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ABSTRACT

Background: Non-alcoholic fatty liver disease (NAFLD) is a chronic liver disease associated with
multiple metabolic disorders. The medicinal plant Curcuma longa L. is widely distributed in Asia
and has been used to treat a spectrum diseases in clinical practice. To date, there are inadequate
reports of the effects of C. longa 50% EtOH extract (CE) on NAFLD. Therefore, in this study, we
evaluate the CE on an NAFLD animal and elucidate the mechanism of action.

Methods and Results: C57BL/6J mice fed a methionine-choline deficient diet (MCD) were
treated with CE or milk thistle, and changes in inflammation and stetosis were assessed. Experi-
mental animals were divided into six group (n = 10); Normal, MCD, MCD + CE 50 mg/kg/day
(CE 50), MCD + CE 100 mg/kg/day (CE 100), MCD + CE 150 mg/kg/day (CE 150), and the Con-
trol, MCD + Milk thistle 150 mg/kg/day (MT 150). Body weight, liver weight, liver function, and
histological changes were assessed in experimental animals. Quantitative real-time polymerase
chain reaction and western blot analyses were performed on samples collected after 4 weeks of
treatment. We observed that CE administration improved MCD-diet-induced lipid accumulation,
and triglyceride (TG) and total cholesterol (TC) levels in serum. Treatment with CE also
decreased hepatic lipogenesis through modulation of the sterol regulatory element binding pro-
tein-1 (SREBP-1), CCAAT-enhancer binding protein o (C/EBPa), fatty acid synthase (FAS), and
peroxisome proliferator-activated receptor y (PPARy) expresion. In addition, the use of CE
increased adenosine monophosphate-activated protein kinase (AMPK) phosphorylation and
inhibited the up-regulation of toll-like receptor (TLR)-2 and TLR-4 signaling and the production
of inflammatory mediators.

Conclusions: In this report, we observed that CE regulated lipid accumulation in an MCD diet-
induced NAFLD model by decreasing lipogenesis. These data suggeste that CE could effectively
protect mice against MCD-induced NAFLD, by inhibiting the TLR-2 and TLR-4 signaling cas-
cades.

Key Words: Curcuma longa L. (C. longa), Non-alcoholic Fatty Liver Disease, Methionine Choline
Deficient-diet, Adenosine Monophosphate-activated Protein Kinase, Toll-like Recep-
tor-2, Toll-like Receptor-4
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3} (Curcuma longa L) 23733} thdA] 2oz At
Ql&=o] oL Qlwu|Ajo}, thrt A& FAJollA AfujEm, =2
Lq,}E A Z&U]—o] Llru:] iLAHg] )\u/\g 7].;q o]q_
(Ch01 2004). FEAEEA 7gro] A} Y oxe] AT
oerFo® Ay &t Jdon, fEluetlM® TAlE
AEAYA ), "ASEFARAGH ), TS, 59 &gl
AR QPZ U4, AN EARESZ A=t
7150] Ut} (Lee et dal., 2016)
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AEAoZ 43l A 7} 715S T, HHE B=S dsls)
RS 28k, 1 4 *Jﬂ AHE S8l Rl 24

| 2t (Ammon and
991; Ahsan et al., 1999; Kim et al., 2001; Lee et

al., 2020). 53], curcuminoids (curcumin, demethoxycurcumin,

bisdemethoxycurcumin)?} -2 A =2-S thd FhslaL
22, curcuminoidsl] et 7154 ATt FHZ FEs] A

=3 Ut} (Ahsan et al., 1999).

olA AT curcumin} bisdemethoxycurcumin®] H] &
4 A N 2HE ERIEET (Kang er al., 2013;
Kim et al.,, 2016). 23 A% FE58 o183 vz A
W2 A w3l ik AtE obF] wlgg Aot

H]g7-84d A¥7F 3 (non-alcoholic fatty liver disease,
NAFLD)®: 2 Tekeal Aololy A frelabto] 7
AsHAl F7hEo] ZhelA FElAke] §4 B SR
gl F7t=wA WA ok (Musi, 2006). A7 S

2, JEshl 248 2 Ade FUAge] §HE S
7N, AL W] BHUEF L GFNES U]

A HHA A3HOZ NAFLDE s @t wabA
]

NAFLDS] o] el x8He Ao =48 A& sl
o} Mo dE= EFez Aok g} (Sahebkar
et al., 2014).

