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Antioxidant activity and improvement effect of Acer tegmentosum
Maxim of dietary fatty liver in rat fed on a high-fat diet
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The effects on the radical scavenging activities and hepatic lipid levels in rats fed a high-fat diet (HFD)
in the 70% ethanolic extract from Acer tegmentosum Maxim (ATM) were evaluated. Total phenol con-
tent of ATM was 168.60 mg catechin/g in the 70% ethanolic extract of Acer tegmentosum. The DPPH
and ABTS radical scavenging activities were 18.32 mM TE/g and 32.25 mM TE/g, respectively. Food
efficiency ratio was lower significantly in supplemented group with 150 mg/kg BW/day during 5 weeks
(HFD+ATM) compared to HFD. Total cholesterol and triglyceride contents in liver tissue of HFD+ATM
were lower significantly compared to those of the HFD. Supplementation of ATM significantly de-
creased lipid peroxide contents and increased radical scavenging activity in the liver tissue compared
with that of HFD group. Moreover, the hepatocytes of HFD rats showed a typical fatty liver morphol-
ogy showing the presence of cytoplasmic lipid droplets, whereas administration of ATM attenuated the
number and the size of lipid droplets. In the liver tissue of ATM administrated HFD group, the mRNA
levels of SREBP-1c, PPARy, and FAS were decreased. Therefore, these results suggest that Acer teg-
mentosum extracts could have antioxidant activities and the hypolipidemic effects in liver tissue by its

phenolic compounds.
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= o] =ob AR H7he A R
o] F Q-9 °F 20~30% A =ofl A LpERL
Ao g Hixo] Qlti(Bellentani, 2017). A
A3 wetobUe) vk, 28 e, A1
o] Rlyt: Aol = O m(Mgaggini 5
8] S AW A HEHeR
s I R EE Y
Aoz dA UckStarley 5, 2010). ©]2]
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FAE I Qle) 20164 7|20z QoA 1F
EEs ﬂ%@% GHEL 19.9%, NEAALIZ oy

EL 172%= 2015 0| v|&] =7} =AS Ho] oAt
11%‘@%0 R gk WAl A&HH o7 STt
31 )th(Ministry of Health and Welfare).

H|AEA Aol AR whe AFolA AR
wo] ZHAIE  Wsel 2, X TA, 7R, 7
7AW 9l 7t e 2 o]ojX|= U7lol Agto g ofof T
ool W ARE Sl adle) wES A&HoR
fE L Qlek 53] ASAAATESTE 1 7159 A
sh 284 wletle] A x7 SO HAg B
shul, o2 xmaly] o3t okAle] e ofx A
o] gt AAJ o]t (Chang¥} Schiano, 2007). webA 3
sl obAle] wolt Ha-g-S wiAlstel, F2a
2HEY Astol= S FFS E o Ue HA
7o) o] Bttt

CHE LU T (Aceraceae) o] &5t HUF(Acer feg-
mentosum Maxim)+= =] Oﬂfﬂ EE JARGE FA4
o= REHT qlov AAFUY, AYRORE o

o

24 QlekKim, 1996). HLp-] glofut 17kx), 431
F2 wIgklA] T, AL (R 2IeE 5 11
@ Aue] BBL Qon, 7o =, 2E 7 A
o FE Solw Aol Q- Ao LA Utk

(Hong 5, 2007). HU59] 7FH 5 (Lee2} Moon, 2010;
Lee2} Woo, 2010) @ 3FAks} 2-4(Tung 5, 2008)2
A= T T2 = et
= 5ol oEHolgfar Hiro] tk(Park 5, 2006).
wUpRe] Aol Al Fel uhe Ak o)
gt At EarE HE 91O K(Seo 5, 2016), 7] &k of
St AAA] A= mlmlgE A olch

wet wiRe] Zlus pe geyos el
ethyl acetate & butanol B3 Eo)|A] 3AISE AT} X
ApAksl AR o] BEE = catechin, p-hydrox-
yphenethyl alcohol 1-O-B-D-(6"-O-galloyl)-glucopyrano-
side®] #H=A viA o 7]1Q1=w(Hong -5, 2007), H
UF #3252 CCl, d(+)-galactosamine, DL-ethio-
nineo] 2}t 7t &4 (Kwon ., 2008)°] f-5o] e
o el SIE 4 gl A W
e 2359 7R $ §3KShin 5, 2006)7} Hilg
o} ole.

