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20159 FUARGFRA AR Jsn §FU 19
F HAFOl 3890 mz/deE® VI JFHAINEY
419 19 JEF T 4AFY 2,000 mg/JReh o
=2 gA%m Ytk FEF Y=g 4AL uW, 9%
H 37 Al 28 s 4ERALLe e Fkst
Sick

L
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Ae Bael A7 A GHA gk

Z4 A%7+Y9  (Non-alcoholic steatohepatitis,

f“-r'

NASH)®] e A2 'Two-hit hypothesis's TA=Z g
o. ZHHE U FAAZEY F3(steatosis)d FAAAS 1
hit’ ojz}sin HFA Alo|E7HY, AFE2EHZXE, vEZET o}
o] 7% ol 53 72 2" hit’ o 23 £ e dE e 3 o3y
27] W&ol AP olvt AFEE AP=E = Feltk. 1 hit’
7 2" hits oplstE FAXAL 3, 454 AelEAY, &
strEdx Fo 42 IYEF o3 T} A 4FA
A3 Ad3 fAskY. agdE 73k YEFI NASHY
ZBA e qE A7 W F5T AAolg. o] ¥ A7 F
IYEF AFH7
NASH ¥ 9FS F# 932 a 3= Aol
2 d3E= 294 3¥¢ F49 Spontaneously Hyper
tensive Rats(SHR)= Wiie=z AHYUEFHF(0.8%)% IUYEF
(8%) Aol& 457 AHAZ vt NASH IAE HF355 o
gxFoz:= AA YF Wistar Kyoto Rats (WKY)E o]

& ‘Two-hit hypothesis’ & 7|4te=



£358d. EAUAES 1) Aol A wE AFEst 2) A%
I A A el Fd, 3) FANAL AA(TG, TO), d&d A
I (F5EZ, d€9, HOMA- IR), 47 715 &3(2H
ASTS} ALT, 7+ XAFHA3E &% » G6PD), 5) NASH
AALAAFA A, 9592 2 Fibrosis) 5 o9, 1 A&
=3 2.

1. WKY$% SHR® YEFAF & AFHIE FF57]
AMA AF, Aol R AL, Hela&ES SH3A.
WKY$ SHR BF AYEFT v ZUYEFTAA A
L 5-7% A2y & AHFe 247 100- 132%
Z713lgth. WKY$ SHR B% o] HHZL 5-7% =
7hetgl ey Aojase Wil gdld. &, IUEFY A
Fel 2J3te] WKYS SHR BF Ao 2 & HAFE 5
7Hkg ey A FL Zaskg.

2. WKY$% SHRANA ZUEFAHH N o A3 A3 ¥
G2 AFAsuA Y, AFR 2D AR BA n FAH olgd
< 3338 d. AYEFLA ¥ IUEFT WKYeA
ot 2 AR FAS 4F 17%, 11% F74san A%
dAdAE E3rt ddd. AUYEFT Bl IYEFT
SHRelA ¥ 2 A% FA7 424 20%, 8% 5734
on x FAdFolEdL 10% F7Ht. IUYEFAHF =
WKY$ SHReA ¢ Aoz Avd do] vty
I SHReIA % A& &4 Fo] d4= .

3. WKY$& SHReA blood biochemistry #e& ¢3¢
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FAAR(TG), § FAZHE(TC), T5IL(FBS), <
£, J&€d AFYHOMA-IR)E 3. YEF
A% BAR) WKYZNAE S8 359 W
371 @t AYEFETE s IYEFT SHROIA
TGZ23 FBS £717h 225 o)A
A 2 EGFANAT AFF7HE B3

4. WKY$% SHRe] Z 715&%4s U317 A =3&%
ozx2 ¥AH Aspartate transaminase (AST)$}
Alanine transferase (ALT)E, A3} 2Eg2Qdx=
Malondialdehyde (MDA), Glucose-6-phosphate
dehydrogenase (G6PD), NADPH oxidase(NOX2)&
gsdr. ZYEF WKYZAH NOX2% #oxeo=
7k, AGEFET vl ZAUYEFT SHRA EF
AST(75%) % ALT(50%)7} S7F8tSiE G6PD(14%)
= A&sid. YEFAAZET BA %] SHRe| WKYXR
o 7+ FA, MDAY} #2Fe=z F71s9 3, G6PD=
50% &8yt ZEFHoE IYEFHHAE TEA

K
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j&
X
rie
=

(AST/ALT %7D& op7|stvl, SHRe 7% 2434
3 W AStiEd X FUb d9LeE By,

5. WKY$8 SHR®| 7+ A ANAE &st7] AlA e TG
W TC, A|H¥AF A edzkel Acetyl-CoA carboxylase
(ACC), fatty acid synthase complex(FAS), Sterol
regulatory element-binding transcription factor
1c(SREBP-1¢), A H}-5-5) 2l <) AMP -activated
protein kinase (AMPK) & &334, AHYEFT



o ®3 IYEFFE WKYCdAH 2+ TC(25%)%
FAS(11%)7} &3k, SHR 7§ AYEFT v 3|
IYEFLAAA TG, TCE W37l ey FAS,
ACC/p-ACC, SREBP-1c7} #FelHez Z71stY. o
BA IVEF HF = e A FALAL] EIS 5L
A1 Zi et
. WKY$¢ SHR® 7+ 4% A=E FA37] S8A pro-
inflammatory cytokine?! Interleukin-6(IL-6),
Cyclooxygenase-2(C0OX2), Monocyte
chemoattractant protein-1 (MCP-1)¢}
anti-inflammatory  cytokine?l  Interleukin-10
(IL-10) & &3P, WKY A$ AYEFFo vl
IYEFTANA IL-6, MCP-1, COX-2¢ ¢do] z+z+
40%, 50%, 48% S7}sttt. SHRZ AUYEFT »|3)
IYEFTAAN COX-29 qFdol 47% FIHSAAIH
MCP-1, COX-2& #93<d H37t 4. WKY$}
SHR ¥ IL-10& 249 @37} Ao deha 2y
=F 4#E WKYS SHReIH 9334 3747
WKY¢ SHRe 7+ €% AEE 9371 $3A
Transforming growth factor beta 1(TGF-41), «
-smooth muscle actin (¢ -SMA)S &ad3ssc. Ay
EFT vs ZYEFF WKYOAH 7+ TGF-51(40%)
% ¢-SMA(40%)7} Z&stitk. SHRE A5 AYEFT
o B3] TYEFFAAN TGF-51(56%) FelHez 3Ha

st AvEF A= A dd Avd 2
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Fibrosisg& %7lA3 .
NASH #e] Agle] 7]¥kel 2 hit hypothesis ol 1% hit
= Fd37] A8 F 2 7 A, Jded AP, T &4
|AZAE, A A, g 2™ hits #9387 98 9%
= 2439t 2 23 IUYEF A3 A SHRS 1°° hitelA
v &4, AAHAE, ARGl SR, 2™ hitdA 4
Zo] Z718th. WKYE 2" hitel g3F9to] Z7138%ic}. o}
g4 SHRS YUY EF AF 7} ‘2 hit hypothesis’ & 74
L% NASH7Z} 243 7| A3} AdAe . WKY+ #|
vk7k glo] A AEH A U

N
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Al TUEF HHE A 24 9o NASH 84 2 4
#3p7hA vebd Wb mYY Al TUEF AFE 17 hit-
2" hit 59 BAE AANPA AL, 45, AxEx 5
& yeAw 2743 9 A4 DARA SR Ry of
2 FARGE AAAAA ZHEF A FAH A
3t A% Rd5 Yow AZdEg. gebd 2 97: 2oy
wAY BAsh Yol nAYL AHE T A$ vt 1A
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A LA 243 HAHE #EFIH s FAAZ
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Sh01,2] oMY 23 Ae] AW 49l WaBsiAY B4
olwl, 2o}t el Yei= AR WUH) WEA P 5
HNEAY AA%elk T Bast rh[4]

A

UEFS F=2 AF AA &=l AFse AR =9 Ay
A Al H7bske Ad Fee AFFe] wrh(5] $Eivete
Aokl wls ze 9 A4 A HrlEls YEFY %] ¥
2 A% A5 =29, 78 2 AA F HUkEE UERO 9
d YEF A 35~40%AH[6] wste] e HLE
73~80%¢°] 23 Jh.[7,8] IFUAGGEEA A1~57]
(1998, 2001, 2005, 2007~2009, 2010) =4 AZL2XE £
g 23, JYEFY F2 FY AEFEE &= =UEF
(38.6~44.3%), Mx7(28.2~36.8%), IF7 2
(10.0~14.1%), N7 (5.3~7.3%)= 19 YEF A=
90.7~ 93.8%°l 71oJ3t4itt. o] &HE 22 109 Q7 M3t
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ddeoy, yEF A3 719E€2 92.8%(19989), 93.2%(2001
d), 93.8%(20059), 92.1%(20079), 91.7%(20084),
90.9%(20099), 90.7%(2010Q) 2.2 <7t dolx|= AHFE B
Aok, 2R AE 2Fo24E AHEE YEFY vgo] /M
EX3, AEFEHEH UEF AF vige] 7P 22 A2 W)

A2 veigth. 35 9 I AlFAE gEHeE RHe YEF
AF vge] Eon, oiFdAE AE =E o5 YEF A

F vl 3%

T

71 x]

99 19 YEF FEAHZES 1,500 mg/Y (65 mmol, &F
o2& 3.75 g), B AL 2,000 mg/¥ (87 mmol, &7
Le2E 5.0 golst®E AAIET.[10] HEF2 A 3 9
B2 A A FAQAF O AT A e] 7T, o]l AARZY
F(World Health Organization, WHO) A d¢s IF2
AEAAIF HEFT H FFUAPY HIES Sol7] HE 7
Fog 2,000 mge YEF FEAHIFLE AXF}AG.[11]

