T/77F b2k Alx e EA18t= GSTE
47FA ER/7F ATt (o, w, n, 6 B, k= GST—a®t GST—wt 2 S48

41




d, GST—-a’} 75%
(detoxification)dF+=d

Fol 24 FEE wkdst

Bk

42

AR GST—a7t 7l A AA o] &<

a1



2. 78 HpolomlA e S WY

(1) thAtel oz Qe 7k ) A F4

e
ko
ro,

r

(7h) 275 " &4

@ o}w| -7 o] &4 (transaminase)

oA HHsHAl 54 7hselH, P B e S ]’\] H%‘UE g é’ﬁﬂ
Stk de= b S

217], assay kit ®=+= bromocresol green method=

il
S
Do)
ol
ol
&

Iy
o
o
)

@ GGT (y—glutamyl transferase)

v—GTP(gamma—glutamyl transpeptidase) 4 NS 11,950 gollA 108 &
ok Al EEete] @HE Fstar sshEAl7], assay kit Hi= Persijn and van
der Slik methodE &3t FA 3}

@ GdZEA x7E8) & A (alkaline phosphatase, ALP)

ALP+= d95 11,950 golAl 104 &< 4l *este] 84 & 34stal 38

A17], assay kit =+ bromocresol green methodE AF&3}e] =4 3o}

(b 7% AE

FAoN A FFAY H5EE gas chromatography—mass spectrometry (GCMS)=

ARt @E5A Aol mlA 2l 7a—hydroxy—4-—cholesten—3—one (C4)<
=

AR GEE 72 S-9(liver ultrasonography), CT, MRI, MRS %<& o]&3slo A

watth (e gus AAE A E A% H5d ARl WS HolAw, A
ke A4S AW AFom Agut AA WA wRED. e AgFe

=

2)
Saverymuttu et al®] ¥l web 7+ Adx] 313 214 253 Aol 1F AT
s !

1=
Aupso] AumdA wEE WALl 287 FEE
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Fat contents(%) = V1-V0 / $x100

VO : Weight of the vial(g)

V1 : Weight of the vial(g) and crude fat(g)
S : Weights of the sample(g)

BE ZFZy 2= (total cholesterol), HDL—F#|~HE, VLDL-Zd2HZ,

LDL-Fd2HE &S oA SH3s},

Aupely 9@ Byl #el g4 AMPK, FAS, ACC, SCD, GPAT, FAT, CPT,
HSL 522 RT—-PCR ©]4} western bloto. & =4 3tt},

D)
o
o
oX,
NE,
iz
@
r
N
rN
>~
el
ro,
_>|~1_‘
rir
wm
=
o9l
oo}
T
—
o
O
<2
=
oo}
vl
ofl
o
o)
ofo
Oft
o
2
=
7
ige)
@)
=

@ <lEAAT AL (pAkt, pGSK, pFoXo)
Z 2o A4 ELISA T+ western bloto 2 =43t}

g4 = ZA oA ELISA =+ western bloto® =A 3t}
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@ SREBPlc, PPAR—a, CD36, NAD+/NADH
ZFoll Al SREBPlc, PPAR—q, CD369] mRNA &S real time PCRE =# 3o}
7] NAD+$} NADH 3HeFS ELISA kit 2 =#3to] NAD+/NADHE AAbsio},

(i) A g
@ VLDL A&
VLDL &S dHAS Ultracentrifugationdte] VLDLS ##]ste] SAd ALY} =4
H] A G kit® S8t oS3k

==
RN

A g

(AD) ol =] el
@O NAD+/NADH ratio

F2 = dHS 4338 NAD+/NADH Quantification Colorimetric KitZ A}
LA 543

(oh) AZus

@ AFe] EFFI(cytokines)
d% =5 F2 oA ELISA =+ western bloto2 %3k},

@ Fragmented CK—18
g4 = ZA oA ELISA =+ western bloto® =A 3t}

(Ah) FAbskakg-

O AA A=

AERE A HepG2 AEoNAN 54 7bssin, $ERIANE k24, I%,
d+ T dA SAL F Uk AR A @A HdAolA S8k Aol dut
Zoltk, Ao A thiobarbituric acid reactive substance assay kitE A}F83}o]
MDAE 5 515 nm®} 552 m WEIJANA FHEE FAHSH. MDA 5%+
1,1,3,3—tetraethoxypropane . & ¥+ =+rd o7 AAFSit