uEhA 2 Atoll A= 5 =259 in vitroo
Pkt S %7P°}L in vivool| Al AR o]
Folgt Aol 7+ 24 % A4 w9 A A
ARl w2 712rel dishH okt sk

A1 EA] 52| quercetin, catechin

o >
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Fo Al AzE 744 9 4205 —T“ﬂo}‘ﬁﬂtﬁ, B
Ak AR 50 gol 108] 70% o S-S 7H5te] 60°C
o] g4z A 80 rpme] HER FIgFste] 3A17HH
23] HHE 223519t o8 BT Rol 3HA AEE
9F 5372 60°C o|slo A FEstel b Az
The —20°Co]| 2af Fai Ay AHgstglch

HUL S (Acer tegmentosum Maxim)= ZFA|Y| SHoF
A
o
A

% ehela £ABA S4HIC) DPPH (1 Iipheny-
4 A A EH 5 mg/100
el DPPH gelg SR ST i el
H7H S A7) F 517 nmol N FHES 2ol
(Blms, 1958). ABTS (2,2-azinobis-3-ethylbenz—thiazo-
line-6-sulphonate) =]z AAEA2 Re 5(1999)9]
o wet ABTS 893 A| 23 £ 415 nmof| A 1.5
STVt H 8 =542 XA ABTS 7|2&
1 mLOﬂ Al&H 0.5 mLE E9ste] H2oA S&
&A1 415 nmoj| 4| %%f %: S5kl Hu
=8 —T—%%_J )z A E/d-S TEAC (Trolox equiv-
alent antioxidant capacity) £-41H-2 ] £3}91 1, Trolox
(Sigma Co., St. Louis, MO, USA)E A}Mg-3}o] HakA
2 ZAsla A& 1 g Trolox 5%=(mM TE/g)= L}
it

[

ri 12

£ H= ¥ SUEL0E Y

Z & =2 Folin-DenisH(Gutfinger, 1981)°] uw}
g HUE 2258 70% g d4sEE A&
35t A]= 1 mLoj Folin-Ciocalteau A|2F 0.5 mL,
10% NayCOs A|9F 0.5 mLE 33H5k0] ALo A 605
ZF ¥HeAlA 760 nmol| A £33 % A|(Evolution 300
UV-VIS spectrophotometer, Thermoscientific, Worcester,
MA, USA)R FHEES ZAstdch ARel & s
SHeF2 gallic acid (Sigma Co)E EEEX 2 3§ HTF
Ao whef Al4tskith SRR olE ke A7]9
A2 1 mL¥} 10% aluminum nitrate 0.1 mL, 1 M
potassium acetate 0.1 mL, 80% ethanol 4.3 mLE &3+
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gho] A2oA] 40&7F BEEAIA 415 nmof| A FF =
£ =45ttt #EE4 R quercetin (Sigma Co.)o|
olgt gl wet Al4lsttH(Moreno -5, 2000).

AAEsES S 45FHC= 90~110 g9 Sprague-
DawleyA| =7 315 (57)%F Y4 E-5=(Seoul, Korea)
2HRE Hofdlo} 2% 2242°C, Sk 50+£5%, HerE
7] 12A17K07:00~19:00) 2.2 AHE A E FE=ARA
ol A A ARssieink A 1557k Al AT AkE(Samyang
Co., Korea) 22 A-GA| R oW, 2534 AFof w2 T
ol ol 10upe] ¥ 31708 FEste] AR A
of 2] of 537 ARSI