Adenosine monophosphate-activated protein kinas (AMPK)
£ serine/threonine kinase®|™, AMPK ZHZ& A|Z2] oA
7@ Ao 8% AL o= 2R dEAH, AMPK
Z4S 3 NAFLDE] X8 7FsAo] FEuk3 vt (Herzig
and Shaw, 2017). AMPK®] &A43l= Aukak shdS A8}
3 AkelE FX1Eka, 7 % Alxe] 4skE HArA o
o fdete sloez dEA 3
2013; Herzig and Shaw, 2017).
TS, NAFLDE 7+ &4, A,
2 3= v 28 7 A 23
3t 2Eg X g rEZEo} 7 A

(Weng and Schuppan,
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5t JHM St

2d f19le] NAFLD 7lA19} Zajel]l LHek B&Ho] St} (Tilg
and Moschen, 2010). °I5 ¥l & 95 ®¥Hs-2 NAFLD®
el A0 q&E 5p, A WY E4s= NAFLD
NN 7+ dFS el FEHehe T8 8R1eE AAXIH
(Arrese et al, 2016). o= XA WY AX FHe Toll-
like receptors (TLRs)7]- &4 Z_ JE=HE HEd #y <l
2] 83 (PRRs)E U2star EAdst=o] 7F 95 whHeS )
Mete Aoz ?—lfiﬂ XA (Bleghs and Trautwein, 2003;

Akira and Takeda, 2004).

TLRs #Eele] Tast 49 e2A TLR-29F TLR-4=
NAFLD 22te} & B BEFox 43 s 202 W
X o™ (Yang et al, 2013; Kiziltas et al, 2014), TLR-4
AL npeiE AR w20t vlwste] MCD 2lo|& -
TE A B Ahes 9sE g vl BaEo
(Csak et al, 2011). A5 22 TLR-29} TLR-4 WHAYUZE

o ZAIE NAFLD 189 e 913 nigae 149 5
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1. Aot 2 A2

B A8 ALeE
LtollA Fdste] W
7F g ste] ARSI

RNeasy Mini kit®} QuantiTect Reverse Transcription kit
+ Qiagen (Hilden, Germany)Z%¥, power SYBR® Green
PCR master mix= Applied Biosystems (Foster City, CA,
USA)l A Y3t Tth  Anti-B-actin, PPARy, C/EBPo,
SREBP, FAS, TLR2 2#]32Z TLR4 antibodiess Santa Cruz
Biotechnology (Santa Cruz, CA, USA)ZFE Fullsison,
Anti-pThr172-AMPK  antibodies== Cell Signaling Technology
(Danvers, MA, USA)ZY-E] Y3t}

38 (Curcuma longa L) AgPd= Z
Nto] W (7:1,]1;]]&-—! ST —c?.r_]J/].)

2. CEQ| M=
_‘-g_/\%_,_ 6‘_:_1
5 50% F
T, 6 A7+
4 A7 Z= 2 ]"5 60C 600mH -
700 mH= 7&?}%-—-1— d_Lo}E’- ae]d-g o83t 80
mesh, 1,000 rpmo.2 E3j3sle CE 43 50% =
2 NIHHS-18-42458)2 #|%3F3
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3. NAFLD 7% ¥ AZ50]

NAFLD H3dE f&f wWeed 3 29 Aolay
(Methionine Choline Deficient-diet, MCD-diet) 22 <] %%
(steatosis)?} HE TAE ERIg A+E Y3t 5=
S 6 T (n = 10002 Uro] AdFS JAPsileh. F
(normal diet without any treatment, Normal group)oll<= %

JAEE AFEHA kAL, dlET (MCD group) S 2& MCD-
diets FFsH e, 492 CE AE= (MCD-diet
+ CE50 mg/kg/day, CE50 group), CE 7+5X=+ (MCD-
diet + CE100 mg/kg/day, CE100 group), CE &%= (MCD-
diet + CE150 mg/kg/day, CE150 group), ZL2]3 W|ZRLO=Z
YUIANE FZFE (MCD-diet + 150 mg/kg/day, MT150 group)
o7 o] At