iy

satsl @4 5 HAEEE Al A &4 (superoxide dismutase, SOD), ZFerg}olA]
(catalase, CAT), glutathione peroxidase(GPx) &2 A4S dH ol HY oA
=33 7 A4S IS YA 0.9% NaClE d23tste] 10%(w/v) #ARS oA
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i, 1000go Al 1023 G4 s AsdS 7t a49 F8kits® HAE3sAY SOD
+ Oyanagui¥l, CATE Aebi o= A3, T3l GPxe= 7+ 2#S GPx

buffer(100 mM potassium phosphate with 1 mM EDTA pH 7.7), 40 mM
sodium azide, GSH(diluted in 5% metaphosphoric acid), GR(GPx diluted in
buffer), NADPH(diluted with sodium bicarbonate 5%), and 0.5 mM tert—butyl
o} wjeFsl & NADPH -5%9] A3dtE 340nmollA 103 54 st

@ Hlaa kst Al A

AE Bdo A= F2 HepG2 AXE U S SAHV|E 8tal, sEEHAA =
xR Y e "4 s SAIRE Sk AAlA = 22 W 3 S5A
o] o]g7] wiel dF FTs Ak Zlo] dnkA ot Ay FFEX 2 A
319 SFEAS 3 SAstY T SFEA &% By olyg} Akt
&S TFeb7l= gttt #9d =FE A& GR buffer (200 mM sodium

phosphate pH 7.5, 6.3 mm EDTA)E o] &3} Sample W] NADPH %9 #HA2E
340nm ¥l A 1087F A 3o}

(2F) ZEAME A

@ Apoptosis pathway

ANANEAEES 2lsl7] 958Fe] caspase &Al, caspase/ cleaved caspase,
Bcl—2, Bax, MAPK(p—JNK, p—ERK, p—p38 protein) 52 iz g HLE
western blotS €3] =#3t}, MAPK pathwayZd A5 PCR ¥ western
blot2 o]&3&te] ZA3T} Bel-2 % Baxol S5AS Western blot2 F33tAY 3t
Z 2S5 immunohistochemistry kite} A E o] gslo] WbAA|7] & slulo] ZAA) -
o] wy g FbA|ES] AMEAS AAEFdoR I, FEgdnAEeE F HE

T A B AEFE Alo] SATL
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(2) tiAbold dd a<l

b 4= 1A

O v ¥ = & % (multi—dimensional fatigue inventory)

x%u}z% J]EE %_ngg%}
A7 At 2 =

Ao A $Ys, ol

o|ct

*1. Y yE2shd YEsfAn FYE 1

*2. Y= 2 v Qdide] B,

*3. Y y25hH A 2 8o] Y3 g,

*4. U= N E3HH 3F¥e| ol

*5. U #5-& ot v w233,

*6. U v M 2§ =7

*7. Y AEEAF Woul 7§ L7ich,

*8. U= SEAE 2§ i

*9, 257} AlgsiAw v 27} gkt

*10. Y= g4 nj2§ v 7},

*11. N2 Qlsla] Y& s8o] HolAd,

*12. 2 of ol BA7} 2h5 AR

g g

)
opLict

2%
ojct

=L

$-§o| WojAch,

*13. D2F 12 W Alko| Be] A2l A%E S

*14. 1j23hE 958 Utk dldf ofEE =i,

*15, 2of oj| S4lo] 477 Mof viA nj2E ik

*16. M E& g 7Y Fr19eA e Sl

*17. B2 7P 4A% 3714 4 B9 shueld

*18. nE2e Y, 7R, AU ARVEEE et

*19. Y= o8 o S44E0| o S oshE,
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@ FSS (Fatigue severity scale) A&#]

S A2 7h 9Rde] Arkundy Aol Ay 15Uzke] 2o

219 Pl o= A% ¥

1o,
ol

Ferd 1A 77 RelstEs 4

(Likert) ¥ 7311-:.0]"/} d% —L%f%}%‘ Ao Hy o7 AAaksln FH o]
[10

_q

27} Asitta adgit

0ag o= 0 Y=
&2 WX uicl

288 82 oAy
L= G maeilic)

o2y cjojis
L5010 Jjigo| WHEL)