At AAH(Normal, Rodent diet), 1A|H2]0]
Ho)aHHFD, 60% kcal fat, #55VXT0038, Samyang
Co., Korea) ¥ HUTL &5 Ho|H(HFD+ATM, 150
mgkg BW)C.= F-Z5k3ith AR 7| Sot =3 A
o= AHF wol Axlen, Huy FEE2 20 &
sisto] 1 18] AAGAIZEe| A+ Fofshgict. Ao]Ad
FAFE W 2o ke SHskeH, AT +
18] =43tk oja&(%)S A AR 557te
Aol FHFLR Lirof Al4bsEA

o

SHAEO) AW AFSTIZE HEYel AWER

o= 7hyA npHAR o
Ae Azstol YYAPSE @
2718 AAR B4 A Aam

w4 §dsto] —70°Co| Rt Ao A8
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Vs B7HE $Igt % AERE QA== ALT (alanine
aminotransferase) W AST (aspartate aminotransferase)
A== ALT 9 AST =48 kit A]2HAM 101-k, Asan
pharm Co., Seoul, Korea) . &2 Z=435}o] Eoll | mLG
Karmen unit2 UEeERH QAT

UZxE9| & EYAHE U SIXNY £H

%

k221 1 gof chloroform:methanol &3+oH(C:M=2:1,
vIvyZ 7}5}¢] Poter-Elvehjem tissue grinder (WOS01010,
DAIHAN, Wonju, Korea)= 1u}af|glo] 30 mL2 A-23+

Uk 4°Cof|A] 24A17F F2&513th o5 o] ¥ Whatman
No. 6) 3t & A|gl o] dFFS Flsto] SviE 27
AAsIAeH, & FH2EE TS 5 Zd2EHE
=44 kit (AM 202-k, Asan pharm. Co.) A9}, SA]A]
v ere SAAY A8 kit (AM 157S-k, Asan
pharm. Co.) A|¢FZ 7Isto] 242t 24 3qich

2Ezl0] RPLIAISHE $2F U DPPH BICIZ A74E
b s

722 1 goll 15% KOl 4948 7hako] 10% )
& Azsiich AATSE e 4le] 2o
0.5 mLo|| 1% phosphoric acid 3 mL % 0.6% thio-
barbituric acid &9 1 mLE Z &5k t}L 95°CQ]
FEAF A 4587 RESAIFITE ol A/E ma-
londialdehyde (MDA)ZE- butanol 4 mLoj ©]8§A]# 531
el FHEE S4590h MDA Feke EE2A
el 1,1,3,3-tetracthoxypropane (TEP, Sigma Co.)o. 2%
B 9e P@RAlo] uet AHEsgon, TBARS 2t
(mmol MDA/g)°o 2 e ¢ thUchiyama®} Mihara,
1978).

2425 9] DPPH 2htj2 271848 4bv]e] 2o
100 pLof] pH 7.42] 100 mM tris-HCl 220 2 0.5
mM DPPH 49 7} 4 mLE &3}5e] 37°Cof|A] 155
7t JEgAIFTE of7] o] chloroform 4 mLE 715t &
et o2 ¥4 ®E2AIA@000 rpm, 10 min) P
chloroformZ< 517 nmoj|A] STF =& =F359 o0,
AR Rzl tEt AR A8 FHE vl E(%)
2 UeRftHLim =, 2000).

222 AE3 2A] 4% neutral buffered paraf-
ormaldehyde 2 T AA|Z] TS, $=A3}o] 1A NL |
A3t 70, 80, 90, 95 L 100% oflgF21} xyleneS A}
A2 AHgstel & 4 0 £Ws HAS A paraffin
embedding center (Leica, Wetzlar, Germany)of| 4] 3]
slict o]% 3| 4] ¥kA 7] (Leica, Wetzlar, Germany)
£ ol&sto] wetd E5S 5 um=E #HEsqIoh 4
Hyl 2218 thA] xylene, 100, 95, 90, 80, 70% of|eh-&
o $M= gutehr 9 B4 HAL A% ohe hema-
toxylinZ} eosin® 2 FAA|F O, permountE ©]-&-35}
o] B3t &, 3u|7(Leica, Wetzlar, Germany) L. 2
7 24 Fo A BE HEE BT