T3 DASH (Dietary Approaches to Stop Hypertension)



ATFdAE YEF 2dA ez 1,500 mgs AHA}E AS Al
Fstich[12] $2kete] 1998-20159 FUAZGF=A AR
o o3d F9 19 HF UEF AHAFS 4,000 mg o)+ A
FHstz det 20139 o|F 4,000 mg )52 Fxsgct. 1
o 4d3] WHOONA B33 19 UEF A3 29 A=
£ A#sx Yoh(131(Fig 1) v 9y AA J7F U=
AF%E 2302 4 A o 13.5 g U, ol WHOZ 4%
o] ok 2,582 OECD %7} & UYEF A7 7 Evh.[14]
F=g dEF AL v, A€ A $7H Al 29 S
 AEAAAE] e Frket Aol ez, vt I
o] FEF YEF AL oo 22 A I A A A
23+ vehdiz gl

l->
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3. YEF A3 ¥4 A4
ARy
Chx¥Ee) 94 2 Y E

2YgL Wy 9o wl EejAd 1 Y (Essential hypertension) 3
o]2}4 ¥ Y (Secondary hypertension) e Y& F e, AAE F
WSS, wlwk, wdEd oEA e P A AF FE FUEE A
A Aoz, ddo] wEF FA: 2 o7tz Ul el A
o] FoA x| k. g Ao s ¥ te] U Eelyd 1¥Ye]
W, ¢F 5-10% AEL oA ¥ gelth.[15] dAZIA] 4R ¥ Y9
AF g9z 37, w9, $FRS IGnd, aXIF Y Fd, 2EHx
5o AY AR o)9elx Ao Q¥ HF, 2w, 2F Y ddw AH B
5 59 Ael4 A7 2 9 JAR LA oh.[16]

TGS AED A3 A AR Fe A¥ede2H[17] Y
k3041 ol A Y FHES 20079 24.6%°1A4 20129 29.0%
2 Z7Hdrt 20149 25.5%=% 47 FadHE FAolw @AY AS
26.9%°N A 32.2%=, A2 A$ 21.8%NA 25.4%= 201237A]
ZHek7E 201349 o] F o 7 gith.[18]

20099 = AFdd SAIGRE o5, 3v) Agddew LA
(el o] ¥¥F AP, AF Aol 77 2, 39F AR loH
Z AEA9) 47.8%F AA . 2014300 Yoy nd Ao
A A 506152 I 109 W 109202 F7bsc).[19]

F{

Wb 2dga &5 0@ 34
el wigkEa A oshu, TUEF AAE TYLY AFAAelH Y
EF 437t 2SS gER A% 9¥e Fol: ez ysy
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A He FEAES F7HE BH
=y £ule FUIE FHS5F Y I B AP FUEeEHN 2
s FEee.[23]
= URAelZ AYEF 2o](Na=100mmol/L)A12] Egtol] wvlste] =
UEF Aol(Na=240mmol/L)°l &3 dge] 10% o1 s A= A
17432 71A L obA AZ3A A=A gdkeny, @
J-9¢kz] 2 "X A (Renin-angiotensin-aldosterone system, RAAS), i
ZA73A, ZEad-71dA, F& ASE (nitric oxide) A|&Hl, ofo]|Z
Arol=, @ UFe ool &7 WU ] e A-o] S
o2 FA=FE3 Jo.[25] I F #d-<¢x L8 A (Renin-angiotensin-
aldosterone system, RAAS)9] ¢|i}e = fAaZez YEF wjide] A
HE A5 UEF 2 8 AL FelE 2 gte] AT H.[26]

wehA AAAdelE LGRS &F URAl AT AFHS dEol
F5F FH ==Y HEF ATt 2 gl AT & Uo.[27-29]
HEF T JAYA dFNA4E 8 51U F 28%7F &
d ez 937 Aol th.[30] Aoy FEEWANA XY, &5 U3
A LFGANAE AEAA Aol ad, IS L3 212 9% AT
ol A verdth.[31] =8 &7 WA AL CAAE ded AHIFA
o] A yehy=d, ol AREIA AW 22 A A A% 9A
2 zHgsHA "4.[32]
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Essential Salt-sensitive
- -
Hypertension .'____,.,..--
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--#"'" _-/
_ 150 .-
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= Normal
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= _ _
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0 T I . : | .

Salt intake and output
(times nomal)

Fig 2. Analysis of arterial pressure regulation in non
salt-sensitive essential hypertension and salt-sensitive
essential hypertension. (Modified from Arthur C. Guyton et al

(1980) Annu Rev Med 31: 15)[38]



&3 UFHANA THEF Moz gl ST ofE el FE
WA 23 gl Wr] BEel 2T FAAA AYP
o) Zbstm YEE FvhsA Wk 27 URHANAE IUEF 4H F,
Frol Fobdok UgelA HFe) UEFT MY T 4 YA Dk
Guytons] 7ol Jsha[39], A4 WYY AelE A=

=
o
¥ AHE v o] I ASEE AN A7 YEFS A
Z

)
+
X2
N
2
Sl
2
2
2
Sy
)
2
34
*
5
i)
)

xR
gl
o
e
)
=
X
ol
m=
flo
o
lo

A ZZ ke HEFS WA HiA &5 WAL &7
dgol © EoloF . 22 YL W, &5 WS &
a wAde] ¥ AL AR 7ls As el okl mi

RAAS =& FHUIAZE 759 ool A%l dF< vA7] W& 2L

2 RavY}, (Fig 2)

2) vt
Mgke A5 AAE 4 ARENTH e A=
gom, HEg k] Aol Aol FHs ] AAFH A FAE F2sh
t ez Fou was Aol wel v

04, #7474 9] 2gHe

o
Y
i)
o
-
Mo
L
o
L
N
S

KNHANES®] #ojg 194]-644] AJS Yoz YEF A3 w»gt
A7k AAAES B AFeA, vEFY d4Y HF YEF HIF
(5490.5 mg/day)< H]¥]9F(5051.7 mg/day)9l v]3] FeHezw =&
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& Eol APAEL v WFAE Sk FHE FEITI42] o=
AF A2 75FANE oA oflEyde &

q AelEstel £2E F7MIZIE Ro® vehgow] [43] APALY 2
£9 APY FAE Aoz AIHYThI44] =F AEDAFe]

¢

R 55 7M1 2 T2 3 AGAT ¢ A5 =
ety 2315 2 dgdl £F2S S7HAAY 59} [45]

3

NGy oy FUARFGSFZAL AR E s F4% Sy AH
Q& xt 8 24 (Diabetes Fact Sheet in Korea)d] <93 [46] 20099

¥ 2013371719 2yt 9 #HES Sk A¥Ee B

20139 7|Z222 304 A AU 11.9%(¢F 3209 H)7F x4 3z}
2 FIEAE ol 304 o A 8% F 19l FxH FA T
e Zeolg. o & BAIE FF ez APF sheAel e =2 9
¥ A Dl (pre-diabetes) A9 T &3t TEI TN &
7} 304 oA A2l 24.6%(F 6609 B)o) o] Er}=
Ul Gy 2 Fxd AGAE AW 304 oA 4 39
B AL o] Fxd T2 AN G IHIT S Ao
SeEve ey 345 M 5AA
T8 BAQe] A F UEF HFH FEo Eob: Aeloh[47] Zxd
A2 HF YEF AFAFS 5,939 mge2 =AU, o) AARZA]
FollA AGE FXZAHFFA 2,000 mg iy o 3wl A= HAH &
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Foltt.[48] $@Uet wk 404 o)A HAE Yo F

FAF AEHE IR dFNA TE T FAEH FxETY Y
#Hge 77 6,253.9 mg/day, 5,939.2 mg/day® HAAIGT
5,897.1 mg/day°l ®]3 £ Ae® YeRt.[49] =3 AT

EE A28 FeYos AWEe JAYE HoE JYn JHE =AY
Ao wEw, ¥ 1F BT JAYed AFRE UEF £F B B

I3 A Gy Ay A¥S S7HA7IH,[61,52] 2 PESY A8
A g AR PH TS FVHITIE RAeE EuFig.[53]

3. vigE A A AP/ g2 A AYT4

1) A2 9 ¥4 E
v|gd7E&A 47k A3 (Non-alcoholic Fatty Liver Disease,
NAFLD)E 258 Aol oshx @& 2 W A2z ddd 22 2
+ %39,[54] °] A HFE= F&A L7 (Steatosis) A A FE AT
74 (Steatohepatitis), HA#3F, 3372 £§30.[65] ¥ g2 EA

A AR dds & 5 e A TEY 4 F 70~90%7) vd=

t}.[53] ¥LEFA AH7FY (Non-alcoholic steatohepatitis, NASH)
] 9% AAD dAZH 7 220 FE3 A

Hy
»
Yo
2
R
ol
ek
o
ol\
Y

|22 A&, ZHAE FA43}(Balloning), MEA Y
AEZZHAENA ] SAH e Mallory Z2A1¢ A o}k3t &5 HF3

(Fibrosis) A5 #FFEEG.[57]
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20043 2yt wgd=z A AHT AP FHES 11.5%3 24,
_]

4]
20109 23.6%% W 29 FE F71e3ivh.[58] 7+ 2F 6] w7} F
s T F dve A dEe] fEUHelAY FHEE I35
ol vz A Ao dig FH o] Fokxlx Uo.[59] 28 NASHY
AA B ES FHES A @A A vk NASH A2 7 =
2 APoz 5o} g HAIAE UL E I BuEL AT
2 AY98 3AE e 7 23 HAE AFAL dIES dde=
g RIS T 23 FAA Yol vASH AAY LA ARG &7
= A ZTAZ 3o o AN, FAA 7Y, NASH7F 2PEEA] g