Lie= L@ S4 B
0F 207 gk

O &4 W0l
e MEE
Rjdediz| 2ot

LY ol Rl WU
Ciahed agE -

e U7 W S
£51 8=

44 &Y & it

B EeHA L= S, 2H,
ALR) AMOL X|BE Wit

=3 S e BE




@ CIS (Checklist individual strength) 2%

207kA1e] EFom FAEe] o FuH dEE 85, Hod fa 55,
F7) A AR, AATE i 3RFgor FAH vk A 237 APF v
2ol sl 1d~7817A 9 HER S, $Ho] Fers YRR Fva &

7b mom w2 e vEs ¥ B2 HAeH iAW 5] 3

ocowl &)
| LLwetzl joL2|

(s masje)
(b= o WE=o|ct,
(3Pt 20| Hich
(4)B0| 71T Tisich
(5FEE Y2 0if oIg! st fict
(BLigig o Foio =g
(7iLlE sl ME US off WD 2ick
(B)R2V7} 810 US o oiT USW & Uk
(ORIXHE mifich
(10)51 BY B2 o e,
(MRI=ES0| 2ict
(12)88 T 4t
(13)ES417] olgct
(14)801 $X GCHE & =2t
(15812 &2 Y2 B ch
(1Goie &4 NEge =7
(1781 iU & =2 210] AJRSZ)] Gl
(18)7a 8iak} o= HYE SVX] St
(19p8210] £ S0HgXIC)
(oM iEea §F& S0l Ycks 3 =7ict
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BaR —?%’ O%S‘.Oﬂ/ﬂ ‘ﬁéig} Hl’;%’ 14, ‘Hanv e 2

| J’Pﬂ Fluain [ R STMOE s Hisaey | eeac s sveowre
Hacin trscad trsis] e wesasel

00 you have probeems with Hredness” [

do you meed to rest mione? I
- L -

do yiu fimed Sisapy O dicwsy?

do you have problems starting things?

do you kack energy?

do you have less
strength in your muscles?

do you fes] weak?

do you have difficulties concentrating 7

do you make siips of the
tongue wheen speaking?
o ',wjm.ﬁrn‘l R o cBITRCLIR
to find the right word ?

betlter than | no worse | worse N | el worse

S f s ersesnd rrsannf fhaer testaal

e IS yoLr oy 7 l

S SA4shs AREs AT, BMI slged, slded:d@oled vE 5
(e}

0.5 cm o) = seEel (A &3 I Ate] SH)= A4 AAAE, &
Boeny, weHdgd gHelzm SAn. =3 AAH7I A (Bioimpedance

analysis) T+ DEXA(dual energy X—ray absorptiometry)Z o]&3to] AW ZX

tomography, CT)& &8 &% FA, 5 WA, 55 AsAU WssE &

Aek7| = g
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(t}) diArfol’d
O PPARvy DNA methylation
Ao A dHEe AFH st Ao A DNAS F53+] amplicon PCRE PPARy9)

DNA methylationg 3H¢lalt}[102]

(2}) Sl&EAA3EA
O g% x4, o4y, FF 72 (glucagon), C—FE}o] = (C—peptide), 3} M
Z~(HbAlc), &4 uric acid), &5 A2 H 2l (homocysteine)

% X523 glucose oxidase method® ZAHelal ¢l&4d, C—HAelol== IH
oAl SFIIES HoA WA WgSAHesr SAHST. FeldAs, 84
homocysteine> oA NS | FHsle] FA g},

o
2 A& A

o

@ A=d
HOMA —IR(homeostatic model assessment of insulin resistance)< <l
s= o]&3to] A=

e gon A AEd FA 52

FHe 57
| HOMA-IR = (2%91&d42(microU/L) x ZR¥sHmmol/L) / 22.5

(5h) A A% S
@ FLI (Fatty Liver Index)

A7 o Aol AGEE BRI 24 wde ged 2o A dojg

, insulin, GGT & FA3%t}t. 7], Al<F,

= Axbsts W

ANHsta = ALT, AST, HDL, TG, WBC
slEEdlE 5435t BMIE AAlste] oSl A&ttt o F d4E A
He gS 2o

D ANRS ¢ —0.614 + 0.007 X ALT -

o tiAtol A ARk gA Hg [43, 44]
0.214 X HDLC + 0.053 X triglycerides + 0.144 X HbAIc + 0.032 X WBC +