i)
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Ao 2HE &% F 2 pgol total RNAZ R
E] ¢cDNAZE &HA517] €3l super script III first syn-
thesis system kit (Invitrogen, Grand Island, NY, USA)
2 o] 85}tk RNA 2 pee Oligo (dT)20 = dNTPS}
1.5 mL tubeol] @il 65°Coll A 5 &<t ¥HgAIZl &
of d&of 187F W5kt 10x buffer?} MgCl2,
DTT, RNase A|3fA] % RTase’} &3t= gHS 7+
RNA mixtureo]] E-33}11, 50°Col|A] 508-7F U235}
t}. 1 % 85°C9] water bathofA] 58 59 HES-A
% ¢cDNA z‘mﬂg }_ﬁs}oﬂq u]—x] o2 1 uL
RNase HE 211 37°Coj|A] 205 FoF HH-S-A]A
£.3F RNAE A|A 33t PCRE 95°Cf| Al 104
Z7] HALS SF &, 95°Co|A] 15%, 60°Cof|A 15, 30
cycles A& PCR 3} S 1, housekeeping gene?l
GAPDH mRNA W@gFo 2 #3315kt 2 Ag e
A ARG primer®] HVIAEES o Zrh
SREBP-1¢c—F 5-CTTCTGGAGACATCGCAAAC-3'&
SREBP-1¢-R 5-GGTAGACAACAGCCGCATC-3’, FAS-F
5-GCGGTGTGAAAACGAACTTT-3" & FAS-R 5-CT
GTCTGGGCATAACGGTCT-3’, PPARy-F 5-TCCAAG
GAAGCCTTTGAGAA-3" & PPARy-R 5-CCATCCTC
AGTCCCAGAAAA-3’, GAPDH-F 5-CATGGCCTTCC
GTGTTC-3" & GAPDH-R 5-CCTGGTCCTCAGTGTAGC-3'.

S~
Erﬂi;&i

o
23
Fob

A4 =4

mﬁ

AN = W A5}
welet Z- Adstol gt
(SPSS Inc., Chlcago IL, USA) 2 AMg-3lo] HAREA
< 3 T p<0.05

=

testof] 23 4] o}ait}.

Z=o]|A] Duncan’s multiple range

Table 1, Radical scavenging activities, total phenol and flavonoids
contents in 70% ethanol extract from Acer tegmentosum

Acer tegmentosum

extract
DPPH radical scavenging activity (mM TE/ g)l) 18.32+1.63
ABTS radical scavenging activity (mM TE/g)" 32.25+2.40
Total phenol (catechin mg/g) 168.60+12.47
Flavonoids (quercetin mg/g) 45.78+3.85

Values are mean+SD (n=4).
YDPPH and ABTS radical scavenging activities were measured
Trolox equivalent antioxidant capacity (TEAC) assay.
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2 1

LT =20 2iriZ A4y, & iz ¥ St 0|E
stag

oo

HU T (Acer tegmentosum)2] 70% o€+ &5 &
DPPH @ ABTS 2}tz AAEAT % vl o Za}

Hyolt gheke =A3l Aul= Table 13} Zch o
Zr A2AEAHE Trolox G5 o = YerH Axl, DPPH
gz AAZEAHE Trolox PFo= yepd Aah
18.32 mM TE/ge]glon, ABTS zi)jzr &AL
3225 mM TE/go. &2 WUt 2%5295 DPPH abo)zt
A d Rzt whSEls Ao e
Z ¥& 3R 168.60 mg catechin/g, ZetE =0 =
ek 4578 mg quercetin/gC 2 ETR -0l S
2 & H=9 27%0) dAFE= ol
40| {3, HIE 371, Aojag X UXE
Aere] o 2] H]&o] 60%2 2-E il
FolE ST Folofs £ UR 2
= AN Aol A, AF
e 9 4401§%~ 2% A Table 29 2,
190 Ao] TS H4Normal), 1A 4ol
Fo|3t Y REMHFD) % ¥
HFD+ATMZ 7ol %2127 Glgie.
e AT S Al HlE tix
Aoz —‘é%oﬂ%, E

_1
_{
h
o
iy
@

Table 2, Effect of Acer tegmentosum extract for food intake, body
weight gain and ood efficiency ratio in rats fed a high-fat diet

NC HFD HFD+ATM

Food intake (g/day) 22.04£0.43"  21.74+0.85  21.45+0.75
Total body weight ~ 202.00+18.38" 286.00+27.82° 248.00+23.84°
gain (g/5 weeks)

FER 26.16+1.87"

37.53£2.19°  32.99+2.02°

Values are mean+SD (n=10).