(ol
2
i
St
2
Al
x2
g
o
S

Ao WLy AP AR AEA AFYS 2pew F Y
Y, A2¥ Fx, A St 2ol el det: dAFFE
mgoz BFHw UrhI61] MGy AP AV 9F AA TR
gk, ¥, A2y 9Fxd, 3X¥FL v]F National Cholesterol
Education Program®] Adult Treatment Panel III(NCEP-ATP
DA B3 dASFLe 5712 Ad Az, A7t 371EF v
¢z AR {FHEC A FUhEkE e Rasa gl

th.l62] MEz e AR BA F 80%7t HAFFEEE 7HA Ao

r
R

ek

57~78%74 Z7h@Th. w9 BAS WAes 7 24 APL AW 7
L AAol 4~8%, D+ AHFeo] 22~85%, NASH7} 26~69%, A+
7} 1~202 tehgon ggse] RlA vty AU A} B
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° 2274 RAHI65] STl wezgd Audel g o
2 g3 2A4E ofF gloy ww AT Fke weE wda A AW

Ao FHEE S8 e Aoz BauFn.[66] A2y Fdxw ¥

_);l_,
lo
N
(9)]
;S
2
>
(r
r
=
R}
o
o\
o
=3
e
Aul
l..
ofy
o,
R}
o
gl
ofy
e
N
L
S
g

AT 2] 1/30] Aol o wukst AS e Akl
20%v AAEFS EAT[67] v|g2SA AL A3 FHE
T2 ZrlelA 10~24% AEZ R3uE3 glon AA 13,5008 A
Aoz g )T 2ANHE 23.5%7F, QEANA AA 2,5749S WA
o7 AT AFole 14%2 FHES R34

2) 4 A3
Agzre] Wy AS v AR APRY 2 BFRFoR AP
L osbge FRaA WA AA FAW, AT AT J1AE FHRA
=20

ot =¥ Eeo] o $oh.[68] NASHS e A @ x7] o

hypothesis'l ¥t¥< F3 Yo (Fig. 3). ZHAE W FAH= 2
573, & A} (Steatosis)®] P& ‘First hit’ o]zt & o 54
Aol 711, wmlEZEE LY J]geolit, AStEEHXEEIH 2L ‘Second
hit’ ] 2J8F £AFQ el 59 FH o x]|7] wWj &l A|H7kH o)} AH5-3= A3Y
o= 7P o1g.169]

B 2ol F3 o] ¥ 7+ E9E T3 FA AWl HeE o]F I
g3 =719 FA 2o o)F] ¢&d F£7)¢ €2 (Tyrosine) A3}
S (Phosphorylation) & Z&aA|#A d&d AFAHS 2354 =, ¢

D AgA o] WA ol AT AA thA Fe =z 7+ Wl Aol F3
g o] x|Hp7ho] LAsLE o] Ux % (First hit)eltt. 2dEddF
g o] A FALS AR AFA AR FLE 5L

T L=

n1=l> &
2
2
rhy

e



acetyl-CoA carboxylase(ACC)% Fatty acid synthase(FAS) 4
ZLe] AAZAd el Frhste] Aoy ,[70] ©] A A sterol regulatory
element binding protein(SREBPs)7} &3¢ d&S mi7sls 58
T AARJAE 48HA Joh.(71,72] 9 AFHLE I 2L IF
< 7+e] SREBP-1c9 #3d& S/ 2R A 4ake] AJAAS 57HA
713 AHH o2 7+ 23 FAAYY FHS +E¥d.[73,74]

o|x44 <& (Second hit)S ez ALEHE Aol Flsta o]
w2t DA E m|EZ=Tole] XA WlEl AshHkgo] E3EW FAAY ¥
Aol F7tst3, peroxisome W€} Ab3HHEg-o] deoji} FAXEEpL Aol

dojui A& FE7] Aol FUkete] ZHAIERE &£4)o] dojdr. XA 3}
Ar3le] 33 AFE<¢ Malondialdehydes 93v5S 42 & 9=y,

ARIEded MCP-1% 53 HYAEE Toj=2 =, NF-«B AEE 24
3tste] TNF-a % IL-6 5 9454 #Aol&27td Ads FE3H A
E4E 4ev+= FHeolbg. =3 Malonidaldehydexs 7ZHe] AAAIE
(Stellate cell) & A=) FFYAE o] HAFozy AF
dogle £3 Aol ZAZRL S ZAATAIA Mallory &A1 THEY. &4
d HAIEE ASHY AES &2z 7 A3t st 2F 1743
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Normal Steatosis NASH

- -~

fﬂ
1‘
1= Hit
-Insulin resistance -Reactive oxygen species(ROS)
-Fat accumulation -Lipid peroxide

-Inflammation

Fig 3. Mechanisms of progression of a fatty liver to NASH.

3) dFxzge] A2A

NASH A5 E3}x]4(saturated fat) 3 ZFd2EHZo] FHI 32
+ %ol AHs= ¥H, dFEEAT (polyunsaturated fat), AF3
FAst vigldl Ce EE ¥ AFHIU.[75] °dE dFeAE D A7
At vd NASH 3452 @432 AF7F ks ibd st ofd
ol A7t vx, EsA] w3 XSRS 9 AHIC.[76] °]HT
E3AEE FEFA HFH3e AAFES AFFHLE A TGY A
d5= S7HE B9 iy R ded AN SIHA AR
g5 +2E 5 4d.[77]
Methionine-choline-deficient(MCD) AJo]= $3a2 e 29 x4 3

-

-

r

ol\

F2 EA, F e B4 33 @7 AL, methionin® choline

% I ZAHAE, T2 FE DUANEG Y I 34 QT
ERE 79T SAT FA AT TAAe AE ALY d5e R
t}. Alt7l, MCD Aol & & w2 & A WFdA Adezr 293 3
Fe5oze] W3l FRIHA AR = A3 ZEHYX
A=z yedt. MCD A°] uh$-2 B2 A3t 7 2]
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A)

]38l x32)3A X

A =13

o

7+ NASHO dFae] muzx g A4
t}.[80] choline-deficient L-amino acid-defined(CDAA) 2]°]&
AT AL 27ds AT Pds AR HEHS AT
HCCZ APAA[81] MCD& Zo] NASH 29z A4£3t}, @435,
53] #FZ(fructose) T FTF3HA AFHAYN AR BdAA A 523}
NASH=2] Z3Po] ZAH} [81,82] ZEZAW3} ZFH 2 E F7}
2 FZ(fructose) FFE £ 2olE /NIt FHo 24F FoAFT 2

AHghe] NASHO A & fAsHA vwkst ded A7

ry
=
A EAl 7FAIE e FA 3} (ballooning) S E4Hks g, M &= (fibrosis)

Jmt

d

o 2] HA| E A A} (lipoptosis) S B9 th.[83] tl&o] o] mule 7FHS=
7 S FEAZE F5E &% A9 E(CCL)E 3 F493149 8
F gkel] A5, AEE 2 AR5 FRAITIEY skt [84] 53]

CCLel 9% 54L& CCl7t cytochrome P450&EZAE §5
7ket A1&3]) whgste] CCI302E AA st Alxe AA 22 EX3HA|Y

24 22 st oA EAAEY.[85] CClell &% 7
42 =AY TH LR A, THAE HE, AWT (steatosis), A
T 2 PSS dovle ez F 4eA UH86]

Tk AFelA NASHS] €3 % 255 fA I 478 293
St Curcumin &7 FAFAZ F3A ey ol 433 &
5 o Szt Fo.[87] o1 4FE2 curcumine] 2 7HA] T FA4

SHAZRY WA A3 &4l diste] YT PRI IS 22 9
g Aol AAdYE BAF3 g 22 AW 9 curcuming] ZEF
A #9F &3 FolA 7P Z <A VAL, aAddA FAsA &3
°]t}.[88] °]= ROS$ reactive nitrogen species (RNS)9 A&
2=1}+.[89.90] Curcuming ROS, PKD, 183 gFFL Ato|E7}4

-?‘-"
2
r
o ¥

FI')

o
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9] NF-kBel djg ZA3E JAIZY. Inducible nitric oxide
synthase (iNOS)2¢] NF-kB-mediated expression %3 curcumin
o oJsjA A= }.[91] Berberinex= 29 2159 2gle} YR7 A oA
BAEE AEA ¢ZRolEER HY F2 9k FASTEH AFTH2d WD
s % ded FE& F4 aHAst g HAeE Rz Yvh[92,93]
berberinex ¢&€d FHFAs FTHAZ £ ok 2ALEF 2 AW

s &3HA104.[94]
4. o754
2 dFE ‘Two-hit hypothesis’ & 7Ivte=z 3YyEF A7}

NASH ol 98¢ F7 Sdstard sl 2oy 28 B2 34
o] MY HAS T AS vEh: Jdel we o] Ame] AHel @

l..

F Y= e AsFHe] FF AA QA A7 J|x A8t & A= T
o g},

B Ao AUzl EeA 2389 # 3¢ Spontaneously Hyper
tensive Rats(SHR)& dlAoz zyE

F(0.8%)F IUIEF(B%) 2°]
¥ 4F7 A4FAZ v NASH dAE #H3Fsdew dxFezs AN
d¢4F Wistar Kyoto Rats (WKY)E °o]&38c. AL 1) 29
AF el w2 AFHs 2) A AFdAe] <, 3) FeAL] A
(TG, TC), d€d AIY(FEIEZ, Jd€d, HOMA- IR), )7 7%
E4(84 AST ¢ ALT, 7+ AAFAAstE &% 9 G6PD), 5) NASH

AAAAFY DA, 9594 © Fibrosis) & FAshsich.