=, 552 20 g Helo] AF 75" C57BL/6I 3 A
HAE @ TYEEFE (Seoul, Korea)ZHE FYste] A
o A&t NAFLDE F5317] 98] MCD-diet AL
BETIEEEE (Seoul, Korea)ZHEH TYsl] Ao AR
stalem, 1 5 &t A3AIR & 2 AFS AZsisit. 43
71 12 A7 7244, 2= 25+2C, % 55%
A Al IPARES} MCD-diet

I

|

2N o

ABERRE PYstel A0 ATk 7 Y Fe 94
7

283599 CE group?t MT group zt
A w1 8] AR T8I, MCD-diets:
At Normalktoll= F&2] A9 E Fos)

THeIAt 4 7 APs=] AFTSs F 2

=
HE o o 93y

= T 'O
F YoM FERIH A HE
(2T ; WKU18-34).

o
a
R\

ol AU} ol FEAHE
23
ATk
4. Biochemical 411} dZ X|&lghdo| 53

4 T4 oHA) o & FES AL S AjF st
AstetArls Aldatnt. 498 &4 7]E (Asan, Seoul,
Korea)S AM&-3te] A lA triglyceride (TG), total cholesterol
(TC), glutamic oxaloacetic transaminase (GOT), L]l
glutamic-pyruvic transaminase (GPT)& 43It}

5. Enzyme-linked immunosorbent assay (ELISA) A4

4 F7he] op Fol § FEg et S A sl
Aol a4 A% 1Y FAe A8sisit IL6 3 TNF-o

kite BD Biosciences (San Jose, CA, USA)E A}&3}o]
ELISA BA4HS A28l S-d = vlo|a 2 ZHolE g
t (Biotec, Chicago, IL, USA)S AM&-3le] 450 nm oA #=
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-

=2 - dsst
shiltt. e A2 Al W e APPH (n = 3).

6. Hematoxylin?} eosin stain

4 F7F MCD-diet & 2k Fo] & miceE CO, v} 3}
of AE B - AARFT. F 2FS AEE 10%
formaldehyde® 2 VA7 TR 12 A|7F ol 5E2E &
o4 formaldehydeE Mg ¥ 60% ethanolollAl 1 A7}
70% ethanololl Al 1 A]ZF, 80% ethanololA 1 A]ZF, 90%
ethanololA] 1 A7}, 100% ethanolollA] 1 AJZF ZHH S 2 424
SI3ATE. LE]aL xyleneol] 1 AZHA 3 3]o] Tzt sk
of 1 AIZH 2 3o AFEHAAHE AAsislen, 22 g
oF 4 m FAZ et e AU

CEL

ke
T

o 94a
microscope (Carl Zeiss Microlmaging GmbH, Gottingen,
Germany)E ©|-83l At}

7. RNAZ2] ¥ qRT-PCR
Easy-BLUE™ total-RNA extraction kit (Intron Biotechnology
Inc., Seongnam, Korea)S AM&-3}] RNAE #2319t 55

o] 7+ 23S AT F 3} easy-BLUE solutiono] ¥ #

S T
#2359k o17]9) chloroform 200 (42 ¥l thA] wHls}
o] 13,000 rpm, 4CellA 10 ££7+ FARD e v, 45
400 1400l isopropanolS 7}3led THA] AEE]Ete] RNA 2

e AU

o714 Aozl RNASl MuLV SHALE A (reverse tran-
scriptase), 1 mM dNTP 0.5 g& o] cDNAE =it}
qRT-PCR2 power SYBR® Green PCR master mix (Thermo
Fisher Scienctific, Waltham, MA, USA)Z A}-&-3}o] Step-
OnePlus Real-Time RT-PCR System (Applied Biosystems,
Foster City, CA, USA)S %3l 431 th Zefo|M = Table
1o YJepHATE AL gene W HFS StepOne software
v2.3 (Applied Biosystems, Foster City, CA, USA)S AR5}
o] 2JthA 3] threshold cycle number (CT)&S F3f Al4lskd
t}. B-acting 7SRO Z ARESISI T

8. Western blot analysis

Western blot 415 913k A 8= C57BL/6) ] 7k 24
< lysis buffer 20mM Tris, 1 mM Na3vo4, 1 mM pheny-
methylsufonyl fluoride, 50 mM NaF)& #2]slo] vz S
=3 v AR

oA FE3 ko] dilES SDS PAGE gelolld %17]
FEste] @ 37] ¥ EE3 F polyvinylidene
membrane (Millipore, Bedford, MA, USA)°| 1 A]7F 59t
oA ATE 5% skim milkel] 1 AlZF &<t blocking 3F1Z,

=

T



Table 1. Primer sequences used in real-time RT-PCR.