NC: group fed a normal diet. HFD: group fed a high-fat diet.
HFD+ATM: group fed a high-fat diet with 70% ethanol extract from
Acer tegmentosum by 150 mg/kg BW (body weight). FER: food
efficiency ratio. NS: not significant.

Different letters in superscript following values indicate statistical
significance (P <0.05) as determined by Duncan’s multiple range test.
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=& wolzolA FoHer oo, 11| v S 6.08 mg/gl & tjxto] vlE fojHor
A& fgamo] AT AR EoR IEHS Btk

wEFolo] ME 7l AEAAQ ALT Oz 2Ad og whael BHS
B 2R 4 ke AT
g AR HlshA 1A Alofe] Fol grold foHoR FbEglon, My &

Table 3. Effect of Acer tegmentosum extract on lipid peroxide

2 3 EEL= AHgko|gich contents and DPPH radical scavenging activity in liver tissue of rats

L)

ALT(

()

mg/g liver
B

[¥]

fed a high-fat diet

Neb HFD HFD+ATM

Lipid peroxide 186.34+15.75" 2532442145  208.46+17.87°
contents

W Aolo] MUT 2EES ST BEFIRE o
g AREEY 2] F F SHaHE Y DPPH radical 41672207 3325:328°  4634:3.86°
TS 4% Ayke Fig 29F Zh 60% SC%V§ngi(§)
— = activity (%
W ol elstol Aol vla) el B -
AaElE W SR S 126 B Ldu) S7h O B
~ b o2 _ _ Values are mean+SD (n=10).
goldlct HUR 259 BEgo| & 1hx% Different letters in superscript following values indicate statistical
:Té'—a] A Eﬂ% SHFS 6,77 rng/gO] ek D‘:L AR significance (P <0.05) as determined by Duncan’s multiple range test.
ALT 350 AST
300
[
250
Fig. 1. Effect of Acer tegmento-
_ 200 1 sum extract for the ALT and AST
- e
5 150 activities in serum of rats fed a
5 high-fat diet. Different letters in
100 superscript following values in-
50 dicate statistical significance (P <
0 0.05) as determined by Duncan's
NC HFD HFD+ATM NC HFD HFD+ATM multiple range test.
Triglyceride Total-Cholesterol
10
b b
. i
a 2 Fig. 2. Effect of Acer tegmento-
2 I 5 ] sum extract for the total cholesterol
5 and triglyceride level in liver tis-
% 4 sues of rats fed a high-fat diet.
E Different letters in superscript fol-
2 lowing values indicate statistical
. significance (P<0.05) as determined
NC HFD HFD+ATM NC HFD HFD+ATM by Duncan's multiple range test.
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Fole thmol vlsh 17% F= GAHOR o W Aolo] s REH Aoy Ao that At
B Wtk R FAS B dETe] FY  FHES PATY AYHHS oAstn AW
o wlsl felHo R Yook WUR 238 B APAD 4 9 AoE ArEn
Fol astel gzzel vs) goHon F7ig
o1 AL AR eEelun ZEFOIA KL B QUK U
Z1EE|0| S| T MU 2580 AWFY el nAE T
Srobiiz] gIsh 7k ZA A AHAGA 71He] o]
DAY Holo] MUF 2EBS WE FoIF HW  sh AFE mRNA £ES ST 24 o)A
SO QRF)H AYTY] BE N 2718 B AP VA ARE mRNA $ES 23 2
3F ATHe Fig. 391 2tk AHAClR 2 2H e AE B Fig 40 etk AR 28 Fa 4
o WA AW AP AL BRI G K Aelat F9| Shbel SREBP-lek FAAlolFHTt 1
Be W v wAgAo] ZF ZAAL AW K gAolEelA] oF 358 Ol5A F7Iekom, PPARy
of AWEHe| F/1sIg, 28 AAHOR WAGL U FAS T 247} 436, 115 mRNA Wlo] 27 %
Aol EHo) g Aziel WASA WFE A psEsdch WUR FEES Fol% TolA: SREBP-Ic
S TET 5 QYT o)) NI} WU F5E Fol % PPARy, FASY] mRNA WAL folsh aastal
oL ) AW FHo] WARAe] HH B o ol B AT L AYR MUY FFEBS 1
2o vls) 2A ASHE T AZHY APAT 27h ARAo] §= 7 22 W AYHAE AsHe E}
sl st Ao BAHUL olRA W b2 AR tehgon, Teld A FA Hol

H-E staining/liver

Fig. 3. Representative photographs
. : s - H  showing liver tissue histology in
NC HFD HFD+ATM rats fed a high-fat diet.