0
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I. Material and Method

1. 438 gz

2 A

g
flo

279 FEd 9 EH4A ¥Y F(Spontaneously
Hypertensive Rats, SHR; A@dF)¢+ AA Y F (Wistar Kyoto
Rats, WKY; W &#)E Charles River Japan. IncolA a9t}
SHR2 WKYe©lA zd3 ez ndste] gl AE 23 2Md 22 &
7] Estol B 200mHg | o2& 5 4 A E2HAY ¥
(Essential Hypertension)S $I3 AJFE EBPEA o

7~15%F Aol 100%=2 ¥ ge] HARTH.[96] SHRE w59 2 A3k
FTYAA Y] E o]gk HE-So] WKYERT} A3lEe] glow, o]z HxE
dagg e syl 1Sk WA W FAe 7]osts Ae2 BAG.[97]
SHReIA & ¥ ste]l A&l wet A3 ISAE vdisiet vs] A £
B3t £ S o] e WS AIE Ae]9] gap junctionel] H3tst F
F4 F7PF dvz §9.[98] SHRS Yol uet ¢ AsFolv 28
tgzrz 34 AHAE AFEHE Hold ueiA I W E g2

21%1 C¢ §% 55F1%F FAsFeH, 1247+

HeE =AY, 477 AS F 12X ol A b dHE=R
o3 XA heart puncture® A4S AF3AY. AT YL EDTA
tubed] Hol 2000rpmelA 1027 A& A F 35 33 -80



ColA o5 &4 A7kA 23sdch. A%, 4%, T 232 0.9% NaCl
o @7t 4= AARGeH, 2V

o o] AllEE 10% E2ER) 97 Edsgan ywz g 252 o
A Azel F& YEAA 80T Bstsic.

—

Table 2. The different characteristics between WKY and
SHR strain provided by NBRP”.

Strain Name WKY SHR

Body Weight (g) 2415 £ 8 2653 + 97
Systolic Blood Pressure (mmHg) 128 + 13 169 + 18
Heart Rate (1/min) 388 + 21 464 + 28
Glucose (mg/dL) 130 + 6 122 + 14
Triglycerides (mg/dL) 36 £ 8 15 + 4
Total Cholesterol (mg(dL) 97 + 5 59 + 2
Aspartate transaminase (IU/L) 76 = 2 106 + 11
Alanine transferase (IU/L) 27 + 1 40 + 4
Soduim

Plasma Sodium (mEq/L) 146.7 + 0.9 1465 + 04

Urine Na (mEg/L) 100.1 + 161 109 + 222

Na/Body Weight (uEq/100g/6 hrs) 121 + 40 244 + 55
Heart (g) 0956 + 0.093 1151 <+ 0.086
Heart (g%) 0396 + 0.041 0434 <+ 0.026
Liver (g) 6.226 + 0192 8016 + 0.392
Liver (g%) 2579 + 0051 3.022 + 0.106
Kidneys (g) 1.555 + 0.045 1.695 =+ 0.027
Kidneys (g%) 0.644 + 0.014 0.64 £ 0.021
Urine Volume (ml/6 hrs) 3.15 + 1.07 6.5 =+ 127
Volume/Body Weight 12 + 04 23 + 04

(mL/100g/6 hrs)

#! the National BioResource Project
(http://www.anim.med.kyoto-u.ac.jp/nbr/strainsx/blood_d.aspx?BMP_
BLOOD_ID=3)[100]
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2. AY 2o

2 AP A£3 Aol= AIN-76AT 7|F22 3sgen, NaCl
0.8%3% 8%2] Aol= AIN-76AAe] FAeA NaCls F7t2 #7389
ok AR Aeoje] 4 w]&E Table 23 2},

e 459 54 AIN-76A 2oz FH$ AHT F, BF4E WKY

=2

4N d

9} SHRE Z7 8ulgl® 4Fo® Y., AIN-76A2 e NaCl
0.8%(NaCl 8g/kg, Na 3.2g/kg, 136.9mM/L)% 8% (NaCl 80g/kg,
Na 32g/kg, 1368.9mM/L)E F7} A7 A 2| & ATt & 2
F<2 NaCl 0.8% #°]& He WKYS SHRIFO|Z, Uwx] ¥ 1F2
NaCl 8% #l°]F =< WKY$ SHRIFIH.(WKY NaCl 0.8%;
WKY NaCl 8%; SHR NaCl 0.8%; SHR NaCl 8%)
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Table 3. Diet composition of experiment diet

Ingredient AIN-7-6A NaCl 0.8% NaCl 8%
Casein 200 200 200
DL-Methionine 3 3 3
Corn Starch 150 150 150
Sucrose 500 500 500
Cellulose, BW200 50 50 50
Corn Oil 50 50 50
Mineral Mix #200000" 35

Sodium Chloride 7.941 79.41
Vitamin Mix #300050% 10 10 10
Choline Bitartrate 2 2 2

1)Dyets #200000 AIN-76A Mineral Mix (g/Kg, use at 35g/Kg)

Calcium phosphate Dibasic 500.00; Sodium Chloride 74.00;
Patassuim Citrate H20 220.00; Potassuim Sulfate 52.00; Magnesium
Oxide 24.00; Manganous Carbonat 3.50; Ferric Citrate U.S.P. 6.00;
Zinc Carbonate 1.60; Cupric Carbonate 0.30; Potassium Iodate 0.01;
Sodium Selenite 0.01; Chromium Potassium Sulfate 12H20 0.55;
Sucrose, finely powdered 118.03

2)Dyets #300050 AIN-76A Vitamin Mixture (g/Kg, use at 35g/Kg)

Thiamine HCI 0.60; Riboflavin 0.60; Pyridoxine HC1 0.70; Niacin
3.005; Calcium Pantothenate 1.60; Folic Acid 0.20; Biotin 0.02;
Vitamin B12 (0.1%) 1.00; Vitamin A Palmitate (500,000 IU/g) 0.80;
Vitamin D3 (400,000 IU/g) 0.25; Vitamin E Acetate (500 1IU/g)
10.00; Menadione Sodium Bisulfite 0.08; Sucrose finely powdered
981.15
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3. 8¢ &A

s FAsr A4 vIsd Y 34 PP tail-cuff
(Non-Invasive Blood Pressure System, Kent Scientific
Corporation)< AH&3%t. 233 A ¢ SA 4A, A 717 §¢
39 94522 1584 Holderdl H5 < A&, 4 54 &
4] Animal Warming Platform$s 38C7lx] 228 =9F9Y. =
Holder®] nose cones 2| Z7|e] LotA] ZAHAY F, 222
Holderdte2 S92 4 UEF {FEsU4. FA7 sol7bd mewt
Holder 822 Y& $ JEZ A3 Thumb nuts F4 ZAHAIZ
.ol W F7} EHAY dxA] dg=A FARAG. Y SALS AE
gk ulg]¥] Holdered] HoJ¥3 Animal Warming Platform $]o|4 22¥]
9] &E7}F 32~35C7HA E=9skd A1F3iv. mE]| A1F 2 FH | HP3
27]¢] Occlusion cuff$ VPR cuttE 7l& F F7} ¢Ast=d d¢&

A

Fig 5. The picture of measuring Systolic Blood Pressure of
WKY and SHR
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4. AF 7%, Ao/ HFF, Holad

Body Weight gain(g/Week)
FER = x 100
Food Intake (g/Week)

7 glucosed Mutarotase, Glucose oxidase, Peroxidase® °|&
3t Enzymatic Colorimetric method(ASAN Pharm. Co, Korea)®
48T, Al®m 10 peell E&ASF 1.5 mt H7bste) E}e F, 37Tl
A 5% A F 500 nmelA FFEE SAIHIY. ZEYY
glucosed TEHE $9 22 oz HA

=
29 EF33x 9 vz A2 glucose TEE

¥R ¢olwaL Mouse/Rat Insulin ELISA Kit(MioBS, Japan)Z o]
2319 BA3t9ct. 7 welldl 95 09 Sample diluent$} A5 % %
AE 5 WA 93 4TCAA 247 5 WA, 7

nE
b
lo_t
it
rek
b
HN
m{n
d

well?] €95 FY3 F 300 ¢ washing buffer® 5% A3k}, o

—
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W, Z+ AlFRult; well ol @2 §9q0] JEF 4AH3] AA}EE .
100 09 anti-insulin enzyme conjugate £9-& 713 ¥, 30% &
G ALoA WA, $8k Zo] 7TH AIHIT F 100 «] enzyme
substrate €% H7}stn WS A3 JE|R 408 T A2 A B34
Ak, 100 109 enzyme reaction stop solutions 7}tz FIZ=E

4508} 630 nmolA &A3E. 450 nmol] BE EF33 % ZFdA 630 nm

3)HOMA-IR A4+

Jd&d #3AS UelE= Homeostasis model assessment-insulin
resistance (HOMA-IR)Z 35393 d&d FAE ol&3t4 o9
Alol o 3te] AT

Serum insulin (mmol/L)
HOMA IR = + 22,5
Blood glucose (mmol/L)

6. 21234 AA

1FA#T S4

A3 72l FAA49L Lipoproteinlipases(LPL), Glycerolkinase
(GK), Glycerol-3-phosphateoxidase(GPO), Peroxidase(POD)%
0] 3 Enzymatic Colorimetric method(ASAN Pharm. Co,
Korea) 2 #4733 t}t. Folch® & °]&3te THellA AAS FE3%0. 7+
0.5 go 0.9% NaCls & &3 X7 F Folch solution
(Chloroform/methanol:2/1)& 10 ml A7}sgk. 4C, 3000 rpm,
1027 AR st A<= €92 0.9% NaCl 2 ml¥ o5
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. & EFS g3 4 C, 3000 rpm, 1087 AT A5
=
=

AASG, doln HERol ALAE(NIE o] &3] §ul

rlol
)
ek
b
w
N
@)
=2
R
—
o
ShiA
e
1-{
)
>
l-NJ
-
ool
of
bt
2
ot
o
oo
o
2
w
a
o
=}
8

ujn
|
oX
‘OIL
8
R
N
X,
X
)19
b
N
=
fufo
>
f
[a—
[a)
=
~
=
>,
i
2
X
2]