Primer sequences (5' — 3)

Target genes - -
Forward primer Reverse primer
SREBP-1c AGGCCATCGACTACATCCG TCCATAGACACATCTGTGCCTC
C/EBP GCCGAGATAAAGCCAAACAA CCTTGACCAAGGCAGCTCTCA
PPARy TGTGGGGATAAAGCATCAGGC CCGGCAGTTAAGATCACACCTAT
FAS AGAGATCCCGAGACGCTTCT GCCTGGTAGGCATTCTGTAGT
TLR-2 GTACGCAGTGAGTGGTGCAAGT GGCCGCGTCATTGTTCTC
TLR-4 AATCCCTGCATAGAGGTACTTCCTAAT CTCAGATCTAGGTTCTTGGTTGAATAAG
GAPDH AACTTTGGCATTGTGGAAGG GGATGCAGGGATGATGTTCT
1A RS 4CoIA ¥ WA Al AR B8E slel felde vEuA eigith B3 2 o) A9 2

AR H 22 FAE Ad2elM 1 A7 9RAIRL T ECL
prime Western blotting detection reagents (GE Healthcare,
Piscataway, NJ, USA)2} ImageQuant LAS 4000 Mini
Biomolecular Imager (GE Healthcare, Piscataway, NIJ,

USAYE AHg3te] whild wale Selsiart,

9. SHIEAM

RE AR 3 W08 Felse] Ay ks Wt + EF
HA} (means = SD)E. A O™, TAA]-2 SPSS (Statistical
Package for the Social Science, Chicago, IL, USA) =71
e o83l 7+ AFAZHE ANOVAE 73 & Duncan’s
Multiple Range Test (DMRT)E ©|-&-31%93L, BAI4 FolAdS
5% FeollAl B2 (p <0.05).

o] frode YehA
MCD-diet= 7HiA] ]

2QT} (Table. 2).
o] & FolE FrRksl] AWk

o=
gt webd MCD-dieto] ©J8te] fiesle oehy W
stoll thak CESl F&F2 Lohir] flste] d3eEo] 23l

¥38 22 = TG TC, HDL ¥ LDLS 243t 2
A3}, Normal# (304 + 10.7 mg/d¢) thH] MCD (101.3 +
14.4 mg/dl) oA TG o] Fds] F71sllem, CES0+-
(90.5 = 11.1 mg/dl), CE1002= (60.3 + 2.3 mg/d{), CE150
(51.9 + 52 mgdlelME S5 oFHor TG o] 714a}
Atk TCY FE MCDAA Z718I0 Tz A&+ (CE50
o, CE100, CEI502)dME #Aasts s 2t
(Table. 3). 53], CEIS0zoM e YANELOE AHES
MT150% 2t} TG 2 TC &3Fo] tfL ATk

T3 GOTSF GPT level> NAFLDoA 7HHI £
0]1:]. AlS L

5:)\

L

(CE100, CE1502)0llA41 GOTS}F GPT level©]