0.132 X hypertension.
] = 1.18 X MS + T2DM (2 if

o tiAtol A Ak 4 [44, 4510 PNLES -
yves, 0 if no) + 0.15 X fasting insulin (mU/L) + 0.04 X AST(U/L) 0.94 X

(AST/ALT) 2.89.
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o WX A= (46, 4710 CHSI 8 X (ALT/AST ratio) + BMI( +2, if
female; +2, if T2DM).

o A W7V A4 [48, 491 9FLI o el9%3 x Lese(TG) 40189 X BMI + 0.718 X
Loge(GGT) + 0.053 X WC - 15,745 / [1 + %93 ~* Lose(T) 4 ) 139 X BMI +
0.718 X Loge(GGT) + 0.053 X WC - 15.745] X< 100.

o XA =& X4 [44]: °LAP : (WBC65) X triglycerides if male; (WBC58)

X triglycerides if female.

(3) ¢=Za A R Bd 24

A dFIE AF T dA A FF BEE dFE e T3 dARREES]
dHsl =Y g5 o W3 F3 F5(Cmax), HFiL 5%
s
2)

(area under the curve, AUC), w-717]

& =
(T1/2), % 0] 00 =E3}= AZHTO0), AAEE To] SHE = A

(H) =& A dHas
@D Cytochrome P450 2E1(CYP2E1)

Aol YAalE= F HA HAEE o] 2<% (microsome)o] EA3E YA
Aksl A 2~®l (microsomal ethanol—oxidizing system, MEOS)<ld], 4728 3
AAYE dol 7bs @k 2 CYP2ELC] #ofdte=d, dass WA oR 415
gt Aeol &40 T7HE v EEEE ANtE R sERdA A

WA g A 3l e g4 @48 SAHE 4+ drh CYP2ELS
chlorzoxazone< probe substrate® 3} LS—MS/MS H+= HPLColA SAHE <=
otk 7+ AL ZAHF-2i=9N(pH 7.4)9 chlorzoxazone, MgCl2, NADPHS} &t
Al 37CoA 2087 vl  4'—hydroxytolbutamideE $H3F 2712 ethyl
acetateE FH7lsle] HHe-S FEAIZITE AT HS Hof 12,000 goll 10#7F A&+
g 5 30CeA dxA7|a bRES B4

@ &d3SYS44 a2 (alcohol dehydrogenase, ADH)
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13715 4E 7154 B el

AT & 5E REAA AdEEY dHAA SAHFAY 1 24 W
Az} BHFE =AHET 4 9l PCRI western blotg &83le] =A 3t}

@ o4 5| =e&<44 & 4 (aldehyde dehydrogenase, ALDH)
PCR¥} western blotg &-g3slo] =4 3sho}

VY

7}
@ 2RI (bilirubin)
A FHlE Aol SAsAY rxAe ddstste] ST

=
(A
olr

m Alo|EFE P450 1A2(cytochrome P450 1A2, CYP1A2)

= RdoA = txA 9 wmlolaE&E g & MROD &4s SAstked,
3 <9 MROD #&#Ao] Z715l Aoz AldEZo] CYPLA29
TEEAd AoR fad 4 vy Aol = CYPIA29] A% avo s wjds =
7} (caffeine)®] WA £E& A8t 2F U 48 A

ok ZHeQl2 Aol A whgst Amel o8 thatEo] Ao wjdE =, AR
4] 1,7—dimethylxanthine, 1—methylxanthine, 5—acetylamino—6—formylamino— 3
methyluracil, 1—methyluric acid, 1,7—dimethyluric acidE® =% sl 7}# 2l A}
H|& (caffeine metabolic ratio, CMR)S A4tste] CYP1A2 €& 7hsgith
phenacetin O—deethylatione probe substrate® 3}¢] HPLCZ %= S4& 4 Ut}

=

[ |
T
o
o
By
i
A

| A2 a A (N—acetyl transferase, NAT), xanthine oxidase(XO)
FERd= P 22 ] Aoy it S S5 JHeshe, A ATl A
ZF Q1 At = e str] wmol] AW W 7l thAL

A
THAoR W BYS A5 5 vk 7 2HE AL

=

o] 5}
723} 3t 10%(w/v) d2NS A, 1000go]A 1087 9

A Fes 7 mand 8 kit HEdn
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@ Phase I ®¥F$ @4

GST-a2] 47 HdS SA4sch HdA A 54 7Festd, 8 Ul 2

o] 24 F F& WYgste R HiHil glo] BIqME FAs = AU B
A=

t}. Glutathione S—transferase@4-2 |—chloro—2,4—dinitrobenzenes a4 7|
FHAEE SANY. FFE SAH T GST &5 ALks.