2) ¥ EY=HE SF

A 7ol £ Z92HEFL cholesterol esterase, cholesterol
oxidase, Peroxidase® ©¢]&% Enzymatic Colorimetric method
(ASAN Pharm. Co, Korea)® #4333, 7+ FAXY &=F SA
TUE PP ez AXEst AP AL} AL AE 10 wel &
A1) 1.5 ml F7bspe] £ F, 37CAA 58 X0 F

o] £3te] 500 nmolA FFEE ZA. FAAY ZF2IS A=
10 x0 A YolA BEFEE A A5 FAAT §FS T34

th. 7] A e Bradford® o] 43 9ujd ez Ry},

br

2=

ot

7. 7y A& $£X(AST/ALT) 3

dxy AST(GOT)$ ALT(GPT)Y s %*E Reitman-Frankel
method(ASAN PHARM. Co, Korea)3 A£3le] £t 7|2
100 w8 Alm 20 WE B2 2 EF3 37CA 60& WA, A
Ak 100 w3 0.4N-NaOHE 1000 w& 4
2 A F 60 olWel 33 505 nmelA »|AFA S 3.
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8. AAAsHE ¥ 2 B A 37
1)Malondialdehyde (MDA)
2o A tHEH Q) 2] A #AF3HE Q] Malondialdehyde (MDA)'2A A
=% ®xsl7] 918 Thiobarbituric acid(TBA)& MDAZF Hk-$-o] wE
NS o] 83 TBA reactive substances(TBARS) assay® ¥4
9k, 7+ 0.1 g AFSY 1 ml 1.15% KC1E972] v]ge] 1:109]
A st FA3} Y ol. sample AF5H 10 xo] SDS(8.1%) 20 ul,
Acetic acid(20%) 150 @0, TBA(0.8%) 150 ul, =F4 70 WS Y3
Z EFT 5 95CAA 60% ¢ 7HEsth. 719 F daolA o 5F
7+ ¥z ste] 2% oS, FH4 100 0, N-Butanol: Pyridine(15:1)
=389 500 w= ¥ oA F E3sgTh. 4000 rpm, 4TAA 15%
ZH A B F ASAS AFEY 532 nmllA FFEE SAF}EC
A7+ 1,1,3,3-tetramethoxypropane (Sigma Aldrich, US)&
1 ml& S/ 49 mlel §3lste 2§33 w2, Amet 22 3
o2 FFEE T EEFAS 29 AA A8 TBARSE A3t
TRABSZ Bradfordd ez #4% 7+ lidfo g o] nM/mge
E EA3% .

fel

2) Glucose-6-phosphate dehydrogenesis(G6PD) &4
7+ 22 0.1 g9 500 w0 lysis buffer(cell signaling technology
Inc, US)®} protease inhibitor(GenDEPOT Inc, USA)E 37}34
225 A5 FFT. o]F 4T AAEE7CA 13,000 rpmeE
LAEYT F, ASHS #9359 . Bradford method® ¥
d 55F SAY F 6~12% gelol SDS-PAGEE AA33it. A7)
B ) %

¥ g2 pirocrllulose membrane(GE Healthcare
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2

Life Sciences, Amersham, Germany)2& 120 VE 90& =%
transferdt ¥, 3% BSAZ AF294 1A]7F blocking3dtsitt. G6PD
2} 3A S o]€3) membraned 4TA 12~16%F<¢(overnight) HF
AlFtt. TBST $9 22 membraned 49 HolFE F o]z FAE A
A 1A+ WgAIFY.  membranes ©A] 1084 3¥ HE o

ECL& 9 (GE Healthcare Life Sciences, Amersham, Germany) 2

o>
flo oo n

dlo

2 WA % ChemiDoc Touch Imaging System(Bio-Rad
Laboratories Inc, USA)& A£3¢] bandE #2359}, ©]F, Image

Lab Touch Softwares ©]&3to EA319t}.

9. Z+¢] Lipogenesis 3+ ¥4
7+ =3 0.1g°l 500 0 lysis buffer(cell signaling technology
Inc, US)$%} protease inhibitor(GenDEPOT Inc, USA)E H7}35t¢

Life Sciences, Amersham, Germany)2& 120 VE 90& ¢
transferdt &, 3% BSAE A4 1A|7F blocking3dlgtr. AMPK,
p-AMPK, ACC, p-ACC, FAS, SREBP-1c 4z AL °| &3}
membranes 4TC9A 12~16%<¢(overnight) ¥H5A|#Ht. TBST £
RO membraned: 4WH RAFE F o|x} FAFE AF2A 1A7F QA
#Att. membranes THA] 10E# 3¥W HoFE & ECLEY(GE
Healthcare Life Sciences, Amersham, Germany)2Z 2 =

ChemiDoc Touch Imaging System(Bio-Rad Laboratories Inc,
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USA)& AH&3te] bandE #3858tk °|F, Image Lab Touch
Software= °]&3l9 £43}%d).

10. 7re] 4% 9A £4

7y 232 0.1 g9 500 0 lysis buffer(cell signaling technology
Inc, US)$®} protease inhibitor(GenDEPOT Inc, USA)E *7}35}9
225 A3 B35, ol F 4T dAEE7]4A 13,000 rpmeE
1587 AT F, 459S £9315ivh. Bradford method2 o9
] g 4% F 6~12% gelel SDS-PAGEE AAs5d. 3719
Fo® FEs® IWAL nirocrllulose membrane(GE Healthcare
Life Sciences, Amersham, Germany)22 120 V& 90% F9
transferdt ¥, 3% BSA=Z AF294 1A]7F blockingdlitk. 1L.-6,
MCP-1, COX-2, IL-10 «x} SAIE ©]£3°9 membranes 4TA
12~16%<(overnight) ¥F-gA1RY. TBST £9°2 membranes 4
W RlolE F ozt FAE A2A 147 ¥5A%H Y. membranes ©
Al 108% 39 A& t}S ECLEY(GE Healthcare Life Sciences,
Amersham, Germany)22 WA % ChemiDoc Touch Imaging
System (Bio-Rad Laboratories Inc, USA)S A}£3l9 bandE <l

3lg}. o]F, Image Lab Touch Softwares ©]&3Fe] &34},

11. 7F¢] Fibrosis 2A £4

gl 7+ 236 Trizol (Molecular Research Center, Inc) 1 ml
+ Y3 #Z33 F Choloroform (Sigma Aldrich, USA)& Trizol
100 % 20 e8] vl&=2 H7Fste] 1527 2 TdE A4 587
Wxgg. Fol A7 AE &< F 13,000rpm, 4CAA 1587 94 &
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g, o 200 WAESL] AR AFAE 53k F%F2 Isopropanol
(Sigma Aldrich, USA)& &% F HAH3] § o=z T3 24
1087 wx)84c). o] ©HA] 13,000 rpm, 4ColA 1587 QAL 3
F AT 75% ClREE FAIS 3w x| RNAS FE35h
FZ3% RNAE 50 09 diethyl pyrocarvonate(DEPC)® =594 A&

A HkS-2 SuperScript I Reverse Transcriptase
(Invitrogen)& AF£3lgct. Fu)gF 5 g9 total RNA®] 1 w09
OligoDT, 1 ¢ ANTP Y3 DEPCS % 14 w7l 5155 H7)3d.
65CelA 5&Z 719 F d5olA o 187 AEd. 1 F, 5
First-Strand Buffer 4 ¢, 0.1 M DTT 1 w, Superscript I RT
1 ue A7kl & RO EFAS 50CAA 6087 7HEsk, 70T
oA 15% ¢ 7}¥3}9 First-strand cDNAE 3439

TGF-51, SMA-a, NOX2¢ mRNA®¢ S&F& #4371 H3A
quantitative  real-time PCRY|<E&  °|§3%2m, Primer?
sequences+ o} Table 3¢ Zt}. SYBR Green Supermix
(Bio—Rad Laboratories, USA) 50 u¢, forword®} reverse primer
27 0.5 u, FF4% 4 we TG H 55 0 FulHgch T
cDNAS 509 343te] 5 wE gl Rl % 60 w2 vk,
CFX connect™ Real-Time system (Bio-Rad Laboratories,
USA)<= o|-&3te 95TeA 3& WA F, 95CelA 10%, 60TelA
20%, 72CA 205 132 W$2AS @39 39 cycled: WA
t} o] ¥ 95TNA 10%, 65CNA 3%27F ¥ H ).
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Table 4. Primers sequences used for quantification of gene
expression by real-time PCR.