A&

= =2 vl
MCD=2el| H]azsted 72830t (Fig. 1). ol Axz Hol
1. CEOI MCDAJ0I2 st Flo] ZEse U Holisk 1 CE100223} CE150:+9] F& MCD-dietZ <3l f2¥ 7k
3ol DIxl= AHet 715 el Wdske 2t e AeR AzbEr CESO
HAS AR Y F 2 3] HoR dYsel Alss 2 FARCE foltt 23E vERiAl $307100 v Aol
73tk MCD-diet®. fFese Bl A7 Bde Ae Alestar skt
HFDE AR&-3 Rdls} th=A] AlFo] dashe 73] veht
= 54< 7K Atk mEA] Normalkel]l Hls] MCD2 2. WelXZlskA HAIIM CEQ| gt
AF a7t FelsA vebskeu, CE Fozollxies A dAT=S YN F A7NE AESte] e dHE &
Table 2. Effect of C. longa 50% ethanol extract on body weight and liver weight.
, MCD +
Body wight (g) Normal MCD
CE50 CE100 CE150 MT150
Initial 20.4+0.87 20.8+0.8 20.5+1.21 20.3+0.3 20.1+1.2 20.2+2.2
Final 23.3+1.4% 15.5+0.7¢ 18.2+2.1° 18.5+2.6 18.4+3.0° 17.9+08°
Liver weight (g) 0.72+0.1 0.60+0.21¢ 0.62+0.08° 0.67+0.11° 0.68+0.12° 0.67+0.09"

The actual values of means + SD from 10 animals are presented. Means with difference letters are significantly different at p < 0.05 by Duncan's
Multiple Range Test (DMRT). MCD; methionine-choline deficient diet, CE50; 50 mg/kg/day treatment of C. longa 50% ethanol extract, CE100;
100 mg/kg/day treatment of C. longa 50% ethanol extract, CE150; 150 mg/kg/day treatment of C. longa 50% ethanol extract, MT150; 150 mg/kg/

day treatment of milk thistle.
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Table 3. Effects of C. longa 50% ethanol extract on triglyceride, total cholesterol, high density lipoprotein and low density lipoprotein for

the methionine-choline deficient diet mice. (mg/kg/day)
MCD +
Normal MCD
CE50 CE100 CE150 MT150
Triglyceride (mg/d0) 30.4+10.7°  101.3+£14.4*  90.5+11.1°  60.3%2.3° 51.9%5.2¢ 62.1+2.2
Total cholesterol (mg/d0) 53.2+3.5¢ 85.9+6.6" 78.2+9.1° 63.6+5.1° 48.5+5.1¢ 51.4+10.1¢
High density lipoprotein (mg/df) ~ 68.7+1.4° 8.5+6.1¢ 13.2+3.1¢ 18.5+2.6 22.4+5.0° 20.9+6.8"
Low density lipoprotein (mg/d¢) ~ 8.6+2.5¢ 37.2+5.6° 36.9+4.8 13.7+1.1° 5.7+1.6° 10.4+5.1°

The actual values of means =+ SD from 10 animals are presented. Means with difference letters are significantly different at p < 0.05 by Duncan's
Multiple Range Test (DMRT). CE50; 50 mg/kg/day treatment of C. Jonga 50% ethanol extract, CE100; 100 mg/kg/day treatment of C. longa 50%
ethanol extract, CE150; 150 mg/kg/day treatment of C. longa 50% ethanol extract, MT150; 150 mg/kg/day treatment of milk thistle.
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Fig. 1.
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| i“%bﬂ Hsto] AgEAo] o] FolH IS AL UM

O

Normal MCD CESD CE1N CE150 MT 150

(B) (mg'kg/day)

o

Normal MCD CESD CE100 CE150 MT 150

Effects of C. longa 50% ethanol extract on glutamic
oxaloacetic transaminase (GOT) and glutamic-pyruvic
transaminase (GPT) levels in mice. Mice were fed a
control diet or the methionine choline deficient (MCD)
diet for 4 weeks. Blood samples were collected, and
plasma GOT (A) and GPT (B) levels were determined.
Means = SD from seven animals is presented (n = 10).
Means with difference letters are significantly different at
p < 0.05 by Duncan's Multiple Range Test (DMRT).
MCD; methionine-choline deficient diet, CE50; 50 mg/kg/
day treatment of C. longa 50% ethanol extract, CE100;
100 mg/kg/day treatment of C. longa 50% ethanol extract,
CE150; 150 mg/kg/day treatment of C. longa 50% ethanol
extract, MT150; 150 mg/kg/day treatment of milk thistle.

geldr A3} Normale: tH] MCD—TLOHH 7ol AMAF
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om, AFFoM = HiFeR AEHH o] AAEHAS &
AT 5 AATE (Fig. 2A).