AHE3Fe] 340 nmell A]

(5) d #d 8l

(7}) PNPLA3 rs738409, GGT1 (rs2006227), HNF1A (rs1183910)

o & TRAEL EL G AL, TAA

AgEtel AL oA FAPS

==

HAAF g2 §312 AAF 595 2
¥} e}doA DNAS Egdte] fHdx5Z7=
gol g},
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AA A AHA

ot

»A
)
oo

(1) A&7

(2) Bio] &mkA

o]

—] T
skal Q&

]

4

Ak 7 =ell ¢

Fod ol ==

5]

(3) TAH

o

O

X
B

A
Ho

(1) A3

P E (rat), vF-(mouse),

-
R

ob/ob®} db/db mice”}

2 2o

(LPS),
o] 9lom™ trt—BHP,

lipopolysaccharide

endotoxin, D—galactosamine < F

D—galactose, acetaminophen -
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4. ZERY Alg

SE2Y U

MCD diet-induced farty liver
sledery apzk | Alloxan-induced diabetes&high fat-induced fatty liver
el High-fat/sucrose diet-induced fatty liver

High cholesterol diet induced Fatty liver/atherogenic stress

2}

‘Qﬂfﬁﬂ?ﬁgg{_ alcohol-induced Fartty liver

Fpad ek 7h MCD diet-induced steatohepatitis

e High-fat diet-induced steatchepatitis
giﬁiig% Alcohol-induced hepatic fibrosis
d-galactosamine-induced acute liver injury
TF

& ?_]:;iaﬂfﬂ“ﬁ Bacterial endotoxin-induced liver injury

LPS-induced liver injury

Tert-BHP induced hepatotoxicity

D-galactose induced liver damage

Acetaminophen-induced liver damage

Abgtal ~AE#H A4 | DMN-induced liver injury
49 w=nd D-GalN-induced acute liver injury

Doxorubicin induced liver damage

Ischemia/reperfusion injury
CCl4-induced hepatotoxicity

F ) LR pyrogallol-induced carcinogenic stress

(3) BAAT

Algads dzad Aldas SAH SR vaste] p< 0.05 oM Fod <
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(1) Al

Oh AdudA A4 7= ()

e T 19-754

]_
1¢] 3ufmiRte]

H X

el

yo Azte] &

=
o

(%253}, CT, MRI

e AST, ALT, v—=GTP

=2
=

}?3]'

—
file)

A

0] =
A -

el

e T 19754

3n

e AST, ALT, v—GTP

oAt Aol 71 (A

() Al

MASH ¢}& (Resmetirom, GLP—1

5}

o X 3719 o]y MASLD9} #& s oFE

A,

RA, Elot&eldr 2, HENl E), < 370€ wieky &3] A+ 9%

bl

3
o

XO

acetaminophen,

o .
R

=%
°

amoxicillin, amiodarone, chlorpromazine

58



el
T
I
A

~

X
o

—

)

tel A= AST, ALT, T+ total bilirubin

o] A&

Z 2] 3ul o

=
[}

A

2l

ro

»AO

Z‘j/]
=

I, Elo}

=

HbAlc 7.0%

e Creatinine clearance <60 mL/min/1.73 m'(CKD—EPI &2} AXl)

Ko

ojy

A}
H

A

o
=
XO
.Aluﬂ

e BMI 35 kg/m' o]

O A A

w5
<]z

B

O

o T3 A} (=20701)/Y)

O <=7

O 7]E}

4

|e¥ S she

F Ao

3
pul

e T A

£

o« AT Dol o3 AP AT TATHG

(2) ANEAA
o AL A 9] okt = - (Randomized, controlled trial; RCT)

3},

How

= 7]
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_EH
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ol

(3) HpolLwtA

3}, CT(computer tomography), MRl S2o. &

MIEERSETEE

S

413

o] 24 7148

4 @) 9

=
=

23!