Gene Primers Size (bp)

5" -~ ATGAGGTGGTGATGTTAGTGG-3’

NOX2 64
5 -GACTTGAGAATGGAGGCAGAG-3’

5 - TGCGCCTGCAGAGATTCAAG-3’

TGF-51 82
5" ~ACGTAACGCCAGGAATTGTTGCTA-3’

5 ~AGCCAGTCGCCATCAGGAAC-3’

SMA-«a 127
5" ~-GGGAGCATCATCACCAGCAA-3’

5’ ~-GGCACAGTCAAGGCTGAGAATG-3’

GAPDH 140
5" -“TGGTGAAGACGCCAGTA-3’

Abbreviations: NOX2,4; NAPDPH Oxidase 2,4, TGF- 41, Transforming growth factor
beta 1; SMA- ¢, smooth muscle actin—-alpha; GAPDH, Glyceraldehyde 3-phosphate

dehydrogenase

12. &4 &4

2 979 EE AP 3Eer FIysfen, HF = EFEHA
(mean = SD)E YeUgc. A¥ A= Statistical Package for
the Social Science(SPSS) software version 22(SPSS Inc.,
Chicago, IL, USA)E °]&3te #4335, T HE oA A5S
t-test?} ANOVA testS o]&3gen, p-valuezte] 0.057|9d o] &

AMoz o8 Aolrt gt Aoz BAHY
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L. AF, A% 2 Aolas

WKY$H SHRE| 4lo] Al w2 AFH3E A7) 84 AF
o] @ & HFF, Ho)EES FHFIYY. WKYE AYEFT v|3] 2
EFTOANA AFL 7% F2HAn, Aol ¥ & AAFLE 44 7%, 132%
37Fskgitk. SHRE AFol 5% #HAsga, 2o 2 & A% 47
4% 101% Z7Vslch. 2lol&a&2 WKY$ SHR BEF #9349 W3is}

o] o
BA AR

Coelho et al®] el 93 [101] & A¥FH 22 0.8%% 8% Y
Fa AFAY WistardllA 8% YEFS AT 7o AT ZL2e A
AHg 2715 39319, )4 Coelhos ZUEFS AFHE FHA A
ol AH%Fel F7IIATAE &7 AF FE7F dyds olwFE 2AA
#o A 2] Uncoupling Protein 1(UCP1) 28] F712 8 vz &
v F7ke] 2@ Aoz HISt. NASHE st Aoz ¢3a
Choline-deficient L-amino acid defined diet(CDAA)| YEFO]|
HA7HE A& AHET SHReOAN ZUEF AHFH A AF FE7E ey
t}.[102] Ogihara at al 9] £3H[103], Dahl salt-sensitive
(Dahl-S)# ¢} salt-resistant(Dahl-R)#7} 0.3%% 8% YEFS A
g W, F 7 BF Aol AHZFANA FAFA A7t YRR &
T-3t3 Dahl-SelA & A|Feo] &3 Wb Dahl-Re] H¢- A5 Hs}t
7F (g # AEF AR ZUEFY] A AFFEY Aol W &
AHAZFS Skl 4FS vAE s ¢ 5 I
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Fig 6. The effects of NaCl 0.8%

weight(a) and Food intake(b) in male WKY and SHR.

(#: p<0.05 compared with NaCl 0.8% group, ##*: p<0.01 compared
with NaCl 0.8% group, **%: p<0.001 compared with NaCl 0.8% group)
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2. % 2 AFFA

WKY$ SHReA IYEFe] AR wzs 9F= Fdstaz AF
T A% A ¥4E FA38ke Table 6, Figure 79 YeEWidt.
Baseline®lA SHRe d¢e WKYRT ¢F 1.1¥) F71sigith. WKYE
AGEFZA v& IUYEFFAA A FAY el 47 11%, 17%
57Fksitk. SHRS AYEFZ v ZIUYEFLAA AF FA ¢
o] 27} 8%, 20% Z7}s+4ith.

HEFY AT 2¥EE FEs ols FHIEY 7= I3 A

£ °P12v.[104] Layla et al[1051¢] oJ3pd 4k Aeol& AHFHT
WKY$ SHReIA SHRZ°] WKYZET folHez dgte] Frlst=
= UERth ol WKY®S dgte] Azbel] wet & o] gle] <Hg A
o] wlsiA SHRTS dgol Aol wieh F713k5i7] w&olth. Koga et
al[106]12> WKY$# SHR FHelAl Z+Z 0.5%2 8% &Aw< A
¥, 8¢5 53¢ 23 SHRTO| WKYZEY {oHez o] 453
dom, 8% Z s WY SHRAAH 7HF & ¥4+ RAFYY.
Ogihara at al g3 ¢)354[107], Dahl salt-sensitive(Dahl-S)$£}
salt-resistant (Dahl-R)# 4 0.3%3% 8% YEFS HIS o,
Dahl-Re] 7% ¥¢e] #3lr7t 9199 "ol Dahl-SelAdE el 79
Aoz Zylslget. = g2 =844 Dahl Salt-SensitiveF oA #

EF0.3%)% TYEFBR S 274 AAXNALE W ¢ 2 AF T A
el FAZE IYEFS AHAT ToA FdHez Egvx d4.[108]
Henry et al[109]15° o34 1% 8% ¥+ AF3I WKY
SHR #FelA ¥dgeo] 154E, =¥ F7Mdt. =8 32492 WKY$
SHR EFoA FAA v E FLstded, 1% &35 3T SHReA

>

L
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HAAdel FEAIE ol wlgdE WKYEY F7hsgivie B asgic.
John et al[110] QF4AE= Dahl Salt-SensitiveF 8} Salt-
Resistant F A &7 =71 F71std < 571 34 A% FA7L
S7Hts Aoz yeygg.

HEFS A7 FMEFF 9 2 AF T AR FAE Sk
b2t TUHEF HFH e F9 strainds ARG ¢ 2 AZ0AE of
718t Aoz BT,
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Fig 7. The 4wk SBP(a) and heart/body weight(b) in WKY
and SHR that fed NaCl 0.8 and 8% diet.

(#: p<0.05 compared with NaCl 0.8% group, #*#*: p<0.01 compared
with NaCl 0.8% group)
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3. 4% A 2 & =deley

WKY$ SHROA LYEFo] AR vz ¢S FAstaA AF T
A A & A eled Table 63 Figure 8¢ Yttt a8 e}
9 Z59 adotd dAER A AAEZ 2He g wiFo] 7}
3. wEkA FZE ot d e AFE 3 wEEH AFF =HA 4V WE
ol A% 7159 4= FAse A xR AHEEY.[111]

WKYE AUEFT v IYEFIAA AF FAL = I oted
o8 3y st SHRS AYEFI 83 IYEFTANA A%
AL WstE JAIT x FZdotEde 10% F7lstidd. AUEFTEH

EFT B5F SHRS AFAFEAZE WKYREY ¢F 20% 234},

Henry et al[112]9] ¢3pd, TV EFLE WKYS SHR EF A A1#
MY E FEstdey $9% 59 YEFS AFHT SHRE A% FA7L
WKYe| w3 Fe)JFH ez sk}l Dahl Salt-SensitiveF dA] AYUYEE
(0.3%)3 IUYEF B = A7 AAXNRAS W AF F A7 FA=
IYEFS AT oA FeHez v ¥o.[113] Parke] =F
4= Dahl Salt-SensitiveF oA AYEEF (0.3%)3 ZYEF (8%)

iu)

rlc-

R

= 274 AHAANRAE W Proteinurias IYUYEFS AHT TolA 25
o7 EFo.[114]

S YEFS A BE AF T AFe FA 7oHd #Hi= 94
oy, AYEEFZY IYEEFT BF SHRe| WKYET AF T A7 7
A7y &390 £ SHRAA IUEFTONA & Idotgde F7H33
o} gty ZYEFS SHReA A% 28 €4 2 715 o4S oplse

Aog BT},
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Fig 8. The kidney/body weight(a) and urine creatinine(b) in
WKY and SHR fed NaCl 0.8 and 8% diet

(##: p<0.01 compared with NaCl 0.8% group)
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4. 3 chemistry

DA FAAHTGE 2 F FHZEHE(TO)

WKY$ SHReIA A9 FAAFTTGHIH T FAZHE(TOR EH
A A $£F& Fe3le Table 7# Figure 99 YyEy¥ctr. WKY+= AYE
FZ0 vd] TYEFTAAA TG, TC BF #23e Witz ¢1ddth. SHR
< AYEFT v ZUYEFTANA H TGE 22% #F&392 TCe
oA Wyt . AUEFTH} IYEFT EF SHRE 3 TC
7} WKYEREY ¢ 50% A3, Tahar et al[115]9¢] 2] dul A
o] AT WKYS SHR ¥4 HEAA TGS TCE £4% 2+, F
AAEE A fdFd zelrt ey F FHIZEES ¥ SHRO|
WKYXt} 7+4319th. Ogihara et al& 0.3%$% 8%¢ JEFS AFH3H
Sprague Dawley(SD) F o4 ZUEFT] FAAIY] FolHe= Fx
Fgont, ¥ FUzHES FAFA A7t Gdvhl116] IYUYEFS] A
A A T FAzdHEAE 9FS vAA goeu, 3 FAALS Fo
A1 Zi k.

2)ded AFA

SHR$t WKY® € AFAS U357 A 3E5EIS, I
%, HOHA-IR& A3}l Table 73 Figure 9°] Yelgitt. WKY=
AUEFT v& IYEFTAAH TEET, d€d, HOMA-IRS 2
A W37l gtk SHRES AYEFEF v3] IYEFTAA TE5EIF
2 13% &7} ey, d€d, HOMA-IRS B%F HHe wsilrt ¢4
. AYEFTHY IYEFT EF SHRY d&Ede] WKYRY 20% &
35ith. Ahmad et alol] 2J3PH[117], 4yt Aol &
o FEIAG W3lE 34¢7A] FAHA AolE 9

off

x2
kv
o
®,
=
o5}
=
o
)
@
=
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o] AFe 93H[118], LYEF(NaCl 8%) A& 433 Sprague
Dawley(SD) FelA th2Z(NaCl 0.3%)° ®l& FE5IAG U 5 d&
g Fx7 #f9gFHe=z ZUhslgy. =3 Hyperinsulinemic-
Euglycemic Clamp % glucose infusion® disposal rate’} Y E
Fe AANTSES foHon Yopn Bk ofe) 7o) TEY ANS oA

she d€de FAE &R RS FAs IvEF A7 e
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Fig 9. The difference in plasma lipid profiles(a) and insulin

resistance biomarkers (glucose, insulin and HOMA-IR, b) in

WKY and SHR fed NaCl 0.8% and 8% diet.