H&E S ARE-ate] 7He] Wgz2]ehs Wsls A gh
A3}, NormaktolM e 7Hage] dA+27 & fA1=o] A
o, old ks, MCD-dietoll M= 7HAge] JA727 &
AEH w2 o] FAEARe] EEATE L A3 CE100
ol M e A JRRe] A719f 4] 7Rt A2 UL, CE150
oM A AAE A AFER] efot CEoll o8 AWk
o] MMEE FlAUTt (Fig. 2B). MT15072 SFANZT
ARE-3FATE

3. 2 ZA Uf MARIXESO] 2ol thst cu o5t

SREBPst= olef@ A A4 93} g&ag vrfshs
293 AARIAFZEA] A WAk igﬂ/\gﬂi,] kS A3}
(Leevy, 1962; Wanless and Lentz, 1990). ©]% SREBP-lc=
A ukakal A H SR Holshs =93t ?ﬂ/\}o]l}iﬁ o]
R0 oJs) Bsso] 7 21 o) AR SR 5
w2 ol FAAWE 1+ 24 el AFsA B} (Lee
1989; Bacon et al., 1994).

C/EBPa A S7dAe] tiAbe 2dskal Al W T4
Hho] %ﬂﬁ fEske o=z 4#EA 9l (Farmer, 2006).
TS FASE XS SoA Yehe Jd&d Ade &
_ﬁ LH Old T E lr_o]l Oli o]5H Z]HV\]- /\gtﬂ}a 7:];
Fro3sit} (Brunt, 2002). AWA|E B3l S 271dA
W)= PPARy= C/EBPog} g52kg0 2 X&3Add &
dE Fexe] e dofste o2 B 3l
(Gervois et al., 2000).
uEbA MCD-dietol] oJal =8 A7+ 2doA CEZF b
A W AR o) MRl JFS dobrr] S8 A
552 7F ZZ9)4 SREBP-1¢9} C/EBPa, FAS, PPARYS]
32 Western blot?} qRT-PCR EAH-S o]g3] Aujrgict
(Fig. 3, 4). Fig. 3] Z3*] SREBP-1¢¢} C/EBPa, FAS,
PPARY2] protein W&ol MCDZ+9] 7F Z&ol|A Z76IA L,
°FE-9- AE 3§ CE100:23} CEI502oME 74siitt. w3t

2.:&
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Fig. 2. Histological analysis of liver steatosis and liver morphology. (A): Liver gross morphology, (B): Liver sections stained with
hematoxylin and eosin (H&E). Original magnification, magnification; X 400. MCD; methionine-choline.deficient diet, CE50;
50 mg/kg/day treatment of C. longa 50% ethanol extract, CE100; 100 mg/kg/day treatment of C. longa 50% ethanol extract,
CE150; 150 mg/kg/day treatment of C. longa 50% ethanol extract, MT150; 150 mg/kg/day treatment of milk thistle.
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Fig. 3. Effects of C. longa 50% ethanol extract on hepatic lipogenesis

(mg/kg/day)

MT150
“ = | — SREBP-1c

— c¢/EBP

— FAS
W= | - PPAR~y

— B-actin

(ma'kg'day)
a
b
d
]

Nermal MCD CELlon CEl5 MT 150

protein expression in methionine-choline deficient diet

mice. Sterol regulatory element binding protein (SREBP)-Tc, CCAAT/enhancer binding protein (C/EBP)a, fatty acid synthase
(FAS), and peroxisome proliferator activated receptor (PPAR)-y, protein expression levels were detected by Western blot analysis
(A). Expression levels were normalized to those of the B-actin protein. Numbers below the panels represent quantification of the
Western blot b{ densitometry (B - E). Means + SD from seven animals is presented (n = 10). Means with difference letters are

significantly dift

erent at p < 0.05 by Duncan's Multiple Range Test (DMRT). MCD; methionine-choline deficient diet, CE50; 50