Fig. 4. Effect of ATM on hepatic
mRNA expresssion of lipogenesis-

SREBP-1c PPARy FAS related genes in high fat diet-fed

10 1o : 6 rats. Optical density analysis was
EaP < s g s i performed to quantify the levels of
% . b % . b % 4 b mRNA expression with GAPDH
g :Zj z 3 as loading control. Different letters
4 i % 2 in superscript following values in-
é 2 2 ‘E 2 a £, dicate statistical significance (P <
e . - = [ ] = o 0.05) as determined by Duncan's

NC HFD HFD+ATM NC HFD HFD+ATM NC HFD HFD+ATM multlple range test.
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s Al GopR iz} =3 = ATt
FH fdE He SRES in virool A
e S aASAY hAI7= 714l lof
2] ghr)zrol oJgt At} Ao st
UTHANn &, 2004). & A-FoA d
UL oghE 2559 3 #=(168.60 mg catechin/g)
9 ZEtHE 0] E=(45.78 mg quercetin/g) T2 Choi
5(2013)0] Hugh HuUR oetE &9 F Hle
(152.69 ug/mg) % St =0 =(5.01 pgmg) ol
H|3l =2 pEo|qlon, gHiksl gido] 43k Ao
= ARl HiuE 2550 F EYdlE ool 1383
pgmgo|glon, Zelh ot ke 812 pg/mgo]
Uth= Eil(Jung &, 2012)0] H|BjA = =2 o]
At

AU o8y 5552 DPPH 2]z &ASA
50%9] 2|zt Ao Hofdl= FEE 17.23 pg/ml
o|glem, ABTS zitjzro| thgt 50% Ao Holst
= FE2E 1058 pg/mlo] k= Ha17t Iei(Choi 5,
2013). HUFO] A4 9 ofgkE F=EEo|4 DPPH
g aAGA o) gk ICsogk> 242 50.74 pg/mL,
33.15 pg/mLo|gleom, ABTS itz AAE oA
CsoZH-S 142,74 pg/mL, 62.35 pg/mLE oEh-g 225
o] U2 2z Eo| vlrZ AABA0] btk B
wo] AthLee 5, 20172). U 55 5 =8 1
= 3SHE-S salidroside, tyrosol, 6-O-galloylsalidroside,
catechin 2! (—)-epigallocatechin S-0] &&HA ¢lom
(Lee %, 2017b), DPPH itz AATAL (+)-cat-
echin 2 (—)-epicatechin®] ¢ QJ&%Q] ACSE HI
H BF thKwon &, 2011). & ¢A5+o| A ABTS 2}t
2+ 2AZge] B3] DPPH 2tz 2ABA o] o %
SA = %l=tl, oli= DPPHo| #-%- A 2hr|Zro]
, ABTS&= ol A 2t AEMN A& F HAikst
=249 3sha] Ao 7|Qlgttte Hil(Wang &,
1998)c]] & §-gsim, Al7 B A|oFo] seo wE &
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1 %0 ot 4o B ol mp o

FE=9 30~120 mgkg BWgol= A3 A

SF AT S7HFl FoAE HolA] ook Byt
=di(Seo 5, 2016), o= A5 7]|7He] Aolge] wE
zpolQl Ao g2 AtgErt B &o] quercetin> AU A

P2A Y FF dhols FHolL, F AFY Ta

r

T 71 dae AR 9 99 He e
Al A-gof 79" Aom A

s 249 AxE H7IE= ALT 3 AST &
jolut &= Soll &7t 2t 7l Aot
WEFol 7= A= 84 4
3 ohetEe] AF7F ALT 3 AST 24
2 dHA ArhLee 5, 2000). 4 &
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