(%: p<0.05 compared with NaCl 0.8% group, #*#*#*: p<0.001 compared

with NaCl 0.8% group)
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5. 7 75 €4 A=

1)¥8% AST, ALT

7+ 7% A9 AT AEY ¥H AST, ALT FE+£ Table 5,
Figure 10¢] Yelulict. 84 ASTH ALTE 7+ S o= QA3 7HA=E
o F A 33 7F AP el Wl aminotransferase’} F o2 #E 5 o
2 A4S ygdth.[120] AE7telA ZHAZEERY BEEE ASTS
ALTEZE AW FAFo] APALE {3F°] 7134 coh.[121] WKYE
AYEFF v ZYEFTLONA AST, ALTE #oA<e #H3st 94
th. SHRS AYEFT v3] IYEFTAA EH AST, ALTZ} 77
75%, 50% %7139t}

Kim[122]9] dFA 7+ 54 FgA2 427 CCLLE AXT SDF
9] ¥3 AST, ALT X+ zZ+zt ¢F 39, 8w} 37}34it}. Mattace
Raso et alel 9J31H[123], AP )& AF T SDF A el ¥
3 A AST, ALT X7} 57154t & & 9794 NASH =24
+ A A2 ZA2HE AolE e SDF A el s ¥F
AST, ALT %37} 37139 t}.[124] Sl & =8-S NASH 938 &
A& ol AT CClyet ZAAo]l= NASH f Aelz A&53 Q&
Alo]Eeltk. NASH f&el A43t: Ae]lE Hel 3§ AST, ALT 3
7 F71a A 2 AFAE ZIUEFY 37 ASTS ALTE F7HA17]
RoeE Hot IYEFOR Q¥ 7+ FA°] NASH '#Hel 4= vl

Ro g Halr},

o3

e

2) 7+ §A, A3 #43+E(MDA), G6PD
SHR3} WKY?| AstAEf xS &qs7] fA AF T T 54, A2
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AH31E- (MDA), G6PDE  Figure 109 Yelgitt. MDAE tiE 3 gl %
AFastER 7, A, A% 5o A7)6A AARAEE M7= 8
Q F 3t Bigteltt. MDA F7he 44tk 3 F7/HIA A
FAEEe AL AT AF2EHAE FIHAUY[125] G6PDE
NADPH A4l AlE U 43} 39 A 2 AZE AEo) T8 5io
t}.[126] G6PH &4 9Al:= NADPHY £ Z&AA ZAAHe= A
e 2E ZF7HXUY.[127] WKYE AHYUYEFT vs] 2UYEFT
A 7+ FAleE MDA, G6PD9] #9&<¢ #3lrl ¢lgich. SHRS AYEF
ol vE TYEFTFA G6PD7) 14% ZAstgort 7+ 5419 MDA
oA H3rt g AYEFEH IUHEFT EF SHReA WKYR
A, MDA} 242 10%, 25% 37439l x, G6PDE 50% &3

o
o|X

a)

_g

Aok
Kim[128]9] dAFA 7+ 54 ZEA=z €7 CCLE AHAE SDF 9
AF T 7 FA 2 MDAS F71HE U3tk =8 F4A 4 HD 9
Z| %<9 Hydroproline® MDAX <k AaaA, SODYE= 29 A3
AE RgFAY. NASH E9S 934 AR EA=EHE Aol
SDF el A Bjz=F v]3] 7+ MDA7} S7kskich.[129

FIYEF A3 A SHReIAT G6PDE Z&sdx AF 2 7+ FA
MDAE EFd 93 ¥3sl: ¢go1} SHRe] WKYXRT $ode 7} 5}
%ttt SHROIA % YEF A3 & AstxEd 2o F7p7 B2= A

o

o u
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6. 7F 23 ¢] Lipogenesis #¥ QAo nx= o3

WKY$ SHR® 7+e] A FHS &437] A e FAAHTG),
F FY2¥E(TCO)H A4+ 3A Al AMP-activated protein
kinase (AMPK), Acetyl-CoA carboxylase(ACC), fatty acid
synthase complex(FAS), Sterol regulatory element- binding
transcription factor 1c(SREBP-1¢)& #<¢l3}gr}.

WKYE AHYEFTO Bl IYEFTANA 7+ TC# FASZ 7%
25%, 11% 2393, Yy#x TG, p-~-AMPK/AMPK, ACC/p-ACC,
SREBP-1lct #93<d W37l g4tk SHRE AYEFT B3 ZYUE
FTAA TG, TCE #9H<d ¥W3E §sdey ACC/p-ACC, FAS,
SREBP-1c7} Z+Zt 40%, 12%, 33%%7}3F5 ).

AMPK = AZ9] vz &8 AAFE 95 3t o|HolIA=E Al
X W AMP7} F7 = A3t 5o Ak WSS ASEka A4
FAE 9AF}.[130] Lipogenesis2 3% zF4S 53 AL
acetyl-CoAZH-¥ zike] F3tEl= AA ot o] o SEAZY &2
acetyl-CoA carboxylase (ACC)ZF&2=2 acetyl-CoAZ HHe
malonyl-CoA7} AA=", ACC7 43t (| &243h) =™ 244 4 of
#HasHA "eh[131] g5 DAE FASS Fgoz xukil F3o] ubgE
o] ®& 1671 £%F<9 palmitategt:s  APAte]l  FAET[132]

F88 AAzPARe]

]bln

re.

lo,

fr

SREBP-1ct 7ZFllA 9] lipogenesisE %243

th. AMPK7} 4r3}E| o] z]3Ako] Ab3}E =
£ ACC, FAS, SREBP-1c 5 &4 ¥ 99 %de] gA€n).
Mattace Raso et alell 9|3-H[133], A2l E HFHE SDF A

zFel v ZF TGZE 7Yk, Yun et al®] Ao 2J3stH[134],

l"N -
rlo
N

rragde =%

b/



aARHZ B EZANM AW A4 #A #234L ACC, FAS,
SREBP-1 943 289 3718 Sdstgch. u% J=g44 37 o
% foHez 2 TG 37Ph vehbA s ggAw J=g4#7t 37behw
APAFH AR HEE FoA%GT. o] e FHES WKYR
AT AL Rolm2 GEFHN T/ APAFHE Aol 9 3
ez Bzg.
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Fig 11. Triglyceride and total cholesterol accumulation(a)

and adipogenesis markers in liver on WKY and on SHR that
took NaCl 0.8% and 8% diet.
(#: p<0.05 compared with NaCl 0.8% group)
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7. xz23F 2] dFuksd R 9F

WKY$ SHRY 7+ 9% AEE #4937 $81A Interleukin-6
(IL-6), Cyclooxygenase-2(COX-2), Monocyte chemoattractant
protein-1(MCP-1), Interleukin-10(IL-10)& #4933, WKYE
AV EFTF v TYEFTFA IL-6, MCP-1, COX-29] &do] Z+
7zt 40%, 50%, 48% F7Vskgley IL-102 #F938 W3yt st
SHRE AYEFEZ ¥3] ZUYEFTFA COX-29] FHe] 47% F7}3h
%32 MCP-1, COX-2, IL-10& #2135 #H3lr 94

Wieckowska et al[135]& JAATFA F IL-6 T8 A=7) 95,
Arsh, ded A ABBAYE S FU3%H. IL-6, TNF-a,
MCP-1, IL-103 & tekgh AR AF Ao 2912 252 HA#
NASH=E] e ddezs 7HEE o $v).[136] Park et aldl] &3
vk miceol A ALFA AtelE7FIY IL-68F TNF-a & ZF A4S A
Aq7kg oz o] wde Fa38n, IL-62F TNFR12 HAA 7o) 2" =

F

o

5

22 IL-69 ZH FL& ¥ 7 9452 43AF 8, A5 LA
L 9g3S nx|x ¢g=ctx 3¢grcl.[138, 139] Mattace Raso et alel
o)sld, Aol AFHET SDFCNA uizFe B3 7k IL-6,
MCP-1, COX-2 %de] F7138t9tk. MCP-12 NASHE 713 94 &
A5G ARTE FL A3 FF RWAA a2 FEel FUHEA
t}.[140] MCP-1& A& 45S F'Es7] wW&e NAFLD$}
NASHeIA Fa3tx, g W54 NASHES Yo Fo3 IS
gth.[141] COX-2E NASHONA 2do] F71d #ul ol TNF-«
o} IL-6ZL 95 UdAES] &0 2430.[142] & & dFAHE A

-

5o

e

o
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A 22942l MCP-1¢ mRNA®] 4] Dahl Salt-SensitiveZ oA
AYEF(0.3%) 20 IYEFB%) S AHAANFS W FoHez 3dvx
gl [143] ZUYEFS] AH3F7F WKYS SHR EFoA GFAAE ST
ok,
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8. 7+x 32 2] Fibrosisd] w|x]&= 43

7l A Fibrosis #&d AAE #3}7] $)8)4 Transforming growth
factor- S1(TGFA31), «-smooth muscle actin(e¢-SMA)9 A&
g3, TGF-412 IYEF= 43T SHROAE 56% FHE3Ae
U, IYEFS AFHT WKYINA= 40% 371K (p<0.01) «-SMA
T IYEFS AHE WKYAAT 27 40% F7F3ksitr. (p<0.05)

Profibrotic cytokine?dl TGF-p1v w3t ¥ 7HAHIE dor|+=
FE gqew HAF D] ohyzt 3] A 3 e A TAAME
AxElEY F2, 7+ AAAE(hepatocytes), WIAHE(sinusoidal
endothelial cells), FIHAE (Kupffer cells), 7ZF AAHAE (hepatic
stellate cells) §elA THEoAth.[144] 7+ &4 Fo BAEE TGF-
B1E T &2l kel wet AAstE A E ezt e, F
A FoAE T ARAZANA F2 AAEL dFoY AR3t S o
AAAEANAN F2 AAHAT.[145] HAIEANAE BTz EAst
7h, EulEE v A" AIEY A AlECA 243 =] T A AE F
As gAst v A AE] FA<E AS38tY collagens FE3HA A
Al =W A=x A3 ) A EE do)Al "n.[146, 147] HEE
T 7 &2z O3 TARAEZIL ASE ol BASEEA SAFEAE
o AR A4 E e AEE Ao dojun, ojdl o -SMAc°| LI E o
collagen¥} fibronectin®] ¥AS ZFFHA)7]9, o] FA TGF -p1°9]
a3 WAERN FEst= FHolvh.[148] Mattace Raso et alell £J3}
|, 2ARAClE AHT SDHCNA dzFel vs] TGF -1 23] 571
k. NASHE #dstE Aoz ¢¥7  Choline-deficient
L-amino acid defined diet(CDAA) YEFS H7I3 A& A3
SHRe| IYEFS A3FH A TGF-41, a -SMA mRNA $Fo] 3713}

ShiA
L
i)

‘e
r
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Act.[149]
YEF AHF e =g WKYNA 7+ A543 QA7) fredez Futs)
= A2 Rol IYEF HF7 AFIAGANA T AF3ke %S v A

t 7oz BRY
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Fig 13. The expression of «-SMA(a) and TGF-41(b) in
liver of WKY and SHR that took NaCl 0.8% and 8% diet.