mg/kg/day treatment of C. longa 50% ethanol extract, CE100; 100 mg/kg/day treatment of C. longa 50% ethanol extract, CE150;
150 mg/kg/day treatment of C. longa 50% ethanol extract, MT150; 150 mg/kg/day treatment of milk thistle.
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Fig. 4. Effects of C. longa 50% ethanol extract on mRNA expression levels on hepatic lipogenesis gene in methionine-choline
deficient diet mice. Data are representative of three independent experiments and quantified by densitometric analysis. mMRNA
expression levels were evaluated by real-time polymerase chain reaction and normalized to GAPDH levels. Means = SD from
seven animals is presented (n = 10). Means with difference letters are significantly different at p < 0.05 by Duncan's Multiple
Range Test (DMRT). MCD; methionine-choline deficient diet, CE50; 50 mg/kg/day treatment of C. longa 50% ethanol extract,
CE100; 100 mg/kg/day treatment of C. longa 50% ethanol extract, CE150; 150 mg/kg/day treatment of C. longa 50% ethanol
extract, MT150; 150 mg/kg/day treatment of milk thistle.
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Fig. 5. Effects of C. longa 50% ethanol extract on 5' AMP-
activated protein kinase (AMPK) phosphorylation in
methionine-choline deficient diet mice. AMPK phos-
phorylation (pThr-172-AMPK) by Western blot analysis.
Expression levels were normalized to that of the AMPK
protein (A). Numbers below the panels represent quanti-
fication of the Western blot by densitometry (B). Means
+ SD are presented (n = 10). Means with difference
letters are significantly different at p < 0.05 by Duncan's
Multiple Range Test (DMRT). MCD; methionine-choline
deficient diet, CE50; 50 mg/kg/day treatment of C. longa
50% ethanol extract, CE100; 100 mg/kg/day treatment of
C. longa 50% ethanol extract, CE150; 150 mg/kg/day
treatment of C. longa 50% ethanol extract, MT150; 150
mg/kg/day treatment of milk thistle.
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Fig. 6. Effects of C. longa 50% ethanol extract on level of
interleukin (IL)-6 and tumor necrosis factor (TNF)-a in
methionine-choline deficient diet mice. Mice were fed
a control diet or the methionine choline deficient (MCD)
diet for 4 weeks. Blood samples were collected, and
plasma IL-6 (A) and TNF-o (B) concentrations were
determined. Means + SD are presented (n = 10). Means
with difference letters are significantly different at p <
0.05 by Duncan's Multiple Range Test (DMRT). MCD;
methionine-choline deficient diet, CE50; 50 mg/kg/day
treatment of C. longa 50% ethanol extract, CE100; 100
mg/kg/day treatment of C. longa 50% ethanol extract,
CE150; 150 mg/kg/day treatment of C. longa 50% ethanol
extract, MT150; 150 mg/kg/day treatment of milk thistle.
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Fig. 7. Effects of C. longa 50% ethanol extract on mRNA

expression for toll-like receptors protein in methionine-
choline deficient diet mice. Toll-like receptor-2 and toll-
like receptor-4 protein expression levels were detected
by Western blot analysis (A). Expression levels were
normalized to those of the B-actin protein. Numbers
below the panels represent quantification of the Western
blot by densitometry (B - C). Means + SD are presented
(n = 10). "Means with difference letters are significantly
different at p < 0.05 by Duncan's Multiple Range Test
(DMRT). MCD; methionine-choline deficient diet, CE50;
50 mg/kg/day treatment of C. longa 50% ethanol extract,
CE100; 100 mg/kg/day treatment of C. longa 50% ethanol
extract, CE150; 150 mg/kg/day treatment of C. longa 50%
eﬁhalnol extract, MT150; 150 mg/kg/day treatment of milk
thistle.
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Fig. 8. Effects of C. Ionlga 50% ethanol extract on mRNA
expression for toll-like receptors in methionine-choline
deficient diet mice. Toll-like receptor-2 (A) and toll-like
receptor-4 (B) mRNA expression levels were devaluated
by real-time polymerase chain reaction and normalized
to GAPDH levels. Means = SD are presented (n = 10).
Means with difference letters are significantly different at
p < 0.05 by Duncan's Multiple Range Test (DMRT).
MCD; methionine-choline deficient diet, CE50; 50 mg/kg/
day treatment of C. Jonga 50% ethanol extract, CE100;
100 mg/kg/day treatment of C. longa 50% ethanol extract,
CE150; 150 mg/kg/day treatment of C. longa 50% ethanol
extract, MT150; 150 mg/kg/day treatment of milk thistle.
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