22|

mRNA

o)
=

Hho] Qu}A o] Ao

d Al

1=
[e]

R

(I 7]

o LpEtol

puze)

g

(4) BAAE

mK

AT (ITT, FAS, PP)oll o

73 B7HA el ol

=
[e)

o B3 7

3

A e} ABR A 7| E=

)

jpuze)

o

oj

o
%o
B
el
70
o
oF

Fol p<0.05 =0l

J|

H] 3
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el
T
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A

~

b

NI

o

TR
I

0

NI

oF
&

i
e

o

N
F

)

i
fite)

!

1.1. Chi—square test

o) ApE-H
o] 9l ¢ Fisher’s exact testES A&

1.2. McNemar’s test

o
ﬁo

o] 27k

2.1. Paired T—test :

2.1.1. Wilcoxon’s signed—ranks test

B

N
21|

Apo] W]t A,

e
T

A CE

2.2. Independent T—test :

2.2.1. Wilcoxon’s rank sum T-—test

2.3. Linear mixed effect model

)

3|

FHAF FLZ(covariance structure) S 2AA

9]

s

-

S
=t
Eelolr,

7] A7) (slope), linear function® ZH(intercept) 59 HWEA|

=

H=
T=

Z}(random effect)®] ¢

=

A ol w2 314 a3 (fixed effect) =& F2H4]

a4

+o]

Fol modelotol] &3 (mixed effect)d]

S
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3. 5057 A5YY AS AND Hlazo] 37 o4 A

w <

-

o el 3 (HET, NBTL, ABT2 5L B ALHE B

3.1. ANOVA(Analysis of variance) : i 7Fe] z}o]ES v e uf AE

3.2. Kruskal Wallis test : i+ 7F2] =}o] H]al A

}E
&
o,
M
kel
)
ol
=
M
kel
il
=)
[
N

o
T U YA o= p value7t 0.05 PIRFA A, Zéﬁ%ji_%
= Aagh 2y A i 7)ol A EEE whEs
71 WX @Zorm R pvalueZ} 0.05 o]l 2% marginal$t p values
il —Q plots Herew sk 5 AFAE AoHoR
2= Ao fkd ]
sample sizeZ} 30 o]l A5, SATHAHYE o]l &3t AFAAE
At A7 S 1Ey SAS =
ERolgl= 714 sl AR,
RG] B JoBE 7 & sample Slze7} 30 o]Foletar Y
| golh= 7S AT AP d9H e

=
A algfste] ddiA ]l 7]=e] wA %‘% T U=

b

4, I HAo] HQ3J HS-

O Randomized Clinical Trial(5 A7) randomizations &3l %X
TE TAE F e AAY AT 2y Aol os

baseline® 57de¢] i It Afeo]& Kol A¢7F AT = . old 45,
AFA= g WS FH S (covariate) & modelol] ESHA| A B4
7d-%-, randomization block®. %2 A4 3}9] randomization TFA ol A

oA SO vy BREe PASE ol AT £ de

4.1. ANCOVA

— BAS A st WrE B Ul F¥ P (covariate) 22 F7HE 5 S
4.2. Linear mixed effect model

— BAstaz} sk WgE Y U 3 F(covariate) 22 FUHE S
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o (st 7HA) WBC, RBC, Hb, Het, PLT, MCV, MCH, MCHC, Neutrophil,
Lymphocyte, Monocyte, Eosinophil, Basophil &

o (g3}sh# AL AST, ALT, BUN, creatinine, glucose, total protein, albumin, total
cholesterol, LDL, HDL, triglyceride, GGT, ALP, CPK, LDH &

(=7 A}) pH, Nitrite, specific gravity, Protein, Glucose, Ketone, Bilirubin, Blood,
Urobilinogen, Color &
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10

11.

12.

13.

14.

15.

CAFAdFMIE ML, AGTISAF 71 BIPol=-F A Ee2 & 4 Y

. A48 and 0|9, WA AR NA LY AR 9WE

1S FFTA, W75 E 7168 ¥= & 7IE. +4 d-

r

3 773,

A
. R, Weiskirchen., S, Weiskirchen, and F, Tacke. Recent advances in

understanding liver fibrosis: bridging basic science and individualized treatment

concepts. . F1I000Res. pii: F1000 Faculty Rev-921, 2018. 27(7).

glo

2015.

. W71, et al.,, 1gFLst. 2016.
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