(*: p<0.05 compared with NaCl 0.8% group, #*#*: p<0.01 compared
with NaCl 0.8% group)

_56_



V. 8¢ 9 A&

2 d3= "4 8¢ < Spontaneously Hyper tensive
Rats(SHR)& W4ez HYEEF(0.8%)F ZUEF@RB%) AolE 4F7
AFHAZ Y NASH dAE AFdHgen dzxidezs AL 4
Wistar Kyoto Rats (WKY)E °]-&3ttt. #4dAS 1) Ao A el
W AFEst 2) A AFAAMe Rg, 3) ¥AANAY AH(TG,
TC), €3 AP (FTHIZ, €Y, HOMA- IR), )7 715 &4 (3
A ASTS ALT, 7+ A AF#AASE &% 2 G6PD), 5) NASH A (FA
T4 A, 945 UA 2 Fibrosis) 5 o9, 1 A= 53 2.

1. WKY$t SHRE| YEFAH =& AFASE B3] AsA A
T, Aol B F AAY, HolEEs SASAY. WKYS SHR EF
AGEET vl& IYEFZAA AT 5-7% FEsgoy &
AHFE 47 100- 132% F7+s-dvh. WKYS SHR 25 40|
AHFL 5-7% 7o Helage Wiyl gt &, 24E
Fe Al o3ked WKY$ SHR BF Ao] 2 & AH3A%FE 3713
o AL Fxsi.

2. WKY2 SHReIA ZYEFAHH O o 2733 473
A B, AR 9 AR FA, = adetEds SAsSI. A
2ol vls IYEFT WKYAA ¢ % A% #A7 7474 1
11% F7Fta AZdd A d3b7 gleh. AUEFZel vl
IUEFT SHRAA ¥ 2 A% FAZ 42 20%, 8% F7H3HS
ov] x AdotEdE 10% F7HHiTh. ZUEFHHAE  WKYS
SHRellA ¢ 452o2 A3 d4e] Uegn SHRAAT A%

-l-l
lo
e
ot
o
o)

}‘l_l'
K-
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=5 &4 Sl dAxsEid.

3. WKY& SHRe9|A blood biochemistry #¢& ¢35l F=A =4t
(TGQ), & Y9 2HE(TCO), TEIZF(FBS), Jd&d, d=d AIA

(HOMA-IR)S #astger. JEF A3 ke BAIgo] WKYZNA
= goHd WA Wt 9A. AYEFZ vH TUEF
7 SHROA TG#H 4% FBS 7171 #3E oA IYEF AFH7 £
B4 ZEFH AT GFHE XA
4. WKY$ SHR®| 7+ 75&4s &ds7] A 28&3Ax= 83
(AST) % (ALT)E, 43} 2E# 222 (MDA),
Glucose 6-P Dehydrogenase (G6PD), NADPH
oxidase(NOX-2)& #<U33ith. IUEF WKYZA NOX-2%
weF ez Skt AYEFT ¥ ZUYEFT SHROIA &
A AST(75%) B ALT(50%)7} $743t9 3 G6PD(14%) = Fx
st YEFAHAZFI BA9] SHRe] WKYXRT 7+ 74|, MDA
7b FoHez FUMEAR, G6PDE 50% F&dsth. AEHo=
FIYEFAHE 5 (AST/ALT 37D & op7lstEdl, SHRe 7
+ A A g ASAEHE T d9LE By
5. WKY$ SHRE] Z+ AAYAE &d3st7] H34 e TG 2 TC,
Z)8}AF 3421 AFel Acetyl-CoA carboxylase (ACC), fatty acid
synthase complex (FAS), Sterol regulatory
element-binding transcription factor 1c(SREBP-1c), #|4&
3]0 #xkel AMP-activated protein kinase (AMPK) 5< #49s3}
Ak, AYEFZA v ZUYEFFE WKYOA 2+ TC(25%)
FAS(11%)7} Z&34th. SHRE A% AUYEFT v3 IYEF
T4 TG, TCe W3l @s%ey FAS, ACC/p-ACC,
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SREBP-1c7} $edo2 278t webd] TUES A= 7o
294 A QAL BR S S A

WKY$¢ SHRe 7+ 95 AEE #Adsr] AsA pro-
inflammatory cytokine?! Interleukin-6 (IL-6),
Cyclooxygenase-2(COX2), Monocyte chemo attractant
protein-1(MCP-1) ¢} anti- inflammatory cytokinedl
Interleukin-10 (IL-10) & #F<s3ie. WKY®] 7% AUEF
o] ¥ls] IYEFTFANA IL-6, MCP-1, COX-22] Wde] zZ+z}
40%, 50%, 48% %7+t ck. SHRS AUEFT v3] ZUEF
TolA COX-29] Tdo] 47% F7}35 A% MCP-1, COX-2+
o]l W3yl 9k, WKYS SHR 5% IL-102 §212 9 s}
gk, gy TUEF AHE WKYS SHReA 4FAAE F71
Al ZA .

.l

. WKY$& SHR® 7+ 945 AEE #93%7] $J8lA Transforming

growth factor beta 1(TGF-£1), «-smooth muscle actin
(¢ -SMA)S 3o, AYEFTA ¥ IYEFT WKYelA
7+ TGF-51(40%)8 o-SMA(40%)7} ZF&3tgch. SHRY #H$
AVYEFZ ¥ TYEFZINA TGF-81(56%) FoHe=z Fa
dack. IYEF A= AL Y A5 ] Fibrosisg $7H4
ot

NASH e 43¢ 7]¥kel 2 hit hypothesis o] 1 hit& 93}

7]

Al

=
=]
R L

A8 Y 2 T AR, ded AP, T &4, A AAAE, A A

d, 23 2" hite FA57] H3 95 EAERAT 2 AF 3=

A# Al SHRZ 1° hitellA 2+ &4, A1 -A 233, 284840 F7tst
3, 2" hitell A @Fel 7kt WKYE 2" hitgd f%3ke] 37}



rE

3tg9ct. weElA SHRS Y EEF AFH7F ‘2 hit hypothesis’ & 7]
22 NASH7} BHA3= 71Ad3 a4 e] ddd. WKYE A% $
Ast2EF 2 9 45840 Yyeyh. & A4 I IUEF AF
27 A gle] NASH dA4S 7+ A37kA vehd bk 29 ¢
IUEF A= 1% hit- 2" hit § DAE AXNEA 27, 4
A2 EF A T YErgA|T A5t 2 AGE DAZEA] 7kR] 23
o olE L¥Y FARGE AAANAA 2UHEF AHFH 543 A
AsE Bds v 2490, g2tx & 47 E™HA 2¥Y 3449

LHG AAE Z A5 dEdE 71A-d we o] X=me] AH

o @ 4 9 AR Audd FF AA 94 A7 7% A= @

4
—

i

>

=
(<]

-

oN ¥
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ABSTRACT

Spontaneously Hypertensive Rats(SHR) 9l A
IYUEF AFH7F vgzIA AL B v x = 9

Bak, Su Joeng

Department of Food & Nutrition
Graduated School of

Sungshin University

Numerous studies have shown that excessive sodium intake is
associated with obesity, increased insulin resistance, and
increased incidence of type 2 diabetes and cardiovascular
disease. Triglyceride accumulation, inflammatory cytosine, and
oxidative stress that cause NASH progress are similar to those
of chronic inflammatory diseases caused by high sodium.
However, there is a lack of research on the correlation
between sodium and NASH. We will investigate whether high
sodium intake affects the onset of NASH based on '2-hit
hypothesis'. In this study, to investigate of corelationship
between high sodium intake and NASH, Spontaneously
Hypertensive Rats(SHR) and Wistar Kyoto Rats(WKY) were fed
low sodium(0.8%) and high sodium(8%) for 4weeks. Both WKY

and SHR consumed high sodium resulted in weight loss and
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increased dietary and water intake. High sodium affects the
heart with both cardiac hypertrophy and hypertension in both
WKY and SHR, and kidney muscle damage and dysfunction in
the kidney. High sodium intake did not cause changes in
serum lipids and insulin resistance. High sodium intake
resulted in liver toxicity in both WKY and SHR, Lipid
peroxidation and oxidative stress increased in SHR more than
WKY. pro-inflammatory cytokine were incresed by high sodium
in both WKY and SHR. Serum and hepatic lipids, insulin
resistance, liver damage, lipid peroxidation, and fat production
were analyzed to identify the first hit and inflammation was
analyzed to identify the second hit in 2 hit hypothesis, the
basis of NASH pathology As a result of SHR, high sodium
intake increased liver damage, lipid peroxidation and
lipogenesis in 1st hit and increased inflammation in 2nd hit.
WKY increased only the 2nd hit inflammation. Therefore, SHR
correlated with the mechanism by which high sodium intake
was based on '2 hit hypothesis'. WKY only progressed to liver
inflammation during NASH pathogenesis. Therefore, we found
that high sodium intake in NASH and hypertensive rats cause
NASH differently. This study suggests guideline for dietary
therapy to essential hypertension patients and normaltensive
people according to different mechanism between them. and It
is expected that it will become the basic data of human clinical

studies in the future.
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